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Abstract
Background
An assessment on the management practices and uses of Ficus thonningii tree by smallholder farmers’ was carried from December 2014 to March 2015 to evaluate the status of tree management, utilization as livestock feed and identify major production and utilization constraints. Three districts were purposely selected based on abundance of the tree from northwestern Ethiopia, and from each district, three peasant associations (smallest administrative unit) were selected purposely based on the abundance of F. thonningii availability and farmers’ utilization practices. The methodology of the study encompasses questionnaire, group discussion, key informant interview and secondary data sources. Descriptive statistics and linear regression were employed to present the quantitative and qualitative variables obtained from the survey.

Results
The result indicated in all districts, livestock feed shortage during dry season was a critical problem. The ownership of F. thonningii tree indicated nonsignificant (P > 0.05) difference among the study districts. The types of livestock species reported feeding F. thonningii were cattle (54.2%), sheep (24.1%) and goats (21.7%) in all study districts. Among the parts of the tree used as feed, leaves in fresh form were used as dry season supplement to the livestock. The majority of respondents in the study districts reported to have accustomed practicing feeding F. thonningii leaves in the fresh from, followed by wilting and both fresh and wilting. Of the constraints of farmers in the study districts in using F. thonningii as feed for livestock were lack of training (51%), followed by land shortage (31%) and labor scarcity (18%).

Conclusions
This preliminary assessment indicated that the tree has valuable benefit to mitigate critical livestock feed scarcity in the dry season; farmers do have many constraints in its fullest utilization. Hence, to exploit the potential of F. thonningii as livestock fodder in northwestern Ethiopia, smallholder farmers should get training on production and utilization of the fodder tree.
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Introduction
Livestock production is an integral part of the livelihood of the household level and contributes significantly to the national economy of Ethiopia [1, 2]. However, contribution of the sub-sector in the country’s economy remains below its potential due to low productivity of animals than the regional and continental average. Low productivity of animals stems from poor feed resources available to all classes of animals which lead to under exploitation of the sub-sector [3]. According to [4], highlands have high human population density that has led to intensive crop production at the expense of conversion of grazing land to crop land. Therefore, there is a need, to seek for new ways of improving the nutritive value and utilization of poor quality roughages so as to improve efficiency of utilization under dry conditions occurring in the tropics. Among these options, supplementation of available indigenous browse trees and treatment of crop residues with available technology in the tropics are of paramount importance. Multipurpose fodder trees, such as F. thonningii tree, offer a good opportunity to integrate livestock and crop production while optimizing the returns to input in Ethiopia [5]. F. thonningii tree is widely distributed in northwestern Ethiopia used as dry season feed supplement for ruminant livestock.
In comparative study of F. thonningii and Mango indica leaves fed [6] for rabbits, the leaves of F. thonningii had significantly higher average daily weight gain and feed/gain efficiency, and both of these species have feeding value as fodder for rabbits making survival possible to them during critical periods in the dry seasons. Ficus thonningii is found naturally as dry season fodder to be used by smallholder farmers for ruminant livestock. In addition, some farmers also practice planting of F. thonningii in the backyard and farmland as a mitigation strategy for dry season feed shortage. However, there are no studies conducted on its role as feed supplement in ruminant nutrition especially in integration of multipurpose trees with crop livestock systems in Ethiopia. The objective of this research was to assess farmers indigenous practices of F. thonningii production, management and utilization for livestock feed in northwestern Ethiopia.

Materials and methods
Study areas
The assessment was conducted in three districts, namely Bahir Dar Zuria, Farta and South Achefer in northwestern Ethiopia from 2014 to 2015.
Bahir Dar Zuria district
Bahir Dar Zuria district is approximately 1283.6 km and contains 32 kebeles, from which three kebeles were selected for this study. The District is bounded in the east by South Gonder Zone, in the west by Mecha and Achefer Districts and by Lake Tana, Yelimana Densa District in the north and south, respectively. The landholding of the farmers is small and highly fragmented as a result of increasing population pressure from time to time. Land is the main input for agriculture.

Farta district
Farta district is located at 660 km northwest of Addis Ababa and 102 km to the west of Bahir Dar and lies between 11°32′ to 12° 03′N latitude and 37°31′ to 38°43′E longitude. Farta district is bordered to the south by Este, to the west by Fogera, to the north by Ebenat and to the east by Lay Gayint. Altitudes of the district were 2701 m above sea level. As reports indicate that in terms of topography, 45% of the total area is gentle slope and flat and steep slope lands are for 29% and 26%, respectively. The mean maximum temperature of Farta district is 21 °C from February to May. The mean minimum temperature is 9.6 °C from June to January, while the mean annual temperature of the District is 15.5 °C. The rainfall pattern in the District is uni-modal. According to the meteorological report, the mean annual rainfall is 1570 mm. Rain usually starts in mid March, but the effective rainy season is from May to mid September with mean precipitation of 1950 mm.

South Achefer district
South Achefer district, one of the thirteen districts as found in west Gojjam Administrative Zone, is located 60 km southwest of Bahir Dar town, the capital of Amhara Region. It borders North Achefer to the North, Awi zone to the south and west and Mecha district to the east. It is subdivided into 18 rural and 2 urban kebele administrations (the lowest level in the hierarchy of government administrative system). About 87% of the district has a temperate climate, and the remaining 13% has cold climatic conditions. The mean annual rainfall ranges from 1450 to 1594 mm.


Data collection and statistical analysis
A cross-sectional study design was used for this investigation. The primary data were collected through interview using semi-structure questionnaire and group discussion pertaining to socioeconomic characteristics: demographic nature, size of household, education, ethnic and religion, age, gender, credit, extension service, while the secondary data from concerned institutions. Two Kebeles from each district and 30 households from each selected Kebele were randomly selected for purpose of this study. In addition, land possession, livestock number, availability and distribution of fig tree and utilization strategies was studied. Livestock holding per household was converted to tropical livestock unit using the conversion factors [7]. A focus group interview was held in each Kebele with a group of six individuals consisting of the elderly and residing in the area for long time. The discussion was conducted in public areas on key topics of management, nutrition and watering, and health care. Due to occasional biases by questionnaire respondents, some extra complementary procedures to cross-check and validate findings include three key informant interviews used in each Kebele, which were selected based on the experience of F. thonningii utilization. Also problems prevailing in fig tree utilization, storage and feeding and related issues were assessed using semi-structured questionnaire. Information about feed sources, prices and access was collected. Problems related to feed shortage in terms of quantity and quality visa vis mitigation strategies were collected in each study site.
The data were complemented with information obtained from key informants and secondary data derived from regional and zonal office of agriculture. The collected data were systematically coded and analyzed with SPSS 20. Descriptive statistics and linear regression were used for data analysis calculated to present the quantitative and qualitative variables obtained from the survey.


Results and discussion
Household characteristics of respondents
The mean age and educational characteristic of household heads are presented in Table 1. In the study districts, the mean age of household heads was between 47 and 53 years. The age structure of household heads agrees with the reports of [8, 9], whose report for the household age was 44.9 in Burie Zuria district of northwestern Ethiopia. The sex of household heads in the two districts was 100% male which is different from [10] who stated that more than 80% of households were male, while the rest were female respondents.Table 1Age and educational characteristic of respondents in the study areas (N = 180)


	Education level of HH
	BZD (N = 60)
	FD (N = 60)
	SAD (N = 60)
	Mean

	Illiterate (%)
	57.14
	33.33
	26.32
	38.9

	Read and write (%)
	42.86
	50.00
	57.89
	50.3

	Elementary school (%)
	–
	16.67
	15.79
	10.8

	Mean age of HH
	53
	49
	48
	50.0

	Mean family size (N)
	7.29
	6
	7.1
	6.8


N Number, BZD Bahir Dar Zuria district, FD Farta district, SAD South Achefer district, HH household head




The sex of household heads was the same in all the three districts in which male sex was common which might be associated with the fact that male headed households have more access to agricultural works and feeding of livestock. As it is a proven fact in other disciplines, females have more access to household issues like health care and family planning matters. The family size in the current study was 6.8. This is comparable to reports of [11] who reported 6.3 family members in the household. The mean family size of respondents is comparable to earlier reports in northwestern Ethiopia [12, 13] in different agroecological conditions of Ethiopia.
The educational characteristics of respondents indicated that in Bahir Dar Zuria districts, the majority of household heads (57.14) were illiterate followed by read and write (42.86%). In Farta and South Achefer, relatively higher numbers of respondents were literate in which read and write were 50% and 57.89, respectively. The overall result of educational characteristics higher than educational characteristics reported by [14] where 31% of the respondents illiterate, 28% are able to read and write, 2.5% religious education, 21.3% attended primary school, and 17.2 % completed secondary school North Gonder Zone, Ethiopia. Higher literate class has advantage on the good acceptance of technologies like trainings, improved agricultural technologies and adopting them for better live improvement. It has been stated that low level of education of the households can have an influence on the transfer of agricultural technologies and their participation in development [15].

Landholding and ownership characteristics of respondents
The landholding and ownership characteristic of respondents are shown in Table 2. The average landholding of respondents was between 1.15 and 1.52 ha. The current land size per household of respondents is higher than [16] who reported that landholding of respondents that ranges from 0.25 to 0.75 ha per person in the study districts. The result of the current study is lower than reports of [17, 18] who reported 2.2 ha in the same area. Overall, the landholding of household heads in the three districts is lower than the national average landholding size of 1.6 ha reported by [19] for Ethiopia. Table 2Land use and farming system characteristics of respondents (N = 180)


	Household characteristics
	BZD (N = 60)
	FD (N = 60)
	SAD (N = 90)

	Mean total landholding/HH (ha)
	1.52
	1.15
	1.66

	Mean crop land (ha)
	1.41
	1.04
	0.98

	Mean grazing land (ha)
	0.21
	0.10
	0.15

	Mean fallow land (ha)
	0.13
	0.02
	0.03

	
                              Grazing land ownership
                            
	 	 	 
	Private (%)
	15
	66.67
	85

	Shared (%)
	75
	–
	–

	Shared and private (%)
	10
	33.33
	15

	
                              Crop land ownership
                            
	 	 	 
	Private (%)
	60
	100
	75

	Private and rented (%)
	40
	–
	25


Ha Hectare, N number, BZD Bahir Dar Zuria district, FD Farta district, SAD South Achefer district



The result of this study indicated that much of the land owned by the respondents was allocated to crop farming in consistent with that of [8, 9] in Dandi district of Ormoiya Region indicating that land allocation for grazing is minimal in all study districts. Total landholding of the study districts is very limited as compared to previous studies in Ethiopia [20] who indicated that a typical smallholder farm with 2.5 ha of land in the Ethiopian highlands of Ada district produces a total of approximately 6 tonnes of DM from crop residues. The discrepancy between the current finding and earlier reports might be due to the variation in the locations of study and due to time gap that the grazing area per household is dwindling. The majority of respondents in Farta and north Achefer (66.67 and 85%) do have private grazing land, while only few (15%) have this type of grazing land in Bahir Dar Zuria district. Distance of farm land from the homestead is an important factor in management of time and productivity of the house hold. The average farthest and shortest in walking of the study districts was 35.83 and 2.85 min, respectively. The relatively shorter walking distance observed in this study reduces the cost of walking energy of grazing animals in the study areas [21].

Livestock holding and purpose
The livestock holding of study districts is shown in Table 3. The most important livestock are cattle followed by sheep in all study districts. The total livestock holding of districts was higher than reports of [8, 9, 15]. This may be due to the fact that cattle are important for traction, milk and means of cash income. Cattle are the dominant livestock in all study districts as they are used primarily for draft power, traction, milk and meat as secondary interest. Cattle also have an important sociocultural role in the study area. The finding is in agreement with the results of [8, 9]. Sheep are also very important component of the livestock production system in all study districts which may be due to their impertinence as immediate cash income for the family. The result agrees with earlier reports in northwestern Ethiopia [13] who reported that cattle are the dominant livestock in the study areas.Table 3Mean livestock holding (TLU) and chicken characteristics of respondents (N = 180)


	Livestock
	BZD (N = 60)
	FD (N = 60)
	SAD (N = 60)
	Mean ± SD

	Cattle
	6.9
	6.8
	6.5
	6.73 ± 0.21

	Sheep
	0.8
	0.5
	0.6
	0.63 ± 0.15

	Donkey
	0.7
	0.5
	0.6
	0.60 + 0.10

	Mule
	–
	1.2
	0.8
	0.67 ± 0.61

	Horse
	0.8
	0.8
	2.0
	1.20 ± 0.69

	Chicken
	7.00
	5.00
	16.33
	9.44 ± 0.05


N Number, BZD Bahir Dar Zuria district, FD Farta district, SAD South Achefer district




The purpose of livestock keeping in the study districts areas was the same that livestock were used for different socioeconomic purposes for the household including traction, food and cash income [21]. Cows are reared mainly for milk production, manure output and cash income, while oxen are kept primarily for draft power followed by cash income and reproduction. The purpose of small ruminants is primarily for cash income followed by meat production. Equine are kept mainly for draft power especially for pack animals. Chicken are primarily kept for meat production for household consumption followed by income generation. Purpose of livestock keeping in the study areas is similar to the reports in northwestern Ethiopia [22, 23] (Table 3).

Feed resources and feeding
The major feed resources during dry season in study districts are grazing (59.25%) followed by crop residues (41.25%) such as cereal straws. The supplements of grazers during dry season are indigenous fodder trees like F. thonningii, while in wet season, the major feed resources are grazing followed by cut forage and weeds. In other studies, under Ethiopian farming system condition, crop residues provided 40–50% of the annual livestock feed requirement [24]. In the central highlands of Ethiopia, in most intensively cultivated areas, crop residues and aftermath grazing account for above 60–70% of the basal diet [25]. The quantities of different crop residues produced depend on the total area cultivated, the access of the season’s rainfall, crop species as well as other inputs such as fertilizers. Livestock feeding calendar is an essential livestock management practice to use the available feed resources efficiently and to supply the livestock with high-quality and high-quantity feeds and to overcome feed shortage. Livestock feeding calendar varies depending on availability of the feed resources in the different months of the year [26].

Feeding practice and supplementing animals
The grazing practices of study districts were similar with all respondents (100%) following partial grazing, while 90% of the respondents in Farta district practiced partial grazing and about 10% practiced free grazing. In South Achefer, 60% of the respondents practiced partial grazing followed by free grazing (40%). In Bahir Dar Zuria and South Achefer districts, all (100%) respondents provided supplements during dry season for their animals, while in Farta district the majority (60%) of respondents provided supplementation. The type of supplement in study districts was obtained from purchasing and home by-products. The bought supplements were noug seed cake, wheat bran and homemade by-products like local breweries by-products (Atela). The livestock feeds and feeding strategies in this study area are in agreement with the reports [13, 22] in northwestern Ethiopia.
The major ruminant feed resources during dry season in all districts were crop residues, grazing, leaves and twigs of fodder trees, by-product supplements. In wet season ruminant animals mainly depend on grazing pasture and supplementation with farm weeds and crop residues. In all of the districts, livestock producers faced feed shortage especially from June to September. Farmers followed different strategies to tackle feed shortage among which buying feeds (50%), selling livestock (25%) and both (25%) were the main methods. The status of livestock ownership is decreasing these days mainly due to prevailing feed scarcity in the areas. The major crop residues in Bahir Dar Zuria district were millet, teff and maize. In the district, the purpose of crop residues was for animal feed (61.8%) followed by fuel (21.2%) and construction (17%). The livestock feeding strategy in Bahir Dar Zuria district was partial grazing and home feeding practice. In the district, all respondents (100%) practiced supplementation during dry season. In South Achefer district, 27.8% of the respondents practiced free grazing, while about 72.2% practiced partial grazing and home feeding such as tethering and feeding straws at homestead area. The types of supplements used by farmers were noug seed cake and wheat bran. Similarly, in South Achefer district, the major supplements for livestock were breweries by-products and leaves and twigs of multipurpose trees.

Feed shortage and mitigation strategies
In the three study districts, all respondents (100%) reported that they faced livestock feed shortage irrespective of wet and dry seasons. The months of feed shortage were different in the study districts which are related to the agroecology and farming systems. In Bahir Dar Zuria district, the majority of respondents (85.71%) faced feed shortage from June to September followed by May to June (14.29%). In the three study districts, all respondents (100%) faced feed shortage from June to September, while respondents (100%) faced feed shortage from May to June. Feed shortage tackling strategies of respondents included use of crop residues, buying feeds and decreasing the number of livestock. The results indicated that farmers use different strategies to overcome feed shortage as stated by Abebe et al. [27] and Adugna and Said [28].


                           Ficus thonningii production and utilization
According to all respondents (100%), the fodder F. thonningii was one of naturally available feed source for dry season supplement and should be planted as backyard forage. The introduction of improved forage species for ruminant can promote the sustainability of the cropping system. In addition to their feeding value which is well developed, improved forages particularly legumes can make important contribution to erosion by providing cover and to increase soil fertility by enhancing nutrient and organic matter level [29]. Shrubs and fodder trees play a significant role in livestock production in all agroecological zones of tropical Africa. The importance is, however, the increase in areas that are arid. Fodder tree forages are commonly browsed directly on trees or other lopping by livestock herders. They are also offered as cut-and carry-feed install-fed situations. The importance and availability of fodder trees in tropical Africa are influenced by a number of factors such as the natural distribution of trees with in the agroecological zones, the distribution, types and importance of livestock and their integration and role within the farming system and the availability of alternative sources of fodder for livestock in the agroecological zones [29]. Leguminous pants are characterized by their ability to fix nitrogen and hence expected to improve soil fertility [30] that could be beneficial to companion plats while serving as a shade.

Effect of different variables on Ficus thonningii ownership
The effect of socioeconomic variables on the F. thonningii ownership of respondents is indicated in Table 4. The result revealed that in all areas and respondents, the ownership of F. thonningii tree was not affected by age, education level, family size and number of animals among study districts. This might be due to the fact that all respondents use F. thonningii tree without applying much input to improve the feeding value of the tree leaves. For all study districts, shortage of feed during the dry season was the major problem, and hence, more extension work should be done to create awareness on the planting and utilization of valuable fodders like F. thonningii [31, 32].Table 4Socioeconomic characterstics of Ficus thonningii tree producer respondents


	Variables
	BZD
	FD
	SAD

	P value
	SL
	P value
	SL
	P value
	SL

	Age of HH
	0.07
	Ns
	0.167
	Ns
	0.686
	Ns

	Education of HH
	0.23
	Ns
	0.111
	Ns
	0.837
	Ns

	Family size
	0.42
	Ns
	0.073
	Ns
	0.564
	Ns

	Landholding of HH
	0.58
	Ns
	0.151
	Ns
	0.958
	Ns

	Number of Livestock per HH
	0.66
	Ns
	0.051
	Ns
	0.480
	Ns


HH Household, BZD Bahir Dar Zuria district, FD Farta district, NAD South Achefer districts, SL significant level



The planting method of F. thonningii in the districts was propagation method mainly in from May to June. The current status of F. thonningii according to all respondents (100%) is become decreasing; however, the plant has many roles in the household. The reason might be due to expansion of crop land and lack of awareness on the management the tree. Multipurpose species of plants are known to have very important characteristics for tropical countries as these plants are resistant to drought and poor soil fertility as well as suitable for cut-and-carry feeding of livestock [33]. The finding is in agreement with earlier works in Ethiopia [5, 32].

Animals fed Ficus thonningii
                        
The types of animals fed F. thonningii in the study districts are shown in Fig. 1. According to respondents, the types of animals fed the plant were cattle (54.2%), sheep (24.1%) and goats (21.7%). But the majority of respondents provided to all animals in all districts as shown in Fig. 2. The parts of plant fed to animals in the study districts were leaf only in all respondents (100%) in Bahir Dar Zuria districts, and 49% leaf, 51% leaf and twig in Farta district and both leaf and twig (100%) in South Achefer district.[image: A40066_2018_247_Fig1_HTML.png]
Fig. 1Study districts: A = Bahir Dar Zuria; B = South Achefer; C = Farta



 [image: A40066_2018_247_Fig2_HTML.png]
Fig. 2Type of livestock fed ficus by district




The F. thonningii tree has been considered very important in terms of palatability by diverse species of animals in Ethiopia. This can be taken as a very good indicator of its potential nutritive values and biomass yield [34, 35] and can replace the expensive concentrate mixes. Moreover, the tree has fast growth rate and easy propagation as indicated by [31].

Form of feeding F. thonningii
                        
The form of feeding F. thonningii in study districts was in the form fresh and wilt. The respondent who feeds fresh and wilt is shown in Fig. 3. All respondents in study districts did not do processing on the ficus leaves and twigs which may be associated with lack of knowledge. The study revealed that feed shortage was major problem during dry season and as a result browse trees like F. thonningii are very important in the study area. All of the respondents feed leaves of F. thonningii to their livestock during dry season when other feeds are not available which is in agreement with the findings of [32] for different fodder sources. The result is also in agreement with [36] for Millettia ferruginea plant. [image: A40066_2018_247_Fig3_HTML.png]
Fig. 3Form of F. thonningii leaves feeding by respondents by districts




Except F. thonningii, other browse trees were less abundant during dry season in the study areas. The leaves of F. thonningii were supplemented to cattle and sheep as fresh bases in the study areas. The study is in agreement with the result of [37] who reported that leaves of the plant are important feeds of different livestock and can be very good source of nutrients during dry season. The result is in agreement with the previous reports in different parts of the country [38, 39]. Utilization of browse trees including other Ficus species for animal fodder was also reported in Ethiopia [5].

Constraints related to F. thonningii production and utilization
The major constraints related to F. thonningii production and utilization in study districts are shown in Fig. 4. The major constraint of F. thonningii production and utilization in the study district is lack of knowledge in the management and importance of the plant and in accessibility of harvesting of tree leaves which requires substantial technologies to properly harvest the fodder.[image: A40066_2018_247_Fig4_HTML.png]
Fig. 4Constraints of F. thonningii production and utilization





With regard to livestock feeding, there was no problem reported by all respondents (100%) in Bahir Dar Zuria and Farta districts. However, 23% of respondents in South Achefer district reported that animals faced coughing and bloating when fed F. thonningii leaves. Status of F. thonningii is decreasing according to key informants due to lack of awareness of management and utilization of F. thonningii. Generally, even though farmers in the study area have their own grazing land, the amount of feed was not adequate for the stock and they are forced to purchase feed resource from market like local breweries by-products (locally called atela) and traditional oil seed by-products known as noug seed cake. As to the amount of feeding of F. thonningii, most farmers gave feeds for their cattle by estimation without deciding the amount, body weight production level and the types of animals.

Limitation of the study
The limitation of the study is the methods of data collections used (focused on individual views). Hence, future research is recommended using recent techniques of data collection such as Theory of Planned Behavior and field counting of trees and measurement of fodder production potential of F. thonningii.


Conclusion and recommendation
Ficus thonningii is used for almost all types of ruminants to complement nutrient scarcity in the areas. However, lack of knowledge and scarcity of land affect its utilization in the studied districts. Hence, extension works should be strengthening the management and utilization of indigenous fodder trees, particularly Ficus thonningii in the studied areas. Moreover, as harvesting was mentioned in the utilization of the ficus tree, it is important to devise a mechanism to tackle the problem. Further research on collection of the plant, adaptation agronomic study and animal evaluation of F. thonningii should be conducted.
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