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Abstract

The current study was conducted to assess feed conservation and utilization practices and evaluate nutritional
characteristics of silages conserved under farmer’s condition in Melokoza and Basketo special districts. A total of 60
small scale dairy farmers were interviewed to assess feed conservation and utilization practices of the districts before
actual experiment at backyards of 12 voluntary farmers that were latter divided in to three silage making groups with
[desho (G1), elephant (G2) and native grasses (G3)]. Similar proportion of molasses (5%) and D.intortium (25%) were
added to adjust the soluble carbohydrate and crude protein (CP) content of silages to the minimum expected level and
facilitate fermentation. Each group has four farmers supplied with basic materials including plastic sheet for lining of
silo and shading. Data of each silo within each group was averaged and used as a treatment unit in the design of the trial
(RCBD). Physical quality characteristics of silages were assessed through sensory evaluation whereas nutritional
analysis was made in Hawassa University, Animal nutrition laboratory. As the result from quick survey, 95% of the
respondents do not experience feed conservation and technical skill limitation was reported as the major reason for
low adoption. 70% of the respondents use crop-residue for copping feed scarcity. However, the experimental work on
silage showed that all ensiled materials were excellent in physical qualities. The DM contents of G1, G2 and G3 were
45.03, 29.45 and 50.36 whereas IVDMD were 77.6, 64.9 and 59.0% respectively. CP values ranges from 8.18 to 9.22%.
The pH values obtained ranges between (4.02-4.18) which was the desired level for quality silages. Hence, it could be
concluded that silage making is one of the best feed conservation option to enhance nutritional sufficiency of small scale
dairy farmers with the superiority of G1 which was excellent in most tested parameters. Nevertheless, animal
experiments are necessary to determine the effects of these variations in silage composition on animal performance.

Keywords: Feed conservation; Silage; Nutritive quality; Participatory evaluation; Small scale farmers

1 Introduction

Livestock production contributes 40% to global agricultural Gross Domestic Product (GDP) and to an estimated 30% of
agricultural GDP within the developing world (Abbasi and Nawab, 2021). Dairy production, a sub-sector of livestock
production, is important for the livelihood of many smallholder farmers in the developing world (Janssen and Swinnen,
2019; Abbasi and Nawab, 2021). However, smallholder dairy production systems in Sub-Saharan African (SSA)
countries are characterized by low productivity and a slow rate of technology adoption (Mekonnen et al., 2010). This is
equally the case in Ethiopia where adoption of dairy technologies and practices has been slow. The productivity of
ruminant animals in general and dairy cattle in particular in the region is largely limited by feed-related challenges (feed
and forage inadequacy, inaccessibility, unaffordability and low quality) Seyoum et al. (2018).
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During the rainy season, pasture plants grow rapidly and, although their nutritive value is quite high at the beginning
of rainy season but, they mature rapidly during the dry season with resultant decline in their nutritive value.
Consequently, the farmers are forced to feed their animals with crop residues or standing hay that are low in nutritive
value, leading to reduced feed intake, poor growth, delayed sexual maturity, and low milk yields (Gebregiorgis et al
2012). The total amount of feed produced in most smallholder farms is far less than the needs of animals kept, and these
cascades to the national level. That is why dairy sector in Ethiopia is yet to realize its potential to produce enough milk
to meet current and predicted future domestic demands (CSA, 2021).

In order to meet the current level of dairy production and its annual population growth, the deficit in all components of
fodder, dry crop residues and feed has to be met either by increasing productivity, utilizing untapped feed resources,
and conserving during available seasons. Fodders and grasses can be preserved either as hay (dried fodder) or as silage
(wet fodder), depending upon weather conditions and available resources for its feeding to livestock during lean periods
when availability of fresh forage is meager or negligible (mid November -April). Large quantities of surplus forages
produce in most areas of the country during wet seasons which are frequently excess of the needs.

This huge resource dries-up and exposed to wastage within a short period of time as soon as the season shifts to dry. It
is essential to preserve them in available seasons at proper stage of maturity to provide nutrients with minimum or
insignificant loss. Despite recommendations of forage conservation (in a form of hay and/or silage) as a solution to the
widespread problem of variability in feed quality and quantity, adoption of feed conservation technologies among
smallholder farmers in Ethiopia is very low which is aggregately the case in Melokoza and Basketo special districts.
Therefore, this study was designed to assess feed conservation and utilization practices of the districts and evaluate
nutritional quality characteristics of silage conserved under farmers’ condition.

Objectives

e To assess feed conservation and utilization practices of Melokoza and Basketo special districts.
e To evaluate nutritional quality characteristics of silage conserved under farmers management condition

2 Materials and Method

Description of the Study Areas: The study was conducted in selected peri-urban areas of Melokoza and Basketo special
districts, southern Ethiopia. The districts are located 661 and 626km south of Addis Ababa and 405 and 367km
southwest of the regional capital (Hawassa) respectively. They lies astronomically between 6°30'0" N and 36°40'0" E
and 6°15'N and 36°35'E latitudinal and longitudinal lines with an elevation of 1725 and 1490 m.a.s.I respectively. The
total land area of the districts were 1681.81 and 1057.51 square kilo meter with annual rainfall of 1125 and 1200 mm
and mean daily temperature ranging between 15.1-27.5 2C and 10.0-23.3 2C (MDANRO, 2017 and CSA, 2012)
respectively. The rainfall of the area is bi-modal with the winter rain (short rains) occurring in March to May and the
summer (main season) rains lasting from June to October. According to the districts report, dairy production is one of
the major livestock sector widely practiced and natural pasture is the major feed source in the area. Farmers use cut
and carry system of livestock feeding mainly because of shortage of farming and grazing land.

Farmer selection: The target population for this study was the households keeping and having good experience on dairy
cattle production at the time of this study. A total of 60 small-scale dairy farmers 30 from district were selected and
interviewed to gather information on feed conservation and utilization practices of the area immediately before actual
experiment conducted at the backyards of 12 voluntarily selected farmers (Arsham 2005). The farmers selected for
actual experimental work got trained for concepts, strategies and application of feed conservation technologies. They
were then divided in to three different silage making groups as G1: Silage with desho grass, G2: Silage with elephant
grass and G3: Silage with native grasses. Each group was made to prepare mini sized (1mx1.5mx1m) silo with shade for
preventing from direct sunshine and rain. The type of shade and silo to be prepared was first designed by animal
nutrition researcher from Arbaminch agricultural research center but constructed by participant farmers themselves
with simple orientation and minimal support for basic equipment’s including plastic sheet for lining and shade covering.

Treatment and experimental design: The materials used for silage were desho, elephant and native grasses (most
accessible species in the area) and desmodium intortium collected from fields of participant farmers and FTCs around
study location. The sugarcane Molasses were purchased from Muza animal feed processing enterprise found in
Arbaminch town and diluted, preferably with a small volume of warm water to minimize viscousity and seepage losses.
The collected materials were cut to 3-5 cm size, wilted separately and sprinkled with 25% desmodium and 5% molasses
by the total weight of the silage and thoroughly mixed to ensure even distribution. The silo was compressed until all the
air was removed to create anaerobic conditions and tightly bound and placed in a shade not to be exposed to sun and
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rain (Kung and Shaver, 2002). The observation of the silage and sampling was performed after fermentation for 60 days.
The experiment used a randomized complete block design (RCBD) with three treatments and four replications as
follows; G1: Silage with desho grass, G2: Silage with elephant grasses and G3: Silage with native grasses as the fiber
source and desmodium and molasses as an additives.

Laboratory analysis: The forage species used in current experiment were analyzed for its nutrient contents after
preservation to estimate the quality of silages. The silage material was judged for its fermentation qualities based on its
physical properties like color, smell, taste/flavor, texture and fungal contamination according to DLG silage evaluation
key as described by Ososanya and Olorunnisomo (2015). The level of silage flavor was measured by the method of
Sofyan et al. (2017): as off-flavor (score 0), less fragrant (score 1), medium fragrant (score 2), and heavy fragrant (score
3). Observations level of fungal contamination in silage was conducted by observing at the presence of mold. The
percentage of fungal contamination on the surface area by categories: no contamination (0%), mild (<5%), medium (5-
15%), and severe (> 15%). The samples were taken immediately after the opening of silo and later sent to Hawassa
University, Animal nutrition laboratory.

The chemical characteristics of the conserved feed material include dry matter, organic matter, Ash, CP, CF, NDF, ADF
and lignin were computed according to the procedure of AOAC (2005). The nutritional parameters which includes Total
carbohydrates (TC), none fiber carbohydrate (NFC), total digestible nitrogen (TDN), dry matter intake (DMI), organic
matter digestibility (OMD), and relative feeding (RFV) values of the conserved feeds were estimated from NDF and ADF
following the procedure Jeranyama (2004) expressed as TC = 100-(CP+EE+ASH) (NRC, 2001), NFC = 100-
(NDF+CP+EE+ASH) (NRC, 2001), TDN (%DM) =87.84-(0.70*ADF) (Schmid et al., 1976), DMD (% DM) = 88.9-
(ADF*0.779) (NRC, 2001) and DMI (% of BW) =120/NDF (NRC, 2001).

3 Results and Discussion

3.1 Feed conservation and utilization practices in Melokoza and Basketo special districts

A quick survey was made to gather information about farmers experience on feed conservation and utilization practices
before actual experiment (Table 1). The result shows that there is no tradition of feed conservation and utilization
practices even though, the availability of natural pasture is good at rainy season of the year in the area. Only 5% of the
respondents experience feed conservation mainly in the form of crop-residue and stand hay. Higher amount of dairy
farmers (10%) from Basketo special district practices hay making but not regularly. In a survey of 60 farmers in both
districts, no one experiences silage making which is the most recommended form of preserving feeds for later use with
stable nutrient composition. The same is true in the case of proper management of crop residue which is not under
practice for its abundant availability during the crop harvesting season. This is in agreement with Yisehak et al. (2013)
who indicated that feed conservation practice is uncommon in Jimma zone. Other similar finding on feed conservation
and utilization practices was also reported by Tolera (2007) for Oromia and Tesfaye et al., (2016) for Tigray regions.

Different reasons were suggested by the respondents for not practicing feed conservation in Melokoza and Basketo
among which novelty of conservation practices, high labor requirement and associated costs were reported
respectively. As the questionnaire and interview conducted indicated that the majority of farmers in study area states
that they have great willing to participate and also has positive perception on feed conservation technologies if
supported technically and institutionally but they does not get enough support. Farmers of the study area understand
the benefits the technologies for their environment and mainly to cope dry season feed shortage and quality reduction.

Table 1 Feed conservation and utilization practices in Melokoza and Basketo special districts

Feed conservation practice and | Locations P

Utilization Basketo (N= | Melokoza (N= | Total value
30) 30) Frequency | Percentage

Do you have tradition of feed 0.000

conservation?

Yes 2 1 3 5

No 28 29 57 95

Form of feed conservation 0.000
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Hay 7 5 12 30

Crop-residue 13 15 28 70

Silage 0 0 0 0

The reason to low practice of feed 0.000
conservation

SKkill limitation (Technical) 14 11 25 41.7

High conservation cost 5 6 11 18.3

Low forage accesses 2 3 5 8.3

High labor requirement 9 10 19 31.7

3.2 Physical characteristics of silages

The basic principle of silage making is to convert the sugars in the ensiled fodder into lactic acid which reduces the pH
of the silage to about 4.0 or lower. In this way, the biological activities responsible for spoilage are inhibited. To attain
this, the early establishment and maintenance of oxygen free, i.e. anaerobic, micro-environment is essential. Physical
quality characteristics of silage materials were summarized in table 2. There was no significant differences (P>0.05)
among the treatments in terms of the observed pH and mold cover in treatment silages. However, desho and elephant
grasses ensiled with desmodium and molasses showed yellowish green color (P<0.05) compared to native grass silage
for the same period, which could be related to better fermentative quality of desho and elephant grasses compared to
native grass.

Table 2 The physical characteristics of silage from various sources of fiber and legume additive

Treatments SEM | P-value
Variables T1 T2 T3
pH 4.02 4.042 | 4.182 | 0.082 | 0.377
Color 2.962 2.802 | 2.47b | 0.078 | 0.012
Mold cover 2.13a 2472 | 2.642 | 0.147 | 0.122
Texture 2.90a 2.632b | 2.40b | 0.090 | 0.022
Odor 2.92a 2.60> | 2.40b | 0.082 | 0.012

Values with the same superscript on the same line showed non-significant differences, SEM: Standard error of the treatment means, T1-T3:
Treatment silages

Native grass silage with desmodium and molasses additives showed less significant values (P<0.05) in terms of smell
and texture compared to desho and elephant grass silages treated with desmodium and molasses. This agrees with the
observation of Getahun et al. (2018) and Mulugeta (2015) who reported that addition of molasses and EM to sugar cane
top and crop residues, respectively resulted in pronounced alcoholic odor/sweet and strong smell, which is an indicator
of better quality silage. Texture of desho and elephant grass silages with desmodium and molasses was significantly
(P<0.05) better than native grass silage with same additives and fermentation time. The Mold coverage of the control
(native grass silage) ensiled with desmodium and molasses was higher than that of desho and elephant grass with same
additives, which could be attributed to low concentration of lactic acid that would arrest proliferation of micro-
organisms in it.

3.3 Chemical quality characteristics of conserved feeds

The significant variations (p<0.05) in chemical composition except CP were observed in silages conserved under
farmers backyard (Table 3). The higher (p<0.05) DM but lower (p<0.05) ash contents were observed in native grass
silage compared with desho and elephant grass silages. The values for DM content except elephant grass silage was
within normal range (40-45%) recommended for quality silage (Driehuis et al., 2000). The crude protein content of the
silage materials ranged from 7.99 to 9.22% which is also with in normal level recommended for the minimum growth
of ruminants (ARC, 1984). The CP content of treatment silages in current experiment increased up to 4.7% due to the
use of additives and fermentation compared to the fresh grasses (Bimrew, 2016). This agrees with the findings of Bilal
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(2009) and Yonatan et al. (2014) who reported that molasses and corn addition on grass silage and EM inoculation on
coffee husks resulted in higher CP content than that of the control. Zhang (2003) also reported that ensiling green maize
stover with additives improved CP contents by (25.51%).

The values for EE content were significantly different (p<0.05) among treatment silages, which were ordered as native
grass silages (T3), Desho grass silages (T1) and Elephant grass silages (T2). All the cell wall components of silage
materials treated with molasses and desmodium were clearly (P<0.05) affected by the process of fermentation. The
reduction of NDF content observed in all the experimental silages may be explained by the hydrolysis of NDF-bound N
(Jaakkola et al., 2006; Huisden et al., 2009) during fermentation. The lowest (p<0.05) NDF value was observed in desho
grasss silage, followed by elephant grass silages with desmodium and molasses. The ADL content did not show
significant (P>0.05) difference among treatments.

Table 3 Chemical compositions of conserved feed materials (silages)

Treatment silages SEM P-value

Compositions (% DM) | T1 T2 T3

DM 45.032 | 29.45b | 50.362 | 1.781 0.000
Ash 13.332 | 13.712 | 6.72> | 0.351 0.000
CP 9.152 | 9.222 | 8182 | 0.0.929 | 0.696
CF 26.722 | 29.282 | 18.97" | 0.979 0.001
EE 1.33b | 093¢ | 2.252 | 0.115 0.001
NDF 48.60b | 56.732 | 63.202 | 2.054 | 0.007
ADF 32.95b | 39.302 | 42.152 | 1.326 0.007
ADL 8.932 | 13.752 | 10.562 | 1.540 0.159

Means # standard deviation within rows with different superscript letters differ (p < 0.05).

DM: Dry matter content, CP: Crude protein, CF: Crude Fiber, EE: Ether extract, ADF: Acid detergent fiber, NDF: Neutral detergent fiber, ADL: Acid
detergent lignin and %: Percent

3.4  Nutritive value, intake and digestibility of conserved feeds

Nutritive values, intake and digestibility status of silage materials are summarized in table 4. The result shows that
desho grass silages treated with molasses and legume additives (desmodium intortium) had significantly higher
(p<0.05) nutritional quality in all measured parameters except TC which was higher in native grass silages treated with
same additives and fermentation period. For the estimation of DMI, the significant variations (p<0.05) were observed
among the experimental silages, where desho grass silage was highest followed by elephant grass silages. The values
for DDM, IVDMD and RFV was higher (p<0.05) in desho grass silage treated with molasses and legume additive
(desmodium intortium) compared to elephant and native grass silages treated with same additives. The greater NFC
and DMI in desho silage are the result of the lower NDF content of it, and the higher TDN and DDM in treatment silages
are also the consequence of lower ADF content of those silage. These findings were consistent with the reports of
(Bureenok et al., 2012); feed intake and digestibility of Napier grass were improved with the addition of molasses.
Moreover, addition of FJLB also improved the silage quality of Napier grass (Bureenok et al,, 2006), and the LAB counts
and nutritive values of cassava leaves silage (Kyawt et al., 2014), thereby increasing digestibility and feed intake.

Table 4 Mean DMD%, Feed intake and estimated RFV of conserved feed materials

Treatment silages SEM | P-value
Nutritive values | T1 T2 T3
TC (% DM) 76.19> | 76.14b | 82.172 | 0.446 | 0.000

NFC (% DM) 27.59a | 19.42> | 18.97> | 1.855 | 0.028

TDN (% DM) | 6477 | 60.33> | 58.34b | 0.928 | 0.007
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DMI (%BW) 2472 213 | 1.90b | 0.081 | 0.007
DDM (% DM) 63.232 | 58.28> | 56.07> | 1.033 | 0.007

IVDMD 77.572 | 64.87> | 58.98¢ | 0.856 | 0.000
RFV 130.322 | 104.48> | 90.17° | 5.240 | 0.005

Means * standard deviation within rows with different superscript letters differ (p < 0.05).

DMI: Dry matter intake, %: Percent, Bwt: Body weight, DDM: Digestible dry matter, IVTDMD: In vitro true dry matter digestibility, TC: Total
carbohydrate, NFC: None fiber carbohydrate, TDN: Total digestible nitrogen and RFV: Relative feeding value

3.5 Farmer perception on silage preservation technologies and utilization

Feeling is the actual psychological influences which hinder the working brain to abstain its duty functionally. In this
regard, participant farmers of the study area were categorized under three groups as highly satisfied, satisfied and
dissatisfied. The assessment result showed that most of participant farmers were satisfied to the work of feed
conservation which accounts about 61.1% and surprisingly 33.3% of respondents responded highly satisfied to the
technologies and seen as their major work in addition to their formal work while only one farmer stated his views for
the conservation as no advantages because of high labor requirement and cost.

Table 5 Farmers feeling on quality and concept of silage conservation technologies and utilization

Farmers feeling | Locations P value

Basketo (N=9) | Melokoza (N=9) | Total

Frequency | Percent
Farmers feeling 0.000
Highly satisfied 3 3 6 333
Satisfied 5 6 11 61.1
Dissatisfied 1 0 1 5.6

4 Conclusions

Forage conservation either as silage or hay is perhaps the greatest opportunity to bridge the feed gap due to the seasonal
variability in feed quality and availability in Ethiopia. The adoption of silage making by smallholder farmers who
produce most of the livestock on the country remains very important due to resource, knowledge, and skill limitations
as well as systemic issues and lack of sufficient land. It has been observed that desho grass silages treated with molasses
and legume additives (desmodium intortium) had better fermentative quality with higher DMI, IVDMD and RFV than
other silage materials in current experiment. However, trials with animals are required to see how these differences in
conserved feed material affect animal performance.
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