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Water Intake and Nutrient Balances of Holstein x Boran 
Cows Fed a Low-Quality Tropical Diet 
Andreas Jenet1, Asfaw Yimegnuhal*2, Azage Tegegne2, Salvador Fernandez-Rivera2 and 
Michael Kreuzer1 

1 Swiss Federal Institute of Technology Zurich, Institute of Animal Science, CH-8092 Zurich, 
Switzerland 

2 International Livestock Research Institute (ILRI), P.O. Box 5689 Addis Ababa, Ethiopia 

Abstract 
A study was conducted to determine turnover of water, nitrogen and energy in lactating Holstein 
x Boran cows. Nine cows (Bos indicus × B. taurus) between their 42nd and 420th the days of 
lactation were selected for this study. The crossbred cows had ad libitum access to water and a 
dried maize stover/lablab mixture (3:1), and received 3.2 kg of concentrate (wheat bran, molasses, 
bone meal) and 3 kg of fresh Napier grass per day. After an adaptation period of 7 days, feed 
intake and excretion of faeces, urine and milk were quantitatively recorded and samples 
proportionate to excretion were taken. for seven days period. Data on milk and body weight were 
collected twice daily or every second week, respectively, throughout lactation. Milk yield decreased 
by 12 (±0.192) g-day-1 during the lactation period. Milk fat, protein and energy concentrations 
were 4.9 (±0.467) %, 3.2 (±0.064) %, 3.2 (±0.180) MJ⋅kg-1, respectively. Dry matter digestibility 
was 57.6 (±7.84) % and the amount of faecal dry matter excreted was 4.1 (±0.821) kg ⋅day-1. 
Energy and nitrogen balance were slightly positive, which was confirmed by the small weight 
gain. Crossbred cows consumed daily 52.6 (±4.33) kg water, including the water in feed. Water 
excreted with faeces, urine and milk was 23.8 (±3.68), 10.3 (±1.89), 5.7 (±1.56) kg⋅day-1, 
respectively.  Hence, the water balance of 15.8 (±2.29) kg day-1 was explained as water excreted 
by evapo-transpiration. Results indicate that with the quantity and quality of feed used in the 
study, variation in milk yield during the lactation does not affect the water consumption and total 
turn over of crossbred cows, although there is a shift from milk to faeces in water loss with 
advancing lactation.  

Keywords: Crossbred cows, body weight changes, lactation, water intake, nitrogen balance, energy 
balance, milk yield. 

Introduction 
Water plays a key role in digestion, transport of metabolic products, excretion and in 

regulating body temperature through latent heat of vaporization. The water utilized by the 
animal's body is either ingested as drinking water or as a component of the feed or produced 
by catabolism (Woodford et al., 1984). Animals differ markedly on their ability to conserve 
water and to withstand water deprivation. Some desert animals such as the camel can 
tolerate a more severe dehydration without suffering an explosive heat rise (Schmidt-
Nielson, 1962). Animals deprived of water refuse to consume feed already in early stages of 
dehydration and do not eat dry feed until after they are provided with drinking water 
(Steiger-Burgos et al., 2001).  
The provision of adequate quantities of clean drinking water is a major prerequisite for 
satisfactory milk production, growth and animal health (Little and Shaw, 1978), but the 
minimum amount required is affected by various factors. Ambient temperature has a 
marked effect on water intake. Accordingly, Bos taurus cattle weighing 450 kg and eating 
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10 kg dry feed per day drank 28, 41 and 66 litres of water per day when the temperature 
was 4, 21, and 32°C, respectively (Maynard, et al., 1981). Lactating cows consume more 
water than dry cows of similar weight fed on maintenance level in order to use for milk 
excretion.  Heavy temperate breed cows have a higher water intake (60 to 90 litres day-1) 
than zebu cows  (25 litres day-1)  (King, 1983). Also the type of feed plays a decisive role 
for water intake.  
Nutrient balance experiments with cows are very rare in tropical countries.  
Extrapolation of data on nutrient balances from temperate climates and diets produces 
misleading results. The objective of this experiment was to investigate water 
consumption and turnover along with feed intake, milk yield, nitrogen as well as energy 
balance based on observation for seven days on lactating Bos taurus x Bos indicus 
crossbred cows fed a tropical diet. 

Materials and Methods 
Experimental site: The experiment was conducted at the Debre Zeit Research Station 

of the International Livestock Research Institute (ILRI) in Ethiopia at an altitude of about 
1920 m above sea level. Minimum and maximum temperatures in the experimental barn 
were 16 °C and 29 °C, respectively. The experiment lasted for 2 weeks with the first week 
serving for adaptation to the urine collection apparatus and the second week for data 
collection and sampling. 
Animal and feeding: Nine Holstein Friesian x Boran crossbred cows with either 50% or 
75% Holstein blood of similar live weight of 392 (±21.7) kg but differing in stage of 
lactation were selected for this experiment. The cows were between 42 and 420 days of 
lactation. The stage of lactation was divided as early (42-140 days), medium (141-280 
days) and late (281-420 days). The cows were penned and tethered individually in a 
ventilated barn with concrete floor. Each cow had ad libitum access to tap water, 
provided in buckets, and to a sun-dried mixture of maize stover and lablab (Lablab 
purpureus), with maize and lablab sown together on farm in a ratio of 3:1. Additionally, 3 
kg of wheat bran and molasses mixture (5:1) together with 200 g bone meal was fed daily 
at 8:00 h. Three kg fresh Napier grass (Penisetum purpureum; equivalent to 0.4 kg dry 
matter) was also offered at 14:00 h. Table 1 gives the analysed composition of the feed 
ingredients.  
Data collection and laboratory analyses: Cows were weighed in the morning after 12 h 
fasting at the start and end of the experiment. Quantities of water and feeds offered and 
refused were measured and recorded daily. Concentrate and Napier grass were consumed 
completely. The residual amounts of the roughage mix were weighed and samples were 
taken for analysis. Faeces and urine were separately collected over the same seven days 
collection period. For urine collection, each cow was shaved at the hips and between tuber 
ischii and tuber coxia using scalpel blade. Then Velcro® tapes were glued to the shaved 
skin around the vulva with special adhesive (CYANOLIT®, 3M, Rueschlikon, 
Switzerland). Cone shaped urine-collection-bag made of impregnated cloth with an oval 
opening on the inner side was then connected with the Velcro® tapes (Figure 1). A hard 
plastic (PVC) pipe (6 cm long, 2.5 cm wide and 0.5 cm thick) was inserted into the narrow 
part of the cone shaped bag and tied with a plastic string. The outlet was connected to a 
plastic pipe equipped with wire stabilizer and of a length of approximately 2 m. The 
plastic pipe was connected to a PVC pipe (20 cm long, 2.5 cm wide and 0.5 cm thick) and 
this was passed into 30-liter plastic containers to collect the urine (non-acidified). An 
outlet in the middle of the PVC pipe was connected to a smaller container that contained 
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50 ml concentrated sulphuric acid (49%) to avoid nitrogen loss. Faeces was collected as 
deficated from the floor and kept in a plastic container. The quantities of faeces and urine 
excreted were measured daily at 07:00h and 17:00h (Figure 1). Urine density was 
measured with Fisher Scientific Hydrometer. Faeces were thoroughly hand mixed, and 
the 10% and 5%, respectively, of the quantity of faeces and urine excreted was pooled for 
each cow over the collection period. Faeces and urine samples were stored at –20°C until 
being analysed. Cows were hand milked twice a day throughout the lactation. Total 
lactation milk yield was recorded and aliquot milk samples were taken during the 
experimental week for analysis. Current lactation body weights were taken from fort-
nightly body weight records. 
Feed and faeces were analysed for dry matter (DM), organic matter (OM), ether extract 
(EE), gross energy (GE) and nitrogen following the procedure of AOAC (1990), as well as 
neutral detergent fibre (NDF) according to Van Soest and Robertson (1985). Nitrogen was 
determined in the acidified urine samples using Kjeldahl method. Milk samples were 
analyzed for protein by formaldehyde titration (milk N × 6.38) as suggested by AOAC 
(1990) and for fat (Gerber method). 
Statistical analysis: Body nitrogen retention was computed as the balance between N 
intake and N excretion via faeces, urine and milk. The metabolizable energy intake (ME) 
was calculated as 0.81 of DE (MAFF, 1985). Net energy used for gain and lactation was 
calculated by subtracting the energy used for maintenance from the ME contained in feed 
(MAFF, 1985, Maynard et al., 1981). In order to be able to calculate water balance of the 
dairy cows, several variables had to be estimated. Milk water content was estimated on 
average to be 88% according to British Standard (1963). Urine dry matter was computed 
as the difference of the specific gravity of urine and pure water multiplied by a factor of 
2.6 (French, 1956). Metabolically generated water, from feed as well as oxidation of 
protein, carbohydrates and fat during metabolic processes, was estimated to account for 
0.40, 0.56, and 1.07 ml per g of nutrient, respectively (Maynard et al., 1981). Water 
turnover was calculated as the sum of drinking water, water intake directly through feed 
and metabolic water. The gross energy content of the milk (MJ⋅kg-1) was calculated using 
the following formula: 
Gross energy = 3.86 × milk fat % + 2.05 × solid-non-fat % - 0.236 (MAFF, 1985). 

Variables monitored during the observation period are summarized in Tables 2 to 6. 
Individual data on milk yield and body weight changes over the observation period were 
regressed over day of lactation (DL) using the General Linear Model (GLM) of the 
Statistical Analysis Systems (SAS). The linear and cubic effects of stage of lactation were 
as follows: 
Y = a + b⋅(DL) 

Y = a + b⋅(DL) + c⋅(DL)2 + d⋅(DL)3 

Where Y = individual observation; a = estimated intercept; b, c, d = slope; DL = day of lactation. 

Results 
Live-weight, feed intake and digestibility: Live weight changes (C)in kg were explained 

through the following equation: C in kg = -11.68 – 0.174⋅DL + 0.000914⋅DL2 – 
0.00000078⋅DL3 (r2 = 0.931). The daily body weight gain increased by 1.34 (SD=0.903) g as 
lactation progressed (Figure 2). Mean live weight of cows during the experimental period 
was 395 (SD=20.3) kg (Table 2). Cows consumed on average 9.71 (SD=0.319) kg dry matter 
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(DM) and 8.89 (SD=0.292) kg organic matter (OM). When intake was related to metabolic 
live weight (LW, kg0.75) cows consumed 109 (SD=4.76) g⋅kg LW-0.75. Faeces DM excreted was 
4.1 (SD=0.807) kg. The mean apparent digestibility of DM, OM and NDF were 58.0 
(SD=7.66), 61.2 (SD=7.42), and 53.4 (SD=9.67) %, respectively. 
Milk yield: The decrease of milk yield over stage of lactation (Y) was explained through 
the following equation: Y in kg = 11.44 – 0.0437⋅DL + 0.00013⋅DL2 – 0.00000015⋅DL3 
(r2=0.96; CV=5.34). Against decrease in milk yield, concentrations of fat and energy 
increased in late lactation, daily excretions of protein, fat and energy decreased by 0.41 g 
(SD=0.098), 0.45 g (SD=0.182), 0.035 MJ for protein, fat and energy, respectively. Table 3 
presents the mean values for these variables. 
Nitrogen balance: Nitrogen intake was 126 (SD=3.20) g day-1 (Table 4). This was followed 
by faecal and urinary nitrogen excretion of 72.7 (SD=14.0) and 19.0 (SD=2.34) g, 
respectively. Nitrogen retained in the body of the cows was 1.23 (SD=14.4) g over the 
whole group of cows. 
Energy utilization: The gross energy intake was calculated to be 180x5.87 MJ day-1. 
Similarly the digestible energy intake was 106x14.0.9 MJ d-1 (Table 5). The estimated 
daily metabolizable energy intake was 85.8 (SD=11.3) MJ. Energy used for maintenance 
(NEm) was estimated at 43.1 (SD=2.42) MJ day-1. When considering net energy required 
for body retention, the amount of net energy still available for lactation (NEL) was 
calculated to be 33.6 (8.78) MJ d-1. 

Water intake and excretion: The quantity of water consumed, used for various activities 
and excreted is shown in Table 6. The drinking water intake was 48.5 (SD=4.25) kg⋅cow-

1⋅day-1 and did not differ as the lactation progresses. The mean amount of metabolically 
generated water was estimated at 3.0 (SD=0.346) kg⋅cow-1⋅day-1. Water turnover, 
including feed, drinking water intake and metabolically generated water was 55.5 kg 
(SD=4.03). The percentages of this total water excreted through faeces, urine and milk 
were 44.9 (SD=4.15), 19.3 (SD=2.64), 11.1 (SD=3.72) %, respectively. Most of the non-
explained part of the water balance (15.9 SD=2.32) was assumed to account for water loss 
through evapo-transpiration and respiration. 

Discussion 
The relatively low digestibility of the diet observed in this experiment was similar to 

that of 58.3 to 60.8% DM digestibility and of 61.3 to 64.0% organic matter digestibility 
noted by Chilliard et al. (1998) and French et al. (2001) in tropical cattle fed high fibrous 
diets. 
The excretion of faecal and urinary N as proportion of N intake was in the range of 
various other studies where N excretion rates with faeces ranged from 31 to 57% and 
urinary N losses ranged from 16 to 53 % of intake (Hornick et al., 1998, Kroeber et al., 
2000). Urinary N excretion is high in high-protein diets (Kroeber et al., 2000), whereas 
the percentage of faecal N increases with the use of fibrous diets. Despite the inclusion of 
lablab, urinary N losses remained low, which indicates that the diet was low in easily 
rumen-degradable protein (Rohr & Lebzien, 1991) and this does not necessarily mean low 
supply of metabolically available protein. Furthermore, there was on average no N 
retained in the body, which may suggest that N supply was a limiting factor for 
performance. 
The supply of net energy from the feed was assumed to have been sufficient for the level 
of milk yield. The levels of digestible and metabolizable energy were sufficient despite the 
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relatively high faecal energy losses. Cows fed concentrate-based diets can lose up to 30% 
of the gross energy through faeces (Kreuzer et al., 1985, Terada & Muraoka, 1994); this 
rate was 39 % in the present study. Similar results were obtained in other studies with 
ruminants fed roughage-based diets (Ortigues & Vermorel, 1996). Evidence from weight 
changes indicates that the early lactating cows had to rely on their body reserve to 
increase milk yield.  
The observation that water consumption changes with the stage of lactation is consistent 
with reports in the literature. The ratio of water excreted to water intake was similar to 
the findings of Steiger-Burgos et al. (2001). The overall relation of water turnover (Tables 
6) to DM intake (Table 2) of 5.70 (SD=0.364) also was similar to the results obtained for 
Brown Swiss cows (Steiger-Burgos et al., 2001). Even the percentage of water excreted 
via faeces and urine in relation to total water consumed, accounting for 44 (SD=4.15) % 
and 19 (SD=2.64) %, respectively, was in the same range as found by Kreuzer et al. (1985) 
in cows receiving concentrate-based diets. The drinking water consumption (WI) ranging 
between 43 and 55 kg⋅cow-1⋅day-1 exceeded the maintenance requirement calculated by 
equation (1) of Little and Shaw (1978) including DM intake (DMI, kg⋅cow-1⋅day-1) and 
milk yield (MY, kg⋅cow-1⋅day-1): 
WI = 12+ 2.15 × DMI + 0.73MY       (1) 

Water intake was lower than expected in the early stage (62 kg) and approximately as 
expected in the late stage of lactation (53 kg) when 3 kg extra water for every kg of milk 
produced is considered as recommended by Barrett & Larkin (1974). The quantity of 
water consumed was in agreement with the range of 3.5 to 5.5 kg of water per kg of dry 
diet given for ambient temperatures between –17° and 27°C (NRC, 1980).  
Both feed intake and digestibility determine faecal DM excretion. Faecal DM excretion 
was slightly lower than found by Steiger-Burgos et al. (2001) for high yielding dairy cows 
but higher than in the estimate obtained by Ayantunde et al. (2001) for Sahel conditions. 
This is explained by the fact that the high yielding cows of this study received a diet of 
higher digestibility than those of the Sahel cows Faecal water contents of 84 and 86% in 
the early and late lactating cows, respectively, were obtained in this study. Faecal dry 
matter excretion has an important influence on faecal water loss. Knowledge of DM 
digestibility could be a factor to improve water intake estimation (Winchester & Morris, 
1956). Applying the multiple regression analysis procedure of SAS (1999), the following 
equation was developed to estimate water intake from DM intake (DMI) and DM 
digestibility (DMD) was derived from the present experiment: 
WI = 35.9(±38.8) + 3.43(±3.59)⋅DMI – 35.66(±15.4)⋅DMD  (r2 =0.60; CV = 6.75)  (2) 

The following equation (3), including metabolic weight (LW, kg0.75), was derived earlier 
for tropical cattle in dry regions of West Africa fed fibrous diets to estimate water intake 
(Ayantunde et al., 2001). This equation slightly underestimated the actual water intake 
of the cows in the present experiment. This equation suggests that water intake is 
negatively correlated with metabolic live weight of the animal; however the low variation 
in live weight between animal might have produced an artefact here:  
WI = 6.86(±3.11)⋅DMI – 0.203(±0.341)⋅LW0.75  (r2 =0.99; CV = 8.45)   (3) 

In general, the water intake of cows is influenced not only by live weight, DM ingested 
and DM digested but also by climatic condition, composition of the diet, characteristics of 
the water supply and physiological state of the cattle (Little and Shaw, 1978). Higher 
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milk yield achieved with high quality diets may increase water consumption in early 
lactation stage. 

 
Figure 1: View of Urine and faeces collection from experimental dairy cows Legend: Urine collectors 

were fabricated out of a cone shaped impregnated cloth and attached on Velcro®-tapes, which 
were glued around the vulva. Stabilized plastic tubes lead the urine into containers.  
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X Body Weight Change         -------- WTCH = -11.68-0.174DL+0.000914DL2 –00000078DL3 
+ Milk Yield                                        MILK= 11.4-0.043DL+0.00013DL2-0.00000015DL3   

Figure 2. Body weight change (WTCH) and milk yield of crossbred cows (n=9) during lactation. 
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According to Roubicek (1969) and unpublished data of ILRI Debre Zeit Station, at 27°C 
day temperature skin water transpiration accounts for 250 g m-2 h-1 (24 h average; 400 
and 100 g m-2 h-1 at day time and at night, respectively), and respiratory water loss is at 
about 23 g m-2 h-1. Assuming a body surface area of 2.4 m2 per cow, this loss rate adds up 
to 15.7 kg per day. This is very close to the 15.9kg water arrived at by the water balance 
(Table 6). This value falls within the range of 14–22 kg day-1 reported by Kreuzer et al., 
(1985) in cows of higher yield (17–22 kg milk day-1) but kept at lower ambient 
temperature. In contrast, Kroeber et al. (2000) reported lower values of 7–10 kg cow-1 day-

1 water evapo-transpiration in high yielding cows (>30 kg milk cow-1 day-1). In the present 
study a high level of water retention during the 7-day period and high water evaporation 
from the buckets were unlikely; however, water loss during consumption cannot be 
totally excluded. The water balance of 15.9kg day-1 can therefore be taken as a good 
estimate of body water loss via evapo-transportation. 
The overall water turnover rate of 409 (SD=39.7) g⋅LW-0.82⋅day-1 from this study falls 
between values calculated for purebred zebu and temperature breeds of cattle (Roubicek, 
1969). Although occasionally extreme values of water intake and turnover rates are 
observed in tropical cows, variation in these values between the crossbreds of the present 
study remained low (Table 6). 
Table 1: Nutrient composition of the dietary ingredients ((g·kg-1 DM) 

Item DM OM N NDF GE EE 
Concentrate mixa 834 918 20.9 257 19.3 25.7 
Roughage mixb) 900 917 10.0 676 18.4 12.9 
Napier grassc) 127 866 13.1 733 18.4 18.8 
a Daily ration composed of 2.5 kg wheat bran; 0.5 kg molasses and 0.2 kg bone meal; 
b) Composed of Maize stover and lablab, 3:1; fed ad libitum; 
c) 3 kg day-1. 

Table 2. Live weight, intake, feed digestibility and faeces as well as urine excretion of Holstein x Boran 
cows (n=9) 

Variable Mean Std Dev Minimum Maximum 

Live weight (kg) 395 20.3 350 423 

Dry matter intake (DMI, kg day-1) 9.71 0.319 9.31 10.2 

DMIm (g⋅(kg live weight)-0.75) 109 4.77 102 114 

Organic matter intake (kg day-1) 8.89 0.292 8.52 9.32 

Faeces fresh matter (kg day-1) 27.7 4.36 22.5 36.0 

Faeces DM (kg day-1) 4.08 0.806 3.21 5.76 

Urine volume (kg day-1) 11.0 1.81 8.33 14.6 

Apparent digestibilities (%)     

       Dry matter 58.0 7.67 42.8 65.9 

       Organic matter 61.2 7.42 46.1 68.9 

       Neutral detergent fibre 53.4 9.67 32.2 63.1 
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Table 3. Milk yield and composition of Holstein x Boran cows (n=9) 

Variable Mean Std Dev Minimum Maximum 

Milk Yield (kg day-1) 6.52 1.82 3.64 9.06 

Energy (MJ kg-1) 3.22 0.182 3.03 3.50 

            (MJ day-1) 20.8 5.44 12.7 27.6 

Fat       (g kg-1) 4.85 0.471 4.37 5.58 

            (g day-1) 312 79.4 203 419 

Protein (g kg-1) 3.22 0.064 3.10 3.30 

            (g day-1) 210 58.4 118 293 

Table 4. Nitrogen balance of Holstein x Boran cows (n=9) 

Nitrogen turnover (g cow-1 d-1) Mean Std Dev Minimum Maximum 

Feed N intake 126 3.20 122 130 

Faeces N excretion 72.7 14.0 58.9 99.6 

Urine N excretion 19.0 2.34 14.6 22.7 

Milk N excretion  32.8 9.15 18.5 45.9 

Body N retention 1.23 14.4 -17.7 27.5 

Apparent N digestibility (%) 42.3 10.5 23.1 52.2 

Table 5. Energy intake and excretion (MJ d-1) of Holstein x Boran cows (n=9) 

Variable Mean Std Dev Minimum Maximum 

Gross energy intake 180 5.87 173 189 

Faeces energy excretion 75.0 15.9 57.4 107 

Digestible energy intake 106 14.0 80.0 118 

Metabolisable energy intakea) 85.8 11.3 64.8 95.9 

Milk energy excretiona) 20.8 5.44 12.7 27.6 

NEm a) 43.1 2.42 38.4 48.2 

NEl a) 33.6 8.78 20.6 44.6 

NEg a) 9.14 12.1 -10.0 28.7 
a) Calculated by formulae 

Table 6. Water balance of Holstein x Boran cows (n=9) 

Water turnover (kg d-1) Mean Std Dev Minimum Maximum 
a. Drinking water intake 48.5 4.24 43.6 55.4 
b. Water intake contained in feed 3.87 0.035 3.82 3.92 
c. Metabolically generated water 3.04 0.346 2.39 3.36 
d. Water excretion via faeces 23.6 3.67 19.3 30.2 
e. Water excretion via urine 10.1 1.79 7.63 13.8 
f. Water excretion via milk 5.73 1.60 3.20 7.97 
Water difference (a+b+c)-(e+d+f)* 15.9 2.32 11.3 19.4 
*This difference is assumed for evapo-transpiration. 
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Conclusions 
This experiment indicated the performance (weight gain and milk yield), nutrient 

balances and water intake of crossbred cows. The milk production and weight change curve 
of crossbred cows could be explained with high accuracy only with day of lactation, but not 
so with DMI and DMD. Water intake is influenced beside feed quantity also by feed quality, 
as dry matter digestibility affected the water intake. 
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Abstract 
Thirty Highland zebu oxen with a mean weight of 276 (SE ± 14.3) kg and about 6 years of age 
were blocked by weight into 5 groups of 6 oxen each and within groups allocated to 6 treatments.  
They worked for 51 days followed by 84 days recovery.  Teff straw (Eragrostis tef) and lablab 
(Lablab purpureus) (TSL) were fed during work and intercropped maize (Zea mays)/lablab (MSL) 
hay plus wheat bran was fed during recovery.  Treatment 1 (T1) composed of ad lib feeding 
throughout the experimental period (control).  In T2, the oxen were fed at 0.8 times their 
maintenance energy requirement during the working period and fed ad lib during recovery.  Oxen 
in T1 and T2 were not assigned to work.  The animals in T3, T4, T5 and T6 were fed ad lib and 
subjected to work loads involving the pulling of a sledge weighing 27.3 ± 1.6 kg onto which a 
weight equivalent to 10 % of live weight (LWT) of each animal was placed.  The oxen worked for 5 
h a day and 6 days per week.  During the recovery period, animals in T3, T4, T5 and T6 received 
0.7, 0.8, 0.9 and 1 times their estimated ad libitum feed intake based on the actual measurement 
during the work period, respectively. Feed intake, average daily gain (ADG), dry matter (DMI) 
and organic matter  (OMI) and fat depletion and repletion were estimated for all animals during 
the working and recovery periods.  Rectal temperature, pulse and respiration rates were also 
recorded during the working period. Work reduced dry matter intake by 1.2 kg/d and caused an 
average body weight loss of 272 g/d compared to the control (T1).  The effect of work (T3, T4, T5, 
T6) and nutritional restriction (T2) on live-weight change was similar during the work period 
(p>0.05). Work had no effect on dry Matter digestibility (DMD) and organic matter digestibility (OMD) 
(p>0.05).  However, improved DMD and OMD were observed in the nutritionally restricted groups.  Rectal 
temperature increased by 0.76° C and 1.24° C after 2.5 h and 5 h of work, respectively.  Pulse and respiration 
rates increased by 21.9 and 40.8 beats/min after 5 h of work, respectively. Empty body fat (EBF) was reduced by 
work and increased at the end of the recovery period but there were no differences among treatments (T3, T4, T5 
and T6).  Generally there was a similarity between nutritional and work stressed groups in energy deficit and 
composition of compensatory gains. On average these animals gained 281 g/d than the control (T1) group at the 
same level of feeding during the recovery period. It was concluded that nutritional stress and work stress caused 
similar weight loss and that the optimum quantity of nutrient required for compensatory growth following an 
intermediate level of work stress is about 0.9 times ad lib feeding (T5). 

Keywords: highland zebu, draught, compensatory growth ,feed restriction, nutritional stress 

Introduction 
Some 200 million cattle and buffalo are used for draught and almost all of these are 

found in developing countries where they provide about 85 % of the power used on farms 
(Smith, 1981). These include power for land development, tillage, seeding operation, 
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cultural operations, lift irrigation, harvesting, threshing and transport.  Draught 
performance of oxen depends mainly on the quantity and quality of available feed.  The 
seasonality of feed supply also affects the performance of draught animals. 
Feed resources for draught oxen during the long dry season are limited both in quantity 
and quality (Owen, 1985) leading to loss of weight (Sollar et al., 1986; Goe, 1987).  The 
extent of body weight loss was estimated between 9 and 18% of their weight to the end of 
the main rain season (Gryseels and Anderson, 1983). The draught oxen work only 
between 50 and 70 days per year (Goe, 1987), but consume scarce and valuable feed 
throughout the year.  
The limited quantity and quality of feed resources prior to land preparation and heavy 
workload immediately following this period make oxen to be weak.  One strategy to solve 
such problem is to diversify the use both as draught and beef animal (Osuji and Capper, 
1992). In this case the oxen would be treated as dual purpose, used for a few years (5 to 6) 
for work, then fattened immediately after their last working season, thus taking 
advantage of the phenomenon of compensatory growth resulting from re-alimentation 
(Ryan, 1990) after a period of undernourishment. The other possible option for 
circumventing this problem is to use multi-purpose crossbred cows for milk and work 
(Zerbini et al., 1993; Takele et al., 1995). However, this requires reasonable initial 
investment.  
Animals work output is a combination of draught speed and duration of work. During 
work there is increased muscular activity that results in rapid increase in heat 
production.  Therefore, there are several changes in physiological parameters. 
Understanding the physiological responses of animals when stressed due to work or 
nutrition and the extent of these responses in relation to body weight and condition will 
contribute to the design of appropriate feeding and management strategies for working.  
The objectives of the study were: 

1. To establish the quantity of nutrients required to optimize compensatory growth 
following a moderate level of work stress, and  

2. To ascertain whether work stress and nutritional stress resulting in similar levels of 
energy deficits differentially affect the amount and composition of compensatory gain. 

Materials and methods 
The experiment was conducted at the ILRI Debre Zeit Research Station that is 

situated in the central highlands of Ethiopia, 50 km south east of Addis Ababa. The 
research station is located at an altitude of 1920 meters above sea level with minimum and 
maximum temperatures of 11o C and 25o C, respectively and bimodal rainfall of 876 mm in 
which 84 per cent of the rain ring the main rainy season falling between June to August. 

Animals and their management 
Thirty Ethiopian Highland Zebu oxen with comparable body weight (276± 14.3 kg), 

and body condition were purchased from the local market and immediately quarantined for 
21 days, during which time they were vaccinated against major diseases, dewormed and 
sprayed against external parasites. The animals were randomly assigned to the six 
experimental groups. They were individually penned, fed and watered in tie-stall pens in a 
well-ventilated barn with concrete floor. A preliminary period of 40 days was used to train 
oxen to carry single yoke and sledge in order to acquaint them with the work implement, 
each receiving one hour of training per day. 
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Diets and experimental treatments 
The experiment had two periods: work period of 51 effective days followed by a 

recovery periods of 84 days (12 weeks). A recovery period of 84 days (12 weeks) was chosen 
based on the earlier reports (Gryseels and Anderson, 1983; Goe, 1987). During the work 
period the oxen were fed a diet consisting of 65% teff straw (Eragrostis tef) (901 g/kg DM 
CP=34 g/kg) and 35% Dolichos lablab (Lablab purpureus 'Rongai') (844 g/kg DM; CP=150 
g/kg). Teff straw and lablab were weighed separately for each animal, thoroughly mixed 
and offered at 10.00 h to non working animals or immediately after the daily work task. 
During the work phase (51 days), animals were subjected to work for 5 h/day, 6 days/week. 
Work comprised pulling of sledges weighing 27.3 ± 1.6 kg onto which a weight equivalent to 
0.10 of mass  (kg) was placed. These were pulled round a rectangular horizontal surface of 
about 120 m per round.  Each animal was allocated a lane of 2 m wide.  The surface area of 
the metal strip on either side of the sledges that made direct contact with the ground was 
500 cm2. Work period was immediately followed by a recovery period of 84 days.  During 
this period the oxen were fed maize/lablab (904 g/kg DM; CP =82 g/kg) inter-cropped forage 
supplemented with wheat bran (865 g/kg DM; CP=173 g/kg) that contributed 23% of the 
diet and was fed separately. Water was provided at all times to the animals that were not 
subjected to work but the other animals were allowed free access to water after the daily 
work task. The dietary treatments and status of work during recovery and work phases are 
given in Table 1. 
Table 1. Treatments, number of oxen in each treatment and levels of feed given during work and 

recovery phases. 

Work phase Recovery phase Treatment  N Initial live- 
weight Work status Feeding level Feeding level 

T1 5 298±14.35 None Ad lib Ad lib 
T2 4* 282±14.35 None 0.8x Mem** Ad lib 
T3 5 293±14.35 Worked Ad lib 0.7xAd lib 
T4 5 292±14.35 Worked Ad lib 0.8xAd lib 
T5 4* 308±14.35 Worked Ad lib 0.9xAd lib 
T6 5 295±14.35 Worked Ad lib Ad lib 
**MEm = Maintenance requirement estimated using MAFF (1985); (MEm= 8.3+0.091(LWT of cattle) 
N  = number of animals in each treatment.  
*Please note that animals in treatment T2 and T5 were 5 at the initial phase of the experiment. However, two of the animals were excluded from 
the analysis because they had problems on their legs during the experimental period.  

Measurements 
Changes in body composition- 

At the beginning as well as end of the work period, and mid as well as end of recovery 
phases in all animals, changes in body composition (fat depletion) were studied using the 
urea space technique (Kock and Preston, 1979).  Urea space was determined by infusing 
into each animal 200 mg urea/kg live-weight (40 g urea/100 ml of 0.009 NaCl saline) 
solution (Meissner et al., 1977).  The solution was filtered using Whatman paper No. 1, 
transferred into 100 ml bottles and sealed with rubber, autoclaved at 121 °C for 10 minutes 
and stored at 4 °C until used. The appropriate volume of urea solution was placed in 60ml 
disposable syringes and infused into the jugular vein through a monoject 18gauge/1.5 
needle.  Correct placement of the needle in the vein was verified by causing a slight suction.  
On the average, the infusion process took 2 minutes/animal. Blood sample from the jugular 
vein was collected into vacutainer tube using a 21gauge/1.5 venoject needle before and 12 to 
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13 minutes after infusion.  The samples were kept on ice until plasma was separated by 
centrifugation for 6 minutes at 5000 rpm and stored at -20°C for Plasma Urea Nitrogen 
(PUN) determination.  Urea space (US) was calculated from the change in PUN (Kock and 
Preston, 1979) as follows: 
US (proportion of mass) = a*b/(PUN * m * 10); 

Where  a = Volume of urea infused (ml),  

 b = concentration of urea solution infused (mg urea-N/100ml), 

 m = live weight,  

 ∆PUN = difference in PUN taken from blood samples prior to and after urea infusion (mg 
urea-N/100ml).  

Then the equation of Rule et al., (1986) was used to estimate empty body fat (EBF) from 
Urea Space as a proportion of live weight:  EBF% = 61.2 - 0.81*US.  
Body condition score and live weight- 

Body condition scores (Nicholson and Butterworth, 1986) were recorded each time the 
animals were weighed. Live weights were taken at the start of the experiment, then after 
two weeks during work and recovery periods and at the end of the experiment.  
Rectal temperature, pulse (heart-beat) rate and respiration rate- 

Rectal temperature, pulse (heart-beat) rate and respiration rate were recorded every 
two weeks during the work phase.  In order to study the effect of work on heat load, rectal 
temperatures were measured using calibrated thermistors (RS Component, Corby, 
Northants, NN17 9RS, U.K.).  The thermistors were connected to a data logger (21x 
Campbell Scientific, Utah, USA) for temperature readings.  Respiration rate was measured 
by counting the number of flank movements (per 15 seconds).  The rate of heartbeat was 
measured by placing a finger under the carotid artery and counting the number of beats per 
15 seconds.  The figures were then multiplied by 4 to give rate per minute.  These records 
were taken at the following times into work on the working animal: 0, 2.5 and 5 h.  The 2.5 
h record was omitted in the case of non-working animals.  
Pulling distance and speed- 

The distance over which sledges were pulled was estimated by counting the number of 
rounds each animal covered at the work track.  Each animal was guided along its tract 
during work by a technician who ensured that the animal worked continuously.  Speed was 
measured at the following times into work: 0.0, 2.5 and 5.0 h, by measuring time each 
animal took to complete one round along the work track. 

Laboratory analyses 
Feeds were analyzed for DM, OM and N using standard procedures (AOAC, 1990).  

Plasma urea was determined using the Berthelot UV-method (White et al., 1976). 

Statistical analysis  
The experiment was a completely randomized block design described by Snedecor and 

Cochran (1989).  The general Linear Model (GLM) procedure (SAS, 1999) was used to test 
the effect of work and feeding level on body weight change during working and recovery 
periods.  The statistical model used for the analyses of all variables was:  
Yij = µ+Bi + Tj+ Covj + Eij 
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Where: Yij = individual observations,  µ = the overall mean, Bi = the block effect of body weights groups, 
T j = the treatment effect, Covj  = linear effect of initial live weight as covariate, Eij = 
unexplained variation assumed normally and independently distributed.  

When testing the effects of nutrient intake on compensatory responses, treatments T1 
and T2 were excluded from the analysis. Non-orthogonal contrasts were used to compare 
treatment effects. 

Results 
Work phase 
Effects of work and feed restriction on intake, and live weight change during the 
work phase- 

During the work phase, all animals except those assigned to T1 lost weight (Table 2). 
Animals in T1 gained (378 g/d), while those within either the working or nutritionally 
restricted groups lost on average 106 g/d.  Restricted feeding and work stress resulted in 
similar amounts of live weight loss (p>0.05). However, during working animals on 
restricted feeding lost less body weight than those fed ad libitum (41 vs. 106 g/day). Even 
though animals assigned to work were fed ad libitum, they had lower (p<0.001) DM and 
OM intakes than the control group (6.1 vs. 7.3 kg DM/d) while the work animals had higher 
DM and OM intakes (p<0.001) than the non-working and nutritionally restricted animals 
(6.1 vs. 4.0 kg DM/d) but the difference was not statistically significant (p>0.05).  
Effect of work on rectal temperature (RT), pulse and respiration rates- 

Within a day, work increased the rectal temperature (RT) significantly (p<0.001).  At 
the beginning (0 h), all treatment groups had similar RT (37.0 ± 0.08°C). RT increased 
significantly as work progressed reaching values of 38.7 ± 0.08 °C and 39.1 ± 0.09 °C after 
2.5 and 5h of work, respectively.  Similarly, working animals had higher heartbeats 
(p<0.001) than non-working animals.  As work progressed heartbeat increased from 44.4 ± 
1.6 at 0 h to 61.6±2.8 and 66.4±2.9 after 2.5 and 5 h of work, respectively. Work also 
increased (P<0.001) the respiration rate, which was 23.7± 0.9 at 0 h then increased to 58.7± 
4.5 and 64.5 ± 4.6 after 2.5 and 5 h of work, respectively. 
Effect of work on speed- 

Work performed by all work groups was similar and was done at similar speed 
(p>0.05).  The number of rounds made per day was the same for all weight groups  (143 ± 
17.5 rounds per day which added to about 13.2 ± 2.1 km/d).  Higher speed was observed at 
the beginning of work (0.70 ± 0.02 m/s); decreasing to 0.64 ± 0.02 m/s after 2.5 h which was 
maintained at this speed up to 5 h.   

Recovery phase 
Live-weight gain during the recovery phase- 

During recovery feeding level, work had significant (p<0.001) effects on compensatory 
growth; restricted feeding induced faster (p<0.001) growth than ad libitum feeding (562 vs. 
229 g/d) (Table 3). Animals on treatment 1 showed similar weight gains to those that 
received 0.7 times ad libitum during the recovery phase (229 vs. 226 g/d). There was no 
difference (P>0.05) between nutritionally restricted and working groups in ADG at the 
recovery phase at the same level of feeding.  However, DMI and OMI were higher by 0.3 kg 
DM/d and OM/d for the work group (Table 3). 
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Fat depletion and repletion during the entire study- 
The highest EBF (p<0.001) was observed at the end of the recovery period.  However 

empty body fat was similar (p>0.05) among treatments during both the work and recovery 
phases of the trial (Figure 1). 

Discussion 
Effect of work and feed restriction during the work phase 

The study revealed that non-working but nutritionally unrestricted (ad libitum fed) 
oxen had higher DMI than working oxen. This outcome confirmed the observation by 
Upadhyay (1987) that there was increased dry matter intake by non-working and ad 
libitum fed draught oxen. This finding may be also attributed to the differential rate of 
removal of feed residues from the rumen while the animals are at rest or restricted to 
exercise  (Soller et al., 1986; Teleni and Hogan, 1989).  
The depressed feed intake as a result of work stress in this trial is also in agreement with 
the results of Henning (1987), Tesfaye (1994) and Mathers et al., (1993) who indicated 
that working animals were unable to increase their appetite because work and associated 
activities may have left insufficient time for eating and rumination.  The work stress also 
contribute to reduced feed intake by reducing the animal’s desire to feed immediately 
after work because of decreased supply of nutrients to skeletal muscle to fuel feeding 
activity. The experiment also indicated that working animals with elevated body heat 
load of both metabolic and environmental origin have reduced appetite (Upadhyay, 1989; 
ARC, 1980). 
Body weight gain of non-working and nutritionally unrestricted oxen was significantly 
higher when compared with that of the working and nutritionally stressed oxen. Konanta 
et al, (1986), Bamualim et al. (1987) and Tesfaye (1994) have reached to similar 
conclusion, and showed that live-weight gain of non-working animals were consistently 
higher than those of working animals, and that work and nutritional stress caused 
similar body weight losses.  However, among the working animals, ad libitum-fed oxen 
consumed more DM than the nutritionally restricted group (Table 2). This could be due to 
the high demand for nutrients to support work, in addition to the low efficiency of energy 
utilization by the working animals (ARC, 1982). Lawrence et al. (1985) also indicated that 
there is high demand for nutrients because of higher metabolism of working animals 
whether at work or at rest. 
Effect of work stress and feed restriction on rectal temperature and respiration 
and pulse rates- 

A pull of 0.1 m/s has been considered optimum speed for work oxen (Takele et al., 
1989). This level of pull increased respiration and pulse rates and rectal temperature as 
work progressed without causing any adverse effects on the draught oxen. Maurya and 
Devendattan, (1982), Upadhyay (1987) and Takele et al. (1989) reported similar trends.  
Effect of work stress and previous feed restriction on compensatory weight gain- 

Both nutritional and work stressed animals showed higher body weight gain than the 
control during the recovery period.  Additionally, animals stressed by either nutrition or 
work had similar body weight gain during the recovery period.  Continuous and restricted 
feeding caused two differing rates of live-weight gain, in spite of identical levels of total feed 
offered (ad libitum) during the re-alimentation period.  The lower live weight gain by the 
control group is due to a decreased efficiency of energy utilization when the level of feeding 
is increased for a prolonged period (more than 90 days) (ARC, 1980). An interesting 
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observation was that despite the lighter body weight of oxen in T2 (no work, restricted 
feeding) during the recovery period, they had the highest average daily gain (562 g/day). 
Thus, at similar intakes for non-working animals, more energy will be available for growth 
(Wright and Russel, 1991).  Cattle on restricted feeding had more efficient feed conversion 
efficiency than those on ad libitum feeding (Anderson, 1975). 
Compositional changes during work and recovery phases- 

A greater increase in protein than fat deposition during compensatory growth in cattle 
has been reported (Butterfield et al., 1971).  The repletion of fat may occur after the 
deposition of protein during the course of compensatory growth.  Change in empty body fat 
during the working phase was observed, but there was no difference between working and 
non-working oxen.  The exact period at which fat is mobilized and deposited in the adipose 
tissue of cattle after prolonged re-alimentation is not well understood.  The estimate of 
changes in body fat composition during the 51 days working period indicated that fat 
reserves were depleted in all animals while fat was deposited during the recovery period.  
Fat depots were being utilized as energy sources and this helps to explain the apparent 
inefficiencies in the utilization of dietary energy (ARC, 1980).  The result is in agreement 
with that of Tesfaye (1994) who observed that long chain fatty acids were mobilized from 
adipose tissue to fuel work activity. The similarity of empty body fat (EBF) among 
treatments was in agreement with the results reported by Rompala et al. (1985) and 
Drouillard et al. (1991) who showed no differences in body composition between re-
alimented and normally grown animals.  It was observed that EBF deposition reduced 
(p<0.05) during the working period.  There was no increment in EBF during mid recovery 
but it increased towards the end of the recovery period (p<0.001).  This result is in 
agreement with that of Winter et al. (1976) and Carstens et al. 1989 who showed that 
compensatory growth, especially one which occurred soon after re-alimentation was due 
mainly to an increase in non-carcass components (changes in the digestive tract).  This may 
be due to extra water in the gut increased appetite and the associated gut fill effects (Drew 
and Reid, 1975).  Also accumulation of lean tissue during the early re-alimentation period 
could reduce the proportion of EBF (Meissner et al., 1977). 

Conclusion 
This experiment revealed that work depressed intake by a proportion of 16% (7.3 to 6.1 

DM kg /day). The loss in body weight due to work and nutritional stress could be recovered 
within 84 to 90 days of feeding good quality feed equivalent to 13 - 14 MJ per kg DM. 
Compensatory gain improves feed utilization, suggesting that it is economical to feed 
animals below maintenance and feed them ad libitum in preparation for market or 
slaughter. The nutrient requirement for optimum compensatory growth following an 
intermediate level of work (100 g/kg LWT) with good quality feed during recovery phase is 
0.9 times ad libitum feeding. This is about 21.1 g DOMI per kg live-weight or 1.6 times 
maintenance energy requirement.  
Draught oxen perform effective work if fed up to 0.8 times maintenance of energy 
requirement. Energy deficit caused by work or nutritional stress was compensated by the 
same quantity of ad libitum feeding at the re-alimentation period. It is also advisable to 
fatten working oxen immediately after the last working season to take advantage of 
compensatory growth.   
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Table 2. Effect of treatment on dry matter intake (DMI), organic matter intake (OMI) and average daily 
gain (ADG) during the working period.  

Treatment N Initial DMI OMI DML ADG DOMI 
1 5 298 7.3 6.6 23.9 378 6.7 
2 4 282 4.0 3.8 13.6 -41 4.6 

3 5 293 5.7 5.1 19.8 -175 4.9 
4 5 292 5.9 5.3 20.3 -118 5.0 
5 4 308 6.3 5.6 21.2 -76 5.3 
6 5 295 6.3 5.6 20.9 -56 5.0 

SED  14.3 0.18 0.16 0.60 58 0.18 
Contrast        
T1 vs. T2   *** *** *** *** *** 

T1 vs. T3-6   *** *** *** *** *** 
T2 vs. T3-6   *** *** *** NS * 

SEM-Standard error of mean, *= p<0.05, **= p<0.01, ***= p< 0.001 and NS= Not Significant (p>0.05),  
(N)= number of animals, MI =Dry Matter Intake kg/d, DML =Dry Matter Intake g per kg Live Weight, DOMI= Digestible Organic Matter Intake kg/d,  

Table 3. Effect of treatment on feed intake, organic matter intake and average daily gain (ADG) during 
the recovery period. 

Treatment N DMI OMI DML ADG DOMI Final Body Weight 
1 5 6.6 6.1 22.0 229 6.5 313 
2 4 6.7 6.2 22.0 562 7.1 342 
3 5 5.0 4.6 17.0 226 4.8 315 
4 5 5.8 5.3 19.0 366 5.6 325 
5 4 6.4 5.9 21.3 435 6.3 332 
6 5 7.0 6.5 22.8 458 7.6 330 
SEM  0.16 0.14 0.45 68.5 0.22 4.828 
Contrast        
T1 vs. T2  NS NS NS *** * *** 
T1 vs. T3   *** *** *** NS *** NS 
T2 vs. T6  NS ** NS NS NS NS 
SEM-Standard error of mean, *= p<0.05, **= p<0.01, ***= p< 0.001 and NS= Not Significant (p>0.05),  
(N)= number of animals, MI =Dry Matter Intake kg/d, DML =Dry Matter Intake g per kg Live Weight, DOMI= Digestible Organic Matter Intake kg/d,  
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Figure 1. Percent of Empty Body Fat (EBF) at differentn periods in Ethioipia Highland Zebu Oxen fed 

teff straw/lablab during work and Maize/lablab and Weat barn during recovery. 
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Abstract 
A total of 60 farmers from 7 districts in Selale area of central Ethiopia, who fed urea treated 
straws to cattle were interviewed on the general practice of straw treatment with urea. Since the 
1998/99-production year, farmers participating in the Smallholder Dairy Development Project 
(SDDP) have been practicing straw treatment and feeding crossbred dairy cows to improve milk 
production. In 2000, this practice was extended in Were-Jarso to fatten local oxen. The ratio of 
water:urea:molasses solution to straw used was 100L:4 kg:10L to 100 kg of straw. Farmers 
treated either a single type of straw or a mixture depending on what was available on their farm. 
Crossbred dairy cows were fed 4 – 6 kg of urea treated straw.day-1 and supplemented it with 
either concentrate feeds or cultivated forage crops depending on availability. The animals also 
grazed in the morning and in the afternoon. Local oxen were fed the same amount of treated 
straw per day and grazed without supplementation. Crossbred cows and local cattle adapt to the 
feed within 2-5 days and 4-6 days, respectively. As a result of feeding urea treated straw, milk 
production of the cows was reported to increase by 0.5 – 2.0L.day-1. The body condition of both 
crossbred dairy cows and local oxen has improved. The feeding of urea treated straw did not 
result in any problem to the cattle. The majority of the farmers thought that urea treated straw 
could replace hay and green feed in dry and in drought periods as feed for cattle. However, about 
half of the interviewed farmers did not continue the practice. The reasons for this were the low 
level of income to purchase the inputs, the belief that straw treatment is only important during 
drought periods and the expectation for government support. The initial cost for purchasing 
plastic sheets, urea and molasses was rather expensive for the low-income farm families, and the 
cost would be reduced in the next treatment periods. Farmers need further training, advice and 
follow up to appreciate the full benefits. Since crop residues are available all the time, urea 
treated straw can sustainably feed dairy cattle. With increased cultivation of crops and declining 
grazing land, special attention should be paid to feeding animals on crop residues by improving 
their quality through urea treatment. 

Keywords: Molasses, crossbred dairy cows, smallholder farmers, straw, urea treatment, fattening. 

Introduction 
One of the major limiting factors to animal production in Ethiopia is nutrition (Tsige-

Yohannes, 1998). In the highlands, where crop and livestock are well integrated, cattle are 
mainly fed on natural pastures and crop residues (Jutzi et al., 1987; Getnet and Ledin, 
1999). The role of crop residues as animal feed is substantial as more land is being 
cultivated to feed the ever-increasing human population (Jutzi, et al., 1987). Cereal straws 
and stovers fail to meet the productive functions of livestock (Michael et al., 1989). Farmers 
have some traditional practices to alleviate the poor feeding value of straws. They provide 
their animals with residues of both cereals and legumes in mixture. This practice, however, 
cannot bring considerable improvement to the nutritional status of the animals. 

                                                                 
* Corresponding author 
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Establishing simple techniques, which allow improving of the feeding value of crop 
residues, is important. According to Djajanegra and Doyle (1989) and O'Donovan et al. 
(1997), urea treatment is important for improving the nutritive value of cereal straws and 
stovers and it has long been used in developing countries of the tropics.  
The use of urea to treat straws and stovers is not a commonly practiced technology in 
Ethiopia. It was introduced to the North Shewa zone of Oromia Region in the 1998/99-
production year through an expert from Sri Lanka in collaboration with the SDDP, 
experts from the Ministry of agriculture (MOA) and the International Livestock Research 
Institute (ILRI). In the year 2000, the technology was tested in Were-Jarso district with 
the support of Canadian Physician Aid and Relief (CPAR) to fatten local oxen 
(Karralagama and Hassen, 1999). The technology was tested in eight districts in Selale 
on a total of 85 farms mainly with farmers who participated in the SDDP. However, the 
practice of urea treatment of straws, the feeding value of the treated straws and farmers’ 
opinion on this practice have not been evaluated and documented. Thus this survey was 
carried out with the following objectives: 1) to collect information on procedure of straw 
treatment with urea by farmers; 2) assess the feeding value of this feed to cattle as 
practiced by farmers, and 3) to evaluate the acceptability of this technology to the 
farmers. 

Materials and Methods 
Study area and the situation in each district 

The study was carried out in seven Districts in Selale area of central Ethiopia, namely; 
Sullulta, Wuchale, Yayagullelie, Girar-Jarso, Degem, Kuyyu, and Were Jarso. This area is 
located from 20 km (Sullulta) to 185 km (Were-Jarso) on the main northerly road from 
Addis Ababa to Debre Markos. In Sulluluta, most of the land is waterlogged and not 
suitable for cultivation of food crops. Farmers harvest pasture to make hay and good cash 
income for their livelihood. Cereals including barley, wheat and oats are the dominant 
crops. Peas and beans are the main pulse crops. Crop residues are less important compared 
to the other districts. A vast area of Wuchale land is kept for growing pasture, and a 
smaller area of Yayagullele is allocated for growing pasture crops. A mixed crop-livestock 
farming was practiced in Girar-Jarso. The dominant crops are teff, wheat, barley, peas, 
lentils and beans. A large part of the land is allocated for cultivation of crops, and crop 
residues are more important than pasture hay. 
Degem is relatively high in its altitude, about 3000 m above sea level. Barley is the 
dominant crop, but oats, peas, beans and vetch are also grown. A mixed-crop livestock 
farming is practiced in Kuyuu, and Teff is the dominant crop. Wheat, beans and lentils 
are also grown. A large area of land that is waterlogged and not appropriate for the 
cultivation of food crops is allocated for grazing and growing of pasture crops. Were-Jarso 
includes both highland and lowland areas. Farmers here practice a mixed crop – livestock 
farming system. In the highland teff is the dominant crop, but wheat, oats, vetch are also 
grown. In the lowlands, sorghum is the major crop and wheat, peas and lentils are also 
grown. Cattle are the dominant livestock species, but sheep, goats and poultry are also 
common.  

Target farmers 
A total of 60 farmers, who had been participating in the SDDP, own crossbred milking 

cows and who were using urea-treated straw, were interviewed (Table 1). 
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Method of data collection 
A semi – structured questionnaire, and PRA methods, including transect walks and 

discussions (IIED, 1994) were used. A pretest interview had been undertaken with a few 
farmers to further develop the questionnaires. The questionnaires were both quantitative 
and qualitative in nature. At the beginning, secondary information was gathered from 
representatives in each district. The interviews then were continued with a total of 60 
farmers. 
The interviews focused on the following major areas: 1) Traditional practices to alleviate 
poor feeding problems of straw; 2) Techniques of straw treatment with urea; 3) Feeding 
system and feeding value of urea treated straw to cattle; 4) Problems faced during the 
treatment of straw with urea; 5) Opinions of farmers to modify/improve the practice of 
straw treatment; 6) Acceptability of straw treatment by the farmer, and 7) Land and 
livestock holdings. 

Statistical analysis 
Descriptive statistics of the SPSS (1999) package was used to analyze the data. 

Results 
Traditional practices 

All the farmers interviewed used traditional practices to alleviate problems of feeding 
straw. The majority of the interviewed farmers (82%) used a mixture of different straw 
types from legumes and cereals including peas, barley, oats, teff, beans and wheat.  

Straw treatment with urea 
Farmers received training from agricultural extension staff on techniques of straw 

treatment and its utilization. The training was supported by a demonstration exercise. 
Farmers were advised to use 100 L water, 4 kg urea and 10 L molasses to 100 kg of straw. 
They were directed to construct two pits on their farms. Each pit had dimensions of about 
2m x 1m x 1m, which can hold about 100 - 150 kg of urea treated straw. Then individual 
farmers implemented the straw treatment on their own home, and the extension officers 
carried out close monitoring and follow up. 
The solution of urea, molasses and water was uniformly sprayed on the straw. The 
soaked straw was rubbed and mixed by hand to properly incorporate the solution into the 
straw. A polyethylene plastic sheet lined the floor and side of the pit. The mixed straw 
was placed into the pit and trampled. Following similar procedures, layers of such treated 
straw was placed sequentially until the pit was full to its capacity. The stack was covered 
with the plastic sheet, and compacted with either stones or wood, according to the 
availability of local materials. The treated straw was kept before feeding for 7 days in 
Were-Jarso and 15 days in the rest of the districts.  

Feeding urea-treated straw 
The farmers were advised to feed treated straws to all cattle with the exception of 

calves, pregnant cows after 7 months and emaciated cattle. Among the cattle fed urea 
treated straw, 72%, 20% and 8% were crossbred milking cows, local oxen and local cows, 
respectively. The farmers were feeding urea treated straw to crossbred dairy cows and local 
oxen under fattening at the rate of 4 – 6 kg of urea treated straw per day. According to the 
farmers, crossbred dairy cows adapted to the urea treated straw faster than the local cattle 
(Table 3). Crossbred dairy cows adapted to the urea treated straw within 2- 5 days. 
Depending on the availability, cattle were offered some roughage before feeding the treated 
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straw and were supplemented with a range of roughages, forages and concentrates (Table 
4). Crossbred cows were mainly stall-fed with a little grazing (4 h/day) during early 
morning and dusk around homestead. Local cows and oxen grazed almost the whole day 
and were supplemented with the treated straw in the evening. Fattening oxen were stall-
fed and were allowed limited grazing around homestead. 
Crossbred cows had a higher intake of urea treated straw than local cows. About 96 % of 
the interviewed farmers reported that milking cows fed urea treated straw had increased 
milk production in the range of 0.5 - 2 L.cow-1.day-1 (Table 5). 
Farmers suggested that the practice of straw treatment would be better after harvesting 
of crops and farmers get more cash at hand. About 2% of them suggested that inclusion of 
salt in the feed would enhance the performance of cows. This came from the observation 
that cows consuming mineral licks were coming into heat earlier 

Acceptability of straw treatment by the farmer 
Farmers believe that feeding urea treated straw is beneficial for the following reasons. 

Crossbred cows fed urea treated straw increased milk production by about 0.5 – 2L cow–

1day-1. Crossbred dairy cows and local oxen had also improved their body condition and 
their skin was shiny. The animals increased their feed intake both for the treated straw 
and other feeds. The consumption of water also increased. A few of the farmers also 
reported that cattle fed urea treated straw produced greater amounts of dung. As a result, a 
farmer was able to sell 2 piles of dried dung per year for Birr60 instead of the previous 1.5 
piles per year. The cattle were also producing a higher amount of urine. The urine was used 
for fertilizing the garden, especially for potatoes. The fertilized potato grew faster and the 
amount of foliage increased and looked very green. According to the opinions of the farmers, 
feeding urea treated straw is preferable to feeding the untreated straws. Feeding untreated 
straw to milking cows was reported to have many drawbacks. It reduces feed intake, water 
consumption, milk production and body condition and the dung becomes very dry and some 
times mixed with blood. According to the respondents none of the neighboring farmers 
attempted to practice straw treatment. They were however showing interest, and asked 
about the techniques and benefits of straw treatment. The majority of the respondents 
thought that treatment of straw probably solves the feed shortage problems because the 
straw can replace green feed during dry and drought periods. Feeding urea treated straw 
resulted in fewer refusals as compared to feeding untreated straw. Although all the 
interviewed farmers find the practice to be beneficial, about half of them did not continue 
(Table 6). In total 48%, 30% and 12% of the interviewed farmers treated the straw one, two 
and three times, respectively. Some farmers feel that considering the benefits of feeding 
value of the treated straw, urea treatment is not a very expensive practice. 

Problems encountered during the treatment of straw with urea 
About 5% of the interviewed farmers had shortage of labour during the treatment of 

straw. No toxicity problems with cattle had been reported due to feeding of the urea treated 
straw. For the first treatment period, almost all farmers were offered for the inputs (plastic 
sheet, urea and molasses) from the SDDP. The majority of the interviewed farmers 
responded that, considering the benefits gained from feeding of urea-treated straw, the 
practice is not considered expensive.  

Discussions  
The reported reason for practicing straw treatment with only a few farmers in 

Sulluluta, Wuchale and Yayagullele districts was that molasses was not available in the 
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districts. Later, farmers participating in the SDDP were organized to purchase molasses at 
a price of Birr1.00 L-1. More farmers (10) in Girar Jarso district treated the straw; in this 
district crop residues are abundant and molasses is delivered in to the district. Some 
farmers had treated only one type of straw while others had treated a mixture of different 
straws.  
Since barley is the dominant crop in Degem district, most farmers used barley straw for 
the treatment and some also used a mixture of barley straw and other straws available at 
the farm. The time length for treating the straw in this district was 15 days. In Kuyuu, 
mainly Teff straw was used for the urea treatment. In this district, some merchants 
delivered molasses at a price of Birr1.00 L-1. Hence, farmers were able to purchase 
molasses. 
A higher number of farmers had performed straw treatment in Were-Jarso. Twelve of the 
26 respondents were feeding urea treated straw to local oxen. The rest were feeding 
crossbred milking cows. More than half of the interviewed farmers used teff straw alone, 
while the rest used a mixture of teff and other straws available on the farm.  
The majority of farmers feed mixture of crop residues from cereals and legumes either by 
threshing from the very beginning and making bales or simply by mixing different 
straws. This is a way of supplementing poor quality straws with legumes to improve 
digestibility of cereal straws. But they didn't mix teff straw with legume residues. Most of 
the farmers did not mix teff straw with other cereal straws, and this may be explained by 
the fact that teff straw is more palatable than the other cereal straws (Seyoum and 
Zinash, 1998). 
The majority (83%) of farmers had used the aboveground silo and the rest used the 
underground pit. The aboveground silo was constructed using pieces of wood, available at 
the farm. The entire wall of the pit was lined with a mixture of soil and dung. A 
polyethylene plastic sheet was used for covering the treated straw both for the 
underground and aboveground silos. Farmers were provided with the plastic sheet, urea 
and molasses by the SDDP and the CPAR, but for the second treatment period some 
farmers bought urea and molasses by themselves.  
The measurement of straw, water, urea and molasses was performed using local 
materials related to standard scales. A sack, which weighs about 10 kg while it was full of 
straw, was used to measure the straw. A 1L plastic cup was used to measure urea and 
molasses. Some of the farmers used clay pots and others had plastic buckets to measure 
the amount of water. A can or any other available container was used to spray the urea 
solution over the straw. The solution of urea, molasses and water was uniformly sprayed 
on the straw. The soaked straw was rubbed and mixed by hand to properly incorporate 
the solution into the straw. The treated straw was kept for 7 days in Were-Jarso and for 
15 days in the other districts. The techniques that farmers have followed are similar to 
the procedure described by Chenost and Kayouli (1997). 
Most farmers (88%) treated the straw during the dry season. This is because cattle in the 
wet season prefer green feed to the treated straw. As shown in Table 2, 38% of the 
farmers interviewed had used only teff straw for the treatment.  Farmers in Selale 
normally feed mixed straw to their animals. Depending on the availability, the majority 
of the interviewed farmers used a range of mixtures of different straws for the treatment.  
Farmers were advised to feed treated straws to all cattle with the exception of calves, 
pregnant cows after 7 months and emaciated cattle. Chenost and Kayouli (1997) advise 
not to feed urea-treated straw to calves below 3 months of age. This is because their 
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rumen is not developed and not equipped with adequate number and type of 
microorganisms that can readily utilize the ammonia released from the treated straw. 
The farmers were feeding urea treated straw to dairy cattle with the intention of 
improving milk production of crossbred cows, and later to fatten local oxen. Although 
crossbred cows were given priority for the feeding of urea treated straw, some farmers 
also fed the treated straw to local milking cows, with the objective of increasing milk 
yield. Since this was the first time for testing straw treatment with urea, the amount of 
straw that had been treated was limited and it was not possible to feed all cattle at home.  
Crossbred cows had a higher intake of urea treated straw than local cows (data not 
presented). From the many on-station experiments on crossbred dairy cows, these cows 
consume larger amount of feed than local cows owing to their large body size. Almost all 
(96%) of the interviewed farmers reported that milking cows fed urea treated straw had 
higher milk production, and this is consistent with previous reported (Chenost and 
Kayouli, 1997; Kayouli, 1996). 
The few (5%) farmers who reported to have labour problems during the treatment of 
straw were elders who did not have the extra human labour at home. The rest of the 
interviewed farmers did not consider labour as a problem. They mainly used available 
labour from the family and from neighbors. Some members of the families especially, 
teenagers had no off-farm activities, and could be made responsible for the treatment of 
the straw. Although straw treatment requires about 5 – 6 people, in cases where this 
number is not available, farmers can borrow labour from their neighbors. Followers of the 
Coptic Church do no farm activities during the weekend and holidays, and almost all 
family members are idle. Such days are suitable for the treatment of straw. All family 
members participated almost equally in the treatment of straw.  
Farmers have accepted the practice, because they have observed that it increases feed 
intake, water consumption and milk yield. The increase in feed intake might be due to 
increased digestibility. Since urea treated straw is more alkaline and molasses is rich in 
sugars, these conditions stimulate thirst and increased water consumption. The best 
feeding value of urea treated straw was reportedly observed during the 1998/99-
production year when a serious feed shortage was manifested. More urination was also 
observed from these cows, and this may be due to increased consumption of water. The 
increased manure output also relates to higher feed and water intake. Green feed is not 
available the whole year due to the erratic rainfall, whereas crop residues are available 
almost the whole year. Feeding urea treated straw resulted in fewer refusals as compared 
to feeding untreated straw, and hence urea treatment improves straw use efficiency. 
Furthermore, treated-straw can be economically fed for longer periods of time and hence 
it reduces feed shortage problems. 
The low level of income to purchase urea and molasses, perception of some farmers that 
straw treatment is only important during drought periods, and the expectation for 
government support are the possible reasons why about half of the farmers did not 
continue use of urea-treated straw. Some farmers did not recognize the benefit that even 
in the presence of other feed resources, urea treatment could support cattle. Some 
farmers cannot afford to purchase the plastic sheet, urea and molasses to continually 
treat straw. Though farmers were provided with plastic sheets, urea and molasses at the 
start of straw treatment, some farmers bought molasses and urea and continued the 
treatment. According to the farmers, the initial cost for treating straw may be rather 
expensive owing to the cost of plastic sheet. Since the plastic sheet can serve for a 
minimum of a year, this cost will spread to subsequent treatments.  
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Table 1.  Number of farmers interviewed by district 

Farmers interviewed 
District 

No. % 
Sululuta 3 5.0 
Wuchale 2 3.3 
Yayagulele 2 3.3 
Girar Jarso 10 16.7 
Degem 10 16.7 
Kuyyu 7 11.7 
Were Jarso 26 43.3 
Total 60 100.0 

Table 2.  Straw types used for urea treatment 

Farmers interviewed 
Type of straw 

No % 
Teff + barley 7 11.7 
Teff 23 38.3 
Barley + oat 2 3.3 
Barley + wheat 7 11.7 
Teff + wheat + oat 1 1.7 
Barley + wheat + teff 3 5.0 
Barley + wheat + pea 1 1.7 
Barley 3 5.0 
Barley + oat + wheat 1 1.7 
Barley + wheat + lentil 2 3.3 
Barley + wheat + bean 2 3.3 
Wheat + lentil + vetch +bean 1 1.7 
Wheat + teff + vetch + lentil 1 1.7 
Wheat + teff +vetch 2 3.3 
Barley + teff + vetch 1 1.7 
Teff + wheat 3 5.0 
Total 60 100.0 

Table 3. Time taken to adapt to urea treated straw (days) 

Farmers interviewed 
Animal type No of days 

Number % 
Crossbred cows 2 23 38.3 
Crossbred cows 3 7 11.7 
Crossbred cows 4 8 13.3 
Crossbred cows 5 5 8.3 
Local cows 4 3 5.0 
Local cows 5 2 3.3 
Local oxen 5 7 11.7 
Local oxen 6 5 8.3 
Total  60 100.0 
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Table 4.  Feeds supplemented to cows fed urea-treated straw 

Farmers interviewed 
Type of feed supplement 

No. % 
Hay, fodder beet 4 6.6 
Elephant grass, wheat bran 1 1.7 
Elephant grass 2 3.3 
Fodder beet, commercial concentrate 1 1.7 
Untreated straw and Atela 1 1.7 
Untreated straw, hay 1 1.7 
Untreated straw, Sesbania, fodder beet and elephant grass 1 1.7 
Atela, noug cake, wheat bran 1 1.7 
Untreated straw 1 1.7 
Noug cake, hay, wheat bran 3 5.0 
Untreated straw, green feed 1 1.7 
Wheat bran, ground oat, noug cake, elephant grass 1 1.7 
Hay 2 3.3 
Ground vetch and barley  2 3.3 
Untreated straw, brewery by-products 1 1.7 
Hay, noug cake, salt 2 3.3 
Untreated straw, hay, tree lucerne, fodderbeet and noug cake 2 3.3 
Hay, noug cake, ground oat, vetch 1 1.7 
Hay, noug cake, ground oat, salt 5 8.3 
Hay, noug cake, ground oat and Atela  1 1.7 
Hay, noug cake, green feed 2 3.3 
Mineral lick, poultry litter, concentrate 1 1.7 
Hay, treelucerne, fodder beet, concentrate 1 1.7 
Hay and concentrate 4 6.6 
Noug cake, ground oat, wheat bran, vetch 1 1.7 
Hay, wheat bran, noug cake 1 1.7 
Hay, atela, noug cake, mineral leak 1 1.7 
Hay and noug cake 1 1.7 
Commercial concentrate 5 8.3 
Green oat –vetch mixture 1 1.7 
Commercial concentrate, green feed 1 1.7 
No supplement 9 15.0 
Total 60 100.0 

Conclusions 
Framers believe that feeding urea treated straw improved milk production of crossbred 

dairy cows and the body condition of local oxen. Most farmers understood that urea treated 
straw can replace hay and green feed during dry and drought periods. Considering the 
benefit of feeding urea treated straw, farmers had accepted it as a beneficial practice. No 
toxicity problems were observed. However, about half of the farmers did not continue the 
straw treatment. The possible reasons for this were the low level of income to purchase the 
inputs, the opinion that straw treatment is only important during drought periods and the 
expectation for more government support for this activity. Farmers require training, close 
advice and follow up to convince them of the full benefits of straw treatment with urea and 
continue the practice. Since crop residues are available all the time in every farm family, 
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urea treated straw can be used to feed dairy cattle. This practice should be encouraged on 
communities with no serious water problems. With the increased cultivation of crops and 
declining grazing land, special attention is needed to increase the feeding of crop residues 
by improving its quality. 
Table 5.  Milk increase as a result of feeding urea treated straw 

Farmers interviewed 
Milk increases (L) 

No. % 
0 2 4.2 
0.5 6 12.5 
1 26 54.1 
1.5 7 14.6 
2 7 14.6 
Total 48 100 

Table 6. Frequency of use of urea-treated straw by sample farmers  

Farmers interviewed 
No. of treatments of straw with urea 

No. % 
One 29 48.3 
Two 18 30.0 
Three 7 11.7 
Four 3 5.0 
Five 2 3.3 
Eleven 1 1.7 
Total 60 100.0 
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Abstract  
The Ethiopian Boran cattle evolved from the Borana pastoralists’ successful breeding strategies 
under the harsh conditions of arid rangelands. At present two types of this breed are known to 
exist in the Borana rangelands: the Qorti, or the typical Boran, and the Ayuna, its local variant 
with smaller body weight and lesser demands on pasture. This paper illustrates the impact of 
external interference on the maintenance of the Boran cattle breed in its original habitat. The 
traditional land use system of Borana pastoralists has been based on well-planned consultative 
herd movements between functional rangeland categories and on herd management, to ensure 
availability of adequate grazing and water all year round. The well-intended artificial water 
ponds in Dida Hara and other parts of the rangelands opened up the pastures for permanent 
grazing and uncontrolled settlement. This has led to reduced mobility of the herds and 
subsequent overgrazing in those areas which were formerly only seasonally used. At the same 
time, the imposition of ruling on land management from the formal administration has 
compromised the merits of indigenous pasture management institutions, exacerbating the 
problems of resource use. The Borana pastoralists have adjusted their breeding strategies in 
response to the deteriorated rangelands by favouring the breeding of the Ayuna sub-type at the 
expense of the Qorti,. and by increasingly acquiring more camels. Conservation of the typical 
Ethiopian Boran cattle, or Qorti, would require to secure adequate seasonal grazing and water 
resources, which would depend on public policies for the functioning and reinforcement of the 
indigenous consultative and negotiation processes for community-based management of the 
rangelands and the livestock that depend on them. 

Keywords: Ethiopian Boran cattle, pastoral natural resource management, mobility, breed 
conservation, indigenous institutions of resource management. 

Introduction 
Pastoralists in the Borana rangelands were once famous for producing a high quality 

Ethiopian Boran cattle (Pratt and Gwynne, 1977; Cossins and Upton, 1988; Behnke and 
Abel, 1996). The Ethiopian Boran cattle was exported for commercial ranching to countries 
like Kenya, Australia and Mexico. The Improved Boran cattle in Kenya have undergone 
genetic improvement programs and have reached body weights of up to 850kg (Rege, 1999). 
A similar promising breed improvement program on the Ethiopian Boran initiated in 1960 
at Abernossa ranch was discontinued two decades later for lack of policy support (Azage 
Tegegne, 2004). More importantly the degrading ecological conditions in the native habitat 
of the Ethiopian Boran have increasingly forced the pastoralists to select against the large-
frame and true type Boran cattle, locally known as the Qorti, and to promote its smaller 
and more adaptable sub-type, referred to as the Ayuna, of the Ethiopian Boran cattle. The 
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typical Ethiopian Boran cattle, or the Qorti, is currently maintained mainly at the 
government-owned Did Tuyera breed improvement ranch.  
The Ethiopian Boran breed of cattle have evolved under the high risk conditions of the 
semiarid Borana rangelands. The Borana rangelands used to be considered as the best 
rangelands in eastern Africa (Coppock, 1994), and availability of water has been the key 
variable that determines utility of the pastures. Even when grazing resources were 
abundantly available (Cossins and Upton, 1987), availability of water essentially limited 
the cattle population in the rangelands. The Ethiopian Boran breed proved well adapted 
to these circumstances. It is known to have excellent beef production potential and good 
milk production capacity. It is also moderately tolerant to extended drought conditions 
and local disease challenges. This was matched by effectively functioning indigenous 
institutions for the management of available grazing and water resources during times of 
abundance as well as scarcity. The water and grazing resources were allocated by these 
institutions depending on the current and future capacity of these resources and the 
essential needs of their livestock holdings, particularly those identified as more valuable 
subsets of their herds. These traditional practices can be characterised as opportunistic 
strategies to make the best use of the natural resources at their disposal.  
These indigenous institutions and the system of resource management they espouse have 
been under increasing pressure from external interference, notably by well-intended but 
poorly designed pastoral development interventions. These interventions emphasised 
development of additional watering points, which resulted in greater permanent grazing 
and uncontrolled sedentary settlements. Furthermore, the authority of these institutions 
in co-ordinating judicious access to available pasture and water has been undermined by 
the overriding rulings of the formal administration which is not necessarily consistent 
with the concerns of indigenous institutions for management of rangeland resources. The 
combined impact of all of these factors has been a progressive deterioration of the 
rangeland resources as manifested by undesirable changes in botanical composition of the 
pastures in the form of disappearance of preferred species and encroachment of 
undesirable woody browse species (Helland 1982, 1997; Coppock, 1994; Alemayehu Reda, 
2001; Kamara, 2001). This trend has threatened the maintenance of the large-frame 
Ethiopian Boran cattle and favoured smaller and sturdier types of the Boran cattle. This 
paper assesses the impact of these external interferences on the current and future 
preferences of the pastoral communities for the sub-types of Boran cattle they maintain 
in the face of deteriorating pastures of the Borana rangelands. 

Material and Methods 
The field research was conducted in the Borana rangelands from September 2000 to 

July 2002. Data were collected from the typical Borana rotational grazing system (Dirre) 
using two districts with contrasting attributes both in their traditional livestock systems 
and in the extent of external interference. Web district represents the traditional dry 
season grazing area with one of the oldest deep well complexes and a permanent supply of 
good quality water. Valuable rainy season pastures, Wayama, were found near these water 
sources. In contrast, Dida Hara represents the former rainy season grazing area, Goomole, 
with only seasonally available surface water. This area represents those parts of the 
rangelands where the introduction of dry season watering ponds in the 1970s opened up 
more permanent grazing and uncontrolled sedentary human settlements.  
PRA techniques, group interviews, geographic positioning systems (GPS) and official 
maps were used to assess the current status of natural resources, pastoral movements, 
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institutional networks current holdings of the Boran breed sub-types and community 
preferences for any the two sub-types of the Boran breed. Body weights of a total of 543 
animals were estimated from linear body measurements during the peak dry and wet 
seasons using a representative subset of adult female and male cattle from each breed 
sub-type. The average body weights of these sub-types were compared and related to 
preferences of the cattle owners.  

Results and discussion 
Declining importance of the true type Boran cattle in the pastoralists’ 
herds  

The study confirmed the presence of two distinct sub-types of the Ethiopian Boran 
cattle in the sample herds: the traditional large-framed Qorti, considered here as the true 
type of the Ethiopian Boran cattle, and the smaller-framed Ayuna. There is also a third but 
less important category of animals that exhibited features that are intermediate between 
those of the Qorti and Ayuna. The Qorti sub-type has been known for its physiological 
adaptation to heat stress, drought tolerance, capacity to trek long distances, good 
mothering ability, docility and longevity. Other than its partial origin from highland cattle 
of Ethiopia, little is known about the attributes of the Ayuna sub-type (Haile-Mariam et al., 
1998).  
The pastoral communities, in line with scientific descriptions (DAGRIS, 2003, DAD-IS, 
2003, Oklahoma State University, 2003) characterised the phenotype of Qorti as being of 
tall height with long legs, broad back, long neck, prominent hanging dewlap, short horns, 
small hump and a short tail. The original and the most preferred coat colour for Boran 
cattle was light grey for the body and dark grey around the dewlap. Qorti is recognized 
for high fertility, good growth and milk producing capacity under range conditions. Under 
favourable conditions of the rangelands the pastoralists prefer the large-framed Qorti 
type. However, compared to the Ayuna, Qorti was observed to show lower tolerance to 
drought and tick burden and poor adaptation to scarcity of pasture.  
In the same way, the Borana pastoralists characterised the Ayuna type as shorter in 
height, smaller in body size, but more amenable to adapt to degraded rangeland 
conditions than the Qorti sub-type. It was judged as generally poorer than the Qorti in 
fertility rate as well as production of beef and milk. Pastoralists mostly rejected the 
Ayuna for its black coat colour because they associate it with low productivity.  
Indeed, the body weight measurement confirmed a significant difference between adult 
Ayuna and Qorti cattle (p<0.01), with the Qorti being generally 41 and 51 kg heavier than 
the Ayuna during the dry and wet seasons, respectively (Table 1). When these 
comparisons were made separately within sex groups, not only were the significant 
differences more pronounced but also there was broader variation in values in the adult 
males than in the females. The female Qorti on average weighed about 39 and 43kg more 
than the Ayuna (p< 0.01), whereas male Qorti were heavier than the Ayuna by 69 and 
104kg (p<0.05) during the dry season and the wet seasons, respectively.  
According to the pastoralists the two sub-types of the Boran cattle have different 
geographical origins and habitats. Qorti was said to have originated from the grazing 
plains of the eastern part of Borana rangelands. The Ayuna type was said to have evolved 
from gradual introgression of genetic material from the highland cattle (Jemjem Zebu, 
Bale Zebu) into pastoral herds in the north of the rangelands. Dida Hara was considered 
to be more appropriate for the Ayuna type, but Web was judged as suitable for the Qorti 
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type. But this view of the pastoralists appears to be not consistent with the results of the 
range ecology study (Gemedo Dalle, 2004) that the central area of Web was actually more 
degraded than Dida Hara. However, Web is adjacent to the best wet season pasture, 
Wayama, in the East (see Figure 2), and a higher mobility of herds was observed in Web, 
which allows better access to high quality pasture for Qorti cattle. Furthermore, the 
investigations on the socio-economic household characteristics have revealed that in Dida 
Hara the heterogeneity in cattle possessions was high, whereas in Web livestock was 
more equally distributed (the gini coefficients based on the number of cattle per 
household were 0.92 and 0.17 in Dida Hara and Web, respectively). It was noted that 
there was less co-operation in herd management in Dida Hara, and it is argued here that 
the higher heterogeneity in cattle holdings, and hence wealth status, contributed to the 
low co-operation in herd management, as expressed in the reduced numbers of co-
operating groups in Dida Hara after the 1999/2000 drought (Table 2). The level of co-
operation was found to be associated with a household’s potential for mobility after the 
drought (χ2-value = 21.3, p < 0.01), and thus the reduced co-operation in Dida Hara 
restricted mobility of the pastoralists. The higher mobility in Web, despite smaller 
average herd sizes, was due to better co-operation, and hence better disposition to make 
more judicious use of the grazing resources. 
Indeed, the distribution of the cattle types in Dida Hara was significantly different from 
that in Web (χ2-value = 28.3, p < 0.01). The Qorti showed a higher frequency of occurrence 
in Web than in Dida Hara, whereas in Dida Hara, the proportion of the intermediate 
animals was about four times higher than in Web (Table 3). The average body weights of 
the different cattle types were not significantly different between Web and Dida Hara, 
confirming the distinctness of the sub- types in both sites. In total already 55.6 and 43.1 
% of the adult cattle in Dida Hara and Web were of either Ayuna or intermediate type.  
Furthermore, the Boran breed is threatened not only by genetic erosion but also by the 
fact that cattle are losing their predominant position to small ruminants and camels. In 
Dida Hara the drought reduced the share of cattle in favour of small ruminants, 
especially in impoverished households. In Web, the share of cattle was about the same, 
but the relative position of camels has increased from 6 to 9% and the share of small 
ruminants slightly dropped (Table 4). Camels have been only recently adopted by the 
Borana pastoralists, but already more than 50% of all the households have started 
keeping them. Camels are known to be better adapted to the degraded rangelands 
providing additional transport services and a more reliable milk production during the 
dry season. They are now increasingly seen as indispensable complementary elements of 
the Borana pastoral production system in response to the perceived ecological 
degradation. 
The pastoralists fear that the Qorti is in danger of gradually disappearing from the 
Borana rangelands. They identified scarcity of pasture and the increasing recurrence of 
droughts as the main causes for the danger. Many factors have contributed to the scarcity 
of pasture area and its degradation but external interference into the effective 
functioning of indigenous institutions for rangeland resource management has played a 
major role.  

Traditional practices of resource management for access to high quality 
pastures  

The group discussions revealed that traditionally the Borana pastoralists follow a 
semi-sedentary mode of cattle production. This is based on concentric movements of 
livestock and herders within and between distinct indigenous landscape categories 
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(Figure 2). According to the characteristics of the natural resources, the Borana pastoralists 
divided the Borana rangelands into two zones with separate grazing systems: Liban and 
Dirre. 
Liban represented the area north of the Dawa river and traditionally it had mainly a 
religious importance for accommodating the ritual celebrations of the Borana 
pastoralists. In Liban, the herd movements were limited to Golbo Liban for the dry 
season grazing near the river, and during the wet season grazing moved to Diid Liban to 
the east. Dirre refers to the entire area south of the Dawa river. Here the pastoralists 
exercised the typical Borana rotational grazing system around the main sources of 
permanent water, salt and pastures. The traditional well complexes (tula) are 
concentrated in the centre of Dirre, with valleys of white soil. The permanent water 
supplies of these areas attracted numerous cattle herds from all directions during dry 
seasons. The momentarily high pressure of livestock was slightly eased by the use of 
smaller and shallower wells (adadi) at the periphery of these rangelands. These dry 
season grazing areas were surrounded by the seasonally accessible wet season grazing 
areas. The plain grasslands to the eastern direction, known as Wayama, were said to be 
of great value for cattle. These areas had wide flat lands with fertile soils, which provided 
an abundance of high quality natural pasture. Also favourable for cattle were the areas to 
the north, known as Gomoole. Fewer herds were moved to the south, the Golboo, which 
were more suitable for small ruminants, and the central parts of Malbee, which also 
attracted herds from the bottoms of the surrounding mountain chains.  
For better use of natural resources, particularly water and pasture, the Borana 
pastoralists stratified their cattle herds by physiological status, age, sex and walking 
ability and assigned these strata to well-defined sources of water and pasture. As was 
also reported by Coppock (1994), the long-established traditional resource management 
system of the Borana pastoralists provided grazing areas at residence (warra) (all year 
grazing areas in Figure 2), and at satellite camps (forra) (temporary grazing areas in 
Figure 2) for splitting off the cattle herds. Calves of both sexes younger than 5 months 
(waatiye) were generally kept around the homestead and were supplemented with forage 
cut and carried to them. Lactating cows providing milk for the households (looni 
hawicha), weak or sick animals and animals younger than two years (yabiye) 
predominated the home-based stationary herds. After the onset of the first rains, the 
satellite herds were split progressively and moved further to ensure that the resident 
herds got adequate water and pasture during the dry season, particularly in Dirre. Dry 
cows (looni guessa) and adult males were predominantly moved to more distant pastures 
like Wayama, Gomoole, Malbe or Golboo. Above a certain herd size, additional groups of 
castrated males (sanga) were further separated. The castrated males were considered 
precious animals to allow further exploitation of more distant pastures, deep into the 
Wayama area. The time and the number of animals that had to move were negotiated 
according to the local perception of the available forage, which became more necessary 
when livestock density was high. Owners of large herds were generally requested to keep 
their satellite herds out of the home-based pasture.  
Such a stratification of the Boran cattle herds was essential for implementation of 
community rules and regulations for access to the different rangeland categories. These 
were dictated by the availability of water during the peak dry season. The main camps 
(warra guddaa) and adjacent pastures were clustered in rows at distance of 10 to 15 km 
around the wells (dongora seera). Additional forage banks (lafa seera yabiye) were 
reserved for weak and sick animals to use during periods of forage scarcity. The forage 
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banks were shared by several settlement clusters, and this helped to avoid further 
fragmentation of the rangeland. The wet season pastures were found in the periphery of 
these central grazing areas, and were open for the satellite herds to move into. The 
distance from the main camps to the location of the satellite herds was estimated to be up 
to 120 km. Apart from improving use of the available pasture and water resources, 
mobility of the herds was intended partly to allow for adequate recovery of the dry season 
pastures. Controlled burning of the bush in the wet season pastures favoured the 
emergence of more palatable grasses, which in turn enhanced forage intake. Pastoralists 
also practised early morning herding in order to extend the grazing time.  
The decisions for the allocation of range and water resources were enforced by a complex 
network of institutions (Figure 1a) (Homann et al., 2003). The right of free access to 
water and pastures for every member of the Borana was limited by trusteeships for each 
well held by a specific clan. The daily administration of the wells was left to supervisors 
(abba herrega). The water management at the level of the clans was supported by 
institutions determined locally by special elders’ committees (jarsa madda) who co-
ordinated the access of cattle to each well with the use of a nearby pasture (madda). 
Additional committees of the elders (jarsa dheedaa) were responsible for shared grazing 
areas (dheedaa). The responsibility for small scale land use planning was conferred to 
committees at camp clusters (jarsa ardaa) and neighbourhoods (jarsa reera). Concerns at 
village level were firstly directed to the head of the village (abba olla) and each household 
was represented by the head of the household (abba warra). Social security, including the 
peaceful resolution of conflicts, was assured for each Borana clan member by abba qaee 
and jallaba, the local clan representatives. Directives for good governance for the entire 
Borana society were reviewed by the gumii Gaayo, the legislative assembly, and 
supported by the gadda, a complex system represented by abba gadda. Special 
counsellors (hayyu) were mediators between these institutions. The effective functioning 
of these networks of indigenous institutions is being seriously challenged by two external 
interferences: inappropriate rangeland development interventions and the introduction of 
ruling by the formal administration. 

Detrimental effects of external interference on the functioning of 
indigenous institutions of resource management  

The traditional natural resource management practice of the Borana pastoralists has 
been severely disturbed mainly by inappropriate development interventions. The most 
notable of these interventions has been the construction of numerous water ponds in the 
traditional wet season pastures (Gomoole), which effectively discouraged seasonal mobility 
of herds and opportunistic resource exploitation. The federal regionalisation policy has 
transferred large parts of Wayama, an area about one third of the Borana rangelands and 
two important wells, to the Somali Administrative Region. This effectively denied the 
Borana pastoralists access to these pastures. The ensuing socio-economic and political 
instability led to ethnic conflicts between the Borana and Somali pastoral communities. In 
addition, the encroachment of crop farming, the ban on burning and the establishment of 
private commercial ranches exacerbated disruption of the Borana traditional pastoral 
resource management system. The alarming growth of human population put further 
pressure on the natural resources, and has reduced the per capita availability of these 
resources. Recurrent droughts also added to the problem by causing huge losses of livestock 
and grazing resources. 
In addition to the shrinking forage resources, the indigenous institutional networks by 
which pastoralists governed access to pasture and water resources have been severely 
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compromised. The government implemented formal units for political administration in 
the form of peasant associations (PA), which are alien to the indigenous system (Figure 
1b). Younger community members, who are inexperienced in pasture management, were 
appointed with authority for local decision-making including access to rangeland 
resources. The power of these formal institutions to decide on access to formal education, 
relief assistance and extension services has further undermined the established authority 
of indigenous institutions. Most destructive of all on the large scale co-ordination of herd 
movements was the dissolution of the indigenous institutional networks from the lowest 
strata through the clan affiliated institutions to the highest level of traditional 
governance. In particular the institutions for local land use planning including their 
cross-linkages to the institutions for social security were severely weakened and the 
fundamentals for good governance have been eroded. The Borana elders’ committees were 
no longer in a position to apply their knowledge and skills in rangeland management. 
Consequently, there has been increasing trespassing of regulations, the maintenance and 
rehabilitation of rangeland resources has become increasingly difficult, and necessary 
structures for decision-making and generation of indigenous knowledge have vanished. 
These have also caused more tension and conflict between and within the hitherto stable 
pastoral communities. All these factors led to the breakdown of significant parts of the 
indigenous institutions of resource management leading to uncontrolled expansion of 
grazing and sedentary settlements, further exacerbating the scarcity of the rangeland 
resources. 
The current situation in the Borana rangelands implies that mobile land use in the 
traditional sense is no longer viable. The expansion of permanent water sources in the 
form of ponds in Dida Hara made it unnecessary to move the herds back to Web during 
the dry season. The wealthy owners of large mobile herds were the first to settle, and the 
area eventually became a permanent settlement. The grazing pressure expanded rapidly 
and Dida Hara experienced the highest losses of cattle in the entire Borana zone during 
the 1999/2000 drought. Due to the rapid decline of pasture availability, only a minority of 
wealthy herders could afford to procure Qorti bulls either from the market or from the 
government-owned Boran cattle breeding ranch. The majority of the households 
maintained either only the Ayuna type or only a small proportion of the Qorti at a low 
level of performance.  
In Web mainly the owners of small herds remained. This area still had to cope with the 
seasonal demands of external herds in periods of water scarcity. During recent years 
impoverished households have settled in areas near the wells in breach of the traditional 
pasture allocation rules. At both locations pastoralists argued that lack of forage has 
become the major reason why traditional herd stratification and pasture allocations rules 
are no more observed, and practices like controlled rangeland burning and early morning 
herding are no more the norm. Moreover, maintaining of separate herds of castrates is 
possible only for a minority of Borana pastoral households. 

Conclusions 
In the Borana rangelands, the degradation of the natural pastures and the decline of 

dry season grazing reserves together with unlimited access to the wet season pastures for 
mobile herds has threatened the maintenance of the true Ethiopian Boran breed, the Qorti. 
The large-framed Qorti are considered not competitive when the grazing resources are 
scarce. The pastoralists responded by selecting for another type of Boran cattle (the Ayuna) 
with lower demands on forage and by increasing the adoption of small ruminants and 
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camels. Thus, conservation of the true Ethiopian Boran cattle would require improvements 
in the quantity and quality of grazing resources available to the Borana pastoralists.  
The indigenous natural resource management practices in Borana rangelands need to be 
maintained. They should not be further undermined by poorly designed development 
interventions. Settlement patterns in the rangelands should be critically evaluated on 
whether they actually lead to better human support capacity of the resources as well as 
for their impact on sustainable utilisation of the available pasture and water resources. 
There is a need to re-instate the consultative and negotiation processes of resources use 
through transfer of critical authority on natural resource allocation back to the 
indigenous networks of institutions. These institutions need to be further empowered in 
their leadership capabilities. However, planning for rehabilitation of the degraded 
rangelands will have to start by acknowledging that the traditional strategies of 
systematic pastoral mobility may no longer be practiced at the scale known hitherto. 
Reduced mobility also entails loss of practice, indigenous knowledge systems and 
communications networks. For the pastoral communities even the mechanisms to 
periodically respond to drastic climatic variability are getting weakened and delayed. 
Hence, for the long-term valorisation of the expanded rangelands, sustenance of the 
necessary technical capability and skills for governing resource use and fostering co-
operation within and between communities are critical priorities at the local level. 
Furthermore, Borana pastoralists have lost access to the valuable grazing resources in 
the east of the rangelands, which are part of the original habitat of the Boran cattle. This 
loss severely limits the chances for conserving the Boran cattle in their original habitat 
by the Boran pastoralists. Facilitation of structures for continuous negotiation, including 
conflict mediation and arbitration between pastoral communities, are critical elements of 
public policy that aim at sustaining animal genetic resources in areas such as Borana 
rangelands. 
Table 1. Average body weights (kg) of adult Boran cattle from sample traditional herds by phenotype 

and sex during the dry and rainy seasons, in Dida Hara and Web, 2001/02.  

Dry season Rainy season 
Type 

n Mean se n Mean se 
 Overall 
Qorti  112 277.7a 6.1 148 317.0a 5.2 
Intermediate 76 235.3ab 4.0 50 282.0ab 7.0 
Ayuna 86 237.0b 6.4 71 265.7b 4.5 
Total 274 253.2 3.6 269 296.9 3.6 
 Females 
Qorti  95 270.2a 6.1 127 308.0a 4.9 
Intermediate 66 231.0ab 3.1 44 270.2ab 5.0 
Ayuna 61 231.4b 5.7 62 265.5b 4.5 
Total 222 247.9 3.4 233 289.5 3.3 
 Males 
Qorti  17 319.1c 19.0 21 371.2c 17.6 
Intermediate 10 263.5cd 21.5 6 368.0cd 26.3 
Ayuna 25 250.4d 16.9 9 267.4d 19.0 
Total 52 275.4 11.7 36 344.8 14.0 
a,bMeans in columns followed by different subscripts are significantly different at p<0.01. 
c,dMeans in columns followed by different subscripts are significantly different at p<0.05. 
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Figure 1. Venn Diagram on pastoralists’ common perception about most relevant institutions for 

natural resource management at Web and Dida Hara; 1a: Set up of indigenous institutional 
30 years ago, 1b: Current set up of indigenous institutional. 
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Table 2. Frequency of households’ standard of co-operation in herd management (%) in Dida Hara and 
Web, and significant differences, before and after the 1999/00 drought. 

Before drought After drought 
 

Dida Hara Web Significance Dida Hara Web Significance 
No group 22 3 p<0.01 74 38 p<0.05 
Small group 55 21  19 41  
Large group 23 76  7 21  

Table 3. Frequency of occurrence and average body weights of adult Boran cattle in Dida Hara and 
Web, 2001/02 

Dida Hara Web 
 

Proportion Sample Body weight Proportion Sample Body weight 
Type (%) n Mean se (%) n Mean se 
Qorti 44.4  173 297.0a 4.9 56.9 87 306.2a 7.5 
Intermediate 29.2 114 251.4a 4.4 7.8 12 276.3a 12.9 
Ayuna 26.4 103 244.5a 5.1 35.3 54 260.5a 7.2 
Total 100.0 390 269.7 3.1 100.0 153 287.7 5.3 
a Means in rows followed by different subscripts are significantly different at p<0.05. 

Table 4. Households’ herd composition (% of head of species in the herd), before and after the 1999/2000 
drought in Dida Hara and Web.  

Dida Hara Web  
Before 

drought 
After 

drought 
Difference 

(%) 
Before 

drought 
After 

drought 
Difference 

(%) 
Cattle 70 46 -24 64 65 1 
Small ruminants  27 49 22 30 26 -4 
Camel  3 5 2 6 9 3 
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Abstract 
Low adoption rates of introduced technologies in spite of manifestly increased production suggest 
that livestock developer and farmer value livestock differently. The purpose of this paper is to 
relate productivity more closely to the perspective of the farmer. The concept of productivity is 
reviewed from growth/lactation curves, through animal/flock indices to include socio-economic 
criteria. Inputs are focussed on limiting resources, common currencies of money or 
nutrient/energy used, and time standardised at one year. Net benefits of livestock to a household 
are calculated by aggregating the value added by physical products (meat, manure, milk) to socio-
economic benefits (saved interest/premium on credit/insurance) and deduction of purchased 
inputs. The result is expressed as net benefit per unit of the most limiting resources: land, labour, 
and flock metabolic size. If these criteria chosen for the unit net benefit are appropriate, then the 
ranking of the improved and indigenous livestock will reflect the choice of the farmer. A 
subsequent paper will test this hypothesis in a dairy goat development project in the Ethiopian 
highlands. 

Keywords: Productivity index, Smallholders, Goats, Unit Net Benefits, Livestock development 
projects. 

Introduction 
The new millennium heralds a shift in emphasis in international livestock research 

from exotic to indigenous livestock production (Ørskov and Viglizzo, 1994, ILRI, 1997). 
Reasons for this change include: 1. the failure of many livestock improvement programmes, 
such as meat and dairy goat development projects, to live up to their expectations 
(Rischkowsky and Steinbach, 1997); 2. belated recognition that more use could be made of 
adaptive characteristics, such as disease tolerance (Trail et al., 1988) and parasite 
resistance (Allonby and Urquhart, 1973); 3. a realisation that neglect of indigenous 
livestock could see their extinction before there potential value has been explored 
(FAO/UNEP, 1998). 
The failures of “improved” livestock projects are often not publicised except in grey 
literature (Mill, 1995; Bremer, 1995) and the reasons given usually relate to various 
aspects of under development, but they all have one thing in common, low adoption rates 
by the farmers. It is now being recognised that this lack of enthusiasm from the 
producers may be because they value other attributes in livestock besides their meat and 
milk (Jahnke, 1982). These less tangible benefits, which are included in an assessment by 
the farmer, should not be overlooked by the scientist (Peacock, 1987). The purpose of this 
paper is to develop this concept to the point at which it can be applied to the evaluation of 
livestock development projects (e.g. Peacock et al., 1990, FARM-Africa, 1997). The 
concept was already tested and applied for evaluation of a Dairy Goat Development 
Project in the Ethiopian highlands (Workneh Ayalew et al., 2003a,b). 
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Concept of productivity 
The term productivity is used interchangeably with efficiency of resource use, and 

defined as a ratio of output to input, with output and input given a variety of biological, 
physical or financial units (Spedding et al., 1981). The quantity so produced can be used as a 
guide for choosing between alternative systems if the numerator reflects a desired objective and the 
denominator a limiting constraint (Upton, 1989). The concept of productivity is commonly applied 
in animal agriculture to define production operations, compare or rank alternative options 
for production and to measure improvements (de Leeuw, 1990). However, productivity and 
efficiency are not necessarily the same; productivity explicitly refers to output per unit 
input, whereas efficiency relates more to output per unit cost. 
In the context of smallholder subsistence agriculture, the objectives of keeping goats go 
beyond the products of meat, milk, fibre, manure and offspring, and include benefits in 
resource use, socio-economic and socio-cultural functions (Jahnke, 1982; Steinfeld, 1988; 
Devendra, 1992; Bosman and Moll, 1995; Schiere, 1995). Thus, if productivity is used as a 
criterion to compare management options or to measure improvements, it has to reflect 
the complex situation of smallholder goat production. It has to aggregate the many 
reasons the owner has for raising the animals and also incorporate the given constraints 
in resource use. 

Goat products, functions and benefits 
A typical example for livestock production in the context of smallholder subsistence 

agriculture is goat keeping in mixed farms in the Ethiopian Highlands (Table 1).  
Table 1. Subsistence goat production in the Ethiopian highlands 

Products/Functions/Benefits Input/Resources used 

Physical: 
• ‘Meat’: monetary value of live animal 
• Milk: value of off-take for sale and/or home consumption 
• Manure: market value or monetary chemical equivalence 

with inorganic fertilizers 
Socio-economic: 

• Asset/financing: additional value of flock outflow 
• Security/insurance: value embodied in average stock, or that 

in forced outflow 
• Employment 
• Integration (resource use: land, feed, labour) 

Socio-Cultural: 
• Meeting social obligations  
• Fulfilment of cultural needs  

Household Resources: 
• Goats (flock): in metabolic body 

weight 
• Land: in hectare 
• Labour: in hours 

External Inputs: 
• All purchased inputs: in mone-

tary value 

Source: Adapted from Jahnke (1982); Steinfeld (1988); Devendra (1992), Bosman and Moll (1995); Schiere (1995). 

Evaluating goat production in this context has to include the broader perspective of 
functions and benefits with the products. The aggregate of physical, socio-economic and 
socio-cultural gains made from goats can be referred to as benefits (Jahnke, 1982). The 
inputs applied to goat production can be accounted for when they are divided into two: 
the household resources of capital for goats, land and labour, plus those inputs purchased 
from outside. This framework provides a realistic context to relate the benefits realised 
with the resources employed, and to work out the net benefits. 
Official estimates of national goat meat production measure only slaughter by farmer and 
consumer (FAO, 1999). This narrow definition of meat production ignores the traffic in 
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live goats, which are bought, then sold on at a higher body weight, or transferred to other 
households on loan, lease or as a gift. The transfers occur when there are shortages of 
feed, food, or labour, and are as important as marketing transactions. The value of the 
transaction can be calculated from the net change in body weight of the flock (Bosman 
and Moll, 1995). Milk suckled by the offspring is also accounted for in this broader 
definition of meat. The milked out yield for sale or home consumption could be converted 
in liveweight equivalents and then be added to the meat production. However, in the 
Ethiopian case, where the milk is often at least partly sold, it is more appropriate to use 
the monetary value. 
Although manure is not marketed, its use as organic fertilizer is a vital input function for 
the farm. It transfers nutrients from pastures and verges to cropping land, and speeds up 
the recycling of crop residues, thereby adding value to them, and further integrating crop 
and livestock production for better use of the resources (Stangel, 1995). 
Many of the socio-economic benefits from the goat flock can be expressed in financial 
terms. For example, capital on the hoof keeps pace with inflation. Goats are used to help 
adjust the consumption and savings of the household’s income over time, by balancing the 
current cash needs against anticipated or unexpected cash needs of the future (Jahnke, 
1982; Winrock International, 1992; Sansoucy et al., 1995). As Bosman and Moll (1995) 
have pointed out, physical production alone does not explain the widespread keeping of 
goats by smallholders in southwestern Nigeria where meat was the sole product. Under 
circumstances where the formal markets to manage finances or to deal with risk and 
uncertainty are very weak or do not exist, smallholder households use informal 
arrangements, self-financing and capital accumulation. Thus goats provide security, 
although they themselves are not without risk from disease and theft, particularly if they 
are exotic genotypes (Laes-Fettback, 1989). 
There remain some functions of goats that do not translate easily into monetary values, 
such as the strengthening of social bonds by sharing resources, which can be reciprocated 
in the future. Until these socio-cultural roles have been included in the calculation, the 
net benefit of the goat may still be underestimated. 

Beyond conventional productivity indices 
The measurement of productivity is being continually developed, from growth and 

lactation curves, through productivity indices, to the inclusion of socio-economic criteria; see 
reviews by Peacock (1987), Amir and Knipscheer (1989) and Bosman and Udo (1995). 
A useful index was developed by ILCA (1979) for cattle, which measured productivity in 
terms of the weight of the yearling calf and the calf equivalent of milk taken by the 
herdsmen, divided by the weight of the dam maintained annually. Corrections for 
differences in mature cow size were made by using dam metabolic weight. A similar index 
was applied to small ruminants, except that the weight of the progeny was taken at 
weaning (5 months), although production was still expressed on an annual basis. In order 
to compare large and small stock in the same index, production was expressed on an 
annual basis in terms of what the female weaned, the kid or lamb equivalent of milk was 
corrected according to the total milk solids, and the metabolic weight used (King, 1983). 
Parallel developments were being made with a herd productivity index, known as off-take 
rate, which was defined as kilogram live weight produced per unit of the average 
kilogram live weight of the flock maintained over some specific period (Wilson, 1982; 
Knipscheer et al., 1984). 
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Modified versions of these indices were used to assess overall reproductive performance 
at the flock level by Peacock (1987), who redefined the Flock Productivity Index to 
express the overall change in the flock with reference to the initial flock size. Peacock 
(loc. cit.) also showed that setting the index from the perspective of the owners, as in the 
case of her traditional index, reflected the production objectives or priorities of the 
producers. She then highlighted the fact that different indices lead to different orders of 
ranking of the same production systems. Therefore, care was needed in choosing an index 
appropriate to the purpose of the analysis. Peacock suggested that productivity indices 
should possess the following characteristics: (1) the output should include all relevant 
components; (2) the input should be the most limiting resource or the one which most 
urgently requires improvements; (3) the time period should be one year; and (4) the units 
of the index should be associated with the type of output and the purpose of the analysis. 
Bosman and Udo (1995) further improved the index by including all flock entries in the 
numerator, replacing the initial flock size in the denominator by the average flock size, 
and standardising the index to one year. The conversion of live weights to monetary 
values produced what can be called the return to capital on the average flock. The next 
step was to quantify the socio-economic functions of the goats to the smallholder, by 
estimating the financing and security benefits from the total off-take and average stock, 
respectively. This was done by Bosman and Moll (1995) for a goat production system in 
Nigeria, where meat was the only product, but where there was clear evidence that the 
goats had additional asset and security functions. This approach can be extended to 
accommodate milk as well as manure, which are valuable products of goats in the 
Ethiopian highlands, and so determine the aggregate productivity for all the major 
outputs at the flock level. This aggregation of all the benefits from biological and 
quantifiable socio-economic functions into a common unit then yields the total benefits 
from the goat flock.  
There are other units of measurement, besides weight and money, which can be used, 
depending on the purpose of the evaluation. For example, dietary energy equivalents 
(Upton, 1985), or a combination of monetary value for traded items and protein and 
energy values for subsistence produce (Cossins and Upton, 1987) have been used to 
describe pastoral production systems. This approach was not used in the Ethiopian 
highlands, because it was difficult to use these units for manure, and distinguish between 
marketable and consumption products. Aggregation of socio-economic functions with 
physical products also makes it difficult to attach energetic or protein equivalents to the 
benefits from non-food utilities. Therefore, Behnke’s (1985) approach of assigning 
monetary values to both subsistence and marketable products was adopted, although 
market values do not necessarily reflect nutritive values of food products. Actual prices 
were taken for marketed products, and estimated prices applied to subsistence 
transactions. It follows, therefore, that the relevant market price to attach to home 
consumption is the price that farmers would have to pay if the produce were to be 
purchased. The farmer correctly attaches a higher price to production for home 
consumption than to production for sale because he would have to pay the retail price for 
what he buys and receives the farm gate price for what he sells (Kaufmann, 1998). The 
seasonal fluctuation of market prices can be handled by applying the current market 
prices of all the outputs and inputs.  
The denominator of the productivity index should reflect the most limiting input, as 
already stated, and so emphasise the efficiency of its use in the system (Upton, 1989). 
The animal is the main limiting factor for the economic viability of commercial ranching, 
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whereas land is the main constraint for pastoral production systems (Ruthenberg, 1980; 
Behnke, 1985; Ørskov and Viglizzo, 1994). In the highlands where common grazing areas 
have been declining due to population pressure, crop thinning and weeds from the 
cultivated land provide a large part of the supplementary feed available to the goats 
(Workneh Ayalew, 2000). Thus, the size of cultivated area has to be considered a limiting 
factor. However, there is no evidence to show that land is any more limiting to the total 
flock output than the total labour at the disposal of the households, or than the biomass 
of goats to be maintained. Children, housewives, householders and casual visitors are 
involved in accomplishing the daily chores of goat husbandry. It was also observed in the 
same area that 63% of total labour input on goat husbandry went into provision of feed 
(Workneh Ayalew, 2000). Although the opportunity costs of labour of especially children 
and those who are unable to help in other farm operations may be low or zero (Ørskov 
and Viglizzo, 1994), the labour input of women and older children is shared with other 
habitual duties. The lack of a formal labour market in subsistence and pastoral 
production systems makes it difficult to attach a market value to the labour input. But 
the indices can be calculated on the estimated absolute amount of labour time. 
The reasoning behind using the animal itself as the limiting input is its consumption of 
feed and the capital invested in the animal. The total number of goats in the flock has to 
be converted into food consumption requirements (Upton, 1993), which can be done by 
estimating the total maintenance energy requirement from the metabolic body size of 
each animal (NRC, 1981; Morand-Fehr, 1981; Schmidt-Nielson, 1984). The use of 
metabolic weight allows comparisons of biological efficiency between breeds. However, it 
should be noted that the maintenance requirements of meat goats appears to be about 
80% of that of dairy goats per metabolic kilogram, according to the limited data available 
(NRC, 1981). 
It is apparent from the foregoing review, that it may be unrealistic to select one limiting 
input to smallholder production of Ethiopian highlands, when land, labour, and goats are 
used in common and simultaneously for several production functions. Therefore, the Unit 
Net Benefits from the flocks will be calculated for all the three resources used. This 
approach also captures the interaction between the inputs without limiting the depth of 
analysis on each of the factors of production. 

Calculation of net benefits  
Physical products 

The technique of Value Added (VA) was applied to aggregate the net value (benefit) 
gained in terms of physical products (live animal, milk, manure). The Value Added to the 
flocks was determined as the difference in monetary value between the value of gross 
output and the value of inputs purchased from outside the farm. The cost of inputs 
produced on farms (e.g. crop residues, other feeds) is, therefore, not considered in this 
perspective. 
Meat production, in its broader definition of the net body weight change in the stock and 
flow of whole flock, during the observation period was quantified as: 
Yk = FSk – ISk + Sk – Pk + OTk – ITk + Ck  

Where Yk = net production of goats (kg) of the kth flock during the observation period, 

 FSk = body weight (kg) of the kth flock at end of observation period (final stock), 
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 ISk = body weight (kg) of the kth flock at start of observation period (initial stock), 

 Sk = body weight (kg) (estimate) of all goats sold out of the kth flock, 

 Pk = body weight (kg) of all goats purchased into the kth flock, 

 OTk = body weight (kg) (estimate) of all goats transferred out of the kth flock, 

 ITk = body weight (kg) of all goats transferred in to the kth flock, and 

 Ck = body weight (kg) (estimate) of all goats slaughtered in the kth flock. 

A regular monthly body weight recording of all goats in study flocks was undertaken for 
this aggregation. Furthermore, all incoming goats were weighed within a week of entry. 
The concept of net production accounts for all temporal weight gains and losses during 
the observation period. 
The net production of goats (Yk) was converted to its monetary value (YMk) by 
multiplying the respective current (estimated) body weights of each of the variables in 
the model with the estimated unit prices (per kg of body weight). The recorded prices of 
goats sold or purchased provided the basis to estimate the unit prices per unit body 
weights of inflow and outflow. The average unit prices of goats (per kg body weight) were 
estimated from 215 observed sales and purchase records. The observed prices were 
divided by estimated body weights of the goats to arrive at unit prices per kg of body 
weight. These averages were found to be significantly influenced by body weight of the 
goat as well as its location, breed, sex and the direction of its movement (i.e. sale or 
purchase). A mixed linear model was applied to estimate coefficients for the co-variate 
(body weight) and the fixed effects (breed, sex, case). These coefficients were then applied 
in multiple linear regression equations to estimate the unit prices (per kg of body weight) 
of goats sold and purchased, where body weight was used as a covariate and location, 
breed, sex and type of transaction (sale/purchase) were used as fixed effects. The 
resultant coefficients were also applied to predict the unit prices (per kg of body weight) 
for goats slaughtered, transferred and those in stock according to how the household 
would pay or receive if transactions were in cash. 
The total milk off-take was estimated from a weekly regular recording of all lactating 
goats in all study flocks throughout the observation period. The current prices of milk 
were then applied to determine the monetary values (MMk). 
Because manure was not widely marketed in the area, but invariably used as organic 
fertilizer, a multistage procedure of valuation of manure was developed and applied using 
available empirical evidence on the chemical composition and solubility of its key 
nutrients. Manure collected from barns is habitually dumped into compost pits for use as 
organic fertilizer. Manure deposited during grazing on crop fields or grazing plots is also 
considered useful to the landowner or the community at large. Firstly, the faecal dry 
matter output was estimated at the level of individual animal. Then, a chemical 
equivalence of the manure was sought with respect to nitrogen and phosphorus and 
related to current unit prices of these two key elements in commonly applied inorganic 
fertilizers, Diammoniumphosphate (DAP) and Urea. The additional contribution of 
manure to soil physical properties was estimated from known residual effects that relate 
to slower release of nutrients as well as improved water holding capacity and pH. The 
total faecal output was estimated by the regression equation developed by Fernández-
Rivera et al. (1995), on the basis of total (24-hour) manure production, using the physical 
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constraints model of Ellis et al. (1988), which assumes that faecal output is a constant 
percentage of the fat-corrected metabolic body weight of an animal in stable metabolic 
and physiological state. The equation for goats was taken as:  
F = 26.5g DM/kg W0.645  

where F is the daily faecal dry matter, and W is the average body weight.  

The average nitrogen content of this faecal dry matter output was taken to be 1.56% 
(Schlecht el al., 1997). Urine was also valued along with faeces, because in the study area 
practically all the dirt and scrapings of barns with the leftover feed soaked in urine is 
dumped into compost pits with the faeces. For the purposes of this study, and based on 
the evidence presented by NAS (1983) and Schlecht et al. (1997), total N excretion 
through urine was estimated to be equal to N excretion through manure. Loss of nitrogen 
from composted manure in the form of volatilisation and the subsequent uptake of 
nitrogen by crops (Gilbertson et al., 1981; Jenkinson, 1982) was taken to be equivalent to 
similar losses of ammonia nitrogen and crop uptake from the common inorganic 
fertilizers (Bock, 1984; Tisdale et al., 1985). The overall phosphorus content of goat 
manure was taken to be 0.55% of faecal dry matter (Somda et al., 1995). 
Residual effects of manure are present three years after application (ILCA, 1993), and 
the reported crop response to these residual effects range from a low of 42% to a high of 
113% (Ikombo, 1989; Onim et al., 1990; Williams et al., 1995). A more conservative 
estimate of 33% additional benefits was taken for the purpose of this study, because the 
residual effects are partly due to slow release of nutrients in manure. Therefore, the 
estimated nitrogen and phosphorus equivalents were multiplied by a factor of 1.33 to 
arrive at the total estimated value of manure. 
The commonly used inorganic fertilizer DAP contains on the average 18% of nitrogen and 
21% of phosphorus, i.e. 39% of soluble nutrients. This, at the current commercial rate of 
DAP (Birr 1401 per 50 kg bag), gives an average price of Birr 7.2 per kg of soluble 
nutrient. Similarly, Urea contains about 45% soluble nitrogen, which at current price of 
Birr 150 per 50kg bag gives a unit nutrient price of Birr 6.7 per kg of soluble nitrogen. 
Because farmers in the study area commonly purchase both inorganic fertilisers, the 
average unit price of the nutrients of Birr 7.0 was used per unit of soluble nutrient. This 
rate was applied to estimate the equivalent value of manure from goats (FMk). 
Thus the sum of the monetary values of net meat production (YMk), milk off-take (MMk) 
and manure (FMk) utilised during the same observation period gave gross output (Gk) of 
the kth flock during the observation period, i.e., 
Gk = YMk + MMk + FMk 

To arrive at total Value Added of the kth flock (VAk), the sum total of purchased inputs 
(Ikj) specifically used for the flock during the observation period was deducted from Gk; 
i.e. 
VAk = Gk - ∑Ikj 

Where VAk = total Value Added of the kth flock during the observation period, 

 Gk = gross output (in monetary value), and 

                                                                 
1 1 US$= Birr 7.15 (September, 1998) 



Workneh Ayalew et al./ Eth. J. Anim. Prod. 4(1)- 2004: 45-59 

52 

 ∑Ikj = sum (in monetary value) of all inputs (j=1,...,n) purchased and utilised in the kth 
flock2. 

Socio-economic benefits 
Up to three quarters of goat disposals in study households during the study period 

were forced outflows (sales, slaughter, gift, transfer) to serve immediate financing and 
insurance needs (Workneh Ayalew et al., 2002). The financing benefits were estimated 
based on the concept that in a subsistence economy the value embodied in the flock and the 
opportunity of using the animals for specific purposes at the desired time without having to 
pay in the form of interest rate or insurance premium confers measurable benefits to 
smallholder households (Bosman and Moll, 1995). Hence, the benefits in financing (Fk) of 
the kth flock during the observation period were the additional values embodied in the 
outflow determined as: 
Fk = OMk x f 

Where  OMk = monetary value of flock outflow (Ck + Sk + OTk), and 

 f = financing factor, estimated from the opportunity cost of credit in the study area. 

The opportunity cost of credit (cost of alternative sources of credit) was sought from the 
available credit services. Formal credit institutions were out of reach of the smallholder 
farmers. Informal credit is very common; however, the population being predominantly 
Muslim, stated interest rates are not acceptable. The few studies undertaken on informal 
credit (Lakew Birke, 1966; Demissie Gebre-Michael, 1974) reported that lenders usually 
arrange for the interest to be paid in kind, in terms of labour, or in reduced produce 
prices, leading to effective interest rates as high as 40% per year, or even 200% for grain 
and cash credit (Bezabih Imana, pers. comm.3). During the study period 133 (84%) of the 
158 study households have taken at least one form of credit. Only 21 (4%) of the 560 
credits recorded were with a stated annual interest rate of 18% (for fertilizer) and 100% 
(for seed grain); the rest was reported to be not directly charged. Most of the reported 
credit was delivered by small kiosks and traders in the villages in the form of sold 
household supplies. In the four study villages the average sizes of credit delivered to a 
household during the study period varied from Birr40 to 117, which were comparable to 
the price of a medium size goat in the local market. There was insufficient evidence to 
apply estimates of interest rates from the informal credit market and so the current 
interest rates of the formal credit market were applied. The observed commercial interest 
rate of 10% for short and medium term credits during the study period was taken to 
estimate the financing coefficient (f). 
The insurance (security) benefit was estimated based on the annualised current livestock 
(weighted average body weight of the whole flock), assuming that the whole stock is 
available to provide household security through liquidation at any one time if the need 
arises.  
The benefit in security from raising the goats (Sk) was then calculated as: 
Sk = Wk x s 

                                                                 
2 The cost of farm produced inputs such as crop residues used as feed is not considered in these calculations because these are not 

procured from outside the farm. 
3 Contact address: Oromia Agricultural Research Institute, P.O Box 1195, Adama, Ethiopia. 
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Where Wk = monetary value of average (weighted) current stock of the kth flock, and 

 s = insurance factor of the study area, estimated from the opportunity cost of insurance. 

An opportunity cost of insurance (cost of alternative sources of insurance) existed 
although none of the study households bought insurance from the formal market during 
the study period, as these services were effectively inaccessible to them. However, almost 
every household was a member of the informal village-level community insurance groups, 
which pay out to any member facing major difficulties. A total of thirteen cases of 
informal insurance pay-outs (i.e. total sum paid to recipient) were observed among the 
study households, where from 50 to 170 members of the community contributed different 
amounts in cash to assist households with various difficulties (Table 2). 
Table 2. Observed informal group insurance pay-outs and calculated insurance coefficients during the 

study period 

Observed cases Total pay-out 
(Birra) (a) 

No of 
participating 

households (b) 

Average pay-outs 
Birr/household 

c= (a/b) 

Calculated insurance 
coefficient (%) 

(c/a) 
Husband dies 1160 170 6.82 0.59 
Father dies 250 110 2.27 0.91 
Step mother dies 210 120 1.75 0.83 
Husband dies 800 150 5.33 0.67 
Son dies 960 150 6.40 0.67 
Husband dies 600 140 4.28 0.71 
Son dies 250 100 2.50 1.00 
Grand son dies 100 50 2.00 2.00 
Rebuild a house 500 100 5.00 1.00 
Relative dies 480 130 3.69 0.77 
Relative dies 230 100 2.30 1.00 
Fire accident 730 120 6.08 0.83 
Wedding ceremony 750 120 6.26 0.83 
      Average 540 120 4.50 0.83 
a1 US$= Birr 7.15 (September, 1998) 
Source: Workneh Ayalew (2000) 

Because these community-level group insurance services are operated without profit with 
low management costs, the cost of insurance is equal to the annualised average pay-outs. 
All the contributions are readily paid out in insurance payments. Thus the theoretical 
coefficient of insurance was calculated as the ratio of the average of contribution of the 
households (i.e., Birr 4.50) to the average of total pay-outs ( i.e., Birr 540), or 0.83 %. 
This coefficient was then multiplied by the average frequency of cases that initiate 
insurance contributions. The observed village level insurance services also cover adjacent 
communities outside the study villages. Thus the actual frequency of cases that initiated 
insurance contributions by the sample households was greater than the recorded 13 
insurance payments to study households. Focus group discussions with leaders of these 
informal insurance groups revealed descriptive figures on membership and type of 
insurance cases during the study period. These observations provide a weighted average 
annual frequency of insurance cases of 9.95%. The insurance coefficient for calculating 
the security function of goats (s) was, therefore, estimated to be 0.83 x 9.95, or 8.25%. 
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The net benefits realised (NBk) from raising goats in the kth flock during the observation 
period was then calculated as the sum of Value Added (VAk), benefit from financing (Fk) 
and benefit from insurance (Sk); i.e. 
NBk = VAk + Fk + Sk,. 

The total net benefits were then divided by the three major resources used to produce the 
benefits, namely size of cultivated land, metabolic body size of the annualised average 
flock size and the estimated household labour input. 

Evaluation of livestock development projects 
The idea of aggregating production at the flock level is not new, nor is the application 

of  ‘traditional’ indices that reflect the owner’s preferences (e.g. Peacock, 1987). The 
procedure for quantifying some of the socio-economic functions to measure the realised 
benefits is a recent development (Bosman and Moll, 1995; Ifar, 1996). In fact, it has been 
developed further by Slingerland (2000), who argues that the financing and insurance 
benefits of livestock in the smallholder economy also have costs. However, in the context of 
Ethiopian smallholders, these costs are generally considered low compared with those of 
alternatives. Manure has also been undervalued, despite a long history of profitable use 
(Stangel, 1995). Its contribution to the overall benefit from livestock is one of the reasons 
that led to reassessment of the contribution of livestock to the national economy (Sansoucy 
et al., 1995). 
The broader aggregation of benefits and the calculation of three productivity indices in 
relation to the crucial resources as proposed in this paper: 

• take account of the hidden costs of poor nutrition, morbidity and mortality by 
making comparisons at the level of the whole flock, 

• include net body weight change in the stock and flow of goats in the definition of 
meat, 

• allow manure to be ranked with meat and milk, 
• provide an evaluation of most benefits irrespective of the form in which they are 

realised, 

• help to distinguish which of the crucial resources are used more efficiently. 
If our criteria produce an index, which is closer to the perspective of the poor smallholder 
than previous ones, then it will help to better evaluate the adoption and effectiveness of 
introduced technologies in livestock development projects. This hypothesis was examined 
in related papers, which evaluated the benefits from crossbred relative to indigenous 
goats (Workneh Ayalew et al., 2003a) as well as the response of indigenous goats to 
improvements in level of management (Workneh Ayalew et al., 2003b) in the Dairy Goat 
Development Project in the Ethiopian highlands (FARM-Africa, 1997). This concept can 
be applied to similar evaluations of livestock development projects, and particularly those 
with components for genetic improvement. Obviously, application of this concept entails 
thorough understanding of the livestock production system, appreciation of the 
smallholder farmers’ perspective of benefits from livestock, and extensive data collection 
to quantify inputs as well as outputs. 
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Abstract 
Postpartum anoestrus interval (PPAI) and estrus activity measured as probability of getting a 
cow in estrus within 42 (PPAI42), 63 (PPAI63) and 84 (PPAI84) days postpartum in indigenous 
and crossbred cows were studied using data from Bako Agricultural Research Center. PPAI was 
analyzed using the General Linear Model, while PPAI42, PPAI63 and PPAI84 were analyzed 
using the Categorical Model Procedure of the Statistical Analysis System and LOGMLVAR 
computer program. The results of the analysis indicated an overall least square mean PPAI of 
79.4 ± 1.99 days. Comparisons of the different genotypes, parities, calving seasons and years 
indicated that Boran x Simmental cross cows (136.9 ± 10.86 day), cows in the first parity (118.3 ± 
7.57 days), cows that calved during March to May (105.3 ± 5.78 days) and those that calved in 
1984 (128.3 ± 11.01 days) had significantly (P < 0.001) the longest PPAI. PPAI was significantly 
(P < 0.001) related to calving weight (b = -0.53 ± 0.14) and body weight gain from calving to three 
months (b= -0.04 ± 0.02). The overall mean predicted probability for PPAI42, PPAI63 and PPAI84 
were 0.33 ± 0.02, 0.53 ± 0.02 and 0.68 ± 0.02, respectively. Among the sire breeds, the Horro and 
Jersey had significantly (at least P < 0.05) the highest PPAI42, PPAI63 and PPAI84 while as a 
dam breed, the Horro had significantly (at least P < 0.01) higher PPAI42, PPAI63 and PPAI84 
than Boran cows. Cows in the later parities (5 to 6) had significantly (P < 0.05) highest PPAI42, 
PPAI63 and PPAI84 compared to cows in earlier parities (1-4). Calving weight showed a 
significant (P < 0.001) effect on PPAI42, PPAI63 and PPAI84 and all those traits increased with 
increase in calving weight. This study indicated the importance of calving weight and postpartum 
body weight gain in affecting PPAI and estrus activity. Thus, improvement in these traits could 
be achieved through improvement of the calving weight and postpartum body weight gain. 

Keywords: Postpartum anoestrus, calving body weight, crossbred cows, estrus activity, indigenous 
breeds 

Introduction 
Postpartum rebreeding of a cow depends on recovery from the pregnant state, escape 

from suckling-induced inhibition of gonadotropin secretion, initiation of follicular 
development, occurrence of estrous with ovulation and adequate luteal lifespan for 
maternal recognition of pregnancy (Randel, 1990). Anoestrous is a major problem in the 
tropics and subtropics where inadequate nutrition, high ambient temperature, high 
parasite burdens and diseases exacerbate the problem. Low body weight and poor body 
condition compounded with lactation stress, season, age, parity, suckling and management 
can further extend the postpartum anoestrous period (Wells et al., 1986; Mukasa-Mugerwa, 
1989). Anoestrous may be caused by lack of cyclic ovarian activity or failure to show and/or 
detect the external signs of heat. Unobserved heat is related to inefficient heat detection 
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and lack of visible external signs of heat. In Bos taurus breeds 59-90% of the actual heat 
can be detected by herdsmen, while in zebu (Bos indicus) the relatively short estrous 
duration and poor manifestation of secondary signs of heat make heat detection more 
difficult (Vale-Filho et al., 1986). Mukasa-Mugerwa et al. (1991) observed that ovarian 
cyclicity resumed 33 days earlier than externally detected; however, due to silent heat or 
missed unobserved, 35.7% of the heats were not detected. Postpartum anoestrus interval 
(PPAI) and estrus activity are the major factors that determine breeding thereby calving 
interval. They are affected by several genetic and non-genetic factors. This study aimed at 
evaluating the PPAI and estrus activity of indigenous and crossbred cows in relation to 
calving weight and postpartum body weight gain.  

Materials and methods 
The study was conducted using data from Bako Agricultural Research Center of the 

Oromia Agricultural Research Institute. Detailed description of the study site, herd 
management and breeding activities was presented earlier (Gebregziabher et al., 2003). 
Data from pure Boran and Horro and their F1 crosses with Jersey, Friesian and Simmental 
exotic sire breeds were considered for the study. Postpartum anoestrous interval (PPAI; the 
period between calving and the first visible postpartum estrus) and postpartum estrus 
activity (measured as the probability of getting a cow in estrus within a specified period) 
were considered in this study.  PPAI was analyzed using the General Linear Model of the 
Statistical Analysis System (SAS, 1999). While estrus activity was assessed within 42 
(PPAI42), 63 (PPAI63) and 84 (PPAI84) days postpartum. It was coded as zero (success; if 
the cow comes in heat within the specified period) or one (failure; if the cow didn’t come in 
heat within the specified period) for the purpose of analysis. These traits were analyzed 
using the CATMOD (Categorical Model) Procedure of the Statistical Analysis System (SAS, 
1999) and LOGMLVAR (Rege, 1997). Maximum Likelihood analysis of variance and 
parameter estimates for each level of the class variables were obtained from CATMOD 
analysis and the predicted probabilities and standard errors for each predicted probability 
of each level of all class variables were obtained from the parameter estimates using the 
LOGMLVAR.  
The General Linear Model used to analyze PPAI included cow genotype, sire breed, dam 
breed, parity, calving season, calving year and calving weight. Eight genotypes (Horro, 
Boran, Horro x Jersey, Horro x Friesian, Horro x Simmental, Boran x Friesian, Boran x 
Jersey, and Boran Simmental); five sire breeds (Jersey for Boran x Jersey and Horro x 
Jersey; Simmental for Boran x Simmental and Horro x Simmental; Friesian for Boran x 
Friesian and Horro x Friesian; Boran for pure Boran and Horro for pure Horro); two dam 
breeds (Boran and Horro; Boran as dam breed for pure Boran and its crosses with 
Friesian, Jersey and Simmental; and Horro for pure Horro and its crosses with Friesian, 
Jersey and Simmental); six parities (1 to 6, with the sixth parity including parities six 
and above pooled together); four calving season categories based on the center’s 
metrological data: Gana (main rainy season) from June to August, Birra from September 
to November, Bona (dry season) from December to February and Arfasa (beginning of the 
rainy season) from March to May; 19 calving years (1980 to 1998) and five calving weight 
categories (200-250, 251-300, 301-350, 351-400 and >400 kg) were considered as fixed 
effects. Besides, body weight gain from calving to three months, calving age and calving 
body weight were also considered as covariate. Postpartum body weight gain from calving 
to three months was categorized into seven groups (≤ –200; -199 to –100; -99 to 0; 1 to 99; 
100 to 199; 200 to 299; ≥300 g/d) to see the trend in PPAI with body weight gain. 
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Results 
Least squares mean PPAI values are presented in Table 1. The overall mean PPAI was 

79.4 ± 2.15 days. Boran x Simmental (136.9 ± 10.86 days) crosses had significantly (P < 
0.05) the longest PPAI while the Horro (43.1 ± 4.65 days) cows had the shortest PPAI 
compared to the other breeds. Cows in the first (118.3 ± 7.57 days) and second (111.9 ± 6.42 
days) parities had significantly (P < 0.05) longer PPAI compared to the later parities (3-6). 
The effects of calving season (P < 0.01) and calving year (P < 0.001) on PPAI were 
significant. Cows that calved in Bona (December – February) returned to estrus earlier 
(86.7 ± 5.81 days) than cows that calved in the other three seasons. Besides, PPAI was 
significantly (P < 0.01) different across calving years the longest being observed for cows 
that calved in 1984 (128.3 ± 11.01 days). PPAI was linearly related to calving weight (b = -
0.53 ± 0.14; P < 0.001) and age of the cow at calving (b = 2.18 ± 1.11; P > 0.05) but this latter 
effect was not significant. Cows that gained higher body weight from calving to three 
months had shorter PPAI (b = -0.04 ± 0.02; P < 0.001) compared to cows that lost weight 
during this period. 
The overall predicted probability for PPAI42, PPAI63 and PPAI84 were 0.31± 0.02, 0.53 ± 
0.02 and 0.68 ± 0.02, respectively (Table 2). Among the sire breeds, the Horro and Jersey 
had significantly (at least P < 0.05) the highest PPAI42, PPAI63 and PPAI84 compared 
with the other sire breeds. Besides, as a dam breed, the Horro had significantly (at least 
P < 0.01) higher values of these three traits compared to Boran cows. Cows in the later 
parities (5 to 6) had significantly (P < 0.05) highest PPAI42, PPAI63 and PPAI84. Calving 
weight showed a significant effect (P < 0.001) on PPAI42, PPAI63 and PPAI84. All these 
traits tend to increase with increase in calving weight. 

Discussion 
The PPAI obtained and the breed variations observed in this study are comparable to 

previous reports (Alberro, 1983; Mukasa-Mugerwa and Azage, 1989; Tesfu, 1990; Pleasants 
and McCall, 1993; Sawyer et al., 1993). Wright et al. (1987), however, reported no breed 
variation in PPAI. Breeds vary in duration and intensity of manifestation of secondary 
signs of oestrus (Plasse et al., 1970; Vale-Filho et al., 1986; Mattoni et al., 1988) and milk 
production (Peters, 1984). Oestrus in zebu cows is of shorter duration than Bos taurus 
which makes heat detection in zebu cows more difficult. Vale-Filho et al. (1986) conclude 
that 59-90% of the actual heat in Bos taurus cows can be detected by the herdsman. Peters 
(1984) reported associations between milk yield and reduced fertility and correlation 
between time to first oestrus or ovulation and milk yield. In dairy cows, energy balance is 
maximally negative until peak milk yield and then begins returning towards zero, with the 
magnitude and duration of negative energy balance being quite variable. On average, 
ovulation and the initiation of the first normal luteal phase occur approximately 10 days 
after energy balance begun returning towards zero (Butler et al., 1981), which suggests that 
energy balance during the first 20 days of lactation is important in determining the onset of 
ovarian activity following parturition. Bulman and Lamming (1978), however, found no 
relationship but great tendency for high yielding cows to stop cycling spontaneously. In a 
study made in Ethiopia, Sendros et al. (1987a,b) and Alemu (1988) reported heavier weight 
and higher milk yield for Simmental zebu crosses compared to pure zebu (Barca, Boran and 
Horro) and their Friesian and Jersey crosses. Thus, this might have contributed to the 
longer PPAI obtained for Boran x Simmental cross cows. Besides, due to their relatively 
lower energy requirement for the different body functions the smaller sized and relatively 
low producing Horro cows were in an advantage to fulfil their nutrient needs under the 
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existing grazing conditions of Bako compared to the high yielding and heavier Boran x 
Simmental crossbred cows. This resulted in shorter PPAI and higher PPAI42, PPAI63 and 
PPAI84 for Horro cows compared to the other genotypes.  
The differences among cows in different parities observed in this study is consistent with 
previous reports (Lamming et al., 1981; Pandey et al., 1986; Agyemang et al., 1991; 
Enyew et al., 1998) but not with the report of Mekonnen and Goshu (1987). Hopkins 
(1986) reported that first calf beef and dairy heifers generally had a prolonged PPAI 
because of the nutrient demand for continued growth and lactation, and because of the 
reduced ability to withstand the stresses of parturition and lactation. On the other hand, 
older cows gain body weight and condition quickly after calving than younger cows 
(Mukasa-Mugerwa, 1989). Thus, this could contribute to the differences among parities 
and to the longest PPAI for cows in earlier parities compared to later parities. Younger 
cows require nutrients for both growth and milk production and the feeding management 
should fulfill the nutrient needs for both body functions. However, this could not be 
achieved from tropical natural pastures and crop by products that are low in crude 
protein and energy contents. Lactating cows are unable to meet their nutritional 
requirements from these types of feeds and lose weight and condition during lactation, 
which might prolong the lactation anoestrus period in younger cows (Ward, 1968). 
The positive relationship between age and PPAI obtained in this study is not in 
agreement with other reports (Dawuda et al., 1988; Pleasants and McCall, 1993). 
Dawuda et al. (1988) reported that Bunaji cows that had more than two calvings (over 
six- years-old) had shorter PPAI than those with one or two calvings (three to six-years-
old). Similarly, Pleasants and McCall (1993) reported longer PPAI for two-year-old Angus 
and Hereford Friesian cows than older cows. Heavier cows at calving and those that 
gained relatively higher weight during the first three months postpartum had shorter 
PPAI than their contemporaries (Table 1). This is consistent with previous reports 
(Bellows and Short, 1978; Stevenson and Britt, 1980; Butler et al., 1981; Patil and 
Deshpande, 1981; Peters and Riley, 1982). Cohen et al. (1980), however, found direct 
relationship between calving weight and PPAI. Calving weight and body weight gain are 
functions of the feeding level before and after calving. Energy restriction during the late 
antepartum period results in lower calving weight. This extends the PPAI and decreases 
the likelihood of a the cows exhibiting estrus early in a definite breeding season (Dziuk 
and Bellows, 1983). Traditionally raised zebu cattle in the Ethiopian highlands (Mukasa-
Mugerwa, 1989) and N’Dama (Gyawu, 1988) cows required eight to nine months, 
respectively, to start cycling after they stopped lactating to attain a body weight and 
condition that allowed them to re-conceive successfully. Studies that used body weight as 
an index of nutritional status (Peters and Riley, 1982) found negative correlation between 
body weight at calving and the length of the acyclic period in beef cows. 
Figures 1 and 2 presented a change in mean calving weight from 216 to 432 kg reduced 
PPAI by 48 days, while an increase in gain from –473 g/d (loss) to 536 g/d (gain) reduced 
PPAI by 18 days. This indicates the relative importance of calving weight and 
postpartum gain in reducing the PPAI. Cows with an average body weight of 216 kg 
gained higher weight (164 g/d) during the postpartum period. However, as the calving 
weight increased to 327 kg the body weight gain reduced to 17 g/d, while an increase of 
calving weight from 327 to 432 kg increased body weight gain from 17 to 89 g/d. Although 
it is possible to reduce PPAI by further increasing the calving weight to 432 that increase 
may not be economically feasible. Thus a calving weight of 327 kg (range 301 to 350 kg) 
could be used as a target calving weight during antepartum feeding of such cows for early 
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onset of visible estrus. Cows that lost higher weight were those cows, which were heavier 
at calving, thus had longer PPAI (Figure 2). As the gain increased, the PPAI was reduced. 
For cows with a mean calving weight of 296 and 304 kg maintaining the calving weight 
during the first three months postpartum could result in a relatively shorter PPAI. 
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Figure 1   Relationships of calving weight with body weight gain and PPAI during the first three 
months postpartum and PPAI 
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Figure 2  Relationships of body weight gain with calving weight and PPAI during the first three 
months postpartum 

Conclusion 
PPAI obtained in this study is very long. Genotype of dam and non-genetic factors such 

as parity, age, body weight and body weight gain significantly affected PPAI. An 
improvement in PPAI and estrus activity was observed for cows that had heavier calving 
weight and for cows that gained higher weight during early postpartum period. Hence, 
significant gains can b achieved in these traits through improvement of calving weight and 
postpartum body weight gain. 
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Table 1. Least square mean postpartum anoestrus interval (days) 

Source  N PPAI ± S.E 
Overall mean 752 79.4 ± 2.15 
Cow genotype  *** 
  Boran 39 120.4 ± 11.34 ab 
  Boran x Friesian 68 129.0 ± 9.70 a 
  Boran x Jersey 57   86.5 ± 9.08 c 
  Boran x Simmental 49 136.9 ± 10.86 a 
  Horro x Friesian 79    102.6 ± 7.69 bc 
  Horro 317    43.1 ± 4.65 d 
  Horro x Jersey 93    56.7 ± 6.83 bc 
  Horro x Simmental 50    92.9 ± 10.01 d 
Parity  * 
   1 150 118.3 ± 7.57 a 
   2 154 111.9 ± 6.42 a 
   3 154 94.6 ± 6.26 b 
   4 127 86.1 ± 6.69 b 
   5 82 83.0 ± 9.07 b 
   6 85 82.2 ± 11.27 b 
Calving season   * 
  Gana (June – August) 153 95.9 ± 6.39 ab 
  Birra (September – November) 168 96.1 ± 6.25 ab 
  Bona (December – February) 187 86.7 ± 5.81 b 
  Arfasa (March – May) 244 105.3 ± 5.78 a 
Calving year  *** 
  1980 76  86.5 ± 7.98bc 
  1981 80  94.7 ± 7.43bc 
  1982 97 122.6 ± 6.51a 
  1983 35 112.8 ± 10.52ab 
  1984 33 128.3 ± 11.01a 
  1985 47   81.9 ± 9.25bc 
  1986 64   74.8 ± 8.09c 
  1987 52   85.3 ± 9.04bc 
  1988 26   79.8 ± 12.65bc 
  1989 14 117.1 ± 17.19ab 
  1990 23   83.5 ± 13.92bc 
  1992 25   99.8 ± 13.37abc 
  1993 20 109.6 ± 14.94ab 
  1994 41   84.9 ± 11.43bc 
  1995 40 103.0 ± 11.43ab 
  1996 34   87.2 ± 12.29bc 
  1997 35 101.6 ± 11.49ab 
  1998 10   75.0 ± 19.72bc 
Regression variables   
  Calving weight   -0.53 ± 0.14 *** 
  Calving age   2.18 ± 1.11 ns 
  Gain 0-3 month postpartum  -0.04 ± 0.02 *** 

Means in a column within a group with different superscripts vary significantly at p < 0.05. 
*** = P < 0.001, * = P < 0.05, ns = not significant. 
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Table 2. Predicted probabilities (±SE) for oestrus activity within 42 (PPAI42), 63 (PPAI63) and 84 
(PPAI84) days postpartum  

Effect N PPAI42 PPAI63 PPAI84 
Intercept  975 0.31 ± 0.02 0.53 ± 0.02 0.68 ± 0.02 
Dam breed   *** *** *** 
  Boran 302 0.22 ± 0.02 0.41 ± 0.03 0.59 ± 0.03 
  Horro 673 0.43 ± 0.03 0.65 ± 0.03 0.75 ± 0.03 
Sire breed   *** *** *** 
  Friesian crosses 170 0.21 ± 0.03 0.41 ± 0.04 0.57 ± 0.04 
  Jersey crosses 168 0.40 ± 0.04 0.65 ±0.04 0.82 ± 0.03 
  Simmental crosses 117 0.30 ± 0.04 0.61 ± 0.05 0.55 ± 0.05 
  Boran 103 0.24 ± 0.05 0.46 ± 0.06 0.57 ± 0.06 
  Horro 417 0.42 ± 0.04 0.53 ± 0.04 0.82 ± 0.03 
Parity   * * * 
  1 212 0.25 ± 0.04 0.44 ± 0.04 0.59 ± 0.04 
  2 184 0.22 ± 0.03 0.44 ± 0.04 0.58 ± 0.04 
  3 188 0.31 ± 0.03 0.53 ± 0.08 0.65 ± 0.04 
  4 167 0.37 ± 0.04 0.55 ± 0.042 0.71 ± 0.04 
  5 111 0.38 ± 0.04 0.59 ± 0.05 0.78 ± 0.04 
  6  113 0.36 ± 0.04 0.64 ± 0.04 0.74 ± 0.04 
Calving weight category  *** *** *** 
  <250 (219 kg) 213 0.13 ± 0.03 0.24 ± 0.04 0.38 ± 0.05 
  250 –300 (279 kg) 303 0.25 ± 0.03 0.37 ± 0.03 0.51 ± 0.04 
  301 – 350 (326 kg) 263 0.35 ± 0.03 0.54 ± 0.03 0.69 ± 0.03 
  351 – 400 (374 kg) 127 0.42 ± 0.05 0.72 ± 0.04 0.83 ± 0.03 
  > 401 (432 kg) 69 0.55 ± 0.07 0.78 ± 0.05 0.86 ± 0.04 
Intercept  84.5*** 2.4 NS 73.4*** 
Likelihood ratio  178.9 NS 156.6 NS 181.3 NS 
Figures in parenthesis are mean calving weight of the group;  
Significance levels:  *** = P < 0.001, * = P < 0.05 
Note: the Likelihood ratio in all cases is non-significant indicating that the model provided a good fit to the data. 
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Abstract 
Data collected from 1968 to 1998 on 12 breed groups of crossbreds of Arsi cattle with Holstein 
Friesian were used to estimate crossbreeding parameters for lactation milk yield and 
reproductive traits in a dairy herd of  Asella station, Arsi Zone, Ethiopia. Two methods were used 
in data analysis. The least squares analysis of variance was used for evaluation of various breed 
groups and environmental effects, and the linear regression approach for estimating 
crossbreeding parameters.  The non-genetic (environmental) effects considered were year group, 
parity and season of calving. It was estimated that the high grade Holstein Friesian crosses 
(93.75%) produced about 1854 kg (proportionally 1.81) and 87.75% Holstein Friesian crosses 
about 1671 kg milk (proportionally 1.61) above Arsi breed during their lactation period. 
Individual breed additive effect of Holstein Friesians as a deviation from Arsi breed was highly 
significant and estimated to be 2297 kg for lactation milk yield, +213 days for calving interval 
and +198 days for lactation length. The individual heterosis effect was estimated to be 313 kg for 
lactation milk yield, -77 days for calving interval and 9.6 days for lactation length, while 
maternal recombination effects were estimated to be 603 days and negative for lactation milk 
yield and 60 days and negative for lactation length. It was concluded that milk production 
performance of crossbreds of Holstein Friesian with Arsi breed was mainly determined by breed 
additive genetic effects. The heterosis effect was low relative to additive genetic effect. Under the 
observed management level, cows with above 75% Holstein Friesian inheritance could be 
recommended provided that sound reproductive management and mating system are put in place 
to maintain the desired blood level. 

Keywords: Crossbreeding; milk production; tropics, Ethiopia; additive genetic effects; heterosis 
effects 

Introduction 
In the tropics, dairy herds often consist of a crosses between improved European dairy 

breeds and indigenous or adapted breeds. Such crossbreeding in tropical areas has been 
widely used as a method to combine the high milk yield of Bos taurus breeds with the 
adaptability of local breeds to heat stresses,  diseases, low quality feed and poor 
management. Apart from the additive contribution of each breed to overall performance, 
there are also large non- additive heterosis effects in milk yield and fertility traits which 
combine to give a large advantage in total production to the first generation (F1) of these 
crosses (Mackinnon et al., 1996). However, further upgrading by back crossing to the 
European breed gave variable and often rather disappointing results. In a review of dairy 
cattle cross-breeding experiments in the tropics, Syrstad (1989) concluded that most of the 
decline in productivity from F1 to F2 generations was due to loss of heterozygosity, i.e. 
dominance effects were the most important contributor to heterosis, with perhaps a small 
negative effect of recombination on milk yield.  
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Although crossbreeding or upgrading of indigenous cattle with exotic breeds in Ethiopia 
has been done for the last 30 years or so, the performance and adaptability of crossbred 
cattle is not yet clearly described. The lack of reliable estimates of crossbreeding 
parameters remains a hindrance to the choice of the optimal crossbreeding system for 
milk production in the country. In this study, milk production data from a crossbreeding 
program in an experimental dairy herd from the highlands of Ethiopia were analyzed to 
identify breed combinations for superior performance. The data allowed estimation of the 
breed additive and non-additive effects and estimation of the performance of different 
breed groups. 

Material and Methods 
Description of experimental herd 

Data for this study were obtained from herd at Asella station that is situated 180 km 
southeastern of Addis Ababa in a highland plateau of Ethiopia. Chilalo Agricultural 
Development Unit (CADU) established the herd in 1967. In 1968, crossbreeding in Asella 
station was started using 200 Arsi, 22 Fogera, 16 Barca and 10 Boran cows purchased from 
local markets. These cows were mated with pure Holstein Friesian bulls to produce F1 
heifers. The F1 were later used to produce 50%F2, 75%, 87.5% Holstein Friesian crosses 
(Table 1). Only data from Holstein Friesian and Arsi crosses were used in this study. Most 
of the mating was done by artificial insemination (AI).  

Climate of the study area 
The climate is characterized by mild subtropical weather with maximum and 

minimum temperatures ranging from 18 to 28 OC and 5 to 10 0C, respectively. The station 
experiences bimodal rainfall, with an annual precipitation of 1300 to 1350 mm. Short rains 
occur from March to April, followed by long rains from July to September. The long dry 
season lasts from November to February, and a short dry spell is experienced between  
March and  May (Kiwuwa et al., 1983). 

Herd management 
The feeding practice, which varied over the years, was designed to give continuous 

growth using a moderate plane of nutrition. Natural grazing and concentrate supplement 
constituted the major feed supply. During dry season concentrate feed (48% Niger seed 
cake, 48% wheat bran, 3.5 bone meal and 0.5% salt) was fed to all animals at the rate of 2 to 
4 kg per cow day, depending on the levels of milk yield (Kiwuwa et al., 1983). Cows were 
hand-milked twice daily. Newborn calves were taken away from their mothers shortly after 
birth. They were bucket fed to weaning which occurred between 49 and 79 days. 
Colostrums and whole milk substitutes were fed to calves twice daily at a rate of 1.0 kg to 
2.5 kg milk equivalent per day. Animals were routinely vaccinated against anthrax, 
rinderpest, blackleg and pleuropneumonia. Regular dosing against internal parasites and 
measures against mastitis were undertaken. Vaccinations and treatments against 
identified ailments were recorded. No individual supplementary feeding records were kept, 
except for  animals on feeding trials. Milk recording was initially carried out daily, but in 
1973 this practice was changed to either twice monthly or once every 3 weeks. 

Statistical analysis 
Using data collected between 1968 and 1998 lactation milk yield, lactation length (LL) 

and calving interval (CI) were analyzed using General Linear Model (GLM) of SAS (1987). 
Two methods were used in data analysis: for method one, the least squares analysis of 



 Million Tadesse et al./ Eth. J. Anim. Prod. 4(1)- 2004: 71-79 

 73 

variance was used to compare the performance level of breed groups, and for method two, 
the multiple regression analysis was used to estimate the contribution of breed additive, 
heterosis and recombination effects. For comparison of breed groups (method one), the 
effects included in the model were breed group (12), lactation number (5), season of calving 
(5), and year group of calving (7).  Year of calving ranged from 1968 to 1998 and was 
grouped into 7 year groups; period one from 1968 to 1971, period 2 from 1972 to 1975, 
period 3 from 1976 to 1979, period four from 1980 to 1984, period five from 1985 to 1989, 
period six from 1990 to 1994 and period seven from 1995 to 1998. This grouping was based 
on similarity of significance difference of lactation milk yield during preliminary analysis. 
For evaluation of the effects of season on milk production and calving interval, the months 
of calving were grouped into five seasons, first part of dry season from October to December, 
second parts of the dry season from January to February, short wet season from March to 
May, first part of wet season from June to July and second parts of the longer wet season 
from August to September (Kiwuwa et al, 1983). For milk yield, parity of dam classes 
consisted of the first through fifth lactation number. But for calving interval the estimated 
least square means for lactation number greater than two were almost similar and was 
decided to make these lactation classes in the final analysis one and greater than one. The 
statistical model for analyzing milk yield, lactation length and calving interval was: 
yijklm = M + Li + Sj +Pk + Bl +eijklm                      (model 1) 

Where: yijklm = Lactation milk yield, lactation length or calving interval of an individual cow with 
lactation i, in season j, year groups k of breed group l 

M = overall mean  

 Li = the effect due to the ith lactation number (i = 1...5 for milk and lactation length and = 1 or 
> 1 for calving interval 

 Sj = the effect due to jth season of calving (1, 2, 3, 4 and 5). 

 Pk = the effect due to the kth year group of calving (k = 1...7) 

 Bl = the effect due to the lth breed group (l = 1...12) 

 eijklm = random residual effect. 

The multiple regression approach developed by Robison et al. (1980, 1981) was used to 
estimate the contribution of breed additive genetic and heterosis effects to differences 
between breed group with respect to lactation milk yield, lactation length and calving 
interval, using the following model 
yijkl = M + Li +Sj + Pk +gIFX1 + hIX2 + gMFX3 + hMX4  + RIX5 + RMX6 +eijkl   (Model 2) 

Where: M = intercept (general level of local Arsi breed) 

Li = the effect due to the ith lactation number (i = 1...5 for milk and lactation length and  = 1 or > 1 for 
calving interval 

 Sj = the effect due to jth season of calving (1, 2, 3, 4 and 5). 

 Pk = the effect due to the kth year group of calving (k = 1...7) 

 gIF = individual genetic effect of Holstein Friesians as deviation from Arsi breed. 

 hI = individual heterosis effect.  

 gMF = maternal additive genetic effect of Holstein as deviation from Arsi breed.  
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 hM = maternal heterosis effect. 

 RI = individual recombination effect.  

 RM = maternal recombination effect. 

 X1 = proportion of genes from Holstein. 

 X2 = proportion of maximum individual heterosis. 

 X3 = proportion of genes from Holstein in dam. 

X4 = proportion of maximum maternal heterosis. 

X5 = proportion of maximum individual recombination effect. 

X6 = proportion of maximum maternal recombination effect. 

The proportions of Holstein Friesian genes, individual and maternal heterosis, individual 
and maternal recombination effect (X1 to X6) were considered as continuous variables in 
Method 2. For values of X1 to X6 of the different breed groups see Table 1. 

Results and Discussions 
Non-genetic effects 

Least square mean milk yield and lactation length by lactation number is presented in 
Table 2. Milk yield increased from first to fifth lactation with a slight decline on the fourth 
lactation. There was a marked increase in milk yield from the fourth to the fifth lactation 
partly because animals with low milk yield were culled by about the fifth lactation in order 
to retain  high producer cows in the herd. Hirooka and Bhutyan (1995) also reported a 
similar rise in milk yield on the seventh and eighth lactation. Goshu and Mekonnen (1997) 
reported higher milk yield for the fourth and fifth lactation in Fogera-Friesian crosses at 
Gonder Breeding Station, Ethiopia, whereas Mackinnon et al. (1996) reported a decrease in 
milk yield and lactation length after the third parity on crosses of indigenous cows with 
Ayrshire, Brown Swiss and Sahiwal in Kenya. Martinez et al. (1988) also reported that age 
difference, i.e. difference of lactation number, is one of the most important non-genetic 
sources of variation in milk yield. 
Lactation length was significantly highest for cows in lactation number one than other 
lactations. There is no significance difference between the second to the fifth lactations 
(Table 2). The estimated least square mean lactation milk yield and lactation length by 
season were higher for June to July (first parts of wet seasons) than other seasons (Table 
3). This might be attributed to the availability of feed and improved management system. 
The estimated least square mean lactation milk yield and lactation length by year group 
are presented in Table 4. Lactation milk yield increased from year group 1 to 3 (1968 to 
1979) and decreased thereafter to 1994 and increased slightly to the group ending in 
1994. Cows that calved during the period 1976 to 1979 had significantly the highest 
lactation milk yield. A similar pattern was observed on lactation length. Although there 
was no consistent trend, estimated least square mean calving interval was highest for 
cows that calved during the period 1976 to 1979 and  lowest  for the period 1990 to 1994. 
This inconsistent trend might be attributed to changes in level of management such as 
changes in feed and feeding systems. Poor heat detection  and time of insemination 
increase postpartum anestrus interval and days-open which in turn  influence calving 
interval. Efforts to control these interrelated factors must  be a regular part of dairy 
management.  
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Breed group effect 
Breed group effect was highly significant (p < 0.0001) for lactation milk yield. 

Estimated least square means of lactation milk yield increased as proportion of Holstein 
Friesian blood increased (from 0 to 15/16 (Table 5). The 93.75% cross Holstein Friesian cows 
produced significantly the highest lactation milk yield followed by 87.5%  Holstein Friesian 
crossbred cows. The local Arsi cows produced significantly the lowest lactation milk yield. 
Syrstad (1984) observed that a striking feature in some Bos taurus X Bos indicus 
crossbreeding project in the tropics is an increase in milk yields of higher grade Bos taurus 
crosses as environmental level improved. Given the tropical environment of the study area, 
the better milk production performance of high-grade crosses over the other crosses in this 
herd where management levels were good is supportive of this conclusion. 
A similar result was reported in another crossbreeding experiment between local and 
Holstein Friesian breed at Debre Zeit Agricultural Research Center, where the pure 
Holstein Friesian and grade cows produced the highest lactation milk yield than the 
other breed groups (Million Tadesse, 2001). Mason and Buvanendran (1982) and Hirooka 
and Bhutyan (1995) also reported high milk yield by exotic breed in tropics when animals 
were well fed and managed indicating that the genetic potential of genotype depends on 
the level of management. 
The high grade Holstein Friesian crosses (> 75%) had significantly (p < 0.05) longer 
calving intervals while F1 and the Arsi breeds had shorter calving intervals (Table 5). The 
mean calving interval for Arsi breed was 403 (±40) days which is lower than 474 days 
reported for Horro breed in Ethiopia by Goshu and Mekonnen (1997). Similarly Kiwuwa 
et al (1983) reported 439 days of calving interval for the Arsi breed at Asella station of 
Arsi livestock breeding farm. The longer calving interval for high grade Holstein Friesian 
crosses is related to environmental effect such as heat stresses, which affect postpartum 
estrus interval and days to conception negatively. Good reproductive management 
together with appropriate feeding system is needed for better performance.  

Crossbreeding parameters 
Estimates of individual breed additive, individual heterosis and maternal 

recombination effects for lactation milk yield, lactation length and calving interval are 
shown in Table 6. Individual breed additive effects were large (p<0.001) for all traits. The 
individual additive genetic effect of Holstein Friesian cows was estimated to have 2297 kg 
significantly more milk yield, 231 days longer calving interval and 198 days longer lactation 
length above the contemporary Arsi cows. This estimated additional lactation milk yield is 
greater than the similar breed additive difference of 1345 kg reported in  crosses between 
Sahiwal and Brown Swiss (Mackionnen et al., 1996) but in agreement with breed additive 
difference of 2860 kg milk yield reported for crosses  between  Holstein Frisian and Gir 
breed in Brazil, (Madalena 1982) and close to the 2220 kg lactation milk yield for crosses 
between Holstein Friesian and Barca breed at Debre Zeit Agricultural Research Center in  
Ethiopia (Million Tadesse, 2001). 
Estimate of individual heterosis with respect to Holstein Friesian and Arsi breed genes 
had positive effects and approached significance (p< 0.05) for milk production, not 
significant for lactation length, while negative and significant (p < 0.01) for calving 
interval (Table 6). The estimate of 313 kg heterosis effect on lactation milk yield for full 
heterozygosity is similar with estimate from other studies. For instance, Syrstad (1984) 
reported heterosis effects of 295 kg for total milk yield on crossbreeding of Bos taurus and 
Bos indicus breeds in the tropics; Million Tadesse (2001) also reported a similar 295 kg 
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heterosis effect on milk yield on crossbreds of  Barca and Holstein Friesian at Debre Zeit, 
Ethiopia. However, Mackinnon et al. (1996) reported a much larger estimate of 616 kg for 
total milk yield in crossbreds of Ayrshire and Sahiwal in Kenya.  
A reason for lower heterosis effects in Bos taurus x Bos indicus crosses may be a good 
production environment (Barlow, 1981; Kahi, et al., 1995). Cunningham (1981) suggested 
that when there is a substantial difference between the F1 and the local breed, it is likely 
that there is genotype by environmental interaction where production in poor 
environment is influenced heavily by heterosis. Production in a good environment is 
largely determined by breed additive effects and small heterosis effects. The large breed 
additive effects and small effects of heterosis obtained in this study, according to this 
suggestion, are indicative of a good production environment at the Asella station. 
Estimate of maternal recombination effect was negative and large (p < 0.05) for milk 
yield and negative (p> 0.05) for lactation length (Table 6). This result is contrary to the 
estimate of large and positive value for milk yield in crosses of Ayrshire, Brown Swiss 
and Sahiwal cattle in Kenya (Mackinnon et al., 1996). Evidence for recombination loss in 
Bos indicus x Bos taurus crosses in tropical environments has always been based on the 
decline in performance from F1 to F2 or back cross generations (McDowell, 1985; 
Cunningham and Syrstad, 1987; Syrstad, 1989). But according to Syrstad (1989), such a 
decline could have a variety of causes other than recombination. The evidence for large 
and negative value of maternal recombination effect on lactation milk yield in this study 
is not strong because the effect of genotype is confounded with the effect of year of calving 
as indicated by the small average value and narrow range of coefficients of 
recombination. 
Despite the uncertainty in magnitude of the contribution of recombination, the results 
presented here clearly support the conclusion reached by Cunningham (1981) that in 
crossbreeding between Bos taurus and Bos indicus breeds in the tropics additive effects 
could be more important than heterotic effects in suitable environments on the premise 
that the level of management of this experimental herd in Asella was  good during the 
study period. 
Table 1. Number of records (N) and genetic composition of crossbreeds between Arsi breed (A) and 

Holstein Friesian (F). GI= individual additive genetic effect, HI= individual heterosis effect, 
GM= maternal additive genetic effect, HM= maternal heterosis effect, RI= individual 
recombination effect, RM= maternal recombination effect. 

Group Breed combination 
{sire}{dam} 

 N GIF HIAF GMF HMAF RIAF RMAF 

 1 {A}{A} 63 0.0 0.0 0.0 0.0 0.0 0.0 
 2 {F}{A}  14 0.5 1.0 0.0 0.0 0.0 0.0 
 3 {F*A}{F*A}  13 0.5 0.5 0.5 1.0 0.5 0.0 
 4 {A}{F*A}  17 0.25 0.5 0.5 1.0 0.25 0.0 
 5 {F}{F*A}  42 0.75 0.5 0.5 1.0 0.25 0.0 
 6 {F(F*A)}{F(F*A)}   7 0.75 0.375 0.75 0.5 0.375 0.25 
 7 {F}{A(F*A)}  16 0.625 0.75 0.25 0.5 0.1875 0.25 
 8 {F}{(F*A)(F*A)}  14 0.75 0.5 0.5 0.5 0.25 0.50 
 9 {F}{F(F*A)}  22 0.875 0.25 0.75 0.5 0.1875 0.25 
10 {F}{F[(F*A)(F*A)]}   7 0.875 0.25 0.75 0.5 0.1875 0.25 
11 {F}{F[F(F*A)]}   5 0.9375 0.125 0.875 0.25 0.109375 0.1875 
12 {F}{[F(F*A)][F(F*A)]}   9 0.875 0.25 0.75 0.375 0.1875 0.375 
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Table 2. Least squares means and standard errors (s.e) for lactation number on milk yield and lactation 
length (LL) 

Milk yield (kg) LL (days) 
Lactation 

Mean s.e Mean s.e 
1 1903.55C 74.43 431.62A 10.12 
2 2044.16B 85.38 395.27B 12.19 
3 2071.24B 116.06 396.69B 17.37 
4 2056.18B 171.14 378.34B 28.22 
5 2551.84A 236.06 371.46B 41.37 
Within variable groups, row means followed by the same letter do not differ significantly 

Table 3. Least squares means and standard error (s.e) of season of calving for lactation milk yield and 
lactation length  

Milk yield (Kg) LL (days) 
Season 

mean s.e Mean s.e 
January-February 2050.93C 130.12 389.80A 19.76 
March-May 2041.18C 119.08 389.58A 16.83 
June-July 2320.95A 116.77 420.48A 19.22 
August-September 2018.50C 121.94 373.39A 19.05 
October-December 2195.43B 102.79 400.14A 15.39 
Within variable groups, row means followed by the same letter do not differ significantly 

In general, the crossbreeding experiment utilizing Holstein Friesian and Arsi breeds 
resulted in large variations in milk yield among the breed groups. The high grade 
Holstein Friesian crosses had higher lactation milk yield but longer lactation length and 
calving interval over other crosses, which indicate poor reproductive management. The 
importance of individual heterotic effects relative to the individual additive genetic 
effects was low.  
Table 4. Least Squares means and standard error (s.e) for year groups of calving on lactation milk yield, 

lactation length (LL) and calving interval (CI). 

Milk yield (kg) LL (days) CI (days) 
Yg 

Mean s.e Mean s.e Mean s.e 
1 1738.37G 310.05 394.13AB 38.40 523.01BA 51 
2 1915.60FC 259.92 406.43A 30.27 507.08B 40 
3 2658.05A 164.48 435.78A 29.62 584.23A 31 
4 2433.53B 142.08 401.81A 22.88 564.99A 32 
5 2079.18C 93.31 369.55B 17.82 503.16B 17 
6 1995.28D 99.89 367.31B 17.40 458.20C 22 
7 2057.75ECD 109.50 387.72B 19.21 514.29B 26 
Within variable groups, row means followed by the same letter do not differ significantly 

Due to the unbalanced structure of the data, it is difficult to have definitive conclusions. 
However, based on lactation milk yields alone upgrading to higher Holstein Friesian 
blood appears worthwhile to the type and level of environment and management in 
Asella farm, but with careful management of reproduction to keep lactation length and 
calving interval within reasonable good limits. It is also important to put an appropriate 
mating system in place to ensure maintenance of the desired blood level in the crossbreds 
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Table 5. Least squares means, proportion of Holstein Frisian and Standard error (s.e) for breed groups 
(BG) on lactation milk yield, lactation length (LL) and calving interval (CI)  

Milk yield (Kg) LL (days) CI (days) 
BG Prop. of 

HF Mean (kg) s.e LL s.e CI s.e 
1 0 1026.37I 209.71 286.72E 39.54 403D 40 
2 0.5 (F1) 2246.80F 128.46 389.25C 24.08 441C 28 
3 0.5 (F2) 1722.71H 181.18 429.78B 34.68 527B 35 
4 0.25 1131.31I 188.49 321.85D 35.63 425CD 41 
5 0.75 2496.60D 131.47 435.52B 24.71 509B 22 
6 0.75 2087.35G 221.64 396.29C 41.57 529B 50 
7 0.625 2075.37G 144.00 406.76BC 27.01 501B 28 
8 0.75 2272.88EF 193.67 404.55BC 36.30 532B 38 
9 0.875 2340.10E 158.20 413.66BC 29.67 616A 35 
10 0.875 2697.40B 192.63 487.77A 36.11 614A 42 
11 0.9375 2883.95A 302.43 503.82A 56.66 587A 63 
12 0.875 2583.95C 246.94 450.99A 46.27 579A 57 
Within variable groups, row means followed by the same letter do not differ significantly 

Table 6. Estimated individual genetic effect, individual heterosis effect and the maternal recombination 
effect of Holstein dam for lactation milk yield, lactation length and calving interval  

Milk yield (Kg) CI (days) LL (days) 
Parameters 

Mean s.e Mean s.e Mean s.e 
GL 1015.79*** 290.98 390.29*** 43.34 262.19 *** 54.52 
GIF 2297.02*** 238.43 213.00*** 49.00 197.69*** 44.89 
HILF 312.90* 150.17 -77.00** 28.94 9.56NS 28.15 
RMLF -602.00* 283.58   -60.07 52.98 
*** p <  0.001; ** p < 0.01; * p <0.05 NS= Not significant 
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Abstract 
The potential associations of BoLA-DRB3 gene with production traits and occurrence of mastitis 
were studied using PCR-RFLP technique. DNA was isolated from 47 crossbred cows. BsuRI and 
Csp6I restriction enzymes, which produced 7 and 12 different allelic patterns, respectively, were 
used to digest the PCR product. The association of allelic pattern of BsuRI on milk yield was 
significant at P ≤ 0.076. Patterns ‘g’ and ‘e’ were associated with the highest and lowest lactation 
mean milk yield, respectively. For allelic patterns of Csp6I, the difference was significant at P < 
0.03. Pattern ‘e’ was associated with low mean lactation milk yield. The association of BsuRI 
allelic pattern on mean lactation milk fat yield was not significant (P > 0.10). Allelic patterns of 
Csp6I approached significance (P = 0.138) for differences in milk fat yield. BsuRI fragment 
patterns differed significantly (P < 0.06) for mean lactation protein yield. There was no significant 
difference for the allelic patterns of Csp6I. No significant difference was detected among the 
animals for mean lactation SNF yield with both enzymes. Chi-square analysis revealed no 
significant difference for the occurrence of mastitis between the animals with different allelic 
variants detected by both enzymes.  

Keywords: BoLA-DRB3 gene, BsuRI, Csp6I, crossbred dairy cows, mastitis, PCR-RFLP, dairy 
production traits.  

Introduction 
The bovine lymphocyte antigen locus (BoLA), the major histocompatibility complex of 

cattle, has been mapped to chromosome 23 and consists of three classes, I, II and III 
(Bernoco et al., 1991; Anderson and Davies, 1994). The class II genes encode the immune 
associated molecules; they are found on the surfaces of B- and T-lymphocytes as well as 
macrophages and are glycoprotein heterodimers composed of an α- and β-chain, which are 
encoded by some tightly linked clusters of genes (Lewin, 2000). The class II region includes 
DQA, DQB, DRA, DRB, DOB, DYA, DYB, DNA and DIB genes (Anderson et al., 1988; 
Anderson and Rask, 1988; Stone and Muggli-Cockett, 1990). There are at least three DRB 
like genes in BoLA region, among which only the DRB3 gene is expressed to any 
considerable extent and is highly polymorphic (Anderson and Davies, 1994). 
BoLA alleles have been associated with production traits such as milk, milk fat and milk 
protein yield (Sharif et al., 1998b; Starkenburg et al., 1997). Numerous associations 
between BoLA and incidence of health disorders have also been reported. For instance, 
associations of the bovine major histocompatibility complex with subclinical mastitis 
(Ostergard et al., 1989; Lunden et al., 1990); chronic posterior spinal paresis (Park et al., 
1993); dermatophilosis (Maillard et al., 1996); foot and mouth disease (Becker, 1994; 
Haghparast et al., 2000; Garcia et al., 2001) and bovine respiratory cyncytial virus (Fogg 
et al., 2001) have so far been reported. 
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Diseases that adversely affect milk production in dairy cows, especially diseases involving 
mammary health (e.g., mastitis), account for the largest reduction in producer income 
(Gill et al., 1990). Therefore, the possibility of using BoLA alleles as a selection tool to 
increase resistance to specific disease deserves careful consideration as it provides lasting 
solution. In this study, the associations of the BoLA-DRB3 gene with production traits 
(lactation milk, milk fat, milk protein and SNF yield) and susceptibility to mastitis were 
studied using PCR-RFLP technique. 

Materials and Methods 
Animals 

Forty-seven animals comprising 10 Holstein Friesian, 24 Jersey and 13 Red Dane 
crossbred cows maintained at the University of Agricultural Sciences (UAS) Dairy Farm 
and Karnataka State Cattle Breeding Farm, Department of Animal Husbandry and 
Veterinary Services, Hessarghatta were used for the present study.  

BoLA Class II Determination 
Genomic DNA was prepared from whole blood of cattle using the high salt procedure of 

Miller et al. (1988). BoLA class II alleles were determined by PCR-RFLP technique as 
described by van Ejik et al. (1992) with minor modifications. Briefly PCR was conducted in 
Eppendorf Master Cycler (Germany) in a final volume of 50 µl PCR reaction mixture. Each 
amplification reaction consisted of 100 ng genomic DNA, 20 p.mole of each primer (P2 and 
P3), 100 mM of each dNTPs, 0.75 unit of Taq polymerase, and 5 µl of 10X assay buffer with 
15 mM MgCl2. Approximately a 450 bp of PCR product was amplified. This was digested 
with two restriction enzymes (BsuRI/HaeIII or Csp6I/RsaI). Each digestion mixture 
consisted of 1X assay buffer, 20 units of the restriction enzyme and 10 µl of PCR product. 
The content was mixed thoroughly and digestion was carried out at 37OC for one hour in an 
incubator. The digested product was run on 3 per cent agarose gel along with standard 
DNA marker (PhiX 174 DNA/HaeIII digest, Bangalore Genei, Ltd.), viewed under UV light 
and photographed. 

Milk Composition Estimation 
Gerber method and formal titration (Pyne’s method) were employed for milk fat and 

protein estimation, respectively. Solids-Nonfat was estimated as:  
4.0F2.0SNF 4

LR ++= , where LR is the lactometer reading and F is the fat percentage. 

Production and Health Records 
One lactation milk yield data and health (incidence of mastitis) record of each of the 

cows selected for blood sampling were collected from respective farms. The milk yield data 
were adjusted to 305-days-mature equivalent basis. Fat, protein and SNF yields were 
computed from the milk yield data using the milk composition per cent obtained for each 
trait during the milk composition test. 

Statistical Analysis 
Test of significance for the associations of different allelic patterns with production 

parameters, viz., milk, fat, protein and SNF yield, were computed using a one-way analysis 
of variance of the Minitab statistical software (Minitab, 1996); P≤ 0.10 was reported 
significant. Tukey’s pair-wise mean comparison technique was used to compare the 
different mean groups when the analysis of variance revealed significant difference between 
the different allelic patterns. In all analyses, alleles with a frequency less than 0.06 were 
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pooled in the ‘other’ category, except for fat, protein and SNF yield difference detected with 
Csp6I enzyme.  Chi-square was used to test for significant association between BoLA-DRB3 
gene and incidence of mastitis. 

Results and Discussion 
Association of DRB3 Gene with Production Parameters 

Digestion of PCR products with BsuRI and Csp6I restriction enzymes produced seven 
and 12 different allelic patterns, respectively. Table 1 summarizes the mean ± SE milk yield 
with different allelic patterns of BsuRI and Csp6I enzymes. A significant difference 
(P<0.076) was detected for the BsuRI allelic patterns and their association with milk yield. 
Allelic pattern ‘g’ of BsuRI was associated with the highest milk yield (3233.4 ± 546.63 kg), 
whereas pattern ‘e’ was associated with the lowest mean lactation milk yield (2188.8 ± 
131.07 kg). A modest significant difference (P < 0.03) was observed in the mean lactation 
milk yield of cows with different allelic patterns detected by Csp6I enzyme. The ‘other’ 
category was associated with the highest milk yield (3158.9 ± 358.8 kg). Cows with five 
different allelic patterns (‘a’, ‘h’, ‘i’, ‘j’ and ‘l’) that had a frequency less than 0.06 were pooled 
in to this category. Yet a significant difference could be seen among the other groups if the 
‘other’ category is omitted out. For instance, allelic pattern ‘d’ was associated with the 
highest milk yield (2681.7 ± 211.66 kg). On the other hand allelic pattern ‘e’ was associated 
with a significantly reduced mean lactation milk yield (1661 ± 124.35 kg). 
Associations between increased lactation milk yield and BoLA-DRB3.2*11 (Starkenburg 
et al., 1997), allele *8 and increased 305-day milk yield (Sharif et al., 1998b) have been 
reported. BoLA-DRB3.2*22 and 26 were associated with decreased lactation milk yield 
(Sharif et al., 1998b; Starkenburg et al., 1997). Though the present study suggested 
possible association of milk yield with RFLP patterns, it need be confirmed with the 
extension of the present study with large number of animals.  
There was no significant difference detected in the present study between the fat yield of 
cows as investigated with BsuRI and Csp6I enzymes (Table 2). However, cows with allelic 
pattern ‘g’ of BsuRI had the highest fat yield of 164.21 ± 21.4 kg, whereas allelic patterns 
‘b’ and ‘e’ both had low fat yield of 113.27 ± 20.44 kg and 111.42 ± 7.64 kg, respectively. 
Even though the analysis of variance revealed no significant difference between the 
allelic patterns of Csp6I for fat yield at P≤ 0.10, it approached significance at P = 0.138 
for one-way analysis of variance. Cows with allelic pattern ‘d’ had the highest mean 
lactation fat yield of 131.4 ± 11.71 kg while those with allelic type ‘g’ had the lowest mean 
yield of 86.88 ±3.22 kg. 
Even though significant difference could not be detected in the present study for the 
association of BoLA-DRB3 fragment patterns with milk fat yield, numerous associations 
of some alleles and the trait have been reported. Allele *24 (Starkenburg et al., 1997) and 
allele *8 (Sharif et al., 1998b) were reportedly associated with increased fat yield. On the 
other hand, Starkenburg et al (1997) and Sharif et al (1998b) reported the association of 
alleles *26 and *10 with reduced fat yield, respectively.  
The allelic patterns of BsuRI differed significantly (P < 0.06) for lactation protein yield. 
Allelic type ‘g’ was associated with the highest protein yield of 132.02 ± 25.7 kg and this 
figure was highly significantly different from the remaining mean values (Table 3). Allelic 
patterns ‘b’ and ‘e’ did not differ significantly for protein yield. There was no significant 
difference detected for the allelic variants of Csp6I at P < 0.10 (Table 3). 
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Table 1. Mean 305-days milk yield (kg) ± SE with different allelic patterns of BsuRI and Csp61 
enzymes (P ≤ 0.10). 

BsuRI1 Csp612 

Allelic pattern N Mean ± SE Allelic pattern N Mean ± SE 
‘b’ 7 2734.6 ± 349.6b ‘b’ 3 2383.1 ± 691.83e 

‘e’ 31 2188.8 ± 131.07d ‘c’ 4 2547.6 ± 454.7c 

‘g’ 3 3233.4 ± 546.63a ‘d’ 7 2681.7 ± 211.66b 

other 6 2715.5 ± 292.71c ‘e’ 7 1661.0 ± 124.35h 

   ‘f’ 6 2405.9 ± 305.53d 

   ‘g’ 5 2035.2 ± 185.19g 

   ‘k’ 3 2065.0 ± 358.93f 
   other 9 3158.9 ± 358.8a 

1Critical value = 3.78; CV = 29.87; SE = 118.44 
2Critical value = 4.55; CV = 32.75; SE = 117.01 
The different superscripts within a column indicate significant difference between the mean values. 

In a study of Starkenburg et al. (1997), allele *7 was associated with significantly 
increased protein yield; alleles *8 and *26 were associated with reduced protein yield. 
According to Sharif et al. (1998b) allele *22 was also associated with reduced protein 
yield. 
Animals with BsuRI allelic variants did not differ significantly for mean SNF yield. 
However, type ‘g’ was associated with high SNF yield of 306.77 ± 58.84 kg, whereas type 
‘e’ was associated with low SNF yield (Table 4). Allelic patterns of Csp6I approached 
significance at P < 0.133. Type ‘d’ was associated with high SNF yield of 230.72 ± 22.25 
kg (Table 4). Type ‘e’ was associated with low SNF yield (148.99 ± 14.17 kg). 
Table 2. Mean 305-days fat yield (kg) ± SE with different allelic patterns of BsuRI and Csp6I enzymes 

(P ≤0.10). 

BsuRI1 Csp612 

Allelic Pattern N Mean ± SE Allelic Pattern N Mean ± SE 
‘b’ 6 113.27 ± 20.44 ‘d’ 6 131.4 ± 12.71 
‘e’ 19 111.42 ± 7.64 ‘e’ 5 95.17 ± 12.56 
‘g’ 3 164.21 ± 21.4 ‘f’ 4 109.0 ± 19.09 

Other 5 123.29 ± 12.98 ‘g’ 3 86.88 ± 3.22 
1NS (Non significant); CV = 28.52; SE = 6.35 
2NS; CV = 27.38; SE = 6.81 

Elsewhere, there is no report on the association of DRB3 alleles with SNF. It is likely 
that alleles associated with milk, milk fat and protein yield may influence SNF yield too. 
In the present study BsuRI allelic pattern ‘g’ was consistently associated with high milk, 
milk fat, protein and SNF yield. Similarly, Csp6I allelic type ‘d’ was associated with high 
lactation yield of the traits studied. 

Association of DRB3 Gene with Susceptibility to Mastitis  
The mastitis incidence data were analyzed using a Chi-square statistical technique. 

Here too, allelic patterns with a frequency of less than 0.06 were pooled in the ‘other’ 
category. The results of the analyses are given in Table 5. In the present study no 
significant association was detected between incidence of mastitis and the different allelic 
patterns revealed with the two enzymes although 61.7 per cent of the animals, which were 
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randomly distributed among the different allelic types, were being reported mastitis prone 
(i.e. have had mastitis at least once). 
Table 3. Mean 305-days protein yield (kg) ± SE with different allelic patterns of BsuRI and Csp6I 

enzymes (P ≤ 0.10). 

BsuRI1 Csp612 

Allelic Pattern N Mean ± SE Allelic Pattern N Mean ± SE 
‘b’ 6 83.74 ± 12.12c ‘d’ 6 91.59 ± 7.43 
‘e’ 19 80.94 ± 6.67c ‘e’ 5 64.36 ± 7.25 
‘g’ 3 132.02 ± 25.7a ‘f’ 4 78.11 ± 17.41 

Other 5 92.18 ± 8.56b ‘g’ 3 67.34 ± 5.2 
1Critical value = 3.85; CV = 30.26; SE = 5.12 
2NS; CV = 28.62; SE = 5.08 
The different superscripts within a column indicate significant difference between the mean values. 

Due to lack of proper recording on health performance of the animals, it was not possible 
to test for significant difference with respect to severity of mastitis. Sharif et al. (1998a) 
found no effects of BoLA-DRB3.2 alleles on somatic cell score (SCS) in Jersey cows but 
they indicated that allele *16 was significantly associated with lower SCS in Holsteins. 
The present study is in agreement with their investigation that BoLA alleles did not have 
significant associations with incidence of mastitis. However, others reported significant 
association between BoLA alleles and SCS, clinical mastitis score and increased incidence 
of mastitis. For instance, allele 23 was associated with reduced clinical mastitis score, 
allele 24 with highly significantly increased incidence of mastitis caused by major 
pathogens and allele 16 was associated with increased somatic cell score (Kelm et al., 
1997; Starkenburg et al., 1997). 
Table 4. Mean 305-days SNF yield (kg) ± SE with different allelic patterns of BsuRI and Csp6I 

enzymes (P ≤ 0.10). 

BsuRI1 Csp6I2 

Allelic Pattern N Mean ± SE Allelic Pattern N Mean ± SE 
‘b’ 6 223.88 ± 32.19 ‘d’ 6 230.72 ± 22.25 
‘e’ 19 205.77 ± 18.39 ‘e’ 5 148.99 ± 14.17 
‘g’ 3 306.77 ± 58.84 ‘f’ 4 210.50 ± 43.71 

Other 5 244.25 ± 23.63 ‘g’ 3 176.24 ± 13.15 
1; CV = 32.02; SE = 13.66 
2; CV = 28.87; SE = 13.03 

Table 5.  χ2- test of significance of the association of different allelic patterns of BsuRI and Csp6I 
enzymes with susceptibility to mastitis (P < 0.05). 

BsuRI Csp6I 
Allelic pattern χ2 Significance Allelic pattern χ2 Significance 

‘b 0.072 NS ‘b’ 2.22 NS 
‘e’ 0.0065 NS ‘c’ 0.15 NS 
‘g’ 1.09 NS ‘d’ 0.524 NS 

Other 1.36 NS ‘e’ 0.524 NS 
   ‘f’ 1.906 NS 
   ‘g’ 0.0019 NS 
   ‘k’ 0.9906 NS 

   Other 3.105 NS 
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The reports on the association of mastitis susceptibility with BoLA-DRB3.2 alleles are 
inconsistent. More studies are necessary to determine whether genetic markers such as 
MHC genes control genetic resistance to mastitis.  To determine causation of either 
resistance or susceptibility, cows that are free of mastitis can be genetically selected for 
the marker and subsequently challenged with a mastitis pathogen. It should then be 
possible to determine whether cows with a particular marker are more resistant to 
mastitis than cows without the marker. 
BoLA-DRB3 alleles are associated with production traits in cattle and hence can serve as 
an important tool in marker-assisted selection. Regarding the association of MHC genes 
(BoLA-DRB3) with incidence of mastitis, further investigation with larger number of 
animals need be done so as to explore the existence of association between the two. 
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Bonga Sheep: A strain of Horro sheep or a different breed? 
Solomon Abegaz 

Oromia Agricultural Research Institute, Bako Research Center, P.O.Box 3, Bako, West Shoa, Ethiopia. 

Abstract 
Bonga sheep is equivocally believed to be different from the Horro sheep breed. In this study a 
preliminary comparison was made between the two sheep based on observations and 
measurements made on 42 Bonga and 95 Horro sheep breed. All the observed Bonga sheep were 
from a market at a small town known as Shishinda while all the Horro sheep were from a flock at 
Bako research center. In the Bonga sheep proportionally more animals have coat colours other 
than light to dark brown (typical colour of Horro sheep) than in Horro sheep. Additionally 5 out of 
42 Bonga sheep have small ear size (vestigial) which is not common in Horro sheep. Heart girth, 
height at withers, and length from withers to center of hipbone for female sheep with four pairs of 
permanent incisors were 78.8(S.D.=5.9), 65.8(S.D.=2.7) and 46.1(S.D.=1.5) for Bonga and 
79.6(S.D.=2.2), 65.2(S.D.=3.0) and 45.1(S.D.=2.6) for Horro sheep respectively. The size 
measurements did not show clear differences. Further work with larger samples from 
representative areas is required to give a definite answer to the position of  Bonga sheep with 
respect to Horro sheep. 

Keywords: Horro sheep, Bonga sheep, Coat colour, Ear size, size measurements 

Introduction 
Ethiopia is believed to be endowed with diverse domestic animal genetic resource. 

Though systematic and exhaustive description of the animal genetic resource is far from 
complete, characterization of some indigenous cattle (Horro, Boran, Fogera, Begayet 
(formerly known as  Barca) and Arsi) sheep (Horro, Blackhead Somali, Afar (formerly 
known as Adal) and Menz) and goats (Afar) have been done in the past. Additionally a 
number of names have appeared representing breeds of livestock in the country. Bonga is 
among the breed names mentioned for sheep (Brännäng et al., 1987; Galal, undated). Galal 
(undated) indicated that from observation based on two visits to Bonga area that it 
appeared the Bonga is not different from the Horro sheep. Adequate physical description of 
the Horro sheep has been given by Galal (1983) and extensive work has been done to 
characterize the breed in terms of its productive and reproductive performance. The Horro 
sheep is widely distributed in the western part of the country in the area which lies within 
35°-38°E and  6°-10°N (Galal, 1983). This area includes the former Kefa province (Kefacho 
zone) where the Bonga breed is believed to inhabit. In this short communication an attempt 
is made to make some preliminary comparisons between Bonga and Horro sheep.  

Materials and Methods 
Physical observations (including measurements) were made on 42 (24 female and 18 

male) Bonga sheep of various age categories. The data was collected at a market in 
Shishinda a district of Kefacho zone (formerly Kefa province) in 1990 E.C. For comparison 
similar measurements were taken from 95 (64 female and 31 male) sheep from the Horro 
sheep flock kept at Bako Agricultural Research Center. Age was categorized based on the 
number of pair of permanent incisor teeth. Horro sheep attain maturity at about 3 years of 
age (Solomon and Gemeda, 2000) and animals with all (four) pairs of their permanent 
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incisor erupted are believed to have attained this age (Wilson and Durkin, 1984). Except 
presentation of the statistics (mean and S.D.) it was not possible to make meaningful 
statistical comparison due to the difference in the environment the two breeds were kept 
and in sample size (no animals in some age categories). 

Results 
Coat color: Out of 41 Bonga sheep for which color was recorded 51.2, 9.8, 7.3 per cent 

were found to have light to dark brown, black and white color respectively while the 
remaining 31.7 per cent were having brown and white or black and white color. In Horro 
sheep coat colors other than light to dark brown are not as frequent as were observed in 
Bonga sheep.  
Ear size: Description of ear size was done by classifying ear size into large and small 
(vestigial) ears. Out of 42 sheep 5 (11.9%) were found to have very small ears while the 
rest 37 (88.1%) have large semi-pendulous ears. Small ear size is not common in Horro 
sheep. 
Horn: All of the Bonga sheep were polled. Similarly the frequency of appearance of horn 
in Horro sheep is low. 
Body size: Measurements on heart girth, height at withers and length from withers to 
center of hip bones are presented in Table 1. Basically it is measurement from animals 
after maturity that can give indication of the size of the breed. No clear trend was found 
in size differences between the two samples at various growth stages. Height at withers 
for both sheep at full mouth (four pairs of permanent incisors) in this study is lower than 
the value of 68 cm reported by Galal (1983) for adult female Horro sheep. 

Conclusion 
Presence of ear size variation and more frequent appearance of colors other than 

brown in the population of Bonga than in Horro sheep may indicate breed level genetic 
differences which delineate these sheep as two distinct breeds. Additionally from cursory 
examination it appears that the Bonga sheep has a better hind quarter fill (thigh region) 
than the Horro sheep. At the same time, however, similarity in size and some other 
physical characteristics (polled ness) may indicate that the two sheep types may belong to 
the same breed or are strains (local ecotypes) of the same breed. Further characterization 
work on a larger number of animals from representative sites based on additional variables 
(e.g. tail type, presence or absence of wattles and beards, presence of mane in males etc.) 
including carcass measurements (to see if Bonga has larger per cent of hind quarter than 
Horro sheep) is necessary (with genetic characterization) to conclusively determine whether 
Bonga is a strain of Horro breed or a breed in its own right. 
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Information for Contributors 
General 

Ethiopia is one of the countries endowed with a large number and diverse livestock 
resources. The spectacular land formation, ranging from mountain chains with peaks of 
over 4500 m asl to areas below sea level, has created diverse climatic conditions with 
variable agro-ecological zones and rich biodiversity. This unique variability has afforded the 
country for the evolution and development of different agricultural production systems. 
Different species and breeds of livestock have been domesticated and used for various 
purposes. The different production systems and the economic and social roles that livestock 
play in the livelihood of millions of smallholder farmers is substantial. The proper 
exploitation of this large number and diverse livestock resource in the country has 
remained a great challenge to all professionals engaged in livestock production. This has 
also afforded a number of national and international organizations a great opportunity to 
undertake research and development activities to ensure proper utilisation and 
conservation of these resources.  
In order to co-ordinate such efforts and to streamline the research and development 
agenda, The Ethiopian Society of Animal Production (ESAP) has been operational since 
its establishment in 1985. ESAP has created opportunities for professionals and 
associates to present and discuss research results and other relevant issues on livestock. 
Currently, ESAP has a large number of memberships from research, academia, and the 
development sector. So far, ESAP has successfully organised about 10 annual conferences 
and the proceedings have been published. The ESAP Newsletter also provides 
opportunities to communicate recent developments and advancements in livestock 
production, news, views and feature articles. The General Assembly of the Ethiopian 
Society of Animal Production (ESAP), on it’s 7th Annual Conference on May 14, 1999, has 
resolved that an Ethiopian Journal of Animal Production (EJAP) be established. The 
Journal is intended to be the official organ of ESAP.  
The Ethiopian Journal of Animal Production (EJAP) welcomes reports of original 
research data or methodology concerning all aspects of animal science. Study areas 
include genetics and breeding, feed resources and nutrition, animal health, farmstead 
structure, shelter and environment, production (growth, reproduction, lactation, etc), 
products (meat, milk, eggs, etc), livestock economics, livestock production and natural 
resources management. In addition the journal publishes short communications, critical 
review articles, feature articles, technical notes and correspondence as deemed necessary. 

Objectives  
• To serve as an official organ of the Ethiopian Society of Animal Production (ESAP). 
• Serve as a media for publication of original research results relevant to animal 

production in Ethiopia and similar countries and contribute to global knowledge 
• To encourage and provide a forum for publication of research results to scientists, 

researchers and development workers in Ethiopia 
Columns of the Journal 

Each publication shall include some or all of the following columns. 
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Research articles 
Research articles based on basic or applied research findings with relevance to tropical 

and sub-tropical livestock production.  
Short communications 

Short communications are open to short preliminary reports of important findings; 
normally not more than 2000 words. They may contain research results that are complete 
but characterized by a rather limited area or scope of investigation, description of new 
genetic materials, description of new or improved techniques including data on 
performance. They should contain only a few references, usually not more than five and a 
minimum number of illustrations (not more than one table or figure). Abstract should not 
be more than 50 words. 
Review articles 

Review papers will be welcomed. However, authors considering the submission of 
review papers are advised to consult the Editor-in-Chief in advance. Topical and timely 
short pieces, news items and view points, essays discussing critical issues can be considered 
for publication 
Feature articles 

Feature articles include views and news on the different aspects of education, 
curricula, environment, etc will be considered for publication after consulting the Editor-in-
Chief. Areas for consideration include education, society, indigenous knowledge, etc. 
Technical notes  

Technical notes relate to techniques and methods of investigation (field and 
laboratory) relevant to livestock production. Notes should be short, brief and should not 
exceed one page. 
Correspondence 

Letters on topics relevant to the aims of the Journal will be considered for publication 
by the Editor-in-Chief, who may modify them. 
Frequency of publication 

Once a year (May) 

Guidelines to Authors 
General 

The Ethiopian Journal of Animal Production (EJAP) publishes original articles 
of high scientific standard dealing with livestock and livestock related issues. Reviews on 
selected topics on livestock research and development appropriate to Ethiopia and other 
similar countries will also be considered for publication. Short communication and technical 
notes are also welcome. 
Manuscripts should be written in English, double spaced throughout and should be on 
one side of an A4 sheet. Authors are advised to strictly stick to the format of the journal. 
Submit three copies of manuscript and each page should be numbered. An electronic form 
in Word format should also accompany the manuscript. The disk should be clean from 
viruses, and should be labelled clearly with the authors’ names and disk file name. 
Manuscripts submitted to the Editorial Office will be duly acknowledged.  All articles will 
be sent to at least two reviewers (within or outside the country) selected by the Editorial 
Board and will be reviewed for  relevance to the journal, scientific value and technicality. 
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Rejected papers will be returned to the author(s) immediately. Accepted papers will be 
returned to the author with the comments of the reviewer(s) for further improvement of 
the manuscript. EJAP has no page charge. 
Proofs will be sent to the author. Typeset proofs are not checked for errors. Thus, it is the 
responsibility of the primary author of each paper to review page proofs carefully for 
accuracy of citations, formulae, etc. and to check for omissions in the text. It is imperative 
that the authors do a prompt, thorough job of reviewing the returned proofs to ensure 
timely publication. Authors are instructed to return the proofs to the Editorial Office  
within 15 (fifteen) days of receipt. Senior or corresponding authors will be provided with 
25 (twenty-five) offprints free of charge for each published articles. 
Format for Manuscripts 

Research paper should be as concise as possible and should not exceed 6000 words or 
about 10 to 12 pages including illustrations and tables. Papers should be partitioned into 
sections including abstract, introduction, materials and methods, results, discussion, 
acknowledgements and references. Main text headings should be centered and typed in 
capitals. Sub-headings are typed in capitals and small letters starting from left hand 
margin. 
Headings: Title of the paper should be in upper and lower case. Main headings should be 
in upper and lower case, centre.   
Sub-headings: First sub-headings, flush left, separate line, capitalize main words; 
second sub-headings- flush left, same line as text, capitalize first word, followed by 
period; third sub-heading – flush left, same line as text, capitalize first word, italics 
followed by a dash. 
Title: The title should be concise, specific and descriptive enough to contain key words or 
phrases including the contents of the article. A short running title of less than 50 
characters should also be suggested. 
Author and institution: The name(s) of author(s) and the institution(s) with which they 
are affiliated, along with the addresses, should be provided. Corresponding author should 
be identified in case of more than one author. 
Abstract: Research or applied articles should have an abstract of no more than 300 
words. The abstract should state concisely the goals, methods, principal results and 
major conclusions of the paper. Incomplete and uninformative descriptions should not be 
used. The use of acronyms is discouraged. Keywords of up to five words should be 
included. 
Introduction: This part should be brief and limited to the statement of the problem or 
the aim of the experiment, justification and a review of the literature pertinent to the 
problem. 
Materials and methods: The techniques and procedures of the research, the conditions 
under which the study was conducted and the experimental design are described under 
this heading. Relevant details about the animal should be given and the statistical design 
should be described briefly and clearly. Data should be analyzed and summarized by 
appropriate statistical methods; authors should examine closely their use of multiple 
comparison procedures. A measure of variability, e.g., standard deviation or standard 
error must be provided when reporting quantitative data. If standard methods of 
investigation and analysis are employed appropriate citation suffice. 
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Results: The summary of major findings and assessments of the investigation are given 
in this section. The results can be presented using tables, illustrations and diagrams. 
Tables: Tables are numbered consecutively in arabic numerals (e.g., Table 1) and should 
bear a short, yet adequately descriptive caption. Avoid using vertical and/or horizontal 
grid lines to separate columns and/or rows. Metric units are clearly to be shown, 
abbreviated in accordance with international procedure. Footnotes to tables are 
designated by lower case which appear as superscripts in appropriate entries. Tables 
should be compatible with column width  viz. 140 mm, and should be presented on 
separate sheets, and grouped together at the end of the manuscript. Their appropriate 
position in the text should be indicated and all tables should be referenced to in the text. 
Illustrations and diagrams: These should be inserted into the text using any suitable 
graphics programmes. Freehand or typewritten lettering and lines are not acceptable. 
Authors are requested to pay attention to the proportions of the illustrations so that they 
can be accommodated in the paper without wastage of space.  
Figures: Figures should be restricted to the display of results where a large number of 
values are presented and interpretation would be more difficult in a Table. Figures may 
not reproduce the same data as Tables. Originals of figures should preferably be A4 size, 
of good quality, drawn or produced on good quality printer and saved in a separate file. 
There should be no numbering or lettering on the originals. Numbering and lettering, 
which must be kept to an absolute minimum, should be legibly inserted on the copies. 
Vertical axes should be labelled vertically. A full legend, describing the figure and giving 
a key to all the symbols on it, should be typed on a separate sheet. The symbols preferred 
are: ▲,■ ○ �, but  + and  x signs should be avoided. Figures should be numbered 
consecutively in arabic numerals (e.g., Figure 1), and refer to all figures in the text. 
Photographs: Should be original prints and suitable for reproduction. They should be 
unmounted with lettering clearly indicated on overlays or photocopies. For composites, 
photographs should be unmounted and a photocopy enclosed to indicate the required 
measurement. Magnification should be given in the legend or indicated by a scale or bar. 
They should be numbered as part of the sequence of Figures. If several plates or coloured 
photographs are submitted, the authors may be asked to the cost of reproducing them. 
Discussion: The reliability of evidence (result), comparison with already recorded 
observations and the possible practical implication is discussed.  
Conclusion: Authors are encouraged to forward conclusion (two to three brief 
statements) from the study summarising the main findings and indicating the practical 
implications of the findings. 
Acknowledgements: Should be briefly stated following the conclusion. 
References: Cite references by name and date. The abbreviation et al should be used in 
the text where more than two authors are quoted. Personal communications and 
unpublished work should be cited in the text only, giving the initials, name and date. 
They should not appear in the list of references. All references should be listed 
alphabetically. References should be selected based on their relevance and the numbers 
should be kept to a minimum. Journal names should be abbreviated according to the 
World list of Scientific Periodicals.  
Ethiopian names should be in direct order, i.e., the full first name followed by the father’s 
name and should not be abbreviated. E.g. Zinash Sileshi and not Sileshi, Z., (Tesfu Kassa 
and Azage Tegegne, 1998), (Alemu Yami and Kebede Abebe, 1992; Alemu Gebre Wold 
and Azage Tegegne, 1995; Zinash et al., 1996) – Chronologically, According to Zinash 
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Sileshi  and Siyoum Bediye (1995). Where more than two authors are quoted in the text: - 
Zinash Sileshi et al. (1990) or (Zinash Sileshi et al., 1990). However, all authors’ names 
should be given in the Reference list. 
Examples 

Journal article: 
Zerbini, E., Takele Gemeda, Azage Tegegne, Alemu Gebrewold and Franceschini, R. 1993. 

The effects of work and nutritional supplementation on postpartum reproductive 
activities and progesterone secretion in F1 crossbred dairy cows in Ethiopia. 
Theriogenology 40(3):571-584. 

Crosse, S., Umunna, N.N., Osuji, P.O., Azage Tegegne, Khalili, H. and Abate Tedla. 1998. 
Comparative yield and nutritive value of forages from two cereal-legume based 
cropping systems: 2. Milk production and reproductive performance of crossbred (Bos 
taurus x Bos indicus) cows. Tropical Agriculture 75 (4):415-421. 

Book 
Steel, R.G.D. and Torrie, J.H. 1960. Principles and Procedures of Statistics. McGraw-Hill 

Book Co., Inc., New York. 

Chapter in a Book 
Zerbini, E., Takele Gemeda, Alemu Gebre Wold and Azage Tegegne. 1995. Effect of draught 

work on the metabolism and reproduction of dairy cows. In: Philips, C.J.C. (ed.), 
Progress in Dairy Science. Chapter 8. CAB International. pp. 145-168. 

Paper in Proceedings 
Alemu Gebre Wold, Mengistu Alemayhu, Azage Tegegne, E. Zerbini and C. Larsen. 1998. 

On-farm performance of crossbred cows used as dairy-draught in Holetta area. 
Proceedings of the 6th National Conference of the Ethiopian Society of Animal 
Production (ESAP), May 14-15, 1998, Addis Ababa, Ethiopia, pp. 232-240. 

Papers based on Theses 
Papers based on theses should be presented with the thesis advisor as co-author and 

should indicate the institution, the year the work was done, and the full title of the thesis as 
a footnote. 

Abbreviations 
Follow standard procedures. 
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Units 
All measurements should be reported in SI units. (e.g., g, kg, m, cm) 

Table 1. The following are examples of SI units for use in EJAP 

Quantity Application Unit Symbol or expression of 
unit 

Absorption Balance trials Grams per day g d-1 
Activity Enzyme Micromoles per minute per gram µmol min-1 g-1 
Area Land 

Carcass 
Hectare 
Square centimetre 

ha 
cm2 

Backfat Carcass Millimetres  Mm 
Concentration Diet 

 
 
Blood 

Percent 
Gram per kilogram 
International unites per kilogram 
Milligram per 100 mL 
Milliequivalents per litre  

% 
g kg-1 

IU kg-1 
Mg dL-1 
Mequiv L-1 

Density Feeds Kilogram per hectolitre Kg hL-1 
Flow Digesta 

Blood 
Grams per day 
Milligrams per minute 

g d-1 

mg min-1 
Growth rate Animal Kilogram per day 

Grams per day 
Kg d-1 
g d-1 

Intake Animal Kilograms per day 
Grams per day 
Grams per day per kg bodyweight0.75 

Kg d-1 
g d-1 

g d-1 kg-0.75 
Metabolic rate Animal Megajoules per day 

Watts per kg bodyweight 
MJ d-1 
W kg-1 

Pressure Atmosphere Kilopascal KPa 
Temperature Animal Kelvin or degree Celsius K or oC 
Volume Solutions Litre 

Millilitre  
L 
ML 

Yield Milk production Litres per day L d-1 
Radioactivity Metabolism Curie or Becquerel Ci (=37 GBq) 
Units with two divisors should be written with negative indices (e.g., kg ha-1 yr-1). The use of solidus (/) should be reserved for units written in full 
(e.g., mole/kilogram) or to separate a physical quantity  and unit (e.g., yield/ha). Units should be chosen so that the numeric component falls 
between 1 and 10 or 1 and 100 when using one or two significant figures, respectively (e.g., use 31.2 mg than 0.0312 g). 
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Membership to the Ethiopian Society of Animal Production 
(ESAP) 

Membership advantages 
Some of the personal benefits afforded to active members of the Ethiopian Society of 

Animal Production (ESAP) include the following: 
• A convenient means of keeping up-to-date on current scientific and production 

developments. 
• An avenue for personal involvement in fostering high standards and professional 

developments in Animal Science 
• To receive a printed copy of the Ethiopian Journal of Animal Production (EJAP). 
• Receiving copies of the Society’s newsletter, Membership Directory, and advanced 

registration information for national meetings. 
• Eligibility to present abstracts at national meetings and to submit manuscripts for 

publication in the Ethiopian Journal of Animal Production (EJAP). 
• Eligibility to provide personal leadership to the field of animal science by serving on 

the Executive Committee of the society or by accepting other society assignments 
• Eligibility to be selected for prestigious society-sponsored awards 

Eligibility for membership 
Membership is open to individuals interested in research, instruction or extension in 

Animal Science or associated with the production, processing, marketing and distribution of 
livestock and livestock products. 

 

Application form for Membership 
Ethiopian Society of Animal Production (ESAP) 

 

Name__________________________________________________________ 

 First  Middle  Last 

Mailing Address:________________________________________________ 

Current Employment:___________________________________________ 

Company/Institution:____________________________________________ 

Phone:_________________________________________________________ 

FAX:___________________________________________________________ 

E-mail:_________________________________________________________ 

Type: 

  Professional 

  Student 

Other___________ Specify:_______________________________ 

Signature: ____________________Date:_____________________ 

 



Information for Contributors 

100 

Bank Account:   Commercial Bank of Ethiopia 
Andinet Branch 
Account Number 1369 
Addis Ababa, Ethiopia 

Mailing Address 
Three copies of the manuscript along with an electronic form on a diskette (Word 

format) should be sent to: 
The Editorial Office 
Ethiopian Journal of Animal Production (EJAP) 
C/o Ethiopian Society of Animal Production (ESAP) 
P.O.Box 80019 
Addis Ababa 
Ethiopia 
Tel: (+251-1) 15 83 39 
 

The Editorial Office assumes no responsibility for the loss of the manuscript in the 
process of mailing. Authors are advised to retain copies of their submission. 

Subscription and Communications 

 
Information to Subscribers 

 
Subscription rates for one year (one issue), including airmail, are as follows: 

   Local  Foreign 

Institution  50 (Birr) 25 (US$) 

Individuals  25 (Birr) 10 (US$) 

 

All business correspondences about subscriptions, back issues, single copies, change 
of address and claims for missing issues should be sent to: 

 

The Editor-in-Chief 
EJAP Editorial Office 

C/o ESAP Office 

P.O.Box 80019 
Addis Ababa; Ethiopia; 

Tel: (+251-1) 15 83 39 
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Members of the Executive Committee of ESAP 
 
Dr Tesfaye Kumsa (EARO, Addis Ababa), President 

W/ro Yalemshet Wolde Amanuel (EARO, D/Z Agricultural Research Center), Vice-president 

Dr Yoseph Shiferaw (EARO, Holetta), Secretary 

Dr. Misker Tessema (IBC, Addis Ababa), Assistant Secretary 

Ato Asfaw Yimegnuhal (ILRI, Debre Zeit), Chief Editor 

Dr Tamrat Degefa  (EARO, D/Z Agricultural Research Center), Assistant Editor 

W/ro Mebrat Alem (MoARD, Addis Ababa), Accountant 

W/ro Menfese Abebe (MoARD, Addis Ababa), Treasurer 

Ato Desalegne Gebre Medhin (NAIC, Addis Ababa), Auditor 

Dr. Kassahun Awgchew (IBC, Addis Ababa), Liaison Officer 


