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Compar ative Performances of Holstein-Friesian Cows under
Smallholder and L arge Scale Farmers Management in
Central Rift Valley, Ethiopia
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ABSTRACT

A study was conducted in Central Rift Valley of Ethiopiato assess comparative productive and
reproductive performances of graded Holstein Friesian cows under small and large scale farmers
management. A total of 28 animals from both small (14) and large scales farms (14) in different parity
classeswere used for data collection for aperiod of 28 weeks. Significant differences were observed in
daily intakes of dry matter, crude protein and P (p<0.001) as well as metabolizable energy and Na
(p<0.01) between the two farming scales. Daily milk yield and fat corrected (FC) milk yields were aso
significantly (p<0.001) different. The differencesin the composition of milk and postpartum reproductive
parameters measured were not statistically significant (p>0.05) between the farm scales. However, the
longer days open (171) was observed for small scale farms than the large scale farms (148). Days from
calving to the first sign of estrus (115d) and numbers of services per conception (2.1) were higher on
large scale farms than on the small scale farms (96 and 1.6 respectively). Milk yield, milk composition
and reproductive efficiencies did not significantly (p>0.05) differ between parity classes. Generally, the
productive and reproductive performances of graded Holstein Friesian cows in this study were under
their expected genetic potential, as compared to other parts of the tropics. This might be attributed
mainly to poor nutritional qualities of the available feed resources, in terms of protein, energy and
mineral balance which needed further investigation.
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INTRODUCTION and Mekonen, 1997). The efforts towards

developing modern commercial dairying in

The productivity of indigenous cattle
breeds in Ethiopia is far below the world's
standard. Thisisdueto their inherent low genetic
capability for milk production, poor nutritional
management, environmental stressesand diseases
(Preston and Leng, 1987; Mukasa, 1989; Goshu
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Ethiopiawas started before the second World war,
when some Channel Island and Holstein Friesian
breeds were introduced by some individuals and
religious organizations (Abaye et al., 1991). But
the productivity of these cattle breeds was far
below expectation. Sendros and Kumssa (1998)
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reported that lactation milk yield of Holstein-
Friesian cattle on large-scale commercial state
dairy farms could not exceed 3000kg. Under some
other tropical feeding and management conditions
? or pure Holstein Friesians could produce over
4,000 kg milk per lactation (Combellas, et al.,
1981; McDowell, 1985). Leng (1999) reported that
Friesian cattle imported into India had produced
an average of 6000kg milk in 300-daysof lactation
with appropriate nutritional management practices.

In Ethiopia, market oriented small and
large scale farms in the peri-urban and urban
centers are the two categories of milk production
systems (EARO, 1998). These sectors rely on
crossbred and exotic cattle breeds under intensive
and semi-intensive management with production
goal of cash income. They are dependent on
purchased roughage and concentrate feeds with
limited grazing for milk production. Lack of
appropriate nutritional management, health care,
marketing system, extension and training are the
major constrainsfor their low productivity (Goshu
and Mekonen, 1997; Azage and Alemu, 1998).
However, information on comparative production
and reproductive performances of this genotype
under large scale and small scale farmers
management in Ethiopiaislimited. Therefore, the
main objective of this study was to compare the
performance of graded Holstein Friesian dairy
cowsunder large scaleand smallholder dairy farms
inthe urban and peri-urban centers of Central Rift
Valley of Oromiaregion, Ethiopia.

MATERIALSAND METHODS

This study was conducted in the Central
Rift Valley (CRV) of Oromia, at Arsi Negelle,
Ziway, Wonji Kuriftu and Lume districts of East
ShoaZone. Theareaischaracterized with different
atitude ranges of 1550 and 1900 meters above
sea level and average minimum and maximum
temperature of 20°C and 27°C respectively. It has
an erratic and unreliablerainfall, ranging from 500

to 900 mm per year.

A rapid exploratory survey was
undertaken toidentify and locate the existing large
and small scale dairy farmsin the urban and peri-
urban centers of the study area. Based on the
willingness of the farm owners, the presence of
dairy cows of graded Hol stein-Friesian genotype,
known parity and stage of pregnancy, 3 large peri-
urban farms having 170 to 195 heads of dairy
animals and 21 small scale urban farmers in the
secondary towns having 1 to 10 heads of cattle
wereidentified. Thefarmswere categorized based
on the existing herd size as small scale (<10
animals) and large scale (>10 animals).
Accordingly, two large scale farms and 12
smallholder farmers were randomly selected. A
total of 28 animals from both large scale
(14 animal swith 426+85 kg average body weight)
and small scale (14 animals with 363+8.5 kg
average body weight) with the parity ranging from
1to 6 andinthelast trimester of pregnancy were
used for data collection. Animals in different
parities were classified as early parity (1-2
lactation) and advanced parity (3-6 lactation).
Seven animals were used in each parity class. In
the urban small scale production system the
animals were entirely confined at home utilizing
whatever space was available in the residential
compounds. There were no sufficient exercising
areas. Animal houses were normally small
structures of corrugated metal sheeting or mud and
floored with blocks of stone or cemented floor.
Purchased cereal crop residues, such as maize
stover, haricot bean straw, tef (Eragrostis
abyssinica) straw were the major basal feed
resources. Green forages of maize and native grass
were also used seasonally. The utilization of agro-
industrial by-products such as nougseed cake
(Guizota abyssinica), linseed cake, cotton seed
cake and wheat bran was minimal. In the peri-
urban large scale production units animals were
housed in sheds with well ventilated corrugated
metal sheet and cemented floors. Their major basal
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feed source was based on purchase or very few
harvested native grass hay. Green feeds of alfalfa
and elephant grass were also used. There was
regular supply of mixed concentrate diet.

Data collection was started from about
oneweek postpartum. The utilization of available
feed resourcesand daily milk yield of each selected
farm was monitored and recorded every five days
for 210 days. Daily milk yield of individual animal
was monitored and recorded for bothAM and PM
using portable spring balance. The amount and
type of feed offered to individual animal was also
weighed and recorded for each monitoring date.
Both daily feed intake and milk yield for none
collection days were estimated from average
values of the preceding measurements.
Accordingly the refusal of any feed type offered
was weighed and recorded. The amount of daily
nutrient intake over a given period was estimated
by multiplying the nutrient contents of the feeds
(per kg dry matter) by the daily dry matter intake
of therespectivefeed. Dry feed samplesfrom each
farm were collected fortnightly and bulked. They
werethoroughly mixed, sub sampled and delivered
to laboratory for chemical analysis. Milk sample
was collected three times, at 4, 16 and 27 weeks
of lactation period using 100ml sampling bottle
preserved with potassium dichromate and
delivered the same day to the laboratory. On the
large scalefarms, any sign of estrus manifestation
was visually observed and recorded by barn
attendantsand the veterinarian daily in themorning
and after-noon. On the small scale farms the
enumerators assigned for data recording visually
observed and recorded any sign of estrus. In both
cases mating practice was by artificial
insemination (Al). However, on the small scale
farms several skipped mating were observed due
to shortage of Al facilities and/or unavailability
of Al technicians.

Chemical analysis
Feeds were analyzed for dry matter

(DM), organic matter (OM) and nitrogen (N) using
standard procedures of AOAC (1990). Neutral
detergent fiber (NDF) was determined as described
by Van Soest and Robertson (1985). The in vitro
organic dry meatter digestibility (1IVDOMD) was
determined using the procedures described by
Tilley and Terry (1963). Metabolizable energy
(ME) content (MJkg DM) of feed was estimated
fromin vitro digestibility (IVDOMD x 0.016) as
suggested by Barber et al. (1984). Metabolizable
energy intake (MEI) was estimated by multiplying
dry matter intake (DMI) of thefeed withthevalues
of their respective energy concentration, i.e.; MEI
(MJd)=DMI (kg/d) x ME (MJkg DM) according
to Kearl (1982) and MAFF (1985). Calcium and
sodium contents of the feeds were analyzed using
atomic absorption spectrophotometers according
to Perkins (1982), and phosphorus content was
determined accordingto AOAC (1990). Thedaily
crude protein (CP) and ME requirement for the
animals was estimated based on actual average
daily milk yield and fat content according to NRC
(1989) recommendation. The composition of milk
fat and protein were analyzed using Gerber method
and formaldehyde titration respectively and total
solid was determined by oven drying the milk
sample according to O’ Mahoney (1988).

Statistical analysis

Data on daily milk yield, milk
compositions, postpartum reproductive
efficiencies and nutrient intake were analyzed for
farm scale, parity class and lactation period
differences using the General Linear Model and
multivariate analysis procedure of SPSS (1997).
Mean differences between subjects under study
were tested by pairwise comparison and least
significant difference (LSD) method. The model
used to analyze the effects of farm scale and parity
classes on milk yield, reproductive traits and
nutrient intake was:

Yij=u+ S+ P+ SPg) + &g
Where, Y; = themeansof daily milk yield or
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reproductive traits or nutrient
intake measured.

w = theoveral mean

S = effectofithfarmscale(i=1,2)

P, = effect of j'" Parity class
(=12
SP ;)= interaction between farm scales

and parity classes
€jjky = error term
The Model used to analyze effects of
farm scale, parity class and period on milk
composition was:
Yik=u+§+P+T+egy

Where, Yj = themeansfor milk composition
w = theoveral mean
S = effectofithfarmscale(i=1, 2)

P, effect of jt" Parity class(j = 1, 2)
Ty effect of kh period (k = 1, 2, 3)
€ijky = error term (assumed

independently and normally
distributed)

RESULTSAND DISCUSSION

Chemical composition of feed resources

M ean chemical compositions (% DM) of
the available feed resources utilized on different
farmsare presented in Table 1. Some of the small
scale farmers used cereal crop residues after
soaking them with home-made brewers' grain by-
products. It was observed that soaking tef and
wheat straws with brewer’s grain by product
substantially increased the CP, ME, Ca
compositions and IVDMOD of the feeds.

Feedsand nutrient intake
Significant differences were observed
between the large and small scale farmsin daily

Tablel Meanchemica compositionsof feed resources availablefor graded Holstein Friesian cowsin

central Rift Valley, Ethiopia.

Feed types (% DM)

DM CP MEMJ NDF EE ASH IVOMD Ca P Na
Native grass hay 92 44 57 769 1.2 8.0 359 03 015 054
Native grass forage 13 9.1 72 759 14 9.3 450 043 03 001
Alfafaforage 3% 174 86 509 18 118 53.9 10 03 022
Elephant grass 15 13 81 509 19 171 503 02 03 01
Maize forage 35 104 100 623 13 9.2 624 024 033 02
Maize stover 91 56 88 812 07 8.2 553 035 010 1.7
Wheat straw* 62 131 104 590 84 6.5 651 04 04 022
Wheat straw 92 27 581 816 09 8.2 36.3 009 0.05 0.001
Tef straw* 73 127 97 599 51 6.1 609 033 04 0.03
Tef straw 92 43 62 831 11 6.6 386 02 009 0.08
Haricot bean straw 91 5.2 68 710 0.7 8.1 425 0.18 0.05 0.26
Molasses 74 35 159 5.9 5.9 98.7 18 010 0.26
Brewersgrainresidue 13 214 110 574 35 4.0 69.0 061 059 0.004
Noug seed cake 91 297 93 364 62 109 581 0.69 0.99 0.03
Linseed cake 90 291 106 243 91 8.1 66.3 051 092 0.22
Cotton seed cake 90 223 76 487 6.6 5.6 475 019 074 0.08
Wheat bran 88 171 116 384 46 4.4 724 011 10 0.05
Mixed concentrate 89 213 106 374 47 7.1 66.3 034 12 025

*  Soaked in home-made brewers grain residues (Atala)
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intake of DM, CP, ether extract (EE), P(p<0.001),
ME, and Na (p<0.01) (Table 2). Animals on the
large scale farms had higher intake of DM (39%),
CP(38%), ME (23%), P (60%) and Na (33%) than
those on small scale farms. The intake of CP for
the small and large scale farms was above the
estimated requirement (Table 2) level (27 and 28%
respectively) and that of ME for small and large
scalefarmswas (10 and 6% respectively). Calcium
intake for animalsin small scale farms was under
the recommended range (0.43 to 0.77 %DMI) of
NRC (1989) while that of large scale farms was
marginal. The intake of P was within the
recommended marginal level of 0.33 - 0.48% of
DMI for small scalefarmswhileit was sufficiently
higher for the large scale farms. Theratios of Ca:

P were 0.8:1 and 0.6:1 in small scale and large
scale farms respectively while dietary Ca:P ratio
between 1:1 and 2:1 was assumed to be ideal
(McDowell, 1983). Sodium content of the feeds
was critically below the required level of 0.18%
(NRC 1989) in both farm scales. Chenost and
Sansoucy (1991) and Chesworth and Guérin
(1992) reported that voluntary feed intake of
ruminants essentially depended on the rate of
degradation of its digestible matter. In this study,
the crop residues of low digestible matter such as
maize stover, tef straw, wheat straw and haricot
bean straw used by smallholder farmers (Table 1)
were low in nitrogen and true protein content
which might limit the intake of DM and other
nutrients. About 43% of the total DM consumed

Table2 Meandaily feedsand nutrient intake of Holstein Friesian cowsin urban and peri-urban centers
of central Rift Valley under two farm scales.

Daily nutrients intake Farm scales
Small Large SE P
Number of animals 14 14
Total DM (kg) 114 15.8 0.47 il
Roughage 4.9 6.3 0.33 *x
Supplement 6.5 9.5 0.44 i
Total CP(g) 1704 2343 123.00 *okx
Roughage 259 477 45.85 o
Supplement 1445 1866 104.63 *
CP (%) 145 15.4 0.59 NS
Total ME (MJ) 115 141 5.66 o
Roughage 34 41 2.26 *
Supplement 81 100 6.31 *
Total NDF (%DMI) 45 50 2.35 NS
Total EE (%DMI) 4.2 34 0.14 *xx
Roughage NDF (%total NDF) 71 53 2.26 *xx
Ca (%DMI) 0.40 0.43 0.02 NS
P (%DMI) 0.48 0.77 0.04 *okx
Na (%DMI) 0.03 0.04 0.001 o
CP requirement (g/head/d)?! 1238 1696 89.00 -
ME requirement (M Jhead/d)?! 103 133 3.78 -

*** =p<0.001; **=p<0.01; *=p<0.05; NS=not significant.

1 CPand ME Requirements were estimated based on the actual average milk yield (kg/d) and body weight of animals (NRC,

1989).
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by animalson the small scalefarmswasroughage
feed as compared to 38.6% of daily DMI on large
scale farms. Similarly about 71% of NDF intake
of animals on the small scale farmswas roughage
feeds vs. 53% of DMI on the large scale farms.
The utilization of agro-industrial by-productssuch
as nougseed cake (Guizota abyssinica), linseed
cake, cotton seed cake and wheat bran was
minimal (7.76% DMI). A home-made brewer’shy-
products (39% DMI) mixed with crop residues or
alonewasalso used. Mixed concentratein thedaily
dietary DMI of animalsin small scale farms was
only 9.6%. Sincethe potential intake of foragewas
inversely related to itsNDF content, the DM intake
and consequently that of other nutrients were
limited for animalsin small scalefarms. Feedsand
nutrient intake were not significantly (p>0.05)
different among parity classes (Table 4).

Milk yield, milk composition and reproductive
efficiency

The mean daily milk yield and
composition, and postpartum reproductive
efficiencies of Holstein Friesian cowson largeand
small scale farms are presented in Table 3.
Difference in actual and fat corrected daily milk
yield was highly significant (P<0.001) between
the two farm scales. There were higher daily milk
yieldand FCM yield onthelarge scalefarms(15.8
and 14.7 kg respectively) than on small scalefarms
(11.5 and 11.1 kg respectively). The higher milk
yield of animals on large scale farms might be
attributed to higher intake of DM, CP, ME, Caand
P relative to the small scale farms.

The utilization of conserved grass hay,
green foragesand mixed concentrateon large scale
farms were about 26.6, 12 and 59% of daily DMI
respectively ascompared to only 6.4, 5.4 and 9.6%
respectively on small scalefarms. Thisreflectsthat
the productivity of ruminants is influenced
primarily by quantity and quality of feed intake
(Preston and Leng, 1987). The quantity of CPand
ME might not be the limiting factors for low

performances of the animals under this study.
Possible reasons for the low milk yield
performances of animals in small scale farms
might be due to poor nutritional quality of crop
residues used (about 36.4% of daily DMI), the CP
intake from home-madeliquor residueswhich was
about 39% of daily DMI and provided about 76%
of the total CP intake might be heat damaged
during thelong time boiling of a cohol distillation.
Therefore, its CP might be unusable or poorly
digested in the lower digestive tract aswell asin
therumen. Thismight resulted intoo low ammonia
levels in the rumen which could not meet the
requirement for efficient growth of rumen micro-
organisms (Preston and Leng, 1987). Source of
supplemental CPisan important factor to influence
the response of animals, due to their variation in
type and levels of essential amino acid (EAA)
contents (Christensen et al., 1993). In addition,
theminimal and inconsistent use of protein sources
from mixed concentrate and agro-industrial by-
products might result in lower nutrient intake and
consequently low productivity of theanimals. On
both farm scales the ratio of Ca: P observed was
very low. McDowell et al. (1983) reported that
with dietary ratios below 1:1 and over 7:1 growth
and feed efficiency decreased significantly. Simon
(2005) in Tanzania reported that there was high
milk yield in large scale farms compared to
smallholder farms. Differencesin milk production
between the two management systems were
attributed mainly to thelevel of management. Like
small scale farmersin other developing countries
(Leng, 1991), small scale farmers in this study
could not be able to select quality basal diet, than
using whatever was available at no or low cost.
Lactation curve over weeks for animals
inthe two scales of management and parity classes
arecomparatively presentedin Figures1land 2. On
the large scale farms, there was fast increase of
milk yield up to the peak at week 3, but
continuously declined thereafter (Figure 1). The
trend of increase on the small scale farms was
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relatively slow and short. The peak yield was
attained at week 4 and thereafter declined
continuously as well. Although the differences
were not significant (P>0.05) animalsin advanced
parities (3-6) on both farm scales performed better
than those in early (1-2) parities (Figure 2). On
large scale farms animals in early parity (1-2)
attained peak yield at week 4 and the trend of
decline was slower than for those in advanced

parities (3-6). Animals in advanced parities
attained peak yield at week 3 and the trend of
decline was relatively faster than that of their
counterparts. Onthesmall scalefarmsand animals
in both parities, trend of milk yield increased was
slower and shorter. Animals in advanced parities
attained peak yield at week 7 and the trend of
decline was also slower relative to those in early
parities, which attained very short peak yield at

Table3 Mean daily milk yield, milk composition and reproductive efficiency of Holstein Friesian

cows under two farm scales.

Daily nutrients intake Farm scales
Small Large SE P

Number of animals 14 14

Milk yield (kg) 115 15.8 0.73 *xk
FC milk yield (kg)2 11.1 14.7 0.67 *xk
Fat (%) 3.8 3.6 0.17 NS
Protein (%) 29 2.8 0.08 NS
Total solid (%) 11.3 11.3 0.24 NS
Calving tofirst sign of estrus (d) 96 115 14.60 NS
Days open 171 148 23.50 NS
Services/conception 1.6 2.1 0.24 NS

***=p<0.001; NS=not significant.
a8 FC =fat corrected.

Table4 Meandaily milk yield and composition, nutrient intake and reproductive efficiency of Holstein

Friesian cows under two parity classes.

Daily nutrientsintake Parity scales

Small Large SE P
Number of animals 14 14
Milk yield (kg/d) 133 13.9 0.73 NS
FC milk yield (kg/d) 12.6 13.2 0.67 NS
Fat (%) 3.7 3.6 0.17 NS
Protein (%) 2.8 2.8 0.08 NS
Total solid (%) 11.3 11.3 0.24 NS
DM intake (kg/d) 13.7 135 0.73 NS
CPintake (g/d) 2092 1956 123.19 NS
ME intake (M J/d) 130 126 5.66 *
Calving to first sign of estrus (d) 105 106 14.50 NS
Days open 163 156 23.50 NS
Services/conception 1.8 1.7 0.19 NS

**=p<0.01; NS=not significant.
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Table5 Effect of lactation period on milk composition of Holstein Friesian cows in two farm scales.

Farm Scales  Compositions

L actation periods

Week 4 Week 16 Week 27 SE P
Small No of animals 28 28 28
Fat (%) 38 37 3.9 0.19 NS
Protein (%) 2.6 24 35 0.13 *xk
Total solid (%) 10.7 115 11.8 0.28 *x
Large Fat (%) 3.6 34 3.7 0.19 NS
Protein (%) 25 24 35 0.13 *xk
Total solid (%) 10.6 115 11.8 0.27 *x
Fat (%) 37 3.6 3.8 0.17 NS
Overal Protein (%) 25 24 35 0.10 *xk
Total solid (%) 10.7 115 11.8 0.23 *x

*+%=p<0,001; **=p<0.01; NS not significant.

week 4. Milk composition was not significantly
(P>0.05) different among the two farm scalesand
parities, (Tables 3 and 4). There was significant
effect of period on the content of milk protein
(P<0.001) and total solid (p<0.01) (Table 5). But
milk fat content did not differ (p>0.05) between
periods. Higher milk protein content was observed
in period 3 (week 27 of lactation). This might be
due to increased CP concentration in the dietary
feed intake during the period coupled with
advanced stage of lactation of the animals.
DePeters and Cant (1992) reported that following
calving up to weeks 5 to 10 milk protein content
decreases, and then after, gradually increases
through the end of lactation.

The days from calving to first estrus
(CFE), days open (DO) and the number of services
per conception (S/C) was not significantly
(P>0.05) different between thefarm scales (Table
3) and parity classes (Table 4). But the value of
DO on small scale farms was longer (171) than
on the large scale farms (148). This might be due
to lack of regular Al services and several skipped
mating observed. Thedaystofirst estrus (115) and
S/IC (2.1) were higher onthelarge scalefarmsthan
onthesmall scalefarms (96 and 1.6 respectively),
which might be due to poor heat detection
practices. Since the numbers of animals on small

scale farms were very few, farmers could be able
to observe estrus manifestation of their animals
more closely than in the large scale farms where
therewererelatively large numbers of animalsand
could not be easy to closely observe estrus
manifestation of individua animal.

CONCLUSIONS

The productivity of animal on both farm
scaleswas below their expected genetic potential,
but that of small scale farm was critically low as
compared to some parts of the tropics. The
amounts of CP (g/d/head) and ME (MJ/d/head)
consumed were above the requirement for the
observed actual milk out put. However, the
proportion of rumen degradable to undegradable
CP and that of structural and none structural
carbohydrate needs further investigation. In both
small and large scale farms the NDF content in
the daily DMI was above the recommended level
of 28% (NRC, 1989). Regardless of itsbiological
availability, calcium intake was also at marginal
level. There was aso lower ratio of Ca: Pin both
farm scales. Sodium intake (%DMI) was also
critically lower than the recommended level of
0.18% (NRC, 1989). The large variation among
individual animals and within the farm scales
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showed the opportunitiesfor further improvement.
There will be a need to investigate the nutrient
balance of available feed supply for both farm
scales. The ratio of rumen degradable to that of
un-degradable protein must be assessed and
adjusted to the recommended level. Thenutritional
values of the home-made liquor residues used by
most small scale farmers have to be further
assessed. The need of technical and ingtitutional
support will beindispensableto ensure sustainable
supply of nutritionally balance feeds, Al and
veterinary services which are the mgjor areas of
research and devel opment intervention. This may
need establishment of dairy farmers cooperatives
in the study area, where other farmers elsewhere
were successful in getting accessto regular animal
feed supply and market out-let for their products.
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