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Abstract

A cross-sectional stratified random sample survey of 1755 households in the Kenya highlands was conducted between
June 1996 and April 1998 to quantify cattle population dynamics in smallholder herds. The free-, semi-zero- and
zero-grazing systems practised represented increasing levels of intensification of the farms. Additional data were collected in
a follow-up survey of 50 households from the main survey sample. In the main survey there were 987 cattle-keeping
households, of which 44, 33 and 23% practised zero-, semi-zero- and free-grazing systems, respectively. Compared to
free-grazing, zero-grazing farms had a higher proportion of cows in the herd (0.62 vs. 0.51) but lower calving rates (0.52 vs.
0.69), higher losses of potential heifer replacements (0.47 vs. 0.38), fewer heifer replacements as a proportion of cows
disposed (0.46 vs. 1.11) and shorter productive life (3.8 vs. 4.8 years). Semi-zero-grazing farms had intermediate
performance. They and the zero-grazing farms were unable to maintain their herds without acquiring replacements
externally. Animal class mortality rates were high (7–19%) regardless of grazing system practised. Diseases accounted for
the largest proportion of animal exits: 85% of heifer-calves, 38% of heifers and 36% of cows. According to farmers’ ranking,
East Coast fever and Anaplasmosis diseases assumed less importance with a shift from free-grazing to zero-grazing system.
A household’s needs for cash was the second most frequent reason after disease for animal exits: 33% of heifers and 27% of
cows, indicating the importance of cattle as liquid capital assets. The results showed that many zero-grazed herds required
external sources of replacement animals to sustain their populations. Solutions to this constraint will include technical and
institutional innovations to serve small-scale farms that may result in greater complementarities between the small- and
large-scale production components of the dairy sub-sector.
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the need for increases in animal production (output) study was to quantify cattle population dynamics in
and animal productivity (output per unit input) free-, semi-zero- and zero-grazing systems, repre-
(Delgado et al., 2001). To increase animal output senting increasing levels of intensification in small-
and productivity, agricultural policies advocate in- holder farms in the Kenya highlands.
tensification of production, which requires external
inputs and services (De Jong, 1996; Devendra, 2001;
Bebe et al., 2002). Intensification of ruminant pro- 2 . Materials and methods
duction in developing countries is commonly through
smallholder dairying, which is a response by rural 2 .1. Study area and herd management systems
and peri-urban households to market demand for
milk. Smallholder dairying is the dominant dairy The Kenya highlands comprise areas with eleva-
production system in much of sub-Saharan Africa tions$ 1000 m above sea level, annual mean
and South Asia. It is generally characterised by the temperatures of 10–188C, a bimodal rainfall pattern
integration of crops and dairy production on holdings with. 800 mm annually and fertile soils with good
usually less than 5 ha, with one to five cattle or potential for biomass production (Jaetzold and
buffalo that play important multiple roles (Tulachan Schmidt, 1983). The highlands constitute the most
et al., 2000; Devendra, 2001; Devendra and Thomas, important milk sheds (areas where milk is produced)
2001). Dairying contributes to food production, supplying the Nairobi urban market. The dairy herds
generates cash income, produces manure to support comprise Friesian, Ayrshire, Guernsey and Jersey
crop production and is a means to accumulate capital breeds and their crosses withBos indicus cattle
assets for emergency cash needs. (local zebu, Boran and Sahiwal). Grazing systems

Kenya’s dairy development, among developing include free, semi-zero and zero grazing, represent-
countries, exemplifies this intensification through ing increasing levels of intensification. In the free-
smallholder dairying (Bebe et al., 2002). Zero-graz- grazing systems farmers graze cattle on private or
ing (stall-feeding) is the common strategy of inten- public owned pastures during the day and keep them
sifying dairying. It is widespread in the Kenya within the homestead at night. Zero grazing is a
highlands where landholdings are continuously de- cut-and-carry, stall-feeding system in which napier
clining due to intergenerational subdivision of farms grass and crop residues are the main feeds. Concen-
driven by the rapid growth in human population trate supplementation is generally restricted to milk-
(C.B.S., 2001). Studies of these systems in the ing cows. Semi-zero grazing is a combination of free
Kenya highlands show that growth rates among grazing and stall feeding, depending on the seasonal

21calves and heifers are less than 0.25 kg day , availability of feeds and labour.
mortalities among cows, heifers and calves range
from 10 to 30%, age at first calving is about 3 years 2 .2. Survey methodology
and calving rate is about 0.60 (Omore, et al., 1996;
Lanyasunya et al., 1999). These performances raise A two-phase, cross-sectional characterisation sur-
concerns about the maintenance of smallholder dairy vey of 1755 smallholder households was conducted
herds both at individual and community levels. This in nine districts within the major milk sheds of
has implications for the future structure of the dairy Kenya. The first phase was conducted in Kiambu
sub-sector and its productivity. district during June–July 1996 and the second phase

In the past, public-owned, large-scale dairy farms during March–April 1998 in eight districts: Nairobi;
produced dairy replacements for smallholders at Machakos; Kirinyanga; Maragua; Murang’a; Nakuru;
subsidised costs (Conelly, 1998). These sources are Nyandarua and Narok. The sites selected within each
now very limited, because the majority of the large- district reflected variation, firstly for agro-ecological
scale farms have collapsed or have been subdivided potential (medium and high) for cropping and dairy-
for resettlement. In order to better understand the ing as defined by Jaetzold and Schmidt (1983), and
constraints and prospects for maintaining and ex- secondly for milk market access (low, medium and
panding smallholder dairying, the objective of this high). Grouping districts according to human popula-
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tion densities, local demand for milk, type of roads ly selected from a stratified sample of the main
(tarmac, passable all weather, seasonally passable) survey sample was carried out to obtain complemen-
and the availability of milk marketing institutions tary information on the origins of cows and disposal
defined the three categories of market access (Staal patterns. Stratification was by level of intensification
et al., 2001). in dairying activities, available household resources

Five sub-locations (the smallest administrative and level of market access using a combined method
unit within a district) were selected within each of principal component and cluster analysis applied
land-use system in a district by a stratified random to the cross-sectional survey sample (Staal et al.,
sampling method. Two pairs of major landmarks 2001).
(permanent features such as trading centres, schools Information on sources of replacement animals in
and churches) in each of the selected sub-locations the main survey was collected on purchases over the
were randomly selected on a map, and transect lines past 12 months but ignored replacements originating
were drawn between each pair. Sampling was then from within the herd. Complementary information
done as closely as possible following the marked was thus obtained in the follow-up survey on the
transects. A trained enumerator interviewed each history of each cow present in the herd: whether born
fifth household, first on the right and then on the left. within the herd or purchased from other smallholders
A total of 365 households from 24 sub-locations in or larger-scale farmers. Additional information on
Kiambu district and 1390 households from 82 sub- cow disposals included parity and physiological
locations in the other eight districts were inter- status at disposal: lactating/pregnant or dry /open.
viewed. The total sample size in a sub-location The 50 respondents also stated the size of herd that
represented approximately 1% of the total number of they considered manageable within their available
households based on population census figures of resources.
1989 (C.B.S., 1994).

2 .4. Definitions and calculation of herd
2 .3. Data collection demographic rates

Data collection was through household interviews, Replacement was defined as entry of a female of
conducted in the local language by trained breeding age into the breeding herd and disposal as
enumerators using a pre-tested, structured ques- exit of a female of breeding age from the herd.
tionnaire. Information obtained from each household Disposal comprised animals that died or were sold
was on farm size, grazing system and total number over the past 12 months. Reasons for disposal were
of animals by class: heifer-calves (pre-weaned in eight categories: disease (death from disease);
females), heifers (post-weaned females until first poisoning (death from acaricide poisoning, snake
calving), cows (after first calving), male-calves (pre- bite and bloat); injury (sale or death due to acci-
weaned), immature males (post-weaned to 3 years dents); sale to meet household needs for cash; sale
old) and bulls (after 3 years old). Information because of poor performance (low milk yield, slow
collected included age at first calving and parities growth or infertility); sale because of old age;
and ages of cattle both present and sold or died over slaughter for meat; and unspecified reasons (death
the past 12 months. The herd demographic data and sale).
collected for each animal class included births, Annual demographic rates of calving, mortality,
purchases, deaths and sales based on the respon- selling and buying were calculated for each grazing
dents’ recall of events over the past 12 months. system. Calculating these rates from the population
Farmers ranked, in order of importance (15 low and as at 12 months preceding the survey would have
35 high), named diseases to indicate perceptions ignored the purchases and shifts in age classes during
about the relative importance of these diseases in the year. Therefore, for each animal class, except for
their herds. calves, the denominator was the population on the

A follow-up, cross-sectional survey, based on day of survey (which included purchased animals)
semi-structured interviews of 50 households random- plus half the number of withdrawals (deaths and
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sales) over the past 12 months. Rates describing grazing system (ignoring the market access) were
events for calves were calculated with the total determined using the Spearman rank correlation
number born over the past 12 months as the de- method. The statistical significance of differences
nominator. between pairs of grazing systems for the relative

The number of heifer replacements reaching the ranking of diseases of importance was determined
breeding age as a proportion of the cows disposed using the Mann–Whitney rank sum test.
(R) was estimated as:

R5 [(F /C) ? (12 f 2 f ) ? (12 h 2 h )m s m1 s1 3 . Results
? (12 h 2 h )] /(c 1 c ) (1)m2 s2 m s

3 .1. Characteristics of dairy production systems
where F is the number of heifer-calves born to C
cows; f andf are their mortality and selling rates tom s More than three-quarters (1355) of the stratified
weaning age, respectively;h and h are heiferm1 m2 random sample of 1755 households were engaged in
mortality rates in the first year and in year two to agricultural activities, with 73% (987) practising
breeding age, respectively;h and h are heifers1 s2 integrated crop-dairy production. Of the 987 crop-
selling rates in the first year and in year two to dairy households, 44, 33 and 23% practised zero-,
breeding age, respectively; andc and c are mor-m s semi-zero- and free-grazing systems, respectively.
tality and selling rates defining disposal rate of cows. Most of the crop-dairy farmers (71%) kept one to
The calculation of the rateR in Eq. (1) uses, in this three cattle. This is consistent with a preference for a
case, a denominatorC representing the number of herd size of not more than three cattle stated by 68%
cows 12 months previously. of the 50 households in the follow-up survey.

The analysis in Tables 1–3 focuses on herd
2 .5. Statistical analyses dynamics under the influence of intensification, and

consequently results for the effect of market access
The variables farm size, herd size, stocking rate, included in the model are not reported. The average

age at first calving and age at disposal had skewed farm size, herd size, number of cows and stocking
distributions; hence they were log transformed for rate were 1.7 ha, 3.2 cattle, 1.7 cows and 1.2 TLU

21least-squares analyses using the general linear model:ha , respectively, (Table 1). Farm size, herd size
and number of cows owned decreased but theY 5m 1M 1G 1 (M 3G) 1 e (2)ijk i j ij ijk
proportion of cows in the herd increased with an
increase in intensification level, represented by free-,where Y is the log-transformed value of the rel-ijk

semi-zero- and zero-grazing systems, in that orderevant variable,M (i51, 2, 3) is the effect of marketi

(P,0.01). The proportion of cows in the herdaccess,G ( j51,2,3) is the effect of grazing system,j

averaged 0.51 (2.2/4.3) in free-grazing, 0.55 (1.7/(M 3G) is the market access3grazing systemij

3.1) in semi-zero-grazing and 0.62 (1.3/2.1) in zero-interaction ande is the residual error term forijk

grazing farms (Table 1). However, stocking rate washouseholdk within (M 3G) . This model, withoutij

27% higher in zero-grazing than in free-grazingthe interaction term, was also fitted to logits of the
farms (P,0.01), corroborating correlation analysesproportions (r /n ) of births, deaths, sales andij ij

showing that small farms kept smaller herds (r50.34purchases in two-way tables (market access by
to 0.58; P,0.001), but with higher stocking ratesgrazing system) to estimate the annual demographic
(r520.60 to20.74; P,0.001).rates for each grazing system adjusted for market

Table 2 displays the estimated annual calvingaccess. Because of evidence of over-dispersion in
rates, ages at first calving, ages and parities of cowsthese models, influences of fixed effects on demo-
kept and ages of cows sold for the three grazinggraphic rates were tested using anF-test based on
systems in the main cross-sectional survey. Onthe ratio of deviance values (Collett, 1991).
average, annual calving rate was 0.58 and age at firstCorrelation between farm size, herd size, stocking
calving 2.7 years. Calving rate was higher in free-rate and proportions of animals sold within each
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Table 1
Antilogarithms of least-squares means (with 95% confidence intervals) for farm size, herd size, number of cows and stocking rate for free-,
semi-zero- and zero-grazing systems in cross-sectional surveys of 987 smallholder farms in the Kenya highlands

Grazing Farms Farm size Herd size Cows Stocking rate
21system (n) (ha) (n) (n) (TLU ha )

a a a bFree- 227 2.4 4.3 2.2 1.1
(2.0, 2.6) (3.9, 4.7) (2.0, 2.3) (0.9, 1.2)

b b b bSemi-zero- 326 1.8 3.1 1.7 1.0
(1.6, 2.0) (2.8, 3.4) (1.6, 1.8) (0.9, 1.1)

c c c aZero- 434 0.9 2.1 1.3 1.4
(0.7, 1.2) (1.7, 2.6) (1.1, 1.6) (1.1, 1.8)

Total 987 1.7 3.2 1.7 1.2

TLU, 1 for bull; 0.7 for cow; 0.5 for heifer and young bull; 0.2 for calves.
Estimates with different letter superscripts are significantly different atP,0.05.

Table 2
Estimates of average annual calving rates, ages at first calving, ages and parities of cows kept and ages of cows sold for free-, semi-zero-
and zero-grazing systems in cross-sectional surveys of 987 smallholder farms in the Kenya highlands

Variable Grazing n Average 95% CI
system estimate

ML aAnnual calving rate Free- 697 0.6960.04
bSemi-zero- 678 0.5160.04
bZero- 642 0.5260.05

Total 2017 0.58
aAge at first calving Free- 116 2.8 2.6, 2.9

ALS a(years) Semi-zero- 198 2.7 2.6, 2.8
bZero- 295 2.5 2.3, 2.6

Total 609 2.7
aAge of cows kept Free- 171 6.4 6.0, 6.6

ALS ab(years) Semi-zero- 309 5.8 5.5, 6.1
bZero- 349 5.0 4.5, 5.6

Total 829 5.7
Parity of cows kept Free- 171 2.6 2.3, 3.0

ALS(number) Semi-zero- 314 2.5 2.0, 3.1
Zero- 365 2.4 2.2, 2.6
Total 850 2.5

Age of cows sold Free- 38 6.6 5.5, 7.9
ALS(years) Semi-zero- 65 6.1 5.1, 7.3

Zero- 57 6.0 4.1, 8.9
Total 160 6.2

ML, maximum likelihood estimates from logistic regression; ALS, antilogarithms of least-squares mean estimates.
Estimates with different letter superscripts are significantly different atP,0.05.

grazing farms (0.69) than in semi-zero-grazing ing, as represented by free-, semi-zero- and zero-
(0.51) and zero-grazing farms (0.52), whereas age at grazing systems, in that order.
first calving was earlier in zero-grazing (2.5 years)
than in semi-zero-grazing (2.7 years) and free-graz- 3 .2. Disposal and replacement patterns
ing farms (2.8 years) (P,0.05). Cows were on
average 5.7 years old with 2.5 parities and were sold Table 3 shows the predicted maximum likelihood
when 6.2 years old. Parities and ages of cows kept estimates of annual demographic rates for the three
and sold indicated that cows kept were on average grazing systems in the main cross-sectional survey.
generally younger as farmers intensified their dairy- Mortality rates were high, ranging from 7 to 19%,
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Table 3
Estimates from logistic regression of annual rates of mortality, selling and buying for each animal class for free-, semi-zero- and
zero-grazing systems in cross-sectional surveys of 987 smallholder farms in the Kenya highlands

Animal class Grazing n Mortality Selling Buying
system rate rate rate

Heifer-calves Free- 264 0.1560.03 0.0160.01 0
Semi-zero- 191 0.1360.03 0.0360.01 0
Zero- 147 0.1560.05 0.0160.01 0.0160.004
Total 602 0.14 0.01 0

bHeifers Free- 386 0.0860.02 0.0760.02 0.0560.01
abSemi-zero 326 0.1260.02 0.0960.02 0.0760.02
aZero 308 0.0760.02 0.1560.03 0.1260.02

Total 1020 0.09 0.10 0.08
bCows Free- 697 0.1360.02 0.0860.01 0.0260.01
abSemi-zero 678 0.1460.02 0.1160.02 0.0460.01
aZero- 642 0.1260.02 0.1460.02 0.0960.02

Total 2017 0.13 0.11 0.05
Male-calves Free- 238 0.2160.04 0.0160.01 0

Semi-zero- 164 0.1960.04 0.0260.01 0
Zero- 164 0.1460.04 0.0360.01 0
Total 566 0.18 0.02 0

Immature-males Free- 143 0.1660.04 0.1460.06 0.0360.01
Semi-zero- 164 0.1660.04 0.3160.07 0.0560.01
Zero- 170 0.1160.03 0.3260.08 0.0560.01
Total 476 0.14 0.27 0.05

Mature bulls Free- 235 0.1360.03 0.3460.08 0.0760.02
Semi-zero- 98 0.1060.04 0.4160.12 0.1360.04
Zero- 140 0.1360.04 0.4660.11 0.0760.03
Total 472 0.12 0.39 0.08

Estimates with different letter superscripts are significantly different atP,0.05.

depending on animal class, but not significantly rates), Table 4 gives the estimated proportions of
different across the grazing systems for any of the cows disposed, proportion of females born, propor-
animal classes. tion of females that died or were sold before

Selling rate of heifers and cows tended to be breeding age and, by applying Eq. (1), the number of
higher in zero- than in semi-zero- and free-grazing heifers available for replacement per cow disposed
farms. This corroborated the correlation analyses, for the three grazing systems in the main cross-
which indicated that small herds sold larger pro- sectional survey. The annual average cow disposal
portions of the total herd (r520.74 to 20.86; rate was 0.21, 0.25 and 0.26 in free-, semi-zero- and
P,0.001). When averaged over all age classes, zero-grazing systems, respectively. The reciprocal of
animal sales were highest (17%) in zero-grazing, the disposal rate yields the length of productive life,
intermediate (12%) in semi-zero-grazing and lowest corresponding to 4.8, 4.0 and 3.8 years for the free-,
(9%) in free-grazing farms (not shown in the table), semi-zero- and zero-grazing systems, respectively.
suggesting an increased animal turnover as farmers The estimates indicate a tendency towards shorter
intensified their dairying (P,0.05). Farmers practis- productive life in those herds under increasing
ing zero grazing reported higher buying rates for intensification management.
heifers (0.12) and cows (0.09) than those practising On average 0.43 of heifer-calves born were re-
semi-zero or free grazing, where the corresponding moved before reaching breeding age (see Table 4).
rates ranged from 0.02 to 0.07 (P,0.05). Deaths (0.28) accounted for about two-thirds of the

Based on the demographic rates obtained in Table removals and the remaining third was due to sales
2 (calving rates) and in Table 3 (mortality and selling (0.15). Sale of heifers before the breeding age
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Table 4
Estimated proportions of cows disposed, proportion of females born, proportion of females that died or were sold before breeding age for
free-, semi-zero- and zero-grazing systems in cross-sectional surveys of 987 smallholder farms in the Kenya highlands

Variables Grazing system Total

Free Semi-zero Zero

Proportion of cows disposed 0.21 0.25 0.26 0.24
Proportion of females born 0.38 0.28 0.23 0.30

Proportion of females born that:
adied before reaching breeding age 0.27 0.31 0.25 0.28

awere sold before reaching breeding age 0.11 0.15 0.22 0.15
reached breeding age 0.62 0.54 0.53 0.57

Number of females reaching breeding age
as a ratio of cows disposed 1.11 0.61 0.46 0.71
a Cumulative proportions from birth to breeding age.

increased from a proportion of 0.11 to 0.22 with shift heifers and 36% among cows (Table 5). The needs
from free- to zero-grazing systems. Removal of of households for cash were the second most fre-
heifers was such that those reaching breeding age quent reason for female exits, accounting for over a
each year as a proportion of cows disposed were quarter (27%) of the cow exits and a third (33%) of
1.11 in free-, 0.61 in semi-zero- and 0.46 in zero- the heifer exits. Exits due to diseases or cash needs
grazing farms. The estimates imply that, on average, were each three to five times greater than those
semi-zero- and zero-grazing farms maintained in- attributed to poor performance, which accounted for
sufficient number of heifers to replace the cows 10% of the cow exits and 5% of the heifer exits. On
leaving the herd, whereas free-grazing farms had an average, cows left the herd for poor performance at
annual surplus of 11%. 7.2 years of age and for old age at 12.6 years of age.

The follow-up survey data showed that a large
3 .3. Exit reasons and farmers’ perception of the majority (76%) of cows left a herd when lactating or
relative importance of diseases pregnant, mainly in their second and third parities

(Fig. 1). When asked to whom they sold their
Diseases accounted for the largest proportion of animals, farmers in most cases said that sales were

female exits: 85% among heifer-calves, 38% among within the local community.

Table 5
Frequency of reasons for exits of heifer-calves, heifers and cows in cross-sectional surveys of 987 smallholder farms in the Kenya highlands

Reason for disposal Heifer-calves Heifers Cows
(n579) (n5167) (n5434)

Involuntary reasons (%)
Diseases 85 38 36
Unspecified reasons 7 12 9
Injury 3 9 7
Poisoning 0 2 3

Total involuntary 95 61 55
Voluntary reasons (%)

Cash needs 5 33 27
Poor performance 0 5 10
Old age – – 6
Slaughter for meat 0 1 2

Total voluntary 5 39 45
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eases that farmers did not rank differently across
systems were abortion, pneumonia, mastitis, milk
fever, foot problems and poisoning.

3 .4. Sources of breeding stock

The households in the cross-sectional survey
reported purchasing more cows (102) than heifers
(78) as replacement animals over the previous 12
months. By origin, 90% of the cows and 94% of
heifers were purchased from other smallholdings,
whereas 10% of cows and 6% of heifers were from
large-scale farms. Households in the follow-up sur-
vey owned 149 cows, of which 68% were born
within the herd, 25% had been purchased from other

Fig. 1. Frequency (%) of cow disposals by parity and physiologi-
smallholdings and 7% were purchased from large-cal status (lactating/pregnant or dry /open) in a follow-up survey
scale farms. When cows and heifers were purchasedof 50 smallholder farms in the Kenya highlands.
they were mostly, in both surveys, from within the
local community. Thus, the majority of dairy re-

Table 6 displays farmers’ ranking of diseases of placement animals were either reared in the herd in
which they were producing or were purchased fromimportance in the three grazing systems from the
another smallholding.main cross-sectional survey sample. We present only

those diseases that farmers ranked differently (P,

0.01). These were East Coast fever, Anaplasmosis
4 . Discussionand intestinal worm infestations, in that order. Far-

mers’ ranking corroborated with the reported death
4 .1. Dairy production systemcases. Suspected and/or confirmed cases of East

Coast fever were 296 of which 51% died, and
For a large majority of smallholders (73%) dairy-corresponding cases of anaplasmosis were 135 of

ing is an integral part of mixed farming on holdings,which 24% died. East Coast fever and anaplasmosis
which, on average, are less than two hectares. Theywere rated more important in free-grazing and in
integrate crops (for food and cash) and dairy pro-semi-zero-grazing than in zero-grazing farms. Dis-
duction to diversify risks from dependency on a
single crop or livestock enterprise. Mixed farmingTable 6
derives complementarities in resource use: cropFarmers’ average ranking (with standard errors) of diseases of

importance (15low and 35high) affecting dairy production in residues and by-products from crop production con-
free-, semi-zero- and zero-grazing systems in cross-sectional stitute feeds for cattle, which return manure to
surveys of 987 smallholder farms in the Kenya highlands maintain soil fertility and crop production (De Haan
Grazing system n Disease et al., 1997).

Zero-grazing is an important strategy throughEast Coast Anaplasmosis Intestinal
fever worms which smallholders in the densely populated high-

a a c lands intensify their farming systems, particularly asFree 227 2.560.02 1.860.02 1.260.11
b cSemi-zero 326 2.060.01 1.760.02 1.560.13 farm sizes decrease. This is a consequence of high

a a,bZero 434 1.860.01 1.460.01 1.460.08 human population growth rate (3% annually) in the
Kenya highlands (C.B.S., 2001) where inter-gene-Total 987 2.160.01 1.760.02 1.460.06

a ration inheritance results in subdivision and frag-Significant difference (Mann–Whitney test,P,0.01): between
b mentation of farms. Consequently, the number offree and zero grazing; between semi zero and zero grazing; and

cbetween free and semi-zero grazing. holdings increases, and they get smaller with smaller
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herds. Where dairying is an integral part of the irrespective of grazing system. Current policies in
farming system, the increased number of individual Kenya promote private sector participation in the
holdings has increased the overall cattle population, delivery of livestock health inputs and services,
putting pressure on feed resources. Indeed, including advice on dairy production (Owango et al.,
Zemmelink et al. (1999) estimated that the actual 1998). Efficient delivery of these private goods will
herd size (211 000 Tropical Livestock Units (TLU)) be critical in enhancing the competitiveness of
in parts of the Kenya highlands was far in excess of intensive smallholder dairying. This will require
the optimum herd size (130 000 TLU) to be sup- government support, because the efficiency of the
ported by the available feed resources. This pressure private market is contingent upon the ability of the
on feed resources explains why the majority (70%) state in providing the public goods of infrastructure
of the smallholders either keeps or prefers a herd of (e.g., rural access roads) and institutional support.
no more than three cattle. Whereas calving rate declined as smallholders

Associated with intensification through the change intensified their dairying, age at first calving im-
from free to zero grazing are changes in herd proved. Earlier age at first calving in zero-grazing
structure with more emphasis on milk production and farms may be attributed to the dominance ofBos
increased stocking rates. Higher stocking rates are taurus dairy breeds in these farms (Bebe et al., 2003)
maintained through cut-and-carry feeding of napier and also farmers’ management strategy of retaining
fodder and crop residues, fodder purchased from fewer heifers, possibly only when the need for a
neighbours, forages collected from common prop- replacement was anticipated or when there were
erties (road and reserves, forests, schools) and pur- sufficient feed resources (Table 3). On the other
chased concentrate feeds (Reynolds et al., 1996; hand, lower calving rates in the most intensive
Lekasi et al., 1998; Utiger et al., 2000). The findings systems may have resulted partly from under-nutri-
highlight the need for adequate access by small- tion and partly from a management strategy of
holders to external feed resources if farmers are to delaying service of cows after calving in order to
sustain the intensification of their dairying. maintain milk supply for the household (Odima et

al., 1994).
4 .2. Cattle population dynamics The high mortality and low reproductive rates,

considered together, resulted in high reproductive
Diseases were the major cause of involuntary wastage in these smallholder herds, irrespective of

animal losses. Vector-borne and infectious diseases the level of intensification. Reproductive wastage in
are locally important but often their incidence de- smallholder dairying in the Tanzania highlands
creases with change from free- to zero-grazing (Kanuya et al., 2000) and in Asia (Hermans et al.,
systems, because of lowered exposure to ticks (Gitau 1989; De Jong, 1996) has been associated with
et al., 1997; Siamba et al., 1999). Cattle in semi- inadequate quantity and quality of feeds, lack of
zero- and free-grazing farms are commonly tick bulls, inefficient delivery of artificial insemination
infested throughout the year, but those in zero-graz- (AI), poor access to veterinary services and difficul-
ing farms experience increased tick infestation only ties in oestrus detection. These also apply to small-
during periods of drought when feeds are imported holder dairying in the Kenya highlands (Odima et
from common properties (Siamba et al., 1999). al., 1994; Omore et al., 1996; Owango et al., 1998;
Farmers practising zero-grazing therefore attached Lanyasunya et al., 1999). To overcome these con-
less importance to the risk of East Coast fever and straints improved access to effective input services
anaplasmosis than those who practise semi-zero and will be required. The strengthening of farmer co-
free grazing. operatives is one way to achieve this. For instance, a

Nevertheless, mortality rates in all animal classes, recent study in Kenya highlands showed that small-
which were generally high (7–19%), did not vary holder farmers were willing to invest in supple-
with grazing system. Losses due to animal diseases mentary feeds, mainly milling by-products, when
and their interaction with nutritional level are there- given credit (Romney et al., 2000).
fore a major constraint to smallholder dairying A high proportion of voluntary exits of female
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cattle (60% of cows and 85% of heifers) was due to continuous supply of replacement animals for the
a household’s need for cash, and not poor per- zero-grazing systems.
formance (22% of cows and 13% of heifers), demon-
strating the importance of dairy cattle as a means of
accumulating fluid capital assets for the household. 5 . Conclusion
Cattle were frequently sold to generate cash for
financing school fees, hospital bills and household Increasing intensification influenced herd dynam-
investments, which required larger amounts of ics such that farmers practising semi-zero- and zero-
money than were available from daily sales of milk. grazing systems were unable to maintain sufficient
Meeting these cash needs was of high priority to the heifers to replace the cows leaving the herd. Con-
household regardless of the herd size (small herds straints to rearing replacement animals included high
sold a larger proportions of the total herd) or losses from animal diseases and inadequate access to
reproductive status of the individual animals (a large feed resources, breeding services and credit. Sus-
proportion of the exits in the follow-up survey were tained intensification of smallholder dairying in the
lactating or pregnant cows before their fourth parity). Kenya highlands will depend upon finding solutions
This resulted in a large turnover of animals, which to these constraints. These solutions will include
was particularly high in the zero-grazing farms, technical and institutional innovations to serve small-
explaining why cows were younger and of shorter scale farms that may result in more stratification of
productive life as intensification progressed. the dairy sub-sector.

The high reproductive wastage and the high
turnover of females were such that herds in zero- and
semi-zero-grazing farms were often unable to main- A cknowledgements
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