

  sustainability-13-09629




sustainability-13-09629







Sustainability 2021, 13(17), 9629; doi:10.3390/su13179629




Article



Adaptation and Returns from Improved Indigenous Small Ruminants in Climatically Challenged Smallholder Systems of Kenya



Winfred Sila 1[image: Orcid], Charles K. Gachuiri 1[image: Orcid], John W. Recha 2,3[image: Orcid], James Audho 3 and Julie M. K. Ojango 3,*[image: Orcid]





1



Department of Animal Production, University of Nairobi, Nairobi P.O. Box 29053-00100, Kenya






2



CGIAR Program on Climate Change, Agriculture and Food Security (CCAFS) East Africa, International Livestock Research Institute, Nairobi P.O. Box 30709-00100, Kenya






3



International Livestock Research Institute, Nairobi P.O. Box 30709-00100, Kenya









*



Correspondence: j.ojango@cgiar.org







Academic Editor: Andrea Pezzuolo



Received: 5 July 2021 / Accepted: 3 August 2021 / Published: 27 August 2021



Abstract

:

Improved climate-resilient strains of indigenous sheep and goats were introduced in the Nyando basin of western Kenya in 2013. This study evaluated the performance of the breeds five years after their first introduction, and their contribution to household revenues. Red Maasai and Red Maasai x Dorper sheep and Galla goats introduced in Nyando adapted to the environment and retained performance levels exhibited in their original environments. They have been widely adopted by the farmers and are used for upgrading local breeds through crossbreeding, yielding offspring that are 50% heavier than local breeds at one year of age. Costs for producing the small ruminants tend to increase with land size owned, mainly due to higher costs for managing the health of more livestock. The costs of producing goats are significantly higher than for sheep. Revenues accrued from goat milk contribute to 10% of the revenue from goats. The introduced breeds provided a significant productivity lift in the local livestock population, resulting in higher returns to the smallholder farmers. For long-term sustainability of the productivity gains, a community-based selective mating program using reference sire flocks with an overall goal of good growth, adaptability, and milk production should be adopted.
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1. Introduction


Sheep and goats in East Africa comprise an estimated 68% of the ruminant livestock population [1]. They are key resources in smallholder mixed crop–livestock production systems, enabling diversification in land use and providing an additional source of income [2,3,4]. However, their outputs in smallholder systems are low and targeted improved productivity within existing breeds is limited [5,6]. Data on performance levels in smallholder systems are also scarce, yet the indigenous small ruminants continue to be retained and contribute to the livelihood of communities [7,8,9]. A common practice in livestock improvement programs for smallholder systems of East Africa is to introduce higher yielding breed types selectively bred in more temperate environments and crossbreed these with existing indigenous genotypes [10,11,12]. Subsequent studies on impacts of interventions in smallholder systems have involved simulations assuming different environmental parameters [13,14,15]. Evidence on actual performance of small ruminants under diverse smallholder farming systems can help to address the information gap that continues to limit interventions in improving the livelihoods of rural communities through their livestock.



In 2013, the CGIAR research program on climate change, agriculture, and food security (CCAFS), in collaboration with the International Livestock Research Institute (ILRI), introduced improved strains of indigenous sheep and goats for smallholder farms grouped into “climate-smart villages” (CSVs) in the Nyando flood plain of Lake Victoria Kenya, one of the fifteen areas selected by CCAFS for the implementation of “climate-smart agricultural practices” [16]. The use of improved indigenous breeds from a different climatically challenged area within the country was deemed optimal as more temperate breeds with high meat and milk production potential are often poorly adapted for dynamisms in the smallholder production systems [5,17]. Investigations on productivity improvement using indigenous breeds in low-input systems are scarce. This study evaluated the performance of improved indigenous sheep and goat breeds five years after their initial introduction into low-input smallholder farming systems in two communities of Nyando and their contribution to household revenues, presenting tangible evidence for designing breed-based interventions for low-input smallholder farming systems.




2. Materials and Methods


2.1. Compliance with Ethical Standards


The authors declare that the study does not contain clinical studies or patient data. Informed consent was obtained from all individual participants included in the study. The study was conducted in line with the current laws of the country.




2.2. Study Area and Data Collection


Data were obtained on improved indigenous sheep and goats reared by the 162 farmers who were involved in the small ruminant improvement program implemented by CCAFS in the Nyando basin of Lake Victoria, covering Kericho and Kisumu counties of western Kenya [18]. The farmers belonging to CSVs in each community were randomly selected in 2011 from seven villages participating in testing a portfolio of climate-smart agriculture interventions over a 5 to 10 year period [16]. Alongside a community training program on livestock improvement, the performances of both local and introduced improved indigenous breeds of sheep and goats in the smallholder farms were monitored through extension personnel engaged by CCAFS between 2014 and 2019 [18]. The sheep and goats were housed in elevated wooden structures for the night, and during the day were either tethered to graze within the farmer’s premises or left to graze in open fields once crops were harvested. All offspring born within the flocks were weighed by the enumerators using a portable hanging scale within one week of birth and, subsequently, every 3 months until the age of one year. Records on the performance and healthcare of the animals were collated through tools developed by ILRI using the “Open Data Kit” (ODK https://opendatakit.org/) (accessed on 11 December 2019).



In addition to monitoring animal performance, a semi-structured household survey was implemented among the 169 households in December 2018 to determine the farmers’ perspectives on the performances of the introduced sheep and goats and their crosses with the existing local indigenous non-descript (IND) strains, the costs of inputs and resources allocated to sheep and goat production, and returns from the animals over 12 the months between December 2017 to November 2018. Information on prices of inputs and animals were based on the farmers’ recall and verified through the extension personnel and national animal health service providers. Only the farmers rearing improved goats introduced in their flocks provided information on the quantity of milk produced by the animals on a daily basis during lactation and the average price for a liter of milk. The individual animal milk production was not monitored continuously by the enumerators. The farmers indicated the quantity of milk produced by an animal each day using a metallic cup that was determined to hold an equivalent to 0.5 liters of milk. Results generated through the survey and performance monitoring were presented to the communities and reviewed in focus group discussions (FGD) involving livestock keepers, extension personnel, animal health service providers, and county livestock production personnel. Through the FGD, farmers reported that sometimes the IND goats were milked, however the quantity of milk produced by these animals was so little that they did not report it when responding to the questions on revenue streams in the farm survey.




2.3. Data Analyses


A total of 2231 individual animal records (1008 on sheep and 1223 on goats) taken over 5 years were available for analyses. Descriptive statistics were derived based on the sheep and goat flock characteristics, key resources available for sheep and goat production, and the dynamics in the flocks owned. The growth performances of the introduced breeds of sheep and goats against that of existing indigenous animals in their first year of life were evaluated separately for each species using a general linear model (GLM) procedures in GENSTAT [19] as follows:


   Y  i j k l   = μ +  C i  +  B j  +  S k  +  e  i j k l    



(1)




where: Yijkl = trait of animal l (traits were birth weight, weaning weight, 6 month weight, 9 month weight, yearling weight, and average daily gain between the weights from birth to yearling), µ= overall mean for a given trait, Ci = effect of county (I = Kericho, Kisumu), Bj = effect of breed of the animal (j = sheep breeds: IND, Red Maasai, Red Maasai x Dorper, Red Maasai x IND; goat breeds: Small East African, Galla Pure, Galla x Small East African), Sk = effect of the sex of the animal (k = male, female), eijkl = residual variance. The resultant least-square mean weights at different stages of growth for the different breed groups were used to plot growth curves for the different breeds of each species.



The average daily gain in weight by the animals was calculated as:


  A D  G   t 1  −  t 2    =  (  W  t 2  − W  t 1   )  /  t 2  −  t 1   



(2)




where: ADGt1−t2 is the average daily gain in weight at different times (t2 and t1, ti−n = birth date, weaning date, 6-month date, 9-month date, and yearling date), Wt1 is the weight at age t1, Wt2 is the weight at age t2, t2 − t1 is the number of days between t1 and t2.



Costs and Revenues in Sheep and Goat Production


Costs of production and revenue streams for the farmers from their sheep and goats over 12 months were determined from the responses contained in the cross-sectional household questionnaire and based on prices for inputs supporting sheep and goat production in the years 2017–2018. Revenues comprised income from the sales of sheep and goats and their products, as well as home consumption of the same during the same timeline.



In determining costs of production, key parameters of land, feed resources, and labor, though taken into consideration, could not all be assigned a value in the farming systems of this study. The land holdings in Nyando, as reported in [18,20], were very small (0.1–3 ha) and no land was set aside specifically for sheep and goat production. During cropping seasons, the sheep and goats were tethered to graze within homesteads or beside communal infrastructure, such as schools and roads. Once crops were harvested, the animals were grazed on crop residues. The costs associated with land, depreciation of equipment, and sheep and goat housing were assumed to be negligible as they had low input demand in the traditional production systems [21]. Feed resources for the sheep and goats comprised natural grasses, crop residues and household waste of very low commercial value. No additional feeds or concentrates were provided for the animals. We thus assumed a common cost for feeding animals across the farms.



The farmers indicated that they incurred costs in provision of water for their animals, which included costs for purchase and transport of water, and costs for managing the health of their animals included costs of veterinary inputs and services provided for the sheep and goat enterprises. Newborn lambs and kids contributed to the costs of production as they were reared on the farms over the one-year period during which costs were evaluated in this study. The replacement rate was calculated as the ratio of the number of animals born in the year relative to the total flock size. The estimation of costs due to mortality of animals was based on farm gate price depending on the age of an animal that died and the mortality rate calculated for flocks in the area from previous studies. Farmers either purchased or hired male animals for mating their animals, which comprised a cost for breeding.



The sheep and goats were managed by family members, hence there was no cost for hired labor, but rather a cost in terms of family labor [22]. This was calculated based on whether the household indicated that labor was mainly provided by an adult in the household or by the children. The costs for an adult family member was valued as half of the casual wage in the area, based on the assumption that the opportunity cost of family labor is below the wage rate as outlined in other studies [23,24]. Labor from children was mainly for herding the sheep and goats and was calculated as a quarter of the waged labor as proposed for smallholder systems in other studies [25].



Revenues were mainly earned through sale of both sheep and goats, as well as milk from the goats, which was primarily consumed at the household level with small quantities sold at the farm gate. All the milk produced was valued at the farm gate price. The average prices for different categories of animals in Kericho and Kisumu counties, as reported by the farmers, are presented in Table 1.



Manure collected from the night shelters of the animals was generally used on the farms, with excess quantities measured in terms of wheelbarrow loads sold at a rate of USD 2.3/load by less than 10% of the households. A previous study on manure management and use by the farmers in Nyando [26] indicated that the existing practices do not provide the farmers with sufficient amounts of nutrients from manure for stable crop production. Income from manure from the small ruminants in this study was considered to be negligible.



Gross income from sheep and goats was calculated as the difference between total revenues and total costs. Regression analyses were used to investigate the impact of land size, flock size owned, and breed type kept by households within each county on the costs and revenues in producing sheep and goats.






3. Results and Discussion


3.1. Small Ruminant Flock Dynamics


The sheep and goat flocks reared by the farmers categorized by the size of the land holdings owned in the two counties are presented in (Table 2).



The average flock sizes, notably, for households owning more than 1 hectare of land were double the initial size reported for the same farms at the start of the CCAFS intervention [18] (in Kericho County, the average flock size reported for sheep and goats on farms >1 hectare in 2016 was 2.6 ± 3 and 6.9 ± 5.3 head, respectively, while that reported for Kisumu County was 5.0 ± 2.8 and 5.0 ± 2.5 head for sheep and goats, respectively), providing an indication of expansion of small ruminant production on the farms. Flock sizes were also larger for households keeping both sheep and goats than for those rearing only a single species. As noted at the inception of the interventions [18], households in Kisumu county reared more sheep than goats in line with their cultural values. Through the FGD it was verified that in Kericho county, communities preferred goats, while in Kisumu county goats were appreciated for their ability to control bush encroachment on their land and for production of milk. Goats provide both milk and meat in diverse ecosystems and sustain lactations over long periods, making them an important asset for food security [5,27].



The sheep and goat flock sizes generally expanded through births or purchase of new animals and contracted during specific periods of the year when animals were either sold or died. Lambing/kidding was not planned for specific seasons within the flocks. The data generated through monitoring flock performance reflected a higher proportion of lambing/kidding in flocks (60%) in drier months of the year (May to July and September and December), indicating that mating occurred during rainy seasons when feed resources were more abundant. In order to attain improved offspring, some farmers paid their neighbors to have their animals grazed alongside males of the new introduced breeds for mating in order to avoid the public areas and watering points where they could be mated by the local males.



The different breeds of sheep and goats reared by the farmers in Nyando are presented in Table 3. The introduced indigenous Red Maasai sheep and their crosses with Dorper sheep, as well as the Galla goats, have been widely adopted in the two counties. The farmers also had some other improved breeds of goats and their crosses, including the German Alpine, Toggenburg, and Saanen (Table 3).



More than 70% of all the households kept the improved indigenous breeds introduced and their crosses with the local breeds (Table 3). The results reflect an increase in improved breeds and their crosses in Nyando from 50% in flocks in 2015 [18] to 80% in 2018, with a resultant decline in unidentified and IND breeds. Through the community FGD, the improved breeds introduced were reported to have adapted well to the environment, and had desirable characteristics, such as fast growth rate, resilience, and good fertility.




3.2. Growth Performance of the Sheep and Goats


The least-square mean weights from birth to one year of age for the animals in Kericho and Kisumu counties are presented in Figure 1 (sheep) and Figure 2 (goats), while the average daily gains in weight from birth to one year of age for the different breeds are presented in Table 4.



The different breeds of both sheep and goats exhibited significantly different rates of growth. The IND breeds of both sheep and goats had lower growth rates, and, consequently, lower weights at one year of age than the introduced breeds. Differences in weights for the Red Maasai x Dorper crosses and the pure Red Maasai sheep were not significant. The introduced Red Maasai sheep had superior growth rates compared to all the other sheep breeds. At one year of age, the Red Maasai sheep were 61% heavier than the IND sheep. The growth rate of the Red Maasai and Red Maasai x Dorper crosses was not different from that reported for these animals under the semi-arid environments [12], an indication that the breeds adapted to the environment found in Nyando. Offspring of Red Maasai Sheep crossed with indigenous sheep in Kericho county had significantly higher growth rates than the indigenous sheep at all growth stages, however in Kisumu county, though the crosses were significantly larger, their rate of growth was only higher than that of indigenous animals prior to weaning. After weaning, their growth rates were not different. Among the goat breeds, the Galla goats had faster growth rates (p < 0.001) than both Galla crosses with SEA goats and the purebred SEA goats. Differences in growth across counties were not significant.



Small ruminant breeding projects implemented in tropical environments tend to emphasize crossbreeding with exotic genotypes to improve nutritional outcomes and livelihoods through milk and meat production [10,13,28,29]. However, the exotic (European) breeds that are generally introduced are reported to be more susceptible to diseases in the tropical environments [17]. In the CSV of Nyando, crossbreeding was adopted using improved indigenous breeds of sheep and goats for both meat and milk production. Productivity of the animals was dependent on naturally available resources with very limited external inputs. The improved indigenous breeds introduced have exhibited good adaptability and have provided a necessary lift to the existing local population through crossbreeding, resulting in improved growth rates. This reflects a positive genotype by environment interaction for indigenous breed types in the smallholder farming systems.



To sustainably retain and enhance the productivity gains, a practical selective mating program at the community level that is in line with the farmers goals needs to be adapted for the CSV. Due to limitations in land size within the communities, the breeding program for the area should encourage farmers with less than one hectare of land to retain flocks with female breeding animals and source males for mating their animals strategically when required.




3.3. Costs in Sheep and Goat Production


The average costs incurred in rearing sheep and goats over one year as reported by the farmers, grouped according to the size of land owned, are presented in Table 5.



The costs of production relative to land size owned were variable across the two species and the two counties. Land size owned was positively related to the flock size and both influenced costs of production (p < 0.001). The overall costs tended to increase with land size for all the species except for sheep production in Kericho county, where the costs were higher for rearing sheep on land holdings that were less than one hectare. The highest costs in rearing animals were for treating diseases and providing labor to manage animals. The communities reported that labor for herding was mostly provided by children and adult female household members, a similar practice reported in other areas [30].



In Kisumu county, costs for providing water for animals were higher (p < 0.01) than in Kericho county. Water availability is a challenge in the Nyando area due to high incidences of drought, resulting from the changing climatic conditions [31].



Costs for mating animals were higher in Kericho. The farmers retained only a few breeding males within their flocks but tended to hire male animals for mating on an as-needed basis. The willingness of farmers in Nyando to pay for mating services for their animals reflected their willingness and ability to implement some management of breeding within their populations. Adoption of planned rotation of breeding males among farmers, as outlined in different studies [32,33], could be implemented in Nyando as a strategy for improving productivity.




3.4. Revenues from Sheep and Goat Production


Revenues were accrued through the sale of both live sheep and goats and from the sale of milk obtained from the goats. Revenues from animals sold based on the prices outlined in Table 1 are presented in Table 6. It was notable that the prices for animals were mainly determined from the size and body condition of the animals, reflecting the demand for large animals. Both sheep and goats attracted better prices compared to those reported for animals in the same region in 2016 [34]. Households owning goat flocks earned greater returns than those with sheep. Seventy percent of the animals sold were mature. Both male and female animals were sold depending on their availability and the anticipated sale price. The farmers indicated that they desired to retain the female animals, however, if there was no other animal ready for sale at the time of need, they would sell the females. The farmers in both counties reported that they sold more sheep and goats of the improved breeds than the IND breed types. In the FGD, farmers indicated that they tended to consume more of the local breeds at home as culled animals since they had lower mature weights than the introduced breeds.



Through the regression analyses, it was evident that the size of land owned influenced the revenues accrued (p < 0.001), however, it was notable that the number of animals available for sale was higher from farmers owning 1–2 acres of land. The number of animals available for sale from farms was not directly proportional to the flock size owned. The farmers reported that they sold animals to meet their household needs rather than with the aim of making a profit. This is a common practice in smallholder farming systems of Africa [9,24].



Revenue from goat milk was calculated using the average daily milk production and lactation lengths reported by the farmers keeping the improved breeds of goats and their crosses (Table 7). Information provided on milk production was from 93.5% and 25.8% of the households in Kericho and Kisumu counties, respectively, and was not disaggregated by breed type.



Although the price for milk in Kisumu county was higher than in Kericho county, the average revenue from milk was higher in Kericho than in Kisumu county as more animals were milked (p < 0.01, Table 7). In the FGD, the farmers noted that though the average milk production per day for improved breeds was higher than that for indigenous animals (1.1 kg/day vs < 0.2 kg/day), the improved breeds tended to have a shorter length of lactation (3 months) compared to the indigenous breeds, which would continue lactating over 5–8 months. Milk production from goats was desirable on the farms and accrued attractive prices when sold, however, the quantity of milk per animal was low and more revenue (81.5% and 63.9% of the total revenues in Kericho and Kisumu) was from the sale of live animals. Investment in milk production from the goats needs to be enhanced as the current production in the traditional systems is low, yet studies from other areas indicate that milk production by goats can substantively improve incomes for smallholder households [35,36].




3.5. Gross Returns from Sheep and Goat Production


The gross returns from rearing sheep and goats calculated from the costs and revenues from each enterprise based on the size of land owned are presented in Table 8. The number of animals reared was positively correlated with the land size owned by the producers (Table 2). The farmers earned higher returns from goats than from sheep in the two counties. It was notable that both sheep and goat enterprises accrued higher returns (p < 0.01) in Kericho county than in Kisumu county.



Economic returns from the sheep and goats greatly impact the continued adoption and expanded use of improved breeds introduced in a community. It is evident that in spite of the land size owned, all the livestock keepers were able to attain a positive return from their sheep and goats, though the magnitude of returns differed across the two counties (p < 0.001) and depending on the land size owned.





4. Conclusions


The improved indigenous breeds that were introduced into the smallholder farming systems and their crosses with local animals exhibited improved growth rates, resulting in the farmers availing animals for sale for meat within 1.5 years, hence increasing their net returns from rearing sheep and goats. The prices of sheep and goats in the region have more than doubled since the inception of the CCAFS-led intervention in 2014, indicating the importance of the quality of animals availed for sale in influencing income. To sustainably retain and enhance the productivity gains in the low-input smallholder systems, focus should be on adapting a practical selection and mating program at the community level that is aligned to the farmers’ goals in relation to their land holdings.
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Figure 1. Growth performance of the different sheep breeds from birth to one year of age in Kericho and Kisumu counties. (a) Growth of sheep breeds in Kericho county; (b) Growth of sheep breeds in Kisumu county. 
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Figure 2. Growth of the different goat breeds from birth to one year of age in Kericho and Kisumu Counties. (a) Growth of goat breeds in Kericho county; (b) Growth of goat breeds in Kisumu county. 
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Table 1. Average prices given for any sheep or goat, irrespective of the breed type, segregated by age and sex categories in 2018 in Kericho and Kisumu counties.
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Average Price in USD *




	

	
Kericho

	
Kisumu




	

	
Sheep

	
Goats

	
Sheep

	
Goats






	
Mature females

	
38.50

	
67.30

	
48.10

	
57.70




	
Immature females

	
33.70

	
38.50

	
33.70

	
43.30




	
Castrates

	
76.90

	
144.20

	
67.30

	
48.10




	
Immature males

	
28.80

	
76.90

	
38.50

	
43.30




	
Mature males

	
67.30

	
192.30

	
72.10

	
76.90




	
Lambs/kids

	
19.20

	
28.80

	
24.00

	
28.90








* 1 US dollar = 104 Kenya shillings in November 2018.
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Table 2. The average flock size for sheep and goats reared by farmers owning different sizes of land and the percentage of the households (hh) owning improved breeds in Kericho and Kisumu counties.
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Average Flock Size (Mean ± SE)

	
Proportion of hh Keeping Improved Breeds




	
Size of Land Holding

	
Number of hh (% of hh)

	
Goats Only (Heads)

	
Sheep and Goats (Heads)

	
Sheep Only

(Heads)

	
Sheep

	
Goats






	
Kericho

	
N = 77

	

	

	

	

	




	
<1 ha

	
4 (5%)

	
4.0 ± 0.3

	
6.0 ± 0.0

	
--

	
100.0%

	
100.0%




	
1–2 ha

	
48 (62%)

	
6.9 ± 0.3

	
11.8 ± 0.5

	
--

	
96.8%

	
97.0%




	
>2 ha

	
25 (32%)

	
11.9 ± 0.4

	
15.2 ± 0.5

	
--

	
77.6%

	
93.5%




	
Kisumu

	
N = 85

	

	

	

	

	




	
<1 ha

	
27 (32%)

	
5.0 ± 0.5

	
12.4 ± 0.6

	
4.6 ± 0.2

	
85.0%

	
94.0%




	
1–2 ha

	
48 (56%)

	
6.2 ± 0.5

	
12.8 ± 0.4

	
7.1 ± 0.6

	
83.5%

	
85.9%




	
>2 ha

	
10 (12%)

	
7.8 ± 0.5

	
13.4 ± 0.7

	
5.3 ± 0.3

	
90.2%

	
100.0%
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Table 3. The proportional number of households (hh) keeping different sheep and goat breeds and the average number of animals of each breed reared by the farmers.
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Kericho (hh = 77)

	
Kisumu (hh = 85)




	

	
Breeds

	
Proportion of hh

	
Number Kept (Heads)

(Mean ± SD)

	
Proportion of hh

	
Number Kept (Heads)

(Mean ± SD)






	
Sheep

	
Red Maasai and crosses

	
71.4%

	
3.4 ± 3.2

	
70.5%

	
3.1 ± 2.9




	

	
Local indigenous (IND)

	
20.0%

	
1.4 ± 1.3

	
21.2%

	
2.8 ± 2.6




	

	
Dorper X Red Maasai

	
8.6%

	
2.0 ± 0.0

	
8.3%

	
2.4 ± 2.0




	
Goat

	
German Alpine and crosses

	
10.5%

	
7.8 ± 5.0

	
1.2%

	
12.0 ± 6.1




	

	
Galla and crosses

	
14.0%

	
6.1 ± 5.5

	
16.7%

	
3.0 ± 2.8




	

	
Saanen and crosses

	
30.3%

	
5.7 ± 5.3

	
31.1%

	
3.4 ± 3.0




	

	
Small East Africa and crosses

	
5.2%

	
11.4 ± 10.8

	
5.7%

	
1.5 ± 0.7




	

	
Toggenburg and crosses

	
40.0%

	
8.3 ± 5.3

	
45.3%

	
2.2 ± 2.1
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Table 4. Least-square mean (LSM) average daily gain from birth to one year of age (g/day) for the sheep and goat breeds introduced in Kericho and Kisumu counties.






Table 4. Least-square mean (LSM) average daily gain from birth to one year of age (g/day) for the sheep and goat breeds introduced in Kericho and Kisumu counties.





	

	
Average Daily Gain g/day (LSM ± SE)




	
Sheep Breed (%N)

	
Birth to Weaning

	
Weaning to Yearling






	
Kericho (N = 244)

	

	




	
Indigenous (20.5%)

	
91.1 ± 12.2 a

	
33.0 ± 0.0 a




	
Red Maasai (33.6%)

	
134.4 ± 10.0 b

	
54.4 ± 1.1 b




	
Red Maasai x Dorper (20.5%)

	
137.8 ± 14.4 b

	
51.1 ± 2.6 b




	
Red Maasai x Indigenous (25.4%)

	
93.3 ± 8.9 a

	
52.6 ± 0.0 b




	
Kisumu(N = 764)

	

	




	
Indigenous (17.5%)

	
67.8 ± 1.1 a

	
40.0 ± 0.4 a




	
Red Maasai (26.0%)

	
145.6 ± 7.8 d

	
54.1 ± 0.4 b




	
Red Maasai x Dorper (24.3%)

	
134.4 ± 4.4 c

	
43.3 ± 0.7 a




	
Red Maasai x Indigenous (32.2%)

	
98.9 ± 4.4 b

	
41.9 ± 0.4 a




	
Goat Breed (%N)

	

	




	
Kericho (N = 779)

	

	




	
Small East African (37.2%)

	
86.7 ± 0.0 a

	
75.2 ± 6.7 a




	
Galla Pure (20.3%)

	
133.3 ± 7.8 c

	
111.5 ± 16.7 c




	
Galla x SEA (42.5%)

	
92.2 ± 4.4 b

	
88.9 ± 8.5 b




	
Kisumu (N = 444)

	

	




	
Small East African (34.2%)

	
72.2 ± 1.1 a

	
76.7 ± 1.5 a




	
Galla Pure (10.6%)

	
78.9 ± 8.9 b

	
119.3 ± 5.9 c




	
Galla x SEA (55.2%)

	
100.0 ± 3.3 c

	
85.9 ± 1.5 b








abc For a given species and trait within a county, LSM with a different superscript are significantly different (p < 0.01).
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Table 5. Average costs of rearing sheep and goats on farms over one year categorized by land sizes in Kericho and Kisumu counties.
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Annual Costs in 2018 (US Dollars)

	




	

	

	
Management Practices

	
Replacement Animals (Lambs/Kids)

	
Sum of Costs




	

	
Land Size

	
Mating

	
Water

	
Treatment

	
Labor






	
Sheep

	

	

	

	

	

	

	




	
Kericho

	
<1 ha

	
1.00

	
--

	
11.50

	
21.60

	
--

	
34.10




	

	
1–2 ha

	
0.70

	
1.50

	
15.60

	
11.00

	
0.60

	
29.40




	

	
>2 ha

	
0.50

	
0.80

	
18.30

	
10.50

	
0.40

	
30.50




	
Kisumu

	
<1 ha

	
0.10

	
9.50

	
12.50

	
6.30

	
0.50

	
28.90




	

	
1–2 ha

	
0.10

	
8.20

	
16.40

	
10.70

	
0.20

	
35.60




	

	
>2 ha

	
--

	
14.70

	
23.10

	
25.00

	
--

	
62.80




	
Goats




	
Kericho

	
<1 ha

	
1.90

	
1.90

	
14.00

	
29.50

	
--

	
47.30




	

	
1–2 ha

	
1.40

	
3.90

	
20.80

	
25.10

	
0.80

	
52.00




	

	
>2 ha

	
1.00

	
2.70

	
36.40

	
21.20

	
0.30

	
61.60




	
Kisumu

	
<1 ha

	
0.10

	
12.90

	
21.50

	
11.70

	
0.70

	
46.90




	

	
1–2 ha

	
0.10

	
13.70

	
23.70

	
17.90

	
0.60

	
56.00




	

	
>2 ha

	
--

	
29.80

	
27.30

	
20.20

	
--

	
77.30
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Table 6. Revenue from sheep and goats and the average number of animals contributing to income per household depending on the land size owned in Kericho and Kisumu in 2018.
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Number of Animals Sold or Consumed Per Household/Year (N)




	

	
Kericho

	
Kisumu




	
Land Size

	
<1 ha

	
1–2 ha

	
>2 ha

	
<1 ha

	
1–2 ha

	
>2 ha






	
Sheep

	

	

	

	

	

	




	
Immature females

	
2

	
2

	
2

	
1

	
1

	
1




	
Mature Females

	
1

	
1

	
--

	
2

	
2

	
1




	
Immature males

	
--

	
3

	
4

	
1

	
--

	
--




	
Mature males

	
--

	
1

	
2

	
--

	
1

	




	
Revenue USD N × Price (Table 1)

	
105.80

	
259.60

	
317.30

	
168.30

	
201.90

	
81.70




	
Goats

	

	

	

	

	

	




	
Immature females

	
2

	
3

	
1

	
1

	
2

	
--




	
Mature Females

	
1

	
4

	
3

	
2

	
2

	
1




	
Immature males

	
1

	
--

	
--

	
--

	
1

	
--




	
Mature males

	
1

	
2

	
2

	
2

	
1

	
2




	
Castrates

	
--

	
1

	
1

	
--

	
--

	
2




	
Kids

	
1

	
--

	
2

	

	

	




	
Revenue USD N × Price (Table 1)

	
442.30

	
913.50

	
923.10

	
312.50

	
322.10

	
307.70
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Table 7. Revenue from milk produced by improved goats introduced on farms of different land size in Kericho and Kisumu counties in 2018.
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	Land Size
	Average (±SE) Number of Animals Milked/Day
	Average (±SE) Milk Production/

Animal/Day (Liters)
	Length of Lactation (days) (±SE)
	Total Milk Production (Liters/Animal/Lactation)
	Total Revenue (hh) from Milk (USD)





	Kericho (N = 72)
	
	
	
	
	



	<1 ha
	1.0 ± 0.0
	1.0 ± 0.0
	120.0 ± 0.0
	120
	115.2



	1–2 ha
	2.0 ± 0.3
	1.1 ± 0.1
	110.0 ± 0.9
	121
	232.32



	>2 ha
	2.0 ± 0.2
	1.1 ± 0.1
	81.0 ± 1.0
	89.1
	171.07



	Average
	2.0 ± 0.2
	1.1 ± 0.1
	100.0 ± 0.7
	110
	211.2



	Kisumu (N = 22)
	
	
	
	
	



	<1 ha
	1.0 ± 0.0
	1.3 ± 0.3
	120.0 ± 2.7
	156
	218.4



	1–2 ha
	1.0 ± 0.2
	1.1 ± 0.1
	113.0 ± 2.4
	124.3
	174.02



	>2 ha
	1.0 ± 0.2
	1.2 ± 0.2
	84.0 ± 0.7
	100.8
	141.12



	Average
	1.0 ± 0.1
	1.2 ± 0.1
	106.0 ± 1.4
	127.2
	178.08







The milk was sold at 0.96 USD per liter in Kericho and 1.40 USD per liter in Kisumu; 1 US Dollar = 104 Kenya shillings (2018).
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Table 8. Gross returns from sheep (animal sales) and goat (milk and animal sales) production on smallholder farms of different land sizes in climate-smart villages of Kericho and Kisumu in 2018.
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Sheep (US$)

	
Goat (US$)




	

	
Land Size

	
Total Revenues

	
Total Costs

	
Returns

	
Total Revenues

	
Total Costs

	
Returns






	
Kericho

	
<1 ha

	
105.80

	
34.10

	
71.70

	
557.50

	
47.30

	
510.2




	
1–2 ha

	
259.60

	
29.40

	
230.20

	
1145.82

	
52.00

	
1093.82




	
>2 ha

	
317.30

	
30.50

	
286.80

	
1094.17

	
61.60

	
1932,57




	
Average

	
227.60

	
30.60

	
196.30

	
932.50

	
53.60

	
878.9




	
Kisumu

	
<1 ha

	
168.30

	
28.90

	
139.40

	
530.90

	
46.90

	
484.0




	
1–2 ha

	
201.90

	
35.60

	
166.30

	
496.12

	
56.00

	
440.12




	
>2 ha

	
81.70

	
62.80

	
18.90

	
448.82

	
77.30

	
371.52




	
Average

	
150.60

	
42.40

	
108.20

	
491.95

	
60.10

	
431.85
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