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Foreword

In Kenya, dairy farming plays an important role in food security, employment creation, income
generation to small-holder farmers, traders, processors and other participants engaged in the entire milk
production and supply chain. Given the importance of the dairy sub-sector to the diets and incomes of
poor smallholders, and the predicted increase in demand for milk and dairy products throughout the
developing world, increased dairy productivity is critical. However, this is constraint by a number of
factors key among them breeding, feeding and nutrition, and inadequate extension services.

Dairy cattle productivity is low due to lack of suitable dairy breeds, seasonal variations in quantity and
quality of forages and the relatively high cost of concentrates among other factors. Furthermore, the
increasing human population and the effects of climate change continue to diminish feed resources
available to dairy cattle. The limits for existing dairy production systems are therefore being approached,
if not exceeded, due to increasing demands for dairy feeds vis-a-vis availability. Intensification and
efficiency in dairy production will be needed to increase productivity and reduce variable costs.

This manual provides information on formulation of cost-effective dairy ration options based on locally
available feed resources in Machakos County. The nutritionally balanced dairy rations, formulated using
computer software, would help smallholder dairy farmers improve dairy productivity, food security,
household income, employment opportunities and reduce production costs. These rations would also
minimize feed wastage and environmental pollution through reduction of greenhouse gas emissions and
element fluxes.

The manual was accomplished through concerted efforts of various institutions. Key to these was the
Kenya Agricultural Research Institute who provided research scientists and facilities, World Bank
International Development Association who provided financial support through the Eastern Africa
Agricultural Productivity Project, and the University of Nairobi who were the main collaborators. I
finally note with satisfaction that the exercise was successfully completed and the objectives of the project
were met. It is therefore my sincere hope that the information contained in this document would be used
by farmers, extension workers and other livestock stakeholders to formulate least cost balanced dairy
feeds. The information would also be valuable in determining dairy feeding strategies in livestock feed
resource centres in the specific county and other areas with similar climatic conditions in the Eastern
Africa region.

Ephraim A. Mukisira (PhD, MBS)
DIRECTOR, KARI




1.1 General information

Machakos County is located in Eastern Kenya and borders Murang’a, Kiambu, Nairobi, Kajiado,
Makueni, Kitui and Embu Counties (Figure 1).

SOUTHER
SUDAN

ETHIOPIA

Machakos County
E County Boundary

Figure 1. Map showing the administrative counties in Kenya (Source: ‘ILRI (2007). Kenya divisional
boundaries as at the year 2000. International Livestock Research Institute (ILRI), Nairobi, Kenya. http://www.ilri.org)
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Figure 2. Map showing the administrative sub-counties in Machakos County (Source: GoK,
2012. Preliminary report on the first review relating to the delimitation of boundaries and wards, 9" January
2012. The independent Electoral and Boundaries commission (IEBC), Kenya)

The County constitutes eight sub-counties namely Machakos central, Athi River, Kangundo, Matungulu,
Kathiani, Mwala, Masinga and Yatta (Figure 2) with a combined population of 1,098,584 persons, a
population density of 177 people per Km? and a poverty level of 59.6% (Table 1).

Table 1. General information and statistics on
Machakos County

Population 1,098,584
Surface area (km?) 6,208
Density (people per km?) 177
Poverty rate, based on KIHBS (%) 59.6
Share of urban population (%) 52.0
Urban population in largest towns

- Kangundo-Tala 218,557
- Machakos 150,041
- Mavoko 137,211
- Kathiani 3,365
- Masii 2,501

Source: Commission on Revenue Allocation (2011)




Generally, the County is semi-arid, hilly at an altitude range of between 1,000 to 1,600 metres above sea
level. Temperatures range between a minimum of 9.1°C to a maximum of 26.7 °C while annual rainfall
ranges between 500 and 900 mm. The County receives bimodal rainfall with long rains occurs from
March to May while the short rains are experienced from October and November. The agro-ecological
zones range from moist and cool climate on the hill tops belonging to agro-ecological zone LH2 (referred
to as wheat/maize-pyrethrum zone) to LM5 which is most dry and referred to as livestock-millet zone.
The County covers an area of 6,281.4 km? most of which is semi-arid with only 26% of the total area
being suitable for agriculture. Kagundo and Kathiani sub-counties have fertile soils and this is where
the main farming activities are concentrated. Machakos soils are generally sandy loam with low water
holding capacity.

The typical characteristic of agriculture in this County is small-scale farming, with great variation due
to land use potential which varies considerably depending on the agro-ecological zones. The main
economic activities include farming, eco-tourism, businesses and manufacturing. Dairy, poultry, goats
and bee keeping are among the main livestock activities while crops such as mangoes, paw paws, water
melons, maize, sorghum, millet, cow peas, beans, pigeon peas and lentils are produced.

With a population growth rate of 3.09%, diminishing land sizes in the fertile land, large tracks of
underutilized land in the marginal areas, dairy farming becomes an attractive agricultural venture. Dairy
farming may be done in the most arid parts of the County if strategic feeding is applied. Moreover feeds
can be conserved during the period of plenty, bought cheaply and transported, and stored for feeding
during the period of scarcity.

Marketing of milk is mainly through informal markets and dairy co-operative societies such as Wamunyu
and Masii Dairy Farmers’ Co-operatives are among the most progressive. With the close proximity
to populous Nairobi city and co-operative marketing taking lead in milk marketing, dairy can be a
profitable enterprise in the County.

1.2 Diagnostic survey

A diagnostic survey was conducted from 14"-18™ August 2011 in three sub-counties (Kangundo; agro-
ecological zone UM2, Machakos central; agro-ecological zone UM3-UM4 and Mwala; agro-ecological
zone UM3-UM4) in Machakos County. The survey objectives were to establish the existing dairy
feed resources and feeding practices, dairy breeds and breeding practices, levels of dairy production,
profitability of the dairy enterprise, and dairy farming challenges and opportunities.

The survey data consisted of both quantitative and qualitative variables. The data was analyzed using
dairy production systems as independent variables using Microsoft Office Excel (2007). For each
parameter, comparisons were made among levels of each independent variable. Quantitative variables
were analyzed by descriptive statistics while the qualitative variables were processed by counts and
proportions using pivot tables generation procedure. The results are highlighted in the sections 1.3 to
1.8.

1.3 Dairy production systems

In Kenya, farmers practice three main dairy production systems namely zero-grazing, semi-zero grazing
and free grazing. Zero-grazing involves confining cattle to a limited physical space where they are
managed, fed, watered, milked and often with supplemental feeding (Technoserve, 2008). Free grazing
involves allowing cattle to obtain their basal forages through pastures grazing within or outside the farm,
often with minimal supplemental feeds. Semi-zero grazing falls somewhere in the middle and involves
the combination of the two approaches.

About 60% of the household heads interviewed during the survey were practicing zero-grazing dairy
production systems (Table 2).




Table 2. Proportions (%) of household heads interviewed by production system
Production system n Percentage
Zero-grazing 183 59.61
Semi-zero grazing 116 37.79

Free grazing 7 2.28
Production system not indicated 1 0.33

Total 307 100.00

On average, 82.7% of the households were headed by males (Table 3). Furthermore, about 46% of the
household heads were 50 years old and above (Table 3).

About 56% of household heads had secondary education as the highest level of formal education (Table
4).

Table 3. Proportion (%) of gender and age group of household head by production system
Producti . Male household Age group of household heads g'ears)
roduction system n e not
4 heads (%) <35  [35-50 |>50 Latientad
Zero-grazing 183 81.97 12.57 44.26 43.17 0.00
Semi-zero grazing 116 85.34 3.45 46.55 49.14 0.86
Free grazing 7 71.43 0.00 42.86 57.14 0.00
Mean (n=306) 82.74 8.79 45.28 45.60 0.33

Table 4. Proportion (%) of household heads by highest level of formal education and production
system

Highest level of formal education
Production system| n . c . . Not
None Primary [Secondary (Tertiary |University indicated
Zero-grazing 183 | 2.19 19.13 57.38 13.66 7.10 0.55
Semi Zero-grazing | 116 | 0.86 21.55 56.90 13.79 6.03 0.86
Free grazing 7 14.29 57.14 14.29 14.29 0.00 0.00
Mean (n=306) 1.95 21.17 56.03 13.68 6.51 0.65

1.4 Dairy breeds and herd size

The Friesian dairy breed was the most popular as it was kept by about 63% of the households (Table
5). A slightly higher proportion of households practicing zero-grazing dairy production systems kept
Friesians as compared to those practicing semi-zero grazing dairy production systems (Table 5). Not
surprisingly, crosses were more predominant under free grazing dairy production systems (Table 5).

Table 5. Proportion (%) of households keeping various dairy cattle breeds by production system
f;;(el::lctmn n | Friesian | Ayrshire | Crosses | Zebu | Jersey | Guernsey | Sahiwal | Boran
Zero-grazing | 183 | 65.57 31.15 15.85 | 3.83 | 1.64 2.19 0.55 0.00
Semi-zero | 16| g121 | 1810 | 2155 | 7.76 | 345 | 1.72 259 | 259
grazing

Free grazing 7 28.57 14.29 28.57 | 14.29 | 0.00 0.00 0.00 14.29
Mean (n=306) 63.07 25.82 18.30 | 5.56 | 2.29 1.96 1.31 1.31




The mean herd size in the County was about four animals, with lactating cows being a large proportion

(38.4%) of the herd (Table 6).

Table 6. Dairy herd size and structure by production system
Mean Herd structure in relation to herd size (%)
Production ] Pre-
el n | herd | SE | Lactating | Dry Heifers Weaned weaned Mature
size Cows Cows calves Bulls

T calves

N . 183 3.5 0.28 43.29 19.43 12.32 8.37 13.74 2.84
%razmg

CmZEO 16| 52 | 054 | 3328 | 1392 | 1138 | 15.62 | 1121 | 14.60
grazing
Free grazing | 7 4.2 1.33 36.00 16.00 4.00 16.00 20.00 8.00

Mean (n=306) 4.2 0.27 38.41 16.76 11.71 11.95 12.67 8.50

1.5 Milk production

The average milk yield in the County was 9.0 kg/cow/day with households practicing zero-grazing dairy
production systems having a higher production from their dairy cows (Table 7). Generally, majority
(67.82%) of the farmers in the County produced not more than 10 kg/cow/day (Table 8). The average
price of raw milk was KES 36.99 per kg (Table 9).

Table 7. Dairy cattle milk yields by production system

Daily milk production per

Daily milk production per cow (kg)

household (kg)
Production system n Mean S.E. n Mean S.E.
Zero-grazing 150 17.47 1.605 262 10.00 0.354
Semi-zero grazing 99 13.42 1.386 175 7.59 0.353
Free grazing 6 9.50 3.212 8 7.13 1.716
Mean 255 15.71 1.096 445 9.00 0.258
Table 8. Proportion (%) of households by milk yield clusters and production system
. Mean milk yield (kg/cow/day)
Production system n
0.1-5 5.1-10 10.1-15 15.1-20 20.1-25

Zero-grazing 150 16.67 44.00 24.70 10.67 4
Semi-zero grazing 99 34.34 44.40 14.10 6.06 1.01
Free grazing 6 33.33 33.30 16.70 16.67 -
Mean (n= 255) 23.92 43.9 20.40 9.02 2.75

Table 9. Prices of raw milk (KES/kg) by production system

Production system n Mean S.E

Zero-grazing 160 37.91 0.455
Semi-zero grazing 89 35.42 0.690
Free grazing 6 35.83 3.270
Mean (n=255) 36.99 0.387

1.6 Forage production

A large proportion (94.8%) of the household heads interviewed were growing maize which would
provide both grain for human consumption and mainly maize stover for dairy feeding. About 64% of




the households grew Napier grass amongst other pastures and fodders (Table 10). The proportion of
households growing fodder trees and other high protein forages was low (Table 11). The average farm
size was 8.6 acres while the area under pastures and fodders was 1.9 acres (Table 12). The average
number of fodder trees was 12.4 (Table 12). The average area under Napier grass was 0.8 acres (Table
13). Acacia formed the highest number (7.8) of fodder trees (Table 14).

Table 10. Households growing pastures and fodders by production system

Proportion (%) of households growing pastures and fodders
Production Unspecified | 'Other

n 7
system Maize N:::lser N:stzlr::als er;(;(sles Improved | pastures
g P g grass and fodders

Zero-grazing 183 | 91.80 | 76.50 9.29 6.56 0.55 4.37
Semi Zero-grazing 116 | 99.14 | 44.83 43.10 25.00 14.66 25.00
Free grazing 7 100.00 | 42.86 14.29 0.00 0.00 0.00
Mean (n=306) 94.77 | 63.73 27592 13.40 5.88 12.09
!Other pastures and fodders included Bracharia grass, Star grass, Panicum, Eragrostis, Unspecified legumes,
Lucerne, Fodder maize, Sunflower, Sudan grass, Nanuga grass, Kow kandy and Desmodium

Table 11. Households growing fodder trees and other high protein forages by production

system
Proportion (%) of households growing fodder trees and other high
Production - protein forages Swict
system Leucaena | Calliandra | Sesbania | Acacia wee 10thers
potatoes
Zero-grazing 183 8.20 15.30 7.10 0.55 6.56 5.47
Semi Zero- 116 | 25.00 1.72 1121 | 12.93 1.72 6.03
grazing
Free grazing 7 0.00 0.00 0.00 0.00 0.00 0.00
Mean (n=306) 14.38 9.80 8.50 5.23 4.58 5.62

!0thers included Cassia siamea, Sunflower, Mulberry, Lucerne, Desmodium and unspecified legumes

Table 12. Farm size and pasture and fodder production by production system
Production . .. | Farm size | Area under pastures | No. of fodder
system SRR (acres) and fodders (acres) trees
n 177 115 26
Zero-grazing Mean 5.80 1.06 6.50
SE 0.660 0.127 1.034
n 112 85 28
Semi-zero grazing | Mean 12.57 3.08 17.93
SE 3.653 0.540 3.515
n 7 3 -
Free grazing Mean 17.14 2.00 -
SE 7.957 1.500 -
n 296 203 54
Mean 8.63 1.92 12.43
SE 1.459 0.247 2.030




Table 13. Acreage under various forages by production system

. Sweet
Production system | Statistic "Maize Natural Rhodes Napier potato
pastures grass grass .
vines
n 154 20 9 103
Zero-grazing Mean 1.76 1.54 1.53 0.69 0.43
SE 0.155 0.453 0.620 0.074 0.080
n 106 61 24 45 -
Semi-zero grazing Mean 2.85 2.08 1.07 0.91 -
SE 0.212 0.201 0.214 0.121
n 7 1 - 2 -
Free grazing Mean 4.71 5.00 - 0.50 -
SE 1.565 0.000 0.000
n 267 82 33 150 7
Mean Mean 2.27 1.99 1.20 0.76 0.43
SE 0.135 0.190 0.230 0.060 0.080
'Maize crop as a source of maize stover
Table 14. Number of fodder trees per household by production system
Production system | Statistic | Acacia | Sesbania | Leucaena | Calliandra | Mulberry
11 10 10 4
Zero-grazing Mean 0.00 4.09 5.20 5.40 1.25
SE 0.000 0.732 1.533 231 0.250
n 14 22 -
Semi-zero grazing | Mean 7.64 .18 8.23 5.00 -
SE 1.051 1.016 2.486 0.000
n - - - - -
Free grazing Mean - - - - -
b » - - - - -
n 15 22 32 11 4
Mean Mean 7.80 7.64 7.28 6.27 1.25
SE 0.991 0.986 1.776 1.415 0.250

1.7 Utilization of feeds by lactating cows
Dairy cattle were fed with various basal forages during the wet and dry seasons. The basal forages
used during the wet season were Napier grass, maize stover, natural pastures and grass hay (Table 15).
The basal forages used during the dry season were Napier grass, maize stover, natural pastures, grass
hay and banana leaves & stems (Table 16).

during wet season by production system

Table 15. Proportion (%) of households feeding lactating cows with various basal forages

Production system n 1\;21:: 15\;[:;2: [llastt:ll::ls Grasshay ‘Og::;gbez;sal
Zero-grazing 183 73.22 43.72 27.32 13.11 6.01
Semi-zero grazing 116 43.10 23.28 31.03 10.34 9.48
Free grazing 7 14.29 0.00 57.14 57.14 0.00
Mean (n=306) 60.26 34.85 29.32 13.03 7.17

0Other basal forages include Vegetables, Banana leaves and stems, Rhodes grass, Crop residues, Pigeon pea
pods, Bean straws and husks and Garden pea leaves
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Table20. Proportion (%) of households supplementing lactating cows with various commercial
concentrates during dry season by production system
Production Dairy | Maize Wheat Cotton Fish | 'Supplementing
n Molasses seed
system meal | germ bran cake meal (%)
Zero-grazing | 183 | 80.33 | 18.58 5.46 0.55 0.55 0.55 81.42
Semizero | 161 5431 | 603 | 690 | 0.86 | 0.00 | 0.00 55.17
grazing
Free grazing 7 | 42.86 | 0.00 0.00 0.00 0.00 0.00 42.86
Mean (n=306) 69.38 | 13.36 5.86 0.65 0.33 0.33 70.36
'The % supplementing values are not a summation of the individual supplementary forage values
since some households were using more than one supplement.

Tables 21 and 22 show that farmers supplemented dairy cattle with minerals during the wet and dry
seasons. Unga high phosphorous was used by about 41% of the farmers during the wet season (Table
21). Similarly, Unga high phosphorous was used by about 37% of the farmers during the dry season
(Table 22). Other commercial mineral salts used during the wet and dry seasons included Maclic super,
Vitaphos, Baymix maziwa and Afya bora.
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1.8 On-farm Ration formulation
The proportion of household heads trained on ration formulation was about seven per cent (Table 23).

Table 23. Proportion (%) of household heads trained
on ration formulation by production system

Production system n Trained (%)

Zero-grazing 183 7.10

Semi-zero grazing 116 7.76

Free grazing 7 0.00

Mean (n=306) 7.19

Only farmers practicing zero-grazing and semi-zero grazing dairy production systems formulated home-
made concentrates (Table 24). Overall, 1.6% of farmers formulated home-made concentrates during the
wet season while 5.6% formulated home-made concentrates during the dry season (Table 24). However,
home-made concentrate formulation mainly consisted of mixing energy or protein ingredients but
the necessary technical know-how to balance nutrients in the formulated concentrates was lacking.
Furthermore, it was observed that farmers did not have the required skills and knowledge to make total
mixed rations.

Table 24. Proportion (%) of households making home-made
concentrates by season and production system
. Season

Production system n Wet Dry
Zero-grazing 183 0.55 0.55
Semi-zero grazing 116 3.45 13.79
Free grazing 7 0.00 0.00

Mean (n=306) 1.63 5.56

1.9 Objective

The main objective was to formulate least cost dairy ration options for lactating dairy cows using readily
available feed resources and document the ration options for ease of use by dairy farmers and other
stakeholders in Machakos County.
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2.0 FORMULATION OF DAIRY RATIONS

2.1 PC dairy software

Dairy ration options for zero-grazing dairy production system were formulated using PCDAIRY WINO5
software package (Robinson and Ahmadi, 2005). The software consists of eight feed formulation
modules based on the National Research Council (NRC, 1989) equations as follows;

1
2.

3.
4,

8.

MAXIMZE — This module formulates feed rations for lactating cows that maximizes income
over feed costs

LC — This module formulates least cost rations for lactating or dry cows

GROWING — This module formulates least cost rations for growing dairy cattle

EVA-L — This module estimates nutrient content of ration being fed to lactating or dry cows
and compares it with PCDairy standards, and estimates amount of milk that is possible from the
ration as well as showing limiting nutrients

EVA-G — This module estimates nutrient content of ration being fed to growing dairy animal,
compares it with PCDairy nutrient standards, and estimates the amount of body weight gain that
is possible from the ration as well as showing limiting nutrients

FEEDLIST — This module allows users to set up a customized list of feed ingredients for use in
any of the above programs

DELIVERY - This module is a spreadsheet program for loading ration ingredients into a mixer
for a specified number of cows, and for unloading the mixed ration to a specified number of
COWS

FEEDTAG —This module calculates the energy content of feeds based on their chemical analysis

The least cost module was used to formulate rations for lactating cows based on the information provided
in section 2.2. The information in the PCdairy printout included animal information, quantity of feed
ingredients in the ration, quality and intake of the ration, forage: concentrate ratio, cost of ration, and the
required nutrients based on animal information provided in sections 2.3 and 2.4.

2.2 Information required for formulating dairy rations
The main information required to formulate dairy rations included:-

)

2
A3)

“4)

Cow information. The assumptions were:- Live-weight = 400 kg, target daily milk yield per
cow* =10, 15, 20 or 25 kg, live-weight changes = -0.500 kg/day, percentages of milking herd in
first = 10% and second = 20% lactations, Net energy of lactation (NEL) factor added for activity
of the cow for ZG = 10%, milk butter fat = 3.5%, and average days in milk =21+

*The mean milk yield was 9.0 kg/cow/day in the County (see Table 7). Since the project intends
to increase this milk yield by at least 30%, the lowest target milk yield should be about 10 kg/
cow/day. Furthermore, to cater for farmers with milk yields higher than 10 kg/cow/day, dairy
ration options were formulated to produce 15-25 kg/cow/day.

Nutrient constraints e.g. CP, NDF, Ca and P (which are inbuilt in software)

Feed list including the common basal forages (Tables 15 and 16), forage supplements (Tables
17 and 18), commercial concentrates and feed ingredients (Tables 19 and 20), and mineral salts
(Tables 21 and 22). In addition, less expensive and readily available mineral salts not indicated
in Tables 21 and 22 were also included in the feed inventory data.

The quality of the dairy feed resources was obtained from the alternative library of PCDairy.
The alternative library was developed based on Kenyan dairy feed resource and their prices
were provided by Machakos County livestock production officers as detailed in Table 25.
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Table 25. Quality and cost of dairy feed resources in Machakos County
2Cost
Feed resources DM Cp CF Ash Ca P 'MVI (KES/kg
as fed)
Napier grass (young 15.50 | 11.00 | 33.70 | 17.70 [ 038 | 034 | 120 4.50
maturity)
Napier grass (medium 17.50 | 8.00 | 36.10 | 12.40 [ 0.60 | 0.41| 130 3.00
maturity)
3
Natural pastures 3020 | 9.00 | 3330 | 7.40|040 | 020| 1.30 3.00
(medium maturity)
3
Natural pastures (old 3500 | 7.50 | 39.20| 850|040 | 020| 1.40 7.00
maturity)
Rhodes grass hay 85.00 | 8.00 | 40.00 | 10.00 | 0.50 0.31] 1.30 16.60
Maize stover 80.00 | 4.30| 3790 | 6.500.35 0.19 | 1.40 2.50
Sweet potato vines 10.30 | 17.50 | 15.00 9.30 | 1.16 0.42 1.00 4.50
Calliandra leaves 21.90 | 22.40 | 15.00 | 12.00 | 0.90 0.15] 1.20 4.50
Leucaena leaves 24.10 | 21.60 | 18.10 | 10.50 | 0.54 0.29 | 1.20 4.50
Dairy meal (standard) 95.00 | 16.00 | 12.20 | 7.00 | 0.60 0.40 - 26.00
Dairy meal (high yielder) 95.00 | 18.00 | 12.20 7.00 [ 0.70 0.50 - 34.00
Cotton seed cake 92.00 | 35.00 | 2320 | 6.60 | 0.19 0.20 - 60.00
Maize bran 90.00 | 12.00 | 12.00 | 3.00 | 0.10 0.05 - 20.00
Maize germ 91.00 | 14.00 | 15.20 7.00 | 0.10 0.50 - 23.00
Wheat bran 87.60 | 16.90 | 11.30 | 6.40 | 0.14 0.65 - 20.00
Cane molasses 74.00 | 4.20 0.00 8.60 | 0.90 0.10 - 25.00
Mineral pre-mix 89.00 | 0.00 0.00 | 70.50 | 18.51 | 11.00 - 150.00
Di-calcium phosphate 97.00 | 0.00 0.00 | 86.80 [ 22.00 | 19.3 - 300.00
Stock lime 100.00 | 0.00 0.00 | 95.80 | 34.00 | 0.02 - 7.00

DM=dry matter, CP=crude protein, CF = crude fibre, Ca=calcium, P=phosphorous

"Maximum voluntary intake (MVT) factor (range: 1.00 to 1.40: excellent quality = 1.00, fair quality
= 1.40)

2Costs were estimated in a workshop involving the investigators and District Livestock Production
Officers and other extension officers in Machakos County

SNatural pastures included star grass, hyparrhenia, couch grass

2.3 Formulated dairy ration options

The rations were formulated based on the selected anticipated levels of milk production viz. 10, 15,
20 and 25 kg per cow per day. The quantities of ingredients used in formulation of some dairy rations
are as indicated in Tables 26 to 29. For ease of reference, the rations have been classified based on the
predominant feed ingredient(s). Hence, the classes of the rations are based on Napier grass, Rhodes
grass hay, maize stover, natural pastures or forage mixtures.

Furthermore, the rations have been coded. For example, MA10Z1 means Machakos ration no 1

for producing 10 kg milk per cow per day under zero-grazing dairy production system. Similarly,
MA15Z6 means Machakos ration no 6 for producing 15 kg milk per cow per day under zero-grazing
dairy production system.

It should be noted that the quantities of ingredients used in formulation of dairy rations and their
resultant qualities will vary depending on milk yield, live-weight, parity, milk butter-fat, and live-
weight changes of the dairy cows and the quality of feed on offer. For this reasons, farmers may get
different milk yield responses if their cows and quality of feed resources differ from the values used to
formulate dairy rations in this document.

14



06l 600 100 €y SO €69 SLH (83]) SISeq poj SV 91Z0TVIA

¥£:99 1g6eq  SI'TI 600 100 0L ¢ SLO 685 VL0 (3] SIseq (|
LTOI 900 €L0 v6 6L L] SLY (83)SISeq poj Sy SIZOIVIN

1£:69 05°€Sqd L9901l 900 L90 86" 299 vL0 (8Y) S15eq N
SUON)E.I PISe( SIINJXIW IFB.I0 ]
0L°1¢ €00 0£0 0¢7¢ SILjE6’ 1Y (33]) SISeq p9j SV YIZOTVIA

¥C-9L) 06°191 L9°6 €00 LCO <0 L0 299 (53] SIseq IN(|
008 ¥00[ €00 6 S0°¢ €6 1¢ (33]) SISeq p9j SY/| C1Z0TVIN

9C-vL] 850Vl 100l ¥0°0 €00 85d vL O 99 (53] SIseq IN(|
LY LT 00 950 08¢ LEYT (33]) SISeq p9j SY/| Z1ZOTVIA

LT-EL ¥6 951 Lol v0°0 IS0 617 9¢’L (Y] SIseq IN(|
suonel paseq saanjsed [gIn)eN]

v 0l LO°¢ ¥9°¢ 1L ¢ (83]) SISeq p9j SV
6C-1L 9¢ eVl 6£0 69°¢ a3 Sy ¢ (8 SISeq N( IIZOIVIA
811 LO0O 6% 6C 1 SI'L 8C 3 (83]) SISeq p9j SV 01ZOTVIN

11-69 65¢Ccqd Lyl LOOQ 8T 9L ¢ vLQ 99 (8) SISeq N(
€L 91 800 0f 01 S0°¢ 8CY (83]) SISeq p9j SV 6Z0TVIN

6¢-19 19°¢6l 91 ¢l 800 0C ¢S vLO 99 (8) SISeq N(
8191 010 69 619 0C6 (33]) SISeq p9j SY| 87Z0TVIN

9Y-¥9 €68 9S°¢ll 0I'0f S SV 9¢’L (53] SIseq N |
Suone.l pIseq JIA0)S IZIBIA]
el Il ¥1°0 STy eS¢ SC S (83]) SISeq poJ SV LZOTVIN

1£:69 80°¢0¢ 896/ ¥10 v6 [Sdird SY'Y (83]) SIseq N(|
eS8l SO0 Ly O LO'E I’/ 6L L (83]) SISeq poj SV 9701V

0€-0L YCI8q €501 SO0 €70 69°C L0 299 (83]) SIseq JN(|
LESI 800 010 8¢ SO°¢ 6L L] (83]) SISeq poj SV SZOTVIA

g¢-S9 clseqd  8C1I 800 600 SLE VL0 299 (8) SISeq N(
escll 900 ¢80 00°¢ 99°8 (83]) SISeq poj SV $YZ0TVIN

¢-89 1esd  08°0I 900 _SLO £9°¢ 9¢ ] (8Y) S1Seq N
suone. paseq Aey Sse.as SIpoyy]|

L9°LS] S8BT 810l LL'S ST vL'TY| (8Y) SISeq pdj SV]
6119 §C9s¢ vl S8 910 SO°S YL 0 99 (3Y) siseq NC| €Z0IVIN
66’15 991 vSH SO°€ vL'TH (33) SISeq paj 8V 770TVIN

VLS L¥'80¢  00°€l 991 86°¢ ¥L0 299 (3Y) siseq (|

rvS| 8¢l 96°¢ 6v'LYy] () SISeq p3j SV
9Y-¥8 8rveg  09°¢l] 8E'I L8 9¢L (3Y) siseq (| 1ZOIVIN
i suone. paseq sseas 1dideN|

onelx TP
STENI St (Kep/mod /mo03/3Y) ISy DSyl DN dMs TI) HT AdSd dNy SN HOU ONA, uopea jo oumyeN] 3P0 UOPEY]
: ofuaoy /SAM 0D uoney

810

SJUIIPAIZUI UonBY|

wISAs uonanpo.ad SuiZe.ad 019z 13pun 3y (O SUIYSIOM M0 B A Aep/modpiw 3y (] suronpo.ad 10y suonndo uone.a Aie ‘97 dqel,

15




QW[ 001G, “OYBI PIIS UONOD),, ‘WLIAT dZIBIA[, ‘URI(|
TRAY A\ “SOARI] AIP BUORINDT, ‘ABY UIINT, ‘SAUIA 03810d 100MG, ‘sarmysed [ernjeN], ‘I9A0)S dzIeul, Ay SSeI3 SIpoyyY, ‘sseid 1ordeN Sunog

I8¢ €00 920 €l g STZJ0S61 SLY (SY)SISEq P SVI oy 1l
T 8L 0S0LT 0S°6[ €00 ¥C0 L8] vL 0] 68°C vL0_ _ (8Y) SISeq N(
S8°0¢ 070 87 €'Y 8661 L8y (S SISeq P SV o0y 1l
STSL I8CSI LO0I ¥070 8¢ SL0 709 SLo_ (8 Stseq (|
85°6¢ 00 ¢S 0 ec €61 SLY (S SISBA P SV oy yrpl
9CvL 76691 e66l 700l 8%°0 70°C 299 vL 0 (8Y) Siseq JN(l
[V ¥ L00 vC 8¢ W 9¢[ SLy (SY)SISEq P SYI 17y 1l
8€779 T6€Cq  v6 [l L00__SI LEE vL0 63°S| 7L0] __ (33) SSeq A
96°6I L0009 LS SO0Y 9¢7/] SLy (SY)SISEq P SV 1y il
LEE9 €661 <911 L0°0 LO el'g vL°0 68°S L0 (8Y) Siseq N(l
o6l 010 S VLY 8C'8 S$L ¥ (s)) SIseq P3] Sy S1Z0TVIN
SRS ¥8°6Cd__ ¢0ell 0L 0 ¢t K 299 vL0[___ (8) STSeq Nl
9CCd SO0 LEO 0°¢ SI'L €69 SLy (03]) SISeq poj SY] LIZOTVIN
6C 1L £9°16¢ oﬂmw 00 ¥£0 ¥9°¢C L0 68°S| ¥L°0 (8Y) S1seq JNC
one.r
- (Kep/mod /mo03/3Y) ISy DSyl DN dMs TI) HT AdSd dNy SN HOUZ ONA; wopeijosuneN|  opoduoiinl
oS0y /ST ISOD  uoney|
) d 230 SJUIIPAISUI UO)BY

w)sAs uondnpo.ad Suizeas 019z Jpun 3y (O SUIYSIIM AM0I & Aq Aep/modpjiua 3Y (] Suronpoad aoj suondo uonea L1e "9g dqeL

16




99 +1°0 08’ 16°6 00°¢ LI'LE (83]) SISEq P SY] 91ZSTVIN

LY-€S LY 16¢ 66°¢1 710 99° €81 091 9L’S (8Y) S1Seq N
859¢ CI0 LY LL'S SI'/ €69 SLY (83]) SISEq P9 SY] SIZSTVIN

81-CS 6696¢ Scyll ¢TI0 L SN vL°0 685 V¥L( (8Y) S1seq N
s6’lqd ¢l0 SL LES] SO°¢ €69 SLY (83]) SISeq P9 SV YIZSTVIA

LY-€S 68°C9¢ 8L EIl  TI0 19° 0LY ¥LO 686 V¥L( (8Y) S1Seq N
91 S1°0 61°¢ vL9 6L’ L SLY (83]) SISEq PIJ SY| CIZSTVIN

C5-8Y] 6LV v SIl S1°0 0¢ 06°S 99 ¥L0 (8Y) S15eq INd
suone.I paseq SA.INIXIW ISL.I0 ]|
L6SE 600 99° [N ST E6' 1T (83]) SISEq P SY] ZIZSTVIA

SP-66 1£°06C g el 600 €S 1S¥ YL O 99 (3] SIseq JN(|
9¢'1el 600 S SLY SO°¢ £6'1¢ (83]) SISEq P SY] 11ZSTVIA

ev:-LY S¥'96¢ c0¢ll 600 44 91y ¥L0 99 (8Y) S1Seq N
A4y 0 S6° 10° LEVT (83]) SISeq P SY] 01ZSTVIN

6v- 16 SO'IT¢ eSSVl 0 6L LTS 9¢’L (83) S15eq INA
suonea paseq danjsed [eamjeN|
69°C 0 [N 60'Y 96¥ 8¢ (83]) SISEq P9 SY] 6ZSTVIN

[¥:69 0€°LYT 6¢°1 0 00 86°¢ 801 97 (8Y) S1Seq N
120 800 ¢CC 86°C SI'L 8C'8 (83]) SISeq P9 SV 7STVIN

6¢-19 66067 S0C 800 00°C 19°¢ vL 0 99 (8Y) SISeq N
LY'L 0l 80°C S6'¢l SO°¢ 8C8 (83]) SISEq P SV LZSTVIN

-89 6C 08¢ 08°C 0 L8'1 ¢l ¥LO 99 (Y] SIseq JA(|
Ly 0I'0f 95°¢C 98°C 0T 6 (83]) SISEq P SY] 9ZSTVIN

0%-09 0¥°09¢ LEE 010 1€7¢ IS¢ 9¢'L (3] Stseq NC|
SUOMNB.I PIse( JIIA0)S IZIBJA]
SCE yC 0 11 ey 78°¢ e8¢ (83]) SISEq P SY] SZSTVIN

-89 81°€6¢ €91 0 00° 0L°¢ [5akd KA (8Y) S1Seq INA
60¢€d CI0 L6 L09 SI'L 6L°L (83]) SISeq P SY] YZSTVIN

08-08 0L 10% 09vll <10 I8 Ies VL0 299 (8Y) S1seq INA

LV'8I TI0 781 99°6 SO°¢ 6L°L (8Y) S1seq poJ SV
8-S 09°L9¢ eIyl CI0 691 96 ¥LO 299 (3Y) stseq NC| €ZSIVIN
e8Il ST 6CC €0 99°8 (83) SISeq poj SV ZZSTVIN

€SILY  ¥9TTH 8LSI|  SI°0 017 91°9 9¢' L] (33) stseq N(|
suone.a paseq Aey SSeas sapoyy

LY Ol €0 Yo 6C1 1S58 85 9¢ 0 (8Y) S1seq poj SV
9S8 11 e 0ey 9T6l £€C0 170 8I'I] S¥/ OI'I 9C9 (3Y) stseq Q| 1ZSTVIN
suone.a paseq sse.as aaideN]

one.a N (Kep/mo09)
2e1UIIU0)) (Aep/mod /3%) uoney TS| OdSu| ISDn| D¢ Mg TI] HT1y AdSg dNy SINg HOUg ONAj uonel Jo aamyeN|  2pod uoney
: 3gea0y /SEN) 3500 %10,

SJUSIPIIZUI uonEY|

w)SAS uonndnpo.ad Suizead 049z 1apun 3 (0 SUIYSIIM M0 & Aq Aep/modpj[iux 8Y S| Surdonpo.ad aoj suondo uonea L1re( L7 dqel,

17




suone. paseq saanjsed [eanje

90 ST %20 N 39 8% ) (8 S158q PIF SV
0S°0S 89°¢Ie YP el tC0 00° 0SS IS cS (3Y) STSEq N 8702V
[8Cd €10 297 0L 1 SI'L 3C8 (33]) SISEq P9I SV
L¥:€9 €€°L6¢ 96:€1l €1°0l 9€°C aun L0 299 (8Y) siseq N LZ0TY
¥961[ 910 0S¢ ¥9°S S0°C 3T (33]) SISEQ P9 SV
05:0S £9°'8%¢ IL Y1 91°0l T Yo ¥L0) 299 (8) siseq ) 9Z0TV
6891 ¥10[ L67C 8V 0C6 (33]) SISEq P9} SV
8129 8T €5¢l 61 vI ¥1°0l L9T 10t 9¢'L (8) siseq Nl SZOTVIN
suone. pase( 194018 IZIBJA]|
. ] 8€GI| Z€0Q 1] ¢e9 6£°S| o (8y) siseq pag sy
IS76H ze0re SCEI ¢ 0 001 LSS 87 681 (8) STSeq N YZ0TV
08Cd ¥10 SLT ZI0 S8°¢ S/ 6L°L (33) SISeq poj sV
6116 L6'1TH 1€Vl v1°0 LS'T 110 2IS vL°0 299 (8Y) siseq N €702V
LS6I L0 LT 650 6C9 S0°€ 6L L (33]) SISEq P9 SV
1S:6H 9€° L1 80°SI L1°0 0S'T €5°0l 1SS +L°0 299 (8Y) siseq )W WAAS
1891 91°0] 107¢ 0 LLS 99°% (33) Siseq poj sV
0S:0S 8L°STH 8S¥Il 910 181 0z'0l 90°¢ 9¢°L (8) siseq W 1Z0ZV
. suone. paseq Aey sse.Ig sapoyy]|
one (Aep/A0))
9)e1UdIU0)) (Aep/m09)/3y)) uone TSz DdSul ISOul - DINd dMe TT H1d AdS dN:  SINd HO¥MA ONAY
:98va0y| /ST 350D %10 SJUSIPAI3UI UOnBI AIIE uone.1 Jo 3InjeN| 9pod uone

wi)sAs uondnpo.ad Fuizeas 019z JIpun 3y (0} SUIYSIIM M0J & Aq Aep/modpiu 3y oz surdnpoad 1o suondo uoned A1e( ‘87 dqe

JZIRIN, ‘URIQ JBIYA\ “SIARI] AID BUIRONIT, ‘ABY JUIION T, ‘SAUIA 0J}0d 109MG, ‘Saanised [eInjeN], ‘TOA0)S AZIeUl, ‘ABY SSBI

owI| JJ01S,, ‘OYed UBSQ BAOS,, ‘O3BI PIIS U0NO)),, WIAF

3 sopoyy, ‘sseid 1ardeN Sunog

£0'8¢ 600 09 S6'1 SI'J0S61 SLY (8) SISeq PoJ SV 12ZSTVIAL

96 [L°L0¢ 9C¢tll 600 LY VeV YL 68°S L0 (83]) SIseq IN(
I7'eel 600 3V S SO¢ 0561 SLY (8Y) SISeq PoJ SV 0ZZSIVIAL

-85 99°€LT 6LC 60°0 9¢ 86 ¢ VvL0 68°S YL 0 (8Y) S1Seq IN(
0S¢ 0 68 8°S €6 1¢ SLY (83]) SISeq Poj SV 61ZSIVIN

6116 6V L1¢ 0Tl 0 L 60°S 299 L0 (8Y) Siseq NC|
_ _ 88°Sh  C10) L ves SI°A 69°¢ ¥8° 8¢ (8) SISeq Poj SV R1ZSTVIA

LY-€S 18°08¢ 9L’ ¢l  TI0 9 891 L0 S LYY (8Y) SISeq N(
L8CY (10 o7 86 SO°¢ 61°¢ vy 1€ (8) SISeq PoJ SV L1ZSTVIAL

ev:LS L9 TYE 98¢l 10 8¢ 0¥ VL0 SL'T L3V (83) Siseq Nd

onel N (Aep/mo0d
9)e1UIU0)) (Aep/mod /3¥) uoney| TISai| D4Sn| ISDn| ON¢ 9Ms TL| HTy AdS{ dNy SIAg HOUy ONA; uonel Jo aInyeN|  9pod uoney
: 3gea0y] /ST 350D 1®10
SJUIIPAIZUI UonBY

w)sAs uonanpo.ad Surzeas 019z 1dpun 8y (0 SUIYSIOM M0I & £q Aep/modpjiua 3Y ¢ Surdnpouad aoj suondo uoner Aie( L dqeL

18




QI 001G, O3B UBQ BAOS,, ‘O3BI PAdS UONO)),, ‘ULIDF

9ZIBIA, “UBIQ JBAYAM ; ‘SOABI] AIp BUOBINIT, ‘ABY QUIINT, ‘SAUIA 03e)10d 199M G, ‘sarmised JeInjeN, T9A0)S 9ZIeW, ‘ABY SSBIF SOPOYY, ‘sse1d 1ordeN Sunoy
] _ 08¢ ¢l0 9% £C S SI'Z0S61 SLY () SISeq PoJ Sy
S-S PR eee eell ¢lo I¢ 86 1 _ VL0 689 vL0 oY) Siseq A 0CZ0TY
. ] 9ve Y10 P¢ ¢S SO¢ 0561 SLY (83]) SISeq poj SY|
LY-€9 8V 81 ¢ 08¢l 10 [C 01 ¥.°0 68" vL0 () SISeq N 6170CV
] _ 9c e ¢l0 69 LL €6 1¢ SLY () SISeq PoJ Sy
¥1-99 ¢o31¢ ¢l ¢l ¢S] 81 1 | 299 _ ¥L0 (83]) SIseq N 81700V
. ] 99d €10 Sy LLY Sl 9¢ L SLY (83]) SISeq poj SY]|
LY-€9 86°€9¢ L8l €10l 0CC 811 _ L0 68 vL0 () SISeq N L17Z0TV
_ _ LEEd 910 €€ ¢L S SO 9¢ [ SLY (8) SISeq PoJ SV
06-06 8CSG¢ N4l 0 017¢ 10°S] ¥2°0 68"l vL0 (83]) SIseq N 9170V
. ] 90 ¥1°0 08¢ S9¥ 8C8 SLY (83]) SISeq poj SY]|
81-CY £6°65¢ 0Lyl 10 CS°C _ LO1 _ 299 _ L0 () SISeq N S17Z0TV
_ _ ceey S1°0 L1 89°9 Sl 9 ¢l ¥ €d () SISeq PoJ SV
CS-8Y] 1 19 9¢S1l 610 00¢ 68 _ vL°0 P67 89°¢ (53] Siseq N Y1700V
. ] 98¢ S1°0 <0¢ 09 SO°¢ ¢l VL EQ (83]) SISeq poj SY]|
06-0S LTYY, 08Il S1°0 981 eV Sl vL0 Y6¢  89°¢ () SISeq N €170V
_ _ 90 810 e 87 L) 9 ¢l 61 '8¢ () SISeq PoJ SV
S HS 96 81 7€91l 810 e SS9 v6d vt (o3]) SISeq N C1ZQCVIN
SuoneI pase mo.; IXIU 93810
_ _ [6°6¢ 010 IS 81 Sl €61 (03]) SISeq Poj SY|
Y1:99 C6°S1¢ PO €1l 010 9¢ Y _ L0l 299 (8Y) SISeq N 1170V
LTCY 0 6 9L SO°¢ €61 (83) SISeq poJ SV
LY-€S CC'LO¢ 6L €l €10l 91 SO'S| vL°0 299 (8Y) siseq N 01Z0TV
7608 C10 L1 [LY LEY (8) SISeq Poj SV
by:o¢ seLof . (L€l TI0 LS'T €1'M 9] (3) siseq W 6Z0TY
one (Aep/mo)
9)e1JUIIUO) (Aep/mo0/3y) uoney TS D4Sul ISDul DWd dMd  TLl  HTd AdSd  dNd  SINd HOUL ONA.
1 98va04| /S 150D %10 SJURIPAI3UI uonea A11e( uone. Jo 3InjeN| 9pod uoney]

wISAS uondnpoad SurZeas 049z J3pun 3y (0 SUIYSIOM M0 B AQ Aep/Modpiw 8Y g7 Surdanpo.ad 1oj suondo uone.a Ale( {7 dqe

19




6L'CC  0T0 (00T SET 0L 6L'L [SL'Y (84) siseq paj sV e
SS% LOLSY  [SP9T 00 081 Tl L8 299 L0 (3y) stseq (|
suonea pase( SAINIXIW ISL.I0,]|
SP'8¢ v1°0  [€S°T L9 R¢°L [S9°CT (8y) siseq paj sy e
Tars 6S°6S€  [€0°ST P10 8T 16°S 9L°0 [¥8°9 (3y) siseq (|
€T°9¢ 91°0 [I1S°T STL E'€ 86°€T (8) stseq pay sV .
Tars 0L€SE  [16°S1 91°0 [9€'1 S€9 (080 YL (3) s1seq (|
99°¢€¢ 91°0 [9L'1 99°9 80°GT (8Y) stseq pay sV
05:0S 6t°0S€  [ST'SI 91°0 [6S°T 78°G RG°L (33) siseq INQ| ey
mﬁcﬁﬁh poaseq mvhzamﬂa [eanjeN]
vt L1 ) IT'1 Sh'8 719 €l (3Y)) siseq paj sV
LS €Y vEr9e  [pSSI 10 00'1 0t'L LY'S 1 @psseqa SN
60°ST R1°0 [65°C 169 Op1L ) (8Y) stseq paj sy o,
7S99 S0'66¢  [16°ST R1'0 [€€C S0'9 9€L°0 799 (3y) siseq INQ|
01°C¢ 00 [cvT S6'L lgce 07’8 (3Y)) siseq pay sV
oSy €668¢  [IL91 00 BTC 269 080 959 @psseqng 27N
1161 610 6T 6L°9 076 (8y) stseq pay sV e —
bSO 00S6€  [P191 610 [F9C S6'S 0¢L (3) stseq (|
mﬁomw&h paseq J9A0)S ONMNZ
0L L1 0S°0 vS'T IS8 6L°S 6L'1 (3Y)) siseq paj sV b7CTVIN
LS €Y 78°68€  [S9°ST 0S50 vEC ot L 3T°S ST (33 sseq (]
v0'ST 610 [¢81 el |9L9 SI'L 6L'L (8Y) siseq paj sV
coich 819Sy  Ze91 610 |9l 1 6 10 299 Gpsseqng LY
ST1T 91'0 [II't WST oo Wpre [so¢ 6L L (33 siseq pay sV
9GS pP 96959  [1L91 91'0 0L'€ €T [SI'0 [C0°€ (L0 799 Epsseqa LYW
S0'61 020 [80°C T 899 99°'8 (8Y) stseq pay sV
0S¥t LELSY 6591 070 (88T 0T [$8°S 9¢"L (3) stseq (| VAT
] suone.a pase(q Aey Sse.Is sapoyy|
one.l AP
PN (Aep/mod  /m03/3Y) ISy DASu| ISDo| DY dMg TI) HT| AdSs dNy SINg HOU{ ONA, MopEa joonyey| Spookiril
: d8ea0y /ST 350D EHM«M SHURIPAIUI uonel AIre(q
wI)sAs uondnpo.ad 3uizeas 019z 1Ipun 3y (0 SUIYSIIM M0I & Aq Kep/modpjiu 3y g7 surdnpoad aoj suondo uoner Lie( 67 AqeL

20




JZIRIN ‘URIQ JBIYA\, “SIARI[ AIP BUIRONIT, ‘ABY QUIONT, ‘SAUIA 01e)0d 109MG, ‘sarmised [eInjeN],

QW[ JJ01S;, ‘OO UBDQ BAOS,, ‘O3BI PIIS U0NO)),, ‘WIF

‘JOA0)S dzTew, ‘ARY] SSBIF SOPOUY, ‘sseid JordeN Sunog

96°0% SI'0 l6t'1 LL9 Iv'L [2T0T €6'Y (8y) s1seq paoy sV 0ZZSTVIN

6t 1S ¢S ILE  [SOST ST'0 [rET €6'S 9.0 [119 9L°0 (33) siseq INQ]
33°8¢ L10 9] LTL PEE Iv'1¢ 1T$ (8) stseq poj sV e

611§ 1€99¢  [€6°S1 L10 [¢€1 LE9 (180 L9 18°0 (3y) siseq INQ]
v1°9¢ 910 [cL'T 899 89°CC 16 (83) stseq pag sV e

0S:0S SET9€ LTSI 910 [SS'T G8'S 689 9L°0 (3) stseq (|
3'8T R1'0 [I+v'T 869 S1°L 0¢’L SL'Y (3Y]) siseq paj sV ITZSTVIN

€SiLy 0L'SOt  [¢8°ST 810 [LI'C 19 L0 68°S vL'0 (3y) s1seq Q|

1€9¢ 170 [L1'T 07’8 P8¢ 493 SL'Y (33 siseq paj sy
0G pP 8L°66€  [IL91 120 [S6'1 61°L (€670 69°S vL0 Gpsseqa YN
v8°CC 610 [9LC 98°9 3T'8 SL'Y (8y) siseq pay sV T

vS:9t SO 10t [S0°91 610 |otv'C 109 7299 vL'0 (3y) s1seq INC|
3.°8T 610 LT 9TT |LL9 SI'L €69 [SLY (3Y) siseq pay sV P TZSTVIN

GSiSh 8R°SSH 6191 610 [LS'T Y11 [€6°S vL°0 68'S L0 (3) siseq IN(|

81°6T 91'0 [It'C WST oo [8I'S [s0°¢ €69 [SLY (3Y)) siseq paj sy
0G pP €S°6LS  [IL91 910 |LI'T WET w10 WS+ [LO 68'S L0 @psseqa YN

(Aep
QHEEQMNN a«w\ﬁs \ﬁﬂ\w«é TSu O8Su| OSDo|  DW¢ My TL) HTy AdSs  dNy Sy HOUg ONAY 00010 oampen| opod uoney
: 9o gl ST 10 _Mao S)UAIPAIZUI U0 BT AdTE(

w)SAs uondnpo.ad SuIZe.as 019z 13pun 3y (O SUIYSIOM M0 & A Aep/modpyIw 3y 7 surdnpo.ad 1oy suondo uone.a Aie( 67 dAqeL

21




snyoydsoyd,, pue ‘wniofe)),, ‘UdSonIu-urdjoid-uoN,, ‘YSV,, e, QIqy Jud3Iap [RINAN QIqY JUASINAP PIOY, DIqy
opnr), ‘urjod a[qepeI3ap uswmny, ‘urdjoid ajqepeidapun udwn: ‘urjoid apnr), ‘SIUALINU A[qUSITIP [BJO],. ‘UONLBIIL] JO ASIAUD JON], ‘Topew AI(,

¢e0 ] 050 000 8¢8 | VIT| 6ver | 191¢| ¥CTLT €L'8 89°¢ | 00CI | 8LLE 7S'1 | 80°8C €CZ0IVIN
€e0 67°0 00°0 7S°8 8L'0| LEIV | LLTE £9°9C 0L ¢ 0rI'c| 00¢CI 60°6¢C w1l 79°C¢ CCZ0IVIN
0€0 | LYO 00°0 8C8 | OI'T| SLTV| OLTIE€| LI'8C YLV SI'¢| 00CI | ICSE €S T | 96°¢¢€ 1CZ0TVIN
7€0 ¢S 0 SO0 78°L evC| SOSY | 8y CE 11°LC 98 197 | 00¢CI 8¢ 1¥ 9’1 1687 0CZ0IVIN
€€0| ovo0 S00 86'L| 9I'C| 809 | 8¢¢€EC| S9LT 91°¢ 08°¢ | 00CI | ICTLE PE1 | €C8S 61Z0TVIN
Se0 ¢S 0 SO0 8L°L SYC| 61ty 1C°C¢E 1€LC 0C¢S 66¢ | 00¢C 80°8¢ Sy Cl'L9 SIZ0IVIA
0r0 [ 090 000 686 | 10C| C68¢ | 899C | VvL6C 618 65¢ | 007C 7e 0¥y LY 1L 9% LIZOIVINA
r0 | €90 000 [ 000L SOT | vrSe | C99C | 0£8C LT 981 | 00C SY0¢ 8C SIS 9IZ0IVIN
6€0] 850 000 766 LOCT] 606E [ €99C | SCI¢E 6LY ¢ee | 00¢ 79°6¢ re 9¢°¢9 SIZOIVIN
SUONJB.I [ESE(Q PISE( SAIN)XIUI dSR.10,]
€0 670 000 SS'L 0l 16Cy 10CE | S69C 8871 9¢'1 00¢l LS'SE c¢’ ¢S 0¢ PIZ0IVIA
ce0 0S0 000 VL L SLO | C80F | €ICe | S€9C L00 LOO | 00¢C 80°LT (474 VL SE ¢IZ0IVIN
0¢0 [ LV O 000 6V L | LOT | ICCr | LOTE | 88LC el'l ¢l'lT | 00¢ SIEe [ 6L9¢ CIZO0IVIN
suone. [eseq paseq ainjsed [einjeN
&0 €L0 70°0 8L°L SC'1 0L9S | 88'€€ | TYYT 86°¢ 9¢'1 00¢l LTLE |45 106 ITZ0IVIA
7€0 1S°0 SO0 91°L 0ST | CS¥yP | 08C¢ | 089C LSS 00°¢ | 00C 7L 6¢ 9% 88°8¢ 0IZOIVIN
£e 0| 6V0 00 8CL| VvCT| 0SSy | 99¢e | T€LT 61C 61 C| 00C IL°S¢ c¢ S9CL 6Z01VIN &
€0 | ¢S50 00 ST'L IST| 8Ly | 1STE | COLT [ ¢SC | 00¢ 0L°9¢ v 18°¢8 8Z0IVIN N
0’0 | 090 000 6C6 | 80C| S98E | 0L9C | SO0¢ (454 9L'1T | 00C SY 6¢ ¢ £8°9¢ LZOIVIN
SUONB.I [BSB(Q PISE( JIA0)S IZIBJA]
1S°0 9L°0 000 1€01 €9 60 LS| 890¢ | LTI9C L9C 70°1 00°¢C S8 e 0¢ £698 9Z01VIA
o] €90 000 6| 1L PCSe | ¥99C | 19°8C 810 810 | 00¢ YL 6¢C 9C 0L°¢L SZO0IVIN
8¢0 | 850 000 9¢6 | €IC| €88 | ¥99C | €91¢ 7Sl ST [ 007C 8L'8¢ 4% S1°98 /01 VIA
suonje. [eseq pase(q >-w= SSB.IG SIpoy
Ivy0 |l ¥9v 000 [ 9I°¢C| LL 008C | S IC| v£0C | SSST [ 00¢C eLEE 0r 00°S¢ ¢Z0IVIN
60| 19V 000 | I8€C| LV P00 | 09CC | 99 1C | 81'SC LTY 00°¢C 9C'C¢ 8C 00°S¢ C/Z0IVIN
ro| 69¢ 000 [ SSIC| S9 Ce6C | OV CT | 8TTC | €L9C SIS 00¢C YCre 44 00°S¢ 1Z0IVIN
suone.a jese(q paseq sse.as -—Q_QNZ
(nwa P
quinu
din € NdNz Ysvnu 1ed HANe HAAVs qJI, dd@¥y dNAs dDI» Nd.Le 3N/[edN) N, wonea Ane
TAN: ] !

wI)sAs uondnpoad Fuizeis 019z
J9pun 3y (0 SUIYSIOM M0J B Aq Aep/modpiw 3y (] surdnpoad a0y suonpdo uone.a Airep pajenuioj Jo (paj se 3 00 1/INA 3) L1renb pajydadxy “eg¢ dqel

"q€€ ~BOE SO[QRL Ul PAJBIIPUI SB SI POJB[NULIO} SuoIjel AIrep Jo aejul pue uonisodwod uamnu pajoadxa ay L

suondo uonea A1rep paje[nurioj Jo Njeyul pue uonisodwrod jusrnu pAdAdxy 7



ayeur snaoydsoyd,, pue ‘aeiul wniofe)),, ‘dyeul uagonru-urdjoxd
-UON[;; “OYBIUL SV, “QYRIUI JB ], “OBIUI dIqY JUIFIANAP [RNNIN, “ONLIUT IQY JUITIANAP PIOV, “ANBIUT AIqY dpnr)), ‘oxejur urdjoid 9jqeper3ap uawmny,
‘ayeyur urjoId d[qepeISopun udwINL ‘OYeIUl UI0Id opnI), ‘ORI JUALNNU A[qIISISIP [BIOL, “ARIUT UONIRIOR] JO ASIOUD JON], “ONeIUI Japew AI(],

€00 S0°0 0000 | 080 | TTO| €TH| O0€|6SC| €80 SEO0 | PI'T 6S°€ €9vI | 056 ETZOIVIN
€00 S0°0 0000 | 980 800| 9TH| 0OCE|89C| [LEOD 10| 1C'T €6°C vC'y1 | L0°0T CCZ0IVIN
€00 S0°0 00°0 ¢80 11°0 vCv ST°€ | 08°¢C JA7A\) 1€0] 61T 6t°'¢ 9T'ST | €66 ITZ0IVIN
v0°0 90°0 100 +v60] 60| 8E€S| 88€|HCE| €01 SS0 | Ev'T v6'b SP/T | $6°'TT 0CZOIVIN
+0°0 90°0 10°0 €60 SCO0| 9€G| 06€|TCE| 090 b0 | Ob'T ey 8G9°ST | ¢9°TT 61Z0IVIN
S0°0 £0°0 10°0 10T | ¢E0| ¢9S| 0t |9S°€| 890 ¢S50 951 9%t v6'8T | CO'ET 81Z0IVIN
0°0 90°0 00°0 €0T | TC0| SOv | /ZLC|60°€| S80 LEO | SCT 6T'v vCy1 | 00T LTZOIVIN
S0°0 £L0°0 000 | ¢I'T| 8T'0| S6€| /6C|9T'€| [EO 10| vE'T 0b'€ vCpl | ST'TT 91Z01VIN
¥0°0 90°0 0000 ] 90T | ¢cO0| LTV | ¥8C|bEE 15°0 SE'0 | 8CT &y vCv1 | £9°01 SIZOIVIN
SUOIBI PISB( SIINIXIW IGBI0|
€00 S0°0 00°0 €0 Tro| STH| OT€E|T19C| [P0 STO0| 91T bb'E 9% vl | £9°6 Y1ZOIVIN
€00 S0°0 00°0 L£0] 800 80v | ¢C€|H9¢C 10°0 10°0 | 0C'T 1£°¢C vC'y1 | TO'0T C1Z0IVIN
000 S0°0 000 90| T1'0| LCv| ¥vCE€ | C8C 17°0 IT°0] 1C'T Ge'e 0S°ST | TT°0T CIZOIVIN
suonel paseq saanjsed [gIN)EN
¥0°0 £L0°0 00°0 €0 ST0| ¢S] 8T'E€|TLC] [LED STO| €T'T 0S°€ 19°¢CT | 6E£6 1TZ0TVIA
¥0°0 90°0 100 | 680 ] TE€E0,| SSS| 60F | HE'E 040 LE°0 | 0S'T 96t ¢C81 | Ly’ (T 0IZOTVIN
0°0 90°0 100 | 680 | /Z¢0| €SS| 60F%|cEE| /LC0 L0 | 9P bEY GEOT | 9T°¢CT 6Z0IVIA
S0°0 £L0°0 100 /60| ¥E€0| 08S| TvH[99€E] HEO PEO | €91 86'v 16T | 9G°ET 8Z0IVIAN
SUOIJBI PISB( J19A0)S IZIBIA]
S0°0 £L0°0 00°0 10°T 91°0 eSs’S L6°C | ¥S'C 9C’0 0T°0 | 9T'T LEE 19°¢CT 89°6 LZOIVIN
+0°0 90°0 0000 | 860 9¢0] ZO0v | 1I8C|9T€E 15°0 610 | 9C'1T STy PCPT | €501 9Z01VIA
S0°0 £L0°0 000 /Z0T| 6I'0] 86€E| TOE|ECE| <00 ¢c0'0 | SE'T 9¢'¢ FCYT | 8CTT SZO0IVIN
¥0°0 90°0 000 10T | €C0] 6TH| 88C|hE|] LTO L1T°0] OE'T 6Tt vZ’v1 | 08°0T YZ0IVIN
suone. pase(q Aey SSeI3 Sapoyy
90°0 £9°0 000| ¥EE| 9C0| vO¥| TT'E|E6'C| 8IE S6'T | €LT 98’y 91°0¢C | ¢v'v1 €Z0IVIN
S0°0 09°0 000 | OTE€E| 610 96°€| +6°C|C8C| [LCE 98T | 991 61t 8991 | 00°ET CZOIVIN
90°0 0s°0 000 €6'C| €C0] 66€| SOE|E0E| $9€ 90°C | €91 9’y PE'6T | 09°ET 1ZOIVIN
suone.t paseq ssers JIdeN
(Aep
/Mod Jquinu
Idn I8D¢r | INANzr | IUSVir | I38dor | IdANe | IdAVs | 14D, | IdAQ¥s | IdNYUs | IdDv | INAL: /129W) ING: uones Aureq
IT3N:

wd)sAs uondnpo.ad 3uizeas 019z
Japun 3Y (0§ SUIYSIOM M0d v Aq Aep/Modp[iur 3Y (] surdnpoad .a1oj suorydo uone.a Airep paje[nuLioj Jo (Aep/A03/3y) ejul Judrnnu pajdddxy qog€ dqel,

23




LEO| SSO 000 81'8| SI'T| CI'ce| 8LLC| 00¥C| €CS| €l'tv| 00ST| 090¢ 97| 9’1y 61ZSTVIN
Iv'0| 190 00| SO'II ELT| €6VE| SS9C| TTYC|191C|€eTl| 00°ST| LO'TIY LST| 00°0¢ 8IZSTVIN
o0 650 100 | 9L°T1 erC| 1€9¢| 60°LC| L6VC|60°1C|86CL| 00°ST| 698¢ 971 | 00°0¢ LIZSTVIN
o] 790 100 00CI| ¥9C| 86€CE| €8SC| 98VC|L6TC|9I¥I| 00SI| ¥V 0¥ LST| 00°0¢ 91ZSTIVIN
0| €90 000 LE6| I8C| II'IE| 09%C| S8SC| CI'8| 9L%| 00SI| ¥C9¢ 871 | T9°¢ES SIZSIVIN
SUOIJBI PISB( SAINIXIW IGRI0,]
Iv'0| 290 00°0 €56 | 8ST|CEO'IE| LETST| VIVOCT| CTCS| 80| 00°GI| I87C¢E 8¢ T | LLTY VIZSTVIN
0| 90 000 LE6| T8T| 8Y6C| vCve| vI9C| STS| €Cv| 00°SI| 9S¢e 81| SCIL eIZSIVIN
9¢0| ¥S°0 00°0 €9°L| VI'C| I¥ee| CTE8C| 6S€C|CLSS| 61°C| 00SI| 607CE 91| 8¥'LE CIZSTVIN
suonea paseq saanjsed [ganjeN
LSO S80 200 SO'8| 6CT| LI'IS| €00E€| 6€SC|¥909| 9S€| 00SI| I89¢ 1| 9L°68 ITZSTVIN
Se0| €S0 000 LLLY L8'T| ¥#EVE| CTl'6C| 60vC| I¥C| 1I¥C| 00°ST| 1€8C IST] ¢S'Iv 0IZSTIVIN
9¢0| ¥S°0 000 €9°L| €I'C| CT8IE| 908C| €8EC|€eLT| €LT| 00°SI | ¥T6C 19717 | 6L VY 6ZSTVIN
8¢0| 850 90°0 0cL| vCT| clI'ey| ITI'IE| 0CT¥C| vE€6|908 1| 00°ST| CTI9¥ LY'T| 6185 8ZSTVIN
SUOI)E.I PISB( IIA0)S IZIBJA]
190 160 000 L¥OI| cec| TS| €6°LT| [ILE€C| 6TS| €CT¢| 00SI | 1TSE €T | I8'LS LZSTVIN
6€0| 6S0 S0°0 0L SOT| 090v| L60c| IL€C| ITS| T60| 00°ST| 8CT8E €T | 9TEL 9ZSTVIN
8¢'0| 950 90°0 CTL| LIT| cLevy| ovIc| ¥0'ST| IL9| 8I'T| 00SI| 9L'SY Pl | SEE8 SZSIVIN
0| 90 000 €6'8| S8TC| CS0E| €SVC| 68SC| LSS| LEE| 00CT| TI1°6¢€ 8V’ | vT'E9 VZSTVIN
suone.a paseq Aey Sse.as sapoyy
70| 290 000 LO6| CT9C| Iele| SI'STc| vpoc| S9C| S9C| 00SI| CTLIE LET | TSIOL €ZSIVIN
ev'o| ¥9°0 000 96'8| S87T| 868C| o6IvC| LI'9C| S6C| S6C| 00ST| LSTE LY'T| CO°L8 CZSTVIN
80| CTLO 000 0TTI| 808C| 008C| ov'¢€C| 090C|¥I'6l|80TII| 00SI| 90°1¢ ¢S] 00°0¢ IZSTVIN
suonel paseq sseias sideN

(na

3y
/BTN Joquinu
dei| Bea | NNz | USVy | ¥8dg | AANs| AdVs AD. | dA¥y | AN dDy| NAL:| TIN:| INQ;| uonexAireq

M0d & Aq Aep/modpiur 3y ST suronpouad a0y suonpdo uonea Airep pajenurioj jo (paj se 8 001/INA 3) A1penb pajdadxy “ey¢ 9qey,

wI)sAs uondnpo.ad Surzeas 019z Jdpun 3y (O SUTYSOM

24




snioydsoyd,, pue ‘wniofe)),, ‘uagonIu-urdloid-uoN,, YSVY,, 1B, QIqU JUdSINP [BNNAN ‘QIqY JUSINP PIOY, ‘2Iqy opnI), ‘urajord

91qepeI3ap uswny, ‘urdod ajqeperdapun udwni. ‘urj0Id apnr), ‘SIUALINU J[qNSITIP [LI0], ‘UONLIOL] JO ASIAUL JON], ‘IoNew AI(],

LEO| SSO 00°0 €C8| LI'C| 9L°€E| TO8CT| LLET| TEY| OLY| 00°SI| 09¢€ 1971 | 98°%¢ ITZSTVIN
SE0| €50 00°0 LEG| 06'1| PLYE| ¥88C| 0€vC| 61'G| 96°C| 00°SI| 086C 0S'1| 8C'8€ 0TZSTVIN
870 CLO 00°0| 0CTCI| 808C| 008C| o¥¢cc| 090C|vI'6l |80 11| 00SI| 90°I¢ ¢8| 00°0€ IZSIVIN
suone.a paseq sseas aaideN

(Na

3y
/BTN Jdquinu
doi| €ler| NdNo | USVy | 3edy | AANs| AdVs A, [ dA@¥y [ds |  dDy| NALs| TIN:| ;| uoner Aieq

wI)sAs uondnpo.ad Surzeas 019z Jdpun 3y (O SUTYSOM
M0d & Aq Aep/modpjiur 3y ST suronpouad a0y suonpdo uonea Lirep pajenurioj yo (p3j se 8 001/INA 3) A1enb pajdadxy “ey¢ 9qel,

25




ayeyur snioydsoyd,, pue ‘axeiur wnid[e)),, ‘Oyeur
Ud30NTU-UIN0Id-UON,, “OBIUI YSY,, “OBIUL I8, “OIUI AIq TUSINIP [RHNIN], “OBIUT I JUSINP PIOY, “BIUI AIqY dpnI), ‘Oxejul urdjord sjqepeisop
uawny, ‘oxejur urjoxd d[qeperdapun udwnl, ‘Oxeiur urejoxd apni)), ‘AeIul JUSLINU J[qNSITIP [BI0] “ONBIUT UONEBIIL] JO AFIAUD JON, ‘“deIul Jopew A1,

S0°0 LO0 00°0 601 6C0 8’ ILg| SI'E 01 290 661 vy 8¢ 1T | 9T¢l ITZSTVIN
S0°0 LO0 00°0 LO'T ¥C0 vy 69°¢| II'¢ 99°0 150 [ 18°¢ YT ol 6L°Cl 0CTZSIVIN
S0°0 80°0 00°0 L1'1 €0 65V L6E| €V ¢ SLO 650 SI'C 8¢t [10°€C | 0€Pl 61ZSTVIN
90°0 30°0 00°0 4! 8¢0 8y SO | €€ 86°C 0L°1 LOC §9°¢ YO IC | 9L¢l 8IZSTVIN
S0°0 80°0 00°0 IS'1 €0 L9V 8r'e | 1T¢ ILT L1 €6'l 861 881 | 98Tl LIZSTVIN
90°0 60°0 00°0 891 LEOD SL'Y 19°¢| 8F¢ IT¢ 861 e 99°'¢ [6'1C| 66¢l 91ZSTIVIN
90°0 60°0 00°0 el 0t°0 ey IS¢ ] 89°¢ 911 89°0 v1'¢ 91°¢ SI'Tc| ST¥l SIZSIVIN
SUOI) B PISB( SIIN)XIUW IGBI0,]
90°0 60°0 000 el 9¢0 or'vy 8r'e | ¥9°¢ L0 950 LOC (4% 1061 | 8L¢I VIZSTVIN
L00 01°0 00°0 Syl 0 Sy vLE| €0V 180 $9°0 1e7¢C 81°¢ SLCC| TvSl eIZSTVIN
S0°0 LO°0 00°0 €01 6C0 oSy 8e| 8l'¢ SLO &0 a0'C (2% 08'1C | 8¥¢l CIZSTVIN 2
suonel paseq saanjsed [BIN)EN
LO°0 0C0 00°0 660 9C0 €8¢ e | 68T 69°0 170 IL°1 6lY 7091 6¢11 ITZSTVIN
S0°0 LO0 00°0 10°1 <0 LYy 6Lt | VI¢ 1€°0 1€°0 S6'1 69°¢ L961 0°¢l 0TZSTVIN
S0°0 80°0 000 Il €0 av 801 | 9v¢ 010 00 81'¢C ¢y evec | esvl 6ZSTVIN
S0°0 L00 10°0 88°0 LTO 0TS SL'E| T6T el'l (440 181 9¢°¢ 89°L1 S0Cl 8ZSTVIN
SUON eI PIse( J9A0)S IZIBJA]
190 1170 000 el LC0 6 ¢ SCcel 9L ¢ 290 8¢ 0 SLT 0Ly 7091 7911 LZGTVIN
c0°0 800 100 960 9C0 0Cs 96¢ [ 70t L9°0 ¢l0 [l 06V LOLT | 087l 9ZCTVIN
S0°0 LO0 10°0 680 LT0 LES L8E| LOE 80 SIo 81 29°'S 89°L1 | LTTI SZSIVIN
90°0 60°0 00°0 0¢'l 0 o'y 86°€ | 8L¢ 18°0 610 61¢C ers PGS IC| 0971 VZSTVIN
suone.a paseq Aey SSe.I3 SIpoyy
90°0 60°0 00°0 8C'1 LEO ry | SSSE| PLE 8¢0 8¢€0 el'e 8V 06l eyl €ZSTVIN
L00 01°0 000 i S¥0 LSV e | ey LY0 LY0 LET V1S vI'€C | 8LSI CZSTVIN
80°0 1o 00°0 €0'C LY0 99°v 16| Tre 8¢ ! 61°C 91°¢ 8I'SC| 7991 [ZSTVIN
suonea pase( sseas dideN
P/3/183IA\) J_quinu
Ids I8D¢ | INANz | TUSVy | Dedy | THANg | 1AAVs | 14D, | IdA¥y | IdN¥s IdDy | INAL I'TAN; TN, uonel Aeq

wRISAs uondnpoad 3uize.ad 019z JIpun
3 00 SuIySIOM M0d B Aq Aep/modpfiu 3y 1 Suronpo.ad a0y suonpdo uone.d A11ep paje[nuLIoj Jo (Aep/mMo03/8Y) dejul Judrnnu pajdddxy *qy¢ d[qeL




snioydsoyd,, pue ‘wnio[e), ‘ud3onIu-urold-uoN;, Ysy,; e, 9Iqy Jud3Ioldp [BNNIN QIqY JUaSIdP POV,
‘21qy apn1)), ‘urajoid ajqepeI3op uswny, ‘urejoid sjqepeidapun uswni, ‘urjold apni), ‘syudLNU A[qUSIIP [BIOL, ‘UONLIOR] JO A3I1UD JAN]; ‘Tonew AI1(J,

0| €90 000 8| €LT | 6€0€| 859CT | TCTIC 0€°6 78T | 0091 | T6'CE 291 | 00°S¢€ 0CZO0CVIN
o | €90 00°0 GS8 | 951 | €¥6c| 89T | vI'IC 9L*S SOC| 0091 | 9TLCT €S| 06°6¢ 61Z0CVIN
oro| 190 00°0 LE] | LST | 8I'I€| L69CT | ITTC 889 6C°C | 0091 | 09C¢E 09°'T | C9°6¢ 81Z0CTVIN
&0 | ¥9°0 70°0 808 | SE€T| SPI9¢| 9¥'8C | 80CC | 9Tl vI'¢€ | 0091 | IL'1¥ ¢Sl | SIes L1ZOTVIN
&0 | ¥9°0 ¥0°0 cC8 | 8I'C| 6Sve | S¥8CT| PL'IC 19°L [€C| 0091 | 0TS¢E vl | 85779 91Z0CVIN
0| €90 S0°0 [08 | 6CC| 60°LE | €88C| €87TC 968 6S°C | 0091 | IS'IY 0S°'T | 9¢89 SIZOTVIN
SUOIJBI PIse( SIIN)XIW IGe10,]
o | $90 000 | #8001 | C6C| 6£6C| 06¢€C| 6L°€C| I¥LI| 6101 | 0091 | OSLE LST | €¥'SE V1ZOCVIN
0| 90 000 | SOIT | OLC| ¥C0€| 0OS¥C| 0E¥C | LOSI GL6 | 0091 | L¥TE LV | 1€8¢ €1Z0CVIN
o | $90 000 | €I'IT | 06'C| ¥C8C| 09°¢C| €0OvC | OV9l | 1901 | 0091 | €L'SE LST | S8'8¢ CIZOTVIN
suone.1 paseq saanjsed [eanjeN
890 | 101 000 | ¢rol | LET| 1TLY | 00°SC| €CTIC ILS €Ce | 0091 | LEOE vl | 1€°88 [TZOTVIN
Iro| 190 00°0 08°L| S9T | ¥CIe| 0CTLC| I¥IC 889 SET | 0091 | €LCE 91 | €L9¢ 0TZ0CVIN
Iv'0 | 790 000 96°L | IST | S§S6C| 9TLT| OI'IC Tt LGS0 | 0091 | C€9C €Sl | LTy 6Z0CVIN
oo 090 00°0 8L°L | IST | 0¢1¢€| 6¢€LT| SI'CC STy SLO | 0091 | I9°1¢€ 09T | 9¢°¢CY 8Z0CVIN
Suon eI PIse( JIA0)S IZIBIA]
890 | 101 000 | €0l | LET| ITLY| 00SC| €CTIC ILS €Ce | 0091 | LEOE 1| 0€388 LZOCVIN
o | €90 S0°0 V'L LET| 0TLE| 90°6T | 01'CC 868 [LT] 0091 | CL1Y IST| SO'I9 9Z0CVIN
0| €90 S0°0 YO'L| 0CTCT| TEsSe| 006C | LLIC LY'S L60 | 0091 | 9TS€E Yl | CovL SZ0CVIN
70| 790 S0°0 OvV'L| 1€T| T8LE| 1¥6T| 98CC €L'9 6I'T | 0091 | €SI 61’1 | 66°¢8 YZOCVIN
suone.a paseq Aey SSe.I3 SIpoy
870 | CTLO 00°0 Sl'6 | 1¥C| 00'8C [1°€C | S¥'eC 089 el | 0091 | LLSE 8V’ | LLTY €Z0CVIN
LY0 | IL0 00°0 €C6 | CSCT| 008C| 8C€C | Cl'tC 9¢°¢ €9°0 | 0091 | LOTE 0v'l | LOLL CZO0CVIN
LY0| IL0 000 ¥Z6 | OVC| 008C| 067CC | TEPYC ey 8L0 | 0091 | v¥'S¢E S 1| TL98 [Z0CTVIN
suone.a paseq sseasd JardeN
(na Jdquinu
der | ®Der | NdNzi | USVy | ¥8dgr | AANe | AAVs AD. | dAdy | A dJy | NdL¢ wx\_mwmu\mv Nd, uones Aireq
4

w)sAs uondnpo.ad Suizeid 019z Jdpun Y (O SUIYSIIM
M0 & Aq Aep/modpiua 3y (g surdnpouad 1oy suondo uone.a Airep pajenurio jo (paj st 3 00 1/INd 3) A1enb pajdadxy “ege dqel

27




oyejul snuoydsoyd,,
PUE “O3BIUI WNIO[B)), ‘DIl UIS0NIU-UII0Id-UON],, “ONBIUI YSY/,; OBIUI JB,, ‘“OeIUl AIqL JUSFIAP [BININ], “ONBIUI 2IqY JUISIAIOP PIOY, ‘ONBIUI I 9PN, Aejul
ura101d 91qepeISop uawny, ‘a3eiul urs)o1d ojqepeISopun udWNI, ‘OYeIUI UI)0Id OpNID), “O3eIUL JUSLNNU J[qUISITIP [BIOL “OYBIUI UOHLIIR] JO ATISUS JON]; “O¥eIul 1oNew KI(,
90°0 80°0 00°0 el'l €C0 9% gS'e| ¥8¢ YTl 8¢0| vI'C ()7 L9TT | LEECI 0TZOTVIN
90°0 60°0 000 811 0 9% ILg | T6'C 080 8C0| 1TC 9L’¢ clI're| 08¢l 61Z0CVIN
SO0 80°0 00°0 01 1T0 I gS'e| €6¢C 160 0€0 Ire 0¢y clI're | 8lel 81Z0CTVIN
90°0 60°0 10°0 48! €¢0 90°'S S6'c| 90°¢ 9¢°1 P00 | TCT 6L'S ClI'1e | L8'¢l L1Z0TVIN
90°0 60°0 10°0 0Tl g0 90°S 91y | 8I'°¢ [ 7€0 | ¥ET SIS CI'Ic | 97l 91Z0CVIN
90°0 60°0 10°0 el €0 €Cs 901 | TT¢ 9T'1 LEO | 9TT e8¢ clrre | oyl SIZOTVIN
SUONEI PISB( SAIN)XIW IGL.I0 ]
L0O°0 01°0 00°0 99°1 S¥o ISy L9t | S9°¢ L9°C 9¢°'1 9T 9L’S LOYCT | 9¢°¢I Y1ZOTVIN
90°0 60°0 00°0 79°1 01°0 L'y £€9°¢ | 09°¢ LT @ 27! LET 01°'s LLTT | 087F1 €IZ0CVIN
LO°0 Iro 00°0 81 L0 (X% 968°¢ | €6'¢ 89°C €Ll | ¥I9°C 78S LS ST | ¥E9I CI1ZOCTVIN
suone.a paseq saanjsed [eanjeN
60°0 ¢€ro 000 8T'1 g0 g9 0S¢ | 96C 80 90| SI'C 81y 8’6l | ¥rel [TZOCVIN
S0°0 80°0 00°0 0’1 0 80 gS'e| 6LC 060 81'0| 607C 8¢ clI're | vo'el 0IZOTVIN
90°0 60°0 000 011 1T0 801 aL’e | 16'C S0 80°0 17T £€9°¢ clI'1re | T8¢l 6Z0CVIN
S0'0 80°0 00°0 0’1 00 (487 19°¢ | C¢6'C 9¢°0 01°0 e 9l'Y cl're | LIEl 8Z0CTVIN &
SUOI)EI PISB( JIIA0)S IZIBIAT
60°0 v1°0 000 ol 450 ['9 '€ | 88°C 8L°0 €Ce | LI'C ey 8’6l | 85S¢l LZOCVIN
90°0 60°0 10°0 ¥0°1 €e0 0TS 901 | 60°¢ YA ¥C0 | €CC €8'¢S clI're | Le'gel 9Z0CVIN
90°0 60°0 10°0 Ccl'l (430 0TS LTV | 0T¢ 080 710 | S€T 61°S clrre | 1Lyl SZOCTVIN
90°0 60°0 10°0 SOl €e€0 LES LIV | vT¢ 960 LI'0O| LTT 68°'S crre | ol'vl YZOCVIN
suone.I paseq Aey sseasd sapoyqy
LO°0 01°0 000 €1 ceo 0% I€¢| 9¢¢ L6'0 610 | 67T 48 crre | 1€yl €Z0CVIN
LO°0 [0 00°0 6¢1 8¢€0 wy IS¢ | 6v'¢ S0 01°0 I'C 8% clI're | 80°SI CZO0CVIN
LO°0 01°0 000 cel ce0 80 veeg | SS°¢ $9°0 [0 | €€7¢ L1'S clrre | 8Svl IZ0CVIN
suone.a paseq sseasd aaideN
(Aep Jaquinu
Ids 18D | INANg | TUSVy | DBedy | TAANs | 1AV | 14D, | IdA¥, | 1dN¥s | IdDy | INAL: | /M03/[ed]A) | TN, uonel Aneq
:oammmﬂw_—%_—wm_ oxd 3urz
3Y 00F SUIYSIOM M0J B Aq Aep/ModpIu 3Y (g surdonpo.ad 10j suonpdo uoned A1ep paje[nuLio} jo (Aep/sm093/3y) eyul Afiep pajdddxy "qzedIqelL




snioydsoyd,, pue ‘wniofe), Ud3onIu-ur}ord-uoN;, Ysvy,; 1ed,; 9Iqy JUISIAP [BNNIN QIqY

JUSINNIP PIOV, DIqY dpnI)), ‘urdjod a[qeperdop uswny, ‘urdloid ojqepeIsopun uduIn

‘urdyo1d opni), ‘syudLnNU A[qNSISIP [BIOL UONLIOR] JO AZIOUD JON], ‘Topew AI(],

99°0 00°0 [ 181 00°8¢C 96°S¢C ¥ 0C S8 [9°C 0091 €Cc 0t €91 VL 9¢ 0CZSTVIN
¥9°0 00°0 66’8 91 00°8¢C S¥'9¢ 99°0C S¥'S v6'1 0091 88°SC 4! 66°0% 61ZSTVIN
79°0 00°0 6¢€8 891 00°8¢ c1'9¢ 80°1¢C a9 S0°C 0091 Sr'6¢ 91 L6’ 1Y 81ZSTVIN
89°0 ¥0°0 18 0t'¢ 96°1¢ STLT vL0C 086 vL'T 0091 r'9¢ gs'l 06'vS L1ZSTVIN
89°0 €00 €8 e 00°0¢ CCLT LT0C S¢€9 L6'1 0091 96°6¢C L1 cs'e9 91ZSTVIN
L9°0 ¥0°0 LO'8 yed 8ST¢ 65°LT r'1c 08°L 9TC 0091 ce9¢ €Sl STOL SIZSTVIN
Suone.I paseq SAINIXIW ISL.I0]

€L0 00°0 96 S0°¢ 00°8¢C 6¢°CC 86°1¢C T8 v’ 0091 LI'LE 43! 9C°9¢ VIZSTVIN
$9°0 00°0 6C6 6C¢ 00°8¢ 16°CC 8'CC 16°6 SI'S S0°0¢ Ssov L1 9¢€99 EIZSTVIN
€L0 000 €56 £0°¢ 00°8¢C {CTe LL'TT 9 Y61 0091 S8°9¢ 611 1TTL C1ZSTVIN
suone.I paseq saanysed [eImjeN

901 10°0 ee 0l 8¢'C 8L Sy £€8°¢C 81°0C 8Y'S 10°¢ 0091 L89C 8r'1 1168 ITZSCVIN
S9°0 00°0 88°L L1 00°8¢C 1€°9¢ 9¢°0¢C 19 01 0091 1T°6¢C €91 60°6¢ 0TZSTVIN
¥9°0 000 00'8 LGT 00°8¢ 18°9¢ 85°0¢ S0t S0 0091 88 V¢ o'l o'ty 6ZSCVIN
£€9°0 00°0 S8'L €91 00°8¢ LY’ 9T 00°1¢C VL€ 99°0 0091 SI'8¢ a9l 10°Sy 8ZSTVIN
SUON®.I Pase( J9A0)S IZIBA

80°1 00°0 S601 6¢°¢ 6L Sy Y1 €C €961 s 06°C 0091 0 9¢ 91 P88 LZSCVIN
L9°0 70°0 09°L v v9°C¢ 8L°LT LLOT I8°L [l 009 917 9¢ VS €9 9ZSCVIN
L9°0 70°0 QL §CC 00°1¢ 8L'LT S¥0¢ L9V 80 009 ¢S 0¢ LY 65°SL SZSCVIN
99°0 S0°0 vS'L 9¢'C STee [1°8¢ SY'1¢ e8¢ €0'1 0091 LE9E [N v v8 VZSTVIN
suone.a paseq Aey SSe.Is SIPOYY

L0 00°0 80°6 e 00°8¢C 9¢°CC v1°CC 9 611 0091 S69¢ IS°1 81°69 ¢ZSCVIN
$9°0 00°0 ¥6'8 [4SN3 00°8¢C SY1¢ LOCC 6601 o't YL CC 18°9% L1 £€9°8L CLSCVIN
€L0 00°0 91°6 80°¢ 00°8¢C 61°CC £6°CC Y0'v 1.0 0091 ¥9°9¢ 871 LO'LS [ZSCVIN
suone.a pase( sseas .RideN

(aa Joquinu

dyr | B NdNz UsSVy | ¥edy AANs | AdVs 107 dd@ds dN¥s dIy NdL 3/[edIN) Nda, uonea
TAN: Aireq

wA)SAs uondnpoad Suizeas 019z 19pun
3 00 SUIYSIIM M0J & Aq Aep/modpiut 3y Sz surdonpoad a0y suondo uonea Airep pajenuriof jo (padj se 3 00I/INA 3) Ajenb pajdadxy ege dqey,

29




oyeyur snioydsoyd,,
pUE ‘O)BIUl WNIJ[BD,, “OYeIUl USSONIU-UI0Id-UON],, ‘ONBIUL YSV/,, “DNBIUI I, ‘OeIul 2IqY JUoTI0NOP [BININ], ‘ONeIUl AIqL JUSIAIOP PIOY, ‘ONeIUl AIqL pnI)), ‘Oejul

QSHO.HQ oﬁn—&ﬁm.HWOU UAWINY “Ovﬂmﬁ: QHOaOHQ oﬁn\m@mumguﬂﬁ QWi “OMNHGH QHOaOHQ pnr), onﬁmaﬁﬁ juarnnu oﬁn_awomﬁﬁ 18101 ¢ dvﬁwﬁ: uonejoey jo A310U0 PNz dvﬁw Ul 19)jell bﬁ?
LO0 01°0 00°0 LT] LT0 [y [6°¢ | 80°€ 8C'1 6€0 | I¥'C % 98T SO'SI | QTZSTYIN
LO0 01°0 00°0 9¢'1 9C0 vy v | 6CE L8O [€0 | 66T 'y 96T €66l | 61ZSCTVIN
LO0 01°0 00°0 LT1 9C0 STV 96 € | 0CT¢ £6°0 [€0 ] €vC 'y 96 ¥C LI'ST | BIZSTVIN
LO0 [1°0 10°0 6C1 8¢0 90°¢ [€y | 8CTE e6'1 0| €ST 9L°C 9¢v¢C ¢8Cl | LIZSTVIN
80°0 [1°0 10°0 6¢1 LE0 10°S Sy | 6€¢ 901 €e0 | 9T Yo'y 96V¢C I1L91 | 91ZSTVIN
LO0 11°0 10°0 0€'1 8¢°0 €Cs ey | vye STl 9€'0 | LST £8°C 96 ¥¢ 091 SIZSTVIN

SUOI)E.1 PISBq SA.INJXIW IFL.10,]
80°0 fAN(] 00°0 €Sl 61°0 €Sy €9°¢ | 96°¢ €l 00 | 66T 209 9¢v¢C 6191 | VIZSTVIN
LO0 11°0 00°0 g6l cS0 89t oL¢ | I8¢ 991 980 | S¢'¢ 8L°9 9¢v¢C 191 cIZSCTVIN
80°0 fAN0] 00°0 LS] 050 [9% 99°¢ | SL'E 10°1 ceE0 | €97 909 98T SYOl | CIZSTVIN

suonea paseq saanjsed [BInjeN
[0 L1°0 00°0 [9°] LEOQ L 0L e | vI'E ¢80 YO | 6¥T poll B 2 ¢6'CC Pe Gl [[ZSCVIN
LO0 01°0 00°0 811 9C°0 % S6'¢ | 90°¢ 260 810 [ 1I¥T 6ty 96 ¥C €0°G1 | OIZSTVIN
LO0 01°0 00°0 LT1 SC0 or'v LTY | LTE 67°0 600 | S6°C 96°¢ 98T [6°C1 6ZSCVIN
90°0 01°0 00°0 611 SC0 vy 10y | 8I'€ LSO 0101 ¢¥C LTY 9¢v¢C SISl 8ZSTYIN
suone.l Paseq JIA0)S IZIBJA
11°0 L1°0 00°0 L1 LEO LI'L ¢9'¢ | LO'E (40 90 | 1S°C ely ¢6°CC S9°¢l LZSTVIN
LO0 [1°0 10°0 [T1 8¢€0 0T¢ ary | 1€¢ YTl YC0 | SC°C 08¢ 98T [6°CT 9ZSCVIN
80°0 110 10°0 0€'1 8¢0 816 Yoy | Tv'E 8L°0 y10| L9T 01°¢ 9¢v¢C 1291 SZSCTVIN
LO0 11°0 10°0 el 8¢€0 LES Py | Ov'E 76°0 L1I'0 | 8S'T L8C 9¢vC 7191 YZSIVIN
suone. paseq Aey sseas SIpoyy
80°0 fAN(] 00°0 8r'1 IS0 LSV 9°¢| 19°¢ 00°1 610 | 19C €09 9¢v¢C ce9l €ZSCVIN
LO0 11°0 00°0 [yl 650 89t 68°¢ | 69°¢ P81 SL0 | 08¢ 8L 9¢v¢C 191 CZSTYIN
80°0 [AN(] 00°0 (4 IS0 Y9y 89°¢ | 08¢ L9°0 cl'0l §9C 809 98T 6891 [ZSCVIN
suone.a paseq sseas JaideN

(dep
/MOJ/[BIIA]) Jdquinu
1d:r | LIO K INdNz; T4SVy, J EL Y TAANs dVe | 14D, Idd¥, Id¥s | IdDy INA.Le T'TAN; A, | uoner Axreq

wI)sAs uonanpoxd
SUIZeIS 0J9Z JIpun 3Y (Qf SUIYSIIM M0 ® AQ Aep/Modpiur Y Sz surdnpoad 10j suondo uone.d A1rep paje[nuLio} Jo (Aep/mo09/3Y) ayeiul Ajrep pa3dddxy ‘q€e d[qel

30




2.5 Required nutrients in formulated rations

The required nutrients in the formulated dairy rations depended on animal information provided (e.g.
daily milk yield of 10, 15, 20 and 25 kg per cow weighing 400 kg). As expected, nutrient requirements
increased with level of production (Table 34).

Table 34. Recommended nutrient levels for a dairy ration supporting daily milk yield of 10,
15, 20 or 25 kg by a cow weighing 400 kg under zero-grazing dairy production system

Nutrients Daily milk yield levels (kg/cow)
10 15 20 25

DM (kg/day) 9.50- 13.60 12.05-16.62 13.04-16.34 15.03-16.71
NEL (Mcal/kg DM) | 1.45 1.50 1.57 1.64
NEL (Mcal/day) 14.24 17.68 21.12 24.56
TDN (%) 63.00 67.00 71.00 71.00
TDN (kg/day) 5.92 7.42 8.92 10.42
CP (%) 12.00 15.00 16.00 16.00
CP (kg/day) 1.11 1.53 1.95 2.37
RUP (%) 4.50 5.40 5.70 5.70
RUP (kg/day) 0.33 0.50 0.68 0.85
RDP (%) 7.90 8.80 9.70 9.70
RDP (kg/day) 0.70 0.92 1.13 1.35
CF (%) 17.00 17.00 17.00 17.00
ADF (%) 21.00 21.00 21.00 21.00
NDF (%) 28.00 28.00 28.00 28.00
Fat (%)-(Min-Max) | 3.00-5.00 3.00-5.00 3.00-5.00 3.00-5.00
NPN (%)-Max 0.50 0.50 0.50 0.50
Ca (%)-(Min-Max) 0.43-2.00 0.53-2.00 0.60-2.00 0.60-2.00
Ca (kg/day) 0.05 0.06 0.08 0.09
P (%)-(Min-Max) 0.28-1.00 0.34-1.00 0.38-1.00 0.38-1.00
P (kg/day) 0.03 0.04 0.05 0.06

2.6 Remarks on formulated dairy rations

@8 The major basal forages were Napier grass, Rhodes grass hay and maize stover.

2) The major forage supplements were sweet potato vines and leucaena leaves

3) Among the commercial concentrates and minerals included in the feed list, maize bran, wheat

bran, soya bean meal cake, cotton seed cake and stock lime were selected for formulation by
the software.

4 All the feed resources were available for feeding dairy cattle during the wet and dry seasons
but at different quantities

%) A total of 84 rations were developed to produce 10, 15, 20 or 25 kg milk per cow per day.

(6) The minimum forage: concentrate ratio of 43: 57 was comparable to the recommended
minimum ration of 40:60. The highest forage: concentrate ration was 78:22.
7 Low forage: concentrate ratios were associated with either high milk yields or poor quality

basal forages and vice versa.

() The lowest costs of formulated dairy rations to produce daily milk levels of 10, 15, 20 and 25
kg were KES 140.58, 256.45, 307.22 and 350.49 respectively which implies that the average
cost of the formulated rations per Kg of milk was KES 15.06 for the dairy ration against price
of milk in the County of KES 36.99. Hence, the percentage of the least feed cost against price
of milk was 41 percent.

9 High costs of dairy rations were associated with high milk yields, low forage: concentrate
ratios, low levels of forage supplements, high levels of Rhodes grass hay and vice versa.

(10)  Generally, the natural pastures based rations were less expensive than the other rations for
each of the levels of milk yields.

(11)  Inclusion of fodder trees and legumes significantly reduced the cost of the dairy rations
formulated.

(12)  Soya bean meal was superior supplement than cotton seed cake based on the quality and cost
particularly for high yielding cows.

(13) All the formulated dairy rations met nutrient requirements for the intended level of milk yield.
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3.0 WAY FORWARD

On-station feeding trials will be conducted to evaluate composition, digestibility, milk yield and
composition, feed conversion efficiency and cost of production in dairy cattle fed some of the
formulated dairy rations. The promising dairy rations will be validated under farmer management
using lactating cows in Machakos County.
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