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ABSTRACT
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Diagnostic survey showed that about 70% of the respondents were women. Age at 

first calving, calving interval and lactation length averaged 26, 15 and 8 months, 

respectively. Elephant grass was the predominant fodder grass planted by over 98 % 

of the respondents while legumes (herbaceous and fodder trees) were used by less 

than 10%. Elephant grass fodder occupied less than 35% of the total farm area. 

Estimated fodder DM yields were 4,171; 4,945 and 5,722 kg/ha/yr in urban, peri-urban 

and rural areas, respectively There was a marked decline of about 53% in total DM 

intake during the dry season with resultant protein and energy deficits estimated at 

940 g/cow/day and 35.5 MJ/cow/day, respectively compared to a deficit of 190 

g/cow/day and a surplus of 35.0 MJ/cow/day, respectively in the wet season. This 

resulted in a decline in milk yield during the dry season of about 44 percent. Land 

shortage, high cost of seed and field maintenance, were major reasons for not 

planting leguminous forages. Based on total scores of the diagnostic survey and

The potential for incorporating forage legumes in intensive smallholder crop/livestock 

farming systems was assessed in a study conducted in Masaka district, Uganda from 

2002-2004. The first part of the study consisted of a diagnostic survey to characterize 

the production system and together with farmers identify appropriate technologies to 

improve feed production and animal productivity. This was followed by (i) a trial to 

evaluate the effects of intercropping lablab with maize or forage legumes (Centrosema 

pubescens, Macroptilium atropurpureun and Desmodium introtum) with elephant 

grass (Pennisetum purpureum) on grain yield and fodder production, (ii) a feeding trial 

to determine the response and profitability of lactating crossbred cows fed forages 

from an intercrop of maize or elephant grass with forage legumes supplemented with 

legume hay and a homemade concentrate and (iii) a participatory technology 

evaluation survey to assess the benefits and constraints from improved forage 

technologies to the production system. The feeding trial, consisted of 4 dietary 

treatments in which a homemade concentrate (HMC) was supplemented to the basal 

diets of: elephant grass/legume fodder (EGL) and lablab hay (LH) [Treatment 1]; EGL 

+ LH + calliandra leaf hay (CLH) [Treatment 2]; and elephant grass fodder fed 

together with maize/lablab stover (EGML) + CLH [Treatment 3], A fourth treatment 

was elephant grass fodder served as a control [Treatment 4],
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results from previous on-station trials, elephant grass/legume mixtures, maize/lablab 

intercrop, lablab hay and calliandra leaf hay technologies were selected for on-farm 

trials/demonstrations to improve feed availability and overall animal productivity.

Intercropping elephant grass with forage legumes (EGL) increased (p<0.05) elephant 

grass plant growth (79 cm) and total fodder DM yields (12,211 kg/ha/yr) by 12 and 22 

percent, respectively when compared to the monocrops. Legumes contributed about 

12% of total DM yield. Mean fodder DM yield of 6,488 kg/ha/yr observed in EGL 

during the wet season was 13% higher (p<0.05) than the DM yield observed during 

the dry season (5,722 kg/ha/yr). The results showed no differences (p>0.05) in mean 

DM yields of legumes during the dry and wet seasons (677 and 780 kg/ha, 

respectively). Elephant grass/legume intercropping significantly (p<0.05) increased 

CP and CP yield (CPY); In vitro organic matter digestibility (IVOMD) and Ca content 

but lowered (p>0.05) the NDF content of elephant grass fodder. The contribution of 

forage legumes to total CPY was 26%. Total CPY of the intercrops was higher 

(p<0.05) during the wet season than during the dry season. Fodder DM, grain yields, 

and cob size were increased (p<0.05) by 26, 7 and 6%, respectively when maize was 

intercropped with lablab compared to monocrops (4,373 kg/ha/yr; 2,912 kg/ha/yr; 134 

g respectively). Total fodder and grain yields in ML (5,165 kg/ha) decreased by about 

11 and 8%, respectively in the second rains when compared with yields during the first 

rains (5,806 kg/ha). On average, the CP content of ML (8.4%) was 1.9 times higher 

(p>0.05) in intercrops when compared to the monocrops (4.0% CP). Maize/lablab 

intercropping reduced (p<0.05) OM, DM and NDF but increased (p<0.05) P; Ca; 

IVOMD and ME compared to maize monocrop. The study showed that the quantity 

and quality of elephant grass fodder produced from 0.405 ha, recommended to 

farmers by projects that supplied the animals, was not sufficient to supply about 4,941 

kg DM and 4,392 kg CP required for a mature lactating cow of about 450 kg liveweight 

for a full year. The minimum acreage required per mature cow was estimated to be i) 

0.9 ha of EGL, ii) 0.405 ha of EGL plus 0.4 ha/year of ML or iii) 0.405 ha of pure stand 
of EG plus 0.4 ha/year of ML.

Total DM, CP, ME, P and Ca intake increased (p<0.05) with supplementation. 

Average daily weight gain and mean daily milk yield were higher (p<0.05) in 

supplemented cows (Treatments 1, 2 and 3) than in unsupplemented cows
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In the post trials evaluation survey, majority of farmers identified improvement in: feed 

availability, food security, milk yield and income as the major benefits from forage 

legume interventions. However, high cost of forage legume seed and labour and initial 

slow growth of legumes in EGL, land shortage and low DM yields of forage legumes in 

EGL were major factors that would constrain wider adoption of the forage legume 

technologies.

(Treatment 4). Mean digestible CP and OMD of the feeds were higher (p<0.05) in 

supplemented than in unsupplemented cows. Digestible crude protein (DCP) and 

OMD of the feeds were higher (p>0.05) during the wet season (9.3% and 63.6%, 

respectively) than during the dry season (9.0% and 63.2%, respectively). Initial BW of 

the study animals did not differ (p<0.05). Overall, supplemented cows had higher 

(p<0.05) BW and better body condition than unsupplemented cows. Unsupplemented 

cows lost (p<0.05) an average of 183.3 g/cow/day between calving to 8 weeks 

postpartum compared to 139.6 g/cow/day in supplemented cows. Body condition 

changes followed a pattern similar to that in BW. Overall, unsupplemented cows lost 

body condition of 0.5 (of scale of 0-9). Cows that were offered EGML basal diet 

produced about 13% more milk than cows on EGL diets. Mean milk yield per cow 

(10.2 Its/cow/day) was 13% higher (p<0.05) during the rain season than during the dry 

season (8.4 litres/cow/day). Calves born to supplemented cows had higher (p<0.05) 

birth and weaning weight than unsupplemented cows. Calves born to cows on EGML 

diet had higher (p<0.05) average daily gain than those on other EGL basal diets. 

Calving to first oestrus was reduced from about 50 days to 41 days in cows fed on 

EGL and EGML diets. Calving to conception interval was 79 days in supplemented 

cows and shorter (p<0.05) than 101.4 days observed in unsupplemented cows. 

Average number of services/conception per cow did not differ (p>0.05) among the 

supplemented cows but was twice (p<0.05) in unsupplemented cows. The return to 

investment per Ushs 1,000 spent was Ushs 422, 479 and 1,324 on Treatments 1, 2 

and 3, respectively. Cost of weeding forages accounted for over 30% of the total cost 

of production. Revenue from milk yield accounted for about 95% of the total farm 

income on EGL and EGML forages. Sale of maize grain increased total farm income 

by about 25%.
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The study therefore showed that in order to cope with a shortage of feeds during the 

dry season, EGML forages supplemented with 1 kg/cow/day of CLH and 4 kg/cow/day 

of HMC were superior to EGL basal forages. This was associated with a total DMI, 

milk yield, ADG, a calving to conception interval and a return to investment of 12.1 

kg/cow/day, 10.8 litres/cow/day, 247.5 g/day, 78 days and Ushs 1,324, respectively. 

More research is however needed on simple labour saving technologies for 

harvesting, drying and conserving maize/lablab stover and lablab hay. Total DM, CP, 

ME, P and Ca intake increased (p<0.05) with supplementation.

Major lessons learned were: (i) identification, testing and evaluation of forage 

technologies with resource poor smallholder dairy farmers is a big challenge but 

rewarding. It requires a lot of patience and commitment from all stakeholders and it 

requires institutional support, (ii) A more holistic approach addressing several farmers' 

constraints simultaneously is expected to give better results than isolated 

Interventions.
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CHAPTER 1

GENERAL BACKGROUND

.1. Introduction

1

In SSA, livestock products provide 17-18% of human dietary protein and contribute to 

at least 25% of the agricultural gross domestic product or 8% of GDP (Winrock 

International, 1992). The annual growth rate of production through 2020 is projected to 

oe 2.7% for meat, and 3.2% for milk in developing countries (Ndikumana and Kamid, 

2004). Rapid population growth, income growth and urbanisation will fuel a strong 

ncrease in demand for meat and milk in the developing world. It is projected that the 

□opulation of SSA will increase by about 3.1 percent and is expected to reach 675 

million people and almost double by the year 2025 (Winrock International, 1992), 

resulting in an increasing scarcity of land and labour and higher land prices. This will 

lead to increased intensification of agriculture, as growing competition between crops 

and livestock farmers leads to evolution of mixed crop/livestock systems (Kurwijila et 

a/., 1995; Walshe et al., 1998; Ebong et al., 2001). Integration of livestock with crops 

results in improvements of 50% to over 100% in farm productivity and incomes 

compared to smallholders who only raise subsistence crops (Saka et al., 1994; FAO, 

2001). The two major crop/livestock production systems in Africa are identified as

.ivestock are major component of the economies, contributing 10-40% of the Gross 

Domestic Product (GDP) in Sub-Saharan Africa (SSA) (Ndikumana and Kamidi, 

!004). It has been estimated by World Bank that about 10% of the population of SSA 

are primarily dependent on livestock, while another 58% depend on crop production 

Winrock International, 1992). In smallholder systems, which dominate tropical 

agriculture, livestock are important because they provide direct cash income, they are 

capital assets, they produce manure for use as fertilizer and fuel, and they may be a 

source of power for transport and cultivation (de Leeuw et al., 1998; Walshe et al., 

1998; Tangka et al., 2000). Nevertheless, the production of milk for human food is 

often the primary reason for keeping livestock, whether by pastoralists to meet their 

subsistence needs in arid and semi-arid regions or by peri-urban smallholder farmers 

as a source of income from milk sales (de Leeuw et al., 1998).
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commercial and traditional systems (Kabushenga, 2002; Nakiganda, 2004). The 

commercial systems vary from intensive to semi-intensive enterprises (Nakiganda, 

=004).

number of constraints affecting smallholder crop/livestock production systems in the 

ropics have been reviewed and these include socio-economic, technological, 

nstitutional and financial constraints (Saka et al., 1994; Kurwijila et al., 1995; FAO, 

2001; Rangnekar and Thorpe, 2001; Ndikumana and Kamidi, 2004). The major 

jechnical constraints are availability and quantity of feed, reproductive inefficiency, 

poor breeds, breeding programmes and policies, and health and diseases (Saka et 

al., 1994; Roothaert et al., 2003). The introduction of high producing animals of large 

;rame size accentuates the nutritional deficiency problem particularly of lactating dairy 

cows and this could undermine reproductive functions, lactation and growth of the 

animals (Mpairwe, 1998). Thus, inadequate nutrition as a result of low quality and 

quantity of forages and use of unimproved practices has been identified as a major 

constraint in smallholder dairy production systems (Ndikumana and Kamidi, 2004). 

The projected increased demand for livestock and livestock products in the developing 

world calls for the development of a strong and dynamic research strategy to develop 

and disseminate technologies that will sustain the increased demand.

Uganda, one of the countries in SSA, lies astride the equator, between latitudes 4° 12' 

North and 1° 29’ South and between longitudes 29° 34’ West and 35° 0’ East 

(MFPED, 2004). Total land area is approximately 197,100 sq. km of which about 62% 

is agricultural land and about 26% of the agricultural land is under pasture (FAO, 

2004). More than two-thirds of the country lies between 1,000 to 2,500 meters above 

sea level. Rainfall varies from 500 mm in the pastoral areas in the North East to 2,000 

mm per annum in the highland areas and along the shores of Lake Victoria with 

temperatures ranging from 15 to 30°C. The country’s human population has grown 

from 16.7 million in 1991 to 24.4 million in 2002 (Anon, 2005). Considering a 3.3% 

annual growth rate, the population now stands at 26.8 million and is expected to 

double in the next 21 years.
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I

ganda is primarily an agrarian country with agriculture contributing about 40% of the 

,ross Domestic Product (GDP) (Anon, 2005). Over 68.7% of the population depends 

n subsistence farming, up from 67.9% in 1991 (Anon, 2005). This increase is 

ttributed mainly to Poverty Eradication Action Plan (Anon, 2001). The agricultural 

□ntribution to the GDP comes from smallholder rural subsistence farmers the 

lajority of whom are to a large extent dependant on agriculture (MFPED, 2004). The 

asic unit of production is the small-scale family holding with an average size of 0.5 to 

.8 ha in the South and 3.2 ha in the North (Nahdy, 2001).

h order to improve household nutrition, economies and food security among resource 

toor households in Uganda, Government and Non Government Organizations 

NGOs) have introduced intensive or stall-feeding dairy cattle production system 
tased on improved or exotic breeds and elephant grass (Pennisetum purpureum) as a 

hajor forage (Muwanga, 1994; Tumutegyereize et al., 1999). This is in line with the 

Country’s Plan for Modernization of Agriculture (PMA) policy whose objective is to 

Eradicate poverty through agricultural transformation (Anon, 2005). Zero grazing dairy 

'attle production has therefore become an important source of milk and has created 

Employment for many resource poor households. This had led to an increase in the 

demand for feed due to an increase in high genetic capacity of stall-fed dairy cattle 
breeds.

.nimal agriculture is one of the most important economic sub-sectors of Uganda’s 

griculture and is currently among the most rapidly developing industries (MPMPS, 

998). The livestock sector in Uganda contributes about 17% of the national 

agriculture GDP in the form of milk and meat (Anon, 2004). The livestock population 

1 Uganda comprises of 6,100,000 cattle; 1,150,000 sheep; 6,852,000 goats; 

,719,000 pigs and 33,000,000 chickens (FAO, 2004; Nakiganda, 2004). 

approximately 4% of the cattle population are exotic and crossbred dairy cattle. Cattle 

opulation has continued to grow, at a rate of over 4% per annum, in response to 

icreasing demand for milk and meat in the local market (Ebong et al., 2001). Higher 

ates of growth are envisaged as Government pursues its policies of modernizing and 

ommercializing livestock agriculture (Anon, 2004).



laize is a staple food crop in Uganda and has become increasingly important as a 

Source of feed. Smallholder dairy farmers in Uganda grow an average of 0.4 ha of 

'iaize per household per year (Imanyoha et al., 2000). Maize stover could therefore 

'e an additional feed resource base for dairy cows especially during the dry season 

-;hen other feeds are in short supply. The low crude protein content (<5%) of maize 

stover is however a serious constraint to livestock nutrition (Crosse et al., 1998;

Jephant grass (Pennisetum purpureum) fodder is recommended as a basal diet for 

tall-fed dairy cows because of its high biomass yield compared to other grasses 

Boonman, 1993; Anindo and Potter, 1994; Kabirizi, 1996). However, the low CP 

<12%) and high neutral detergent fibre (NDF) (>60%) of elephant grass fodder limit 

otake, digestion and utilization by ruminants thereby leading to drastic reduction in 

nimal productivity (Samanya, 1996). Intercropping forage legumes with elephant 

rass improves the quality and quantity of elephant grass fodder and animal 

roductivity (Mwangi and Wambugu, 2003; Katuromunda, 2001; Mwangi, 2002; 

'ilubiru et al., 2001; Kabirizi et al., 2003) and there is a saving in inorganic nitrogen (N) 

"eeded to obtain similar levels from pure stands (Saka et al., 1994). The mixtures 

tould also reduce labour requirement and diminish pest and disease problems 

Preston, 2001). Little information, however, is currently available comparing the 

Wage production, quality and animal performance from elephant/legume mixtures on 

Smallholder dairy farms in Uganda.

Ithough the dairy enterprise is a major source of income contributing about 70% of 

le total farm agricultural income (FAO, 2004), improved dairy cattle production is a 

motion of several management factors but poor nutritional status of cattle is 

Dnsidered the most challenging constraint to smallholder dairy farms in Uganda 

(abirizi, 1996). This is due to land shortage, low feed availability and unimproved 

ractices used by farmers in the utilization of available local feed resources (Mugisha 

t al., 1999; LSRP, 2000; Kabirizi et al., 2004). Part of the explanation relates to the 

laccessibility by farmers to appropriate forage technologies or technical information 

nd lack of appreciation of the extra nutritional requirements of the animals (LSRP, 

000). Exposing farmers to new or improved resources and efficient practices for feed 

tilisation through research and/or extension interventions is acknowledged as one 

trategy for facilitating dairy cattle development in Uganda.
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Kassie et al., 1999; Romney et al., 2003). The integration of forage legumes such as 

Lablab purpureus (lablab) cv Rongai into cereal based cropping systems is a 

promising option for developing sustainable cropping systems (Mpairwe, 1998; 

Roothaert et al., 2003). Mpairwe (1998) noted that the use of forages from 

cereal/forage legume intercropping systems as livestock feed is a new phenomenon 

and therefore, few studies have been undertaken to assess their potential in 

smallholder dairy production systems. He therefore recommended that the technology 

should be tested on-farm to determine the effects on milk production and reproductive 

efficiency, which could influence the success of a dairy enterprise.

Utilization of fodder trees such as Calliandra calothyrsus is one of the most effective 

means of improving both the supply and the quality of forage in smallholder livestock 

systems (Kaitho, 1997; Tuwei et al., 2003). The promotion of fodder trees is based on 

their agronomic attributes which include fast growth, N fixation, high biomass 

production of foliage even during the dry season, tolerance to repeated lopping and 

soils with low pH and high quality fodder (Peterson et al., 1998). For highly productive 

dairy cows that need some amount of by-pass protein, calliandra leaf meal has been 

reported to improve overall animal performance (Ebong et al., 1999; Maasdrop et al., 

1999). In Uganda, however, no studies have been carried out on smallholder farms to 

evaluate the effects of supplementing a basal diet of elephant grass/legume mixtures 

or maize/lablab stover with calliandra leaf hay and/or lablab hay and a homemade 

concentrate on milk yield and reproductive performance of crossbred cows.

Supplementing lactating dairy cows offered low quality roughages with forage 

legumes such as Lablab purpureus cv Rongai and/or fodder trees and a concentrate 

improves rumen fermentation, fibre digestibility, forage intake, liveweight and milk 

yield (El-Tayeb and Takla, 1992; Kabirizi, 1996; Mpairwe, 1998; Hinderichsen et al., 

2004). Although commercial concentrates improve milk yield, smallholder dairy 

farmers in Uganda frequently complain that they are too expensive, not readily 

available and sometimes of sub-standard. Therefore, majority of farmers use 

homemade concentrates based on maize bran and cotton seed cake because the 

ingredients are readily availability and affordable (LSRP, 2000). However, the 

possibility that milk yield and farm profits could be improved through strategic 

supplementation of elephant grass/legume or maize/lablab forages with on-farm



1.4. Specific objectives of the study

The specific objectives of the study were:

1.

2.

3.

4.

5.

jrotein (lablab hay and calliandra leaf hay) and a homemade concentrate has not 

>een assessed on-farm in Uganda.

'he broad objective of this study was therefore carried out to investigate with farmers 

>n-farm intercropping of forage legumes with elephant grass or maize on grain yield 

md fodder production. The study also evaluated profitability, feed utilization and 

esponse of smallholder crossbred dairy cows fed forages originating from maize or 

slephant grass/forage legume intercropping systems with on-farm generated protein 

lablab hay and/or calliandra leaf hay) and energy (homemade concentrate) 

supplements.

To characterise intensive smallholder dairy production system and together 

with farmers identify forages and energy supplements that could be tested on- 

farm to improve animal productivity.

To determine the effects of intercropping maize/lablab or P. purpureum and 

forage legume on fodder and/or grain production in smallholder dairy farming 

systems.

To determine milk production, body condition, body weight and reproductive 

efficiency of crossbred dairy cows fed forages from elephant grass/legume 

(EGL) or maize/lablab (ML) intercrops supplemented with calliandra leaf hay 

(CLH) and/or lablab hay (LH) and a homemade concentrate (HMC).

To determine economic benefits of integrating forage legumes in intensive 

smallholder dairy farming systems.

To assess the benefits and constraints from improved forage technologies to 

the production system and household welfare and document lessons learned 

from working with resource poor smallholder dairy farmers.
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1.5. Hypotheses

1.

2.

3.

4.

5.

7

Inadequate protein and energy content of the diets and poor feed management 

limit smallholder dairy production systems and could be improved through 

participatory on-farm identification, testing and evaluation of forage/feed 

technologies.

Integrating forage legumes in cereal or elephant grass farming systems will 

increase the quantity and nutritive value of the feed resource base without 

reducing grain yield.

Feeding dairy cows forages from elephant grass or maize/forage legume 

intercropping systems supplemented with on-farm generated protein and 

energy sources will improve feed intake, body weight, body condition, milk yield 

and reproductive efficiency.

Integrating forage legumes into smallholder dairy production systems will 

increase farm profits.

Integrating forage legumes in smallholder dairy farming systems will result in 

negative (constraints) and positive (benefits) impacts that will influence 

adoption decisions and ability by farmers to increase animal productivity and 

farm profits.



2CHAPTER

LITERATURE REVIEW

>.1.

I

2>ver 70% of the population in SSA reside in rural areas and these primarily depend 

>n agriculture for their livelihood (Saka et al., 1994; Ndikumana and de Leeuw, 1996). 

Smallholder mixed dairy cattle production systems is a common practice in most 

countries of the SSA including Uganda (Walshe et. al., 1998; LSRP, 2000). Land and 

abour are the major constraints of smallholders and as such factors are allocated to 

pod crop production and only when available to forage crops (Getachew et al., 1991).

Studies have indicated that the availability of livestock feeds in SSA is constrained by 

ohysical, biological and socio-economic factors (Okigbo, 1987; Haque, 1991; Omore 

at al., 1999). Nutritional factors are the binding constraints to increasing milk 

^reduction in smallholder dairy production systems in the tropics (Saka et al., 1994; 

FAO, 2001; Ndikumana and Kamidi, 2004). The smallholders have limited resources 

available for feeding to their dairy cattle and often do not have the luxury of being able 

Io select the basal diet. They therefore use whatever is available and at no or low cost 

(Leng, 1997). The basal diets for dairy cattle are low quality feeds, which are generally 

bw in nutritive value. Leng (1990) defined low quality feeds as those forages with less 

than 55% digestible organic matter (DOM) and are deficient in true protein (less than 

30 g/kg CP) and low insoluble sugars and starches (usually less than 100 g/kg). 

Inadequate amounts and poor quality feeds are therefore the major constraints to 

lairy cattle productivity in the tropics (Ndikumana and Kamidi, 2004). Ndikumana and 

de Leeuw (1996) identified roughages and concentrates as the major feed resources 

in smallholder dairy farming systems in SSA. Roughages consist of natural and 

planted pastures and crop residues.

Major feed resources in smallholder dairy farming systems and factors 

affecting their utilization
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1.2.1. Natural pastures

2.2.2. Planted pastures
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Grasses grow rapidly during the rains and set seed before the dry season (Ogwang, 

1974). There is thus a rapid rise in lignin content and a consequent decline in digestibility 

(Crowder and Chheda, 1982). Associated with the rise in lignin is a drop in crude protein 

(CP) to less than 7% (Minson, 1982; Boonman, 1993), which is below the maintenance 

requirement of the ruminant animal (NRC, 2001). Consequently, ruminants gain body 

weight in the rains and lose it in the dry season. Cattle in the tropics have been found to 

lose 15-20% liveweight during the dry season if unsupplemented (Ndikumana and de 

Leeuw, 1996). The seasonal gain and loss in weight of animals results in poor growth 

pattern accompanied by low reproductive performance. Consequently, milk yields of 

stall-fed dairy cattle on natural pastures alone rarely exceed 3 to 4 kg per cow per day 

(Nsubuga, 1993). In many instances the animals have to rely heavily on crop by­

products for survival until the next rainy season (Preston and Leng, 1987). In order to 

ensure milk yields substantially higher than those commonly reported in tropical 

countries, the use of high nutritive planted pastures is required (Boonman, 1993).

Natural pastures consist of grasses such as P. purpureum, Panicum maximum, 

lyperrhenia spp., Digitaria spp, Brachiaria, Imperata spp., couch grass, grasses from 

■wamps and Setaria spp; forage legumes such as Desmodium uncinatum, D. intortum 

jnd Glycine spp. (Boonman, 1993; Bogdan, 1977; Crowder and Chheda, 1982; 

Samanya, 1996; Kabirizi et al., 2004). These are harvested from public land and their 

availability varies across seasons (Minson, 1982; Boonman, 1993; Anindo and Potter 

1994 Samanya, 1996). Natural pastures in most of SSA are inadequately nutritious, 

aven under optimal management and stocking rates (Boonman, 1993). Such pastures 

sannot sustain satisfactory levels of production and health of a dairy cow for most of 

lhe year (Skerman et al., 1988; de Leeuw and Thorpe, 1999).

If justified by the breed of the animal, milk price and rainfall pattern, the quantity and 

quality of feed available to dairy cattle can be improved substantially by planted 

forages such as fodder from trees, grasses and forage legumes (Boonman, 1993; 

Saka et al., 1994; Samanya, 1996). The potential for pasture cultivation is determined



2.2.3. Concentrates

0

y the agro-ecological zone, especially the amount and distribution of rainfall and, to a 

*sser extent, by land tenure and land use rights. Where the rainfall is less than 400 

im/annum production of sown pastures may not be cost-effective (Boonman, 1993).

•/lany tropical and sub-tropical countries are importing exotic breeds of dairy cattle or 

upgrading local types in an attempt to meet the local demand for milk and milk 

oroducts. However, imported animals rarely achieve the levels of production that they 

show in their original habitats (Nsubuga, 1993). Energy has been identified as the

Tie feeding value of cultivated forages is far superior to that of native pastures 

Skerman etal., 1988; Humphreys, 1991; Boonman, 1993). Under good management, 

tnd if provided to the animal in adequate quantities, planted pastures can sustain milk 

jelds up to 8 to 10 kg per cow per day (Nsubuga, 1993; Samanya, 1996). Planted 

passes are usually of relatively low digestibility and this accounts for the limited levels 

)f milk produced when dairy cattle are fed such grasses (Bogdan, 1980; Boonman, 

1993). A larger proportion of the ingested and digested nutrients are used to meet 

maintenance requirements and very little is available for milk production. Improvement 

n liveweight and milk yield has been reported when dairy cows on planted pastures 

such as elephant grass fodder are supplemented with a concentrate and/or forage 

egumes (Muinga et al., 1992; Kabirizi, 1996). Although the concept of cultivated 

pastures is not new, most farmers in the sub-region are unwilling to adopt it even if the 

a infall is favourable. This is due to high establishment costs, unfavourable land use 

ights and non-competitive prices for livestock products in the face of cheap dairy 

reports (Gebremedhin et al., 2003).

orage yields of planted pastures are governed by a number of factors including 

ainfall, soil fertility, fertilizer application, irrigation and the species involved (Ogwang, 

974; Bogdan, 1977; Mtengeti et al., 1992; Boonman, 1993). Under smallholder 

onditions in SSA, grass leys typically yield about 4 to 18 tons per ha of DM (Anindo 

nd Potter, 1994), forage legumes about 3 to 4 tons per ha (Bodgan, 1977; Skerman 

it al., 1988) and fodder trees and shrubs about 5 to 10 tons per ha (Kang et al., 1990; 

taussen, 1998).
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lost limiting nutrient for milk production in smallholder dairy production systems 

Dindorkar et al., 1982; Boodoo, 1991; Malossin et al., 1995; Ferguson, 1996; Kabirizi 

)t al., 2000). Concentrate feeds are valued for their energy and protein levels and 

heir protein quality, which result in improved animal productivity (Boodoo et al., 1990; 

/luinga etal., 1993; Jingura etal., 2001; Hayashida et al., 2004).

,Small quantities (1-4 kg/cow/day) of concentrates containing N lead to an increase in 

ie intake of low quality forages containing 1.0-1.2% N which in turn increases milk 

ield of dairy cows (Kellyaway and Porta, 1993). Muinga et al. (1993) obtained a 

esponse of 0.8 kg more milk per kg DM supplement when Leucaena leucocephala 

prage was used to supplement elephant grass fodder. When the cows were offered 

eucaena with maize bran, milk yield increased by 1.1 kg compared with leucaena 

?nly. Supplementing elephant grass fodder with lablab hay and a concentrate 

increased fat-corrected milk yield by about 5% when compared with elephant grass 

Odder + lablab hay only diets (Kabirizi et al., 2000). Similarly, the use of wheat bran 

and lablab hay as supplements to cows fed maize/lablab stover and oats/vetch hay 

liets improved milk yield (Mpairwe, 1998). However, Combellas and Martinez (1992) 

observed no differences in milk yields when low quality forages were supplemented 

vith either forage legumes or concentrates. They concluded that milk response to 

;oncentrate supplementation is not economical when their cost is considered. Ruiz 

1983) observed that the key to significant increase in milk production is to ensure 

proper nutrition during the first two months of lactation when the cow has the greatest 

leed for nutrients. It is therefore recommended that supplementation should start 

before parturition and concentrate feed levels should then be increased as the cow 

teaches lactation peak, and reduced afterwards (Ruiz, 1983). El Tayeb and Takla 

11992) reported increased weight of heifers in the later stages of pregnancy, as a 

tesult of an increase in concentrate feeding due to the increase in weight of cow and 

foetus.

Recently, interest among smallholder dairy farmers has been shown in the use of 

homemade concentrates for incorporation in diets for dairy cows (Kiruiro and 

Chemitei, 1993; Nkya et al., 1998; LSRP, 2000; Jingura et al., 2001). Jingura et al. 

-2001) reported no significant differences in milk yield between homemade and 

commercial concentrates. The daily average milk yield of 8.6 kg and 8.5 kg was



1.2.4. Crop residues
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it has been recognized that intake and utilization efficiency of crop residues are 

nfluenced by the rate of rumen fermentation (Van Soest, 1982) and the balance of 

nutrients absorbed in the intestines (Kempton, 1982). Improvement in the nutritive 

/alue, removal of nutritional limitations to rumen fermentation, and a balanced supply 

nf nutrients to host animals would result in an improvement in animal productivity 

'Preston and Leng, 1987). Preston (1986) suggested that the fermentable N content 

of a low quality diet should be raised to a minimum of 30 g/kg digestible organic 

natter. He further suggested that green forage is provided up to a minimum of about 

3.7% of liveweight (20% the diet) and oilseed meal and cereal bran or an animal by 

product is given in amounts not to exceed 30% of the total dry matter. Positive 

responses on intake, liveweight gain and milk yield have been recorded when forage 

egumes or fodder trees and a concentrate are included in a diet based on crop 

residues (Kimambo et al., 1992; Kassie et al., 1999; Aregheore and Perera, 2004).

Tlixed crop/livestock production occurs virtually throughout the farming systems of the 

ropics and subtropics. Declining crop yield/unit area accompanied by progressively 

ncreasing requirement for food is forcing farmers to cultivate more land at the 

expense of grazing pasture and browses. The other aspect of this process is the 

ncrease in the production of crop residues. There is already a heavy reliance on the 

jse of the by-products as feed during the long dry season immediately after harvest, 

and yet farmers still face a number of constraints on their efficient utilization (Kategile, 

*981; Preston and Leng, 1987; Kassu, 1989; Romney et al., 2003). Most crop 

esidues are low in protein and high in fibre content, which leads to their poor 

utilization by livestock (Steinbach, 1997).

ichieved by animals offered the homemade and commercial concentrates, 

espectively with a 31% reduction in the cost of homemade concentrate feeding per 

tre of milk produced compared to the commercial brought-in concentrate. There is 

ittle doubt that increasing economic pressure will encourage the use of homemade 

oncentrates because commercial concentrates, as a supplement will no longer be 

iffordable by most smallholder dairy farmers due to escalating costs and 

inavailability.



2.2.5. Agro-industrial by-products

2.2.6. Conserved forages
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The use of agro-industrial by products such as cotton seed cake, sunflower seed cake 

and brewer's grain, molasses and cereal milling by-products (maize and rice bran) as 

animal feed has been a common practice for decades in industrialized nations where 

millions of tons are produced each year (Bistanji et al., 2000; El Hag, 1984).

The supply of nutrients from grasslands and harvested forages in the tropics is 

seasonal because of the rainfall pattern (Humphreys, 1991; Anindo and Potter, 1994). 

During the rain season, there is luxuriant growth of pastures and during the dry 

season, pasture is very scarce with resultant decline in animal performance. Hence 

the need to conserve forage to bridge the nutrient gap during periods of scarcity. 

Forage conservation in form of hay or silage allows for intensive dairy farming with a 

higher stocking rate than would otherwise be possible (Bareeba et al., 1983; Muck, 

1988; Titterton et al., 2002). A number of factors affecting utilization of conserved 

forages in smallholder dairy production systems have been reviewed by Bareeba et al.

The major problems facing the use of agro industrial by-products for animal feeding 

are their bulkiness and limited availability; high cost of transport and the general lack 

of understanding among livestock owners about the feeding value (Konimba, 1996). A 

number of studies have reported an improvement in animal productivity when fed low 

quality forages and supplemented with agro-industrial by-products (Chesworth et al., 

1989; Ogundola, 1989; Nkya et al., 1998). Urea-molasses treatment increased crude 

protein content of maize stover four-fold compared with untreated stover (Munthali et 

al., 1992). Supplementing urea-molasses treated stover with high levels of maize bran 

significantly increased liveweight gains of heifers (Munthali et al., 1992). Adebowale 

and Ademosun (1981) reported a 20% CP and 21 KJ/g gross energy in brewers dry 

grain. These values are higher than those of maize bran which are commonly used as 

energy sources in rations for livestock. An improvement in milk yield and reproductive 

efficiency has been reported when crossbred dairy cows fed low quality forages were 

supplemented with maize bran (Nkya et al., 1998; Mpairwe, 1998 Kabirizi et al., 2004) 

or wheat bran (Mpairwe, 1998).
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Hay from tropical grasses is not widely produced, because it is difficult to combine a 

good yield with satisfactory nutritive value. The protein content and digestibility of 

grasses decreases as the proportion of stem increases (Humphreys, 1991). Legume 

nay is attractive, but suffers the same risk of spoilage unless grown as special crops. 

Silage requires field curing and special fodder crops such as Zea mays, elephant 

grass fodder and Sorghum spp. A review of studies on the use of conserved forages 

nas shown improvement in dairy cattle productivity (Muck, 1988; Bareeba, 1993, 

Kabirizi, 1996; Titterton et al. 2002; Kebread et al., 2005).

ft number of possible methods that could be used by smallholder dairy farmers to 

ensure adequate year round feed supplies have been reviewed (Skerman et al., 1988; 

Saka et al., 1994; Kassie et al., 1999). These include use of forage legumes (Skerman 

and Riveros, 1990; Katuromunda, 2001) and fodder trees (Kaitho, 1997; Peterson et 

al., 1999) as protein supplements; intercropping grasses or cereal crops with forage 

iegumes to prolong higher quality of feed into dry season (Ibrahim and t’Mannetje, 

1998; Mpairwe, 1998; Romney et al., 2003; Roothaert et al., 2003), fodder 

conservation (Bareeba et al., 1983; Kabirizi et al., 2000) and, growing special fodder 

crops under intensive management in order to provide special pasture or cut-feed for 

lhe animals during shortage periods (Mtengeti et al., 1992). Such crops could include 

Napier grass (Pennisetum purpureum), Guinea grass (Panicum maximum)', lablab 

-Lablab purpureas)', Guatemala grass (Tripscum laxum) and various mixtures.

Methods used to improve feed resource availability in smallholder dairy 

farming systems

1983); Bareeba (1993), Kabirizi (1996); Titterton et al. (2002) and others. These 

nclude inadequate land to produce sufficient quantities, losses due to weather, lack of 

echnical knowledge and skills, shortage of labour and capital. In addition, at the end 

Df the rainy season, most crops are ready for harvest so fodder conservation 

competes with crop harvests for labour. Bareeba (1993) estimated total field losses 

luring hay making ranging between 4 and 60% of the forage dry matter.
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Nitrogen is the most limiting element in agricultural production and its deficiency 

reduces the productivity of crops, pastures and animals (Saka et al., 1994). There are 

several potential sources of N to overcome this shortfall, namely mineralization of soil 

organic manure; artificial fertilizers; biological N fixation in legumes and organisms 

associated with tropical grasses (Nnadi and Haque, 1988). The role of forage legumes 

as the cheapest potential source of soil, crop and animal N in different farming 

systems in SSA include enhancement of high protein supply, increase crop 

productivity, fixing atmospheric N and maintaining the productivity of farmland 

(Skerman et al., 1988; Mpairwe, 1998; Saka et al., 1994; Katuromunda, 2001).

In smallholder dairy production systems where land is intensively cultivated for crop 

production for human use, animals are mainly dependent on crop residues and 

mature grasses particularly during the dry season. The feeding value of crop residues

Biologically fixed N is transformed into leguminous protein and this may be consumed 

directly by animals in the forages to meet their protein requirements (Steele and Vallis, 

1988). The excess is returned to the soil via animal manure and urine. Legumes 

produce most biologically fixed N and are therefore crucial in maintaining the N 

balance in nature (Nyatsanga and Pierre, 1973; Skerman and Riveros, 1990). Steele 

and Vallis (1988) estimated that there is an annual use of 35,000 mt of artificial 

fertilizer N on pastures, compared with 1.2 mt of N derived from biological N fixation. 

Very high yielding leguminous crops can add up to 500 kg of N to the soil per hectare 

per year although inputs of 100-300 kg N/ha/year from good quality legume-based 

pasture have also been reported (Steele and Vallis, 1988). The companion crop 

profits from legume-derived N either via release of N due to decay of subterranean 

parts of the plant and decomposition of the N-rich litter or via grazing animal especially 

from urine and dung (Skerman et al., 1988).

2.4.1. Forage legumes as a source of nitrogen for livestock
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and mature grasses is inadequate to meet the nutritional requirements of the lactating 

dairy cows and this results in low animal productivity (Preston and Leng, 1987).

The effects of supplementing low quality forages with forage legumes on animal 

production have been extensively reviewed (Getachew et al., 1994; Kabirizi, 1996; 

Saka et al., 1994; Mpairwe, 1998; Kassie et al., 1999; Katuromunda, 2001; Roothaert 

et al., 2003). The beneficial effects of forage legume supplements include: increased 

metabolizable energy (ME) intake, increased availability of minerals and vitamins, 

improved rumen function and a laxative influence on the alimentary system. Forage 

legumes provide rumen degradable N and/or by-pass N, digestible energy and 

minerals when used as either supplements or sole feed (Norton and Poppi, 1995). 

They also contain proteins, minerals and vitamins essential for the growth of rumen 

microorganisms that degrade feedstuff prior to gastric and intestinal digestion by the 

host animal (Adu et al., 1992; Mpairwe, 1998).

Reproductive performance and efficiency of dairy cows postpartum is largely 

dependent on the nutritional status of the cow (Butler and Smith, 1989). Poor feeding 

postpartum reduces luteal function and responsiveness of the ovaries to lutenizing 

hormone (Whisnant et al., 1985). Cows fed a high energy diet after calving conceived 

earlier than those with lower energy intake (Hill et al., 1970; Ferguson, 1996; Mpairwe, 

1998). Feeding a high plane of nutrition to five anoestrus cows for 45 days resulted in 

65% resuming cycling and 55% ovulating whereas the 20 cows kept on low plane diet 

neither recycled nor ovulated (Dindorkar et al., 1982).

Significant differences in liveweight gains have been reported between heifers fed 

Napier grass supplemented with D. intortum and heifers fed on sole Napier grass 

(Mwangi and Wambugu, 2003). Mosi and Butterworth (1985) reported a 20% increase 

in feed intake of sheep with addition of 20-25% of Trifolium tembense hay to Eragristis 

tef straw. Kabirizi (1996) reported an improvement in elephant grass utilization; milk 

yield and fat corrected milk yield of lactating dairy cows supplemented with 2-3 kg/day 

of lablab hay. Milk production and composition from sub-tropical pastures is influenced 

by the legume species (Muinga et al., 1992; Peterson et al., 1998). Peterson et al. 

(1998) reported a 10% increase in butterfat content in milk from cows supplemented 

with calliandra foliage.



2.5.

2.5.1. Role of fodder trees

17

The potential of tree foliage to produce considerable amounts of high protein biomass 

has led to the development of animal farming systems that integrate the use of tree 

foliage where low quality feed resources are used. Fodder trees have higher DM 

yields, better resistance to mismanagement and a capacity to retain high quality 

foliage under stress conditions compared to herbaceous forage legumes (Kang et al., 

1990; Kaitho, 1997; Leng, 1997; Raussen, 1998). Because of their deep-rooted 

nature, fodder trees are able to tap water and nutrient resources deep in the soil 

profile (Leng et al., 1991). With proper management and propagation techniques, this 

fodder can be a viable feed resource to supplement income of smallholder farmers. In 

mixed farming systems, fodder trees and shrubs can have a stabilizing effect on 

prices as farmers have a longer holding capacity and are not forced into selling 

animals in periods of drought (Kaitho, 1997). Both fodder trees and shrubs also 

provide multiple benefits compared to forage legumes (Kang et al., 1990). Fodder tree

Inadequate nutrition is major cause of long calving intervals in the tropics (Mukasa- 

Mugerwa, 1989). A calving interval of 365 days is recommended for efficient 

oroduction (Payne, 1989). Poor reproductive performance and calf losses could be 

"educed through appropriate management and proper feeding regimes (Mpairwe, 

1998). The level of animal nutrition could be improved through use of improved 

pastures (Nsubuga, 1993); improved crop residues by intercropping forage legumes 

with cereals (Lupwayi et al. 1996); and by supplementing low quality diets with forage 

legumes (Makembi and Ndlovu, 1996).

A review by Saka et al. (1994) showed that under smallholder conditions, forage 

legumes might be better N supplements than non-protein N, oil seed cakes and other 

high energy and protein supplements due to high cost and limited availability of these 

conventional supplements. Therefore, the use of forage legumes as supplements to 

low quality forages can be an effective way of increasing milk production by 

smallholder dairy farmers.

Fodder trees and shrubs and their socio-economic significance in 

smallholder dairy farming systems
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crops, establish easily and do not require extensive agronomic inputs. They constitute 

potentially valuable sources of supplementary feeds that subsistence and medium­

scale livestock farmers in the tropics could use to improve livestock nutrition and 

productivity.

The nutritive value of tree fodder varies with species, plant part, leaf age, season, soil 

type (Kaitho, 1997; Leng, 1997; Chamberin, 2001), the state of fodder, whether fresh, 

wilted or dry (Palmer et al., 1995; Ebong et al., 1999) and drying procedure (Peterson 

et al., 1999). Dalzell (1996) reported that drying reduces extractable condensed 

tannins by 25% than obtained from freeze-dried samples. Where tree fodder after 

drying has been fed to goats on a basal diet of Napier grass, growth rate was 

stimulated when supplemented with protected soyabean meal (Ebong et al., 1999).

Although fodder from trees and shrubs has been an important source of protein for 

grazing animals, in some cases, not only has their crude protein digestibility been 

observed to be low, but also several cases of livestock death have been associated 

with high tannin content of some foliages (Osuju, 1994; Dalzell, 1996; Maasdorp et al., 

1999). The most important property of tannins is their strong affinity for enzyme and 

feed protein which depends on the fodder tree species (Leng, 1997; Palmer et al.,

During the dry season, forage usually has poor digestibility because dry old grass is 

rich in cellulose and lignin and poor in sugar and protein (Kaitho, 1997). Fodder trees 

and shrubs can provide protein and energy to keep rumen microbes active, increasing 

their ability to digest fibre, and thus enable livestock to make use of dry season 

pastures (Leng, 1997; Raussen, 1998). Crude protein contents of fodder trees is much 

higher than the values commonly given for grasses and forage legumes even at the 

best times of the year when the growth is vigorous (Kaitho and Kairuki, 1997; Leng et 

al., 1991; Hinderichsen et al., 2004). While the quality of grasses can fall well below 

the maintenance requirement (7%) during a long dry season, fodder trees will 

normally provide sufficient CP (Kang et al., 1990). This therefore justifies their use in 

relatively small quantities in order to complement poorer quality pastures and crop 

residues (Kaitho, 1997).
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1995). Tannin content, therefore, potentially alters the use and value of tree foliages 

by ruminant livestock (Leng, 1997). Small quantities of tannins, however can have 

beneficial effect, possibly by decreasing rumen degradable protein and ammonia loss 

(Ebong et al., 1999), and suppressing bloat (Maasdorp et al., 1999). Low tannins in 

Gliricidia is believed to leave the protein so unprotected as to be completely degraded 

in the rumen (Leng, 1997).

There is extensive and diverse literature on the effects of fodder tree supplementation 

on the productivity of cattle, sheep and goats (Speedy et al., 1991; Khalili and 

Varvikko, 1992; Shelton et al., 1996). Fodder tree leaves particularly Gliricidia sepium 

(Mpairwe, 1994), leucaena (Otsyina et al., 1995; Nherera et al., 1998; Aregheore and 

Perera, 2004) and calliandra (Peterson et al., 1999) have been used as supplements 

to a wide range of forages and crop residues. Leucaena supplements at a rate of 16% 

of DM have converted a weight loss to a significant weight gain in both sheep and 

cattle (Kimambo et al., 1992; Muinga et al., 1992). Muinga et al. (1992) reported an 

increase in DM intake and milk yield and a reduced liveweight loss in early lactation 

when crossbred cows were fed elephant grass fodder with graded levels of leucaena 

and a concentrate. Mpairwe (1994) and Kaitho (1997) recommended that, when used 

as supplements, the optimum dietary level of browses and shrubs should be about 30- 

50% of the ration on DM basis or 0.9 to 1.5 kg/100 kg BW.

Calliandra calothyrsus (calliandra) is a fast growing tree/shrub reaching approximately 

12 m in height at maturity. The leaves are suitable for forage and out-yield other shrub 

legumes, especially when grown on acid soil (Salawu et. al., 1997). Annual DM yields 

of calliandra are in order of 7-47 t/ha of fodder (Tuwei et al., 2003). Calliandra foliage 

contains 20-25% CP (Kaitho et al., 1997; Salawu et al., 1997; Nherera et al., 1998; 

Peterson et al., 1999).

Previous studies have shown an improvement in animal performance when 

supplemented with fresh foliage of calliandra (Palmer et al., 1995; Salawu et al., 1997;
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Elephant grass (Pennisetum purpureum K. Schumach) fodder as a 

livestock feed

Maasdrop et al., 1999). Dairy heifers consuming an average daily amount of 3 kg of 

fresh tree fodder over a period of 10 months had an average daily weight gain of 0.55 

kg, while exhibiting no apparent health problem (Peterson et al., 1998). Whereas 

Palmer and Schlink (1992) and Palmer et al. (1995) reported that foliage of calliandra 

has higher value when fed as leaf meal, Kaitho (1997) observed that when calliandra 

leaf material was fed fresh to sheep, voluntary intake was higher than when fed dry. 

Ebong et al. (1999) observed an improvement in DM intake of elephant grass fodder, 

digestibility, growth and feed efficiency in goats fed a ration of 50:50 soya bean meal 

(SBM) to calliandra leaf meal (CLM) compared to goats on elephant grass fodder and 

pure SBM. The study showed that mixing fodder tree leaf meals in compound rations 

is an alternative way of using fodder trees in ruminant feeding.

The stage of growth of a grass is the primary factor that affects it chemical 

composition and dry matter intake (Boonman, 1993; Anindo and Potter, 1994; 

Ogwang, 1974). Crude protein of elephant grass fodder declines with the maturation 

of the plants (Ogwang, 1974, Bogdan, 1977; Anindo and Potter, 1994). Woulters 

(1985) observed that 80% of the farms investigated in Kenya did not reach the target 

of 10% CP, while more than 40% had less than 7.5%. Yields of CP ranged from 403.6 

to 487.1 kg/ha for 45 to 60 days cutting intervals, respectively. Samanya (1996)

Elephant grass and its hybrids was introduced in East Africa as a suitable fodder crop 

in 1960s and has been increasingly associated with intensive and semi-intensive dairy 

production systems to meet the increasing demand for milk (Ogwang, 1974; 

Boonman, 1993). Average dry matter yield of unfertilised elephant grass during the 

wet season ranges from 3,210 to 5,343 kg/ha, and from 2,456 to 4,544 kg/ha for the 

dry season with a range of age of 42-63 days (Tilley, 1989; Boonman, 1993). The DM 

yields range from 27,300 to 37,100 kg/ha in regions with over 125 cm rainfall per year 

(Ogwang, 1974; Boonman, 1993). Dry matter yields of 17,710 and 23,926 kgs/ha 

have been obtained from elephant grass hybrids KW4 and P 99, respectively 

(Ogwang, 1974). He further reported that the DM yields of the leaves ranges from 

5,194 kg/ha for KW4 to 7.715 kg/ha.
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reported that at a height of 0.4 m, elephant grass fodder contained 20.5% DM, 9.8% 

CP, 29.7% NDF and 14% ash.

Supplementing dairy cows offered elephant grass fodder with forage legumes and/or 

concentrates improves dry matter intake, liveweight and milk production (Muinga et 

al., 1992; Kabirizi et al. 2000; Katuromunda, 2001). Seiler et al. (1979) reported nitrate 

poisonings in cattle whose diet consisted solely of Napier grass grown under low soil 

fertility. Levels of nitrate averaged as high as 28.3 mg/g with some samples as high as 

44 mg/g, which level in the same species from non-toxic areas was 3.9 mg/g.

Several studies (Akinyemi and Onayinka, 1976; Mtengeti et al., 1992; Njwe et al., 

1992; Shenu and Akinola, 1995; Ibrahim and t’Mannetje, 1998) have shown improved 

grass fodder DM yields when grasses are grown in mixture with forage legumes. The 

mixtures produced 22-154% higher total fodder DM yields than their respective 

unfertilised pure stand of grasses and were effective in controlling the weeds (Ezenwa 

and Aken’ova, 1998). However, other researchers (Mwangi and Wambugu, 2003; 

Bareeba, 2003) observed no significant differences in fodder DM yield when elephant 

grass was intercropped with forage legumes. The higher DM yields in intercrops was 

attributed to the additive effects of the legume DM rather than the effects on elephant 

grass performance and that the intercrops were possibly utilizing resources (soil, 

space) more efficiently (Mureithi and Thorpe, 1993; Mwangi, 2002). Mureithi and 

Thorpe (1993) observed that although total fodder DM yield was not affected by the 

legume species, the legume forage yields in the mixtures were significantly different. 

They further observed that the large differences in the legume cumulative DM yields 

were primary due to their varying ability to persist as companion crops with elephant 

grass. In an experiment to evaluate the effects of centro on growth rate and biomass 

yield of elephant grass fodder Mwangi (2002) and Mwangi and Wambugu (2003) 

reported that elephant grass tillers tended to suppress the growth of centro in the 

establishment phase by limiting the amount of light. Bogdan (1977) suggested that 

large and vigorous legumes capable of withstanding P. purpureum competition should 

be used for the purpose of intercropping with elephant grass.

Effects of intercropping Pennisetum purpureum with forage 

legumes on fodder dry matter yields
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Skerman et al. (1988) observed that the increase in DM yields could be explained by 

the ability of the leguminous plant species to fix nitrogen, which is then available to the 

companion grasses. The legumes have been reported to transfer between 3 and 100 

<g N/ha/yr to associated grasses in mixtures (Saka et al., 1994; Ezenwa and 

Aken’ova, 1998; Ibrahim and t’Mannetje, 1998). Bogdan (1977) reported that about 11 

oercent of N fixed by the legume was transferred to P. purpureum during the 6 months 

of active growth. In the smallholder dairy farming systems in the humid tropics, the 

incorporation of forage legumes in the ecosystems can play an important role in 

maintaining soil N levels as well as improving animal productivity.

2.6.2. Effects of intercropping elephant grass with forage legumes on chemical 

composition of fodder

;_arge increases in liveweight gains have been recorded following introduction of 

egumes in elephant grass provided the soil is not grossly deficient in phosphorus 

Ezenwa and Aken'ova, 1998; Mubiru et al., 2001; Jones, 2003; Mwangi and 

A/ambugu, 2003). Based on nutrition and agronomic data collected in Muguga, 

<enya, Kaitho and Kairuki (1997) observed that intercropping forage legumes with 

elephant grass increased the carrying capacity from 8.2 to 9.8 heifers per hectare per 

/ear and total live-weight gain from 1,280 to 1.690 kg/ha/yr.

Sustainable production of grass/legume mixtures depends on the amount of N fixed 

oy the legume (Nitis, 1995; Shenu and Akinola, 1995; Ezenwa and Aken’ova, 1998; 

Ibrahim and t’Mannetje, 1998). The legumes have a higher nutritive value than the 

grasses, particularly in protein and mineral contents (Mureithi and Thorpe, 1993; 

Ezenwa and Aken'ova, 1998; Mwangi, 2002). Katuromunda et al. (2001) reported 

oigher CP content from Pennisetum/\egume mixtures than in sole Pennisetum fodder 

out the results did not show significant differences in calcium (Ca), phosphorus (P), 

organic matter (OM), ash in vitro organic matter digestibility (IVOMD) and NDF 

contents between the mixtures and sole elephant grass fodder. Higher cumulative 

yield, digestibility and N were obtained when P. purpureum was intercropped with 

Macroptilium atropurpureum (siratro) than when in pure stand (Touvin, 1989).
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Mugisha et al. (1999) reported that because of better quality feeds, milk producers 

who intercropped forage legumes with elephant grass spent on average less than half 

on artificial insemination compared to sole elephant grass fodder. The above-cited 

cases demonstrate the potential role that elephant grass/legume mixtures can play in 

the livestock production system. This potential has, however, not been translated into 

tangible benefits on smallholder farms in Uganda, mainly due to poor adoption of the 

technology by smallholder farmers.

The introduction of forage legumes in cereal-based cropping systems as a promising 

strategy for increasing crop and livestock productivity in SSA has been extensively 

reviewed (Abate et al., 1992; Mwebaze, 1996; Mpairwe, 1998; Bosma et al., 2003; 

Romney et al., 2003). Data from intercropping experiments show that the grain and 

stover yields of the cereal in the mixture are less than the yields of the same crop 

grown alone, but that the total productivity per unit of land is usually greater for 

mixtures than for sole crops (Agboola and Fayemi, 1977; Katuromunda, 2001; 

Katuromunda et al., 2001; Preston, 2001). Mwebaze (1996) reported a decline in grain 

yield of 11% when maize was intercropped with green leaf desmodium and a 7% 

decline with siratro intercrop as compared to sole maize. Similar trends have been 

observed in the mixtures of Dolichos lablab with maize and sorghum (Haque et al., 

1985; Mpairwe, 1998). Mpairwe (1998) reported 27% increase in stover yields but the 

grain yield decreased by 3.3% when lablab was intercropped with maize crop as 

compared to sole maize crop. In some cases, however, intercropping cereal crops 

with forage legumes has resulted in increased grain and stover yields (Sabiiti and 

Mugerwa, 1993). Although there may be reductions in grain yields when cereals crops 

are intercropped with forage legumes, total biomass productivity per unit land is 

usually greater for mixtures than for sole crops (Mwebaze, 1996; Mpairwe, 1998; 

Katuromunda, 2001; Romney et. al., 2003).

The time of planting of the component crops in cereal/forage legume intercrops has 

great influence on fodder and grain yields and on the relative use of growth resources 

(Mohamed-Saleem, 1985; Singh and Rathi, 2003). Higher maize grain yields have

Effects of intercropping forage legumes with maize crop on maize stover 

and grain yield



2.7.2. Effects of feeding cereal/forage legume stover on animal production

24

Improved DM intake, liveweight, body condition, milk yield and reproductive efficiency 

have been reported in dairy cows fed cereal/legume stover supplemented with forage 

legumes and concentrate (Islam et al., 1995; Kawonga and Kulich, 1995; Crosse et 

al., 1998; Diriba et al., 2001) or/and fodder trees (Robertson, 1988; Kimambo et al.,

been reported in the long rains than the short rains (Katuromunda, 2001). The general 

conclusion therefore is that although there may be reductions in grain yields when 

cereals crops are intercropped with forage legumes the total productivity per unit land 

is usually greater for mixtures than for sole crops (Lupwiny, 1996). Therefore, 

productivity of large amounts of high quality feed in the intercrops offsets the 

decreased cereal grain yield.

2.7.1. Effects of intercropping forage legumes with maize crop on chemical 

composition of maize stover

Cereal stovers are characterized by low levels of CP (<6%), minerals, vitamins, readily 

fermentable energy content and metabolizable energy (<7.5 MJ/kg DM) that limit their 

utilization by livestock (Mohamed-Saleem, 1988; Munthali et al., 1992; Lupwanyi et 

al., 1996). Previous studies have shown that intercropping cereals with forage 

legumes improves CP and total crude protein yields (CPY) (Nnadi and Haque, 1988; 

Saka et al., 1994; Mpairwe, 1998). When L. purpureus, Trifolium steucheri and 

Medicago polymorpha were intercropped with maize, CPY of 619, 585 and 505 kg/ha, 

respectively were obtained compared with 269 kg/ha for pure maize (Nnadi and 

Haque, 1988). It has been observed that very high CP yields could be obtained from 

intercropping cereal crops with lablab due to N fixed by the legume (Nnadi and Haque, 

1988; Mpairwe, 1998). Agboola and Fayemi (1977) reported that 45 kg N/ha of N was 

transferred from the legume to the maize in a cereal/legume intercrop. In an 

experiment at Debra Zeit, Ethiopia, Nnadi and Haque (1988) reported higher N 

content in grain from maize that was intercropped with vetch whereas lablab and 

clover showed no such effects. Saka et al. (1994) found no evidence that the 

presence of a legume has specific effects on the release of N from actively growing 

roots.
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The adoption of forage legume/cereal intercrop by smallholder dairy farmers will, 

therefore, depend on the demonstration of their productivity and subsequent positive 

impact on cereal and livestock production. Mpairwe (1998) recommended that for the 

cereal/forage legume intercropping technology to be fully integrated within the 

crop/livestock farming system, on-farm feeding trials should be carried out to assess 

the practicability and economic feasibility of utilizing the forages produced from cereal/ 

forage legume intercropping fed to the breeds of cows available with farmers and 

supplemented with on-farm available forage legumes and crop by-products.

The effects of forage legume and concentrate supplements on voluntary dry matter 

intake, milk production and milk composition and reproductive performance of 

crossbred dairy cows has been widely reviewed (Zerbini et al., 1994; Malossin et al., 

1995; Kabirizi, 1996; Kassa and Tegegne, 1998; Jingura et al., 2001; Katuromunda, 

2001). Little et al. (1994) found that 0.5 to 1.0 kg of protein supplement (cottonseed or 

sesame cake) throughout the dry season improved the calving interval from about 420 to 

360 days. Keady et al. (1999) observed that the impact of reduced feed intake is most 

often seen as a depression in milk and/or milk component yields as well as reductions 

in weight gain or increases in weight loss. Increasing the levels of concentrate feeding 

pre-calving increased days to first progesterone rise, the onset of cyclicity and 

reduced the number of services/conception (Keady et al., 1999).

Effects of supplementing low quality forages with concentrate and/or 

forage legumes on animal performance

1992; Nherera et al., 1998; Hinderichsen et al., 2004). When crossbred cows were fed 

naize/lablab (ML) stover or oats/vetch (OV) with lablab hay and wheat bran 

supplements, there was an improvement in total DM intake by 21% (Mpairwe, 1998). 

Vlilk yield improved by 27% and postpartum anoestrus interval decreased by 34% with 

a calving to conception period interval of 80 days. The results also showed an 

mprovement in rumen environment and total volatile fatty acids production which was 

reflected in the improved passage rates of particulate digesta and the rates of DM, 

DM, N and NDF degradation greater than 3% per hour. Addition of legume haulms to 

cereal crop residues increased total DM intake and/or digestibility of the feeds (Adu et 

al., 1992).
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Herbaceous forage legumes play an important role in improving animal productivity in 

temperate areas, a role that has yet to be clearly demonstrated for farmers in Uganda 

(Koume et al., 1992; Kusekwa et al., 1992; Boitumelo and Mahabile, 1992). On-station 

agronomic trials to examine various annual fodder legume species screened for 

drought resistance, ease of management, high DM yield and nutritive value in Uganda 

have shown that Lablab purpureus (lablab) cv Rongai is the most productive and the 

most easily established legume on smallholder dairy farms (Sabiiti, 1993; Kabirizi et 

al., 2000). Lablab purpureus, previously classified as Dolichos lablab, is known in 

different parts of the world by different names (Jingura et al., 2001; Hinderichsen.ef 

al., 2004).

Lablab plants can be drilled with maize at about 3-5 weeks after planting, when the 

maize is about 15 cm high (Mpairwe, 1998). Lablab has a long production season and 

can provide fodder and soil protection when many other herbaceous legumes have 

become desiccated (Kabirizi, 1996). Staying green during the dry season, lablab can 

provide up to 12 tones of DM/ha depending on rainfall, soil condition and time of 

seeding (Thomas and Dabas, 1982; Kabirizi, 1996). Average lablab DM yields from 

farmers’ fields are about 1.5 t/ha (Boitumelo and Mahabile, 1992).

Milk production of crossbred cows increases when they are supplemented with 

concentrates and/or forage legumes (Kiwuwa et al., 1983; Malossin et al., 1995; 

Mpairwe, 1998; Kabirizi et al., 2000). Pregnancy rates of cows supplemented with 

forage legumes and a concentrate in the wet season were about twice those of 

unsupplemented cows in the same season or those of cows supplemented and bred in 

the dry season (Ambrose et al., 1984). Butterworth (1985) concluded that 

supplementation of breeding stock with forage legumes and concentrates lowered age at 

first calving, increased calving rate, shortened the interval between parturition and first 

oestrus and decreased mortality. The use of forage legumes and concentrates as 

supplements to dairy cattle offered low quality forages could therefore be an effective 

way of increasing milk production and overall productivity in smallholder production 

systems.
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The crude protein content of lablab leaves ranges between 20 to 29% while that of the 

stems range between 8 and 16% and the whole plant 14-19% (Murphy and Colucci, 

1999). With an average of 17% CP in the DM of about 6,000 kg/ha, lablab CP 

yield/unit area is therefore slightly above average when compared to other tropical 

legumes and has more protein than tropical grasses (Murphy and Colucci, 1999). The 

CP content and in vitro organic matter digestibility (IVOMD) of lablab plants decrease 

with maturity while the fibre fractions (ADF, NDF and ADL) follow an inverse pattern 

(Kabirizi et al., 2000). Mean DM digestibility of lablab has been reported to be about 

56%. Lablab therefore ranks well in DM digestibility compared to both tropical grasses 

and legumes (Mpairwe, 1998). Skerman et al. (1988) observed that lablab leaves do 

not contain tannins, thus they provide a rapidly fermentable source of protein with little 

by-pass protein potential.

Lablab can be fed as a good quality fresh foliage, hay or silage (Kabirizi, 1996; 

Murphy and Colucci, 1999). Lablab hay as a supplement to cattle on a poor quality 

basal diet increased rumen ammonia concentration, improved straw digestibility, 

increased particulate passage rate, decreased mean retention time and improved DM 

intake (Mpairwe, 1998; Hinderichsen et al., 2004). Mean voluntary intake values 

indicate satisfactory palatability of lablab at vegetative stage of growth (Murphy and 

Colucci, 1999). After flowering, the leaf is the most valuable component of a lablab 

crop because of its higher CP content compared to that of the stem (Kabirizi et al., 

2000). These characteristics demonstrate the potential that lablab has in alleviating 

nutrient deficiencies in poor quality diets especially during the dry season.

Improved growth rates and milk yield have been reported in dairy cattle on low quality 

roughages supplemented with lablab hay and concentrate (Boitumelo and Mahabile, 

1992; Mpairwe, 1998; Kabirizi et al., 2000; Hinderichsen et al., 2004) or with lablab 

hay, fodder tree hay and concentrate (Hinderichsen et al., 2004). Maize stover diet 

supplemented with lablab resulted in better body weight changes of the does, higher 

kid birth weights, faster growth rates, more milk and shorter postpartum anoestrus 

periods as compared to traditional smallholder practices in which no supplementation 

was used (Makembe and Ndlovu, 1996). Kabirizi et al. (2000) recommended that for 

optimum milk yield, cross bred cows weighing about 450 kg liveweight on a basal diet 

of elephant grass fodder should be supplemented with 2-3 kg/cow/day of lablab hay
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and 4 kg/cow/day of concentrate. In Uganda, however, utilization of lablab hay as a 

dry season protein supplement to dairy cattle is a new technology that has not been 

tested on-farm. In light of the existing literature, feeding lablab hay, as a dry season 

supplement need to be encouraged and should form a basis for testing it as an on- 

farm feeding technology for zero grazing dairy farmers in Uganda.

Factors affecting adoption of forage legume technologies in smallholder 

crop/livestock farming systems

Numerous studies have been conducted to assess factors affecting adoption of forage 

crop technologies on smallholder crop/livestock farming systems (Nicholson et al., 

1992; Irungu et al., 1998; Bosma et al., 2003; Gebremedhin et al., 2003; Mugisha, 

2003; Muyeko et al., 2003; Mwangi and Wambugu, 2003; Wanyama et al., 2003). 

According to Wanyama et al (2003) and Peters and Lascano (2003), land and capital 

availability, farmer participation in on-farm trials, age and education of farmer and 

farmer experience are the major factors influencing adoption of forage technologies. 

However, Mwangi (2002) noted that availability of planting material and ease of 

propagation are the critical issues that need to be addressed before farmers would 

adopt the technologies. Moffat and Ngwira (2003) identified scarcity and high cost of 

forage seed, difficulties associated with forage establishment and maintenance, 

inaccessibility of forage research results by the end users and lack of appreciation of 

the value of forage by farmers as the major factors affecting adoption of forage 

technologies. Peters and Lascano (2003) recommended that participatory 

development and evaluation of forage legume technologies might be the key to 

improving adoption of forage legumes amongst smallholder farmers. Franzel et al. 

(2003) observed that successful dissemination of new technologies such as planting 

and use of fodder shrubs requires much more than the transfer of seed and 

knowledge. It rather involves building partnerships with a range of stakeholders and 

ensuring the appropriateness of the practice and farmers’ interest in it. Success in 

disseminating the technologies also involves assisting local communities to mobilize 

resources, and ensuring effective participation of farmer groups in testing, 

disseminating, monitoring and evaluating the practice.
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Although Government of Uganda and NGO have implemented forage development 

programmes in Uganda for over 30 years, there is no well-documented information 

relating to farmers’ experiences (benefits and constraints) in the production and 

utilization of forage legumes in smallholder dairy farming systems. Mubiru et al. (2001) 

recommended that on-farm studies that incorporate experiences in the production and 

utilization of forage legume technologies should be carried out in Uganda as these 

largely influence technology adoption.

The farming systems approach suggests that in order to give adequate weight to 

farmers’ goals and management strategies, adaptive research is best undertaken 

through on-farm, farmer-managed experiments (Norman et a!., 1995; Collinson, 

1998). Both technical and socio-economic factors can then be taken into account and 

the experiments are used not only to evaluate technologies, but also to provide 

feedback to guide research workers at all levels in planning their future work (Norman 

et al., 1995). Consequently, the use of FSR is often suggested as a tool for promoting 

technological change and technology transfer for smallholders (Singh et al., 1995). It 

has sought to apply the power of scientific methods and knowledge to the solutions of 

the farmers’ problems. Although Jagadish (1998) and Sebillote (1994) pointed out that 

there are methodological and institutional tensions in the pursuit of the solutions to 

farmers’ problems through the FSR, it provides researchers an opportunity to evaluate

In SSA, rapid population growth has greatly exceeded the growth of food production 

over the last decades (IFPRI, 1996). Sustainable gains in agricultural productivity in 

SSA have proved elusive despite substantial investment in agricultural research 

(Jones, 1998). It is now well accepted that farmers should be involved in the 

identification and testing of agricultural technologies (Norman et al., 1995; Kesseba, 

1989; Velarde et al., 2000; Peters and Lascano, 2003). The wider recognition of this 

practice and the need to take into account the socio-economic circumstances of the 

small-farm household, has led to the rationalization of the “Farming Systems 

Research” (FSR) or research with a farming system perspective (Heinrich et al., 1997; 

Jagadish, 1998; Jones, 1998).
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reduction and utilization of forage technologies with farmers and getting feedback to 

•uide further research.
t

Intake of feeds with low organic matter digestibility is often depressed, due to a large 

physical fill in the rumen (Kaitho, 1997; Mlay, 2001; Waisswa et al. 2003). Protein 

supplementation for low-quality forages has been reported to increase microbial 

fermentation and increased rate of forage digestion and particulate passage (Zinn and 

Owens, 1986). Lack of rumen degradable protein occurs where rumen ammonia 

concentration falls below 5 mg NH3-N per 100 ml (Waisswa et al., 2003; Weisbjerge et 

al., 2003). This results in impaired rumen fermentation. Requirements for degradable 

protein can be met from both normal feed protein and by supplying non-amino acid 

protein in sources like urea (Mlay, 2001). Essential amino acids are needed by high 

producing cows and must come either from dietary protein that escapes degradation 

or microbial protein produced during rumen fermentation and passed along to the 

small intestine (Curtis et al., 1985; Kamatalit et al., 1992). Additional undegradable 

protein fed during late gestation has improved body condition at calving in dairy and 

reduced days open compared to cows receiving a similar diet containing less protein 

(Van Saun and Sniffen, 1996). Topps (1994) recommended that protein-rich 

ingredients needed to be incorporated into the diet as substitutes for crop residues

Wealthy rumen microbe populations are important to dairy cows (Leng, 1997). 

flourishing microbial populations can provide 50% to 80% of a dairy cow's daily 

irotein requirement and up to 80% of its energy requirements (Shaver et al., 1995). 

Tie remainder of the cow's nutrients comes from the level of recommended daily 

lutrients fed (NRC, 2001). In addition, research has shown that well-managed herds 

vith flourishing rumen microflora perform more consistently with smaller fluctuations in 

3MI, milk production and milk components (Shaver et al., 1995). These cows cost- 

jffectively maintain sustained levels of high production and performance. According to 

MRC (2001), the major nutrients for the growth and production of cattle are protein, 

snergy, minerals and water although others such as vitamins are also important.
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such as maize stover. By doing this, efficiency of rumen function would be increased 

and hence supply of nutrients (Orskov and Ryle, 1990).

Optimizing the rumen microbial population contributes to maximizing feed intake, fiber 

digestion and microbial synthesis for consistently high production levels (Marston et 

al., 1993). It also increases volatile fatty acid (VFA) production for increased energy 

availability, decreases the risk of acidosis by reducing accumulation of organic acids 

and increases microbial protein reaching the small intestine by optimizing protein 

degradation in the rumen (Leng et al., 1991).

increased maternal weight loss, 

positively or negatively affect 

supplemental energy (starch or

A review by Ferguson (1996) and Ayahinde et al. (2005) shows that energy levels 

below maintenance requirements (95 MJ/kg DM) in the diet of pregnant cows 

and reduced low milk yield. Supplementation can 

forage digestion depending on the source of 

digestible fiber) and level of feeding (Martin and 

Hibberd, 1990; Pordomingo et al., 1991). Grigsby et al. (1992) reported that for energy 

supplementation to be effective, rumen degradable protein requirements must be met. 

A comparative study of the value of nutrients supplied to cows in smallholder dairy 

farming systems in Kenya showed that there was a deficit of metabolisable energy (in 

supporting the desired level of output) of up to 15 MJ/day and a large deficit of 

effective rumen degradable protein of 235 g/day. The shortage or protein was 

considered to be much more critical than that of energy.

Diets deficient in energy retard microbial protein fermentation, digestion and feed 

efficiency and therefore have a negative effect on growth and reproductive 

performance in cattle (Ovenell et al., 1991; Marston et al., 1993; Britt, 1998; Keady et 

al., 1999). The more feed cows consume, the more energy they receive and the more 

milk they can produce (Keady et al., 1999). By optimizing rumen fermentation or 

microbial activity at high DMI levels, cows maximize the level of nutrients retained 

from feed (Fergueson, 1996). The presence of the bacteria populations required to 

digest forages, fiber and starch helps make this possible.
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Water is necessary for maintaining body fluids and proper ion balance; digesting, 

absorbing, and metabolizing nutrients; eliminating waste material and excess heat 

from the body; providing a fluid environment for the foetus; and transporting nutrients 

to and from body tissues (Murphy et al., 1983; Beede, 1992). Dairy cattle get the 

water they need by drinking and consuming feed that contains water, as well as from 

metabolic water produced by the oxidation of organic nutrients (Pyne, 1990). The 

factors affecting water in cattle include: the amount of dry matter intake, the nature of 

feed, level of salt intake, air and water temperature, physiological stage of the animal, 

availability of water and the succulence of feed (Kebreab et al., 2005). Water supply, if 

limited restricts voluntary feed intake and feed utilization of livestock depending on 

various factors and mechanisms (Laghans et al. 1995). NRC (2000) gave water 

requirements in terms of water required per kg dry matter ingested. For cattle, beyond 

the young calf stage, most estimates are within the range of 3-5 kg water per kg DM. 

For lactating cows giving 10 kg of milk per day and weighing 600 kg, an increased 

intake (from 78 to 105 kg per day is predicted when the temperature rises by about 

10°C. NRC (2001) recommended that water should be available all the time.

Proper mineral nutrition and supplementation is essential to animal health and high 

levels of milk production (Durand and Komisarczuk, 1988; Morse et al., 1992) 

Forages contain mineral components which affect soil conditions and may therefore 

be low in essential nutrients such as calcium, phosphorus, sodium, chlorine, 

manganese, magnesium and sulphur as well as trace minerals such as cobalt, 

copper, selenium and zinc (Leng, 1997). The net effect of such deficiencies in the 

rumen is similar to a deficiency of nitrogen or ammonia, that is it lowers microbial cell 

yield per unit of carbohydrate digested and at times a lowered deficiency will be on 

microbial growth, thus the symptom that first arises in one of malnutrition or protein 

deficiency (Leng, 1990; McDowell et al. 1993; Leng, 1996).
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In Uganda, however, no long-term participatory on-farm studies have been conducted 
to assess the effects of low magnitudes of CP, energy, minerals and water intake on 
body weight changes, body condition, milk yield and reproductive efficiency on 
smallholder dairy farms.



CHAPTER 3

GENERAL MATERIALS AND METHODS3.

scription of study area

If

cipatory research approach was applied during the implementation of the study 

which farmers were actively involved in all the stages of the research process 

om problem diagnosis and setting of the research agenda (identifying 

gies for on-farm studies), testing of selected forage technologies to 

ent of the technologies.

A study was conducted in Masaka district, Uganda from 2002 to 2004 to assess tl-^ 

effect of incorporating forage legumes in intensive smallholder dairy farming systems 

on feed availability and animal performance. The first part of the study consisted of a 

diagnostic survey to characterize intensive dairy cattle production system and together 

yvith farmers identify forage legume technologies and energy supplements that could 

tested on-farm to improve animal productivity. This was followed by two on-farm 

jals. The first trial evaluated the effects of intercropping maize with lablab or forage 

gumes (centro, siratro and green leaf desmodium) with elephant grass on grain and 

Ider production. The second determined the response and profitability of crossbred 

vs fed forages from an intercrop of maize/lablab or elephant grass/forage legumes 

elemented with a legume hay and a homemade concentrate. At the end of the 

;, a survey was conducted to identify benefits and constraints resulting from 

ration of forage legume technologies in the farming system.

vas carried out in Masaka district, located between 0° 15 and 0°43' South 

or and between 31° and 32° East longitude (Appendices 6.1 and 6.2). The 

of the district situated in the Lake Victoria Crescent area, is traditionally a 

t, with the environmental conditions and climatic patterns highly 

exotic and cross breeds (Anon, 2004). The district has two rain seasons 

from March to May and the other from end of November to mid 

annual average rainfall is 800-1000 mm with 100-110 rainy days and 

lidity of 61.2%. Appendix 6.3 shows a 5-year total monthly rainfall
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The major crops grown in the district in 2003 were bananas (79,800 ha), coffee 

(79,000 ha), maize (15,000 ha), cassava (18,000 ha) and sweet potatoes (15,000 ha), 

although other crops such as pineapples, yams and irish potatoes were found 

throughout the district (Anon, 2004). The district cattle population in 2003 was 102,486 

heads constituted by 11,500 exotic or high-grade dairy breeds (Anon, 2004). Zero 

grazing dairy cattle production system is a major source of milk, income and 

employment for resource poor farmers especially women. The number of zero grazing 

units increased from 844 units in 2001 to 6000 units in 2003 (Anon, 2003). Inadequate 

supply of high quality animal feed all-year round is a major constraint limiting this sub­

sector as earlier described by Anon (2003).

ecorded from 1999-2003 at Kamenyamigo District Agricultural Training and 

information Center (DATIC). The average minimum and maximum temperature was 

I5.8°C and 30.3°C, respectively. The soil texture ranges from red laterite to sandy 

pam but is productive. The total geographical area of the district is about 4,560.4 sq. 

;m out of which about 25% is under water and 20% under cultivation (Anon, 2004). In 

?002, the district had a projected human population of about 0.9 millions with 49.5 and 

>0.5% male and female, respectively.
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In addition, Participatory Rural Appraisal (PRA) was used to involve many zero 

grazers, key informants and other stakeholders in the areas were held with 3 farmer 

groups each comprising of farmers who had benefited from in-calf heifer projects in

1. To identify feed resources used in intensive smallholder dairy production 

systems and their effects on dairy cattle productivity.

2. To identify with farmers forage legume technologies and energy supplements 

that could be tested on-farm to improve animal productivity.

Production practices, constraints and future prospects of 

intensive dairy cattle production in Masaka district

tady 1:

.■.1.1.1.

Using information from the district extension staff and local leaders, a list of all sub­

counties in urban, peri-urban and rural areas in the district was compiled. A quick 

reconnaissance survey was carried out to identify concentration of intensive dairy 

cattle milk producers in the three study areas. Three sub-counties (Masaka 

Municipality, Kalungu and Bukulula) representing urban, peri-urban and rural areas 

respectively and were accessible were randomly selected. A list of zero-grazers 

having 1-3 crossbred dairy cattle in each sub-county was compiled using information 

from the sub-county extension coordinators and local leaders. From each selected 

sub-county, 35 zero-grazers were randomly selected. Information on household 

characteristics, farm activities and facilities, land resource utilisation, forages and 

supplements used in feeding dairy cattle were collected from each household using a 

structured questionnaire (Appendix 6.4) supplemented by on-site observations. The 

questionnaire was pre-tested on 15 farmers (5 farmers per sub-county) in Masaka 

district after which it was revised to incorporate farmers' concerns in a participatory 

manner. A total of 105 farmers (35 from each sub-county) were interviewed. During 

the individual interviews, respondents were asked to indicate their interest in 

participating in on-farm trials to evaluate selected forage/feed technologies for 

increased feed resources availability leading to improved animal productivity.
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.1.2. Study 2:
I

The study was conducted on 32 households selected from 4 villages (Butego; 

Kitenga, Kalungu and Buyikuuzi) in Bukulula sub-county of Masaka district 

Appendices 6.1 and 6.2). Butego represented the urban areas where over 10% of the 

zero grazers depend entirely on purchase elephant grass. Eight households were 

selected from each village. Selection of the villages was based on the population of 

zero grazed crossbred dairy cows and on the number of farmers who expressed their 

interest in participating in on-farm research to test improved forage technologies for 

improved animal productivity (Study 1). Selection of the households was based on: i) 

willingness of the farm owner to participate in the study (Results of Study 1); ii) having 

a minimum of 0.5 ha of well established and managed elephant grass fodder field (iii) 

availability of land and labour to plant and manage the forage fields; iv) having one (8- 

12 weeks in-calf cow, parity=1) at the start of the trials and; iv) willingness of the farm 

owner to allow other farmers to visit the trials for purposes of monitoring and 

evaluation of the trials and to learn from participating farmers. All selected farmers 

■were beneficiaries of Send-a cow Heifer Project. Two enumerators who were familiar 

■with the study areas were recruited and trained to assist the farmers in data collection.

Effects of intercropping maize or P. purpureum with forage 

legumes on grain yield and fodder production

The Geographical Positioning System (GPS) was used to provide the geographical 

position (latitude and longitude) of the farms (Appendix 6.2). To establish the nutrient 

status of the soils, three replicate samples were taken from each of the 32 farms

To determine the effect of intercropping forage legumes with maize or P. 

purpureum on maize grain and fodder dry matter (maize stover, P. 

purpureum and legume herbage) yield on smallholder dairy farms.

To evaluate the effect of intercropping forage legumes with maize or P. 

purpureum on chemical composition and in vitro dry matter digestibility of 

the fodder.
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Table 3.1: Experimental treatments

Treatment

Maize
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before (March 2002) and at the end of the study (September 2003) (Appendix 3.5). 

'he samples were taken from the plough layer (0-15 cm and 15-30 cm) on each site.

'he samples were analysed for chemical properties [pH, Organic matter (OM), 

Mitrogen (N), Phosphorus (P) and Calcium (Ca)] using procedures described by 

ikalebo et al., 2000).

Phe experimental set-up was a Randomized Complete Block Design (RCBD) with two 

Topping systems (Table 3.1).

MB: the legumes in elephant grass/legume mixture were: Centrosema pubescens 

[centre), Macroptilium atropurpureum (siratro) and Desmodium intortum (green leaf 

desmodium).

Each of the cropping system had 2 treatments (monocrop and intercrop) replicated 8 

times. Selection of the treatments (Table 1) depended on the farmers’ choice of the 

technologies for on-farm trials to improve feed resource availability and dairy cattle 

performance (Appendix 6.6). More (16) farmers were selected for elephant grass 

compared to maize (8) because few farmers had sufficient land to plant maize 

[monocrop and intercrop) in addition to area already under elephant grass.

Elephant grass/legume mixture

Elephant grass monocrop 

Maize/lablab intercrops (ML) 

Maize monocrop (Sole maize)

Cropping system

Elephant grass
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Production of elephant grass/legume mixtures (EGL) and sole 

elephant grass (sole EG)

At the beginning of the first rain season (March 2002), each of the 16 households 

selected to test elephant grass cropping system (elephant grass/forage legume 

intercrop and elephant grass monocrop) received seeds of Desmodium intortum 

(green leaf desmodium), Macroptilium atropurpureum (siratro) and Centrocema 

pubescens (centre) to sow into 0.5 ha of an already established elephant grass field. 

A seed rate of 3, 2 and 1 kg/ha of centra, siratro and desmodium respectively were 

used. The forage legumes were introduced where elephant grass fodder had been 

harvested and the ground dug to leave only the stools. At sowing time, the three 

forage legume seed species were thoroughly mixed together and sown between 

elephant grass rows (Appendix 6.7). Compost manure (1-2 ton/ha/season) was 

applied to the fodder fields to improve soil fertility and fodder DM yields (Mpairwe, 

1998).

The harvested material was weighed and then separated into elephant grass and 

forage legumes and the fresh weight recorded. Sub-samples of about 0.3 kg of each 

material (EGL, forage legumes and elephant grass fodder from intercrop) were taken 

and oven dried at 60°C to constant weight. The dried samples were used for DM 

estimation and chemical analysis. For comparison, similar sampling (herbage biomass 

yield and chemical composition) was done on sole elephant grass where the legumes 

were not introduced.

Sampling started 10 weeks after the germination of the forage legumes and continued 

every 45 days for 17 months. Sampling was done on 6 randomly selected households. 

Herbage biomass yield was estimated by cutting fodder at ground level from six 

randomly selected quadrate of 1 m x 1 m each. At each harvest, three elephant grass 

plants were randomly selected from each plot, their heights measured and recorded. 

Sampling was repeated in the centre, diagonal crossing, and edge of the field. Total 

(legumes + grass) forage yields per hectare were estimated by using an equation: Y = 

R x 10,000 (where Y = the fresh weight yield in one hectare and R = yield in one 

square meter) (Nitis, 1995). Forage yields were estimated both in the dry and wet 

season.
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Participatory techniques including group meetings, on-farm visits, and informal 

discussions were used to monitor and assess the performance of the technologies

Maize grain from the intercrop and monocrop was harvested at physiological maturity, 

120 days after planting the maize seed (Imanyoha et al., 2000). Maize/lablab stover 

(ML), cobs and grain yields were estimated on whole plant basis from six randomly 

selected plots of 1 m x 1 m each, sampled from each of the 6 randomly selected 

households. Total yield per hectare was estimated by using an equation: Y = R x 

10,000 (where Y = the fresh weight yield in one hectare and R = yield in one square 

meter). The mean weight per cob, grain, lablab and stover yield from each plot was 

recorded. The ML plants and cobs from each plot were harvested, weighed and the 

material was separated into maize stover, lablab, cobs and grain fractions and each 

fraction weighed separately. After separating the dry cobs, the above ground plant 

material from the intercrop (stover and lablab) were preserved as animal feed, and 

stored on a well ventilated rack that was constructed below the roof of the cowshed. 

The grain and stover yield from each household was recorded. In all cases, the 

farmers did routine management of the fodder fields with regular supervision from the 

enumerators.

At the beginning of the first and second rains (March and September 2002, 

respectively), 8 households were selected to test maize cropping system 

(maize/lablab intercrop and maize monocrop). About 0.2 ha/season of maize/lablab 

intercrop (ML) and 0.2 ha/season of maize monocrop were established on each of the 

16 households at the beginning of the first and second seasons of 2002 (Cropping 

systems 2 and 3). Maize (variety Longe 1) was planted at a spacing of 75 cm x 50 cm 

using 2 seeds per hill and a seed rate of 20 kg/ha as recommended (Imanyoha et al., 

2000) (Appendix 6.8). After the first weeding (about 3 weeks after the germination of 

maize seed), lablab (cv Rongai) seed was introduced into 0.2 ha of maize crop rows 

at spacing of 1m x 1m using 2 seeds per hill. Maize monocrop was planted using 

similar procedures described by Imanyoha et al. (2000).
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that were introduced on the farms and their contribution to household welfare. The 

meetings were held in the villages, where participating farmers came from. Field days 

were held to encourage interaction and collaborative learning between participating 

and non-participating farmers. Participatory evaluation was done using a check list 

(regrowth capacity, yield, resource-land, labour and capital required and drought 

resistance) and later during the feeding trials, the effect on animal productivity -milk 

yield and body weight and body condition) and overall farm profit. For purposes of 

monitoring the performance of the technologies, the farmers recorded in their record 

books all the data that was collected on their farms. Farmers scored 1-5 (1=poor and 

5= very good) the contribution of the forage technologies to dairy cattle feeding and 

household welfare. Performance of animals accompanied by records on fodder 

production helped farmers to decide on what technology they would adopt.

Samples of about 0.3 kg of elephant grass/legume mixtures, elephant grass and 

legumes from the mixtures and forage legumes; stover, lablab and maize/lablab 

stover from intercrop and samples of stover from monocrop were randomly taken, 

weighed and oven dried at 60°C to constant weight. The dried samples were used for 

DM estimation, chemical analysis and IVOMD. Similar analyses (DM yield and 

chemical composition) were done on samples taken from maize monocrop. All dried 

samples were weighed, ground, sieved through a 1 mm sieve and stored in airtight 

sample bottles. Samples were analysed for crude protein (CP) using Kjeldahl method 

as described by A.O.A.C. (2001). Crude protein yield (CPY) was calculated as the 

product of fodder DM yield and CP percentage. Neutral Detergent Fibre (NDF) and 

Acid Detergent Fibre (ADF) were analysed using Van Soest and Robertson (1985) 

methods and IVOMD by the Tilley and Terry (1963) technique. Calcium (Ca) and 

Phosphorus (P) contents were determined using methods described by Okalebo et al. 

(1993). Metabolisable energy (ME) was estimated using a regression equation 

developed by Close and Menke (1986) where ME (MJ/kg DM) = 0.15*IVOMD; where 

IVOMD = in vitro organic matter digestibility (%). Chemical composition for elephant 

grass monocrop and intercrop was estimated during the wet and dry season while the 

chemical composition for maize monocrop and intercrop were estimated in the first 
and second seasons.



Statistical analyses3.1.2.6.

43

Comparisons of means were considered significantly different at (p<0.05) using the 

Least Significant Difference (LSD).

Data on maize grain and fodder DM yield and chemical components (CP, CPY; 

IVOMD; Ca; P and ME) of the fodder were subjected to analysis of variance for a 

Randomized Complete Block Design (RCBD) using SAS (Statistical Analytical 

Systems) (1999). The following statistical model was used in the data analysis: 

Y|]k=p + Ci + Sj +HHk + (CS)ij + eijk,
where Yy = fodder or grain yield or chemical composition for the kth HH in the jth 

season managed by the ith cropping system;

p = Overall mean;

Ci= Effect of ith cropping system (C), 1-2 (monocrop; intercrop);

Si=jth Season [dry and wet];

HHk = Effect of the k,h Household;

(CS)ij = the interaction between the i,h cropping system at jth Season; e^ =Random 

error.



Specific objectivesj.1.3.1.

Experimental design and treatments3.1.3.2

Experimental treatmentsTable 3.2:

Treatment
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Four dietary treatments (Table 3.2) were randomly allocated to 32 cows (one cow per 

household) in a Completely Randomized Design (CRD) with 8 replications. Each 

treatment was replicated 8 times. The trials were conducted in 4 villages with each 

village having 2 cows per treatment.

1
2
3

4

EGL=elephant grass/legume mixture; EGML = elephant grass fed with maize 

stover/lablab; LH= lablab hay; CLH = calliandra leaf hay; HMC= homemade 

concentrate

Basal forages

EGL
EGL

EGML

Sole EG

1. To determine milk production, body condition, body weight and reproductive 

efficiency of crossbred dairy cows fed forages from elephant grass/legume 

(EGL) or maize/lablab (ML) intercropping systems supplemented with 

calliandra leaf hay (CLH) and/or lablab hay (LH) and a homemade concentrate 

(HMC).

2. To determine the economic benefits of supplementing CLH and/or LH and a 

HMC to crossbred dairy cows fed forages from EGL or ML intercropping 

systems compared to sole elephant grass fodder.

Supplements

LH + HMC

LH + CLH + HMC

CLH + HMC

None (farmers’ practice)

1.1.3. Study 3: The performance of crossbred cows fed forages from 
i

elephant grass/legume or maize/lablab intercropping systems and

supplemented with legume hay and a homemade concentrate



Production and management of basal forages and supplements3.1.3.3.

Production of lablab hay (LH)3.1.3.3.1.

45

selection of the treatments/technologies was based on farmers' preference of the 

[echnologies during a feedback workshop (Appendix 3.6) and on previous on-station 

studies (Sabiiti and Mugerwa, 1990; Ebong et al., 1999; Kabirizi, 1996; Mpairwe, 

1998; Katuromunda, 2001). Treatments 1, 2 and 3 are referred to as “supplemented” 

vhile treatment 4 is referred to as “unsupplemented".

In March 2002, each of the 16 households selected to test LH as a supplement 

(Treatments 1 and 2) was supplied with 4 kg of lablab seed to plant 0.25 ha of lablab 

fodder. Lablab seed was planted using a seed rate of 12 kg/ha and a spacing of 1 m x 

1 m (Kabirizi, 1996). The farmers weeded the fields manually throughout the study 

period whenever necessary. Harvesting was done manually using hand shears. The 

plants were cut to about 30 cm above the ground level and above the branches to 

allow regrowth (Kabirizi et al., 2000). Harvesting was done when 50% of the plants 

had flowered (Kabirizi, 1996). All the material was harvested on the same day. This 

was achieved by using a lay-on system where participating and other interested 

farmers worked in groups to solve the labour problem. The material was left in the 

fields for one day to reduce the moisture content and was later transferred to a drying 

area where it was left to dry for about 6 days. During drying time, the material was 

constantly turned using a rake to enhance drying. After drying, the hay was baled 

using wooden baling boxes of 75 cm x 50 cm x 40 cm each and the bales were tied 

with sisal strings (Appendix 6.9). The bales were stored on well-ventilated racks that 

were constructed below the roof of the cowsheds (Appendix 3.9f). Baling the material 

reduced the loss of leaves during storage and space required to store the hay.

The basal forages [elephant grass/forage legume mixtures (EGL), elephant grass 

fodder fed together with maize/lablab stover (EGML) and sole elephant grass fodder 

(EG)] were produced as described in sections 3.1.2.3.1 and 3.1.2.3.2. the 

supplements [lablab hay (LH) and calliandra leaf hay (CLH)] were established in 

March 2002 as indicted in sections 3.1.3.3.1 and 3.1.3.3.2.



Production of calliandra leaf hay (CLH)1.3.3.2.

3.1.3.3.3 Formulation of a homemade concentrate (HMC)
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I the beginning of March 2002, each of the households selected to test CLH as a 
jotein supplement was supplied with 500 calliandra seedlings. Raussens (1998) 
.(commended that in order to supplement one dairy cow with 6 kg of fresh fodder (1 
g DM) every day over a lactation period of 10 months, a farmer needs 500 trees of 
alliandra. Calliandra seedlings (about 15 cm high) were purchased from the Forestry 
.esources Research Institute (FORRI), Mukono district. The seedlings were planted 
;t a spacing of 50 cm between plants as a single line hedge around the elephant 
■rass fields. To improve the initial growth of the seedlings, about 2 hands-full of 
manure was applied in the planting holes. Calliandra was first cut when the plants 
yere about 130 cm high, about 4 months after planting. The cutting was about 30 cm 
above ground to induce the tree to spread at the base. The harvested material (leaves 
and twigs) was collected and spread on mats or turpolines and dried in a shade. The 
eaf hay was stored in 100 kg-polythene bags (Appendix 6.10). Harvesting from these 
frees continued every 8-12 weeks depending on their regrowth which depended on 
he season.

imples of lablab hay were taken from 6 randomly selected households and analysed 

r DM yields and chemical composition using methods described in section 3.1.2.5.

Samples of calliandra leaf hay were taken from 6 randomly selected households and 
analysed for DM yields and chemical composition using methods described in section 
3.1.2.5.

Maize bran (MB) and cotton seed cake (CSC) were used as the main ingredients to 
formulate a homemade concentrate (HMC) that had about the same crude protein 
content (16% CP) as the commercial concentrates such as Nuvita Dairy Meal that 
were available on the market. Tables 3.3 and 3.4 show quantities, price and chemical 
composition of the ingredients that were used to make a HMC.



various-Jble 3.3:

Ingredient DM

8.8 150 12,300Maize bran 83.8 10.7 82.0

30045.2 17.0 7.7 5,10093.6

1700 1,7001.0

16.5 19,100100Total
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1 US $= 1920 Ug. Shs
"he mineral powder was obtained from Welcome Cooper Uganda Limited and contained the following 
ntnerals with the percentage contribution of each given in brackets: NaCI (27), Ca (18.51), P (11), Mg 
3), Fe 90.5), Cu (0.10), Mn (0.4), Zn (0.5), S (0.4), Co (0.02), Se (0.00), Mo (0.002) and Ca: P ratio of 
1.68:1.

Cotton seed 
cake

Maclick
Mineral 
powder

CP Proportion
(% DM) in mixture 

(kg)

% CP Average Total 
contribution price per Cost

kg (U Shs)

Proportions (kg/100 kg DM) and price/kg of the 
components in the homemade concentrate



Table 3.4:

Components (% DM) MB

90.6 89.684.8
91.3 90.292.33 90.8
16.5 16.045.28.8

67.1 65.7 67.2IVOMD 66.1
7.4 6.9 7.17.2Ash

0.24 0.30.18 0.14
0.47 0.50.19 0.3

19.2 19 18.223.4

6.7 6.95.9 13.9
10.1 9.8 10.19.9
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Neutral Detergent

Fibre

ME was estimated using regression equations by Close and Menke (1986), ME= 0.15 *IVOMD;
Homemade concentrate = Maize bran (82%) + cotton seed cake (16%)
#The Commercial concentrate was "Nuvita", commonly used by smallholder dairy farmers

Phosphorus
Calcium

Chemical composition (%) of maize bran (MB), cotton 
seed cake (CSC) and homemade concentrate (HMC)

Dry matter (%)
Organic matter
CP

Acid Detergent Fibre 
*Metabolizable Energy 
(MJ/kg DM)

Type of ingredients
CSC HMC Commercial 

concentrate
87.1
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h Treatment 3, ML and elephant grass fodder were chopped into pieces of about 5 

;m long using a machete. Chopping was done before offering the fodder to the 

animals. Chopped ML was mixed with fresh EG forming the mixture (EGML), and 

offered ad libitum. The weights of ML and elephant grass fodder were recorded before 

hey were mixed. The cows were supplemented with a mixture of 1 kg/cow/day of 

HMC and 1 kg/cow/day of CLH before calving. The quantity of HMC was increased to 

4 kg/cow/day after calving. Half the amount of the supplements was given during the 

morning milking time and remaining amount was given during the evening milking 

:ime.

i> Treatment 2, chopped EGL fodder was supplemented with 2 kg/cow/day of lablab 

tay (Kabirizi, 1996) and 1 kg/cow/day of CLH (Raussens, 1998). All animals were 

upplemented with 1 kg/cow/day of HMC before calving. The daily amount of HMC 

ffered was increased to 4 kg/cow/day when the cow calved. Half the amount of 

jupplements was given during the morning milking time and the remaining amount 

yas given during the evening milking time.

-or comparison, 8 households were selected where no intervention (farmer’s practice) 

vas introduced. This treatment (Treatment 4) constituted the sole elephant grass 

:odder (sole EG) as the control. In all treatments, animals had access to water and 

Tiineral blocks ad libitum. All feeds were weighed before they were offered to the 

animals and the weights recorded.

Treatment 1, the farmer harvested fresh EGL at a height of 80-100 cm (Nsubuga, 

;83), every morning; chopped the fodder into pieces of about 5 cm long using a hand 

tear. Chopped elephant grass/legume basal diet was offered to the animals ad. 

itum. The animals were supplemented with 3 kg/cow/day of chopped lablab hay 

-abirizi, 1996). All animals were supplemented with 1 kg/cow/day of HMC before 

living (Ruiz, 1983). This was intended to steam up the animals. The mixture of LH 

id HMC was offered to the animals in the morning before EGL was offered. The 

jantity of HMC was increased to 4 kg/cow/day after calving. Half the mixture was 

ven during the morning milking time and the other half during the evening milking 

me.



1.3.4 Experimental procedures and animal management

Data collectionJ.1.3.5.
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jimals used in this study were crossbreeds (indigenous cows x Holstein-Friesians).
"1
jie exotic blood level of the animals was 83% (Send-a-cow Project Report, 2003). 

Acords from the farmers showed that the cows were 26-28 weeks in-calf at the start 
)
the feeding trials and had calved once. However, data collection started when the 

I
)w had attained 28 weeks in-calf. The farmers carried out tick control by applying 

(iing spot-on twice a week and other animal health routine management 

.accinations, deworming, and disease control). The feeding trials lasted 10 months, 

ach cow covering 2 months prepartum and 8 months postpartum.

he calves were weighed at birth and thereafter once every month for 2 months. The 

alves were separated from the dams at birth and were kept in individual pens where 

ley were bucket-fed. Each calf received 2 litres of milk after every morning and 2 

tres/calf evening milking time until weaning time, 2 months after calving. All the 

.a Ives had free access to water.

Heart girths measurement, body condition score (BCS) and body weight (BW) of the 

jows were recorded by the enumerator in the presence of a farmer every fortnight. 

Heart girth was taken using a heart girth tape measure. This was converted to body 

/veight (BW). Body condition score (BCS) was recorded using a scale of 1-9 

^Nicholson and Butterworth, 1986). Each farmer was supplied with a 100-kg spring 

Dalance to weigh the daily quantities of feeds offered to the animals. Intake was 

sstimated as quantities of all feeds offered minus quantities refused on DM basis. 

Samples of feeds offered were taken once every month for chemical composition 

using procedures described in Study 2. The farmers recorded total daily milk 

oroduced. The enumerator and the local veterinary staff assisted the farmer to 

observe the animal regularly for oestrus. At parturition, the calf body weight and sex 

were recorded. The farmer observed and recorded oestrus and conception dates, 

method of insemination (Artificial or Natural Service) and number of times the cow 

was inseminated/served before it conceived. Pregnancy was determined by rectal 

palpation two months after insemination by the local veterinary staff.



Monitoring and farmers’ assessment of the technologies

Economic analysis
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J.3.6.

yinitoring and farmers’ assessment of the technologies were done using methods 

/scribed in section 3.1.2.4.

fhe gross margin for each treatment/technology was calculated based on extra costs 

ncurred when they were incorporated in the production systems in relation to the 

ncome realized from sale of milk, maize grain, dressing percentage in weight during 

:he study time and calves etc. Gross margin was used to provide a measure of 

competitiveness of a given treatment in terms of relative profitability. Gross margin = 

Total revenue - Variable costs (veterinary services, cost of feeds and labour). Extra 

cost and income of supplementing dairy cows as shown in the different treatments 

was calculated and compared to practice where there was no supplementation by 

control farmers. The ratio of extra income to extra cost was calculated to get return 

per extra shilling spent as cost due to treatment. Cost structure and revenue structure 

for each item was calculated as a percentage of the total cost or revenue.

pe costs per kilogramme of forage were estimated from their respective costs of 

oduction (land preparation, planting, weeding, harvesting, conserving). The current 

/arket prices at the study time were used to compute the cost of inputs including 

(8eds, ingredients used to make homemade concentrates and labour Appendices 

;,11, 6.12 and 6.13 give estimated cost of production per kg of fodder, average 

quantities of fodder consumed per cow during the study period and prices used in in 

calculating the cost of producing fodder per kg, respectively in an already established 

jairy unit. Income was derived from quantities of milk and maize grain produced and 

heir respective prices. No attempt was made to calculate the overall profitability of the 

Jairy enterprises since data on fixed assets such as cost of the cows and cost of 

construction was not available.

,1.3.7.



1
Statistical analyses1.3.8.
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I

omparisons of means were considered significantly (p<0.05) different using the 
east Significant difference (LSD).

^ta were subjected to the analysis of variance (ANOVA) procedure for Randomized 
I
dmplete Block Design using the procedure in SAS (Statistical Analysis Systems)
999). The model used in the analysis was:

Ik - J-1+ T| +Sj + Ck +(TS)y +eijk, where:
jk = Overall performance (kth cow in the j,h season receiving the ilh Treatment);
= Overall mean; T| = Effect of the i,h Treatment, i = 1, 2, 3, 4; S j = the jth Season, j =

2 (wet and dry); (TS)y = Interaction between the ith Treatment and j,h Season; eyk = 

iandom error.



Specific objectives

1.

2.

Identification of constraints and selection of possible interventionsj.4.1.2.
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A 3-day feedback workshop was conducted to present results of the survey to the 

farmers. The workshop was conducted at Kamenyamigo DATIC where 9 improved 

forage technologies were being tested (Study 1). Using a scoring method, farmers 

selected 3 forage technologies for on-farm trials (Tables 3.1 and 3.2) to improve feed 

availability and animal productivity. Based on their willingness to participate in the 

study, 32 farmers were selected and were provided with seed to establish the forages 

(Study 2). Using data collected from the trials, farmers were able to evaluate the 

performance of the forages and their effects on animal performance. The trials also 

provided some seed to expand/adopt the species that were appreciated most.

Farmers’ experiences, constraints and opportunities in the 

production and utilization of forage legumes in smallholder 

dairy production systems

Participatory on-farm evaluation of forage legumes technologies began at the end of 

2001 with a baseline survey to identify forages and other feed resources used in 

smallholder dairy cattle feeding and constraints to their utilization (Study 1 and 

Appendix 6.14). During individual interviews and group meetings, farmers noted that 

reed shortages especially during the dry season was a major constraint to dairy cattle 

production. Farmers proposed on-farm trials to test forages that had been 

recommended on-station for dairy cattle feeding (Study 2 and 3 and Tables 3.1 and 

3.2).

To assess the benefits and constraints from improved forage technologies 

to the smallholder dairy production system and household welfare.

To document major lessons learnt from testing improved forage 

technologies with smallholder dairy farmers.

,4.1.1.

1.4. Study 4:



1.4.3. Monitoring and evaluation/farmers’ perceptions of the technologies

Statistical analyses!.1.4.4.
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Ml data from the questionnaires were entered in SPSS computer format. The 

questionnaire data was analysed using SAS computer package. The bulk of statistical 

analysis hinged on descriptive statistics. Means, ranges, standard deviations, 

requencies and percentages were used to define the quantitative status of the data 
collected.

^thods used to monitor and evaluate the technologies were described in section 

.2.4 and Appendix 6.14. A feedback workshop was organized as part of the exit 
✓
^tegy to i) give a feedback on the results achieved by the farmers who participated 

Jhe trials and the economic implications; ii) evaluate with farmers the key issues that 

^de them succeed or fail during the study period and; iii) present results of their own 

/alitative evaluation of the forage legume technologies to other farmers. The 

^jrkshop was also intended to identify indicators of positive and negative impacts 

tenefits and constraints) that could affect adoption of the technologies that were 

sted during the workshop. The implementing farmers were facilitated to explain 

fage technology implementation and performance to 450 non-participating farmers, 

dicators of both positive and negative impacts of the technology intervention of 

orage improvement among the dairy farmers were documented. The data on 

idicators of the impact were disaggregated by gender to find out how many males 

pd females considered a particular impact of this technology intervention important. 

Dne hundred farmers (46 men and 54 women) participated in monitoring and 

(valuation of the technologies.



CHAPTER 4

RESULTS AND DISCUSSION

Study 1:

J.1. Household characteristics
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Fhe rural areas had the largest number (8-20) of people per household while the 
urban and peri-urban areas had 4-8 people per household. Gender, age, marital 
;tatus and educational level of respondents are shown in Table 4.1. Majority of 
espondents in the study areas were aged between 46 and 60 years. In this sample, 
/oung men and women below the age of 20 years were never farm owners. The 
percentage of widows and married men and women was higher in urban and peri­
urban areas than in the rural areas while the percent of single women and men was 
-lighest in rural areas. More than 25% of the respondents in each of the study areas 
nad attained primary level of education. There were more women with primary level of 
sducation in rural than areas in urban and peri-urban areas than men.

Production practices, constraints and future prospects of 
intensive smallholder dairy cattle production in Masaka 

district

survey results indicated that about 71% of the households keeping stall-fed dairy 
dttle were female-headed and 29% were male-headed as shown in Figure 4.1. There 
^ere more female-headed households in the rural areas than in the urban and peri- 
jrban areas. About 73% of the total income in female-headed households was 
derived from the dairy enterprise (Figure 4.2). The higher percentage of women 
,eeping stall-fed cattle confirms previous studies (Samanya, 1996; Kabirizi and 
Orania, 1997; Mwebaze, 2000) that majority of dairy farmers in Uganda practicing 
stall-feeding are women. Many women are striving to improve household income by 
jetting involved in income generating activities. According to Masaka district Report 
2003), many widows especially from the rural areas have benefited from various 
Government and NGOs such as Heifer Project International.
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□ Dairying
□ Employed by Government

NGOs _

Figure 4.2: Contribution of income from dairy enterprise in female­
headed households in smallholder production systems 
in Masaka district
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educational level of theandble4.1: status

Study area

Female
Percentage=iiaracteristics

■

0.0 0.00.00.0 0.00.0
18.6 10.88.79.2 22.410.2
31.7 30.014.6.37.5 39.431.2

2.95.0 0.03.0 9.99.1

darital status
25.7 37.111.8 0.0Single 9.1 3.0

11.8 0.0 2.9 2.918.2 15.3/larried
33.2 38.2 29.4 17.1 5.0Vidowed 21.2

3.0 6.3)ivorced 0.0 0.0 6.4 2.4

Educational level
>lone 12.1 9.1 11.8 0.0 1.3 2.9

34.4 37.2 28.2 29.4 44.8 38.0
2.2 3.0 6.8 11.9 11.4 0.0
3.0 0.0 1.9 0.0 0.0 1.6
0.0 0.0 10.0 0.0 0.0 0.0
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Urban (n=35)
Female Male

Peri-urban (n=35) 
Male

Rural (n=35)
Female Male

,ge (years)
20

bl-45
£-60
^ver 60

3rimary
Secondary
3ost Secondary 
fertiary

Gender, age, martial 
respondents (%)
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The higher percentage of widows in urban and peri-urban areas than in rural areas 

could be attributed to many widows who have migrated from the rural areas to urban 

and peri-urban areas in search of employment. The high percentage of respondents 

with primary level of education in the study areas could be due to the free Universal 

Primary Education (UPE) system that was introduced in Uganda in 1997. This system 

has attracted many farmers who would otherwise not have been able to get any 

education. These farmers are now able to participate in technology development and 

transfer processes. Previous studies (Bosma et al., 2003; Peters and Lascano, 2003; 

Wanyama et al., 2003) showed that the level of education has impact on ability of the 

farmer to participate in on-farm trials and adopt improved technologies. However,

ie number and age of people of household members significantly contribute to 

bour availability and the efficiency of the dairy enterprise if many household 

embers are not very young children (less than 10 years old) or elderly people (over 

P years old). Information from farmers' meetings showed that the age bracket of the 

^spondents could be associated with the Acquired Immune Deficiency Syndrome 

AIDS) epidemic that has claimed the lives of many youths in the age bracket of 20-40 

ears in the district. However, migration of the youths to urban areas in search of 

fmployment could also have contributed to fewer youths involved in farming activities. 

\ccording to the District Extension Officer, the AIDS epidemic and the migration of the 

/ouths to urban centres have had a negative impact on the overall performance of the 

fairy enterprise because most of the work is done by old women, most of whom are 

vidows with many other responsibilities such as nursing orphans. Labour availability is 

positively associated with adoption of improved dairy cattle related activities such as 

odder production (Mwangi, 2002). As the age of the households head increases, the 

probability of adoption of improved technologies decreases (Feder et al., 1985; 

Nicholson et al., 1999; Bosma et al., 2003). Nicholson et al. (1999) estimated that a 

difference of 20 years would imply a decrease in the probability of adoption by more 

than 28%.

pne of the rural women and men had attained tertiary level of education but less 

an 10% of the women and men in the urban and peri-urban areas had attained 

icondary level of education. Overall, respondents in the rural areas were more 

iucated than those in the urban and peri-urban areas.
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>e major sources and levels of income and transport availability of respondents in 

jensive smallholder dairy farmers are shown in Table 4.2. Farming was the major 

jurce of income for majority of respondents in the three study areas. The percentage 

J respondents with off-farm activities was higher in urban and peri-urban areas than 

' rural areas. Generally, households from urban and peri-urban areas had a higher 

/vel of income than the rural households. Majority of the respondents in peri-urban, 

/ban and rural areas owned a bicycle but less than 3% of the respondents in urban 

nd peri-urban owned a vehicle or a motorcycle.

Employment off-farm has become an important source of income for urban and peri- 

jrban households in part because of the development of small-scale industries. 

Majority of respondents with off-farm activities were employed by government, NGOs 

or self-employed. In addition to wages and salaries, some urban and peri-urban 

nouseholds operate small businesses such as kiosks. This importance of non-farm 

activities results in the intensification of dairy farming and the need to diversify 

household activities to reduce risk (Nicholson et al., 1992). The source and level of 

income has implications on ability of a farmer to purchase inputs, plant and manage 

forage crops and manage the dairy cattle enterprise as a whole. Because of low 

income in rural areas, farmers could not purchase the various inputs required in 

forage production and/or pay for labour for the various activities. Increasing farm input 

prices are largely attributed to the declining ability of many farmers in Uganda to make 

tangible investments towards dairy improvement, particularly purchase of high quality 

concentrates and establishment of sufficient quantities of fodder. The results of this 

study agree with previous findings (Nicholson et al., 1992; Gebremedhin et al., 2003) 

that showed that lack of capital is one of the major factors limiting utilization of forage 
crops.

_^nolson et al. (1999) observed that diverse types of households could adopt dairy 

}\e technologies. Age, sex, marital status and educational level are important in a

^ise that most NGOs in Uganda select beneficiaries of in-calf heifers on the basis of 

Jse factors.
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Table 4.2:

Study area

Parameter Percentage of respondents

Source of income

5160 80
4940 20

66 61 26
22 25 36
12 14 38

2.8 2.8 0
5.7 11.4 0
94.3 97.1 58.0
100.0 97.1 42.0

1 US $ = Ug. Shs 1700 (Source, Bank of Uganda rate, January, 2005)
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Farming

Off-farm

Transport availability
Motorcar

Motorcycle

Bicycle

Wheelbarrow

Sources and level of income and transport availability 
in intensive smallholder dairy farmers in Masaka district

Urban 
(n=35)

Peri-urban 
(n=35)

Rural 
(n=35)

Income per month

High (over US $ 100) 

Medium (US $ 50-100) 

Low (less than US $ 50)



4.1.2. Land ownership, land size and utilization
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Land tenure systems in Masaka district are shown in Table 4.3. Majority of the 
smallholder farmers owned land under the customary land tenure systems irrespective 
of whether they were in urban, peri-urban and rural area. A few farmers in the three 
study areas owned leasehold and freehold land tenure system. The percentage of 
respondents owning milo land was higher in the rural areas than in the urban and peri­
urban areas.

Land scarcity and land tenure system have direct implications on the quantity and 
quality of feed or level of feed investment smallholder farmers can make for improved 
dairy cattle production. In customary land system, the right over land is regulated by 
local customs and is acquired through inheritance. Security of land is therefore 
minimal and there were sometimes conflicts among clan members.

Availability of transport in form of a vehicle, bicycle, a wheelbarrow etc. is an added 

advantage to the success of a dairy enterprise. Households that owned vehicles were 
not badly affected during the dry season since they could obtain fodder from as far as 
25 km from the homesteads. Farmers with bicycles could not transport sufficient 
quantities of fodder because of limited quantities of forage a bicycle can carry that 
depends on the distance of the field from the household. Farmers estimated that a 
bicycle could transport 50-70 kgs of fresh elephant grass fodder. Because of 
unreliable means of transport and the long distance (2-10 km) from the households to 
the fodder fields, urban and peri-urban households could not transport manure to the 
fields, manage their fodder fields and transport sufficient quantities of fodder. 
However, over 90% of the respondents in the rural areas had their fodder fields 
established near the homesteads and this made transporting fodder and manure and 
managing the fodder fields easy. These farmers were able to provide their animals 
with sufficient quantities of fodder especially during the wet season when fodder was 
plenty. Another aspect of transport availability was the losses of fodder during 
transportation that depended on the mode of transport and the distance between the 
fodder fields and the feed stalls. While bicycles were more efficient for transporting 
harvested fodder over a long distance, wheelbarrows were better for short distances.



Table 4.3:

Study area

Peri-urban RuralUrban
(n=35) (n=35)(n=35)

Percentage of respondentsLand tenure system

70.6 71.481.8Customary
8.8 2.99.1Leasehold

5.72.9Institutional 0.0
2.914.8Freehold 3.0
17.12.9Milo land 6.1
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Land tenure systems on selected households in 
smallholder dairy production systems in Masaka 
District
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Under customary land tenure system, women are most discriminated against in the 

administration and dispute settlement of customary land. Women are said to be 

property just like land and therefore cannot own property because “property cannot 

own property” (Busingye, 2002). Even after planting the forages, there were times 

when clan leaders sold or gave away the land. This was one of the reasons for not 

planting large acreages of forages because of fear of loosing the land after investing a 

lot of resources. Information from farmer groups showed that 67% of the women had 

access to land through their husbands or male relatives but when widowed or 

divorced, 7% of the women lost this access and had to return to their parents’ land. 

This was a major problem especially where the woman had already invested in a dairy 

cattle enterprise and had planted fodder.

Farmers in urban and peri-urban areas own small (0-1.5 ha) land holdings to support 

both fodder and food crop production. In rural areas, average land size was 2.5 ha 

(range =0.5-20 ha). Households could rent or borrow land from institutions such as 

schools and from neighbours to plant forages but fodder trees could not be planted on 

rented land because of the permanent nature of trees. Land availability and land 

tenure system have therefore remained the major obstacle limiting improved fodder 

production in smallholder resource poor households (Irungu et al., 1998). However, 

Mugisha et al. (1999) observed that integration of forage legumes in farming system is 

more likely to be practiced by farmers who have less farmland than those with large 

areas.

Land utilization in intensive smallholder dairy production system of the urban, peri­

urban and rural areas is shown in Figure 4.3. The biggest percentage of the farm 

ranging between 65-69% was allocated to food crops. However, a lower percentage 

ranging between 25-33% was allocated to elephant grass. Fallow, legumes and cash 

crops share of land was significantly small as shown in Figure 4.3.

Total acreage planted to forage legumes such as lablab (Lablab purpureas') was less 

than 0.1 ha per household in each of the study area. The number of planted fodder 

trees varied, with households in peri-urban areas having more trees (103.6+28.7) than 

in rural areas (56.8+14.9).
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Land utilization in intensive smallholder dairy 
production systems of the urban, peri-urban and 
rural areas of Masaka district
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About 5% of the farmers had received free calliandra seedlings from The District Soil 

Conservation Agro forestry Project.

4.1.3. Division of labour by gender in dairy cattle production activities in

Masaka district

The division of labour and gender roles in fodder production activities by the urban, 

peri-urban and rural intensive dairy cattle farmers in Masaka district is shown in 

Figures 4.4, 4.5 and 4.6, respectively. Major source of labour was family labour 

although hired labour was also used. Different family members were responsible for 

different tasks. In over 50% of the urban and peri-urban households, fodder collection, 

planting, chopping, weeding and fertilizer application were done by women as shown 

in Figures 4.4 and 4.5. In the rural areas, men, boys and women were involved in 

fodder collection, planting chopping and fertilizer application in over 30% of the 

households as shown in Figure 4.6.

Overall, male involvement in all study areas was centred on monetary transactions 

and crisis situations demanding external assistance, such as calling for veterinary 

assistance or transporting of livestock. Since milk quantity is affected by fodder 

availability, many men were involved in fodder production. Hired labour was used at 

different levels. The amount paid was negotiable and depended on the type of work 

done. Farmers reported better management of the forage fields and the animals and 

therefore higher milk yields where hired labour was used as long as the labour was 

supervised.

The major factors households considered before allocating land to specific crops were 

soil fertility and the distance from the homestead. Dominant in the study area were 

free-draining sand soils that are generally low in plant nutrients particularly P, N and 

OM (Anon, 2003). Households allocated fertile land to food and cash crops while the 

less fertile land was used for fodder crops. This partly explains why fodder yields 

recorded during the study period were low.
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Figure 4.4: Division of labour in fodder production activities 
in urban areas of intensive smallholder dairy 
cattle production systems in Masaka district
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peri-urban areas of intensive smallholder dairy cattle 
production systems in Masaka district
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In urban and peri-urban areas, women reported that they were the key players in 

planting, weeding, manure/fertilizer application and milking because over 50% of the 
men had off-farm activities. Field observations showed that where women were the 
key players where no hired labour was used, management of the fodder fields was 
poor. The women could not produce sufficient quantities of fodder and overall 
management of the animals was poor because these women had to carry out other 
household activities. In urban and peri-urban areas, boys and girls below the age of 
13 years were rarely involved in dairy cattle production activities especially fodder 
production. Efforts should therefore be made to involve this group in farming activities, 
because of scarce off-farm employment and the need for new generations of dairy 
farmers. This requires a change in attitude, because any jobs outside farming are 
valued high. Awareness creation, provision of credit and training programmes and 
sensitisation of parents, etc are options to consider. Previous studies (Irungu et al., 
1998; Nicholson et al., 1992) reported a negative relationship between family labour 
and the decision to adopt Napier grass.

In rural areas, although women’s major responsibility was to produce and prepare 
food for home consumption, they contributed about 20-40% of the labour in fodder 
production. The boys helped their fathers to plant, weed, collect and chop fodder, 
manure/fertilize the fields, clean the stalls, milk and sell dairy products but they had no 
control over the revenue. This means that more labour (men, boys, hired labour and 
women) was allocated to the dairy enterprise. The family was therefore able to 
produce sufficient quantities of fodder. However, the girls’ contribution in fodder 
production was less than 5% of the total labour used on the farm because they had to 
help their mothers to prepare food for family members. Overall, management of the 
fodder fields and animal productivity was better in rural areas than in urban and peri­
urban areas.

Information from farmer groups showed that labour is required throughout the year to 
prepare fields for planting and weeding food and forage crops. Farmers allocated 
labour, first to growing food crops and later to management of forage crops. Due to 
labour constraints and lack of capital, about 65% of the respondents in the study 
areas were not able to weed their forages regularly. This resulted in lower fodder DM 
yields of less than 10,000 kg/ha/year compared to 20,345 kg/ha/yr observed by
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4.1.4. Livestock activities and herd structure
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The herd structure distribution is shown in Table 4.4. Total number of dairy cattle kept 
was 295 with a range of 1-3 cattle per household. The rural areas had the highest 
number of animals. This was possibly because land was more available in rural areas 
to plant fodder and it was relatively cheaper than in urban and peri-urban areas. All 
animals kept were crossbreeds between the indigenous cows (Ankole, Zebu and 
Nganda) and Holstein-Friesians or Jerseys. The exotic blood level of the animals was 
83%. Over 90% of the households did not keep bull calves under stall-feeding 
systems. They either sold off their bull calves, underfed them or killed them because 
they considered them unprofitable compared to female calves (future cows). In 
addition to milk, meat could be produced from dairy cattle (bull calves).

Production and reproduction parameters of the dairy cattle under urban, peri-urban 
and rural intensive smallholder production systems are shown in Table 4.5. The 
average number of cows milked every day did not differ between the urban, peri-urban 
and rural areas.

Ogwang (1974). Poor management of the fodder fields including irregular weeding 
possibly due to labour shortage explains the low fodder DM yields recorded on the 
farms. However, low soil fertility due to N deficiency cannot be ruled out as a cause of 
low fodder yields. Even though farmers got about 10-20 kg of fresh manure/cow/day, 
they were reluctant to return the manure to the fodder gardens. The use of manure in 
50% of the households visited was therefore not felt as a priority possibly due to 
inadequate labour. Similar observations were made by Mubiru et al. (2000) and Ebong 
et al. (2001) who reported that inadequate application of manure to fodder fields due 
to labour constraints was one of the factors affecting fodder dry matter yields in 
smallholder dairy systems. Ogwang (1974) using elephant grass, Kawanda variety 
(KW4) obtained a yield of 5,131 kg/ha without fertilizers, and 12,101 kg/ha with 
application of N fertilizers at a rate of 300 kg/ha. This underlines the importance of 
application of fertilizers in fodder production.



Table 4.4:

Herd structure

441330Lactating cows

181914Dry cows

7913In-calf cows

291Steers

121Bulls

413 8Heifers

1414 10In-calf heifers

26518Calves
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Urban 
(n=104)

Rural 
(n= 116)

Herd structure and distribution on selected households 
in smallholder dairy production systems in Masaka district

Study area 
Peri-urban 
(n=75)



Table 4.5:

Study areaParameter

Rural MeanPeri-urbanUrban

1.2+0.5 1.5+1.6 1.4+1.2Number of cows milked/day 1.6+1.4

10.3+3.9 9.1+3.98.4+2.8length 8.7+5.1lactation

11.5+4.8 10.0+5.1 10.8+5.1

5.4+2.4 6.0±2.56.5+3.0

3.6+1.7 3.3+1.1 3.3+1.5

2.6+0.8 2.3+1.12.3+1.6home 2.0+1.0

6.7+3.75.6+2.27.2+3.6 7.8+4.9Milk sold (Its/day)

378+50.0 390+78373+93

355+82.0 382+84.3377+86

Age at first calving (months) 26.0+2.7 25.0+9.2 27.3+8.8 26.1+6.9

Calving interval (months) 12.2+4.312.6+4.6 10.9+4.8 13.0+3.4

Services per conception 1.5+0.3 1.4+0.5 2.1+0.7 1.7+0.5

Mean+SD: Mean+Standard deviation
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Production and reproduction parameters of crossbred dairy cattle 
under smallholder dairy production systems in Masaka district

Average 
(months)

Average milk yield/cow/day 10.8+5.2 
in wet season (Its)

Average milk yield/cow/day 6.0+2.0 
in dry season (Its)

Average milk offered to calf 2.9+1.7 
(Its/day)

Price of milk (dry season) 420+88 
(Shs/lt)

Price of milk (wet season) 413+85 
(Shs/lt)

Milk consumed at 
(Its/day)
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The rural areas had higher mean lactation length than urban and peri-urban areas. 
Mean daily milk yield was higher during the wet season than in the dry season. Daily 
mean milk yield declined by about 40-50 percent during the dry season. Milk offered to 
the calves was higher in peri-urban and rural areas than in the urban areas. However, 
the average daily milk consumption was higher in the rural areas than in the urban 
and peri-urban areas. The price of milk was higher in urban than in peri-urban and 
rural areas. The price increased by about 1.3% during the dry season. Mean age at 
first service was lowest in rural areas (21.3 months) compared to 24 months in urban 
areas. Calving interval and number of services per conception were higher in rural 

than in urban and peri-urban areas.

The shorter lactation length observed in urban and peri-urban areas compared to rural 
areas was considered to be a true reflection of farmer circumstances, where poor 
nutrition affected milk yield and lactation length. Inability of farmers to detect heat, 
differences in feeds and management practices during the first lactation could have 
been responsible for these differences. Overall, mean length of lactation in the urban 
and peri-urban areas was shorter (7.5 months) than reported lactation length of 10 
months in crossbred cows (Anon, 1996). Death or sale of calves due to inadequate 
fodder was one of the reasons for short lactations in urban and peri-urban areas as 
cattle often failed to let-down the milk unless stimulated by suckling.

In general, milk yields were lower than 20-25 litres/cow/day reported on improved 
farms (Samanya, 1996; Ebong et al., 2002). Besides nutrition due to inadequate feeds 
and water shortage, poor genotypes of cows distributed by some projects could have 
contributed to very low milk yields in all study areas. Previous studies elsewhere have 
identified poor breeds, inadequate feeds and poor feed management practices as a 
major constraint to optimum milk production in this production system (Saka et al. 
1994; Samanya, 1996; LSRP, 2000; Ebong et al, 2001; Mubiru et al., 2001) in 
Uganda.

Quantity of milk consumed at home and sold depended on family size, amount of milk 
produced and sold per day and the availability of a market and price for milk. The 
price of milk depended on season and location of the household from the main trading 
center. The disposal of excess milk was either through customers who bought it from
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ne farmers’ homes or sold outside e.g. at milk collection centers and schools, hotels. 
Mthough the study did not probe into the contribution of the dairy enterprise to the 
nutritional status of the farm families, household members looked healthy compared to 
amilies with no dairy cow. The fact that milk consumed at home ranged between 2- 
2.6 litres/day is indicative of constant supply of animal protein balanced in essential 
amino acids than in plant protein. Similar observations were made by Leegwater et al. 
(1991) and Nicholson et al. (1999) in a study in Kenya. The quantity of milk consumed 
per person was however below 0.5 litres of milk/person/day recommended by FAO 
(Anon, 1996). There is therefore a need to sensitize farmers on the benefits from milk 
consumption. The price of milk depended on the market infrastructure. The price was 
higher in urban and peri-urban areas due to higher demand.

This study showed prolonged calving intervals (Cl) of over 15 months in about 40% of 
milking cows. This proportion is big and would contribute to reproductive wastage. 
Cows with Cl of between 15-24 months would be dry for longer periods. Such cows 
would tax farmers through high veterinary cost and high cost of feeding without 
returns from milk and calf crop. Under such a situation, keeping cattle for milk 
production as the major target would not be economical. Apart from diseases, poor 
heat detection, poor quality semen and unskilled technician, poor nutrition is a major 
factor affecting conception. This also affects the programming of milk production on 
the farm. The age at first calving and calving interval were within the range reported 
by Shiferaw et al. (2003). There were considerable differences in calving intervals 
within the same breeds, suggesting differences in management, farmers’ knowledge 
and skills in heat detection, silent heat incidences, fertility problems and competence 
of Artificial Inseminators. The major causes of infertility were difficulties in heat 
detection and high cost of Artificial Insemination (Al) services.

The number of services/conception observed in this study was consistent with earlier 
results obtained by LSRP (2000) and Ebong et al. (2001) in Masaka district. Efficient 
management of reproduction should be for a dairy cow to produce a calf annually. 
This can be achieved if the cow is served within 30-60 days postpartum, and the 
number of services per conception should not exceed two (Samanya, 1996). The high 
ratio of services/conception in rural areas was possibly because of the distance from 
the rural areas to the urban centres where the Al technicians were based.
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The major sources of feeds offered to dairy cattle by the individual households are 
shown in Table 4.6. The feed sources used on individual households depended on 
location of the farm from the homestead, capital, land and labour availability. Majority 
of the households in urban and peri-urban areas depended on purchased fodder and 
crop residues especially during periods of feed shortages. Planted fodder accounted 
for less than 35% (Table 4.6) of the total feed used in all the study areas. None of the 
rural households purchased crop residues but a few farmers from the study areas 
obtained crops residues from the neighbours. More households from rural areas than 
urban and peri-urban areas used crops residues from their own farms. Less than 4% 
of the rural households used agro-industrial by-products compared to over 10% in 

urban and peri-urban areas.

Given the high cost of animal feed, elephant grass is recommended for planting for 
stall-fed dairy cows. The high number of urban farmers depending on purchased 
elephant grass fodder and crop residues was a result of small acreages of land and 
lack of knowledge and skills regarding the quantity of fodder the cow would require 
throughout the year. Purchased fodder, some of it harvested from public land or from 
neighbours’ farms, whose animals had died, was bought in bundles enough to feed 1 
cow for 1 day. The average cost of purchased fodder was Ug Shs 500 per bundle of 
about 30 kgs. The distance traveled in search of fodder and crop residues ranged 
between 0.5 and 3.0 km during the wet season, but increased to 20 km during the dry 
season. In rural areas, crop residues such as sweetpotato vines, cassava leaves and 
peels and banana peels were obtained from own farms because farmers had large 
acreages of planted food crops. Surplus fodder was produced during the wet season 
but was not conserved. Similar observations were made by Samanya (1996). Agro­
industrial by-products were rarely used in rural areas because of lack of cash.

4.1.5. Sources of feeds for dairy cattle in smallholder dairy production systems 

in Masaka district



Table 4.6:

Source of fodder 
19.365.7 54.3Purchased fodder
8.010.22.0

3.1 4.210.0
33.126.0 22.3Planted fodder

77.1 91.1 0
14.5 5.08.1

9.2 4.3 57.1
11.4 13.1 3.3
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Neighbour’s land
Public land

Purchased crop residues
Crop residues from neighbour 
Crop residues from own farms 
Agro-industrial by-products

Urban 
(n=35)

Sources of feeds in smallholder dairy cattle production systems
Study area

Peri-urban Rural
_____(n=35)___________ (n=35) 
Percentage of respondents
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4.1.6. Major forages used to feed dairy cattle in smallholder dairy production 

systems in Masaka district

It was also noted that during the wet season when there was plenty of fodder, 
elephant grass plants tended to overgrow to over 110 cm high. During the dry season, 
however, many farmers were harvesting the fodder even below a height of 45 cm. The 
cutting frequency was 12 and 8 weeks for the dry and wet seasons, respectively with 
average DM yields of 3,298 and 3,780 ha, respectively per cutting. Similar time 
intervals of harvesting elephant grass were earlier observed by Mubiru et al. (2001). 
Shortage of fodder during the dry season was also due to lack of fodder conservation 
on all households visited.

Elephant grass was the most popular forage fed to dairy cattle because of its long 
established qualities of good palatability, high biomass yield per unit area of land and 
availability of planting materials (Ogwang, 1974; Samanya, 1996). Dairy farmers are 
advised to plant about 0.405 ha of elephant grass per mature cow and her offspring 
and to cut it when it is 60-90 cm high. While the mean acreage was 0.57 ha in the wet 
season, it drastically declined by about 50% during the dry season. Seventeen 
percent of the farmers in urban and 14.2% in peri-urban areas had not planted 
elephant grass. These farmers depended on purchased fodder. Mean fodder DM 
yields per household in the wet season was 4,171 kg/ha/year. Farmers maintained the 
same acreage irrespective of the increase in number of animals and this resulted in 
inadequate fodder and low animal productivity.

The major forages and fodder crops fed to dairy cows in intensive smallholder dairy 
production systems are shown in Figure 4.7. Elephant grass was the major fodder 
crop fed to dairy cattle irrespective of the location. Chloris gayana and Setaria grasses 
were on the other hand not popular with the farmers. The farmers were not keen at 
growing leguminous fodder as exemplified by results in Figure 4.7. Less than 10% of 
the respondents in all study areas had integrated forage legumes in the farming 
systems. The major forage legume was Lablab purpureus cv Rongai. The major 
fodder tree species planted by farmers were Calliandra calothyrsus and Sesbania 

seban.
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Although crop residues were abundant, they were not adequately utlized to feed the 
dairy cows. Despite the fact that over 76% of the visited households had a plot (0.1- 
0.5 ha) of maize crop, maize stover was not used as a feed resource. Farmers lacked 
knowledge and skills on proper utilization of maize stover as a feed resource.Maize 
stover was left to waste in the gardens. There is therefore a need to educate farmers 
on the optimum utilization of crop residues. Chloris and setaria were not popular 
among farmers probably because of the lower biomass yield compared to elephant 
grass, unavailability or high cost of planting material/seed and intensive management 
associated with the species.

The results of this study have shown that low milk yields could have been due to low 
acreage and poor management of planted elephant grass and inadequate feeding. 
Low DM yields observed on smallholder dairy farms could have been due to use of 
low yielding varieties of elephant grass compared to high yielding varieties such as 
Hybrid P99 that yields up to 23 mt/ha/year of fodder (Ogwang, 1974) and/or poor 
management of the fodder fields and/or diseases and pests. Field observations 
showed that the varieties that were planted had become susceptible to a new stunting 
disease and a pest that had drastically reduced the DM yields by 20-60% (Kalule and 
Kabirizi, 2003; Alicai et al., 2004). The disease was first identified by farmers in 2001. 
Another factor that could have contributed to low DM yields was the improper 
utilization of manure. Majority of the households preferred to use manure on banana 
plantations instead of the fodder fields. Farmers felt banana production was a more 
paying enterprise than fodder production because bananas are major food source and 
cash crops.

The acreage under forage legumes was very low in the wet and dry seasons due to 
scarcity of seed, poor regrowth during the dry season and/or lack of knowledge on 
their management and utilization. Although lablab forage is drought resistant, it could 
not persist during the dry season because of poor harvesting techniques during the 
wet season during which the stems were cut at less than 20 cm above ground level, 
thus hampering regrowth. A harvesting height of 30 cm above ground level and above 
the branches is recommended (Kabirizi, 1996). Mean acreage of planted lablab 
dropped from about 0.05 ha per household to 0.01 ha. Although legume tree fodder 
was found on 10% of the households in the wet season, it dropped to less than 5%
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4.1.7. Quantities of feeds offered to dairy cattle in smallholder dairy production 
systems in Masaka district

during the dry season. Low legume fodder production suggests low protein supply to 
the animals and this confirms why milk production and reproductive efficiency was 
below average (Table 4.5). The results agree with findings by Mugisha et al. (1999) 
who reported low milk yields and reproductive performance of crossbred cows on 
farms where leguminous fodder plants were not integrated in the farming systems.

The quantities of major feeds offered to cattle during the dry and wet season on 
selected households are shown in Table 4.7. The major component of the diet was 
elephant grass fodder. Average total daily DM intake of elephant grass fodder was 
about 43% lower during the dry season when compared with the wet season. 
Elephant grass fodder constituted about 71% and 81% of the total diet during the dry 
and wet season, respectively. Forage legumes accounted for about 6 and 7% of the 
total diet during the dry and wet season, respectively. Crop residues constituted about 
12% and 4% of the diet during the dry and wet season, respectively.

Although data on feed resources showed that there was a diversity of feed resources 
offered to the animals, the quantities in which they were offered especially during the 
dry season were not adequate to meet the nutritional needs of the cattle throughout 
the year. Humphrey (1991) and NRC (2001) recommended a DM intake of 3% of the 
animal’s body weight. Total DM intake was 4 and 37 percent lower in the wet and dry 
season, respectively when compared with the recommended DM intake for a 
crossbred dairy cow weighing about 450 kg liveweight.

Other feeds offered to dairy cattle were the leaves of indigenous fodder trees and 
shrubs such as Ficus and Vernonia species. All respondents used Vernonia spp. as a 
feed, medicine and to improve appetite in dairy cattle. The use of indigenous fodder 
trees and shrubs was higher in the dry season than in the wet season. Weeds were 
also fed to animals during the wet season.



Table 4.7:

Wet seasonDry season

Mean RangeRangeMean

Feed resource
10.5 8-144-86.0
0.0 0-00.25 0-5

0-0.5 0 00.25
0.5 0-1 0.5 0-1
0.5 0-1 1.0 0-2
1.0 0-2 1.0 0-2

Total 8.5 13.0
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Elephant grass fodder
Banana peels
Banana pseudo stems
Sweet potato vines 
Forage legumes 
Homemade concentrates

Average quantities (kg. DM) of major feed resources offered to 
cattle (average 450 kg BW) by season on selected farms in 
Masaka district
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The average body weight of the cows kept by farmers was 450 kg liveweight. 
According to NRC (2001), a cow’s intake should be about 14 kg DM (3% of its body 
weight). The calculated quantities of CP and metabolisable energy (ME) supplied and 
deficits and milk production potentials during the wet and dry seasons on selected 
households are shown in Figures 4.8 and 4.9. During the wet season, average CP 
and energy content of the feeds offered to dairy cattle on smallholder dairy farms in 
Masaka district are about 110 g/kg DM and 10 MJ/kg DM, respectively. However, 
during the dry season, average CP content of the feeds declined to about 80 g/kg DM 
and 7 MJ/kg DM, respectively (Mubiru et al., 2001).

Although forage availability was not limiting during the wet season, the quality varied 
greatly as most of the grass was rapidly growing due to heavy rains (Mubiru et al., 
2000). The reduction in forage quality with maturity is an important consideration 
where the elephant grass is cut daily and fed to the animals, compared to the practice 
of harvesting at a certain stage of maturity and feeding from storage as silage and hay 
(Bareeba, 1983; Kabirizi, 1996). In the dry season, the observed decrease in forage 
intake was attributed to a decrease in the quantity and quality (CP and ME) of 
available forage on the farms due to poor regrowth resulting from the drought. This 
finding confirms observations by Nsubuga (1993) and Samanya (1996) that there is a 
seasonal variation in the quantity and quality of fodder on smallholder dairy farms in 
Uganda. Other factors that could have contributed to low DM intake were the small 
(<1 ha per mature animal) acreages of planted fodder and the wastage of fodder. 
Field observations showed that there was a lot of wastage of fodder from harvesting, 
transporting, chopping and feeding. The losses were attributed to poor construction 
and positioning of feed troughs which allowed fodder to spill over when the cow was 
feeding; harvesting overgrown fodder especially during the dry season and chopping 
long pieces (over 5 cm long) of grass which encouraged the animals to select the 
palatable leafy parts, leaving the drier and longer stemmy parts in the trough. Another 
factor was the tendency of farmers to leave large amounts of fodder in the troughs 
which initiated the fermentation process causing changes in taste and palatability. Low 
dry matter intake could also be due to low intake of forage legumes. Forage legumes 
provide rumen degradable N and/or by-pass N, digestible energy and minerals when 
used as supplements and result in improved dry matter intake (Norton and Poppi, 
1995).
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Figure 4.8: Calculated milk production potentials derived 
from total daily DM intake in relation to daily 
CP requirements for lactating dairy cows on 
selected households in Masaka district
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□ Total ME intake (MJ/cow/day)
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Figure 4.9: Calculated milk production potentials derived 
from total daily DM intake in relation to daily 
ME requirements for lactating dairy cows on 
selected households in Masaka district
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4.1.8. Protein concentrate and mineral supplements
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The minimum daily requirement recommended for production and lactation is 1620 
g/cow/day of CP and 95 MJ/cow/day (NRC, 2001). Considering a mean DM intake of 
8.5 kg/cow/day during the dry season (Table 4.7), the CP supplied and deficits were 
680 and 940 g cow/day, respectively (Figure 4.8). However, during the wet season, 
the mean daily DM intake was 13.0 kg/cow, therefore, mean CP supplied and deficits 
were 1,430 g/day and 190 g/day, respectively. Metabolizable energy supplied and 
deficits during the dry season were 59.5 and 35.5 MJ/cow/day, respectively. During 
the wet season, however, the energy supplied was about 130 with a surplus of about 
35.0 MJ/cow/day (Figure 4.9).

According to NRC (2001), about 5.2 MJ and 78 g protein is required to produce 1 kg 
4% Fat Corrected Milk (FCM) yield (Samanya, 1996; NRC, 2001). A-450 kg dairy cow 
requires a minimum of 700 g CP/day and 47 MJ/day for its growth. Therefore, the CP 
and energy intake in excess of the maintenance requirement (NRC, 2001) during the 
wet season generated about 9.4 and 9.2 FCM per day yield, respectively. Crude 
protein and energy intake during the dry season were below the minimum levels 
required for maintenance and production of dairy cattle due to low DM intake (Table 
4.7) and low CP and ME content of the feeds. The results therefore showed that cows 
received sub-optimal amounts of CP and ME during the dry season and were unable 
to lactate to their genetic potential. Similar results were reported by (Mubiru et al., 
2000) in Masaka district. The calculated FCM values though very low were well within 
the expected range for low quality diets similar to those used on smallholder dairy 
farms in Uganda (Nsubuga, 1983; Mwebaze, 2000). However, based on CP and ME 
requirements as recommended by NRC (2001), it is evident that the forage intake met 
the maintenance requirements of the cows during the wet and dry season. A decrease 
in protein and energy intake decreases palatability and digestibility of the feeds with 
an increase in gut retention, resulting in an overall depression in fodder intake 
(Ogwang, 1974; Muinga et al. 1992).

Percentages of households using protein concentrates and mineral supplements are 
shown in Table 4.8.
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and mineralconcentrateTable 4.8:

Study area

Concentrates
495750Homemade concentrates
352428Maize bran
095
161017

Minerals
72 7877

14 6Common salt 17
14 16Rock salt 6
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Commercial dairy meal
Cotton seed cake

Locally formulated mineral 
blocks

Urban 
(n=35)

Peri-urban Rural
(n=35)____________ (n=35)

Percentage of households

Percentage of households using 
supplements in the study areas
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The major protein concentrate in urban, peri-urban and rural areas was the locally 

formulated homemade concentrate made out of maize bran and cotton seed cake. 

Commercial dairy concentrates composed mainly of maize bran, cotton seed cake 

and sunflower cake were purchased by less than 10% of the respondents in urban 

and peri-urban areas and were offered to milking cows only at a rate of 1-5 

kg/cow/day. Over 70% of the respondents in each of the study areas used locally 

formulated mineral blocks comprising of a mixture of 1 kg mineral powder, 2 kg table 

salt and 1 kg high quality phosphorus powder used as a binder.

Maize bran and cotton seed cake were used to formulate homemade concentrates 

because they were cheaper and more readily available than commercial concentrates. 

Farmers reported that the homemade concentrate was cheaper than commercial 

concentrates and it improved milk yields. Farmers lacked the cash to buy commercial 

concentrates and some of the commercial concentrates were substandard and at 

times adulterated with sand and saw dust.

However, its CP content is less than 10% and could not meet the protein requirement 

of high milk yielding cows (Mubiru et al., 2000). Maize bran cannot therefore be 

recommended as a sole supplement unless the forage intake includes a high 

percentage of legumes or other potential N rich sources. There is therefore a need to 

train farmers in formulation of balanced homemade concentrates based on maize 

bran and cotton seed cake which are locally available and affordable and to evaluate 

its response to dairy cow productivity.

The low percentage of respondents using commercial supplements is an indication 

that inadequate energy is one of the factors limiting optimum milk production in 

smallholder dairy production systems in Uganda since concentrate supplements 

improve energy intake (Boodoo et al., 1991). Due to high cost of commercial 

concentrates, over 20% of the farmers in urban, peri-urban and rural areas used 

maize bran as concentrate supplement. Mlay et al. (2001) observed that most farmers 

in Morogoro, Tanzania fed maize bran to milking cows during milking times with the 

main aim of distracting the animals so as to make them calm and easy to milk. Nkya 

et al. (1998) observed that maize bran has a high soluble carbohydrates and a low 

ADF which makes it a good supplement for the supply of energy.



4.1.9. Water availability

89

Locally formulated mineral blocks were used by majority of respondents in all study 
areas and comprised of a mixture of 1 kg mineral powder, 2 kg table salt and 1 kg 
high quality phosphorus powder used as a binder. Forage legumes are major sources 
of minerals such as phosphorus, calcium and sulphur but these were not widely used 
in adequate quantities (Table 4.7). Mineral deficiency is therefore often widespread in 
tropical forages and at times digestibility and intake of forages is low (Durand and 
Komisarczuk, 1988). Therefore mineral supplementation is essential for ruminant 

production in the tropics.

Field observations however showed no mineral deficiencies in dairy cattle on farms 
where locally formulated mineral blocks were being used. Therefore, the use of locally 
mineral supplements should be encouraged as a way of improving mineral intake in 
dairy cattle. The type of mineral block was cheaper (Ug. shs 2,300 per block) 
compared to the imported blocks (Ug. shs 3,500-4,000). There is however a need for 
more studies to validate this observation.

Major sources of water are shown in Table 4.9. The major source of water for 
respondents in urban and peri-urban areas was tap water while rural households got 
water from the communal boreholes. The distance travelled to the source of water in 
the study areas in urban and peri-urban areas was 0-2 km. However, the distance 
travelled was longer for households in the rural areas. Information from farmer groups 
showed that all farmers watered their animals but the frequency depended on the 
water source and the season.

Water shortage and the long distance travelled in search of water during the dry 
season were major constraints in the rural areas and this resulted in low milk yields. It 
is therefore imperative to introduce strategic management technologies that would 
help farmers improve water availability for humans and livestock.



Table 4.9:

Study area

Source of water

97 67 3
3 29 16

Rivers 0 0 2
Communal borehole 0 4 79

92 88 12
3-5 8 12 83
Over 5 0 0 5
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Tap water
Rain catchments

Major sources of water and distance traveled to the source 
of water in smallholder dairy production systems in 
Masaka district

Peri-uban 
(n=35)

Rural 
(n-35)

Urban 
(n=35)

Average distance (km) 
travelled in search of water 
0-2
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High cost of forage legume seed and/or lack of planting materials were attributed to 
low demand of forage seed. The major sources of planting material/seed were: 
government and NGOs projects, own farms and neighbours. Desmodium uncinatum 
(silver leaf desmodium) was growing naturally in all the areas visited and could be 
established using cuttings or splits but none of the farmers was aware that the legume 
could be fed to cattle to improve overall productivity. Respondents living in swampy 
areas with poor soils found it very difficult to plant forage crops because of poor 
establishment.

Based on constraints to fodder production, high cost/lack of planting materials and 
lack of technical knowledge on forage management and utilization appeared to be the 
major areas of interventions. Previous adoption studies (Nicholson et al., 1999; 
Mwangi, 2002; Gebremedhin et al., 2003) identified lack of forage seed/planting 
materials and lack of inadequate knowledge on fodder utilization as major factors 
affecting adoption of forage technologies. There is therefore a need to train farmers in 
small-scale forage seed production and on-farm and on-station trials/demonstrations 
on seed production and forage utilization should be set-up. Interested farmers should 
also be facilitated with credit to purchase inputs (fertilizers, seed etc) required for 
small-scale pasture seed production.

Constraints to utilization of forage legumes in smallholder dairy 

farming systems in Masaka district

Major constraints to utilization of forage legumes in smallholder dairy farming systems 
are shown in Table 4.10. Majority of the respondents in all study areas cited high cost 
of forage legume seeds and lack of planting material as major factors that limited the 
utilization of forage legumes. Lack of technical knowledge as a constraint to fodder 
production was more prevalent in rural areas than in urban and peri-urban areas.



Percentage of the respondents
Constraint

100.0 94.3planting 77.1cost/Lack of

67.0 80.039.0
17.051.0 11.0
57.1
51.0
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Table 4.10: Major constraints to utilization of forages in smallholder 
dairy farming systems in Masaka district

Urban 
(n=35)

Study area
Peri-urban 
(n=35)

85.6
30.0

Rural 
(n=35)

High
materials/seed
High cost of maintenance
Land shortage
Lack of technical knowledge 77.1
Legumes ‘'kill’' elephant grass 45.0 
plants
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All households experienced feed shortages during the dry season and over 70% of 
the visited households experienced feed shortages throughout the year. Most affected 
households were those located in urban and peri-urban areas where land is a major 
constraint as exemplified by the percentage of farmers who bought fodder as a way of 

coping with the shortage (Table 4.11).

A number of strategies were used to overcome feed shortages during the dry season 
as shown in Table 4.11. More households in urban and peri-urban areas depended on 
purchased fodder and crop residues than in rural areas. The percentage of 
households depending on crop residues from own farm was highest in rural areas, 
and lowest in urban areas. Less than 10% of the households in peri-urban and rural 
areas tethered animals during the dry season. There were more farmers in urban that 
reduced the quantity of feed than in rural areas.

The high percentage of households in urban and peri-urban areas depending on 
purchased fodder and crop residues during periods of feed shortages was due to 
small acreages of planted elephant grass; poorly managed elephant grass fields and 
lack of knowledge in fodder management, utilization and fodder conservation 
technologies. During the dry season, the regrowth was very poor and it required 10-14 
weeks to cut the fodder. Therefore a larger area of fodder was harvested than in the 
wet season. This partly explains the drastic decrease in acreage of elephant grass in 
the dry season. Farmers reported that due to small acreages of planted elephant 
grass, they could not produce surplus fodder to conserve. In rural areas, the 
percentage of households depending on purchased fodder was less than 5% because 
majority of the households had sufficient land for fodder and food production. Because 
of large acreages of planted bananas and sweetpotatoes, many farmers depended on 
sweetpotato vines and banana based crop residues (banana peels, banana 
pseudostems and banana flowers) to supplement elephant grass fodder during the dry 
season. A few households in the rural and peri-urban areas tethered their animals on 
public land and fallow land. None of the farmers in urban areas tethered animals on 
public land because it was prohibited by the Municipality.

Seasonal feed availability and mechanisms for coping with feed 

shortages



Study area

75.0 65.0 4.0
10.0 4.4

16.6
8.0 75.1
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Table 4.11: Coping mechanisms used by households to overcome 
feed shortages (percentage of farmers under the study)

Coping mechanism
Purchase fodder and crop residues
Reduce quantity of feed
Tether animal on public land 
Use crop residues from own farm

Urban (n=35) Peri-urban 
 (n=35)

17.0
0.0 11.0

14.0

Rural 
(n=35)
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A number of strategies to improve feed availability and animal productivity in 
smallholder dairy cattle production systems were proposed. These included: on-farm 
trials, demonstration fields and/or cross visits proposed by 87, 78 and 56 percent of 
the respondents. During a feedback workshop at Kamenyamigo DATIC (Study 1), 
maize/lablab intercrop (ML); elephant grass/legume mixtures (EGL); lablab and 
calliandra forage technologies were selected for on-farm trials to improve feed 
resource availability and animal productivity (Appendix 6.6). Majority (87%) of the 
farmers were willing to contribute to labour for land preparation, planting, weeding and 
harvesting towards implementation of the trials. However, none of the farmers was 
willing to pay for seed or meet the full cost.

In conclusion, smallholder dairy cattle production system is a multi-purpose system 
producing milk and serving as capital asset. It comprises of small crop-livestock farms 
(0.5-2ha) where women contribute greatly to labour availability for the dairy activities 
especially to forage production. However, animal performance is constrained by a 
number of factors. The major ones being the level of dairy cattle feeding due to 
inadequate use of forage legumes technologies; sub-standard or/and high cost of 
commercial concentrates or unbalanced homemade concentrates resulting in protein 
and energy deficits. It was suggested that this could be addressed through on-farm 
testing/demonstration of improved forage and feed management systems based on 
integration of forage legume technologies. Utilization of forage legume technologies

A lot of research has been done in Uganda on hay and silage making (Bareeba, 1983; 
Kabirizi, 1996), but farmers have not adopted this knowledge. A number of factors 
affecting fodder conservation were mentioned during group meetings and individual 
interviews. These included: inadequate fodder, lack of knowledge and skills on fodder 
conservation technologies and lack of labour. For those with surplus fodder, available 
labour saving technologies such as the forage choppers were too costly for economic 
investment by individual households. Previous studies (Bareeba, 1983 and Kabirizi, 
1996) carried out in Uganda showed that in order to stabilize the supply of fodder 
throughout the year and ensure adequate nutrition for livestock, there is a need to 
conserve the excess fodder that occur during the wet season. This also facilitates 
intensive smallholder dairy farming with a higher stocking rate than otherwise would 

be possible.
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that do not require a lot of land such as cereal crop/forage legume intercrops; 
elephant grass/legume mixtures and/or fodder trees are most appropriate under 
smallholder production condition.



4.2.

4.2.1. Elephant grass fodder DM yield with and without forage legumes
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Although field observations showed that the initial growth of forage legumes in 
elephant grass fields was slow, siratro and desmodium established well but centre 
performed very poorly in all the fields. This was probably due to elephant grass tillers 
that could have suppressed its growth in the establishment phase by limiting the 
amount of light. The shedding effect of elephant grass possibly hindered the growth of 
centro in the mixture. This is in agreement with earlier reports by Mtengeti et al. (1998) 
where shedding effect of elephant grass plants hindered the growth of the legumes in 
the mixture. Siratro and desmodium survived because of their ability to tolerate 
shading as indicated by Mureithi and Thorpe (1993).

The higher growth rate of elephant grass plants and higher total fodder DM yields in 
intercrops compared to monocrops could be attributed to the presence of forage 
legumes that improved growth of elephant grass plants. The senescence, leaf fall, 
death and decomposition of forage legumes either from old tissues that died naturally, 
or from tissues of any age killed by drought have been reported to improve soil N 
(Skerman and Riveros, 1990; Mtengeti et al., 1992; Saka et al., 1994). The forage 
legumes also acted as a cover crop, controlled weeds and conserved soil moisture.

Results of the effects of elephant grass/forage legume intercropping on fodder dry 
matter (DM) yields are shown in Table 4.12. The height of elephant grass plants; total 
(elephant grass + legumes) fodder (EGL) DM yields and DM yield of elephant grass 
fodder at all harvests were higher (p<0.05) in intercrops than in monocrops. 
Intercropping increased total DM yield by about 23%. Mean percentage of the 
legumes in the mixtures was 12%. Desmodium contributed about 61% of the total DM 
yield of the legumes in the intercrops while siratro and centro contributed 30% and 
9%, respectively.

Study 2: Effects of intercropping maize or P. purpureum with 
forage legumes on maize grain yield and fodder production



Cropping system

Intercrop SEMMonocrop

Parameter
0.93

112.01

Centro

224.46
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Table 4.12: The least square means and SEM for fodder DM yields of elephant 
grass with and without forage legumes

Plant height (cm)

Dry matter yield (kg/ha/yr) 

Elephant grass 

Desmodium 

Siratro

Percentage of legumes

Percentage change in DM Yield

Total DM yield of legumes

Total DM Yield 10,024+215b

10,024+215b

(Mean +SEM)= Standard Error of the Mean
abLeast square means within a row followed by superscripts differ (p<0.05)

88+2a79+2b

10,753+259a 
892+36 
430+24 
136+9
1,458+58 
12,211+304® 
12+0.4 
23+0.8
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However, improved total fodder DM yields in the intercrops could also have been due 
to additive and complementary effect of legumes and elephant grass that raised the 
productivity per unit of land. The forage legumes provided soil cover reducing water 
loss from soil by evaporation and minimizing the effects of weeds in the intercrops. 
Mohamed-Saleem (1986) observed that the intercrops reduce labour requirements for 

weeding.

Mean fodder DM yields of the intercrops were higher (p<0.05) during the wet season 
(6,488+224.5 kg/ha) than during the dry season (5,722+224.5 kg/ha). However, the 
results showed no significant (p>0.05) differences in total fodder DM yield and 
proportion of forage legumes in the intercrops between the dry season (677+82.6 
kg/ha and 5.7%, respectively) and wet season (780+82.6 kg/ha and 6.6%, 
respectively). Mean fodder DM yields reported in this study were about 40% lower 
than the yields (20,491 kg/ha) reported by Mubiru et al. (2001) in Masaka district.

The low percentage of forage legumes in the mixtures could have been due to the 
shedding effects of the legumes by elephant grass plants. The legumes were 
introduced into already established elephant grass which had formed extensive 
rooting system that could have out-competed the legume seedlings. Previous studies 
by Lascano (1994) showed that forage legumes are rare in the tropics due to lack of 
robustness in the legumes to withstand competition from companion crops. The high 
percentage of desmodium in the intercrops was expected since it showed quicker 
germination and establishment than centro and siratro. It is also an indication that 
desmodium persisted during the dry and wet seasons and competed effectively for 
light, soil moisture and nutrients with elephant grass plants. These are characteristics 
that are very essential for a productive companion forage legume planted with 
elephant grass. On the contrary, Katuromunda (2001) observed that siratro was the 
most compatible legume with P. purpureum when compared with desmodium and 
centro. He further observed that on a number of sites, desmodium failed to germinate 
completely, especially where it was intercropped with already established P. 
purpureum.
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The changes in mean monthly fodder DM of the monocrops and intercrops and forage 

legumes, relative humidity and the rainfall pattern during the study period are shown in 

Figure 4.10. It was evident that the amount of elephant grass and legumes available 

at any particular time and site was a function of rainfall and other management and 

environmental factors. There was a decline in total fodder DM yields from January to 

May 2003 as a result of poor regrowth of the legumes and the grass due to low soil 

moisture. Under cutting regime, Bareeba (2003) attributed the decline in legume 

composition to the removal of most of the active vegetative buds leading to poor 

regeneration.

The lower DM yields reported in this study could have been due to the long drought 

during the establishment phase, competition between elephant grass and the forage 

legumes; differences in level of management (such as cutting height and manure 

application), soil fertility and/or other agronomic practices related to the specific 

site/farm. All these factors have been reported to affect the amount of nutrients, 

particularly N and moisture nutrients available for optimum plant growth (Boonman, 

1993).

Average liveweight of the animals kept on smallholder dairy farms is about 470 kg. 

Therefore, the recommended DM intake was about 14.1 kg DM/day with a daily forage 

allowance of about 31 kg DM per day. Presently, projects that distribute in-calf heifers 

recommend establishment of about 0.405 ha of EGL mixtures for every mature cow 
and its offspring.

It is recommended that animals should be given an opportunity to reject the lower 

quality material (such as stems) offered, so that the ratio of utilization (feed 

consumed/feed offered) may be quite low if milk production is to be maintained 

(Humphreys, 1991 and Methu et. al., 2001). Humphreys (1991) recommended a ratio 

of utilization of 0.45. Forage allowance is further modified by the size of the animal 

and the daily intake as a fraction of body weight (%BW) according to NRC (2001). 

Humphreys (1991) therefore recommended that:

Desirable forage allowance = Intake as a fraction of body weight

Desired ratio of utilization
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The results of this study therefore show that production of large amounts of good 

quality forage per unit area is an important pasture parameter because intercropped 

forages can allow higher carrying capacities compared with the monocrops and hence 

improved production per animal per year.

4.2.2. Effects of intercropping maize with lablab on grain yield and fodder 

production

Total fodder DM yield was about 12,210 kg/ha/yr of EGL and 10,024 kg/ha/yr of 

elephant grass monocrop (Table 4.12). The fodder DM yield from a recommended 

acreage of 0.405 ha of intercrop and monocrop is therefore about 4,945 and 4,059.7 

kg/ha/yr, respectively. This quantity of fodder would support one mature cow for about 

160+4.2 and 131+3.4 days, respectively. The results therefore show that although 

intercropping elephant grass with forage legumes improves total fodder DM yields, the 

quantity of fodder available from 0.405 ha is not sufficient to support a mature 

lactating dairy cow throughout the year. The minimum acreage required to support a 

mature cow for a year is about 0.9 ha of EGL or 1.1 ha of pure stand of well managed 

elephant grass.

Improved total fodder (maize stover + lablab) DM yields could be attributed to higher 

proportion of lablab in the intercrop and efficient utilization of water resources and soil 

nutrients in ML intercrops. It could also be due to less competition between the 
growing maize and lablab plants and the weeds.

Field observations showed that during the first month after introducing lablab seed into 

the maize crop, lablab plants grew slowly competing with weeds between maize rows, 

but not with the maize plants. When the maize plants began to tussle, lablab vines 

started to grow more vigorously and obtained their greatest development a month 

before the maize cobs were harvested. The effects of intercropping maize with lablab 

on mean fodder DM and grain yields are presented in Table 4.13. The proportion of 

lablab in the intercrop was about 24%. Cob size and grain yield increased (p<0.05) by 

about 6 and 7%, respectively when compared with the monocrops. Total fodder DM 

yields and mean weight of the cobs were higher (p<0.05) in the intercrops than in 

maize monocrop.
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Cropping system

SEMMonocropIntercrop

Parameter

1321
200.64166+200

174.7
4.2

136.1

104

Lablab fodder DM yield (kg/ha/yr)

Stover DM yield (kg/ha/yr)

Table 4.13: Effect of intercropping maize with lablab on grain and fodder DM 
yields

Total fodder DM yield (kg/ha/yr) 

Mean weight of cobs (g/cob) 

Grain yield (kg/ha/yr)

4373+190
4373+190b
134+4b
2912+188

I

SEM=Standard Error of the Mean
abLeast square means within a row followed by superscripts differ (p<0.05)

5486+261a 
142+4a 
3115+198
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The relatively lower (p>0.05) DM yield of maize stover in intercrops compared to 

monocrops could be due to the smothering effects of lablab vines on the maize stalks 

during the third month after planting the maize seed. During that period, lablab vines 

grew vigorously twining around the maize stalks and this could have lowered the yield 

of the maize stover.

Maize grain yields improved (p<0.05) by 7% as a result of intercropping lablab with 

maize. Results of enhanced grain yields (11 to 73%) from various cereal/legume 

intercrops have been reported by Kusekwa et al. (1992) and Katuromunda (2001). 

However, several studies by Nnadi and Haque (1990); Mwebaze (1996) and Mpairwe 

(1998) reported a depression of 7 to 24% in grain yield when cereals were 

simultaneously intercropped with forage legumes. The improved grain yields obtained 

in this study could have been due to late planting of lablab in the maize crop. Due to 

labour constraints, farmers staggered the planting dates (21 to 35 days) of lablab into 

the maize crop and this could have minimized interspecies competition for growth 

requirements and ensured full utilization of available growth factors in a growing 

season. Thus delaying the planting of lablab enabled the earlier sown maize to grow 
without competition.

Two months after introducing lablab into the maize crop, lablab plants provided a soil 

cover, thus reducing water loss from the soil by evaporation. Because of their 

spreading habits, lablab plants controlled the weeds that could have competed with 

maize and lablab plants for soil nutrients and moisture. Lablab leaf senescence 

improved soil organic matter and improved total fodder DM yield. The high proportion 

of lablab reported in this study could be attributed to its ability to withstand drought 

compared to maize plants. Because of its deep-rooted nature (Thomas and Dabas 

1982), lablab plants were able to tap water and nutrient resources deep in the soil 

profile. Therefore, higher total fodder DM yield in intercrops was not only due to higher 

total (lablab + maize) plant population densities but also to yield advantages that 

accrued basically from a lower competition and edaphic space in monocrops. Results 

of improved fodder DM yield obtained in this study were consistent with those of 

Sabiiti and Mugerwa (1993), Mpairwe (1998), Katuromunda (2001) and Roothaert et 

al. (2003) who showed that intercropping cereals with forage legumes improves total 

fodder DM yields by 7-25%.



106

In view of the results of this study, there is a need for more on-farm and on-station 

studies to determine the effects of staggering planting dates of different varieties of 

lablab and maize in a maize/lablab intercrop on total fodder DM and grain yield in 

different ecological zones in Uganda.

Seasonal effects of intercropping maize with lablab on maize grain and fodder DM 

yields are presented in Table 4.14. Total fodder DM and grain yields in intercrops 

decreased (p<0.05) during the second season (short rains) by about 11% and 8%, 

respectively when compared to the first season (long rains). Mean weight of cobs from 

both intercrops and monocrops however increased by 8 and 6, respectively.

Grain and total fodder DM yields in the intercrops were lower in the second season 

than in the first season due to lower soil moisture during the second season compared 

to the first season (Appendix 3.3). The decline in grain and fodder DM yields in the 

second season was attributed to the regrowths of lablab plants left in the fields after 

harvesting the forage during the first season. The regrowths were cut back when the 

maize seed started germinating during the second season. This could have resulted in 

competition for nutrients between the germinating maize seed and lablab plants 

resulting in lower fodder and grain yields during the second season. However, 

Katuromunda (2001) observed that the differences in grain yields between the long 

(4.04 t/ha) and short (3.83 t/ha) rains were attributed to timely rain season.

Lower fodder DM and grain yields in the second season could also have been due to 

nutrient mining by the crops in the first season since farmers used the same fields for 

the second season without applying fertilisers. Previous studies by Ofori and Stem 

(1986) showed that even though intercropping usually included a legume, applied N 

may still confer some benefits to the system, because the cereal component depend 

heavily on N for maximum yield although fertilizers required in the intercrops should 

be lower than in sole cereal stands. Therefore, the positive DM yields with intercrops 

obtained in this study indicated that although the legumes in mixtures may have 

provided some of the required nutrients, fertilization was still needed in the intercrops.
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Mean DM yield of ML was 5485.8 kg ha/year (Table 4.13). Therefore, the quantity of 

ML produced from 0.4 ha/yr is about 2,194.3 kg DM. This quantity of fodder could 

support a mature cow producing about 13 litres/day at a rate of about 9 kg DM/day for 

about 247 days (about 8.4 months). Therefore, if a farmer establishes 0.4 ha/yr of ML 

in addition to either 0.405 ha of EGL or 0.405 ha of well managed sole stand of 

elephant grass, there will be sufficient fodder to feed a lactating dairy cow for about 

412 and 382 days, respectively.

Forage legumes contributed about 26% more to total CP yields in the intercrops than 

they did to the total DM yield (Table 4.15). A minimum of 1600 g CP and 95 MJ per 

day are recommended for the growth and production of animals similar to those used 

(about 470 kg liveweight) on smallholder dairy farms in Uganda (NRC, 2001).

Chemical composition and in vitro dry matter digestibility of 

elephant grass with and without legumes

The effect of intercropping elephant grass with forage legumes on chemical 

composition and in vitro DM digestibility is shown in Table 4.15. Elephant 

grass/legume intercropping increased (p<0.05) crude protein (CP) and CP yield 

(CPY), IVOMD, Ca and P but lowered (p<0.05) NDF content of EGL forages. 

Intercropping elephant grass with forage legumes had no effect on DM, OM and ME 

content of EGL forages.

The higher CP content and CP yields obtained in the intercrops could be attributed to 

benefits that the associated grass obtained from forage legumes which had higher CP 

than the grasses (Table 4.15). However, Mwangi (2001) reported no significant 

differences in CPY of P. purpureum grown alone or mixed with legumes. He noted 

that lack of significant differences might have been due to a reflection of late harvest 

of forages, at the stage of seeding, when reserves of N in roots, stems and leaves 

have been mobilized for seed production. It is recommended that harvesting earlier, 

especially before flowering may provide a more meaningful assessment of the effects 

of legume mixtures on grass and legume N content.



SEM

0.14

0.06

35.9

0.14
0.21
0.09
0.01Calcium

0.01
0.01
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Cropping system

Monocrop Intercrop

Crude Protein Yield (kg/ha/yr)

Organic Matter

Neutral Detergent Fibre

In vitro OMD

Table 4.15: Effects of intercropping elephant grass with forage legumes on 
chemical composition and in vitro dry matter digestibility of fodder

Phosphorus

#Metabolisable energy

(MJ/kg DM)

Chemical composition

(% DM)

Dry Matter content

Crude Protein

18.9+0.2
7.4+1b

SEM=Standard Error of the Mean
Calculated ME = 0.15*IVOMD (Close and Menke, 1986)
abLeast square means within a row followed by different superscripts differ (p<0.05)

809.0+33b

90.2+0.2
65.7+0.3a

60.1+0.1b

0.23+0.0 b
0.22+0.0b
9.2+0.01

18.5+0.2
8.4+0.1a

1163.3+55a

90.6+0.2
63.1+0.1b

62.0+0.1a

0.33+0.0a

0.25+0.0a

9.4+0.0
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Intercropping elephant grass with legumes reduced (p<0.05) NDF content by 4% 

when compared to the monocrop. This indicated an improvement in the quality of 

fodder from elephant grass/legume mixtures, which was a result of the presence of 

the legumes with low NDF. Mean IVOMD increased (p<0.05) by about 2% in 

intercrops because of the presence of forage legumes that had higher CP and IVOMD 

and a lower NDF than elephant grass fodder (Kabirizi et al., 2000). With a lower NDF 

content compared to the monocrop (Table 4.15), the IVOMD of EGL forages were 

expected to be high. Improvement in IVOMD would result in improved DM intake.

With a fodder DM yield of 12,211 kg/ha (Table 4.12) and a CPY of 1163.3 kg/ha/yr 

(Table 4.15) of EGL, the CPY of about 471 kg produced from 0.405 ha of EGL (Table 

4.15) would support a lactating cow for about 278 days (NRC, 2001). Total ME of 

4,649 MJ produced from 0.405 ha of EGL (Table 4.15) would support the same animal 

at a rate of 95 MJ/day for about 49 days. Therefore, forages from EGL intercropping 

systems should be supplemented with other sources of protein and energy to meet 

the nutritional requirements of lactating dairy cows.

Although Ca and P contents of EGL improved, Ca and P contents in the fodder from 

both monocrops and intercrops were lower than the minimum requirements (0.48% P 

and 0.34%r Ca on DM basis) in the rations of dairy cows (NRC, 2001). This was 

probably due to a 36% decline in soil P (Appendix 3.5). Results of soil sample analysis 

(Appendix 3.5) showed that the legumes in EGL extracted a lot of P and Ca that were 

not replaced through top dressing. Tropical forage legumes are very efficient at 

extracting Ca and P from low Ca and P soils (Haque et al., 1991). The low Ca and P 

contents in EGL could also be due to low legume content in the mixtures Top dressing 

with fertilizers rich in Ca and P would therefore promote forage legumes and elephant 

grass growth in the mixture and hence promote total fodder DM yields.

In conclusion, the results of this study have shown that forage legumes have the 

potential for improving total fodder DM yield per unit of land and the nutritive value of 

the forages. This will in turn be expected to improve dairy cattle nutrition and thus 

increases milk yield and household income.
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4.2.4. Effects of intercropping Lablab purpureus with maize on chemical 

composition on maize/lablab stover

The improvement in CP in the intercrops could be attributed to higher proportion 

(24%) of lablab that improved total CP content in the intercrop. While CP content of 

lablab was 18.6% that of maize stover was only 4% (Table 4.16). Improvement in the 

quality and quantity of ML is therefore the key factor to increasing the nutritional value 

of maize stover for the dairy cow during the dry season. Although CP content of ML 

was above the minimum level (7% CP) recommended for moderate growth (NRC, 

2001), it was lower than reported by Mpairwe (1998) in ML (8.6% CP). The differences 

in the results of the trials could be attributed to chemical fertilizers (100 kg/ha of 

diammonium phosphate, DAP) he applied at planting time and 50 kg/ha of urea 

applied as top dress, six weeks after planting or to the maize variety. Phosphorus is 

an important nutrient in the successful establishment of forage legumes (Satter and 

Wu, 2000) and its deficiency affects N fixation in legumes through its effects on nodule 

development and nodule fixation and plant growth (Haque et. al. 1985) and hence 

increases N or CP content and P concentration uptake by the plant (Skerman and 

Riveros, 1990).

Results on the effect of intercropping maize with lablab on chemical composition and 

in vitro OMD of fodder are presented in Table 4.16. Intercropping maize with lablab 

increased (p<0.05) CP content and total CPY from maize/lablab intercrop, as 

compared to maize monocrop. On average, the CP content was 1.9 times higher in 

intercrops when compared to the monocrops. Maize/lablab intercropping reduced 

(p<0.05) OM, DM and NDF but increased (p<0.05) P; Ca; IVOMD and ME compared 

to maize monocrop.

Although intercropping lablab with maize improved fodder DM yields, the CPY and ME 

from the intercrops were not adequate to meet the nutritional requirements of 

crossbred lactating dairy cattle (Table 4.16). Based on the findings of this study, it is 

recommended that dairy cattle fed on forages from maize/lablab intercropping 

systems must be supplemented with other sources of protein and energy to meet the 

nutritional requirements of lactating cows.



Table 4.16:

SEMML stover

Parameter

0.20

1.83
0.22
36.84
0.43
1.46NDF

0.02Ca

0.02P

0.87IVOMD
0.13#ME (MJ/kg DM)

112

CPY (kg/ha/year)

Ash

MS from 
monocrop

(% DM basis)

Organic Matter

Dry matter

CP

Effects of maize/lablab intercropping on chemical 
composition on fodder

0.39+0.1a
0.50+0.0a

58.8+2a

9.0+1a

# Calculated ME = 0.15*IVOMD (Close and Menke, 1986);
MS=Maize stover; ML= Maize/lablab stover
abLeast square means within a row followed by different superscripts 
differ (p<0.05)

55.2+1b
8.6+0.1b

90.8+0.2 
49.8+2.3 
4.0+0.1b 
180.0+8b

9.2+0.33 

62.5a 
0.33b 

0.44 b

90.5+0.2
49.2+1
7.7+0.1a

432.0+209
9.3+0.1
60.8+2b
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The high IVOMD content in intercrops could have been due to the presence of lablab, 

which had lower NDF content (<60%) than maize stover. Singh and Oosting (1992) 

categorized feeds with NDF contents ranging between 45 and 65% as medium quality 

feeds and those with NDF below 45% as high quality feeds. Therefore, the feeds 

obtained from maize/lablab intercrop and maize monocrop were of medium quality.

Although EGL and ML technologies improved fodder production and therefore 

carrying capacity, the observed fodder DM, CP and ME yields produced were not 

adequate to support a lactating dairy cow for a full year. Thus feeds from EGL and ML

The higher Ca and P contents in the intercrops were attributed to presence of lablab 

legume which had higher Ca and P contents compared to maize stover (Table 4.16). 

Tropical forage legumes generally contain high concentrations of most nutritionally 

valuable minerals (Elliot, and McMeniman, 1987; Elliot, 1996). However, nutritional 

requirements may not always be met, since availability for absorption and function 

varies with each element (Norton and Poppi, 1995). The Ca and P content of ML were 

lower than the estimated requirements (0.48%) but the P content was higher than the 

minimum (0.34%) required for a lactating dairy cow. The low Ca values observed in 

the ML forages could be attributed to decline (5.6%) in soil Ca level observed in the 

soil samples (Appendix 4.6).

Results of this study supported the hypothesis that integrating forage legumes in 

cereal or elephant grass cropping systems will increase the quantity and nutritive 

value of the feed resource base without reducing the grain yield. The low fodder DM 

yields of legumes in elephant grass/legume intercrops is however a major constraint 

to the adoption of the technology as a dry season feed resource. Maize/lablab 

intercropping is of particular importance to resource poor crop/livestock farmers for it 

would improve the quality and quantity of fodder to fill the feed gap during the dry 

season while improving maize grain yield from the same piece of land. Improving 

forage DM yields and or forage quality without adversely affecting grain yield is an 

attractive option for intensive smallholder mixed crop/livestock systems. Improved 

feed supply from the intercrops would have a positive effect on the carrying capacity 

and hence increase milk yield, growth rate and reproductive performance of the 
animals.
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intercropping systems when fed alone may not be able to support very high levels of 
production. Supplementing EGL or ML forages with forage legumes or fodder trees 
such as lablab and/or Calliandra calothyrsus and a concentrate and improving overall 
management of the forages using recommended management practices (such as use 
of improved varieties and manure/or inorganic fertilizers; proper harvesting height) are 

possible methods of improving the forage quality and quantity.
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4.3.1. Quantities of residues harvested

4.3.2. Chemical composition of basal forages and supplements
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Average quantities of lablab hay (LH), calliandra leaf hay (CLH) and maize/lablab 

stover (ML) conserved and stored per household were 406+78.1, 310+55.4 and 

1,350+284 kg DM, respectively. The quantities of material conserved and stored 

depended on established acreage, labour and capital availability, the distance and the 

means used to transport the residues from the fields to the homesteads. Participating 

and other interested farmers worked in groups to solve the labour shortage. The 

members of the group nearest to the field trials helped the farm owner to plant, weed, 

harvest, transport and conserve the forages. Lablab herbage was harvested three 

times a year from the same field after which the ratoon crop was removed.

The chemical composition and in vitro dry matter digestibility of the feeds are given in 

Table 4.17. Sole EG had the lowest DM content among the basal forages. Calliandra 

leaf hay, HMC and LH had higher CP and slightly lower NDF than EGL, EG and ML 

forages. Among the forage supplements, the CP content of CLH was about 42% 

higher than that of LH. Lablab hay had higher NDF and ADF content than CLH.

Neutral detergent fibre (NDF) was highest in sole EG fodder and lowest in HMC. 

Calliandra leaf hay had the highest mineral concentrations among the supplements. 

Metabolizable energy and ODM were highest in HMC, intermediate in EGL and lowest 

in sole EG. The ADL varied (36.2-38.7%) between the basal forages but was lowest in 

HMC among the supplements. Dry matter and CP values for sole EG obtained in this 

study compared closely with those reported for elephant grass fodder variety KW 4 by 

Ogwang (1976) in Uganda. Crude protein content of sole EG was lower than 11-16%, 

the minimum level required for maintenance and production of dairy cattle (NRC, 
2001).

Study 3: The performance of crossbred cows fed forages from 

elephant grass/legume or maize/lablab intercropping systems and 

supplemented with legume hay and homemade concentrate



forages andbasal

SupplementsBasal forages

HMC LHCLHMLEGEGL

Parameter
83.389.678.990.014.514.0

91.3 88.290.091.091.991.4
54.819.051.261.164.8
39.76.743.138.236.7 36.8
15.816.722.57.2 6.2

59.777.760.162.958.1
11.7 9.09.09.28.79.6

0.470.46 0.240.510.26 0.21
1.65 0.47 0.460.370.26 0.25
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EGL= Elephant grass/legume mixture; EG = Sole elephant grass fodder;
ML= Maize/lablab stover; LH = Lablab hay; CLH = Calliandra leaf hay; HMC= Homemade concentrate;
#Calculated ME = 0.15*IVOMD% (Close and Menke, 1986)

9.7
63.7

#ME (MJ/kg DM) 

Phosphorus 

Calcium

Dry matter

Organic matter

Neutral detergent fibre 61.8

Acid detergent lignin 

Crude protein 

In vitro OMD

Table 4.17: Chemical composition (% DM) of the 
supplements
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Although the legume content in EGL reported by Katuromunda (2001) was 7%, mean 

CP content of sole EG and EGL were higher (10% and 14.3% CP) than reported in 

this study (Table 4.17). This could be attributed to differences in elephant grass fodder 

varieties used in both studies. Majority of farmers use Kawanda 4 that was distributed 

by the Projects that distribute the animals while Katuromunda (2001) used improved 

elephant grass variety. The low mean CP content of ML reported in this study could 

be due to leaf shattering of lablab that was occurred during drying and baling on a few 

households. On the other hand, although CP content of ML and EGL was improved 

through intercropping, the CP content was still below the minimum (10-16% CP) level 

required for effective microbial activity in the rumen for growth and lactation of dairy 

cattle (Crowder and Chedda, 1982; NRC, 2001). The results of this study are in line 

with findings by Mpairwe (1998) and Katuromunda (2001) who reported that forages 

from ML and EGL are deficient in CP and energy and should therefore not be used as 

sole feed. The high concentrations of CP and mineral in CLH, HMC and LH make 

them suitable supplements when low quality forages such as EGL and ML are fed to 

dairy cattle.

The lower NDF, ADF and ADL content and higher OMD values in EGL and ML 

forages than sole EG was attributed to the presence of the forage legumes that had 

lower NDF contents with higher CP and OMD values. In the tropics, lactating dairy 

cows need a diet of about 16% CP and 55% OMD for maintenance and production 

(NRC, 2001). This means that EGL, EGML and EG forages are capable of supporting 

maintenance requirements for dairy cattle.

I

The low Ca and P content in EGL forages could be due to low legume content (12%) 

in the mixture (Table 4.12) and/or low soil Ca and P content in the study area which 

were below the critical minimum level (5.2 mg/100g) (Soil sample analysis report, 

2002), for crop production (Appendix 6.5). The legumes could also have extracted a 

lot of Ca and P that were not replaced by farmers because of low levels of fertilizers 

applied to the fodder fields. Tropical legumes have been reported to be very efficient 

at extracting P and Ca from low P and Ca soils (Haque et al., 1985). Calcium and P 

content of sole EG and EGL forages were below the levels of 0.35% Ca and 0.3% P, 

respectively recommended by NRC (2001) for growth and production of dairy cattle.
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Results of Table 4.17 shows that ME in sole EG was below the minimum (95 MJ/day 

DM) levels recommended for growth and production of dairy cattle by NRC (2001). 

However, ME for HMC was higher than the minimum required for maintenance and 

production of lactating cows. This was expected since the homemade concentrate had 

high energy and protein levels (Table 4.17), which result in improved animal 

productivity.

The high Ca and P content in ML, CLH and LH supplements were due to lablab and 

calliandra legumes that are high in mineral contents (Leng, 1997; Makembe and 

Ndlovu, 1996). Previous studies (LSRP, 2000) have shown that smallholder dairy 

farmers rarely provide concentrates and mineral supplements to their animals 

because of lack of capital. Therefore, the adoption of EGL and ML forages together 

with CLH and LH supplements will provide Ca and P minerals, which are the two most 

limiting minerals in dairy cattle nutrition.

The chemical composition of the forage supplements (CLH and LH) was higher than 

the basal forages. A potential forage legume to be used as a supplement to enhance 

the quality of poor quality roughages and crop residues such as EGL and ML should 

have a high protein content to supply readily fermentable protein. There would be an 

added advantage if the legume contains other critical nutrients such as minerals, 

vitamins and other compounds which enhance the rumen ecosystem (Leng et al., 

1991). From the present study CLH has a great potential to enhance the nutritive 

value of low N pastures and poor quality crop residues because it contains 

satisfactory levels of protein and minerals (Table 4.17) (Ebong et al., 1999). In 

addition, to their perennial nature, fodder trees have high herbage DM yields and 

could be harvested and fed to livestock at any time of the year to increase the 

efficiency of utilization of the basal diets.



4.3.3. Dry matter and crude protein intake by crossbred dairy cows
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The increased total DM intake with supplementation could be due to several reasons. 

It could be attributed to increased CP intake that was deficient in unsupplemented diet 

and as a consequence improved N supply in the rumen since the consumed 

supplemented diets contained high levels of CP (15.8-22.5% CP). This led to 

increased amount of amino acids that were absorbed from the diets. Increased DMI of 

low quality feeds attributed to addition of a legume hay and a concentrate has been 

reported by Osuju et al. (1995), Heldt et al. (1999); Aregheore and Perera (2004) and 

Hinderichsen et al. (2004). However, the above results deviate from those of 

Boitumela and Mahabile (1992) who reported no differences in DMI of elephant grass 

fed lactating cows, supplemented with legume hay and a concentrate. The lower DMI 
of elephant grass fodder in cows that were offered EGML basal diets compared with 

sole EG could be attributed to preference of ML forages and the supplements by 

animals. The supplements fed together with ML forages had higher CP content than 
sole EG (Table 4.17).

Mean dry matter intake (DMI) and CP intake of the basal diets and supplements 

offered to the animals are shown in Table 4.18. Mean DMI and total CP intake were 

higher (p<0.05) in supplemented than in unsupplemented animals. Mean DMI of 

elephant grass fodder was 52% lower (p<0.05) in cows that were offered EGML diets 

than those that were offered sole EG (unsupplemented). Differences (p<0.05) in total 

dry matter intake (TDMI), DMI as a percentage of body weight (% BW) and DMI as 

metabolic body weight (DMI BW075) were observed between supplemented and 

unsupplemented animals. Total DMI and CP intake were highest (p<0.05) in cows that 

were offered EGML basal diet with CLH and HMC supplements. Supplementing EGL 

basal diet with CLH in addition to LH and HMC improved TDMI by 7.4% compared to 

when the diet was supplemented with only LH and HMC. Total DMI as percentage of 

BW in supplemented and unsupplemented cows was lower than 3% recommended by 

NRC (2001).
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The lower DMI of sole EG compared to EGL diet (Table 4.12) could be attributed to 

coarseness and lower CP content especially when fed at maturity. The nutritive value 

and the physical characteristics of the sward have been reported to influence DMI 

(Parga et al., 2000). The low CP levels of elephant grass fodder (Table 4.17) could not 

provide enough N that would stimulate microbial activity, which would in turn lead to 

higher rate of digesta breakdown and passage. According to NRC (2001), 

unsupplemented cows required a minimum intake of about 1680 g/cow/day of CP for 

their growth and lactation. Total CP intake was only 502.5 g/cow/day, resulting in a 

deficit of about 1177.5 g/cow/day. Supplemented cows received sufficient CP for their 

growth and production (Table 4.18). Differences in DMI between cows that were fed 

on EGL and sole EG fodder could have been due to the differences in soil fertility, soil 

moisture content and management practices on the study fields. These factors have 

been reported to influence fodder yield and quality and therefore DMI (Allen, 1996).

Initially the cows tended to reject ML but after they got used to it, they ate it readily 

and there was a dramatic increase in both DM intake and overall animal performance.

Total DMI and CP intake were improved by 1.5 and 7.4 percent, respectively when 

cows offered EGL basal diet were supplemented with CLH, HMC and LH compared 

to HMC + LH only. Kaitho (1997) urged that drying calliandra foliage increases the DM 

content and amount of protein bypassing the rumen as well as decreasing the content 

of anti-nutritional factors. Previous studies by Kamatalit et al. (1992) and Ebong et al. 

(1999) showed that proteins in calliandra foliage have a well-balanced amino acid 

profile that are protected from degradation in the rumen, particularly when the foliage 

is dry. Improved amino acid profile results in improved dry matter and protein intake, 

growth and feed efficiency. The results therefore indicate that additional 

supplementation with CLH is beneficial to dairy cows especially where farmers do not 

have enough land and labour to produce sufficient quantities of lablab hay.
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The differences in Ca and P intake between supplemented and unsupplemented cows 

could be attributed to higher Ca and P contents in the supplements (Table 4.17) 
compared to the basal forages.

The low ME content of sole EG (Table 4.17) partly explains the low total DMI in 

unsupplemented diet compared to supplemented diets. The results of this trial shown 

that energy deficits lead to reduction in DMI, loss in body weight and body condition, 

reduced milk yield and may affect reproductive efficiency (Britt, 1998; Keady et al., 

1999). The results of this trial also confirm results obtained in trial 1 that energy deficit 

in sole elephant grass diets limit DMI and overall animal production.

Higher ME intake in supplemented diets could be attributed to the supplements, 

particularly HMC which were high in ME (Table 4.17). Supplementation with HMC 

resulted in MEI of about 36 MJ/cow compared to less than 15 MJ/cow for LH and 

CLH. According to NRC (2001), the minimum ME requirement for maintenance for 

lactating and pregnant cows weighing about 450 kg and producing 8-12 litres of milk 

of 4.7% butter fat content per day was 95 MJ/cow/day. This means that all 

supplemented cows received sufficient energy for their maintenance and production. 

However, ME in unsupplemented diets was inadequate and resulted in a deficit of 

about 34 MJ per/cow/day,

4.3.4, Metabolizable energy and mineral intake by crossbred dairy cows

The effect of supplementing with CLH, LH and HMC on metabolizable energy (ME) 

and mineral intake by crossbred cows fed EGL or EGML diets is shown in Table 4.19.

, Total ME intake (MEI) was higher (p<0.05) in supplemented than in unsupplemented 

cows. The highest MEI among the supplemented diets was obtained in cows that 

were offered EGML basal diets with HMC and CLH supplements. Total ME intake 

from elephant grass fodder was about 34% lower in EGML basal diets than in sole EG 

diet. The MEI of unsupplemented cows was only 60.7 MJ/cow/day. Mineral (P and Ca) 

intake was higher (p<0.05) in supplemented than in unsupplemented cows. Among 

the supplemented diets, Ca and P intake were highest in cows fed on EGML + CLH + 

HMC diet.
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Calcium and P intake in unsupplemented cows were below (38-50 g/cow/day P) and 

(120-150 g/cow/day Ca) the minimum requirement for moderate levels of production 

(NRC, 2001). Phosphorus deficiency in the rumen reduces microbial growth efficiency 

and in some cases the digestibility and intake of forages (Durand and Komisarezuk, 

1988). However, all cows were supplemented with homemade mineral blocks which 

were high in Ca and P content that could have provided the mineral requirements 

since no cases of disorders related to mineral deficiencies were reported during study 

period.

The value of forage legume hay and HMC as supplements depends mainly on their 

capacity to provide the nutrients (CP, ME and minerals) that are deficient in the basal 

diet. This includes their ability to provide the essential nutrients to the rumen microbial 

population and/or critical nutrients to meet the host animal’s requirements thus 

increasing the efficiency of feed utilization. Thus, EGL and EGML diets alone supplied 

deficient diets, which responded to supplementation with forage legume hay and a 

HMC.

Results of the effect of supplementing dairy cows on digestible crude protein (DCP) 

and organic matter digestibility (OMD) of the feeds during the wet and dry seasons are 

shown in Table 4.20 and Figures 4.11 and 4.12. Mean DCP and OMD values of all the 

treatments were higher (p<0.05) during the wet season than during the dry season. 

The values increased with increasing amount of rainfall period reaching highest level 

in April 2003, at the peak of the rain season (Figures 4.11 and 4.12). Digestible crude 

protein and OMD values of the feeds decreased from May 2003 to end of the study. 

The lowest DCP values were obtained in July 2003, at the peak of the dry season. 

Digestible crude protein and ODM of the feeds were highest in EGL + LH + CLH + 

HMC diets, intermediate in EGML + CLH +HMC diets and lowest in sole EG diets.

4.3.5 Seasonal effects on digestible crude protein and organic matter 
digestibility of the feeds



SEMParameter Dry season
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Table 4.20: Effect of supplements on percentage digestible crude protein 
(DCP) and organic matter digestibility (ODM) of feeds during the 
wet and dry season

Organic matter 
digestibility (%)

T1
T2
T3
T4
SEM

T1
T2
T3
T4
SEM

0.35
0.35
0.35
0.35

0.63
0.63
0.63
0.63

Digestible crude protein 
(%)

Season______ _
Wet season

62.6a 
63.6a 
62.9a 
60.0a 
0.45

9.3b
9.4b
8.8b
8.0b
0.18

61.3b 
62.1b 
61.8b 
58.8b 
0.18

9.9a 
10.2a 
9.4a 
8.4a 
0.45

T1 = EGL + LH + HMC; T 2 = EGL + LH + CLH + HMC; T 3 = EG + ML + CLH + HMC; T 4 + Sole EG 
EGL = elephant grass/ forage legume mixtures; EGML=Elephant grass fodder fed together with 
maize/lablab stover;
LH = Lablab hay; HMC = Homemade concentrate; EG = sole elephant grass fodder
SEM = Standard Error of the Mean
abcd Least square means within a row followed by different superscripts differ ( p<0.05)
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4.3.6. Body weight and body condition score of crossbred dairy cows
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Body weight (BW) changes of crossbred dairy cows fed EGL or EGML basal forages 
supplemented with LH and/or CLH and HMC is shown in Table 4.21 and Figure 4.13. 
Initial BW, 8 weeks prepartum of all the animals was not different (p>0.05). Four 
weeks (8 to 4 weeks prepartum), after initiation of the study, an increase (p<0.05) in 
BW was observed. Between the 4th and 8th week postpartum, the trend reversed until 
the end of the study with unsupplemented cows loosing (p<0.05) more weight (-183.3 
g/cow/day) than the supplemented cows. Overall, cows fed on EGML gained more 
weight than those on EGL basal forages.

During the dry season, forages are low in essential nutrients such as N, energy, 
minerals and vitamins required for optimal rumen microbial growth (Preston and Leng, 
1984). This partly explains the low OMD and DCP of the feeds collected during the dry 
season. Romney and Gill (2000) reported that the most important factor influencing 
production response of an animal is the total quantity of the absorbed nutrients, which 
are in turn determined by intake, and digestibility of the ingested feed.

The increase in BW between 8th to 4th week prepartum could have been due to the 
effect of the growing foetus in addition to the CP and energy requirements of animals 
being met. Kabirizi et al., (2000) reported that cows supplemented with lablab forage 
had significantly higher body weight gains than the non-supplemented cows.

The higher DCP and OMD values of the feeds during the wet season than the dry 

pseason could have been due to better quality of elephant grass fodder and the 
supplements. Driedger and Loerch (1999) reported that N supplementation to mature 

' steers improved the OMD by 5%. It could also have been due to high rainfall that 
resulted in plenty of succulent fodder and higher CP and OMD values than overgrown 
elephant grass fodder that was available during the dry season. During the dry 
season, the forages are mature leading to high NDF and lignin, low CP and ME 
contents and overall low OMD (Nkya et al., 1998). The low CP and OMD values of the 
feeds during the dry season underscore the importance of N and energy 
supplementation to dairy cattle especially during the dry season.
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The loss in body condition in unsupplemented cows between 8 weeks prepartum and 

28 weeks postpartum could be due to low levels of total DMI, CP and ME intake

The changes in body condition score of the animals are shown in Table 4.22 and 

Figure 4.14. Body condition score (BCS) followed a pattern similar to changes in BW. 

There were no significant (p>0.05) differences in initial BCS between the animals. 

After calving, differences (p<0.05) were observed in BCS between supplemented and 

unsupplemented cows. Overall, unsupplemented cows lost (p<0.05) more body 
condition from 8th week postpartum to the end of the study than supplemented cows. 

Among the supplemented diets, EGML resulted in better body condition compared to 
EGL.

The main effect of offering the animals with supplements was to improve feed quality 

and quantity thereby increase DMI, milk yields, reduce body weight loss and improve 

body condition especially during the dry season when smallholder dairy cows suffer 

most because of feed shortages. Therefore, the higher average daily gain (ADG) from 
8lhweek postpartum to the end of the study in cows fed on EGML forages could be 

associated with increased supply of CP and energy and adequate feeds.

The loss in BW in supplemented animals during the first 8 weeks postpartum could be 

a result of increases in milk yields (Figure 4.15), resulting from improved feeds. 

Therefore, CP and ME intake could have been utilized for milk production instead of 

increased body weight. Similar results have been reported by Muinga et al. (1992). 

Later in the lactation period (8 to 28 weeks postpartum) when milk yields decreased 

(Figure 4.17), the increased CP and ME intake resulted into fat deposition and body 

weight gain. The lower BW gain in cows that were fed EGL basal forages compared to 

cows fed EGML forages could be attributed to fluctuation in feed supply. During the 

dry season, there was a shortage of EGL forages on all farms. There was therefore a 

tendency for farmers to underfeed the animals. Cows fed on EGML forages had a 

steady supply of ML throughout the study period.
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(Tables 4.18 and 4.19) and to inadequate supply of feeds especially during the dry 

season. Similarly, the loss in body condition of animals that were fed on EGL diets 
was partly due to low DMI at the time of calving. Most of the cows calved at the peak 
of the dry season (November) when the legume content and total fodder DM yields 
were low (Figure 4.10) compared to cows fed on EGML forages. Although there was a 
shortage of elephant grass fodder during the dry season, cows that were offered 
EGML forages benefited from ML stover that was abundantly available throughout the 
study period. Findings from this study have confirmed previous results that showed 
that feeding cows at high levels (quantity and quality) before calving results in better 
body condition and BW at calving and after calving (Keady et al., 1999).

It is during this period between 8 weeks prepartum and 10 weeks postpartum when 
cows undergo tremendous metabolic changes, e.g. shifting from pregnant to lactating 
state to prioritise milk production and prepare to conceive again and that breeding is 
often initiated at 8-10 weeks postpartum. All these activities have negative effect on 
BW and BCS. The pattern of growth and nutrient intake observed in this study indicate 
that supplementation of EGL and ML basal diets with forage legumes and a 
concentrate has a positive impact on daily weight gains and body condition.

In many tropical countries such as Uganda, there are regular feed shortages and long 
dry seasons, therefore under such conditions substance feeding, mainly poor quality 
elephant grass fodder and crop by-products results in reduced live weight and body 
condition and low productivity of livestock. Therefore, during periods of feed shortage, 
forages from shrubs and especially trees and homemade concentrates have great 
value as they supply dietary nitrogen, energy, minerals and vitamins.
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The effect of supplementing with a legume hay and homemade concentrate on mean 

daily milk yield of crossbred cows fed EGL or EGML basal forages is shown in Figure 

4.15 and Table 4.23. Supplemented cows produced higher (p<0.05) milk yield than 

unsupplemented cows. Overall, mean daily milk yield during the wet season (10.4 

litres/cow/day) was about 24% higher (P<0.05) than during the dry season (8.4+0.05 

litres/cow/day). Among the supplemented diets, EGML + CLH + HMC produced 

higher (p<0.05) milk yield during the wet and dry season than EGL. Supplementing 

EGL diet with CLH, LH and HMC yielded (p<0.05) about 7% more milk than cows fed 

on EGL + LH + HMC.

The superior milk yield recorded in cows that were offered EGML compared to EGL 

basal diets was due to extra CP, ME and mineral intake (Tables 4.18 and 4.19) and 

adequate feed supply throughout the study period, which enabled the cow to meet 

the increased nutrient requirements of lactation. Purwantara et al. (2001) observed 

that environmental factors, including season, nutrition and reproduction affect 70% of 

milk production in dairy cattle.

Milk yield in supplemented cows increased and peaked at 8-12 weeks postpartum 

after which it started decreasing thus displaying a normal lactation curve. Mean daily 

maximum milk yield for supplemented cows was 16 litres/cow/day compared to milk 

yield of 25 litres/day reported for crossbred cows (Samanya, 1996) on well managed 

zero grazing units in Uganda. The differences in mean yield between the two trials 

could be attributed to differences in genetic potential of the individual cows and/or 

environmental factors such as management, feed and water supply on the different 

households. Similar observations were made by Leaver (1985) and El Said et al. 
(2001).

The observed improvement in milk yields in supplemented diets confirms findings from 

the survey (Study 1) shows that lower productivity of unsupplemented cows is due to 

low magnitudes of CP and ME in the basal diets. It also indicates that 

supplementation with legume hay and a concentrate before and after calving 

improved milk production.
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Treatment SEMWet seasonDry season

0.03T1

0.05T2

T3 0.07

T4 0.02

SEM 0.050.05
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Table 4.23: Effect of season on mean daily milk yield of crossbred dairy cows 
fed EGL or EGML forages supplemented with legume hay and 
homemade concentrate

I
I

10.2a

10.9a

12.8a

7.7a

8.4b

8.9b

6.5b

9.7b

Treatment 1= EGL + LH + HMC; Treatment 2 = EGL + LH + CLH + HMC;
Treatment 3 = EG + ML + CLH + HMC; Treatment 4 + Sole EG
EGL = elephant grass/ forage legume mixtures; EGML=Elephant grass fodder fed together with 
maize/lablab stover;
LH = Lablab hay; HMC = Homemade concentrate; EG = sole elephant grass fodder
SEM = Standard Error of the Mean
8bcd Least square means within a row followed by different superscripts differ ( p<0.05)
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Milk yields, body weight and body condition response to supplementation with CLH 

and/or LH and HMC were most evident during the dry season. The results showed 

that during normal growing seasons, there seemed little advantage in supplementation 

because of plenty of elephant grass fodder and other feed resources that were 

available. In view of the results of this study and the labour and land required to 

produce and conserve LH and CLH on smallholder dairy farmers, it is recommended 

that strategic supplementation be done during the wet season so that more conserved 

fodder is saved for the dry season. This would save on resources i.e. land, capital and 

labour which are the major constraints to fodder conservation in smallholder dairy 

production systems. It would also attract smallholder dairy farmers to adopt fodder 

conservation technology. Similar observations were made by Gimbi et al (2003) who

The higher milk yield in cows offered EGML compared to cows that were offered EGL 

basal forages means that for a smallholder dairy farmer with limited land for food and 

fodder production, integration of lablab in maize cropping system is one way of 

improving feed quality and quantity and therefore improve milk yield during the dry 

season. 

...............................
J Additional supplementation of EGL + LH + HMC diet with CLH produced about 22% 

; more milk than when the EGL diet was supplemented with only LH and HMC.

Calliandra leaf hay had a higher CP content compared to LH (Table 4.17) and this 

improved DMI, milk yield and overall performance. The protein value of a feed for 

ruminants depends not only on its ability to supply rumen microbes with degradable 

protein, but also on its ability to supply the animal with digestible rumen undegradable 

protein (Waisswa et al., 2003).Both requirements are important, but the requirement 

for rumen degradable feed protein is essential for rumen fermentation and therefore 

for digestion, microbial protein synthesis and production of short chain fatty acids. 

Therefore, lack of rumen degradable protein can also severely impair feed intake and 

overall animal productivity (Konimba, 1996). Jingura et. al. (2001) reported a 

significant contribution of the legume hay to nutrient supply to dairy cows. He 

observed that the 3 kg/day of lablab hay offered per day supplied about 182 g of 

rumen degradable protein (RDP), 224 g of rumen undegradable protein (UDP) and 26 

MJ of ME per day, which contributed significantly to rumen microbial growth and, in 

turn to milk production.
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recommended that the level of energy supplementation should be higher during dry 

than rain season.

Unsupplemented cows had the lowest mean daily milk yield throughout the entire 

lactation period (Figure 4.15). This could be attributed to low intake of CP and ME 

observed in this diet (Tables 4.18 and 4.19) and inadequate feed supply especially 

during the dry season. According to NRC (2001), the cow breed used in this study, 

based on mean body weight and milk production, required about 47 MJ/cow/day for 

their maintenance. The amount provided by the unsupplemented diets was 

approximately 60.7 MJ/cow/day (Table 4.19), which implies a difference of only 13.7 

MJ/cow/day over its maintenance requirements. Lactating cows similar to those used 

in this study require about 78 g CP and 5.2 MJ per day to produce 1 kg of 4.0% Fat 

Corrected Milk (FCM). Thus, the ME in excess of maintenance for unsupplemented 

cows was insufficient and generated only 2.6 kg FCM per day. The cows therefore, 

received sub-optimal amounts of ME and were unable to lactate to their genetic 

potential. The FCM values of the unsupplemented diets though very low, were well 

within the range reported by Anon (2003) in Uganda. Because unsupplemented 

animals lost more weight and body condition between calving and 8 weeks 

postpartum (Tables 4.21 and 4.22 and Figures 4.13 and 4.14), it is reasonable to 

conclude that milk production was in part at the expense of the animal’s body weight. 

These results are in agreement with observations made by Zerbini et al. (1994) and 

Hayirli et al. (2002) that inadequate feeding result in high rates of body weight loss 

and decreased milk production.

This study has shown that on-farm production of high quality forages and 

concentrates are possibilities for smallholder dairy farmers to improve animal 

productivity and farm profits. Use of forages from maize/lablab or elephant 

grass/legume intercropping systems increases feed production, thus ensuring year- 

round feed supply particularly so in smallholder dairy production systems. Feed quality 

(protein, energy, vitamins and minerals) is enhanced especially by the forage legume 

component and a concentrate with a consequent increase in livestock productivity.
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The higher birth and weaning weight of calves from supplemented cows compared to 

unsupplemented cows could be attributed to higher DM intake (TDMI, protein, 

minerals and energy) that catered for both the dam and the growth of the foetus. 

Previous studies (Carstens et al., 1987) showed that the protein-restricted cows were 

found to have lower BCS at calving and produced less colostrum volume, produced 

weaker calves, had reduced thermogenic capacity and took longer to come on heat 

than cows fed adequate protein.

The effects of supplementing with CLH and/or LH and a HMC on growth rate of the 

calves are summarised in Table 4.24. Birth and weaning weights and average daily 

weight gain (ADG) of calves were higher (p<0.05) in supplemented than 

unsupplemented cows. Overall, calves from cows fed on EGML + CLH + HMC diets 

had higher (p<0.05) birth and weaning weights and average daily gain (ADG) than 

calves of cows fed on EGL basal forages.

4.3.8, Reproductive performance of crossbred dairy cows
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4.3.8.2 Performance of cows
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Other factors that could have contributed to differences in ADG and weaning weight of 

calves were the daily amount of milk given to the calf.

In smallholder dairy systems in Masaka district, farmers feed the calves according to 

the level of milk produced by the cow. During the wet season when there is plenty of 

milk, calves are offered 3-6 litres/day. However, during the dry season when the 

quantity of milk decreases due to feed shortage and the price of milk increases 

because of higher demand, the amount of milk given to the calves is reduced to 1-3 

litres/day. The low quantity of milk offered to calves results in lower body weight. 

Other reasons for the differences in ADG are the different feed management systems, 

differences in breeds and size of animals. Many smallholders practice artificial rearing 

where calves are bucket fed. In comparing pre-weaning management rearing systems 

for smallholder farmers in developing countries, Preston and Leng (1987) reported 

that the restricted suckling rearing system improves performance of pre-weaned 

calves, and hence is more viable than artificial rearing. Pre-weaning management 

therefore remains critical in smallholder dairy production systems in Uganda because 

the calves are commonly underfed, graze poor quality pastures, receive poor 

management, and small amount of supplements or none at all. The growth of calves 

on low quality feeds is therefore retarded and overall productivity is low. Previous 

studies (Akayenzu et al., 1994; Lyima et a/.2003) have shown that the provision of 

supplements is necessary for good calf growth particularly where there is deliberate 

milk savings or there is inadequate milk supply for calves

The results of the effect of supplementing with LH and/or CLH and HMC on 

reproductive performance of crossbred dairy cows fed EGL or EGML basal forages 

are shown in Table 4.24. Differences (p<0.05) in reproductive performance of 

crossbred dairy cows were observed as a result of feeding cows on EGL or EGML 

diets supplemented with CLH and/or LH and HMC. Interval from calving to first 

oestrus and second oestrus was shorter (p<0.05) in supplemented than 

unsupplemented cows. Average number of services/conception was higher (p<0.05) 

in unsupplemented than supplemented cows. The interval between calving to 

conception was shorter (73-78 days) in supplemented cows compared to
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unsupplemented cows (101 days). Significant differences (p<0.05) were observed in 

intervals between calving to first and second oestrus, calving to conception and 

average number of services/conception within supplemented cows.

In the present study, the longer interval between calving and observation of first 

postpartum visual oestrus in unsupplemented cows indicate sub-optimal reproductive 

performance. In dairy cattle, interval from parturition to first observed oestrus varies 

from 30 to 76 days (Gimbi et al., 2003). Sub-optimal reproductive performance in 

unsupplemented cows could be partly due to low CP, energy and mineral intake 

(Tables 4.18 and 4.19) that resulted in loss in body weight and body condition during 

the first 8 weeks after calving (Tables 4.21 and 4.22 and Figure 4.13 and 4.14). 

Previous studies (Hafez 1987; Canfield and Butler, 1991; Lalman et al., 1997; Lynch 

et al., 1997) have shown that CP and energy balance intake play a major role in the 

initiation of ovulatory ovarian cycles in postpartum dairy cattle. Butterworth (1985); 

Lanyasunya et al. (2001) and Gimbi et al. (2003) concluded that supplementation of 

breeding stock lowered age at first calving, increased calving rate, shortened the interval 

between parturition and first oestrus, decreased mortality and improved farm profits. 

Restricting CP intake in pregnant beef heifers has been shown to increase postpartum 

interval to first oestrus, first service, and conception and decreased the number of 

animals that showed oestrus and conceived (Randel, 1990). Because of inadequate 

energy and CP intake, unsupplemented cows took longer to commence cyclic ovarian 

activity than well-fed supplemented cows. Similarly decreased calving to conception 

intervals in supplemented cows was attributed to higher CP and energy intake as 

shown in Tables 4.18 and 4.19. Diets similar to sole EG fodder where ME intake 

during the prepartum period is low result in poor body condition at calving, prolonged 

postpartum anoestrus, and a decrease in the percentage of cows exhibiting oestrus 

during the breeding season. The provision of protein, mineral and energy supplements 

is therefore a prerequisite for a successful management to good reproductive 

performance of dairy cows.

In addition to nutrition, there are a number of constraints that affect reproductive 

efficiency in many smallholder dairy production systems in Uganda. The major 

deficiencies are poor heat detection, mating of cows at a wrong time and the tendency 

of farmers to assume that a cow will become pregnant once it is inseminated or
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served with a bull. They therefore neglect to look for returns to service and find out 

many months later that the cow is not pregnant, by which time valuable production 

lime has been lost.

A simple economic analysis carried out on the effect of supplementing dairy cows fed 

EGL or EGML basal forages with a legume hay and a homemade concentrate on 

animal performance is shown in Table 4.25. It was assumed that the cost of all other 

inputs such as the structures, pangas, buckets etc were the same on all the farms. 

These costs were therefore not considered in the calculations. Appendix 6.11 shows 

details of estimated cost of producing forages used during the study period. 

Appendices 6.12 and 6.13 show average quantities of fodder consumed per cow 

during the study period (360 days) and prices used in the calculations, respectively. 

Table 4.25 shows additional costs and returns (Ushs/cow/lactation) due to treatment 

during the study period (October 2002 to June 2003). The cost of weeding EGL and 

EGML forages accounted for about 40% of the total cost compared to about 30% for a 

pure stand of elephant grass fodder. Average cost of veterinary services and Al or use 

of a bull were higher in unsupplemented cows than cows on EGL or EGML forages. 

Sale of milk contributed over 90% of the household income when EGL were 

incorporated in the farming systems compared to about 70% for EGML forages. 

However, sale of maize grain improved household income by about 25% when ML 

forages were integrated in the farming systems. The ratio of extra income/extra cost 

was higher for EGML than EGL forages. Veterinary and Al costs were higher in 

unsupplemented diets when compared with supplemented diets.

This study has shown that appropriate use of forages from elephant grass or maize 

; intercropping systems with forage legumes supplemented with homemade 
i

concentrates will result in improved performance of crossbred dairy cows in 

smallholder dairy systems. Farmers can therefore improve food security and alleviate 

feed shortages through appropriate and efficient use of home produced feed 

resources and concentrates. Results of this study have shown the importance of 

supplementing with a legume hay and homemade concentrate on body weight, body 

condition, milk yield and reproductive efficiency of dairy cattle fed low quality forages.
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Appropriate supplementation packages to any dairy enterprise must put into 

consideration the costs, acceptability and ease of adoption by the targeted farmers. At 

the start of the trials, very few farmers commonly used commercial concentrates 

because of the high cost and poor quality (Study 1). On-farm mixing of feed led to 

saving Ushs 110 per kg of homemade concentrate when compared to Ushs 300 per 

kg of commercial concentrates in addition to improved animal productivity and daily 

income. The study showed that, diets formulated from locally available protein and 

energy ingredients are cost-effective and have potential for use as replacement to the 

conventional dairy meal in maintaining a high milk production and improving farm 

profits in the dry season. Therefore, under smallholder dairy production systems 

where shortage of high quality forages and high cost or/and substandard commercial 

concentrates are major constraints, the use of EGML with CLH and HMC supplements 

is the cheapest way of ensuring year-round feed supply, improving overall animal 

performance, household food security and farm profits compared to EGL basal diets.

Weeding accounted for over 40% of the total cost of producing leguminous forages 

Decause of the high cost of inputs and labour. Farmers and/or hired labourers had to 

lake extra care not to destroy the seedlings. The use of EGML with CLH and HMC 

supplements offered higher returns to investment compared to EGL with LH and/or 

CLH and HMC and was economically viable for feed availability and food security on 

smallholder dairy farms. Based on results of the study (Table 4.25), it can be 

concluded that any feed management system is only profitable and acceptable for 

, wide scale adoption by farmers when the additional returns generated under that 

system are greater than additional cost involved. The economic benefits therefore 

justify the additional costs of forage legumes and homemade concentrates in intensive 

smallholder dairy farming systems.

Tables 4.24 and 4.25 show that the cost of Ai and number of services per conception 

were lower in supplemented when compared to unsupplemented cows. This findings 

may be explained by the fact that supplemented cows received adequate protein and 

energy intake. This resulted in higher milk yield, better body condition, higher daily 

average weight gain and an improvement in reproductive performance. The cows 

were therefore able to come on heat and conceiver earlier than the unsupplemented 
cows.
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Although results of this study have demonstrated the value of lablab hay as a 
supplement to low quality forages, the resources (land, labour and capital) required to 
produce sufficient quantities of lablab hay to supplement a dairy cow throughout the 4- 
6 months of the dry season may be beyond the means of a resource poor smallholder 
dairy farmer. This study showed that supplementing with CLH and HMC resulted in 
higher milk yield and higher returns to investment compared to when the cows were 
supplemented with only LH and HMC. The cost per kilogramme of CLH was also 
lower (Ushs 150) compared to LH (Ushs 210). There is therefore a need to promote 
the use of fodder trees as these do not require a lot of land and labour to manage. 
Fodder tree leaf hay requires less labour than lablab hay. It was estimated that in 
order to produce sufficient quantities of lablab hay to last of a dry season of about 6 
months in Masaka district, the farmer would require about over 1.3 ha to produce 
about 540 kg DM lablab hay compared to about 200 kg DM CLH from 600 calliandra 
trees.

The results of the feeding trials supported the hypotheses that feeding dairy cows 
forages from elephant grass or maize/forage legume intercropping systems 

(supplemented with on-farm generated protein and energy sources improves feed 
intake, body weight, body condition, milk yield and reproductive efficiency and 
increases farm profits. Inadequate protein and energy intake during both prepartum 
and postpartum periods have been reported to result in a pregnancy rate of 32% 
compared with 74% in cows with higher protein and energy intake (Randel, 1990)
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Improvement in feed supply (quality and quantity) resulted in better animal body 

condition and body weight. This in turn reduced incidences of animal diseases as 

mentioned by 51 % of the farmers and lowered veterinary costs. Mugisha et al. (1999) 

reported fewer cases of diseases on farms that integrated forage legumes in 

crop/livestock systems in peri-urban areas of central Uganda.

4.4. Study 4: Farmers’ experiences, constraints and opportunities in 

the production and utilization of forage legumes in smallholder dairy 

production systems and lessons learned

A total of 100 farmers (54% women) participated in monitoring and evaluation of the 

forage technologies that were tested on 32 households (Table 4.26). The higher 

participation of women compared to 46% men can be explained by their dominant 

roles and responsibilities in smallholder dairy production. All farmers acknowledged 

problems related to feed shortage during the dry season. In general, women and men 

considered factors related directly to animals and household welfare to be more 

important than factors related to agronomic characteristics of the forages. About 90% 

of the farmers mentioned improved animal body condition and body weight during the 

dry season (Table 4.26). More women than men mentioned less burden of searching 

for feeds during the dry season due to improved quantity and quality of feeds. All 

women reported that they had benefited from increased availability of firewood as a 

result of integrating calliandra fodder trees in the farming systems. Intercropping 

lablab with food crops such as bananas and maize enabled about 69% of the farmers 

to utilize their land more efficiently and maximize returns from limited resources and 

stabilize income returns overtime. Both men and women reported increased milk yield 

and an improvement in maize grain yield as a result of integrating leguminous forages 

in crop/livestock farming systems. This in turn resulted in increased household 

income.



Benefits

9092.687.0

148

The technology referred to is indicated in brackets: ML= maize/lablab intercrop; CLH = calliandra leaf 
hay; LH = Lablab hay

Improved knowledge and skills 
Better services from extension staff

{able 4.26: Benefits identified by dairy farmers as a result of incorporating 
forage legumes in farming systems

54.3
87.0
65.2
76.1
71.7

Percentage 
Men 
(n=46)

47.8
58.7
43.5
63.0
43.5
87.0

47.8
52.2
54.3
32.6

92.6
85.2
96.3
75.9
72.2

100
90.7
92.6
74.1
90.7
37.0

53.7
40.7
92.6
55.6

Overall 
(n=100)

70
84
82
76
72

76
76
70
69
69
60

51
46
75
45

Percentage 
Women 
(n=54)

mproved animal body condition and 
//eight during the dry season (CLH and 
ML)
Less burden of searching for legumes 
during the dry season (CLH) 
Lablab is drought tolerant (LH) 
Improved food and feed security (ML) 
Improved quality of feed (ML) 
Improved milk yield (CLH & ML) 
Calliandra provides stakes and 
firewood (CLH)
Improved household nutrition 
Group formation
Suppressed weeds (LH)

| Maximum utilization of resources (ML) 
Improved household income (ML) 
Better feeding, lower cases of 
diseases (ML & CLH)
Improved milk quality (taste) (CLH)

I
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Improved supply of firewood was mentioned by more women than men (Table 4.26) 

because women and children (after school) were in charge of searching for firewood, 

food and fodder. Using fodder tree leaf hay as a feed and the dry stems as a source of 

fuel enabled the women and children to save time that would otherwise be used to 

search for firewood and/or feed to do other household tasks. Improved food security 

(milk and maize grain) as a result of intercropping maize with lablab was cited by more 

women than men because of their greater involvement in managing dairy cattle and 

ensuring household food security.

The dry season coincided with the time of the year when maize/lablab stover was 

harvested. The farmers therefore made use of the stover to fill the feed gap. The 

results agree with findings by Bosma et al. (2003) who reported improved quality and 

quantity of feeds in smallholder production systems due to introduction of improved 

J forages.

Seventy percent of the farmers mentioned less burden of searching for feed during the 

dry season (Table 4.26). The higher percentage of women than men who mentioned 

less burden of searching for feed during the dry season shows the importance of 

identifying not only the group that participates in research but also the target group 

; that is likely to benefit more by adopting a particular technology. Similar observations 

were made by Tangka et al. (2000) in Kenya. Results of study 1 and Kabirizi and 

Drania (1997) showed that women in Uganda are more involved in nearly all 

processes of dairy cattle and fodder production therefore, any positive contribution 

such as improved all-year-round feed availability from this participation in research is 

likely to benefit both the individual households and the entire community as well.

Sixty five percent of the farmers reported that intercropping lablab with maize 

maximized land utilization because land shortage is a major constraint in intensive 

smallholder dairy farming systems in Masaka district (Table 4.26). Men and women 

observed that they could not accommodate any flexibility in the present cropping 
I

system due to very small land holdings; therefore forage cultivation technologies had 

not been popular. However, where land was available, it was often unproductive and 

of low quality. The other issue related to land was insecure ownership since majority
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poor, once established, lablab plants were fairly drought and shade tolerant. With their 

spreading habit, fast early growth, and ability to grow with little soil moisture; lablab 

plants were effective in smothering couch grass weeds and quickly provided an 

effective ground cover to protect the soil from erosion. Similar observations were 

reported by Murphy and Colucci (1999) and Kabirizi et al. (2000).

(about 91%) of the women had no land title (Table 4.26). Irungu et al. (1998) identified 

land owned as a factor affecting adoption of Napier grass in Kenya.

Sixty nine percent of the farmers reported that integrating forage legumes especially 

lablab with maize controlled weeds. More women than men cited weed control as a 

major benefit resulting from lablab/maize intercrop because women were fully 

responsible for production of food crop. This in turn reduced labour requirements for 

weeding. Although the initial establishment of lablab legume in maize crop was very

More than three quarters of the milk produced was sold while the rest was used for 

home consumption. About seventy percent of the farmers reported that they were able 
i
to improve nutrition of the families and maintain a small cash income. The availability 

of milk for families substantially improved the family nutrition especially of the children 

although with increased milk production, about 7% of the farmers were faced with the 

problem of marketing the milk especially during the wet seasons when there was a lot 

of milk from other areas. A study by Leegwater et al. (1991) showed that the 
t

nutritional status of pre-school age children was better in National Dairy Development

Improved household income as a result of selling more milk and maize due to 

improved forage technologies was cited by about 60% of the farmers (Table 4.26). 

The study recognizes male-female sharing of both domestic and productive work. 

Although women were involved in all activities connected with dairy cattle and fodder 

production including sale of milk and they provided labour throughout the year this 

was not reflected in decision-making regarding income (Table 4.26). In general, men 

made decisions on important household expenditures. According to men, increased 

farm household income from sale of milk, livestock and maize grain was invested in 

expenditures for the family, for example school fees, medical bills and purchasing 

agricultural inputs although the women did not agree with them.
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i

i Forty six percent of the farmers reported that calliandra leaf hay had marked positive 
effect on taste of milk, a factor that was highly valued by farmers. Although many 
buyers in Uganda do not offer higher price for milk quality in terms of taste, the 
demand for such milk was very high. Peterson et al. (1998) reported improved butter 
fat content and income from milk sales as a result of supplementing dairy cows with 

calliandra foliage in Kenya.

According to 45% of the farmers, the attitude and approach of extension staff 
changed. In the past, the extension staff were only concerned with animal health, 
when the study began they became more interested in animal feeding and breeding. 
Extension services especially artificial insemination was more readily available and 
more reliable. Farmers received more training and were involved in workshops more 
often. Farmers mentioned that the study tours and workshops were a new experience 
for them and were highly appreciated. The tours and workshops helped them learn 
new forage technologies and to increase the efficiency on their farms. The 
participatory approach stimulated households to exchange knowledge on all aspects 
of crop and livestock farming. An adoption study conducted by Nicholson et al. (1999) 
showed that inability of farmers to participate in development project was important in 
their decision not to adopt grade or cross cattle, given that they had insufficient cash 
to buy an animal.

Project (NDDP) households and among NDDP customers than among children from 

the general population.

Participating farmers reported that their success in the trials attracted many other 
farmers from within and outside the district. During the study period, the number of 
farmers who adopted maize/lablab technology increased from 5 to 145 (Figure 4.16) 
but more important about 70& of the farmers reported that they were able to form 
groups (Table 4.26). The groups involved themselves in various economic activities 
such as crop and livestock production and drama as a means to raise their standard 
of living. Being together in groups helped them to combine their efforts in improving 
their economic activities. The groups also helped women to get recognition in the 
village and respect by their husbands.

I
K
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Figure 4.16: Percentage of adopters of the different technologies 
during the period of September 2002 to September 2003
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High cost and/or unavailability of forage seed partly explain the recorded low adoption 

rates of elephant grass/legume technology (Figure 4.16). The main source of seed 

was the small quantities of seed supplied by the project. Several studies (Mureithi and 

Thorpe, 1993; Franzel et al., 2003; Mwangi and Wambugu, 2003) reported 

unavailability or high cost of forage legume seed as a major reason given by farmers 

for not adopting Napier grass/forage legume mixtures in Kenya. In Uganda, forage 

legume seed supply is limited given the low demand; consequently, there is little 

incentive for private seed multiplication. Since there is limited private sector activity in 

forage seed multiplication and distribution, efforts geared towards facilitating and 

demand and supply of planting material will be crucial for the large-scale adoption of 

forage legume technologies.

Dairying is labour intensive, therefore, its economic rationale heavily depends on rural 

wage rates and the opportunity cost of family labour. The major source of labour was 

household members but hired labour was also available (Figures 44, 4.5 and 4.6). The 

most demanding activities were row planting, weeding, manure application, 

harvesting, transporting, chopping, drying and conserving forages. Planting siratro, 

centro and desmodium in rows and weeding legume seedlings required extra care 

and labour because the seeds are very small compared to seed of food crops the 
farmers were already used to.

Negative impacts (constraints) as a result of incorporating forage legumes in farming 

systems as identified by smallholder farmers are shown in Table 4.27. Over 80% of 

the farmers cited high cost or unavailability of forage legume seed, high labour and 

capital demands, initial slow growth and low DM yields of legumes in mixtures as a 

major constraints to use of elephant grass/legume intercrop. Other constraints 

mentioned were damage of seedlings/plants by free grazing livestock; pest problems, 

especially termites; aphids and cutworm attack on young seedlings during 

establishment, low soil fertility, high cost of materials and labour to construct storage 

facilities and low yields of elephant grass due to elephant grass stunt disease (Kalule 

and Kabirizi, 2003).
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64.8
61.1

Percentage 
Men 
(n=46)

100.0
100.0

47.8
41.3

100.0
100.0

Overall 
(n=100)

100
100

57
52

Percentage 
Women 
(n=54)

Table 4.27: Constraints identified by smallholder dairy farmers as a result of 
incorporating forage legumes in farming systems

High cost /Unavailability of legume seed
(EGL)
Lack of capital
High labour and capital demands
(EGL&LH)
Lablab plants smoother banana plants 
(LH)
Initial slow growth of forage legumes in
EGL mixtures (EGL)
Low yields of legumes in EGL mixture
during the dry season
Elephant grass disease affects fodder 
yield and quality (EGL)
Need for/high cost of storage facilities
(ML&LH)
Damage of legume seedlings/plants by 
pests and stray animals (EGL & LH) 
Land shortage____________________________________
The technology referred to is indicated in brackets: ML= maize/lablab intercrop; CLH = 
calliandra leaf hay; LH = Lablab hay; EGL = elephant grass/legume mixtures
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High capital requirements for establishing and managing fodder fields was a major 
constraint because farmers did not have enough capital to purchase the required 
inputs and later meet the labour costs for managing the forages. The main source of 
capital would be credit but farmers were not keen to apply for it because they did not 
want to risk their land being sold for defaulting. Access to credit plays a crucial role in 
the development and adoption of new technologies (Mureithi and Thorpe, 1993).

The initial slow growth of forage legumes in elephant grass/legume intercrop during 
establishment phase was cited by 95% of the farmers. This resulted in a quick 
invasion of weeds and created a requirement for more labour and money. The low DM 
yield of forage legumes in mixtures during the dry season discouraged 87% of the 
farmers because they could not have sufficient fodder for the animals. This partly 
explains the low adoption rates recorded during the study period (Figure 4.18). Similar 
results were reported in smallholder dairy farming systems in Kenya by Mwangi and 
Wambugu (2001) and Mwangi and Wambugu (2003).

It is also at this time when the same labour is required to plant or weed food crops. In 
most cases hired labour was used to weed the forage fields. In this case, hired 
labourers charged more money because of the extra care, time and labour used to 
avoid destroying the legume seedlings. In some cases, the seedlings were weeded 
out because hired labourers lacked skills and knowledge on legume management. 
Harvesting and transporting fodder from the fields, drying and chopping lablab foliage 
and maize/lablab stover was reported to be labour intensive. Similarly, in this study, all 
farmers reported that use of forage legume technologies resulted in changes in their 
cropping patterns. This led to hiring of more casual labourers or increased workloads 
for household members especially during harvesting and drying of fodder. Mugisha 
(2003) reported low adoption of knowledge and skills in rice production due to 
expensive and tedious practices especially row planting. Another study by Wandera et 
al. (1993) showed that high labour requirements, hairiness of Napier grass and rapid 
decline in soil fertility of grass plots were major constraints limiting production and use 
of fodders on smallholder farms in Kenya. CIAT (2003) observed that the use of 
forage legume technologies as cover crops required substantial area of land, some of 
it to be part of which is left under fallow, high labour for clearing and ploughing in the 
vegetation and patience in attaining results.
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Understanding of farmers’ production objectives and the constraints to achieving 

these objectives is critical in understanding and determining their information 

requirements. Once the technology options have been identified, farmers’ criteria for 

accepting or rejecting a technology becomes crucial to its targeting and adaptation in

It was shown that farmers learned and tested maize/lablab intercropping, lablab hay, 

calliandra leaf hay and elephant grass/legume mixture forage technologies. On the 

other hand; extension staff, local leaders (policy makers) and researchers involved 

learned about the importance of facilitating the process of technology transfer. 

Farmers’ indigenous knowledge and experience can be incorporated into the search 

for solutions. Farmers’ capacity and expertise for conducting collaborative research is 

built up and becomes a valuable resource for future research programmes. Cross­

visits and feedback workshops were found to be very effective in sustaining and
I

keeping farmers’ interest. These often served to broaden farmers’ outlook and made 

them realize that there were things that they could do by themselves.

“F ---------------------------------- ---------
■

Over 90% of the farmers who intercropped lablab with bananas reported a reduction 

in banana yields. Lablab plants competed heavily with banana plants for water and 

other nutrients. Results of the study showed that farmers were reluctant to adopt 

lablab hay because unlike calliandra tree, lablab required planting on an annual basis. 

The resources (land, labour and capital) required to produce sufficient quantities of 

lablab hay (540 kg) to supplement a dairy cow throughout the dry season (6 months) 

were also beyond the means of a resource poor farmer. The small fields earmarked 

for food and fodder production could not offer space to establish lablab in large 

quantities. Ninety-two percent of farmers did not have sufficient land for fodder and 

food crops. Farmers preferred calliandra leaf hay to lablab hay as a protein 

supplement since calliandra trees were easier to manage and require little land. 

Besides, there were other benefits associated with calliandra leaf hay as shown in 

Table 4.26. More research on the use of fodder tree leaf hay as a dry season 

supplement to dairy cattle therefore needs to be carried out in light of the results of 

this study.
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new situations. Empowering farmers in experimenting with options provides faster 

feedback that improves research design in an iterative research cycle.

I■

In conclusion, the key to adoption of forage technologies is to allow farmers study, 
identify the constraints versus the benefits associated with the technology, adapt and 

expand. The issues of seed availability, seed cost and low dry matter yield of forage 
legumes in EGL are major constraints to adoption of forage legume technology. There 
is a need for government and non-government organizations to support small-scale 
pasture seed scale production schemes to improve availability of seed. Activities 
related to increasing forage availability should be complemented with improvements of 
animal husbandry practices, i.e. nutrition, health and housing, the utilization of 
compost/manure and the marketing of livestock products. A more holistic approach 
addressing several farmer constraints simultaneously is expected to give better results 

than isolated Interventions.
I
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I
I

Results of Study 2 showed that EGL and ML technologies are important to resource 

poor crop/livestock farmers for they would provide improved fodder production to fill 

the feed gap during the dry season while improving maize grain yield from the same 

piece of land. Improving forage DM yield and or forage quality without adversely 

affecting grain yield is an attractive option for smallholder mixed crop/livestock 

systems where livestock is inadequately fed and land to grow food and forage crops 

separately has remained a major constraint. Improved feed supply would have a 

positive effect on milk yield, growth and reproductive performance. The CP levels and 

energy levels in EGL mixtures and ML were less than the levels recommended for the 

growth and production of a lactating dairy cow (NRC, 2001). Thus feeds from EGL 

and ML intercropping systems when fed alone may not be able to support very high 

levels of production especially in lactating dairy cows. Legume enrichment, for 

example with lablab and/or calliandra leaf hay and a concentrate is a possible method

I’

The major constraint to intensive smallholder dairy cattle production is the availability 

of all-year-round forage supply. Elephant grass (R purpureum) fodder is 

recommended as a basal diet for dairy cattle for stall-fed dairy cows because of its 

high biomass yield compared to other grasses. The major problem with elephant 

grass is, it matures early and becomes coarse and stemmy and the legume 

component is often missing in most production systems. Elephant grass therefore has 

low feeding value for a greater part of the year which tends to result in low milk yield 

| and loss in weight, long calving intervals and some times death of the animals.

It was concluded from Study 1 that intensive smallholder dairy cattle production is 

playing a vital role in improving nutrition, food security and household income and 

creating employment. There was however seasonal feed shortages for optimum milk 

production, constraints that could be addressed through the development of improved 

feeding systems based on integration of forage legumes and energy supplements in 

the farming systems. Based on total scores and results from previous on-station trials, 

elephant grass/legume mixtures, maize/lablab intercrop, lablab hay and calliandra leaf 

hay technologies were selected for on-farm trials/demonstrations to improve feed 

availability and overall animal productivity.
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Incorporating forage legumes in smallholder dairy farming systems could solve the 
problem of inadequate feeds during the dry season and improve dairy cattle 
performance, household food security and farm income and maximize utilization of 
available resources. Crossbred cows similar to those used in this study could be 
sustained throughout the year on forages from about 0.405 ha of improved and well 
managed pure stand of elephant grass and 0.4 ha/year of ML supplemented with 1 
kg/cow/day of CLH and 4 kg/cow/day of HMC. The results of this study are very useful

Study 4 showed that fodder trees and shrubs should therefore be included in 

smallholder dairy farming systems. Research on management and use of fodder trees 
and shrubs in smallholder dairy farming systems is limited, although their potential is 

I increasingly recognized. The most important problem that urgently requires solution is 
how to increase the availability of tree fodder to stall fed animals through improved 
management taking into considerations seasonal changes in plant productivity and the 
feed requirements of the animals. The study also showed that the legume component 
in EGL during the wet and dry season was only 12%. There is a need for more studies 
to evaluate the persistence of forage legume species in elephant grass/legume 

intercrops in different agro-ecological zones in Uganda.

Study 3 showed that feeding dairy cows on EGML + CLH + HMC led to higher TDMI, 
body weight, milk yield and reproductive efficiency of crossbred cows and improved 
farm profits compared to EGL basal diets. The most important contribution of EGML + 
CLH + HMC diets was not only the superior improvement in animal performance but 
also the improvement in feed supply. This type of feeding is therefore important for 
areas which experience long dry seasons during which elephant grass fodder is 
scarce. What remains to be addressed is to establish appropriate labour saving 
technologies that could minimize harvest losses and minimize manpower requirement,

I preserve nutritional qualities and ensure an acceptable final product for the animals.

of improving the forage quality. It was also observed that the quantity of fodder 
available at any particular time of the year from an area of about 0.405 ha of EGL is 

not sufficient to support a mature cow for a year. The minimum acreage 
recommended is either 0.405 ha of EGL plus 0.4ha/year of ML or 0.405 ha of sole EG

plus 0.4 ha/year of ML.
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Maize/lablab technology is of particular importance to resource poor crop/livestock 

farmers for it would provide improved fodder production to fill the feed gap during the 

dry season while improving maize grain yield from the same piece of land. However, 

the high labour required to harvest, transport, conserve and store the stover, calls for 

more research in simple labour saving technologies that are affordable by the small- 

scale farmer. Staggering planting dates of lablab into maize resulted into high maize 

grain yields than when lablab was planted at the same time with maize. In view of 

these results, there is a need for more studies to determine the optimum seed rate, 

spacing and staggering intervals of planting dates of lablab on grain; and fodder 

production.

I

to the smallholder dairy farmers who are usually faced with problems of inadequate 

year-round feed supply that result in poor animal performance and low household 

income. This information is therefore useful for poverty alleviation if utilized by various 

government and NGOs involved in implementing poverty alleviation programmes for 

smallholder dairy farmers both within and outside Uganda. The results could also be 

used to generate data for use in modelling smallholder production systems to ensure 

year-round fodder supply using various crops and crop combination in various agro- 

ecological situations. For the technology to be fully integrated into the farming 

systems, simple and affordable labour technologies for harvesting, transporting, 

chopping, drying and storing fodder should be developed.

The study has shown that EGL technology improves fodder production but the low DM 

yields of legumes in elephant grass/legume intercrops throughout the year and the 

high cost of the legume seed are major constraints to the adoption of the technology 

as a dry season feed resource. More studies should therefore be done on biomass 

productivity; nutritional quality and persistence of elephant grass/legume intercrops 

under different cutting intensities in different agro-ecological zones in Uganda. There 

is also a need for detailed studies on the profitability of forage legume technologies 

including an investment plan and gross margin analysis for 5 years.
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Map of Masaka district showing location of farmers who 
participated in the study
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APPENDIX 6.4:

Section A: Household and farm characteristics

-----Parish---------Village---------a. County---------

b. Provide the following details about the household head: Name of respondent------

Age (yrs)Sex

B. Household (HH) structure

TotalFemalesAge categories Males

Activities of adults other than the HH head, including on- and off-farmiv)

Type of employmentSexAdults

C: Farm activities and facilities

Land resource, ownership and useD.
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c. .Main occupation
d. Off-farm activities

a) Land ownership: 1=customary; 2=leasehold; 3= institutional; 4= rented; 5= titled; 6= milo land
b) Distance (km) of the farm to:

Is the HH head the farm owner? [ ] if not, who is the farm owner? [ ]
Is the HH a female or a male?
Give number of HH members (incl. HH head) living permanently on the compound

SURVEY QUESTIONNAIRE: CHARACTERIZATION OF INTENSIVE 
SMALLHOLDER DAIRY CATTLE PRODUCTION IN MASAKA DISTRICT, 
UGANDA

Marital 
status

Years of 
farming 
experience

Education 
level

i)
ii)
iii)

H) 
iii)

1. Grazing___________
2. Collecting feed/fodder
3. Planting forage_____
4. Weeding forage_____
5. Manuring forage
6. Cleaning bam______
7. Milking __________
8. Selling milk________
9. Preparing food

If you employ long term labourers, how much do you pay them? [Ushs ] 
Does the farm own transport for the farm related activities? [ ] 1=Yes; 2 =No 
If yes, which one (s) 1=tractor, 2= pick-up; 3= motorcycle; 4= car; 5= bicycle; 6= wheel barrow; 
7= animal drought; 8= others



a. Which forage crops are you growing?

AcreageForage crops

b. Which fodder trees are you growing?

Fodder trees Number/acreage

c. Which food crops are you growing?

Food crops

4. Livestock inventory

a) Cattle

Cattle type
Local Crosses Totals
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i)
ii)
iii)

Breed
Exotic

Area in Ha__________
fodder crops________
Food crops_________
Fallow_____________
Forage legumes_____
Number of fodder trees 
Other crops_________

Lactating cows 
Dry cows 
In-calf heifers 
Steers_______
Bulls________
Heifers_____
Calves

a road open to vehicles all year 
a seasonally passable road 
marketing center

c) What is the total land size in ha?
d) How many plots is it divided into?



b) Breeds and number of cattle on the farm

Breed
Dry cowsHeifersCalves

5. Feeds and feed management systems

What is your feeding system? 1= Stall-feeding; 2= Semi-intensive; 2 =tethereda)

a)

All yearType Dry seasonSource

Grasses

6. Source of planting materials

1- individual; 2 = from my farm; 3= farmer-to-farmer; 4 = group to group; 5 = from institution

7. Production costs

Activity Cost/ha

Estimated yield of planted fodder
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Crop 
residues

c) Do you experience feed shortages? If yes, when? 
1= Wet season; 2= dry season; 3= all year round

Which are your main sources of feed and when are they used? Place “X’ in the boxes which 
correspond to the answers

Wet 
season

Who does it (Men, 
women, girls, boys, 
hired labour)

Public land 
Purchased

Concentrates 
Agro­
industrial by 
products

Friesians 
Jerseys 
Guernsey 
Crosses

Land preparation
Planting_________
Weeding_________
Fertiliser application
Harvesting_______
Feeding_______ _
Others

Own land 
Public land 
Purchased
Others
Own land

Breed__________
Lactating cows



8. Fodder utilization

Do you use supplements for lactating cows? 1 =yes; 2 =no; is yes which ones?9.

of OthersofType Source

9.

10. Do you conserve fodder? 1=yes; 2=no

If not, what strategies do you use to feed animals during periods of feed shortages?11.

12. Milk yield

Cattle breed Wet seasonDry season
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Is fodder chopped before feeding it to the animals? 1=Yes; 2=No 
Frequency of feeding 1 = ad libitum; 2= 3 times/day 
Quantity of feed fed to animals (kg/day)

Time 
feeding

Average 
quantity 
given

Method 
feeding

a)
b)
c)

a)
b)
c)
d)

How much milk do you use for:
home use
Calves
Sold
Given away

What is the cost of milk during the wet and dry season?
13. What are some of the strategies you use to improve feed resource availability and overall animal 
productivity? 1=on-farm trials/demonstrations; 2= training; 3 =farm tours; 3 =others

14. Would you be interested in participating in on-farm trials? 1= Yes; 2= No
If yes, what would be your contribution towards the maintenance of the trials? 1= purchase of seed; 
2=labour; 3= land

What are your major constraints to utilization of:
a) Concentrates
b) Forages?



Period of study (Mean+SEM)

SEMAfter the trialsBefore the trialsForage

pH

OM

N

AVP

Ca
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Soil properties 
(mg/100g soil)

Appendix 6.5: Least square mean values for major soil chemical properties before and after the 
forages were tested on smallholder dairy farms in Masaka district

C
EGL
L
ML

C
EGL
L
ML

6.30+0.11
5.85+0.16
6.26+0.15
6.41+0.12

6.04+0.07
6.05+0.09
6.36+0.13
6.16+0.12

0.045
0.045
0.045
0.045
0.064
0.064
0.064
0.064

0.141
0.141
0.141
0.141

Percent 
change

-28.9
-36.1
-45.0
-49.0
-12.2
-32.9
-15.7
-5.6

2.22+0.06
2.74+0.07
3.08+0.08
3.07+0.08
0.15+0.01
0.14+0.01
0.14+0.01
0.15+0.01
4.29+0.23
3.79+0.27
4.62+0.26
4.30+0.37
6.33+0.57
6.35+0.38
6.43+0.37
5.71+0.21

C
EGL
L
ML
C
EGL
L
ML
C
EGL
L
ML

2.76+0.23
2.85+0.21
3.17+0.07
3,54+0.19
0.14+0.01
0.15+0.01
0.15+0.01
0,14+0.01
3.05+0.36
2.42+0.08
2.54+0.22
2.18+0.08
5.56+0.18
4.26+0.03
5.42+0.41
5.39+0.22

0.0030
0.0030
0.0030
0.0030
0.141
0.141
0.141
0.141

-5.3
+3.4
+1.6
-3.9
+24.3
+4.0
+2.9
+15.3
-3.4
+7.1

-8.1

C=Calliandra; EGL=Elephant grass/legume mixtures; L=lablab; ML=maize/lablab intercrop; OM= 
Organic matter; N= Nitrogen; AVP= Available phosphorus; Ca=Calcium;
SEM= Mean+Standard Error of the Mean



RankingTotal Score

2
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Forage technologies
Basal forages
Sole elephant grass with Maize/lablab stover
Elephant grass/legume mixtures
Setaria ancepsAegume mixture (basal diet) 
Tripscum laxum (Guatermala)

Protein supplements
Calliandra callothyrsus leaf hay
Lablab purpureus hay
Gliricidia sepium
Sesbania seban

Leucaena leucocephola

Energy supplements
Homemade concentrate
Commercial concentrates

210
120
12
11

190
187
37
35

191
91

1
2
3
4

1
2
3
4
5

1
2

Appendix 6.6: Total scores for the proposed on-farm forage technologies and 
energy supplements



Appendix 6.7: Establishing, managing and sampling elephant grass/forage legume mixtures

• ■ v,

Poorly managed elephant grass fodder

Elephant grass/legume intercrop, 10 weeks after introducing the forage legumes
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A farmer removes weeds between grass rows where 
the forage legumes have been introduced

r
I I ,

a I

Tarticipatory sampling for biomass yield



60 days after introducing lablab seed into maize

4 months after planting maize seed
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Drying maize cobs and maize/lablab stover in 
the background

Maize cobs being removed from maize/lablab 
residues

A cow feeding on maize/lablab stover mixed 
with fresh elephant grass fodder

About 3 months after planting maize 
seed

Appendix 6.8: Production, management, conservation and utilization of maize/lablab 
fodder



Production, management and conservation of lablab fodderAppendix 6.9:

a) Lablab purpureus cv Rongai fodder bank

c) Drying lablab foliage d) A baling box with sisal strings for tying the bales

e) A bale of lablab hay
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b) Harvesting lablab herbage (about 90 days 
after planting)

f) Bales of lablab hay stored on a rack 
constructed below the roof of a cow shed



Appendix 6.10: Production and conservation of calliandra fodder

Calliandra trees planted as a hedgerowCalliandra calothyrus tree

Dry leaves being separated from the stems Calliandra leaf ha
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3'^
A farmer drying calliandra (leaves and stems) on cemented floor



Parameter

100,000a) Land preparation

00
0 0
0
0

300000
00

50,000 50,000 50,000

0

150000 0
0 30000

95 190 85210
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Elephant grass/ 
legume mixture

100,000

______ Forages
Maize/lablab 
intercrop

Appendix 6.11: Estimated cost of production (Ushs per kg) of fodder on smallholder dairy 
farms

b) Cost of seed_________
i) Forage legume seed (for 
mixtures)
ii) Lablab seed
iii) Elephant grass cuttings
iv) Maize seed_______

50000
1,132,000

12,210

800,000 
g 
0

22,000
0

60,000
0

30,000
20,000 

g 
0

0
0
0

30,000
50000

1,116,000
5900

320,000 
120,000 

0

50,000 
200,000 

0

30,000
0

20,000
20,000
50,000

g
120,000

50000
520,000

2500

20000
0

0 
0

600,000 
g 
o

g 
50000 

830,000 
10,024

0
0

0
0

p
0

30,000 
g 

96,000

Lablab hay
100,000

c) Planting____________________
Elephant grass
Legumes in mixtures
Lablab
Maize
d) Manure application
e) Weeding
Elephant grass (7 times/year)
Maize/lablab intercrop
Lablab_______________________
h) Harvesting, drying & conservation 
Maize grain
Maize/lablab stover (twice)
Lablab hay____________________
Construction of a rack for storing 
hay
Miscellaneous_________________
TOTAL______________________
Estimated yields (kg/ha)_________
Average cost per kg of fodder 
(Ushs)

Sole 
elephant 
grass

100,000



Appendix 6.12:

1,260

Prices used in the calculationsAppendix 6.13:

Quantity Rates (Ushs) Total cost (Ushs)
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Fodder consumed (kgs for 360 
days)
Elephant grass /legume mixture
Sole elephant grass
Lablab hay
Calliandra leaf hay
Maize/lablab stover
Homemade concentrate

Yields/Outputs
Mean yield (per farm)
Maize grain (kg/ha)
Total Milk yield produced (Its)
Extra liveweight gained (kgs)

Siratro
Centro
Desmodium
Lablab
Elephant grass cuttings
Maize seed (for 2 seasons)
Calliandra seedlings

Average total fodder (kgs) consumed per cow during the study period 
(360 days)

EGL + LH + 
HMC

0
3,656.50

31.1

2,436 
0 

486 
0 
0

1,260

EGL + LH + CLH 
+HMC

8,000 
6,000 

30,000 
8,000

3 
1,200 
100

0
3,872.50

28.1

2,400 
0 

273 
360

EGML + CLH Farmer's 
+ HMC practice

0 
1,656 

0 
360 

1,219 
1,260

3,000
4,307

37.1

4,000 
3,000 
15,000 
48,000 
30,000 
96,000 
50,000

0 
2,547

0 
0 
0 
0

0
2,833

19.4

0.5 kg/ha
0.5 kg/ha
0.5 kg/ha
6 kgs
10,000 cuttings
8 kgs
500

Item
a) Legume seed



Appendix 6.14:
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3. Training 4 
selection of 
farmers for OFTs

1.Feed resources 
exploratory survey 
(Jan-Feb 2002)

The participatory approach used during the testing and evaluation 
of forage legume technologies

5. Participatory 
monitoring 4 data 
collection (17 mths)

4. Forage 
establishment on 24 
HHs (+8 control HHs)

(March & Sept 2002)

Tools used:
1. Semi-structured interviews
2. Key informants
3. On-site observations
4. Farm records

Methods used:
1. Group discussion
2. Farm visits/field days
3. Informal and formal 

discussion
4. Farm records and

* scoring

7. Technology 
evaluation survey

4 Feed back 
Workshop for 
participating farmers 
to present results

6. Feeding 
trials 
(10 mths)

2. Feed back workshop, 
screening 4 selection 
of technologies for 
on-farm trials 
(March 2002)

|



Appendix 6.15:

Treatment 1: EGL + LH + HMC

Lwanyaga
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Lactation curves for 32 experimental cows used in the study during the 
period of 2002-003
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Treatment 2: EGL + LH + CLH + HMC
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Treatment 3: EGML + CLH + HMC

Nakakande Stntamu

Namyengo

Nsdbuga J
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Treatment 4: Fanner’s practice (sole EG)

Montlu
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