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Importance of smallholder dairy cattle production systems
Smallholder dairy farming systems dominate in the peri-urban and rural areas in Eastern and
Central African region, employ over 70% of the region’s population and contribute 70–90%
of the total meat and milk output in the region. Small-scale dairy production plays a crucial
role in food security, human health and overall household livelihoods, particularly among
climate change-prone resource-poor households in the region. Zero-grazing dairy cattle
systems are increasingly promoted, owing to grazing land shortages and intensive dairy
production requirements. Women are immense contributors to and beneficiaries from
smallholder dairy production systems (Njarui et. al. 2012), which, unfortunately, are
progressively being devastated by rapid climate change and its attendant extreme weather
conditions. The availability of livestock feeds in smallholder systems is being affected by
climate change, pests and diseases. The lack of effective adaptation to the adverse effects of
climate change is likely to jeopardize the achievement of Millennium Development Goals 1
(eradicating extreme poverty and hunger), 7 (ensuring environmental sustainability) and 3
(promoting gender equality and empowering women) (United Nations. 2010).

Intensive smallholder dairy cattle production is a major source of employment and milk
Constraints to Napier grass production
Intensive dairy industry in ECA countries is threatened by Napier stunt disease (NSD). It
affects Napier grass (Pennisetum purpureum) which constitutes 40 to 80% of fodder base
under cut-and-carry (zero- grazing) dairy production system. In Uganda, more than 1 million
smallholder dairy producers rely on Napier grass as a major source of feed. Previous studies
have shown that the disease has been spreading most of the districts where smallholder dairy
production is a major source of employment and threatening the feed supply base in the
smallholder dairy sector. The disease has also been recorded in Kenya, Tanzania and
recently in Rwanda and Burundi.
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Healthy plants (1), affected plants remain stunted, have short internodes, bunchy appearance
and produce very low biomass yields (2) and eventually the stool may be completely
destroyed (3 and 4)
Previous (2007-2010) attempts to mitigate Napier stunt disease in Eastern and Central
Africa region
The project on ―Napier stunt and smut resistance‖ funded by the Association for
Strengthening Agricultural Research in Eastern and Central Africa (ASARECA) focused on
quantifying the extent of and raising awareness about Napier stunt disease in Kenya, Uganda
and Tanzania. The research resulted in identification of potentially stunt tolerant Napier
grass varieties and options for management practices that can be used to control and mitigate
the impact of stunt disease in other parts of the region. Kenya Agricultural Research Institute
and more particularly its Regional Dairy Research Centre at Naivasha (RDCoE), developed
and disseminated Napier grass varieties that are tolerant to Napier stunt disease.
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Current (2011-2013) efforts to mitigate Napier stunt disease
The regional project on ―Enhancing adoption of Napier grass varieties tolerant to stunt
disease for increased feed availability in smallholder systems in East and Central Africa‖
funded under EAAPP is implemented in Uganda, Kenya, Tanzania and Ethiopia. The key
project outputs are:
1. Technologies and innovations for managing Napier stunt disease (NSD) developed and
promoted
2. Capacity for stakeholders to utilize NSD management technologies strengthened.
3. Availability of information on NSD management methods enhanced
Outputs/Activities/Achievements (2011-2013)
OUTPUT 1:

Activity 1:

Technologies and innovations for managing Napier stunt disease
developed and promoted
Evaluation of Napier grass (Pennisetum Purpureum) accessions for dry
matter yield, nutritive quality and tolerance to Napier stunt disease

Methodology
Study site
Twenty two (22) Napier grass clones tolerant to NSD (Mulaa et. al., 2010) were obtained
from Alupe Research Station in Kenya in September 2011 following phytosanitary
procedures. The clones were evaluated for tolerance to NSD, herbage biomass yield and
nutritive quality. The study was conducted at the National Crops Resources Research
Institute (NaCRRI), Namulonge in Central Uganda. Namulonge is located on latitude 00 5’
320 61’.

Mass propagation of Napier grass clones in a Napier stunt disease screening trial in a screen
house (left) and field (right) at NaCRRI.
The area lies at an altitude between 900 and 1340 m above sea level. Namulonge lies in the
sub-humid Uganda with a mean annual rainfall of 1270 mm per year which is bimodally
distributed with peaks in March to May and September to November, while the dry months
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are January to February and July to August. Namulonge has a tropical wet and mild dry
climate with slightly humid conditions (average 65%). Mean annual temperature is 22.2 0C
(mean maximum temperature =28.4 0C and mean minimum temperature = 15.9 0C). The
vegetation is wooded savanah with tall trees and tall grasses dominated by Pennisetum
purpureum and Panicum maximum.
Experimental procedure
Twenty two (22) Napier grass clones were planted in plots measuring 3m x 3m with intra and
inter row spacing of 1.5m at NaCRRI in September 2011. The plots were arranged in a
Randomized Complete Block Design replicated three times. The experimental plots were
surrounded with stunt-disease infected Napier grass plants to facilitate transmissibility of the
disease to the healthy Napier grass accessions.
Data collection started two months after planting and the subsequent sampling was done at 8
weeks intervals. At each harvest, scoring for disease incidence was done based on visual
observations on disease incidence per plot and carried out just before harvesting, using a
scale of 1 to 5 where 1 = no symptoms, 2 = very mild symptoms, 3 = medium mild
symptoms, 4 = severe symptoms and 5 = very severe symptoms.
Herbage biomass yield was estimated by cutting fodder at ground level from the whole plot
and weighed. At each time of data collection, the grass was cut back to a height of 5 cm
above ground and left to allow regrowth.
Sub-samples of about 0.3 kg of Napier grass fodder were randomly taken and oven dried at
600C for 72 hours to constant weight. The dried samples were used for dry matter (DM)
estimation and chemical analysis. Samples were analysed for dry matter, crude protein (CP)
and Neutral Detergent Fibre (NDF) contents using methods described by A.O.A.C. (2001).
Analysis of Variance (ANOVA) was carried out using Genstat statistical package 14th edition
and significantly different means separated using Least Significant difference (LSD) at 5%
level of significance.
Highlights of research results (September 2011 to December 2013)
(a) Napier stunt disease severity among Napier grass accessions
Napier grass clones significantly differed in severity and the period taken to show disease
symptoms (Figure 1). Some clones showed disease symptoms as early as after the second
harvest while others showed tolerance up to the fourth harvest (Figure 1).
The most susceptible accessions were 104, 117, 76, and 79 SN medium mild symptoms at the
second harvest representing 18.2% of the total number of accessions. At the 3rd harvest,
accessions 104 and 117 showed medium mild symptoms while accessions 76, 41, 79, 79SN,
103, and River Bank Napier showed very mild symptoms. By the fourth harvest, 97 which
was among the high yielding promising accessions showed very severe symptoms.
Accessions 105, 112, 16702, 16789, 16805, 16815, 19, 75, Kakamega 1, and Kakamega 2 did
not show disease symptoms up to seventh harvest. On the contrary, the accessions which had
more disease build-up, on average had higher biomass (t/ha).
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Figure 1: Napier stunt disease progress on some of the Napier accessions over time
The results on tolerance of Kakamega 1 differed from the findings of Muyekho et al. (2008)
who reported that the accessions succumbed to NSD after the 3 rd harvest in Kenya with very
mild symptoms. Kakamega 3 showed disease symptoms by the fourth harvest which results
differ from the findings of (Muyekho et al., 2008) who reported that Kakamega 1 showed
NSD symptoms after the first harvest in Kenya. The difference in the findings could have
been a result of variation in soil fertility as Napier growing on fertile soils tends to be more
tolerant to NSD (Mulaa et al., 2007). Field observations on farmers’ fields in Uganda have
shown good management practices such as manure application reduce NSD severity on
affected fields and (Kabirizi et al.; 2010).
There was an increasing trend in incidence and severity of NSD with number of harvests
(Figure 1), with the first mild symptoms appearing at the 2nd harvest concurring with findings
of Mulaa et al. (2007) who reported that NSD affects plots that have been cut more than
twice. The reason for the increase in incidence and severity with increased number of
harvests could be that when the fodder grass is harvested, the leaf hoppers that spread NSD
tend to move to other plants for survival. When the plants are regenerating, the leaf hoppers
then move back to the young soft and juicier plants thus spreading the disease. NSD severity
could also have increased with increasing number of harvests/cuttings due to (a) differences
in genotypes of clones, (b) stress on plants due to harvesting/cutting causing an imbalance in
hormones responsible for growth & development (e.g.Salicylic acid– mediates in plant
defence against pathogens), (c) decline in soil fertility and/or (d) changes in weather pattern
(rainfall)
(b) Effect of Napier stunt disease on herbage dry matter yield of fodder
Mean herbage dry matter (DM) yield and nutritive composition of Napier grass clones are
shown in Table 1. Mean herbage dry matter (DM) yield for 7 harvests (56 weeks) ranged
between 16 and 43 t/ha. Based on total accumulated herbage dry matter yield of 7 harvests,
Kakamega 1 and Kakamega 2 produced the highest yields compared to all other accessions.
The lowest yielding accession was 104 (18.9 t/ha) and River bank (RBN) (17 t/ha).
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Table 1:

Mean herbage DM yield (t/ha/yr) and nutritive composition of Napier
grass clones

Napier grass clone

Kakamega 1
Kakamega 2
112
16702
97
16805
41
75
105
103
16814
76
Kakamega 3
16815
79
19
117
16789
ANF
79 Sugar cane x Napier
104
River Bank
Mean
SEM

Mean DM
yield
(t/ha/year)
42.0
40.4
39.5
36.8
35.3
32.3
29.1
28.0
26.9
26.4
26.3
26.1
26.1
25.8
25.5
24.4
23.5
23.5
22.9
21.2
17.9
17.1
26.8
4.66

Dry matter Crude protein NDF (%)
content (%)
(%)
89.9
90.3
90.5
90.2
90.3
90.3
90.1
90.3
90.4
90.2
90.3
90.3
90.3
90.1
90.4
90.1
90.1
90.3
90.3
90.0
90.1
90.3
86.3
0.4

7.3
7.3
7.7
7.4
7.3
8.0
8.4
7.4
8.3
6.8
8.5
6.7
7.1
8.4
8.5
7.3
7.6
7.7
6.4
9.2
6.8
8.9
7.4
1.1

58.8
59.7
58.2
58.2
60.1
60.1
58.2
61.8
59.2
63.5
58.4
62.3
61.2
58.0
58.5
61.2
58.9
60.4
62.8
55.5
60.2
56.0
56.9
2.1

The significant differences in DM yield of Napier clones could be attributed to genetic
differences (Muyekho et al., 2008) and severity of NSD of the accessions. The sharp decline
in DM yield for the 2nd harvest could have been due to the effect of the dry season since the
first and second harvests were done in November and February, respectively. The low DM
yields recorded in this study could also be attributed to poor soils since no fertilizers were
applied throughout the study time.
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Kakamega 1

79 SN (Sugar cane x Napier grass)

Canes of 79 SN (Sugar cane x Napier grass)
(c) Nutrient composition of Napier grass clones
The nutrient composition of the Napier accessions differed significantly (P=0.05). The NDF
content of the clones ranged between 55.5% (79 SN) and 62.8% (ANF) (Table 1). The
percentage of crude protein (CP) was low, 6.4% (ANF) to 9.2% (79 SN). All accessions had
very high dry matter content ranging from 89.9% to 90.6%.
The results on nutritive quality showed that the CP levels were below the minimum
recommended levels (16%) for production and maintenance of a dairy cow (NRC, 2001).
Forage yield and nutritional qualities of pastures are influenced by numerous factors
representing genetic, ecological conditions and management practices (Lanyasunya et. al.,
2006). Those factors include frequency of cutting, species composition, stage of maturity of
plants, climatic conditions, soil fertility status and season of harvesting. Crude protein content
of grasses decreases with maturity of plants. Highest CP (7-9.6%) is at vegetative stage and
the maximum decrease in CP was found to be between the flowering and mature stage. The
low CP reported in this study could have been partly caused by poor soils since there was no
fertiliser application throughout the study period. The high NDF observed in this study could
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have been caused by maturity of the plants. With advancing maturity, the plant contains low
protein and high fibre content. In addition, as the plant matures, the plant cell wall of the stem
becomes lignified and fibre becomes less digestible (Kabirizi, 2006). Orodha (2006) reported
that in East Africa, dry and wet season influence the dry matter yield and quality of Napier
grass fed to dairy cattle. Van Soest (1994) noted that second cuttings has lower digestibility
than first cuttings of the same chronological and physiological age, because plant growth
begins at relatively high temperatures, usually after cutting or when rains ends a dry spell.
DePeters and Kesler (1985) also observed that nutritive quality of forage reduced at the
second and third cuttings of permanent pasture harvested as dried forage.
Conclusions and Recommendations
This study has shown that Napier stunt disease tolerance exhibited by the accessions such as
105, 16789, 16825, 19 and 75 despite having relatively low yields suggest that these
accessions can be very useful candidates in breeding programmes for resistance against
Napier grass stunt disease. Accessions Kakamega 2, 16805, 112 and Kakamega 1 were
among the accessions with the highest dry matter yield and were tolerant to NSD up to the 7th
harvest; therefore the accessions can be grown in NSD ―hot spot‖ areas as a way to improve
feed availability and NSD in an environmentally friendly and cheaper means. Farmers should
be taught and encouraged to carry out specific agronomic management practices such as;
manure application to improve soil fertility, weed control, proper cutting height and
frequency and use of disease free planting materials that reduce the severity of NSD for such
accessions to be disseminated. Studies are proposed to assess the effect of different locations
(a wider range of soil, rainfall, and temperature combinations); types of manure application
and cutting intervals on severity of NSD.
Activity 2:

Evaluation of Brachiaria hybrid cv. Mulato as a dry season forage in
smallholder dairy systems

Introduction
Napier grass (Pennisetum purpureum) is constrained by long droughts, poor agronomic
practices such as lack of fertilizer application and improper cutting frequency and cutting
height, and pests and diseases, the Napier stunt disease being particularly important, resulting
in a reduction in fodder yield of up to 100% during the dry season. Brachiaria hybrid cv.
Mulato 1 (Mulato) has high biomass yield and tolerates long droughts and poor soils (CIAT
2001) and could be used to complement Napier grass during the dry season when Napier
grass production is low.
It is generally recommended, furthermore, that forages be grown in grass-legume mixtures in
order to not only ensure energy-protein balance for livestock, but also harness atmospheric
nitrogen (N) via the legume component (Thomas 1995; Kabirizi 2006). Among the bestknown, but not widely used forage legumes in Uganda are Centrosema molle (syn. C.
pubescens; Centro) and Clitoria ternatea (Clitoria); both are deep rooting and considered as
drought-tolerant. However, regardless whether as a monocrop or in mixture with a legume,
the officially recommended 0.5-ha Napier grass area is not sufficient to provide year-round
forage for 1 cow and its calf.
This study was designed to develop economically feasible strategies for year-round feed
supply to dairy cattle in order to improve feed resource availability, milk yield and household
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income, by comparing in on-farm trials the newly introduced drought-tolerant Mulato with
commonly used Napier, both in mixture with a drought-tolerant legume.
Methodology
The study was conducted in Masaka district, Central Uganda (00o15'‒00o43' S, 31o‒32o E;
1150 meters above sea level). Annual average rainfall is 800–1000 mm with 100–120 rainy
days, in 2 seasons. Mean temperature ranges between 16 oC and 30 oC, while relative
humidity is 62%. The district is typically dependent on crop-livestock systems, with
vegetable production as a key income generator. The study targeted dairy zero-grazing
farmers with 1–2 cows and at least 2 ha of land. The treatments involved two grass-legume
mixtures: Mulato with Centro and Napier with Clitoria. These mixtures were established as
forage banks in 0.5 ha each on 24 randomly selected farms using methods described in
Humphreys (1995) and CIAT (2001). The mixtures were compared with the farmers’ practice
of growing Napier grass alone. Farmers participated in all stages of project implementation to
enhance rapid uptake of emerging knowledge and practices. The study was laid out in a
randomized complete block design with household farms as replications. Data were collected
during 2 years on fodder and milk yields from all 24 farms. Dry matter yield and associated
feeding period were estimated using methods described by Humphreys (1995).

Brachiaria fodder bank (left) and herbage biomass estimation (right)
Data were analyzed with costs of inputs and returns from milk (including home-consumed)
recorded for profitability evaluation using partial budgeting.
Results and Discussion
Intercropping Centro with Napier grass increased fodder availability by 52%, crude protein
(CP) concentration by 20% and feeding period (number of days a cow was able to feed on
fodder from a given area of land) by 52% (Table 2).
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Table 2: Fodder availability and quality, and feeding period for different forage banks
Parameter
Napier
monocrop
Mean DM yield (kg/ha) 10 354
Feeding period from 0.5 167.0
ha (days)
Mean crude protein
7.0
concentration (%)

grass Napier
Centro
15 790
254.6
8.4

Forage bank
grass- Mulato
Clitoria
12 119
195.5

SE
grass307
20.9

12.1

0.14

The Mulato-Clitoria mixture provided dry matter yields and a feeding period that was
intermediate between the 2 Napier treatments but its CP concentration was considerably
higher (73 resp. 44%).
Higher total fodder yields and CP concentrations in intercrops (Table 1) could be attributed to
the presence of forage legumes that improved growth of the grass. The legume acted as a
cover crop to control weeds and conserve soil moisture during the dry periods, apart from the
possibility of augmenting N supply to the grass component through symbiotic N-fixation
(Kabirizi 2006).
The results confirmed that the currently recommended acreage of 0.5 ha of a mixture of
Napier grass with a forage legume (Samanya 1996) cannot sustain an economically
producing dairy cow and its calf for a full year. Therefore, establishment of an additional 0.5
ha of a mixture of Mulato with a forage legume is recommended for feeding during the dry
season, when production of napier grass monocrop is disadvantaged due to drought, the
napier stunt disease and poor agronomic practices.
This was tested comparing the beneficiaries of the drought-tolerant forage technology (0.5 ha
Napier + Centro mixture plus 0.5 ha Mulato + Clitoria mixture) with the non-beneficiaries
(0.5 ha Napier monocrop) (Table 3).
Table 3:

Socio-economic benefits of integrating legumes and Brachiaria cv. Mulato
in Napier grass based farming systems

Farm characteristics

Land size (ha)
Cattle (number)
Fodder area (ha)
Feed offered/cow/d (fresh, kg)
Milk yield (L/d)
Revenue
(US$)
from
yield/cow/yr
1

Beneficiaries (n=24)

milk

Mean
1.7
1.5
1.1
55.4
10.6
676.9

SD
1.2
0.5
0.3
12.3
7.2
48.2

Non-beneficiaries
(n=24)
Mean
SD
1.6
0.9
1.3
0.7
0.5
0.3
31.4
7.2
5.9
3.1
444
64.1

F-test

IA1

0.12 NS
0.03 NS
14.4**
5.7*
4.3*
1.66 NS

134.1
76.4
79.7
52.4

IA: Intervention advantage. SE: Standard error

There were no significant (P>0.05) differences in land size and number of cattle kept between
the beneficiaries and non-beneficiaries of the interventions but complementing with the
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drought-tolerant grass-legume mixture (Mulato + Clitoria) improved milk yield and
household income by 80 and 52%, respectively. Much of this increase, however, is due to the
additional use of 0.5 ha for the Mulato-Clitoria fodder bank, an area that is not anymore
available for other agricultural purposes. The beneficiaries fed 76% more high-quality forage
which resulted in 80% more milk, i.e. the milk yield response was largely due to simply
feeding more. Beneficiaries, however, had 120% more land sown to fodder, implying they
were not harvesting as much forage per ha (if all harvested forage was fed to cows) or were
able to sell fodder to others.
Conclusion
Supplementing traditional Napier grass forage banks with drought tolerant high-quality
options in the form of deep-rooted legumes and drought-tolerant Brachiaria hybrid cv.
Mulato is a promising strategy for year-round feed supply to smallholder dairy cattle in
Central and East Africa.
Activity 3:

Losses due to Napier Stunt Disease and the impact of promoting
alternative forages in smallholder dairy systems in Uganda

There has not been any assessment of the effects of NSD to small scale dairy keepers, noncattle farmers selling Napier forages and temporal stability in small scale dairy feed resource
availability in Uganda. Besides, Brachiaria is being promoted to compensate for the lost
biomass and incomes due to effects of NSD on Napier. A study was therefore conducted to
quantify the negative effects of NSD to dairy based livelihoods.
Study area and sampling procedure methods of data collection and analysis
The study was conducted in Masaka and Wakiso districts. Masaka district is bordered by
Sembabule in the North West, Mpigi district in the North, Rakai district in the west and south
and Kalangala District in the East. The District Headquarters is 120 km from Kampala.
Masaka district has a population of 831,300 people with 420,000 females and 411,300 males.
The population of is basically rural, with 754,000 rural dwellers and 77,300 urban dwellers.
The major economic activity in Masaka District is agriculture with major crops being
bananas, pineapples, and tomatoes), cash crops and coffee cotton integrated with livestock
notably dairy and multipurpose local cattle, goats, pigs and chickens. The district lies in the
Lake Victoria crescent agro-ecological zone and has a mix of peri-urban and rural settings
with both densely and sparsely populated sub-zones. Dairy production ranges from extensive
communal grazing of composite village herd and tethering dominated by local zebu cattle,
perimeter fenced farm with a mix of low grade crosses and local breeds to semi-intensive and
intensive (paddock fenced and stall fed) systems rearing mostly high grade crosses and exotic
dairy breeds (Nanyeenya, 2008). Wakiso district lies in the Greater Kampala peri-urban
zone. The effects of NSD was assesd in Masaka district where households sampled were
drawn from Kitenga, Bukulula, Lusango and Kabonera. In Wakiso district, the study was
conducted to document and evaluate challenges and benefits of adoption and integration of
brachiaria in the small holder systems households covered were located in Buso, Namulonge
and Kiwenda
Study respondents were selected purposive and snowball sampling procedures. All farmers
selected intensively managed their cattle through stall feeding and semi-intensive
management systems. All project intervention farmers (10 each for NSD tolerant clones and
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Brachiaria seed multiplication) were selected. Each of these named two other farmers to
whom they have disseminated the planting materials given to them. In addition five dairy
keepers in each of the study areas were identified and interviewed. In total 35 households
were covered per district. Data were collected using semi-formal and formal approaches in
each of the two sites based on formal survey techniques using direct interviews supported by
standard questionnaires and Systematic Client Consultation (SCC) using check-lists. Data
were analysed using enterprise and partial budgeting techniques. One of the most basic and
important production decisions is choosing the combination of products or enterprises to
produce. An enterprise is defined as a single crop or livestock commodity that actually
produces a marketable product. An enterprise budget is a listing of all estimated income and
expenses associated with a specific enterprise to provide an estimate of its profitability. The
effects of integration of Brachiaria forage seed production into existing farming systems were
examined using enterprise budgets. The effects of NSD on dairy enterprise farm performance
through resource re-allocation and cash flow changes were assessed using financial analysis
based on partial budgeting techniques.

Sacs of Brachiaria planting materials (splits)

Napier grass variety tolerant to Napier
stunt disease

This low yield can be attributed to poor cattle nutrition resulting from inadequate feeding.
With improved feeding dairy yields for direct beneficiary and secondary beneficiary
households registered 10.6 and 5.9 litres/cow/day, respectively.

A field of Brachiaria after removing fodder for feeding the dairy cow and splits as planting
materials
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Results and Discussion
(a) Effects of promoting Brachiaria forage seed multiplication on dairy resource
allocation and cash flow
Findings of the study on effects of promoting Brachiaria forage seed multiplication on dairy
resource allocation and cash flow due to adjustments in dairy feed management in the pre and
post NSD periods are discussed in this section. Data on enterprise budgets on Brachiaria
Mulato (Table 4) indicates that dairy farmers who received Brachiaria mulato for
multiplication and integrating it into livestock feed have on average established 0.75 acres,
sell up to 230 bags of splits of planting materials to other farmers in a year and fetch net
profits of about Uganda shillings 3.4 million (USD 1360) per acre per annum.
Table 4: For Cattle and Non-Cattle Households
Cattle
Non-cattle
Gross income
household
household
Area (acres)
1
1
Bags of splits sold season1 (Number)
135
135
Bags of splits sold Season2 (Number)
90
90
Annual sales (Bags)
230
260
Price (Uhs/Bag)
20000
20000
Sales revenue (Ushs) (2 x 3)
4600000
5200000
Variable Input costs (Ushs/acre)
Bush clearing (Shillings/Acre)
100000
100000
Land preparation labour (Ushs/Acre)
120000
120000
Quantity of planting material (Bags)
8
8
Price of planting materials (Ushs/Bag)
20000
20000
Cost of planting materials (Ushs/Acre)
160000
160000
Planting and manure application labour
(Ushs/Acre)
50000
50000
Weed control labour (shillings/Acre)
160000
160000
Manure - 2 truckloads per annum (Ushs/Acre)
0
80000
Seasonal manure application labour (Ushs/Acre)
80000
80000
Harvesting, packing and loading labor
(Ushs/Acre)
460000
520000
1130000
1270000
Total variable input costs (Ushs/Acre)
Net profit (Ushs/Acre)
3,470,000
3,930,000
1 US $ =2,600 Uganda shillings (Ushs)
Non-cattle households whose fields regenerate faster given that they are not frequently cut to
feed cattle registered net profits of shillings 3.93 million (USD 1572) per acre per annum.
Farmers indicated that they have been able to use proceeds of Brachiaria income through
buying household assets like chairs, investing in other farm enterprises like vegetable
production, maize and sweet potato growing by especially hiring labour, improved
promptness in settling school fees and others stated that they can now buy building materials
in bulk to invest in construction of rental housing units.
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(b) Effects of NSD on dairy farm resource allocation and cash flow
Findings on effects of NSD on dairy farm resource allocation and cash flow are presented in
Table 5.
Table 5:

Financial analysis of effects of Napier stunt disease on resource use and
cash flow

Enterprise Resources and Cost Items

Quantity/ Change Added
Value
(%)
income
+
Reduced
Costs
38.00
N/A
Napier area (Acres)
1.80
Napier Post NSD (Acres)
1.11
0
Cattle herd size (Number)
4.60
Cattle Post NSD (Number)
4.60
0
Milking cows (Number)
2.40
Cows Post (Number)
2.40
(18.00) 0
Milk/cow/day (Litres/day)
13.95
Milk/cow/day Post NSD (Litres/day)
11.46
193.00 0
Cost of feed Supplements (Ushs/day)
1,500.00
Cost of feed Supplements Post NSD (Ushs/day)
4,400.00
43.00
Forage Collection Labour (Person-hours/day)
1.29
Forage Collection. Labour Post NSD (Person-hours/day) 1.84
956.00 0
Manure Application Cost (Ushs/Per Annum)
3600
Manure Application Cost Post NSD (Ushs/Per Annum) 38,000
(1,501,200)
Net Financial Effect (Shs/Annum)

Reduced
revenue
+ Added
Costs
N/A

596,800
870,000
0
34,400

The disease led to reduction in area under Napier by about 40 per cent. This concurs with
Kabirirzi et al., 2007 who noted that Napier Stunt Disease (NSD) occurred in 97 per cent of
farmers’ fields causing stunting, curling/twisting of leaf tips leading to up 50 per cent
reduction in biomass yield. Contrary to Orodho, 2006 who stated that many smallholders
have lost up to 100 percent of their Napier crop and are forced to de-stock or sell off their
entire herd because of lack of sufficient feeds farmers in the study area retained their herd
sizes (4.6 heads of cattle). They, however, struggled to make up for the lost biomass due to
NSD by stepping up feed supplementation resulting into an increase in cost of supplements
per day by 200 per cent.
Time taken to fetch feeds was also greater than before by 43 per cent. As noted Orodho,
2006, the disease is much more severe and prevalent in poorly managed fields and farmers
have noted that in well-weeded and heavily manured fields, disease severity is reduced.
Similarly farmers in the study area raised the quantities of manure applied per acre by one
tone (1000 kgs). This increased the cost of manure application by shillings 34,400 per acre
per annum. These corrective adjustments notwithstanding, milk yields per cow per day
dropped by about 20%. The net financial effect of reduction in milk incomes and added cost
resulted in a negative net financial effect of about shillings 1,500,000. This implies that the
disease led to a financial drain equivalent to 54 per cent of the gross revenues from milk.
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This amount of money can settle two school fees terms of a child going to elite primary or
secondary school or tuition for a university student for one semester (half of the year).
Summary, Conclusions and Recommendations
From the findings of the study it can be concluded that:
a) Both cattle households and non-cattle households were able to obtain reasonable profits
from Brachiaria forage seed sales. They have also variously benefited by improving
human capital, welfare, farm enterprise diversification and other long-term commercial
investments
b) Farmers have adjusted to NSD effects but in financial terms have not fully compensated
for the negative effects of NSD
It is recommended that:
a) Brachiaria propagation model explores manure application regimes since the crop is
challenged by frequent cutting and splitting
b) Distribution of NSD tolerant clones should be accelerated so that farmers regain the
original Napier acres and biomass to stabilize dairy revenues and reduce on the high cash
outflows.
Activity 4:

Effect of supplementing lactating crossbred animals with Bentonite as a
mineral supplement on milk production

Introduction
Aflatoxins (AF) are a group of closely related, biological active mycotoxins that are highly
toxic and carcinogenic fungal metabolites produced mainly by Aspergillus flavus and
Aspergillus parasiticus. Almost any feed or grain for livestock and poultry is able to support
fungal growth and AF formation. Aflotoxins reduce growth and feed efficiency, and cause
liver and kidney damage (Bintvihok, 2002). They also cause immuno-suppression and
changes in relative organs weight, increased mortality and enhanced susceptibility to
infectious diseases (Chang and Hamilton, 1991).
Numerous strategies, such as physical separation, thermal inactivation, irradiation, microbial
degradation and treatment with a variety of chemicals have been used for the detoxification
or inactivation of mycotoxin-contaminated feedstuff. One strategy is to bind the aflatoxin
molecule to a compound that cannot be absorbed from the animal’s digestive tract. The
bound aflatoxins are then excreted in the faeces (Bintvihok, 2002). Bentonites have this
capacity and have been utilized in many countries to bind aflatoxins. Bentonites are highly
colloidal and plastic clay materials composed largely, but not exclusively, of montmorillonite
(a species of dioctahedral smectite) without reference to a particular origin. The properties of
bentonites can vary considerably depending on geological origin and any post-extraction
modification, and their individual characteristics have a marked bearing on their economic
use.
The discovery on Calcium Bentonite (CB) in Uganda coupled with the extra-ordinarily high
level contamination of animal feeds with aflatoxins heightened the impetus to harness the
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clay in detoxification of aflatoxin infested feeds. Also, the Ugandan CB is rich in inorganic
minerals containing 1.25, 1.35, 123.5, 35 and 0.2 ppm of Copper, Zinc, Iron, Manganse and
Cromium respectively. It also contains 0.11, 0.18, 0.013, 0.015 and 0.02% nitrogen,
Phosphorus, Sodium, Potassium and Calcium.
Studies were therefore conducted to gain an understanding of the general effect of CB on
animal productivity as well as to set the ground for more focused studies intended at
harnessing the clay materials in animal nutrition. This paper presents preliminary findings of
short but scientifically well designed studies on the role of CB as a detoxifier of afltoxins in
poultry feed as well as a mineral supplement in lactating crossbred cattle.
Materials and Methods
The experiment was conducted in Jinja District with Jinja dairy farmers group. Twelve
crossbred lactating cows were blocked into three groups on the basis of stage of lactation,
initial body weight and the parity. Cows in their first, second or third lactations were used for
the trial. Three experimental treatments including (1) Supplementation with concentrates
containing bentonites, (2) Supplementation with concentrates containing commercial mineral
premix and (3) Supplementation with concentrates containing neither premix nor bentonite
(control) were allocated to the three groups of animals. The quantity of the supplement per
animal per day was 500 grams. The quantity and costs of ingredients used in formulation of
concentrates are presented in Table 6.
Table 6: Amount and cost of ingredients used in formulation of concentrates
Ingredient
CP
Inclusion Unit
Cost of concentrate Cost
of
(%) level (kg) cost
with
no Bentonite
(Ushs) bentonite/premix
concentrate
Maize stover
6
20
50
1,000
1,000
Maize bran
10
20
500
10,000
10,000
Molasses
5
30
330
9,900
9,900
Cotton seed
45.2 10
1400
14,000
14,000
Calliandra
28.3 15
300
4,500
4,500
hay
Bentonite
5
1000
5,000
Premix
1
5000
Cassava flour 4
1500
Total cost
39,400
44,400

Cost
of
premix
concentrate
1,000
10,000
9,900
14,000
4,500

5,000
6,000
50,400

The cows were feed on a Napier basal diet that met their dry matter intake. A 14 day
adaptation period was allowed before data collection and then milk yields were recorded for
the subsequent 7 days. The milk yield from the individual animals were collected and
recorded daily twice a day at 08:00 hrs and at 16:00 hrs. Animals were dewormed at the start
of the experiment, sprayed and had constant access to clean drinking water.
Results and Discussion
During the 7 days of data collection on milk production, highest milk yields were recorded
from groups fed concentrates containing CB (Figure 2). Considering the price of a litre of
milk to be Ushs 1000, for every shs 197 used in control supplements, Ushs 500 were received
in return.
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Figure 2: Variations in milk yield during the treatment
Where concentrates containing bentonite were used, Ushs 2000 was obtained for every Ushs
222 while Ushs 1200 was obtained for every Ushs 252 used in premix concentrates.
Bentonite clays have binding properties, and when used, there is no need for use of other
binders like cement and cassava flour. This therefore reduces the cost of bentonite
concentrates as compared to premix based concentrates and thus increases the returns per unit
cost.
Because of its expanding properties, bentonite reduces the rate of feed passage through the
animal’s digestive system. The increased retention rate of digesta hence increases the amount
of nutrients absorbed into the animal’s body and contribute to increased milk yield as
compared to other concentrates where rate of digesta flow is not altered. The aflatoxin and
mycotoxin absorbing properties of bentonite also help in reducing the negative impacts of
aflatoxin on feed utilization, growth and milk yield of animals. As such, bentonite
supplemented cows gave more milk than their counterparts. Also note: Bentonite acts as pH
regulators in the rumen, as they control pH, they enable animals to increase dry matter intake.
Conclusion
Calcium bentonite has a potential to supply the required nutrients to lactating animals to
sustain high levels of milk production at even a much lower cost. However, more studies are
required to establish the appropriate levels of inclusion in lactating animals’ feed and where
possible develop a mineral premix for various animals including goats and sheep.
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OUTPUT 2: Strengthen capacity for stakeholders to utilize technologies for managing
Napier stunt disease
The following activities were conducted under Output 2:
(a) 4,934) stakeholders (2,500 female) in Masaka, Mbarara, Kiruhura, Soroti, Kampala,
Wakiso, Mukono, Gulu and Jinja districts were trained on NSD control/management
strategies and use of alternative forages.
(b) Research results were presented during a Napier stunt disease project inception meeting
in Kigali, Rwanda, 13th to 16th February 2013. The project is funded by ASARECA will
be implemented in Rwanda and Burundi.
(c) Three (2 female) project staff visited the Regional Dairy Research Centre of Excellence
in Kenya

Agricultural shows and field visits were used to disseminate project activities

Farmer training at Rwebitaba Zonal Agricultural Research and Development Institute
(d)
(e)
(f)
(g)

Three hundred and thirty youths (198 female) visited study sites at NaCRRI
World Bank review mission wrap-up meetings in Kenya and Uganda
The World Bank review mission visited project site at NaCRRI in November 2013
The research team participated in agricultural shows in Jinja and Soroti districts.
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(h) NaLIRRI review and planning meetings
(i) EAAPP review and planning meetings
Output 3:

Enhanced availability of information on NSD control and management
technologies

The research team packaged and disseminated information through a number of
dissemination pathways:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)

Field visits
Farmer-farmer training
Farmer workshops
Radio and television news
Newspaper articles (The East African and New Vision papers)
Project progress reports
Field reports
Publications (Table 4):
ICT/internet
Facebook page to disseminate information to the youth has been created
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Table 4: Publications
Authors
Title of paper
1. Papers/posters presented during scientific conferences
Kabirizi J., Mugerwa S., Ziwa E., Lukwago G. and
Napier stunt disease incidence and management in Uganda
Namazzi C.

Conference where the paper was presented

Mugerwa S., Kabirizi J., Zziwa E. and Lukwago G.
Kabirizi, J., Mulaa, M. Mugerwa, S. Kawube, G.
Lukwago, G4., Olowo, R., Namazzi, C., Aleu, J.,
Namagembe, A. and Mukalazi, S.

Utilization of crop residues and agro-industrial by-products in
livestock feeds and feeding systems of Uganda
Enhancing adoption of Napier grass resistant/tolerant to stunt
disease for increased feed availability in small holder systems
in East and Central Africa: Achievements (2011-2012)-poster

Animal Production Society of Kenya scientific
conference held in Njeri, Kenya, April 2012
NARO Scientific conference, 30th September to 2nd
October 2012

Kabirizi, J., 2Mulaa, M., Kawube, G., Mugerwa, S.,
Namazzi, C., Lukwago, G and Nanyeenya, W

Evaluation of Napier grass (Pennisetum purpureum) clones
for yield and tolerance to Napier grass stunt disease

African Livestock Conference And Exhibition, June
26th To 29th 2013
Safari Park Hotel, Nairobi, Kenya

Nampijja Z.; Kabirizi J. and Zziwa E,

Evaluation of Napier grass clones for dry matter yield and
tolerance to Napier stunt disease
Evaluation of Napier grass clones for dry matter yield and
tolerance to Napier stunt disease

African Crop Science Society Conference, 14th to 17th
October 2013 in Imperial Royal Hotel, Uganda
International Network of Women Engineers and
Scientists (INWES) Regional Conference in Kenya,
from 19th to 21st November, 2013

Dry season forages for improving dairy cattle production in
smallholder dairy systems

22nd International Grassland Congress in Australia,
14th to 22nd Sept 2013

Utilization of crop residues and agro-industrial by-products in
livestock feeds and feeding systems of Uganda

International Journal of Biosciences (IJB)
ISSN: 2220-6655 (Print) 2222-5234 (Online)
Vol. 2, No. 4, p. 82-89, 2012
http://www.innspub.net
Special International Grasslands Congress issue, pp
812-814. Print ISBN: 978-1-74256-543-9

Kabirizi J., Mulaa M,, Zziwa E., Mugerwa S.,
Namazzi C.., Kawube G.. Lukwago G and Nampijja
Z
Nampijja Z.; Kabirizi J. and Zziwa E,
2. Published papers/in press
Mugerwa S., Kabirizi J., Zziwa E. and Lukwago G

Kabirizi J., Zziwa E., Mugerwa, S. and Ndikumana J.

Dry season forages for improving dairy production in
smallholder systems in Uganda

Kabirizi J., Zziwa E., Mugerwa, S. and Ndikumana J.

Dry season forages for improving dairy production in
smallholder systems in Uganda

Animal Production Society of Kenya scientific
conference held in Njeri, Kenya, April 2012

Tropical grasslands journal, Vol 1 (2) pp 212214.December 2013’
http://www.tropicalgrasslands.info/index.php/tgft/iss
ue/current
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Farmer leaflets and brochures
Authors
Kabirizi, J., Kirunda, H.; Oluka, J. and Mulindwa, H.
Kabirizi, J., Kawube, G., Mugerwa, S.; Namazzi, C.,

Title of brochure/leaflet
The Dairy research component
Napier Stunt Disease management strategies for increased
feed availability in smallholder farming systems in East and
Central Africa

Brochure
Leaflet (February 2013)

Kabirizi, J., Kawube, G., Mugerwa, S.; Namazzi, C.,

Enhancing adoption of Napier grass varieties tolerant to stunt
disease for increased feed availability in smallholder dairy
systems in East and Central Africa: Achievements (September
2011- February 2013) and Planned activities (2013-2014)

Brochure (February 2013)

Kabirizi, J., Kirunda, H.; Oluka, J., Lukwago,
Butungi Mulindwa, H

Guidelines to pasture production and management, cattle
breeding and disease control in smallholder dairy production
systems

Farmer manual

Kabirizi J

Dry season forages for smallholder dairy farmers
Multinutrient feed block for improved milk yield in
smallholder dairy systems
Small-scale forage seed production
Napier grass production and management

Leaflets
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3. Video documentaries
(a) Farmer training at the National Crops Resources Research Institute
(b) Strategies to control Napier stunt disease
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