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Outline
• Univ of Florida
• How much longer?
• Scare them Gbola!
• Feed / forage; the most important pillar  
• Climate change stunts forages and animals
• Realizing the African white revolution

• Rewrite the rulebooks
• Catch the foxes 
• Burn the fences:
• Pull up yourselves by your bootstraps
• Roll out the incentives 

• Local private sector-led ag transformation



How much longer?



Farming in the Global North

• Stara sprayer with ONE SMART technology Burks/ABE

Li/ABE



Farming in the Global South



Global prevalence of stunting, %

Risk of child mortality is eight 
times greater in African than 
Europe (WHO, 2016)

(UNICEF, WHO, World bank, 2023)

1 in 3 children was stunted 
in sub-Saharan Africa and 
South Asia



(85 g) (250 ml) 

Kenya school feeding study

Embu Kenya, 2 years; 7–10-year-olds; n=554.
Meat improved:

• Cognitive performance (Raven’s, math)
• School test scores
• Physical activity, initiative and leadership
• Arm muscle mass, B12 status

Milk improved:
• Linear growth if stunted
• B12 status

Neuman et al., 1997; Hullet et al., 2014



Climatic stressors stunt forages and livestock



C4 vs C3 plant anatomy



Corn growth under different temperatures

Walne and Reddy, 2022



Starch synthesis rate in maize endosperm at various temperatures 
(Keeling, 1994).



Cooling exotic cows is critical

(Do Amaral et al., 2009)



Climate effects on livestock
Impact Type Observed Impacts Major Influential Factors

Direct Impact

Reduced feed intake

Increased temperature
(heat stress)

Decline in animal milk and meat production

Decreased reproductive performance

Negatively affected immune functions

Increased mortality

Indirect Impact

Changes in forage crop yields
Elevated CO2 levelChanges in pasture composition and forage 

production

Changes in forage quality Increased temperature and
elevated CO2 level

Shrinking water availability and increasing water use Increased temperature

Larger seasonal variation in resource availability More frequent extreme climate events

Increased disease, pest, and parasite stress Increased temperature and
changes in the precipitation pattern

(Cheng et al., 2022)

The Baltimore Sun

https://www.deccanchronicle.com/

http://darkroom.baltimoresun.com/2015/08/indias-monsoon-flooding/


Achieving the African white revolution



MILK PRODUCTION IN INDIA 
(MILLION TONNES)

The Indian white revolution



Dairy production in Africa:
        OPPORTUNITIES AND CHALLENGES 

Challenges
• Inadequate water and feeding
• Low producing breeds
• Poor management (e.g. record keeping)
• Inadequate housing, small herds/acreages
• Weak disease prevention /control
• Large informal sector; food safety issues
• Low culling rates
• Poor transport, cooling and storage 

infrastructure
• Low skill levels / extension support 
• Cultural norms inhibiting consumption

Opportunities
• High appreciation for livestock
• Need to improve nutrition, health and 

livelihoods
• Youth and women engagement potential
• Rapidly rising demand due to 
   - Population growth, 
   - Rising incomes 
   - Urbanization
• Relatively cheap labor



Focal areas to improve in African dairying
1. Improving dairy trade and investment policies
2. Sustainable intensification
3. Highlighting the importance of milk/dairy for growth, 

health and cognition
4. Supporting commercial dairy producers
5. Plugging smallholders into the supply chain; providing them 

with affordable feed
6. Keeping milk safe 
7. The future dairy professional: training, education and 

extension

(Van der et al., 2014; Westebrink et al., 2019)

https://library.wur.nl/WebQuery/wurpubs/517384


Stop the dumping
W.  African imports of EU dairy products 
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https://oxfamnovibacademy

“My milk is local” campaign in W.  Africa

(Duteurtre et al., 2021; BACI/INRA, 2021)



Emissions intensity trend by region

(FAO, GDP, 2019) 



Sustainable intensification

“Focus more on increasing 
productivity per cow than cow 
numbers to improve milk production”
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what is the greatest constraint to improved asf 
production and consumption?

(Six-developing-country-survey)
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FEED is the foundation and priority

FEED
• Up to 75% of livestock production costs
• Best target for mitigating livestock GHG emissions

FEED
• Best driver of livestock productivity and hence incomes
• Best target for women’s empowerment

FEED
• Fundamental requirement for health and health interventions
• Fundamental requirement for achieving genetic merit



GHG mitigation potentials in the livestock sector

Herrero et al., 2016

Red represents the range for each practice, where available. 

https://www.nature.com/articles/nclimate2925


Crop residues should not dominate diets



Feed Improved forages

(Paul et al., 2020)



Strive for quality forage production

 •Hybrid selection

•Growing the crop

•Predicting harvest dates

•Chopping

•Packing/ensiling

•Sealing

•Feedout

Every link in the silage-
making ‘chain’ must strive 

for excellence



Feed Landscape Analysis

• Approximately 8000 new feed entries made into 
new (BF) and existing (ET) feed databases.

• Mapped the feed supply-demand scenario across BF

• Showed 6 million tons surplus feed produced for BF 
but a 2-ton deficiency in the north (Sahel zone)

Item ET BF

Total entries in the 
feed database

4433 3857

https://ressource-alimentaire-betail.herokuapp.com/en/


Improved fodder development

• Burkina Faso
• Niger
• Ethiopia

Several have now 
been registered 
and released by 
the governments.

Exported improved 
forage legumes, 
cereals, and 
grasses from Brazil 
and Florida to....

Validated their 
potential over 
several years and 
sites in each 
country.

Yield improvement over 
local varieties:

Sorghum SEPON-82  

 Forage : 17%

 grains : 63%

Millet 
 Forage: 78% 

Cowpea KVX 745-11P 
 Forage : 125%

 Crude protein :40%
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Increased livestock productivity
ETHIOPIA

Increased sheep growth with 
improved forages

Niger

Amhara   Oromia  SNNP 

Increased milk production by 50% 
by better feeding and 

management



Built local capacity to analyze feeds

• Introduced desktop and mobile NIRS systems 
costing 3% of the cost of desktop systems 

• Showed they are as accurate for feed analysis 
• Established thriving locally-led Public 

Private Partnerships in BF and ET

• Creates opportunities for:
• Feed analysis 
• Feeding balanced rations, 
• Improved livestock productivity 
• Lower emissions.
• Labelling of feeds
• Toxin detection

>US$ 70,000

<US$2,000



Proved forages are more profitable than food crops 
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Showed that most farmers are willing to pay for forages in 
Burkina Faso

Variable

Tobit double censorship statistics for WTP for cultivated forage
( ll = 0. ul = 200)

Coefficient t P>t

Cotton cake prices 2017 0.056429*** 5.62 0.00

Crop residue expenditures -0.0001111 -0.46 0.646

Trans-boundary trans-humance -111.79** -2.49 0.014

Ethnic group -69.41114* -1.89 0.06

Practice of fattening -28.10858 -0.81 0.422

Number of years of experience 0.990793 0.73 0.465

Knowledge of forage crops 137.89*** 3.05 0.003
Practice of grazing -47.17054 -0.65 0.516

Practice mowing and conservation -9.985132 -0.28 0.778

Livestock number 0.0024388 0.03 0.978



Aggregate demand, increase market access to 
increase incomes

Niger

• We expanded market access for feed traders by 
linking them with livestock keepers 
800 km away.

• Feed costs were reduced by 30%

12.6 tons of feed sold in 4 months ($3,600)

• Ramana Doni earned 33% more money from 
sales of her (well-fed) sheep.

Photo credit: V. Bado



Developed and disseminated apps for better feeding, tech for
measuring GHG emissions

• Introduced state of the art green feed machines 
to ET & BF for precise emissions measurements

• Trained technicians, researchers, farmers private 
sector, extensionists to use them

• Creates business opportunities for 
entrepreneurs



Zirakamwa app for dairy 
management:

Assisting Rwanda dairy 
producers to produce 
more!



Achieving the African white revolution



No cybertrucks please, improve genetics wisely



Rewrite the rulebooks

• Support commercial forage and dairy production

• Demand –led dairy/forage production 

• Aggregate demand, strengthen markets

• Introduce quality-based pricing

• Forage quality first;   Upgrade crop residues,

• Sunset dual-purpose forages.  AFIA

• Capacitate, promote, support women

• Introduce novel forages

• Introduce feed additives

No price – quality relationship in 
forage markets



• Learn from GIRINKA

• Limit free fertilizer campaigns

• Limit free seed campaigns

• Stop the per diem for attendance 

requirement

• Ban / regulate imported milk powder,

• Question social media messages / 

influencers /  authorities

Catch the foxes 



Go, cool, and get the milk!



Use validated feed additives

• Oliveira et al., 2017
•  
• Homofermentative inoculants

• 38 comparisons 

• Inoculation increased milk 
yield when application rate 
was at least 105 cfu/g

P < 0.01

a

b



• Intake
• Digestibility

• Rumen function and
microbial growth

• Inhibiting spoilage
• Inhibiting pathogens

Feed inoculated
silage

Milk production

How silage inoculants affect milk
production



Burn the fences

• Town and gown divide; Ivory towers; 
• Extension divorced from research
• Industry alienated from research



The Visionary Private Sector Partners

Ope Agbato, 
E.D. Technical and 

Husbandry 
operations, Animal 

Care Services 
Konsult (Nig.) Ltd

Ayoola Oduntan
National President, 

Feed Industry Practitioners 
Association of Nigeria 

(FIPAN)
GMD. Amo Group

M.D. Abubakar 
President Commercial Dairy 

Ranchers Association Of 
Nigeria (CODARAN)

Founder/CEO L&Z 
INTEGRATED FARMS  

Tony Jibunoh 
CEO Milkin Barn 

Limited



The UF (Gator) Profs



How much longer?

……. till the last hoe is dropped.



……. till our last child is well nourished.



GFSI

WHAT ARE WE/YOU 
GOING TO DO?

Farmers

Government

Researcher/lecturer/teac
her

Consumers

Private sector
Banks/ finance 
institutions



Contact us



Conclusions

1. The rising demand for meat and milk in LMIC should be met with fewer more efficient livestock

2. A systems lens should be used to evaluate the promise of climate smart strategies and appropriate universal indicators 

should be developed

3. Attention should shift to promote adoption of validated best-bet mitigation and adaptation technologies  

4. Sustainable production intensification should be a prime goal for LMIC

5. More research is needed to develop effective and appropriate strategies for LMIC systems; Food security and 

environmental stewardship goals must be simultaneously addressed. 







Climate-smart livestock production practices 
Food 

security
Adaptation 
potential

Mitigation 
potential Main constraints to adoption

Supplementary feeding + + ++ easy to implement, but costly

Grazing management +/- + ++ lack of technical information and capacities, especially in 
extensive systems

Animal breeding + ++ ++ technical, economic, institutional: especially in developing 
countries

Animal and herd management + ++ + technical, institutional: especially in developing countries

Animal disease and health ++ ++ + technical, institutional: especially in developing countries

Vaccines against rumen archaea ++ + not immediately available, may have low acceptability in some 
countries

Warning systems ++ + technical, institutional: especially in developing countries

Weather-indexed insurance + technical, economic, institutional: especially in developing 
countries

Agroforestry practices ++ ++ ++ technical and economic

(FAO, 2013)
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sweetcorn.uiuc.edu 

Stressors
predispose to 

mycotoxin
  production

• Temperature 

• Water activity 

• Drought

• Insect activity 

• Plant disease

• Hail storms

Stressors

http://sweetcorn.uiuc.edu/SLB.htm


Stressors predispose plants to greater aflatoxin contamination
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Russell et al., J. Anim. Sci. 69:5-12.



Mitigation approaches

Production intensification 
(improved feeding and 

management)

Dietary Manipulation 
(Supplementation and 

processing of concentrates 
and lipids, management of 

forage and pastures), 

Rumen Manipulation (3-
nitrooxypropanol, 

macroalgae, nitrates, etc.), 

Selection of low-CH4-
producing animals.  

Other mitigation strategies 
at earlier stages 

Beauchemin et al., 2022, based on FAO, 2022 

• Reviewed 30 mitigation approaches.  

• Many options exist (mostly for intensive systems) but 

adoption has been low.

• Affordability needs to be prioritized.

• Incentives needed for approaches that don’t increase 

performance.

• Production intensification is the most immediate and 

universally applicable means of decreasing CH4 intensity



Factors limiting attainment of theoretical GHG mitigation 
potential

Harrison et al., 2021

• Scientific soundness of the approach 

• Magnitude and persistence of the approach’s potential  

• Economic feasibility of the application/approach

• Adoptability

• Other environmental impacts 

• Consumer acceptance of the approach 
Knapp et al. 2011

 The economic potential of mitigation approaches is less than 10% of what is technically possible because 
of adoption constraints, costs and numerous trade-offs (Herrero et al., 2016) 



Evaluating approaches with a systems lens
• Harrison et al., 2021 

• Reviewed 54 mitigation strategies

• Accounted for mitigation as well as
• Economics (productivity, profit, 

opportunity cost)
• Environment (air, water, land)
• Social aspects (availability, social license, adoption 

capacity, acceptance)

• Only 16 approaches had 
• medium–high mitigation potential and
• triple-bottom line benefit (Econs, Envirn, and Social)



Climate smart approaches for LMIC based 
on the systems approach

Appropriate approaches
for LMIC with 
• triple-bottom line benefit 

and 
• medium–high mitigation 

potential.

 

1. Concentrate supplementation 

2. Improved animal health

3. Improving animal management

4. Pasture management 

5. Agroforestry 

6. Manure management

(Harrison et al., 2021)



2012 drought increased plant poison levels

Aspergillus infested corn

Scientific American 
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Rust disease effects on aflatoxin
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Risk of mycotoxin associated with Hail damaged corn

https://crops.extension.iastate.edu/cropnews/2009/08/risk-mycotoxins-associated-hail-damaged-corn

White mold characteristic of Fusarium ear rot 
associated with wounds caused by hail

Powdery olive green mold characteristic of 
Aspergillus ear rot associated with insect damage



Misconceptions 
about aflatoxin M1 
contamination of 

milk: global 
ramifications



DR 
Congo

1 <30 30 to 150 >150 >300

Most of
sub-Saharan Africa 
& East 
& Southeast Asia

Sweden
Finland

Argentina, 
Armenia, 
Australia, Costa 
Rica, Europe, 
Israel, 
Kyrgyzstan, 
North America, 
and Pakistan

India, Iran, 
Japan, Kenya, 
Mexico, Mongolia, 
New Zealand, 
North and Southern Africa, 
most of the Near East, Latin 
America 
and the Caribbean

(Adapted from FAO, 2019)

https://www.journalofdairyscience.org/article/S0022-0302(20)30775-X/fulltext#bib12


Region AFM1
(ng/kg body weight/day)

Africa 0.02-0.8

North America No data

Latin America 0.01-2.6

Eastern Mediterranean 0.1-1

Southeast Asia 0.03-0.6

Western Pacific 0-0.09

Europe 0-0.2

Adapted from Saha Turna et al. 2022



AA

• Balkans – High milk AFM1 levels led to widespread dumping 
of milk, closure of dairies

• Ethiopia- Social media article about milk AFM1 nearly 
crippled the nascent dairy industry

• Nepal – Milk holidays (dumping) are common despite huge 
neighboring markets

• Kenya- if aflatoxin standards were strictly enforced, 
3,400,000 Kenyans would be deprived of milk (Sirma et al, 2018).





Nation AFM1-related HCC cases/yr

Brazil 0.5 - 7

India 4 – 9

Indonesia 0.2 – 5.6

Mexico 3 – 5.4

Pakistan 1.6 - 4

(Wu, 2022)



• “It was the age of wisdom, it was the age of foolishness.” – Charles Dickens, A Tale 
of Two Cities
o “Wisdom” – analytical advances  detect ever-tinier traces of chemicals
o “Foolishness” – thinking this should be the basis of regulations

• Base regulations on HEALTH RISK, not limit of detection.

• Yet we currently stand here:
o AFB1 causes 800-12,000 times more cancer cases than AFM1.
o … but US regulation of AFM1 is 40 times stricter than its regulation of “total 

aflatoxins” (AFB1 + AFB2 + AFG1 + AFG2).
o EU regulation of AFM1 is 80-200 times stricter than for total aflatoxins.

(Wu, 2022)



Saha Turna et al. 2022. Amer. J. Clin. Nutr..







International Silage Conference, Madison, WI









Tropical wet/rainforest
Andagoya, Columbia, 5° N 

Tropical Monsooon  Calcutta, 
India, 22.5°

Tropical Savannah 
Darwin, Australia 12.5° S



Chief Black 
Hawk



Domesticated from teosinte 
> 6,000 years ago in the 
Tehuacan valley, Mexico

http://www.campsilos.org/mod3/students/c_hi
story.shtml

Credit: Nicolle Rager Fuller, National Science Foundation

http://www.nsf.gov/news/news_images.jsp?cntn_id=104207&org=DEB

http://www.campsilos.org/mod3/students/c_history.shtml
http://www.campsilos.org/mod3/students/c_history.shtml














Alternative use 
of choppers

Tow rope



pdc.unl.edu 

www.ipm.iastate.edu 

Puccinia spp.

www.biomedia.
cellbiology.ubc.ca/

http://www.microscopyu.com/

http://www.ipm.iastate.edu/
http://images.google.com/imgres?imgurl=https://www.biomedia.cellbiology.ubc.ca/cellbiol/media/images/lrg625/1057952205_fung30.jpg&imgrefurl=https://www.biomedia.cellbiology.ubc.ca/cellbiol/user/scripts/qry_media_id.php?media_id=445&h=943&w=625&sz=63&tbnid=S8M54RbHyi6tyM:&tbnh=147&tbnw=97&hl=en&start=157&prev=/images?q=Puccinia+and+rust&start=140&svnum=10&hl=en&lr=&sa=N
http://www.microscopyu.com/galleries/smz1500/cornrustlarge.html


Clean Medium rust High rust

Rust levels of  summer 
(2nd planting) corn in FL
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(Bermudagrass silage; Dean et al., 2005)
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Don’t add sugar sources to corn unless, sugars are < 5% DM





•Hybrid selection

•Growing the crop

•Predicting harvest dates

•Chopping

•Packing

•Sealing

•Feedout

Every link in the 
silage-making 
‘chain’ must 

strive for 
excellence

http://images.google.com/imgres?imgurl=http://myweb.tiscali.co.uk/elvis/images/chainsaw.jpg&imgrefurl=http://novia.com.sg/forums/index.php?showtopic=10520&h=600&w=800&sz=34&tbnid=q-2nfRaCdQgJ:&tbnh=106&tbnw=142&hl=en&start=1&prev=/images?q=chainsaw&svnum=10&hl=en&lr=&sa=G




Can’t get away with 
foul-ups 

‘Deck stacked’ against silage 
production in the tropics

Detailed attention to each ‘step’ required for 
quality silage production in the tropics





Tropical

 Short days, 
 High temperatures, 
 High humidity
 Disease resistant
 Insect resistant
 Long growing 

season

(Lilly et al., 





pH NH3-N
(g/kg 
TN)

Unwilted control 4.75 221

Wilt + No M 4.87 454

Wilt + 20 M 3.93 172

Wilt + 40 M 3.76 189

LSD1 (P<0.05) 0.13 58

(Kikuyugrass silage;  
Piltz et al., 1999)

Molasses (M, kg/ton) Citrus pulp (g/kg)

(Marandugrass silage; 
Bernardes et al., 2005)
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Wiatrak et al. (2004) (Temp)



Wiatrak et al. (2004) 
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(Utley et al., 1997)











http://www-unix.oit.umass.edu/%7Eansci332/images/cornsilbrewersl.jpg




♦Use Sharp knives
♦Unprocessed chop length (1/4 –3/8 inch)
♦Processed chop length (3/4 inch)

http://pages.sssnet.com/suzy9354/CHOPPERHAY.JPG


Spread to depth of  6 inches at a 
time

Use heaviest tractor







♦Sharp knives, chop length 
Unprocessed (1/4 –3/8 inch)
Processed (3/4 inch)

http://pages.sssnet.com/suzy9354/CHOPPERHAY.JPG
http://images.google.com/imgres?imgurl=www.pioneer.com/media/photos/forage.jpg&imgrefurl=http://www.pioneer.com/pioneer_news/press_releases/sampling.htm&h=320&w=305&prev=/images?q=corn+silage+&svnum=10&hl=en&lr=&ie=UTF8&oe=UTF8&sa=N


Choices, 
choices, 
choices!
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