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One CGIAR: a global research partnership for a food secure future.
15 research centres; over 70 countries

CGIAR on-the-ground
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ILRI offices and
staff worldwide

ILRI is co-hosted by both the
governments of Ethiopia and Kenya,
with offices in 8 other countries in
Africa (Burkina Faso, Burundi, Mali,
Nigeria, Senegal, Tanzania, Uganda
and Zimbabwe); 4 countries in Asia
(China, India, Nepal and Vietnam).

ILRI has approximately 600
permanent staff (with a gender
breakdown of 40% female and 60%
male).

ILRI’s mission is to improve food and nutritional security and to
reduce poverty in developing countries through research for
efficient, safe and sustainable use of livestock — ensuring

better lives through livestock
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o Demand for food will keep growing
Especially in LMICs

Demand for milk, meat, eggs is
increasing fastest in LMICs driven by
population, rising incomes and
urbanization

Poultry

Not based on significant over-
consumption in LMICs

Projections based on IMPACT model, Dolapo Enahoro (ILRI), Percentage changes in demand 2010 to 2030

* 1.7 billion people derive some livelihood ] Share of total livestock-
from livestock; over half a billion depend on derived foods produced by

livestock small farms in 2010 30%

* Livestock are fundamental to many

economies; provide income, jobs, and S0
supporting risk mitigation !
e s e e e Farms of less than 20 hectares provide: E%
sustainability, make food crop farming even  Nearly 50% of the world’s livestock and cereals, e
possible for many in the Global South — and close to 70% of the livestock and cereals in
circular bioeconomy, integrated livestock- emerging and developing economies
food farms

s of less than 20 hectares provide:
50% of the world’s livestock and cereals, and close to 70% . Share of total livestock-derived foods prd
ivestock and cereals in emerging and developing economies by small farms in 2010




Climate change is expected to have major impacts
on livestock productivity
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Climate change is expected to have major impacts on livestock, including
increased heat stress in animals in many parts of the world.

Smallholder systems of lower- and middle-income economies are more
vulnerable to the impacts of a changing global climate than other dairy
systems

Even though dairy cattle in sub-Saharan Africa is subject to high ambient
temperature and relative humidity, research on the effect of heat stress
on livestock productivity and milk production under this climatic
conditions is very limited or largely non-existent.

Heat stress is important for dairy production because of its negative
effects on productivity and ultimate profitability of the farmers
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......cont’d

* Dairy cattle develops numerous physiological mechanisms for coping
with heat stress including reducing feed intake which results in reduced
milk yield.

In bulls
Lowered libido
Reduced sperm cell concentration
Reduced sperm cell mobility
Increased % of abnormal sperm cell

In cows
Changes in milk composition
Increased occurrence of mastitis
Lengthened oestrus cycle and

shortened oestrus periods
Reduced conception rate
Placental malfunction
Decreased foetal growth rate
Increased embryo mortality

In calves
Low birth weight
Reduced growth rate
Reduced ability to survive
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Few published articles quantifying the effect of heatstress on livestock productivity in SSA

Contents lists available at ScienceDirect

Livestock Science
e
4

i R
ELSEVIER journal homepage: www.elsevier.com/flocate/livsei

Evaluating the impact of heat stress as measured by temperature-humidity

index (THI) on test-day milk yield of small holder dairy cattle in a
sub-Sahara African climate

C.C. Ekine-Dzivenu® , R, Mrode ™", E. Oyieng ®, D. Komwihangilo, E. Lyatuu 5, G. Msuta %, J.M.

K. Qjango®, AM. Okeyo®

Contents lists available at ScienceDirect

Animal

The international journal of animal biosciences

Modeling heat stress effects on dairy cattle milk production in a tropical
environment using test-day records and random regression models

M. thia, M. rer, N. Reinsch * S
TJhe (l)vl!)lilécr{lﬁ/e oMﬁgrsPug\?l\r}vsgs to detect heat stress thresholds, milk yield
loss and individual animal variations using random regression models for
dairy cattle from test-day milk records.in Kenya

Considering a one day lag, the estimated heat stress thresholds were about

22 ° C and 69 index units for TA and THI respectively.

TR

Proceedings of 12th World Congress on
Genetics Applied to Livestock Production
(WCGALP)

Technical and species orientated innovations in
animal breeding, and contribution of genetics to
solving societal challenges

Editors: R.F.Veerkamp and ¥ de Haas
Published: 2022 Pages: 3264

elSBN: 978-90-8686-940-4
httpsdfdoi.orgf 0.3920/973-90-3536-940-4

Book Type: Canference Proceedings

410. Genomic analysis of milk yield and heat tolerance in small
holder dairy system of sub-Saharan Africa

Django (D), AM. Okeyo (1)
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Contents lists available at ScienceDirect

Animal 15.5 21.0
The international journal of animal biosciences £ 150 s )
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Modeling heat stress effects on dairy cattle milk production in a tropical | M) 2135 17.0 E
environment using test-day records and random regression models i = S5t _—
J.M. Mbuthia, M. Mayer, N. Reinsch * Fig 1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
M. : M- > ] ) . Month
The objective of this study was to detect heat stress thresholds, milk yield loss and
individual animal variations using random regression models for dairy cattle from el
test-day milk records in Kenya 15
Commercial farms, 4 main dairy breeds: Friesian, Ayrshire, Jersey and Guernsey =14
Dyl -
The general pattern is a seasonal fluctuation of milk yield following weather variation, 2 TN
particularly temperature. The lowest milk yield was in March which also had the highest 12 e S
average daily temperatures of 20°C g » \“
o
@ N
. . . 10
Heat stress thresholds were about 22 °C and 69 index units for TA and THI, after which a *
declining trend was observed ®1
8

As expected, milk loss increased with increasing heat load. The comfort zone for 55 56 57 58 59 60 61 62 63 64 65 66 67 66 69 70 71 72 73
o : - . e

TA was below 22 °C after which a declining trend was observgd. Average milk ‘ Fig 2. The trends of daily test-day milk yield response

yield loss was —-0.27, -0.19 and -0.35 kg/°C per day for the first, second and third to THI for the first three lactations

lactation, respectively.

The THI comfort zone was below about 69, above which there was a declining
trend in milk yield. The average milk yield loss was —0.29, -0.19 and -0.37 kg/THI
unit per day for the first, second and third lactation, respectively.
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There is different degrees of variation btw cows with almost no change in variance along the
THI trajectory for cows in the 1st and 3rd lactation but tended to increase across the THI
trajectory in the 2nd lactation.

ILRI | ;
INTERNATIONAL %F Flg 3 15
NeEn St CGIAR 55 57 59 61 63 65 67 690 71

INSTITUTE
THI

g

Individual cow variance (kg?)
M
5]




400day milk yield trend in Tanzania
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index (THI) on test-day milk yield of small holder dairy cattle in a s By i
sub-Sahara African climate 0 50 100 150 200 250 300 350 400 450
} Fig. 1. Days in milk
C.C. Ekine-Dzivenu® ', R, Mrode ®°, E. Oyieng?, D. Komwihangilo, E. Lyatuu 5, G. Msuta ¢, J.IM.
K. Ojango?®, A.M. Okeyo® 7.7 78
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6.9 70
Part of a wider project called AADGG ( African Asian Dairy Genetic Gains project) which is 68 9
deyeloplng and testing a multi-country genetic gains platform . ‘ o i ot e 7 s s o0ou b
using smallholder dairy cattle performance data and genomic information Months of the year

F|g2 . ave Milk e e aveage THI
Daily milk yield followed the pattern of a lactation curve and peaked at 8.5l in 60 days Fig. 3. Trend in milk yield snd Temperature Humicicy Index (THI) across monthe.

Seasonal fluctuation of milk yield following weather variation

This study evaluates the effect of heat stress on milk production and describes the pattern
of response of milk yield to increasing heat load, using temperature-humidity index (THI)
on test-day milk records of crossbred dairy cows in small holder dairy cattle herds in
the sub-Saharan African climate of Tanzania.

Average THI Across Months

Average Milk Across Months
()]

o ) Shape of milk yield response to increasing THI
Results indicate that cows experienced heat stress between THI values of 67 and 76

and daily milk production, reduced by 4.16% to 14.42% across THI groups (heat stress
levels).

Milk yield showed a W-shaped pattern of response across the THI scale at the
population level, indicating a non-linear relationship between milk yield and THI

THI and its squared term were significantly negatively and positively (-0.61, 0.004)
associated with milk production indicating that there is no unique slope and change in (61,661 o PO (76:8) e
milk yield is different across the THI interval. Fig. 3. THI interval groups

Least square means of milk yield
within THI interval


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lactation-curve

O bJ e Ct|Ve Proceedings of 12th World Congress on
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(WCGALP)
The goal of this study, was to evaluate changes Technical and species orientated innovations in
in genetic parameters for milk yield and heat animal breeding, and contribution of genetics to

tolerance in small holder dairy cattle FelIAE) SeECel A ChErE

population of Tanzania under different heat
stress (THI) thresholds as a first step toward
including this trait in selection indices for CISBI: 976,00 8585.040.4

dairy Cattle in the region' https:idoi.org1 0. 39200973-90-8686-4940-4
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Results

Table 1. Basic description of milk yield and weather data.

11

Estimated breeding value (EBV) for a random
sample of sires

4

. |Mean  |Std  |Range | 3
'Milk, liters [W&l0 4.21 1-38 o 2
21.05 5.50 11.6 - 30.64 il
80.48 3.73 68.06 - 89.61. .
76.3 3.78 69 - 82 L, 69 70 71 72 73 74 T6 T 75 7e—8e—8i—22
Table 2. Estimates for genetic parameters and heritability for milk i

production at different THI thresholds (heat stress levels). ———65769 ———55133 59078 ———63039 ———51938 —— 59188 ———50155
VarianceComponents | 69 | 71 | 78 |
_983(1 21) 9.16 (1.32) 7.52(1.39)

N 0.10(0.61) 1.96(1.20) 2.15(0.95)

VN -1.00(0.59) -2.10(0.93) -0.24(0.72)

IR -0.99(NE) -0.50(0.15) -0.06(0.19)

[V -0.92(NE) 0.64(NE) 0.90(NE)

2 8.85(0.38) 6.65(0.37) 5.47(0.43)

A 5.47(0.12) 4.79(0.12) 4.15(0.18) ILR] &
[, O35 0.4 0.50 LRl <&




Use of the data for Genomic analysis of milk yield and heat tolerance for small holder dairy

system of sub-Saharan Africa

Objective: Evaluate changes in genetic
parameters for milk yield and estimate
breeding values for milk production
under heat stress conditions.

Genotype

Phenotype Climate Data

Cows and bulls genotyped : _ .
on the 50K chip and Obtained using GPS coordinates of the

imputed to the Illumina HD farms, data includes daily maximum
chip and minimum relative humidity.

Variance THI Thresholds

Components | 69 | 71 | 78 |

B o:: 9.16 752

‘ + m 0.10 1.96 215

g -1.00 -2.10 -0.24
m -0.99 -0.50 .0.06

Shape of milk yield response to increasing THI 65769 55133 59078 63039 51938 59188 59155

Monthly milk collected,
between Nov 2016
and May 2020

Data —phenotype, genotype, weather

Results Antagonistic relationships
between milk yield and thermal

7.6
7.4
7.2

H

2
. . ET
tolerance. Milk production reduced 58, >3
by 4.16% to 14.42% across THI gz o x2
groups (heat stress levels). §§ o 2
o
N 5.8
Reaction norm shows genetic g 56 o e o e e 0 —
variations exist between sires, THI Intarval groups 4 89 70 71 72 713 74
. . . T THI
indicating the possibility to select | |
animals that perform optimally in : §
. .p P y Chinyere Ekine-Dzivenu QDGG R[ %‘%
different environments. . : Aicn oy GERCON s L
cekine@cgiar.org ) depodceerdpofitidoiycon . [{EETNT L CGIAR
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Take home message

« Our study detected antagonistic relationships between milk yield and thermal tolerance for heat stress.

e This result suggests that selection for increased milk yield disregarding heat tolerance will result in
deteriorating heat tolerance in this population.

It is important to note that not observing animals across the THI gradient due to low retention of cows in the
small holder farms may contribute to the low permanent environmental variances observed.

* Moderate heritability estimates for milk yield over different heat stress levels show potential to genetically
improve milk yield for climate conditions with high THI values howbeit with care to avoid unfavourable
correlated response of thermal stress on milk production.

« The reaction norms for the sire EBVs along the trajectory of THI indicates that genetic variations exist which
can be used to select animals that perform optimally in different environments.
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Take home message cont’d

In the longer term

ldentifying sires and dams that carry genes to improve thermotolerance and using them for
breeding

Precautionary measures need to be taken for mitigation

ILRI
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Herd management and animal husbandry measures to protect the animal from too much heat.
- Direct protection from sunlight using shades in form of trees
- Corrugated sheet metal painted white on the top

Provision of adequate feed and water at all times

Increasing the use of concentrate when the weather is hot

.

CGIAR




African Asian Genetic Gain Program

Addressing the challenges
facing small holder livestock (dairy) systems
through innovative application
of ICT and genomic technology

Little or no systematic way for data collection to drive
ILRI & sustainable breeding programs. Continuous Phenotyping
across a wide range of very dispersed smallholder farms
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http://www.forbes.com/sites/mfonobongnsehe/2011/08/02/the-best-african-mobile-apps-icow/
http://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiq17_kh9PJAhUC9h4KHRwvAbQQjRwICTAA&url=http://www.icfj.org/sponsors/bill-and-melinda-gates-foundation&psig=AFQjCNF651CcMtuauzrET5p5YNTvXfUoGg&ust=1449897650328716
http://www.google.com/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjJg5fUkd3JAhUKlxoKHdCDB4oQjRwICTAA&url=http://www.dgwgo.com/rural-farming-news/sruc-seeks-farm-volunteers-national-e-coli-sampling-programme/&psig=AFQjCNEIPkFzxtRP5q53WCqSEI-bCt0V0A&ust=1450243897983656
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The International Livestock Research Institute (ILRI) is a non-profit institution helping people in low- and middle-income
countries to improve their lives, livelihoods and lands through the animals that remain the backbone of small-scale
agriculture and enterprise across the developing world. ILRI belongs to CGIAR, a global research-for-development
partnership working for a food-secure future. [LRI’s funders, through the CGIAR Trust Fund, and its many partners make [LRI’s
work possible and its mission a reality. Australian animal scientist and Nobel Laureate Peter Doherty serves as ILRI’s patron.
You are free to use and share this material under the Creative Commons Attribution 4.0 International Licence ©@®.
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better lives through livestock

ilri.org

ILRI thanks all donors and organizations who globally supported its work through their contributions to the CGIAR system

Patron: Professor Peter C Doherty AC, FAA, FRS
Animal scientist, Nobel Prize Laureate for Physiology or Medicine—1 996

Box 30709, Nairobi 00100 Kenya ilri.org Box 5689, Addis Ababa, Ethiopia

Phone +254 20 422 3000 better lives through livestock Phone +251 |1 617 2000
Fax +254 20 422 3001 Fax +251 |1 667 6923

Email ilri-kenya@cgiar.org ILRI is a CGIAR research centre Email ilri-ethiopia@cgiar.org

ILRI has offices in East Africa = South Asia = Southeast and East Asia = Southern Africa » West Africa

@ & This presentation is licensed for use under the Creative Commons Attribution 4.0 International Licence.
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