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Potato in Africa (SSA)

»Food security and cash crop for ~ 5 million
potato farmers

7y

»Short cropping cycle of 3-4 months; 1-3
growing seasons/year
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» An important crop for the “hunger months”

» Area has increased 2-6x in past 25 years,
~1.6 million ha

» Average yield 6-10 t/ha vs potential yield 40
t/ha




Potato Production Challenges in SSA

» Moderate use of inputs

Ethiopia

.. » Limited knowledge on proper
production practices, no-crop
rotation

» Limited access to seed, re-use
seed over and over

» Informal seed system, 97%

» Limited amount of quality
assured and disease free seed

Consequently,
low yield 6-10 t/ha




» Irish potato famine in 1845-49 when 1.5 million people died
and a million more emigrated: 8.4 million in 1844 had fallen
to 6.6 million by 1851, and still is.

» Loses of up to 10 billion USD/year worldwide*.

» Loses in Sub-Saharan Africa are estimated 2.75 billion/year:
Uganda 40-100%, Kenya 22-80%, Ethiopia up to 70%, etc.

» The main mode of reproduction is asexual and variable
numbers of clonal lineages exist in different countries and
regions.

» Populations are constantly evolving, and usually more
aggressive genotypes appear periodically replacing the
previously dominating genotypes.

» Polycyclic disease that explodes under favorable conditions,
integrated management strategies are crucial. * Haverkort, A. ., Struik, P. C, Visser, R. G. F., &

Jacobsen, E. J. P. R. (2009). Potato research, 52, 249-264
using 2017 production data




Phytophthora infestans: Increased aggressiveness

»Sexually reproducing population - more variation
» Adapted to higher/lower temperatures

» Better survival on tubers
»Shorter latent period

»Higher production of spores

» Breaking of cultivar resistance
»Wider host range

* Haverkort, A. J., Struik, P. C., Visser, R. G. F., & Jacobsen, E. J. P. R.
(2009). Potato research, 52, 249-264 using 2017 production data



Consequences for control strategies?

» Earlier spray start (Hannukkala, 2007)
» Influence of rotation (Bgdker, 2005)
»Shorter spray intervals?

»More need for protection of new growth
(preventive + curative)?

» Tuber protection?
» Stem blight?
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Diversity, distribution and Epidemiology



Factors
Influencing LB

management
in SSA:

Understanding the
factors influencing
LB development is
paramount for
designing
sustainable LB
management
strategies
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Biophysical and Socioeconomic factors influencing LB
management: Case of Kenya Highland

Total quantity of manure applied(kg/ha)
p =< 0.001

<1033.17 =1033.17

Distance to market (Km) Qnty of inorganic fertilizer
=13 =13 =37 =37
4]
Education level of operator Distance to market (Km)

=12

Land size (acres) Qnty
p=0.015

<1052 > 105291
/

MNode 3 (n=23 (n=28 Node 12 (n=8 Mode 17 (n=3. Node 18 (n=1(

T o

Education levels of farm operators
Quantity of inorganic fertilizer

* Quantity of manure application .
e Distance to mkt A
* Land size




P. infestans population in EAC (2016)

TABLE 2. Summary of multilocus genoiype diversity found in the Phyroph-
thova infestans subpopulations found in different countries and on different
hosts for the 20017 full dataset

Polato Tomalo All samples®

Country  Lineage® N°  eMLG* N eMLGY N° All eMLG'
Burundi  2_Al 68 g.11

Us-1 11 10

All Y] A4
Kenya 2_Al 232 719 31 9.61

Us-1 12 9.32

2_AIREF 22 T.68 ..

All G e | o a8 445
Rwanda 2_Al 151 T35 .. ;

Us-1 29 9.12 8 5

All 188 41.1
Uganda  2_Al 260 657 .. .

Us-1 75 073 56 977 i i53

All 391 46.9
Tanzania 2_Al 30 8.27

LIs-1 46 9.749 4 3

All 80 64.3

* Mumber of all Phyvropdichora infestans samples in the respective countries,

b Denotes the P oinfestans clonal lineage: 2_AIREF represents the reference
samples.,

“ NMumber of samples from each clonal lineage in each country on either polato
or Tomialo.

4 Expected number of multilocus genotypes (eMLGs) for each clonal lineage
after rarefaction (or genetic richness at the largest shared sample size) on
either potato or tomato.

® Total number of samples from each country.

T eMLGs for all samples after rarefaction for each country,

> Phytopathology. 2019 Apr;109(4):670-680. doi: 10.1094/PHYTO-07-18-0234-R. Epub 2019 Feb 15.

Genotyping of Phytophthora infestans in Eastern
Africa Reveals a Dominating Invasive European
Lineage

Anne W Njoroge ' 2, Bjom Andersson 2, Alison K Lees #, Collins Mutai #, Gregory A Forbes 7,
Jonathan E Yuen 2, Roger Pelle 4

Affiliations 4 expand
PMID: 30253119  DOI: 10.1094/PHYTO-07-18-0234-R



P. infestans population in Uganda (2016)

»Genotyping carried out 100%
using standardized multiplex 80%
markers (12 SSR markers) 60%

»No virulent Pi strain found 40%
expression of Pi effector 20%
genes: avrblb1l (Ipio-1, Ipio- . ] 0%
2, Ipio-3, Ipio-4), avrblb2 Jun-14 Nov-14 Apr-15 Nov-15 Apr-16
(Ala69, 1le69, Phe69, Val69), BUS1 @2 Al

avrvntl (Vntl).

» Shift from US-1 (2014) to
2 A1 (2016) lineage (no A2 remiacament of Us-1 clonal lineage by a new lineage of

Phytophthora infestans on potato in Kenya and Uganda

°
m ; It I n g ty p e ) A. W. Njoroge s% G. Tusiime, G. A. Forbes, J. E. Yuen
.
First published: 01

September 2015 | https://doi.org/10.1111/ppa.12451 | Citations: 16




Kenyan isolates of P. infestans cluster most closely
with EU_2 A1 (2022)

Laikipla 19
Laikipia 20
Laikipia 17
Laikipia 16
Laikipia 11
Laikipia 07
Nakuru 18
Nakuru 14
Nakuru 13
Nakuru 10

Nakur
Lalklpla 08

_— Nakuru 04
Laikipia 10

Nyandarua 19
aikipia 18
Laikipia 06
Laikipia 12

* Neighbour-joining tree for P. infestans populations from
potato collected in three counties (Nakuru, Laikipia and
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Nakuru 01
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Nyandarua 20
Nyandarua 18
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Nyandarua 16
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Nyandarua) in Kenya along with European and US standard
isolates.

Most of the isolates clustered closer to the EU_ 2 Al
standards than others.
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On going work on Pl survey and distribution study from EAC
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Intercultural Practices/Interventions



ToT, demonstration and training

Use recommended contact and systemic
fungicides

Reduce primary inoculum
Use resistant/tolerant varieties
Using healthy seed not infected with late blight

Remove volunteers from the garden prior to
planting and space plants far enough apart to
allow for plenty of air circulation.

Water in the early morning hours, or use soaker
hoses, to give plants time to dry out during the
day — avoid overhead irrigation.

Crop rotation




Cultural practices.. Rotational practices significantly

reduced disease pressure,

We subset 20 farmers practicing No Spray, pointing to inoculum buildup

but with or without rotation program in with inadequate or lack of
central Kenya. rotation

rAUDPC
g

Marketable Yield (tons/Ha)

No Rotation At Least 1 Year Rotation No Rotation At Least 1 Year Rotation
Rotation Cycle Rotation Cycle




Comparison efficacy of ai and Costs- a case of Kenya with 97 farmers

Susceptibility Level

. Susceptible

Moderate

Resistant

Mancozeb
products
widely used in
SSA is breaking
down

rAUDPC
ElIQ Per Ha

o

*Al alteration: Mancozeb at
before disease;
Famoxadone+cymoxanil
(equation pro) after
disease+Fluopicolide+propamo
carb HCL (Infinito)

Net Return/Ha(USD

Active Ingredients Active Ingredients

Alternating active ingredients proves more effective, cost-efficient and
environmentally friendly.




Empowering Farmers Through

Decision Support

* DSS cut down the number of sprays with no
yield loss

* User-friendly interfaces are necessary for
DSS to be suitable for smallholders-an
example is the portable disk developed by
CIP

 The DSS has potential to empower farmers
with timely guidance for proactive LB
management.
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The Decision *» C of 3 disks repr ing host r

classes

& Support Tool
Active Ingredient (al) Diyaloped by Gl " o Sie Srmivog s romia S

* Rotating circles gives different factor levels,
resulting in spray recommendation



Farmer Practice Integrated use of low EIQ products and DSS

Net Returns USD/Ha
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DSS superiority over conventional farmer
practices, improving yields, eco-friendliness,
and profitability

Resistant genotypes by low El ai interactions
yield better returns.

Active Ingredient (ai)




Marketable Yield (tons/Ha)

rAUDPC
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Decision Support System on Late blight Management

Crop Variety
Spray Regime

Realtime Weather Farmer Feedback to
Data improve Disease
Forecast
Temperature

Precipitation

R Cf\ Compute
d Disease
Thresholds
Farmer receives
text message

Disease Index and
Recommendation

~.3a
AL o
/ \,y‘
ALY

=

High Disease Risk

i



Farmer practice in Rwanda is results in adverse envt. impact!

Kinigi Site Tamira Site

Sp=12

Treatment




The efficacy of Ridomil-mancozeb product generally broke down from 56 DAP
Vio

Farmer Practice

Al alternation

DST

Tamira Site

No Spray

Farmer Practice

Al alternation

DST

Kinigi Site

No Spray

o o M~ =<

»H —
Al [} M~ M~ o (92

a w0
[Lp]
Days After Planting

Efficacy(%
100

75

50

*kx

Significant
reduction of
efficacy
“Darker the
colour bars
the higher
the efficacy”



Susceptibility Level

Susceptible
Moderate

D Resistant

1 | 1 1 | 1 1 1
No Spray Ridomil Orvego Phosphonate No Spray Ridomil Orvego Phosphonate

90 -
80 -
70~

Susceptibility Level

E 60 - . .
= 50~ ' ns ' I Susceptible
B i wh NN

o 40 Moderate

> 230-

D Resistant
o D II
0. L = | |

1 1 | 1 | 1 1 1
No Spray  Ridomil Orvego Phosphonate No Spray Ridomil Orvego Phosphonate
Midland Agroecology Highland Agroecology

Phosphonates
as alternative
low
environmental
impact option,
example from
Kenya




Breeding/transformation for resistant and
tolerant potato varieties



Genetic improvement of potato varieties

* Breeding/Crossing and selection using wild species bearing
LB resistance genes took 46 years* to introgress one single
R gene.

e About 50 potato varieties** were found to bear single or
multiple R genes.

* Long development timeline and durability not guaranteed

*Haverkort, A. J., Struik, P. C., Visser, R. G. F., & Jacobsen, E. J. P. R. (2009). Applied

biotechnology to combat late blight in potato caused by Phytophthora
infestans. Potato research, 52, 249-264.

**paluchowska, P, Sliwka, J., & Yin, Z. (2022). Late blight resistance genes in
potato breeding. Planta, 255(6), 127.

cv. Bionica
cv. Toluca
I
| etc. |
I
[ l
ABPT (4x + 6x) S. tubsrosum
I
I |
ABP (4x) 5. tuberosum
[
[ |
AEF (Bx) 5. phureja (2x)
AB [3x + 4x)

5. acaule (4x)

5. bulbocastanum (2x)

Eric Magembe, Molecular Biologist; Thiago Mendes, Breeder Africa

~ 2005

1980

1965

1959




Home > Theoreticaland Applied Genetics > Article

Potato and sweetpotato breeding at the

=70 20 1990 2000 2010 2020 A
True Potato Seed (TPS) —— = - :
—® Andigenun, Tuberosum, Diploid Hybrid Potato
Neo-tuberosum LBHT, LTVR, TPS
S.stenotomum, S. phureja,
S.goniocayx, S. chacoense

Yy

Pre-breeding for iron >
and zinc density Soapes =

(diploid)* -1 Diploid biofortified

Stenotomum, selections, LTVR, B3

Phureja

.
>

Advanced clones has
been distributed in the
. region for the release
and registration

v
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: Main traits for Highland Tropics: 17> Uaitss Sty fealie:
Tropics: Crop duration (90-120 days) Flowering intensity. - Dry_ matter Fontent
Virus resistance (PVY, PVX, Resiktsnceto LB nenmtodas Style length, pollenfertility, Frying quality TAP.S PublicPrd o
PLRV); Crop duration (70-90 L R Cytoplasmic male sterility, Cookingquality 5 * Brivete -
days); Resigance to bacterial embryo type andvigor, berryset,  Organoleptics Partnership CIP-HZPC Fertility traits:
wilt (BW), late blight (LB), tuberyieldand VitaminC, Fe, Zinc LS Cytoplasmic male sterility
early blight (EB); Tolerance uniformity, LB resistance, Glycoalaloid content® Fertilityrestorer
to drought and heat; Early Maturity, cookingtime Self compatibility

tuber initiation

PICTIPAPA?® PRECODEPA® PRAPAC'® Red Latin Papa‘! CIP-HZPC-SFSA!2 East-Africa Breeding Network



3 R-gene LBR GM potato

Stack of 3 R genes from wild relatives:

* RB (Rpi-blb1) and Rpi-blb2 from Solanum bulbocastanum

* Rpi-vntl.1 from Solanum venturii

6,023
12,064

-_—

—16,379
16,664
18,560
18,585

RB

ﬂgt" 4 EEE

RB LB
pCIP99 (24,819 bp)

T
K 6035
P 12070

Rpi-blb2 Rpi-vnt1.1 =

2 - 4 years

Farmer-preferred varieties:

Victoria/Asante, Shangi, Tigoni, Desiree, Jalene, and Diamant

Target Countries:

Uganda, Kenya, Nigeria, Rwanda, and Ethiopia
Ghislain et al., 2019.
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Plant Biotechnology J, 17:1119-1129



Concluding Remarks

» IPM increases efficacy of control, reduces costs and
environmental side effects

» Lack of fungicides and LB management options in global south,
more investment for favorable policy investment

» Climatic shifts are also contributing to the expansion of LB,
more research in this area

» Favorable political and environmental conditions to deploy
biotec crops

» CapDev at various level, research and partnership with private
and public sector

» Pragmatic approach- collaboration with local, regional and
international expert
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The International Potato Center (CIP) is a research-for-development
organization with a focus on potato, sweetpotato, and Andean roots
and tubers. CIP delivers innovative science-based solutions to
enhance access to affordable nutritious food, foster inclusive
sustainable business and employment growth, and drive the climate
resilience of root and tuber agri-food systems.

CIP is a CGIAR center

CGIAR (Consultative Group on International Agricultural Research) is
a global research partnership for a food-secure future. Its science is
carried out by 15 Research Centers in close collaboration with
hundreds of partners across the globe.

Www.cigar.org

CIP thanks all donors and organizations which globally support its
work through their contributions to the CGIAR Trust Fund.
https://www.cgiar.org/funders/



http://www.cipotato.org/
https://www.cgiar.org/funders/
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