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Emergence of MLN in eastern Africa

e September 2011: Disease first reported in the lower parts of
Longisa division of Bomet District of Kenya.

e February 2012: Noticed in Bomet Central division, spreading into
neighboring Chepalungu, Narok North, Narok South and Naivasha
Districts of Kenya.

e April 2012: Disease further spread to Sotik,, Koinon, Transmara,
Rumuruti, Kisii, Bureti, Kericho, Mathira East, Imenti South and
Embu Districts of Kenya

e In Tanzania: Lake zone (Mwanza and Musoma), Manyara, Arusha
and Moshi
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Disease Symptoms

LALTRETRITITYY

Shortened Internodes Early leaf necrosis



Pathogen Diagnosis

= Collaboration between KARI, \ /o
CIMMYT and USDA/OSU (Wangai et (3!
al. 2012) \

" First report of MCMV in Kenya.

= MLN is a viral disease caused by
combined infection of maize with
Maize Chlorotic Mottle Virus
(MCMV) and any of the Potyviruses
infecting cereals (e.g., SCMV, MDMV
or WSMV).




u

arcane mosaic virus

(SCMV) Maize chlorotic mottle virus




Global occurrence of MCMV/MLN

Peru 1973 Castillo and Hebertt (1974)

USA CLN 1976 Niblett and Cafflin (1976)

Argentina CLN 1982  Teyssandier et al. (1982)

Mexico MCMV/MLN 1987 Delgadillo and Gaytan (1987)

Thailand MCMV 1983  Cited in Uyemoto (1983)

Brazil MCMV 1983  Cited in Uyemoto (1983)

China MLN 2011 Xie et al. (2011)

Kenya MLN 2012  Wangai et al. (2012)

Tanzania MLN 2012 CIMMYT Task Force Report to Ministry of
Agriculture, Tanzania

Uganda MLN 2012  Godfrey Asea’s presentation in MLN
Workshop (Nairobi; Feb 12-13, 2013)

Rwanda MCMV 2013  Claver Ngabiyasonga's presentation

during MLN Training Workshop (Nairobi;
July 1, 2013)



MLN in a Hybrid Seed Production
Field in Tanzania




Seed industry under stress in EA

Seed demand has decreased
in the MLN-affected region by Severe vulnerability of

commercial varieties
several thousand tons. .
released in Kenya

Demand has changed; sales Screening of 119 commercial
have reduced. maize varieties (both hybrids
and OPVs) released in Kenya
under MLN artificial

Import restrictions inoculation trials in Naivasha
and Narok in Kenya revealed
117 if these are highly

vulnerable to MLN!
* I[ncrease in cost Of seed Source: STAK-KARI trials (2012-13)

* Product not available

Lots of carry over seed.

Seed treatment with systemic
insecticides:



Why is MLN devastating in EA?

« MCMYV Is new to the region + interaction with
SCMV (new strains?) in the region

« Conducive environment for survival and
spread of insect vectors

« Continuous maize cropping Iin certain regions
— build-up of virus inoculum

* Widespread cultivation of susceptible
germplasm that has never been screened for

MCMV




MLN Facts and Actions

Maize lethal necrosis (MLN)
disease in Kenya and Tanzania:

Facts and actions

A sartous now disease of maize appeared In the farmary’ ficlds In castam
Africa in 201 1. Callod matze lathal necrosts (MLN; or coen lethal necrosts, CLN),
& an dovastata maize crops. The disaase s dificult to control for two reasonss

1. Itiscaused by a combination of two viruses that are difficsk to

dificrantiate individuallly based on vesual symptoms.

2. Tha insects that transmit the disoase-causing viruses may be carriad by

wind ower long distances.

Nmoml and global rezearch and extension organizabons,
and F are workng together

to control the spread olthcdmmmdmdcwiopmd

deploy disease-resstant maize varieties for the famers 25

2000 25 possible,

What causes MLN?

The disease was first identiBed in the USA in 1976 (Niblett
and Claflan 1978). MIN 5 caused by the double infection
of matze plants with Maize chlorotic mottle virus
(MCMV) and any of the cereal viruses in the Potyvindae
group, such 25 Sugarcane mosasc virus (SOMV), Maze
dwarf mosaic viras (MDMV), or Wheat streak moaic
virus (WSMVL MOMV or SCMV typecally produce malder
symptons when they mfect maize alone; = combination,
these two viruzes rapsdly produce a synergastic reaction
that sertously damages or kills infected plants.

Where has MLN appeared?

Kenya: [mtal reports of an unknown disease outbreak
surfaced in September 2011 in the Bomet county m the
South Rift ; further reports appeared in carly 2012
in Naivasha, Narok North, Narck South, Chepalungu,
and Sotik, a5 well as parts of the Eastern Province
{Embu and Meru) and the Central Province (Murang'a,
Kinnyaga, and Nyeri). MLN has al=o been reported
recently n Trans.Nzosa, Uasn Gishe, and Buza,

A saenbfic team from the Kenya Agncultural Research
Institate (KARI)} and the International Maize and Wheat
Improvement Center (CIMMYT) sampled infocted maize
plants i Bomet and Naivasha in Febroary-March 2012
The sampies wene tested by serology and maolecular
methods for the presence of MCMV and SCMV at

Tanzania: In August 2012, reports of an unknown maize
desease emerged from Mwanza, near Lake Victora, and
Arusha. CIMMYT was invited by the government of
Tanzania to survey the affected regions and identfy the
diseaze. Infected plant samples from the Mwanza and
Arasha regions were serologically positive for MCMV and
SCMV, confirming the presence of MILN.

Is MLN a new disease?
Yes, although one of its comp viruzes, SCMV, was

in Kenya many years ago (Louse 1580, MCMV &=
a new wvirus for Afnca; it had not been reported previoasly
in Kenya, but was first sdentified = Pera in 1973 (Castillo
and Hebert 1974) and subsoguently reported in the USA,
parts of Latin Amenica, and Chana (Niblett and Claflin 1978;
Uyemoto 1983; Xie et al. 20111 Wangai of al. (2012) reported
MCMV and MLN m Keaya for the &irst hme.

What are the typical symptoms?

* Mild %o severe mottling on the
leaves, usually starting from the
base of young leaves in the
whorl and extending upwards
toward the leaf tips.

* Stunting and premature aging of

the plants.

Dying (known 25 “necrosis” ) of the

lcaf margans that progreases to the mad-rb and

eventually the entire leaf,

* Necromsof young keaves in the whorl before expansion,
leading to a symptom known as “dead heart” and
eventually plant death.

How severe are farm-level crop losses?

USDA-AKS/Oio State Univeraty (Pog Rodinbaugh's

Laboratory), Wooster, Ohio, USA, svdlanﬂbe!‘ood

and Environment Rescarch Agency, Sand Hutton, York,
next-generation with results and

using
dearly indicating the presence of MLN (Wangas et al.
2012, Adams et al 2012).

Infe rates and damage can be very hagh, senously
affecting yiclds and sometsmes causing complete koas of
the cop (Wangai ot al. 2012; Adams et al. 2012). Infected
plants are frequently bamen; cars formed may be small oc
Geformed and set itle or no seed.

When and how are maize plants infected?
Magze plants are susceptible to MIN at all stagesin
their growth, from seedling to matunity. As with all viral
’ diseases in plants, a camer-—~known as a
»_ “vectortransmits the MEN- causmg
viruses from plant to plant and field to
fidd. MCMYV is carned by thrps and
beeties (Nault ot al. 195, iang et al.
1992) and SCMV by aphids (Brandes
1920 Pemberton and Charpentser
19651 Transmizacn of MCMY via seed
from infected plants is normally very
Jow (LOSE; Jensen et al. 1991

How can MLN be controlled?

Based on CLN/MLIN management expeniences in the USA,

rigorons discase management practoes in soed production
plots, mcduding use of remistant vanehes, controfling
weeds [ alternate hosts, keeping unnecessary machines/
pecple out of the feld, controlling msect-vectors using
appropriate insechicde (at weekly mtervals), and having
adeguate 1solabion from MEN-infected fickds, can prevent
the spread of the disease. Bocause individual plants with
MOMV or SCMV aloae show malder symptoms, soed
production fiedds must be carefully mspected and plants
that appear miected removed immedsately.

How can farmers prevent MLN in their fields?

* MILN does not oocur on crops other than maze; 0
avoid growing maize after maize. Diversfy your farm
enterpnise by planting dufferent crops cach season.

* Do not plant a new maize crop near an fected Seld.
Wind-blown insect vectors can transmit the disease
from the infected field to the new crop.

* Plant masze at the onset of the main ramy season, rather
than dunng the short rain season; this creates 2 break
between maize crops and sterrupts the disease cycle.

¢ Woed Hedds regularly to elimsate alternate hosts
for msect vectors.
¢ Use maize vaneties that are reastant to MLN.

What should farmers do if they find MLN in

their fields?

* Immediately remove discased plants from your
fields. You can feed the leaves to vestock.

Do not allow humans or ansmals to eat infected
ears or grains, which may contain socondary fungal
miections and harmful mycotonans. Bum miected
ears and grains.

Can MLN resistant maize varieties be

developed soon?

Prelimanary data from one season of screening
under natural disease pressure of 43 pre-commencial
mage hybnds and 7 commenaal hybnds at Bomet,
Cheplatwal and Natvasha (Table 1), and of 200

chite inbeed lines at Naivasha (Table 2) suggest that

MLN maize germplasm can be identified
and developed quickly. KARI, (JM\H T, and other
partners will frm the p ce of pre-

commercial hybrids and mbmdf. that chowed the Jeast
sesceptidity to MLN and work urgently to develop
rezstant vanches.

Are there potential sources of SCMV resistance?
Because MLN reguires amultaneous infechon by
two virumes, reastance against any one of the cauzal
virases could sgnificantly reduce crop damage.
Results of a tral of dite CIMMYT mbred lmes under
artifidal SCMV inoculation showed several highly
rezstant lines (Table 3)

3l (INMYT hybrids with least susceptibility under natural discase pressure

Bomet Gropletwal
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MLN Regional Workshop and Field Day (Feb 12-14, 2013)

« 70 scientists, seed company breeders/managers, and representatives
of Ministries of Agriculture and regulatory authorities in Kenya, Uganda
and Tanzania

« Training on MLN disease diagnostics

* MLN field day showed responses of diverse maize germplasm to
responses to MLN under high disease pressure

« KEPHIS representative announced the commitment to fast-track MLN
resistant hybrid release.




Optimizing artificial inoculation protocols
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MCMV amplification Inoculum application using a mounted pressure sprayer
in a trial in Narok (MLN Hot Spot) in Kenya

Technical support from USDA/OSU and KARI




Do we have elite maize germplam resistant to MLN?

Screening of inbred lines developed by CIMMYT, IITA and KARI,
as well as CIMMYT pre-release hybrids against MLN during
2012-2013

CIMMYT-KARI team evaluated so far ~1000 maize

genotypes in MLN trials:

* 335 eliteinbred lines and 366 pre-commercial
hybrids under artificial inoculation in Narok (Kenya)

* 350 eliteinbred lines and 135 pre-commercial
hybrids under natural disease pressure in Naivasha
(Kenya)

10-15% of the evaluated maize germplam revealed

resistance or moderate resistance against MLN!



Promising CIMMYT inbreds and pre-release hybrids
agalnst MLN |dent|f|ed |

MLN-resistant line

MLN- susceptlble Ilne @aBE  VLN-resistant line



UPDATE: Promising
CIMMYT maize inbreds

and pre-commercial hybrids

identified against maize

lethal necrosis (MLIN

in eastern Africa
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Tabls 2. Sedectad CIMMYT pra-raleass hybrids showing potential resistancs or modsrata resistancs against LN
unidar artthoal incoulation in Marok, Kenya [2012-2013).
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Several more
promising pre-
release hybrids
under validation
trials in Narok this
season.

Seed requests for
promising inbred
lines and hybrids will
be attended to in
July-August 2013.



Ensuring a continuous flow of MLN resistant elite
maize germplasm in SSA

" |Integrating MLN resistance as an integral component of
maize breeding strategy and product pipeline, across
projects.

= Establishing a centralized MLN screening facility in KARI-
Naivasha (under artificial inoculation) is in progress

= QOpportunity for screening elite germplasm for CIMMYT,
KARI as well as other public and private sector partners in
eastern Africa.

= A network of MLN testing sites (under natural disease
pressure) in eastern Africa to evaluate promising
materials from artificial inoculation trials.



CIMMYT's ongoing efforts in identifying/
developing MLN resistant maize germplasm

Hybrids currently in NPT in different countries

Pre commercial hybrids from different projects
Elite SC widely used in ESA

Early and medium kits regional trials

Elite inbred lines from different CIMMYT projects
DTMA and IMAS association mapping panels
Selected bi-parental mapping populations
Commercial hybrids from different companies
Selected landrace accessions from CIMMYT Gene F

WCIMMYT.



Accelerating MLN resistant germplasm development
Molecular marker-assisted breeding

" Possible to identify major genomic regions
influencing resistance to MLN

= CIMMYT-KARI team is presently undertaking GWAS
and validation using biparental populations to
identify molecular markers for MLN resistance

" Molecular marker-assisted backcrossing for
conversion of selected elite but MLN-susceptible
inbred lines into resistant versions.

= MABC, if some major QTL can be found, reduces time
required several-fold (2-3 BCs instead of 6-7 BCs).



Preliminary QTL for MLN resistance (bi-parental popn)

Chr4 Chr5 Chr6 Chr9
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MLN disease severity (127,669 SNPs)
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Accelerating MLN resistant germplasm development
Using doubled haploid (DH) technology

= A state-of-the-art maize DH Conventional inbred line development
facility is being established L
by CIMMYT in Kiboko
Station; will be ready by
Sept 2013.

- i
. i X\

Genetic purity 99.2%

* The DH technology, in
combination with molecular
markers, can help reduce by
half the time taken for
developing MLN resistant
versions of existing elite
susceptible lines.

DH line development
(takes only 2—3 generations)

H
%

>
) 30% Genetic purity 100 %




Seed Systems Support

" |nformation on elite inbreds and pre-release hybrids with
resistance (R) or moderate resistance (MR) to MLN under
artificial inoculation conditions (besides natural disease
pressure) shared with public and private partners in ESA,
including Kenya, Tanzania, Uganda, Rwanda, Ethopioa,
Zimbabwe, Zambia, Mozambique, Malawi and South
Africa.

" Seed requests received from several partners — seed
exchange will take place in July-August, with first priority
to institutions in eastern Africa.

" Some promising hybrids in NPTs and some more in
pipeline — emphasis on wider reach through non-
exclusivity, till supply is more than the demand.



How can we better control MLN? Short-term

Harmonizing maize plantings, and ensuring a maize-free
period

Promoting good agricultural practices, including crop
rotation with non-cereals (e.g., legumes)

A massive awareness drive, including farmers and extension
agencies -> for effective local quarantine

Seed companies/ seed units to ensure that seeds are
treated with appropriate seed dressers at the
recommended rates.

Guidance to farmers on regime of MLN management,
including pesticide application in the field

+ identification, fast-track release delivery of MLN resistant
maize varieties



MLN Epidemiology:
Unanswered Questions

= |s MLN in eastern Africa only due tO  Table 1. Plants tested for susceptibiliy to sirains of MCMV
(Scheets 2004).
MCMV + SCMV or due to MCMV +
any other member of Potyviridae in

Genera with

Susceptible both immune

genera and susceptible

different countries? S

Axopor?us Andropogon Agropyron
What alternate hosts of MLN- e ovena | oS
. . . F ; Buchl, C Ie]
causing viruses are prevalent in the s Catamonit Dactylie
. (0] El ] Diaitari,
region? How best to control them? | raspaim | Eagrosiis | Echinochios
Poa Euchlaena Panicum
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. . . S st Z
active insect-vectors spreading the Sorghum. -
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Triticum

Status of hosts listed in this table are a result of experimental
inoculations, not natural field infection.

Nelson et al. 2011

= How frequent is seed transmission
of viruses, especially MCMV? When
is seed transmission most likely to
happen?



Understanding MLN Insect-vector Dynamics

= Survey and identification of vectors endemic
to eastern Africa that are capable of
transmitting MLN-causing viruses, especially S
MCMYV and SCMV

= Determining patterns of insect-vector
movement and MLN disease development
under natural conditions.

= Understanding of the effects of novel seed
treatment technologies on the biology of
insect-vectors transmitting MLN-causing
viruses, and virus transmission competence.

A competitive grant call has been announced
recently under the MAIZE CRP.

Leaf hoppers



MLN-free Germplasm Exchange

We can possibly exchange seed produced from a MLN-
free location (e.g., Kiboko) in a MLN-endemic country
(e.g., Kenya) to other MLN-endemic countries in eastern
Africa (e.g., Tanzania and Uganda), but NOT to any
country where MLN has not been reported so far,
including Ethiopia and southern African countries.

Seed for international shipment from an MLN-endemic
country can only be produced in a MLN-free location,
and following due diligence.

MLN Quarantine Site to be established very soon in
CIMMYT-Zimbabwe.

Comprehensive protocols being developed by CIMMYT
for rigorous compliance in ESA.
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The pessimist complains about the wind.
The optimist expects it to change.
The realist adjusts the sails.
- William A. Ward




