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Outline

= Persistence Pays! — R&D and Adoption Lags

= Changing Food and Agricultural R&D Realities
Worldwide

= U.S. Agricultural Innovations in a Global Context

e The Case of Wheat Rusts



From Innovation Investment to Adoption and Impact
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lllustrative Technology Timelines (US)
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Bt Corn

Bacillus thuringiensis (Bt) discovered in
Japan (and 1911 in Germany)
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U.S. Maize Technology Adoption Lags
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Corn Movement in the U.S., 1899-2007
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Shifting Ground

The Global Food and Agricultural R&D Landscape



Global Public and Private Food & Agricultural R&D, 1960-2011
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Spatial Concentration -- Top 10 Country Share and Rank
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Shifting Global Shares of Public Food & Ag R&D, 1960-2011
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Shifting Global Shares of Public Food & Ag R&D, 1960-2011
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Shifting Global Shares of Public Food & Ag R&D, 1960-2011
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Agricultural R&D, Innovation and Adoption
Sustainable Productivity Performance

= Economic challenges

 Comparative advantage and international competiveness

" Environmental challenges and changes

e Climate (drought, heat stress, water logging etc)
* Crop pest and diseases



Productivity Maintenance — The Case of Wheat Rusts

Running hard to stand still!

Leaf Rust

Stripe Rust

Stem Rust



Stem Rust

Appendix Figure 1: Reported State Losses (share) Due to Stem Rust in the U.S., Selected
Years.
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The Spread of Ug99 Stem Rust

Now 13 known variants spread across 13 countries

Race

Country (Year of 1* detection)

TTKSK

Uganda (1998), Kenya (2001),
Ethiopia (2003), Sudan (2006),
Yemen (2006), Iran (2007),
Tanzania (2009), Eritrea
(2012), Rwanda (2014), Egypt
(2014}

TTKSF

South Africa (2000), Zimbabwe
(2009), Uganda (2012)

TTKST

Kenya (2006), Tanzania (2009),
Eritrea (2010), Uganda (2012),
Egypt (2014), Rwanda (2014)

TTTSK

Kenya (2007), Tanzania (2009),
Ethiopia (2010}, Uganda
(2012), Rwanda (2014)

TTKSP
PTKSK

PTKST

‘Ethiopia (2007), Kenya (2008), |

South Africa (2007) |
Ethiopia (2007), Kenya (2009), |
Yemen (2009)

South Africa (2009), Eritrea

(2010}, Mozambique (2010),
Zimbabwe (2010)

TTKSF+

South Africa (2010), Zimbabwe
(2010}

Kenya (2014)

TTKTK

Kenya (2014), Rwanda (2014),
Uganda (2014), Eritrea (2014),
Egypt (2014)

TTHSK

Kenya (2014

PTKTK

Kenya (2014)

TTHST

Kenya (2013

=

Tanzania

.S

Race Summary
Name
PTKSK
PTKST
TTKSF
TTKSK
TTKSP
TTKST
TTTSK

ENeENEN

TTKSF+
TTKTT
TTKTK

TTHSK

>oe b

PTKTK
TTHST

Updated from Singh et al 2015

CIMMYT February 2016
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Jin, Y., Szabo, L. J., and Carson, M. 2010.
Puccinia strifformis life history solved with the
an an altemate host. Phytopathology 100:432-43

T RET,

The life history of Puccinia striformis remai
altcrmate host has never been identificd. Inog
acciospores from naiurally infected Berberis o
resultcd in infection on Fou pratensis, producin

rust caused by P striformis. Analyses using rc
reastion and DNA sequence confirmed the rus|
Pycnia and accia were produced on B. chinens

by University of Minnesota - Twin Cities - Wilson Library an 03/02/12. For personal use only

Life histories (or life cycles) of most rusi
crops and prasses have been well under
century. The life history of Puccinia
organism of stripe (or yeilow) rust of imp
prasses. remains a mystery because the al
for P striiformis has never been identifie
assumed that 72 striifrmis is a macrocyclig
based on similarities with other cereal rl
identify the alternate host by infecting vi
species with germinating teliospores of P2
(4.11.15). Mains (10) suspected Berberis
allermale hosts of P. strifjormis because|
P koeleriae, P. and 2

The Emergence of Ug99

Races of the Stem Rust

Fungus is a Threat to World

Wheat Production
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Characterization of Seedling Infection Types and Adult Plant Infection Responses
of Monogenic Sr Gene Lines to Race TTKS of Puccinia graminis f. sp. tritici

Y. Jin, United States Depariment of Agriculture-Agricultural Rescarch Service. (USDA-ARS) Cereal Disease Labo-
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Research in the Dry Arcas (

ABSTRACT

Jin, Y., Singh, R. B, Ward, R. W.,

and Yahyaoui, A 2007. Character|
respanses of monogenic Sr gene i
91:1096- 1099,

Stem rust, caused by Paccinia gray
discases of wheat and barley. The
the widespread use of host resistand
charscterized for their reactions t
sponses o race TTKS (also known|
ment of the for a giv

Detection of Virulence to Resistance Gene Sr24 Within Race TTKS

of Puccinia graminis f. sp. tritici

n and I

J. Szabo, United States Dy of A
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Labma(cry. University of Minnesota, St. Paul 55108; Z. A. Pretorius. Department of Plant Sciences, University of
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Agriculture and Agri-Food Canada, Winnipeg. MB. R3T 2M9, Canada

summarizes adult plant infection
designated Sr genes challenged wi
suscepiible infection responses in
6, 7a, 7b, 8a, b, Ya, 9b, 9d, 9, |
Monogeric lincs of resistnce send
Tmp.and Tt=3. A

IINIFAP-CEVAMEX, 56230,
HUSDA-ARS, Cereal Discase L
SCIMMYT, ICRAF House, Un
Nairobi, Kenya

“Kenya Agricultural Research I
(KARI-NPRRC), P.O. Njoro,

Keywords
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Abstract
Race Ugh? of the fungd

black rust discasc on whel
races belonging to the U
o various wheat-growing
well asZimbabwe, South
susceptibility of 90% of e
group of races was recoy
and food sccurity. lts sp
to other countries in Afr
Kenyaand Ethiopia hasi
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of Berberis. Hart and Becker (5) followed this lead but failed

10 produce infection on Berberis or Mahonia with teliospores

of P striifformis. Due to these failures and a fact thal the
o

of an alternate host for P. striiformis in nature has been doubted
(6).

In June 2009, we observed severe secial infection on B.
chinensis, and light infections on B. Koreana and on ‘Emerald
Carousel, an interspecific hybrid between B. koreana and B.
thunbergii. Preliminary inoculation on grasses using seciospores
resulted in infection only on Poa pratensis, producing uredinia
typical of stripe rust cased by P strifformis, suggesting that
Berberis spp. might be an aecial host of this fust fungus. We
report the identification of aecial hosis of P striiformis 1. sp.
poae, and the clucidation of the complete life history of P.
striiformis . sp. tritici.

Coresponding suthae: Y. Jin; E-mail sddross” yus Jin @ars usta gov
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chamber was imermittently misted to ensure high humidity
(=100% relative humidity) and maintain free moisture on leal
surfaces. After inoculation, plants were maintained in 1 growth
chamber at 18 o 20°C with a photoperiod of 12 h.

Inoculation on Berberis spp. tella of 1 striiformis 1. sp.
tritici. Wheat straw bearing telia of P. strifjormis €. sp. {ritici was.
harvested from an experimental field at the University of Cali-
fornia, Davis (CA). Leaf tissue was soaked in water for 24 h,
rinsed thoroughly, and maintained moist by wrapping in
moistened paper towel. Teliospore germination was monitored by

Resistance in U.S. Wheat to Recent Eastern African Isolates
of Puccinia graminis f. sp. tritici with Virulence to Resistance Gene Sr3/

Y. Jin, USDA-ARS Cereal Disease Laboratory, University of Minnesota, St. Paul; and R. P. Singh, CIMMYT. Apdo.

Postal 6-641, Mexico D.E. Mexico

ABSTRACT

Jin, Y., and Singh, R. P 2006. Resistance in U S. wheat w recent eastern Afncan isolates of Puc-
cinia graaninis €. sp. ritici with virulence 1o resistance gene S 3. Plant Dis. 90476480,
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Stem rust of common wheal
aestivurm) and durum (T, urei
durum), caused by Puccinia gral
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been used worldwide in spring.
and winter wheat through the

use of Russian and other Easi

Commesponding aihor Y. Jin
oty

plating teliospores onto water-agar plates and
observing the plates under a microscope, When teliospore permi-
nation was detected (usually 48 h afler plating). straw was
suspended over plants of . chinensis, B. holstii, B. koreana, and
B. vaigaris, and plants were incubated for 4 days in a mist
chamber with a diumnal temperature regime (12-h
and 12-h day at 15°C). Afler inoculation and incubation, plants
were mainiained in a growth cabinel al the same diurnal

temperature/light regimes.
ing resultant aeclospores

Inoculation on Line E wheat us
produced on B. chinensis. Leaves of B. chinensis bearing aecia
from telial inoculation were placed onto a piece of filter paper
salurated with waler in a petri plate for 6 hi 1o promote the release
of acciospores. Water drops were placed onto aeciospore masses
1o make an aeciospore suspension. Seedlings of Line E wheat
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Emergence of Virulence to SrTmp in the Ug99

ABSTRACT

Jin, Y, Szabo, L. I, Pretorius, Z. A, Singh, R. P, Ward, R_, and Fetch, T. Jr. 2008. Detection of
virulence to resistance gene 5+24 within race TTKS of Puccinia graminis [ sp. fritici. Plant Dis
92:973-926.

The stem rust resistance gene 5+24 is effective apainst most races of Puccinia gram

o L sp.
tritici, including race TTKS (syn. Ug09), and is nsed widely in commercial wheat cultivars
worldwide. In 2006, susccpéible infection responses were ohscrved on wheat lines and cultivars
carrying 5724 in a field stem rust screening nurscry af Njoro, Kenya. We derived 28 single-
pastule isclatcs from stem rust samples collected from the 2006 Njoro nursery. The isolates were
cvaluated for viralence on 16 North American stem rust differential lincs: on wheat lincs carry-
ing 5r24. S731. Sr38, and SrMch: and on a wheat cultivar with a combination of Sr24 and 731
All isolates were identificd as race TTKS with additional virulence an Sr3/ and Se38. These
ates were: divided inlo two groups: group A (seven isolates and the two control isolates),
producing a low infection type, and group B (21 isolaies), producing a high infection type on
24, respectively. Isolates of sroup B represcnted a new variant of race TTKS with virulence to
Sr24. Fightcen simple sequence repeat (SSR) markers were used 1o cxamine the genetic rela-
tonship between these two groups of isolates in race TTKS and five North American races
(MCCF, QCCQ, RCRS, RTHS, and TPMK) that are representative of distinct fineage groups. All
isolates of race TTKS shared an identical SSR genotype and were clearly differcnt from Narth
B rets. TR Mgl sl St i s 1 e i vl of ee TS wil
Sr24 viraence likely has ariscn via mutation within the TTKS genctic lincage. We proposc
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Race Group of Wheat Stem Rust, Puccinia
graminis f. sp. tritici, in Africa

M. Patpour, M.
Slag

of Plant Pathology, St. Paul, MN, USA: ¥, Jin and L. ). Szabo, USDA-ARS, St
UsA; U. Hodson, CIMMYT- Ethicpia, Addis Ababa, Ethicpia; A. A. Shahin, Plant Pathology the Unw of Minnesots
Research Insdute, Sakha, Kafrelshelkh 33717, Egypt: R. Wanyera, KALRO Plant Breading

Research Center, Njore, Kenya; L. Habarurema, Rwanda Agriculture Board (RAB), P.O.
BZARDI, P.0O. Box 1356, Mbale, Uganda,

Box 5016 Kigali, Rwanda; and S, Waobil

. Hovmeller, and A. F. Justesen, Aarhus University, F
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monogenic resistant line LeSr24Ag as well
as from obscrvations on brecding lines and
cultivars known to carry this genc. Sr24
was highly cffective in the stem rust
scrcening nursery at Njoro, Kenya in 2005
where race TTKS was predominant (6)
Infection responses were resistant to mod-
erately resistant, with terminal stem rust
severity up to 20%. However, in the 2006
stem rust field screening nursery at Njoro,
we observed a low frequency of urcdinia
(pustules) with infection responses of
moderately susceptible to susceptible types

on the two monogenic lines for Sr24,
L:SruAg and Agent/9*LMPG, and many
breeding lines and cultivars carying $r24,
suggesting that virulence o Sr24 was.
present in the nursery. The bjective of this
study was to determine variation in vini-
lence and genctic relationships among
isolates of race TTKS.

MATERIALS AND METHODS

Sample collection and storage. Sam-
ples were collected in September 2006
from wheat lincs and cultivars known or
suspected to carry 524 or Sr3/ in & stem
rust nursery (0°20°S, 35°56'E) in Njoro,
Kenya. Leaf sheath tissue bearing moder-
ately susceptible or susceptible pustules
were cut inta pieces of 2 ta 3 cm in length,
with true stem tissue and nodes removed to
facilitate the drying process. Each sample
consisted of three to five pieces of tissue
collected from the same line within a plot.
Samples were placed in glassine bags and
air dried for 3 to 4 days at room tempera-
ture. A subsct of samples was vacuum
dricd. Dried samples were mailed using an
cxpress mail service with a transit fime of
14 days from the date of mailing to the
date of arrival at the destination. Upon
receipt. the samples were placed immedi-
ately in a —80°C freezer and were stored
for approximately 3 months. In al. 11 ficld
samples collected from nine cultivars or
lines in the Njoro nursery were processed
in the study: | sample from an unknown
linc, 1 from a linc carrying Sr31. and the
remaining 9 samples from lines suspected
to carry 5724, Samples stored in glassine
bags were repackaged into ziplock bags
after removal from the storage froezer and
submersed in a water bath at 43°C for 15
min. After the heat-shock treatment. ured-
iniospores from cach sample were col-
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Doing Good by Doing Well

US Wheat Rust Research in a Global Setting



Stem Rust Climate Suitability

B Persistently vulnerable
Bl seasonally vulnerable




Stripe Rust Climate Suitability

B Persistently vulnerable
Bl seasonally vulnerable




Leaf Rust Climate Suitability

B Persistently vulnerable
Bl seasonally vulnerable




Three Rusts—Seasonally Vulnerable

B One rust type

| Tworust types

S Three rust types
. yp

Note: Suitability prediction based on growth index (Gl) values from the CLIMEX model



Vulnerability to Wheat Rusts Worldwide

Stem, Leaf and Stripe Rust Vulnerability

None Only One Only Two All Three
(Percentage of output, all farms)
Western Europe 0.0 0.0 0.7 99.2
< North America 2.2 12.5 37.1 483 >
Australia 0.0 10.3 17.8 71.9
Sub-Saharan Africa 11.0 3.6 13.9 71.6
China 0.0 0.0 11.5 88.5
India 6.3 18.8 72.5 2.5

@d 3.2 6.9 27.1 62.7>




Concluding Remarks

= U.S. losing considerable global market share in terms of (public) R&D
spending

= R&D likely to remain highly spatially concentrated

* A growing disconnect between the geography of agricultural demand
and the location of agricultural R&D performance

= Shift towards more contestable and project-oriented (often shorter-term)
funding of public science

 The problems are just as hard as they ever have been

* The present returns are just as high (pointing to persistent
underinvestment)

= Requires political will to think long term and reinvest and revitalize
agricultural R&D in the U.S. and elsewhere in the world (especially among
the poorer countries)
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