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The long-term objective: to improve integrated pest management (IPM)
practices for cereal aphids in wheat, sorghum, and barley in the United States.

Research Focus: development of new tools and knowledge for enhancing the
role of host plant resistance and natural enemies in IPM programs for cereal
aphids, and expand the basic knowledge of cereal aphid biology and ecology for
more effective crop management.

Studies on the Russian Wheat
Aphid and Other Aphids
Affecting Cereals
Gary Puterka, Research Entomologist
USDA-ARS, Stillwater, OK
Management of Aphid Attacking Cereals Program

The Cereal Aphid Problem
1. Cereal aphids are key pests of wheat, sorghum and other cereals.
2.

From year to year, cereal aphid outbreaks are unpredictable, and
patchy. Significant plant damage and yield losses can occur
when infestations are not detected soon enough.

Control of Cereal Aphids
1. Chemical control measures are the most common means of
controlling aphids and are costly. Insecticides also eliminate
aphid predators and parasites can lead to resurgence of aphid
infestations. Aphids also rapidly develop insecticide resistance.
2. Aphid resistant cultivars can be a cheap and effective way to
manage aphid pests of wheat when they are available. Plant
resistance provides protection throughout the season and
allows aphid predators and parasites to help keep aphid
populations in check.

Research Focuses on Addressing Biotypic
Variation in Russian Wheat Aphid and
Determine How Biotypes Occur.
• Address biotypic diversity in Russian wheat aphid
populations at a regional level.
• Determine if sexual reproduction in the Russian
wheat aphid occurs. If so, address its role in
producing biotypes via genetic recombination.

Aphids typically reproduce asexually where a female can
produce nymphs that are genetically identical to herself.
Being asexual they do not need to mate in order to
reproduce… almost like bacteria.

Aphids use hollow stylets as mouthparts to
penetrate the plant and feed on the plant’s
nutrient rich phloem.
The aphids saliva can cause plant damage
directly (phytotoxic aphid) and can also
transmit viruses (disease vector).

How Aphids Feed

Main Aphids Attacking Cereals
Russian wheat aphid

Greenbug

Bird Cherry-Oat aphid

The Russian Wheat Aphid Problem
Fall 1987
Distribution

The RWA was first detected
in 1986. 1987 reports found it
to be widely distributed throughout
the Western Wheat Belt. It quickly
became the most significant pest
of wheat in the western U.S. Losses
have averaged $200 million/year over
the past 25 years ($2.5 billion).

Detected in 1986
+

(Burd 1998)

The New Russian Wheat Aphid Biotype Problem

Spring 2003
a new biotype
emerged – RWA2
+

The RWA was successfully
managed from 1995 to 2002 by
breeding Dn4 resistance gene into wheat.
In 2003, a new biotype emerged that
overcame this resistance and insecticides
are now used which increased costs.

Chronology of Biotype Discoveries
After the discovery of the new biotype RWA 2, surveys followed that detected
other biotypes showing sudden occurrence of new biotypes.

Combined in 2015
as biotype RWA3/7
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Wyoming

Park
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2005

Colorado
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Colorado

Montezuma

Surveys on The Distribution and
Diversity of RWA Biotypes
1) Surveys on RWA biotype distribution and diversity were needed
at a regional level to better address the biotype problem.
2) Surveys needed to include new sources of resistance to the
current biotypes to insure these resistance sources were still
viable solutions as RWA resistant cultivars.

Biotypes are the Greatest Threat to
Managing Aphids with Plant Resistance.
Response of RWA resistance sources in wheat and barley to RWA biotypes
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Screening for Russian Wheat Aphid Biotypes
Selected RWA resistant and
susceptible wheat and barley
lines are planted in trays and
infested with aphids colonies
arising from a single asexual
female and caged for 2 weeks
before damage is assessed
and biotype is determined.

RWA1

RWA2

RWA Biotype Distribution and Diversity - 2005
Big Horn Basin
RWA1 = 18%
RWA2 = 82%
n-=44

Northern Great Plains
RWA1 = 15%
RWA2 = 85%
n=26

Central Great Plains
RWA1 = 10%
RWA2 = 90%

N. Mexico High Plains
RWA1 = 78%
RWA2 = 22%
n-=51

n =245

Shift in Russian Wheat Aphid
Biotype Composition - 2010

In 2010, following severe winter RWA could only be found in Texas. We
testing these aphids and found Yumar (DN4 resistance) was 100%
resistant and that a biotype shift from RWA2 might be occurring.

Russian Wheat Aphid Biotype Composition - 2011
Results confirmed that a
significant shift in RWA
biotype composition
occurred since 2005.
Results indicated Dn4
resistant wheat (Yumar) may
be again useful as an RWA
management tool vs
insecticides.
Also, new sources of RWA
resistance currently being
developed (Dn7, CI2401) are
still resistant to al known
biotypes.
Surveys determined biotype
compositions can shift over
time and surveys are needed
to monitor for biotype shifts
and new more virulent
biotypes.

Characterize sexual reproduction in the Russian wheat
aphid and its role in biotype evolution
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Asexual reproduction (Overwinters as adults)

3)

The RWA in Eastern Europe is holocyclic. In the USA it was believed to be asexual because from 1986
to 2005 sexual reproduction was not found. We pursued an the idea that new biotypes resulted from
sexual reproduction and were not solely due to new introductions into the USA.

Population expansion

Exploit resources

Using the three other Diuraphis spp. as a model for
sexual reproduction we were able to focus
studies on overwintering ecology of RWA, 2006-2009

D. freqens
on
Blue wild rye

D. tritici
on
Wheat/
grasses

Puterka et al.2010

D. mexicana
on
Mountain
brome

D. noxia
on
Wheat,
Barley,
grasses

In Spring of 2007, A Russian Wheat Aphid Population
was Discovered that Overwintered as Eggs.

Site where RWA sexual reproduction was discovered, April 10, 2007
near Dove Creek, Dolores Co., Colorado. Rare Occurrence.

93 progeny were screened
against 16 cereal entries
over a 2 year period

Discovered Sexual Reproduction in the RWA in Western Colorado,
2007, and Characterized the Biotypic Diversity that Resulted
93 progeny were screened against
16 cereal entries, 47 were
unique biotypes.
Key sources of resistance in
Wheat (Dn7 and PI 2414) and
Barley (9301B) were resistant;
Effective to all currently known
RWA biotypes.
**Research identified the need to
continually monitor biotypes in
RWA populations to give an early
warning to the wheat and barley
industry if new biotypes or
biotype shifts occur. This could
give cereal breeders an early lead
in developing new resistant
varieties.
male

Puterka et al. 2012
2414

Dn7

9301B

female

Laboratory Studies on Sexual Reproduction in RWA

Laboratory Conditions to Induce Sexual morphs of
Diuraphis Species Have Been Defined
Laboratory breeding experiments can:
1) Identify range of virulence in the RWA populations and determine inheritance
of virulence genes through breeding experiments.
2) Determine the potential for hybridization between introduced RWA
and related native species. D. tritici and RWA were found to co-occupy native
grasses.
Many examples exist where hybrids have displaced both parents, destroyed
native habitats, expanded their habitat, and displaced other
species. Hybrids are typically bigger, more aggressive, more widely
adapted.
57 shark hybrids in AUS
Egyptian goose x mallard
Hybrid asexual lizard

RWA successfully Hybridizes with Western Wheat Aphid
Revealing a Potential New Threat to Cereals/Rangeland
Russian Wheat Aphid

Western Wheat Aphid
D. tritici

X

Double cornicles

Hybrid

Balloon wings
Spontaneous
Mutations

Virulence Comparison of Hybrid to
RWA and WWA Parents
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Bad News:
>The Hybrid was more virulent to resistance sources in wheat and barley.
>Hybrids are likely occurring in Nature.
Good news:
>This one was less fit than parents; genetically unstable.
>Dn7, CI2402 still resistant

Current and *Future Research
on Biotypic Diversity in Aphids
•

Continue to monitor RWA biotypes in the future, as well as
detect new wheat pest species (including aphid hybrids).

•

Characterize the role of wild grasses in maintaining RWA
populations and influence on biotypic diversity in RWA.

•

*Continue to maintain all known RWA biotypes and provide
aphid colonies and expertise in screening for new RWA
resistance genes with State and Federal cereal breeders.

•

*Pursue new opportunities based on our research findings and
future needs of cereal producers.

New Invasive Cereal Aphid:
Sipha maydis (Hedgehog Grain Aphid)
• Arrived in California, 2007
•Detected in N. Mexico, 2014

*Serious pest of cereals in Argentina.
*Transmits Barley yellow dwarf virus
*30 species of grasses including
wheat, barley, sorghum and corn

Sipha maydis been reported throughout Europe
and Asia since the 1960’s. It was not reported
to be a significant pest of cereals.

2007
CA

2014
NM

2012
GA

2002

1994

Sipha maydis was a significant pest of wheat and barley in Argentina. Although
it arrived in CA in 2007 it was not reported to be firmly field estabished until
2014 in NM. It’s new common name is proposed as “Hedgehog grain aphid”
due to its spiney appearance and occurrence on cereals.

Distribution of “Hedgehog Grain Aphid” in the
The Great Plains States - 2015
Notes:
• Over 100 sites
sampled –
•Found mainly on
wild grasses
•Also on Wheat,
sorghum, oats.
•Discovered in
Great Plains May
2015.
•THIS SURVEY IS
ONGOING

Two other Sipha species common on grasses or
sorghum in the United States

Sipha elegans
(Spiny grass aphid):
Found mainly on wild Grasses.
Body yellow to dark olive
with black plates at the
base of the setae.

Sipha flava
(Yellow sugarcane Aphid):
Found mainly on Sorghum and
relatives, Sugarcane and
relatives.
Body bright yellow with
white setae.

Research Agreements and
Collaborations
Specific Cooperative Agreements:

1)

Dr. Bob Hammon, CSU: RWA biotype and Diuraphis spp. ecology

Research Collaborations:
1) ARS – Stillwater : Drs. N. Elliott, S. Armstrong & D. Mornhinweg
2) NIH, NCI: Dr. M. Nickerson, Aphid genomics sequencing/assembly
3) ARS – Wapato: Dr. R. Cooper, Lygus bug salivary proteins
4) OSU, Stillwater: Drs. S. Hartson, Peter Hoyt, Protemomics/Genomics
5) CSU - Ft. Collins: Drs. F. Peairs, S. Haley, RWA biotypes/wheat breeding.
6) ARC-Small Grain Institute, S. Africa: Dr. V. Tolmay, wheat breeding
7) Univ. of Pretoria, S. Africa: Dr. A-M. Botha, RWA biotypes/genetics

