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Meteorologically Based Forecasts of Regional 
Cereal Aphid Populations

Ian MacRae, UMN - NWROC, Crookston 

Research Question

  To evaluate the potential of a meteorologically 
based forecasting system developed for aphid vec-
tors of potato diseases for use in predicting regional 
populations of small grain aphids.

Results

  Biological factors influencing overwintering sur-
vival of cereal aphids were identified through the 
literature.  Although these varied by species, it was 
decided to use those of the most common cereal 
aphid in Minnesota, the Bird-Cherry Oat aphid, as 
criteria for identifying the most likely overwintering 
locations.  These criteria included: extreme minimum 
temperatures not below -10C, Low Level Jets (LLJs) 
not higher than 1500m (air temperatures above this 
would be too low at night for survival), and a LLJ 
period of no more than 36h (longer periods may 
strain fat reserves and impact reproductive potential 
of dispersing aphids). According to these criteria, 
the most likely overwintering location for 2006 was 
identified as Missouri.  Both Kansas and Nebraska 
had favorable winds to be potential overwintering 
locations but both suffered severe drought condi-
tions which impacted wheat.  In addition, most of the 
wheat producing areas of both states had periods 
of temperatures below -10C (14F) either in Decem-
ber of 2005 or in February of 2006. Consequently, 
high aphid populations were not reported in either 
state.  Missouri, however, was less drought stricken 
and had more moderate winter temperatures.  As a 
result, Missouri reported high aphid populations in 
winter wheat in mid- to the end of April, at which time 
populations decreased. This decrease may in part 
have been caused by seasonal emigration of aphids.  
The LLJ activity into NW Minnesota was monitored 
weekly and potential immigration events from that 
location were ground truthed.
   Aphid populations were associated with LLJ activity 
by running a backwards trajectory on the HYSPLIT 
model of a LLJ event that began in MO and ended at 
a destination field (a field in MN identified with early 
aphid populations).  Initially, there were a number 
of LLJ events originating in or near MO that did not 

correspond with aphid populations; there was no 
clear correlation between LLJ events and aphid 
establishment in MN.  In similar research conducted 
for potato aphids, it was found that the presence of a 
precipitation event in the destination area was neces-
sary to transport aphids from the LLJ to the ground.  
Therefore, it was also felt that to be a probable cereal 
aphid LLJ destination, a precipitation event needed to 
be associated with the LLJ as it arrived in the region. 
Using these criteria, three potential fields were identi-
fied in which cereal aphids could be associated with 
LLJ activity: a field at the NWROC in Crookston, a 
field in proximity to the MN Small Grain Variety tri-
als in Rothsay, and a field in Oklee.  All three fields 
were identified early in their crop phenology (~4 leaf 
stage for each field) and the existing colonies had 
only recently been established.  This was assessed 
by examining the stage of the aphids present, all of 
which were wingless nymphs.  This is descriptive 
of establishing aphid colonies; colonies are estab-
lished by incoming winged aphids who give birth 
top several live young and then move onto another 
location, but winged aphids cannot give rise to other 
winged aphids, only wingless forms.  First genera-
tion wingless nymphs must develop into wingless 
adults, their offspring, however, may become winged 
adults.  Consequently, a colony made up of immature 
wingless forms, in the absence of any adults, must 
be a newly established colony.  Additional fields were 
not identifiable as initially colonized by immigrat-
ing aphids despite the population fitting the above 
description; the climatic conditions for aphid repro-
duction and survivorship in 2006 were so favorable 
that populations in infested fields rapidly increased.  
Consequently, it was impossible to say if other fields 
were associated an appropriate LLJ event or had 
aphids as a result of local field-to-field movement.  
   The most effective method of monitoring the arrival 
of aphids in infested fields was visual inspection, 
which hindered early detection because it required 
physical presence of the research team.  Both yellow 
sticky traps and pan traps would have provided a 
much more effective early warning, but their trapping 
efficiency was very low.  This is somewhat surpris-
ing; although yellow sticky traps have a mixed record 
of success depending on the aphid species and the 
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crop, pan traps have been shown to be very effective 
in a number of situations.  It may be climatic condi-
tions were not favorable for either method.  Travel 
was conducted to other potential LLJ destinations 
and associated visual inspection and sweep sam-
pling was attempted, but, as aforementioned, rapidly 
increasing aphid populations made it impossible to 
differentiate local movement and regional immigra-
tion.
   At all 3 locations, there is a consistent potential 
LLJ event associated with precipitation at the end 
of April.  In fact, the only potential LLJ event associ-
ated with precipitation and the presence of aphids at 
Oklee occurred on Apr. 29 (Fig 1a in appendix).  A 
similar event occurred at the NWROC field and in the 
Rothsay location (Figs 1b&c in appendix respective-
ly) although there were other potential dates for both 
of these locations.  The timing of the late April LLJ 
event seems to correspond with the flagging popula-
tions in Missouri.  It also may indicate that aphids are 
arriving in the region prior to the availability of hard 
red spring wheat as a potential host.  It was previ-
ously thought that small grain aphids immigrated into 
the region probably when spring wheat was in the 
2-4 leaf stage (at least that is when populations are 
frequently observed).  It may be that cereal aphids 
are arriving earlier and populations are building on 
alternate hosts.  This may not be improbable; it is not 
uncommon in other aphid species which re-establish 
their populations annually in northern Minnesota and 
the 4 aphid species commonly infesting commercial 
small grain can survive on grasses and other alter-
nate hosts (several species of which are present and 
could be functioning as green bridges until wheat is a 
suitable host).  This raises the questions of how early 
do aphids arrive in the region and are there cultural 
control tactics that may decrease the probability of 
field infestation.
   The results of the project are far from conclusive; 
the rapidly increasing aphid populations prevented 
further investigation of other potential fields.  How-
ever, there are indications that LLJs fitting the pre-
scribed criteria and originating from probable over-
wintering locations may serve as an early warning 
for aphid populations in small grains.  Further, these 
data also indicate small grain aphids may be arriving 
in the region much earlier than previously thought.

Application/Use

   This project will improve the efficacy of scouting for 
aphids in small grains and provide information that 
will assist in management decisions.  Currently, there 

is a trend to prophylactic application of insecticides, 
generally applied at heading.  This timing is inap-
propriate for small grain aphid populations.  Should 
aphid populations require treatment, they generally 
are developing by flag leaf and treatment is better 
timed (and will provide better economic return) at 
this time.  A system of predicting aphid populations 
will underscore the necessity of scouting for aphids 
earlier in the season and provide growers with a tool 
to aid in scouting efforts.

Materials and Methods

  The appropriate LLJ conditions to cause immigra-
tion events for small grain aphids will be established 
in the spring of 2006 through a literature search.  The 
HYSPLIT model output will be monitored weekly 
through the project period by the PI.  Events that 
could lead to potential immigration events will be 
noted.  If possible, contact will be made with small 
grains entomologist in the source regions to assess 
small grain aphid populations there to determine if 
immigration is likely (the presence of aphid borne 
small grains diseases will be queried at this time 
as well).  Several small grain fields will be sampled 
across the region using a combination of sweep net-
ting, in hand examination, pan trapping and sticky 
trapping.  Each of these capture techniques may 
be subject to local influences (topography, weather, 
etc) and vary in efficacy and the most effective will 
be utilized in a given area.  Samples must be taken 
across the grain production region to provide suf-
ficient data to confirm the influence of LLJs in trans-
porting aphids.  Aphid populations will be correlated 
with predictive LLJ events that terminate at these 
different locations to assess the accuracy of predic-
tive meteorologically based models to forecast small 
grain aphid populations.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

   Decreased scouting costs, increased accuracy in 
treatment decisions.
 
Related Research

  A similar project was funded by the USDA CSREES 
North Central IPM grants program for aphid vectors 
of potato diseases and was successfully completed 
in 2006.
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Recommended Future Research

   I hope to continue the project next year next year 
with alternate funding and will not request further 
funding for this project from the MN Wheat Research 
& Promotion Council. Research will also be initiated 
to investigate when cereal aphids arrive in the region.

Appendix
Figure1a. The backtrack trajectory output of 
HYSPLIT for the Apr 28/29 LLJ event.  The 1000m & 
1500m trajectories originate in/near SE MO, crossing 
MO and arriving in Oklee, MN on Apr 29.
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Figure 1b.  The backtrack trajectory output 
of HYSPLIT for the Apr 28/29 LLJ event.  
The 1000m & 1500m trajectories originate 
in/near SE MO, crossing MO and arriving in 
Crookston (NWROC), MN on Apr 29.

Figure 1c.  The backtrack trajectory output of 
HYSPLIT for the Apr 28/29 LLJ event.  The 
1000m & 1500m trajectories originate in/near 
SE MO, crossing MO and arriving in Rothsay, 
MN on Apr 29.


