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Background: 

Alfalfa snout beetle (ASB), Otiorhychus ligustica, remains the most destructive insect pest of alfalfa in Northern New York (NNY), and is continuing to spread as shown by the NNYADP funded county surveys conducted in 2005 and 2006..  Alfalfa snout beetle is currently infesting nine NNY counties and has invaded Canada across the St. Lawrence River.  Otherwise, there is no other known infestation of this insect in North America.  

Alfalfa snout beetle was introduced from Europe into the Port of Oswego during the middle to late 1800's in a sailing ship ballast.  Alfalfa snout beetle was first discovered as a problem around 1930 after alfalfa was introduced into Oswego County.  This pest causes severe yield and stand losses on alfalfa by larval feeding on alfalfa roots.  New infestations are often mistaken for winter injury since the majority of plants die after the last harvest and before spring growth.  To date, there are no effective methods of controlling this destructive insect pest.  With other introduced insect pests, two strategies have been effectively used to reduce the insect populations to manageable levels.  These strategies are 1)  identify and incorporate resistant genes into acceptable alfalfa varieties (breeding for resistance) and 2)  identify and establish in NNY biological control organisms from the native home of ASB.

On the John Peck farm located in Northern Jefferson Co. near Great Bend, ASB maintained a population of 1.0-2.5 million beetles per acre throughout the 1990s causing John to lose entire alfalfa fields at the end of the first production year (2nd year of the stand).  During those years, adult beetles emerged in very large numbers and the beetles were very easy to collect in mass.  In 2002, the large adult ASB emergence of past years was strangely absent. The adult emergence on the Peck Farm was also absent in 2003, 2004, and 2005.  A very few adult beetles were observed in 2006.  Our fall 2005 larval survey of the farm showed that there was an absence of ASB larvae feeding on alfalfa roots and more alfalfa on the farm then we have ever seen since we began working on the farm in the early 1990s.  The real question is: "What happened to the snout beetles"? Millions of ASB can still be observed and collected within a mile of the Peck farm.  In the spring of 2006, we collected 20,000 newly emerged beetles in a 2-day period down the road from the Peck farm.   

We initiated field research with entomopathogenic (insect attacking) nematodes on the Peck farm in the early 1990s and those field investigations have continued through 2006.  Over the course of 15+ years of field research on the Peck farm, field plots of less than an acre in size has been established in several of John's fields and nematodes released in these plots during the course of the studies.  Nematodes released in these plots were native nematodes from NNY that were collected during nematode surveys conducted in the early 1990s.  Since these nematodes strains were collected in NNY, they are adapted to NNY conditions and they persist in the field for many years.

We believe that the entomopathogenic nematodes we released on the Peck farm over a 15-year period are responsible for the population crash on the Peck farm, the presence of very low numbers of ASB on the farm and the nice stand of alfalfa in many of John's fields.   

Project #1:  Extensive Survey of the John Peck Farm

Procedure:   

During the 2006 growing season, the John Peck farm located in Great Bend, NY (Northern Jefferson Co.) was extensively sampled for the presence of introduced entomopathogenic nematodes in all of the fields on the farm.  Soil samples were collected during June and September.  At each sampling, 1000 soil samples were collected with the distribution of the soil samples evenly distributed among all of the fields on the Peck farm.  At each site, the soil sample was collected, separated into two sections, placed in individual containers, containers numbered, and GPS coordinates were recorded.  The recording of GPS coordinates allows us to map the exact location of the nematode distribution, once the soil samples are bioassayed for the presence of nematodes.  Each soil sample was taken to Cornell University and bioassayed in the laboratory for the presence of nematodes by using the multiple baiting technique on the soil sample with wax moth larvae purchased from a fishing bait supplier.  A total of 2000 soil samples were collected and bioassayed from the Peck farm.

Results:   

Both species of entomopathogenic nematodes were found present in low numbers in all of the fields on the Peck farm, even in fields were they were not introduced through field plots.  Nematodes were introduced onto the farm in a series of field plots to evaluate the effectiveness of these nematodes as biological control agents against alfalfa snout beetle starting in 1991.  Since these nematode species are persistent and remain in the soil for many years, a different field needed to be selected each time a new series of field plots was established.  New field plots were established in 1990, 1991, 1994, 1995, 1996/97 and 2004.

Impact:   

Results from this survey confirm that the entomopathogenic nematodes released on the Peck farm from 1990-97 were responsible for the population crash of alfalfa snout beetle on that farm.  We also find the movement of the nematodes around the farm through the movement of soil during the farming operation, movement of infected beetles and on their own very encouraging and exciting.  A relatively small number of nematodes were released in 5 different fields over a period of 7 years with the total treated area of each field being much less than one acre.  The farm supported very high numbers of alfalfa snout beetles during this time with numbers exceeding 1 million beetles per acre.  The high levels of snout beetle undoubtedly assisted the establishment of nematodes in the fields along with assisting the spread through movement of infected individuals before they died of the infection.  Large-scale spring emergences were recorded on the farm from the late 1980s through 2001.  Starting in 2002, large-scale adult snout beetle emergences were absent on the Peck farm and those emergences have remained very low in 2003-2006.  Large adult snout beetle emergences were observed within a mile of the Peck farm so the snout beetle population decrease is unique to the Peck farm.  It is interesting to note that the occurrence frequency of nematodes in soil samples taken on the Peck Farm in 2006 is very similar to the frequency of nematodes in soil samples in the parts of Hungary where snout beetle is not easily found and is not considered an agricultural pest of alfalfa.  The information collected from extensively soil sampling the Peck farm for the presence and distribution of nematodes increases our belief that the snout beetle population crash on the Peck Farm was a result of the released nematodes.

Project #2:  Developing a farmer-friendly method to inoculate their own farms
Now that we believe that entomopathogenic nematodes have a real demonstrated

potential to reduce the snout beetle population throughout the infested area, the focus

needs to be on the development of a farmer friendly system to culture the nematodes on

the farm and allow the farmers to inoculate their own fields with this biocontrol

organism.  The focus of farmers producing their own nematodes and inoculating their

own farm make sense to us because commercially available nematodes often have lost

their ability to persist in the soil for long periods of time due to artificial rearing

techniques and the commercially available nematodes are too expensive to purchase for a

low value commodity like alfalfa.

On farm culture of nematodes:  

The infective juveniles of nematodes are free-living in the soil where they locate suitable insect larvae to attack, invade and kill.  These dead insect larvae are then used as a food source to produce the next generation of free-living infective juveniles.  A single moderate sized insect larvae will produce between 200,000 and 300,000 IJs.  Insect larvae sold as fish bait are available for $35 per thousand larvae and those thousand larvae will produce between 200 million and 300 million infective juvenile nematodes for field release.  The process of infecting insect larvae with nematodes is quite simple requiring only a limited amount of soil and a few shallow disposable pans.  The final mass rearing technique is currently being worked out in the laboratory this winter.

Field nematode inoculation by farmers:  

The technique for farmers to inoculate their own fields is a bit more of a challenge.  The IJs, once emerged from the insect cadaver are very sensitive to UV light exposure and desiccation.   For research plots, we allow the IJs to emerge from the cadavers, suspend the nematodes in water and spray the nematodes onto the soil surface using a conventional sprayer.  We replace the typical flat fan nozzles with a fertilizer stream nozzle and remove the screens from the nozzles.  While this system works well, the handling of the delicate IJ nematodes makes this system less desirable for the producer.  There are two other possibilities where the nematode IJs are more protected.  The first is to broadcast the insect cadavers into the alfalfa field before the IJs emerge.  While within the insect cadaver, the IJs are protected from UV, handling damage and desiccation.   The second method is to allow the IJs to emerge into soil where they are protected from UV and desiccation and broadcast the soil onto the soil surface of the field.  With the second technique, the soil containing nematodes could be broadcast from a small fertilizer spreader mounted to a 4-wheel ATV.

Project #3:  2006 Field study:  

Procedure:    

In the early summer of 2006, we attempted to inoculate six different snout beetle infested fields in four different counties by spreading nematode infected insect cadavers on the soil surface after the first cutting.  The plots were designed in the following manner.  The plot was laid out with the grain of the field and measured 2 ft x 500 ft.  The plot consisted of a single row of 50 flags set 10 ft apart and the farmer was asked to leave the narrow strip of alfalfa surround the row of flags during the 2nd and 3rd harvest of the field.  At each flag, two insect cadavers were laid on the top of the soil.  One cadaver contained the NY001 nematode strain and the other cadaver contained the Oswego nematode strain.  Each field plot (6 total) was visited every two weeks for the remaining of the growing season and soil samples were collected at selected flags throughout the plot to track nematode establishment and nematode spread away from the point of inoculation.  These data would document nematode establishment and establish a rate of spread away from the point of establishment.  These data would then be used to evaluate the potential of using cadavers for nematode field inoculation and suggest the density of cadavers required to fully inoculate a field with nematodes.

Results:  

At all sites, there was an extremely low establishment of released nematodes.  We were very surprised because when these nematodes are sprayed onto the soil surface with a conventional sprayer, we have always achieved a very high level of establishment.  A very careful search in the vicinity of each plot flag failed to find the remains of any insect cadaver, typically remaining after nematode emergence.  We strongly suspect that the placed cadavers were consumed by the resident population of mice, shrews and skunks which are present in every alfalfa field.  In addition, we left a very easily trail to follow from flag to flag for the dining pleasure of these residents.  The total lack of nematode establishment strongly suggests that the consumption of cadavers by the resident varmints occurred within 36 hours of cadaver placement on the soil surface.  We were convinced that this method was a sure-fire method for field inoculation but as we all know, “ the best plans of mice and men . . . . “.

Plans for 2007   

In 2007, multiple field sites will be selected in the same four counties to continue with these investigations.  An array of multiple inoculation techniques will be compared in each of the fields to establish the best techniques with a focus on farmer simplicity.
Outreach   

Results to date have been discussed in various Extension Education meetings and will be included in future meetings particularly in the NNY infested regions of the state.
Person(s) to contact for more information (including farmers who have participated:

Elson Shields, Department of Entomology, Cornell University, Ithaca, NY; Email:  es28@cornell.edu; Voice:  607.255.8428

