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Abstract:
The wheat stem sawfly Cephuscinctus Norton is a destructive pest of wheat, Triticum sp., in the
Triangle Area of northern Montana. Based on producer surveys, grain losses exceeded $25-$30 million
per year in 1995 and 1996 in Montana alone. The biology of the wheat stem sawfly allows for dramatic
population fluctuations during one growing season thus making management of this pest species
difficult. An integrated pest management approach is needed to bring these severe infestations to an
economically tolerable level. I investigated sawfly distributions and several management tactics of
which many were in use by producers in Montana. I report here on adult sweep net sampling, larva
sampling, shallow fall and spring tillage, tillage implement effectiveness and swathing and their
contribution in developing an IPM program for economic management of the wheat stem sawfly.

Adult sampling and field sampling reported that, with the right conditions, sawflies can infest entire
fields. Significant levels of sawfly larval mortality were reported with implementation of tillage and
swathing management tactics. All my results indicated the importance of understanding the biology of
the wheat stem sawfly so that management tactics can be directed toward the infested portions of fields.
My results also indicated that for management of this pest species control tactics need to be
implemented in such a manner as to attack the sawfly at all angles possible. Only through an integrated
approach will this pest species be brought below the economic injury level. 



IN  FIELD DISTRIBUTIONS OF THE WHEAT STEM SAWFLYj 

(H ym enoptera; CepMdae)., AND EVALUATION OF SELECTED 

TACTICS FOR AN INTEGRATED MANAGEMENT PROGRAM

by

Hayes Blake Goosey

A thesis submitted in partial fulfillment 
of the requirements of the degree

of

Master of Science 

in

Entomology

MONTANA STATE UNIVERSITY 
Bozeman, Montana

May 1999



© COPYRIGHT

by

Hayes Blake Goosey 

1999

All Rights Reserved



APPROVAL

of a thesis submitted by 

Hayes Blake Goosey

This thesis has been read by each member of the committee and has 
been found to be satisfactory regarding content, English usage, format, 
citations, bibliographic style and consistency, and is ready for submission to 
the College of Graduate Studies.

Gregory Dean Johnson
-<C bdirpe^n, Graduate Committee) (Date)

Approved for the Department of Entomology

Gregory Dean Johnson X  ////VV-
(He4d, ^ntohfology) ) (Date)

Approved for the College of Graduate Studies

(Date)
Bruce R. McLeod



BI

STATEMENT OF PERM ISSION TO USE

In presenting this thesis in partial fulfillment of the requirement for a 

master’s degree at Montana State University, I agree that the Library shall 

make it available to borrowers under the rules of the Library.

If I have indicated my intention to copyright this thesis by including a 

copyright notice page, copying is allowable only for scholarly purposes, 

consistent with “fair use” as prescribed in the U.S. Copyright Law. Requests 

for permission for extended quotation from or reproduction of this thesis in 

whole or in parts may be granted only by the copyright holder.



iv

ACKNOWLEDGMENTS

I would like to thank Greg Johnson for his help in developing this project 

and for his advice and experience in IPM field work. I would also like to thank 

all my committee members, Kevin O’Neill, Larry Jackson and Wendell Morrill 

for reviewing this work. I would like to thank Sue Blodgett for her help and 

experience with IPM field work and exposing me to the world of extension. I 

would like to thank Mark McLendon for his help with field work and the long 

hours spent driving. I would like to thank April Taylor, Bobbi Killum, Erin 

Doran, JasonYuhaz and Cecil Tharp for sample processing and for countless 

hours of field work in less than desirable conditions. I would like to thank Larry 

Anderson and Mark Heiken for use of their crops for sampling. Finally I would 

like to thank Terry Peters and Kurt Kammerzell for use of their wheat crops 

and farm equipment and for their time and patience.



TABLE OF CONTENTS

Page

LIST OF TABLES............................................................................................. ,...vii-vm

LIST OF FIGURES..................................................................................................... ix^

ABSTRACT.....................................................................................................................

INTRODUCTION..................................................................   1

Objectives of this study......................................................................................3
Distribution...........................................................................................................3
Biology of the Wheat Stem Sawfly.................................................................4
Damage and Dollar Losses.........................................................  5
Methods of Control...............................................................................................®

Cultural Control.......................................................................................?
Tillage............................................................................................ 8
Swathing.......................................................................................9
Trap Cropping............................................................................ H
Alternate Seeding Dates.............................  H
Burning........................................................................................12

Insecticides..............................................................................................12
Biological Control................................................................................... 15
Resistant Cultivars..................................  16

MATERIALS AND METHODS..................................................................................19

Adult and Larval Distributions...................................................................... 20
Adult Sampling.......................................................................................20
Larval Sampling.................................................................................... 21

Management Tactics......................................................................................... 22
Tillage Implement Trials......................................................................22
Fall Tillage.............................................................................................. 23
Spring Tillage......................................................— .............................. 26
Comparison of Swathing and Direct Combining.........................29

Statistical Analysis......................................................................................... —30

RESULTS........................................................................................................................31

Adult and Larval Distributions...................................................................... 31
Adult Sampling.......................................................................................31
Larval Sampling.................................................................................... 33



TABLE OF CONTENTS - C ontinued

Management Tactics...............................................................
Tillage Implement Trials............................................
Spring and Fall Tillage...............................................
Comparison of Swathing and Direct Combining

Page
....... 49
....... 49
....... 52
....... 53

DISCUSSION.

Adult and Larval Distributions.............................................
Adult Sampling..............................................................
Larval Sampling...........................................................

Management Tactics................................................................
Tillage Implement Trials.............................................
Spring and Fall Tillage.................. ................... ..........
Comparison of Swathing and Direct Combining,

SUMMARY....... ........................................................ ............................

61
61
66
69
69
70 
72 
,75

REFERENCES CITED 76



LIST OF TABLES

Table Page

1. Research site locations during 1996-98..........................................................19

2. Research activities from 1996-98 and the sites
used for each activity.............................................................................. 20

3. Soil Types of test fields used for tillage implement
trials andfall and spring tillage............................................................ 27

4. Site 2 1996 sampling period eggs per stem, larva
per stem and the percent of infested stems..................................... 40

5. Site 5 1996 sampling period eggs per stem, larva
per stem and the percent of infested stems......................................40

6. Site 6 1996 sampling period eggs per stem, larva
per stem and the percent of infested stems..................................... 41

7. Site 7 1996 sampling period eggs per stem, larva
per stem and the percent of infested stems..................................... 41

8. Site 6 1997 sampling period eggs per stem, larva
per stem and the percent of infested stems.......................................41

9. Site 8 1996 sampling period eggs per stem, larva
per stem and the percent of infested stems...................................... 42

10. Site 2 1997 sampling period eggs per stem, larva
per stem and the percent of infested stems...................................... 49

11. Site 7 1997 sampling period eggs per stem, larva
per stem and the percent of infested stems............ .......................... 49

12. Mean separation analysis of the percentage of plant
crowns free of soil after tillage.............................................................. 52

13. Rotary harrow results of producing soil-free crowns
during1998.........................................................................   52



LIST OF TABLES - Continmed

Table Page

14. Comparison of the percentage of sawfly cut stems
in swathed and direct combined plots o f1997................................. 60

15. Comparison of the percentage of sawfly cut stems
in swathed and direct combined plots o f1998.................................. 60



ix

LIST OF FIGURES

Figure Page

1. TiHageimplementtrialsplotmap....................................................................24

2. Plot maps of fall tillage sites 2 , 3 and 4,1996 - 97.......................................25

3. Plot maps of spring tillage sites 2 , 6 north and 6 south, 1998................. 28

4. Site 21996 adult sweep net sampling results............................................... 34

5. Site 61996 adult sweep net sampling results............................................... 35

6. Site 81996 adult sweep net sampling results...............................................36

7. Site 21997 adult sweep net sampling results............................................... 37

8. Site 61997 adult sweep net sampling results...............................................38

9. Site 71997 adult sweep net sampling results............................................. 39

10. Site 2 1996 percent sawfly cut stems post harvest.................................... 43

11. Site 5 1996 percent sawfly cut stems post harvest.................................... 44

12. Site 7 1996 percent sawfly cut stems post harvest.................................... 45

13. Site 8 1996 percent sawfly cut stems post harvest.................................... 46

14. Site 6 1996 percent sawfly cut stems post harvest.................................... 47

15. Site 6 1997 percent sawfly cut stems post harvest.................................... 48

16. Site 2 1997 percent sawfly cut stems post harvest.................................... 50

17. Site 7 1997 percent sawfly cut stems post harvest.................................... 51

18. Fall tillage results, site 2,1996 - 97.................................................................54



X

LIST OF FIGURES - C ontinued

Figure Page

19. Fall tillage results, site 3,1996 -97 ................................................................55

20. Fall tillage results, site 4,1996 -97 ................................................................56

21. Sprmgtillage results, site 2,1998....................................................................57

22. Spring tillage results, site 6 North, 1998........................................................58

23. Spring tillage results, site 6 South, 1998....................................................... 59



XL

ABSTRACT

The wheat stem sawfly Cephuscinctus Norton is a destructive pest of 
wheat, Tritveum sp., in the Triangle Area of northern Montana. Based on 
producer surveys, grain losses exceeded $25-$30 million per year in 1995 and 
1996 in  Montana alone. The biology of the wheat stem sawfly allows for 
dramatic population fluctuations during one growing season thus making 
m an AgATnent of this pest species difficult. An integrated pest management 
approach is needed to bring these severe infestations to an economically 
tolerable level. I investigated sawfly distributions and several management 
tactics of which many were in  use by producers in  Montana. I report here on 
adult sweep net sampling, larva sampling, shallow fall and spring tillage, tillage 
implement effectiveness and swathing and their contribution in developing an 
IPM program for economic management of the wheat stem sawfly.

Adult sampling and field sampling reported that, with the right 
conditions, sawflies can infest entire fields. Significant levels of sawfly larval 
mortality were reported with implementation of tillage and swathing 
management tactics. All my results indicated the importance of 
understanding the biology of the wheat stem sawfly so that management 
tactics can be directed toward the infested portions of fields. My results also 
indicated that for management of this pest species control tactics need to be 
implemented in such a manner as to attack the sawfly at all angles possible. 
Only through an integrated approach will this pest species be brought below 
the economic injury level.



INTRODUCTION

The wheat stem sawfly, Cephus cinctus Norton, is a destructive pest of 

wheat, Triticum  sp., in the Great Plains area of North America (Farstad 1942, 

Wallace 1962, Holmes 1977, Morrill et al. 1992a, Morrill et al. 1992b, Weiss 

and Morrill 1992, Morrill et.al 1993, Morrill and Kushnak 1996). The first 

reported case of sawfly infestations in wheat was 1896 in Canada (Weiss and 

Morrill 1992) and built to economic status by 1907 (Holmes 1982). First 

detection of this ubiquitous pest causing severe damage to commercial wheat 

in the United States was near Souris, North Dakota in 1916 (Ainshe 1920). 

Since 1916, the wheat stem sawfly has been collected in most of the wheat 

growing states including Kansas where it was found in 1953 (Painter, 1953).

Montana, North and South Dakota, Nebraska, and Wyoming combat 

economic levels of sawfly infestations yearly as do the grain growing Canadian 

provinces. In 1997, grain losses due to the wheat stem sawfly totaled $25 - 30 

million dollars in Montana alone (Anonymous 1997a). In areas of extreme 

sawfly damage, infestation levels may exceed 80%. Increased cost of extra 

harvest and soil preparation sequences and decreased yields associated with 

high sawfly infestations make profitable farming difficult.

Growers use several management tactics in an attempt to reduce the 

damage caused by sawfly infestations. Examples include fall and spring tillage 

of field edges, solid stem cultivars, swathing grain, insecticides, stubble burning, 

late seeding of spring wheat, early seeding of both spring and winter wheat, and 

using early maturing varieties of grain. Some growers have also seeded non



host crops, such as canola, or resistant solid stemmed wheats in an attempt to 

reduce sawfly populations to where it is economical to return to growing higher 

yielding hollow stemmed wheats. Growers have also switched from winter 

wheat to spring wheat to de-synchronize the timing of sawfly adult emergence 

and host plant growth stage.

Many of these management tactics used by growers are currently being 

evaluated to determine their actual effectiveness in an integrated 

management program. The use of shallow fall and/or spring tillage for sawfly 

management has produced variable results. Anecdotal evidence indicates that 

some growers feel tillage is an effective tool for reducing sawfly numbers while 

some growers feel the opposite. Current research on biological control focuses 

on two parasitic hymenopterans: Bracon cephijGahaaij and Bracon lissogaster 

Muesebeck. Development of host plant resistance is aimed at producing higher 

yielding, solid stemmed wheat varieties or varieties demonstrating antibiosis or 

antixenosis. Studies are also directed at blending resistant and susceptible 

varieties to determine if  maximum yield can be obtained while minimizing 

sawfly losses (Waters, personal comm. 1998). Behavior modifying 

pheromones and the behavior of adult sawflies are currently being explored.

One difficulty with management of sawfly infestation is knowing where 

to direct management tactics. The wheat stem sawfly is considered by many 

as an edge effect insect and as a result many management tactics have only 

been directed at the field edges. The spread of an infestation is density- 

dependent (i.e., the density determines the extent of an infestation in to the 

field). Thus, in order for an IPM program to be effective, tactics must be 

selected that attack the problem at opportune times.

My research involved examining adult and larval field distributions 

along with evaluating fall and spring tillage and swathing. The results on adult



population dynamics and distribution of larvae within an infested field will help 

us understand how, where, and when these management tactics need to be 

implemented to be most effective.

Understanding what proportions of field are infested with C. cinctus is 

crucial for selecting appropriate IPM management tactics. To help contribute 

to an effective sawfly IPM program, my research was based on three 

objectives. The first objective was to map distributions of adult sawflies,'then- 

eggs, and larvae in wheat fields. The second objective was to evaluate the 

effectiveness of tillage for sawfly management. The third objective was to 

determine if  swathing could be used by growers to to aid in management of 

sawfly infestations. Swathing sawfly infested fields is used by many producers 

to catch the grain before it is lodged and lying, unreachable, on the ground.

Distribution
The wheat stem sawfly, Cephus cinctus, was described from Colorado in 

1872 (Norton 1872). Cephus cinctus ranges from the Pacific Coast states and 

British Columbia to Ontario and Georgia in areas where annual precipitation 

ranges from 25.9-50.0 cm (Davis 1953, Davis et al. 1955, Ivie 1996). The 

sawfly is currently considered a native pest, originally found in native grasses 

of NorthAmerica (Griddle 1917 and 1922, Ainshe 1920, Mflls 1945, Hohnes 

1982, Weiss et al. 1987, Weiss and Morrfll 1992, Morrfll and Kushnak 1996) 

and became a pest of wheat in the northern Great Plains (Munro 1945).

Recent studies show a possible conspecific relationship of Cephuscinctus to the 

Asian sawfly, Cephus hyalinatus Konow, suggesting that this pest species was 

recently introduced (Ivie 1996).



Biology of the Wheat Stem. Sawfly 
Wheat stem sawfly adults emerge from wheat stubble of grass stems 

during May to early July ( Semans et al. 1944, Weiss and Morrill 1992, Ni and 

Johnson 1995 unpub. data). Male sawflies emerge before females and remain 

at or near the crop edge where most mating occurs ( Holmes and Peterson 

1963b, Holmes 1982). Like other Hymenoptera, sawflies have haplodiploid sex 

determination (Mackay 1955). Adult sawflies range in length from 6.35-12.7 

mm. Female C. cinctus ovipositors make determination of sex easy to the 

unaided eye. Female sawflies lay only one egg per stem per visit (Holmes 

1982). More recent studies have recorded the same female may oviposit 

multiple eggs in the same stem (Morrill, personal comm. 1999)

Adult diurnal activity is highest when temperatures range from 17- 32°

C with minimal wind speeds (Semans 1945). Holmes and Peterson (1960) 

showed that females prefer to oviposit in the elongating intemodes with stem  

diameters ranging from 2.8- 3.4 mm. Plant growth stages susceptible to 

sawfly oviposition begin with growth stage 31 (1st node detectable) and ends at 

stage 40 (boot) (Zadoks et al. 1974). Ni & Johnson (1995) found host plants 

with 2-3 nodes were most preferred by ovipositing females. Adult sawflies are 

believed to migrate as far as the closest suitable crop (Griddle 1911 and 1915, 

Ainshe 1920, Salt 1947, Mills 1945, Holmes 1975).

Larvae hatch from the eggs approximately 7 days after oviposition 

(Ainslie 1920) and, depending on the host plant species, undergo a variable 

number of instars (Farstad 1940). Larvae feed inside the host plant stem on 

parenchyma and vascular tissues while destroying other sawfly eggs and/or 

larvae they encounter (Holmes 1954, Weiss and Morrill 1992). The one 

surviving larva migrates down to the soil surface where it cuts a V-shaped 

notch in the stem and plugs it with frass. Larval migration to the plant base is
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a function of sunlight penetrating the ripening plant stem. As the plant 

matures and dries out, the contrast of light produced between the plant stem  

and the soil surface indicates the location for the cut by the sawfly larvae 

(Holmes 1975). The plugged, cut stem or stub serves as the overwintering site 

for the sawfly larva, protecting it from the extreme environmental conditions 

(Salt 1946a, Holmes and Farstad 1956, Weiss and Morrill 1992). Within the 

cut stem, the sawfly spins a thin transparent silken cocoon and enters 

obligatory diapause (Ainslie 1920, Salt 1946a, Wall 1952, Villacorta et al.

1971, Holmes 1954,1975,1982). Larvae pupate in  the spring after spending a 

minimum of 90 days at IO0 C in  diapause. Pupation lasts 7-14 days (Griddle 

1922) followed by adult emergence (Ainshe 1920, Holmes 1954,1975,1982).

Damage, due to feeding C. cinctus larvae, occurs inside the host plant 

stem. This feeding interferes with carbohydrate translocation to the 

developing kernels, resulting in a darkened sub-nodal spot (Morrill et al. 1992a, 

Weiss and Morrill 1992). Reduction in head weight is a direct result of larval 

feeding and ranges from 2.8-10%, depending on wheat variety (Morrill et al. 

1992a). Other head weight analyses have shown head weight reductions being 

10.8- 22.3% (Holmes 1977), 5- 20% (McNeal et al. 1955) and 3% (Munro et al. 

1947). Holmes (1977) showed a mean kernel weight loss of 6.2 % and 

significantly fewer kernels per head in stems that were tunneled but not cut by 

C. cinctus larvae. A conservative estimate for total yield loss during severe 

infestations (e.g., 50% stem cutting) is 15.5% and for minor infestations (e.g., 

20% stem cutting) is 2.7% total yield loss (Weiss and Morrill 1992). Grain 

reduction is related to the infestation date and plant phenology. The further 

developed the host plant the less time larval feeding has to impact yield loss



before harvest. Overall yield reduction is specific to wheat variety with a 10% 

reduction used as the standard level (Morrill et al. 1992, Weiss and Morrill 

1992).

Visible damage due to sawfly infestation occurs when host plants lodge 

prior to harvest (Morrill et al. 1992a). High winds decrease yield in infested 

grain by increasing lodging of cut stems (Weiss and Morrill 1992). Additional 

harvest operations and techniques, such as swathing and low header height 

with pick up guards, are needed to retrieve stems cut by sawfly larvae. 

Potential for equipment damage is increased due to lowered header height, time 

to harvest is increased, and crop residue is lost which effects field moisture 

levels because of shorter, snow catching, stubble.

Methods of Control
Sofid stemmed wheat is the only single management tactic that exists 

for managing sawfly populations. However, even in the presence of sawfiies, 

producers are reluctant to sow solid stemmed wheats due to lower yields of 

these varieties. The phenological construction of the solid stemmed character 

requires energy that would otherwise be devoted to increasing kernel size and 

number of kernels per head (McNeal et al. 1965). What producers are not 

aware of is that in the presence of sawfiies, the solid stemm ed varieties will 

yield better than the hollow stemmed varieties (Blodgett, personal comm.

1997). Sohd stemmed varieties also have the potential to reduce the 

population capable of infesting next years crop. However, sohd stemmed 

varieties are capable of being infested and cut by sawfly larvae. Stem 

solidness is suppressed by reduced hght and/or excess moisture received by the 

developing plants in  the 2-leaf to boot stage (Holmes 1984).
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Producers who do not use solid stemmed varieties for sawfly 

management have found a single management tactic does not exist because of 

the biology of C. cinctus. Adult emergence lasts from 3 - 5  weeks which 

represents a narrow window for controlling adults. The larvae are protected 

inside the host plant stem while the soil surrounding the cut stems containing 

hibernating larvae serves as a good insulator against the extreme 

environmental conditions. Infestation of 7- 9% one year can lead to 

infestations of 70- 80% the following year (Holmes 1982).

An integration of tactics is needed and management programs need to 

be tailored to individual farms or fields. Large scale control practices 

encompassing vast acreage are needed to reduce sawfly numbers. 

Understanding the advantages and disadvantages of each tactic allows the 

producer to evaluate, before implementation, the control methods that fit their 

farming operation.

Cultural Control.

Cultural practices designed for sawfly management were first 

investigated in the early and mid 1900’s. Norman Griddle, a Canadian farmer 

hired by the provincial government of Manitoba, was first to explore these 

possibilities. Griddle (1911,1913,1915,1922) discussed: I) mowing alternate 

host rye grasses to reduce sawfly oviposition sites, 2) leaving grasses (such as 

brome) to increase the numbers of parasites of C. cinctus, 3) sowing trap 

strips to be destroyed along with the sawfly larvae after the adult emergence 

and flight; 4) deep moldboard plowing to bury infested stubble, 5) early 

harvesting before the crop is cut by sawfly larvae and 6) sow non-host crops, 

leaving no oviposition sites. Substantial research has followed his initial 

recommendations concerning sawfly management. Shallow tillage, burning,

7



alternate seeding dates, swathing, and trap cropping constitute the majority of 

tactics chosen for research on cultural control.

T illage. Shallow tillage, which is tillage at depths less than 0.30 m, has 

been evaluated for control of sawfly infestations with varying results (Farstaii 

1941, Callenbach and Hansmeier 1944, Mills 1945, Morrill et al. 1993). The 

agronomic purpose of shallow tillage is to kill growing weeds. Shallow tillage for 

sawfly management is designed to disturb the soil surrounding sawfly cut 

stems exposing them to unfavorable environmental conditions. Weiss et al. 

(1987) reported no significant differences in numbers of emerging adult sawfiies 

between spring tilled and no-tilled plots. However, as high as 90% sawfly larval 

mortality from shallow fall tillage was reported in the North Dakota 

(Anonymous 1997b). Holmes and Farstad (1956) reported excellent control of 

C. cinctus infestations with spring and fall exposure of sawfly cut stems. Plant 

crowns containing sawfly larvae were hand dug, cleaned of soil and placed on 

the soil surface. Mortality in these cut stems was statistically compared 

against the mortality in undisturbed plots. Their results reported 99% larval 

mortality due to spring exposure and 98% to 100% larval mortality due to fall 

exposure. Morrill et al. (1993) emphasized the importance of adequate 

numbers of infested stubs being brought to the soil surface to increase larval 

mortality. However, achieving plant crowns free of soil is difficult with tillage 

equipment (Farstad and Jacobson 1945).

Holmes and Farstad (1956) emphasized that correct timing of larval 

exposure was crucial for spring tillage to be most effective. Proper timing, in 

the spring, exposes sawfly during the prepupal and pupal stages, when the 

threat from desiccation is greatest (Salt 1946a). Proper timing for fall tillage 

is just as crucial. Sawfly larvae become more resistant to desiccation just 

after the host plant stem is lodged and they secrete their protective cocoon.



Ground moisture is also a concern. Soil that is  too dry is not as easily tilled 

causing equipment damage and reducing the exposure of sawfly cut stems.

Temperatures influencing larval survivorship have also been 

investigated. Cephas cinctus larvae die after losing 40% of their body weight 

from desiccation. For protection, C. cinctus larvae reinstate diapause during 

unfavorable spring conditions (Salt 1946a, 1946b). After one week at 34.9° C, 

all C. cinctus larvae returned to diapause (Church 1955). Sawfly larvae 

exposed to temperatures as high as 39.9° C. for 3-4 h did not die (Salt 1947). 

Holmes and Farstad (1956) and Morrill et al. (1993) reported no reinstatement 

of diapause from C. cinctus larvae during or after their shallow tillage 

experiments. Larvae that do reinstate diapause are reported to emerge the 

following year as adults, usually displaying stunted body sizes and irregular 

wing structures (Salt 1947). Cephus cinctus larvae also have the ability to 

supercool to resist freezing. The supercooling point lies between-19.9° C. and - 

28.8° C. (Salt 1961). Morrill et al: (1993) reported on supercooling points and 

lethal low temperatures of C. cinctus larvae. Fifty percent of C. cinctus larvae 

died after exposure at -22° C for 3 h  or -20° C for 4.8 h.

Sw athing. Swathing was used by 25% of surveyed producers in 

Montana during 1997 to cut and windrow sawfly infested grain before lodging 

occurs (Anonymous 1997a). As early as 1922, Griddle recommended swathing 

to prevent losses due to sawfly infestations. Swathing was also recommended 

by Mills (1945) and Callenbach and Hansmieier (1944) for the sole purpose of 

cutting and windrowing grain before lodging occurs increasing the amount of 

harvested grain.

The potential of swathing to reduce overall sawfly numbers was 

evaluated by Holmes and Peterson (1965). They found no significant reduction 

of sawfly cut stems after swathing at the recommended grain moisture level of



35% during two consecutive years. They concluded that to effectively reduce 

sawfly numbers, crops should have been swathed at 55% and 61% moisture. 

These levels were determined by recording the percentage of sawfly cut stems 

after swathing on the various swathing dates for both study years. Percent 

cut stem means of the various swathing dates were significantly lower for 

those dates when plant moistures were 55% and 61%.

Swathing grain before grain moisture has dropped to the recommended 

level of 35% may affect yield and test weight of grain. Dodds (1957) and 

Molberg (1963) found that swathing grain before moisture levels fell to 35% 

and 38%, respectively, reduced yield and test weight. Molberg (1963) showed 

losses up to 14 bu per acre from grain swathed at 55% moisture. Dodd (1957) 

showed no significant differences between grain swathed at 40.9% and 35.4% 

moistures. A more recent study conducted by Bauer and Black (1989) 

indicates that swathing can proceed at 60% head water concentrations with no 

detrimental effects on grain yield, test weight, kernel weight or protein content. 

Bauer and Black (1989) also reported on the relationship between head, chaff, 

and grain moisture levels of spring wheat along with the effects swathing, at 

various moisture levels, has on overall yield. Moisture levels of grain kernels 

were shown to be 1.32 times that of head weight moisture levels. Chaff 

moisture levels were shown to be 0.46 times that of head moisture levels. As 

grain matures, the differences between kernel, head and chaff moisture levels 

narrows. Because grain weight is 1.32 times that of head weight 

concentrations, swathing can proceed when grain water concentrations fall to 

65% to 75%. This concentration is approximately double the suggested grain 

moisture for swathing. However, growers are reluctant to swath grain at 

moisture levels higher than 35% because yield may be reduced.



Trap Cropping. Trap cropping is a tactic used to make a small 

percentage of the overall crop highly attractive to pests, thus concentrating 

the damage they produce. The essential component of trap cropping for wheat 

stem sawfly is making the trap crop more attractive to ovipositing females 

than the crop being protected. Design of a trap crop for sawfly consists of 

sowing a susceptible or resistant cultivar around the border of the crop being 

protected.

Trapping sawfly larvae has been reported in brome grass or early seeded 

spring wheat (Calleribach and Hansmeier 1944, Mills 1945). After adult 

oviposition, these trap strips were destroyed and with them the sawfly larvae. 

Trap strips of this type reduced sawfly numbers. However, growers are 

reluctant to sow and then destroy grain as trap strips or to sow available acres 

to a non-economic grass. Recent work using solid stem cultivars of winter 

wheat surrounding hollow stemmed spring wheat shows promising results for 

trap cropping (Anonymous 1997a). Female sawflies oviposit in  the solid 

stemmed wheat, the larvae die within the stems which limits the damage they 

cause. The solid stemmed trap strip can be harvested with the rest of the field.

A lternate Seed in g  D ates. Variation in seeding dates can reduce 

sawfly damage. Weiss et al. (1987) recommended delaying planting of spring 

wheat to de-synchronize plant development and sawfly emergence. Seeding 

winter wheat early in the fall or delayed seeding of spring wheat can de

synchronize sawfly emergence with developing wheat. If wheat plants are to 

advanced (i.e., boot stage) or not advanced enough (i.e., prior to stem  

elongation), there are no suitable hosts in which females can oviposit. Seeding 

dates have been used in combination with trap cropping in an attempt to make 

the trap strip more attractive to ovipositing female sawflies.

Recommendations of seeding after 20 May for spring wheat growers has been

11
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made (Callenbach & Hansmeier 1944). However, there is a tangible risk when 

altering seeding dates, particularly spring wheat. Growers seed to field 

moisture and those moisture levels often decline rapidly in May. Altering 

seeding dates may inadvertently result in significant crop loss due to low 

germination levels. Lack of moisture in July, when plants have the highest 

demand, can also negatively impact yield.

BiEming. Stubble burning was not found effective at controlling sawfly 

infestations (Griddle 1922, Farstad 1944, Goosey and Johnson 1998 unpub. 

data). They found the majority of sawfly larvae cut stems are located below 

ground, where they are protected from burning.

Insecticides.

Fohar insecticides are applied by spraying the toxicant directly on the 

growing crop. Systemic seed treatments are applied to seeds prior to seeding 

and translocated through the developing plant. Neither foliar nor systemic 

insecticides have provided acceptable control of the wheat stem sawfly. 

(Holmes and Hurtig 1952, Wallace and McNeal 1966, Skoog and Wallace 

1964). Ni and Johnson (1995 unpub. data) conducted an extensive study on 

adult sawfly emergence dates, population peaks, and diurnal rhythms in north 

central Montana. The objective of this study was to determine the best time to 

apply a foliar insecticide for sawfly control. Ni and Johnson’s 1995 results 

concluded that a foliar insecticide should be applied 2 weeks after the first adult 

sawflies are collected, in mid-morning or late afternoon on a calm, sunny day.

Wallace (1962) evaluated the systemic insecticide heptachlor against 

sawfly infestations. His applications were 0.45,0.91,1.36 and 1.82 kg (active 

ingredient) of heptachlor per 0.4 ha. Sawfly larval mortalities ranged from 

61.2% to 96.3% in ‘Thatcher’ spring wheat with most mortality occurring in



lower mtemodes in early instar larvae in the treated plots. Holmes and 

Peterson (1963a) also evaluated heptachlor on ‘Thatcher’ spring wheat during 

1960,1961 and 1962. They found significant larval mortality in 1960 and 

1962 but not in 1961. They concluded that heptachlor was only effective in 

the lower two intemodes on early instar larvae. Mature larvae in higher 

intemodes could tolerate heptachlor and successfully lodge the host plant.

The systemic seed treatment lmidacloprid (Gaucho 75W) was also 

evaluated against sawflies. lmidacloprid was applied to spring wheat at rates 

o f28.35 g/cw t, 56.7 g/cwt and 85.05 g/cwt. There was no reduction in sawfly 

larvae per stem or stem cutting rates in the imidacloprid-treated plots 

regardless of treatment rate (Anonymous 1997a). It is presumed the residual 

effects of imidacloprid are not persistent enough to remain toxic until sawfly 

eggs are oviposited, larvae hatch and begin to feed. It is also possible that 

imidacloprid rates used are not lethal on developing larvae.

Three foliar insecticides were evaluated for sawfly management during 

1996 in north central Montana. Lorsban 4E - SG (chlorpyrifos), Furadan 4F 

(carbofuran), and Warrior IE (Iambdacyhalothrin) insecticides were applied at 

rates of 0.23 kg ai per 0.4 ha, 0.11 kg ai per 0.4 ha and 0.009 kg ai per 0.4 ha, 

respectively. Foliar insecticides were sprayed directly on 2 - 3 node winter 

wheat during peak adult sawfly emergence. Each insecticide plot was 

statistically compared against an untreated control. Samples from each plot 

consisted of 50 randomly chosen stems that were split to determine the level of 

plot infestation. Pre-treatment, 2 DAT and 14 DAT samples were taken. No 

significant differences were recorded in larvae per stem between control and 

treated plots for any sampling date (Blodgett et al. 1996).

Growers have expressed interest in making multiple insecticide 

application to field borders to control adult sawflies, the theory being that

13



newly emerged sawflies will first come into contact with the treated field edges 

and die. This technique was evaluated in two areas of Montana in 1997. 

Insecticides were applied using a 3 m wide, hand held boom. Wheat stage 

during application was 3-4 nodes. Insecticides and rates used were Lorsban 

4E-SG (chlorpyrifos) at 0.11 kg ai/A , Parathion SE (ethyl parathion) at 0.14 

kg ai/A and Furadan 4F (carbofuran) at 0.057 kg ai/A. Sampling consisted of 

determining the percent of sawfly cut stems in  the sprayed and control areas 

after harvest. Three linear one meter samples of stubble were dug from five 

random locations in each plot. The total number of stems and total number of 

cuts stems were determined. Percentage of cut stems was calculated from 

these data. Results showed no significant reduction in percentage of stems cut 

by sawfly larvae between treated edges and the untreated centers of each field 

(Anonymous 1997a).

The effects of 2,4-D on the wheat stem sawfly was investigated by Gall 

and Dogger (1967). During 1964,2,4-D was applied to plots for weed control. 

Higher sawfly mortality was observed in plots where 2 ,4-D had been applied. 

Gall and Dogger felt this discoveiy warranted further research. They 

evaluated 2,4-D on five varieties of spring wheat (Selkirk, B50-18,60-54, 

Rescue, and 51-3355). They found no significant levels of sawfly mortality 

when 2,4-D was applied during sawfly oviposition.

Adult and larval biology of wheat stem sawfly makes control with 

conventional insecticides difficult and uneconomical. Sawfly larvae are 

protected from insecticides inside the host plant stem. Adult sawfly emerge 

over a period of four to six weeks, so a single insecticide application has little 

effect on reducing ovipositing sawflies. The sawflies that are killed during the 

initial insecticide application are replaced by those emerging at a later date. It 

is possible to kill sawfly adults with foliar insecticides, however, because their

14



emergence is over several weeks, targeting the adults would require 

applications at three to five day intervals over the entire adult emergence.

Biological Control

In native grasses the wheat stem sawfly is attacked by nine species of 

hymenopterous parasites (Holmes et al. 1963). Two species of Braconidae, 

Braconcephi (Gahan) (Holmes et al. 1963) and Bracon lissogaster Muesebeck 

(Somsen and Luginbill 1956), are commonly found parasitizing wheat stem 

sawfly larvae in wheat. Parasitism levels of sawfly larvae in wheat has been 

quite variable, ranging from 5% to 70% in fields around Montana (Weaver, 

personal comm. 1999).

Activities by female B. cephi andB. lissogaster have been described by 

Somsen & Luginbill (1956). Adult parasitoid females frequently tap the stem  

of plants with their antennae to determine the location of the sawfly larva. 

Once detected, the female inserts her ovipositor through the stem paralyzing 

the sawfly larva and then deposits an egg on the larva. The newly hatched 

parasite larva feeds externally on the paralyzed sawfly larva for 6 -10  days 

(Nelson and Farstad 1953, Somsen and Lugmbill 1956). The parasitoid larva 

spins a cocoon for pupation followed by adult emergence. B. cephi (Griddle 

1923) and B. lissogaster (Somson and Luginbill 1956) have two complete 

generations per year in native grasses. (Griddle 1923). In wheat, a partial 

second generation has been observed for B. cephi (Holmes et al. 1963) while a 

complete second generation has been recorded for B. lissogaster (Somsen and 

Luginbill 1956). Harvest is believed to disrupt the emergence of the second 

generation ofB. cephi (Weaver, personal comm. 1998)

Attempts with other biological control agents have been made in North 

America. In 1930, C. calcitrator (Gravenhorst), an egg parasite of the
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European wheat stem sawfly, Cephus pygmaeus Linnaeus, was initially 

released in the Canadian province of Saskatchewan (Smith 1931) but never 

established on a permanent basis. Further releases of C. calcitrator over a 

nine year period and releases of Heterosphilus cephi Rohwer and Pediobius 

nigritaris Thompson were also unsuccessful (Weiss and Morrill 1992). In the 

mid-1950’s, Collyria calcitrator was released in North Dakota and Montana 

along with Bracon terebella (Wesnsen), a hymenopterous larval parasite of the 

European wheat stem sawfly C. pygmaeus, but neither became established 

(Davis et al. 1955). It has never been stated as to why the parasite releases 

were unsuccessful. However, many of these parasites are indigenous to 

Europe. Changes in climate and habitat are possibly responsible for their 

inability to become established and a wide host range. An ichneumonid wasp 

species, Scanbys detritus Holmgen was identified as a parasitoid of C. cinctus in 

1952 (Holmes 1952). Parasitism rates of S. detritus at that time were very low 

and its contribution to sawfly management was minimal.

Hyperparasitism occurs when one parasite serves as a host for another 

parasite. Cases of hyperparasitism, among the parasites of C. cinctus, occur 

in low numbers. Eupelmella resicularis (Retzenberg), Eurytoma atripes 

(Gahan) and Merisusfebriculosus (Girault) have been reported ovipositing on B. 

cephi larvae and emerging from cocoons (Nelson 1953). The impact of 

hyperparasitism on B. cephi is unknown.

R esistan t Cultivars.

Solid stem spring and winter wheats are an important tool for managing 

sawfly infestations (Roberts 1954). They are resistant to damage because 

sawfly larvae are unable to chew through the pith and nodal plates within the 

stem (Farstad 1940, Holmes and Peterson 1962, Morrill et al. 1994). Rescue,



a solid-stem winter wheat, was released in 1947 to combat sawfly infestations 

(Roberts 1954). Average infestation rates by C. cinctus dropped 59% the same 

year Rescue was released (Platt et al. 1948).

There is some reluctance by growers to sow sobd stem varieties due to 

lower yield potential, reduced disease resistance, lower grain quality, and winter 

hardiness (Weiss and Morrill 1992). Another concern is that environmental 

factors, such as the availability of sunlight and moisture to the developing 

plant, can cause inconsistencies in solid stem characters leading to reduced 

resistance (Platt 1941, Holmes 1984, Weiss and Morrill 1992). Recent studies 

have shown solid stem cultivars, in the presence of heavy sawfly infestations, 

provide a yield equal to or greater than their hollow stem counterparts (Weiss 

and Morrill 1992, Blodgett, personal comm. 1997). Sohd stem spring wheats 

‘Fortuna’ and 6Lew5, and semi - solid stemmed varieties 6Amidon5 and 6Glenman5 

cultivars that possess improved milling quality, yield, and disease resistance 

(Morrill et al. 1994). Vanguard (Carlson et al. 1997) and it’s sister line, 

Rampart (Bruckner et al. 1997), are recently developed and released solid stem  

winter wheat cultivars (Bowman et al. 1998). Winter hardiness is a concern of 

both cultivars to winter wheat growers. In the presence of sawfly, both 

Vanguard and Rampart performances are acceptable for management of 

sawfly (Anonymous 1997c).

Variabihty in  sawfly survivorship exists between wheat cultivars. 

Roberts (1954) found significant differences in sawfly reaction between wheat 

varieties in: I) the ability of the female to oviposit, 2) survival of eggs from 

oviposition to hatching, and 3) feeding larvae up to the time of stem cutting. 

Stem solidness is not the only factor involved in wheat resistance. Egg 

mortality may be due to excess moisture in the pith, first instar larval 

mortality may be due to nutritional differences or hardness of pith and



mortality of later instar larvae may be caused by larval desiccation due to pith 

drying down in later stages of wheat development or mechanical blockage of 

larval migration by the pith (Holmes and Peterson 1961,1962).

Blending of susceptible and resistant cultivars is another management 

tactic being explored. Weiss et al. (1990) studied blends of resistant and 

susceptible spring wheat cultivars concluding that: “use of blends would be the 

least beneficial when wheat stem sawfly populations are high and the most 

beneficial when the wheat stem sawfly populations are fight to moderate. His 

explanation is that consistent predictions can not be made regarding 

environmental conditions that reduce stem solidness nor can conditions be 

controlled that promote lodging of cut plants. The appropriate criteria for use 

of blends is the previous history of production losses. Investigations on 

blending resistant and susceptible winter wheat cultivars is continuing at 

Montana State University to see if  overall yield of the blended varieties could 

be improved while some resistance to sawfly is  provided (Anonymous 1997a). 

Additional research of blends could give accurate predictions of blending ratio to 

use to match infestation levels prevalent in a given area to maximize yield 

potential and sawfly resistance.
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MATERIALS AND METHODS

Study sites were located in North Central Montana, HO -112° W and 48 - 

48.5° N (Table I). Field sites were assigned a numerical designation as the 

activities differed at the various sites (Table 2).

Table I. Research site locations during 1996-98.

Site Location Countv State Loneitude Latitude

I 16 km W. 
Ft. Benton

Choteau MT 110° SO5W 47° 48’N

2 8 km S. 
Chester

Liberty MT 111° 48’W 48° 24’N

3 40 km W. 
Big Sandy

Choteau MT 110°SO5W 48° 12’N

4 24 km W. 
Big Sandy

Choteau MT 110° 22’W 48° H 5N

5 24 km S. 
Chester

Liberty . MT 110° 44"W 48° 20’N

6 13 km E. 
Ledger

Toole MT 111° 42’W 48° IS5N

7 24 km S.E. 
Loma

Choteau MT 110° IS5W 47° 595N

8 24 km W. 
Collins

Teton MT 112° 041# 48° 025N



Table 2. Research activities from 1996-1998 and the sites used for each 
activity.
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Research Activity Sites Used

Adult Sampling 2, 5 , 6 , 7 , 8
Larval Sampling 2, 5,6 , 7 ,8
Tillage 1,2, 3 ,4 ,6
Swathing 6

Admit and Larval Bistribiiticms
A dult Sam pling.

Adult sawfly sampling was conducted at four sites in 1996 and three 

sites in  1997. Sites 2 , 5 , 6, and 8 were sampled in 1996 and had 4Rocky5 winter 

wheat, 4Neeley5 winter wheat, 4Rocky5 winter wheat, and 4Lew5 spring wheat in  

the sampling fields, respectively. Sites 2 ,6  and 7 were sampled in 1997 and 

had 4Tam 107’ winter wheat, 4Rocky5 winter wheat and 4Neeley5 winter wheat in 

the sampling fields, respectively. All field sites were seeded into strips with the 

long axis running north and south. Six sweep net samples, consisting of 20 

sweeps per sample, were taken at each site at weekly intervals during adult 

flight. Three of the six sweep net samples were taken 20 m from each other, at 

the field margin, running down the long axis of the wheat strip. The remaining 

three samples were taken 20 m into the sampling field and parallel to the 

margin samples. Number and sex of collected sawfiies were recorded for each 

sample at each distance.

The number of samples taken at each site in 1997 was dependent on the 

width of the sampling field. Three samples were taken every 40 m, starting at 

the crop margin, and continuing to the approximate field center. Samples at 

varying distances were parallel to the margin samples and contained 20
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sweeps per sample. Number and sex of collected sawflies were recorded for 

each sample at each distance.

Each site was sampled weekly, weather permitting, between 12 June 

and 30 July 1996 and 12 May and 9 July 1997. All adult sampling at each site 

was conducted with a standard 0.61 m insect sweep net.

Larval Sam pling.

Stem sampling occurred along transects established in fields during 

1996 and 1997. Sites 2, 5, 6, 7 and 8 were sampled in 1996 and had ‘Rocky 

winter wheat, ‘N e e le / winter wheat, ‘R ock/ winter wheat, 6N e e le / winter 

wheat, and 6LeV spring wheat in the sampling fields, respectively. Sites 2 ,6 , 

and 7 were sampled during 1997 and had ‘Tam 107’ winter wheat, 6Rock/ 

winter wheat and ‘N e e le / winter wheat in the sampling fields, respectively. All 

field sites were seeded in strips with the long axis running north and south. 

Sampling was conducted from 6 June to 5 August 1996 and 21 May to 9 July 

1997. During each year, sampling started at one field margin and continued to 

the opposite field margin while pulling approximately 100 - 300 primary wheat 

stems and tillers every 20 m. The number of sampling locations with in a field 

was determined by the width of the field. Stems from each sampling location 

were split in the lab and the following recorded: number of eggs and larvae per 

stem and the intemode where they were found. At each site, samples were 

taken after harvest where the percentage of sawfly cut was recorded for each 

sampling location. Post-harvest samples were obtained by digging three linear 

I m samples of stubble at each sampling location, in which the total number of 

stems and total number of cuts stems were recorded and expressed as a 

percentage.



In 1996, the sample size equation was used weekly to calculate the
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number of stems to be pulled and split from each sampling location at each 

site. The previous weeks data were used in the sample size equation to 

calculate the following weeks sample sizes. This method produced unworkable 

sample sizes ranging from 300-600 wheat stems per sampling location at each 

site and therefore a set sample size of 30 stems per sampling location per site 

was used.

M anagement Tactics
Tillage Implement Trials.

The effectiveness of five tillage implements at exposing sawfly cut 

stems was evaluated in 1996  at site I  in Tiber’ winter wheat stubble. The 

im p lem en ts  used were: I )  Noble Blade Cultivator 5000  (Nicholas Tools Inc., 

Sterling, Colorado), 2) John Deere 1610 chisel plow with AM rod weeders and 2 

harrows (John Deere Inc., Waterloo, Iowa), 3) John Deere 1610 chisel plow 

(John Deere Inc., Waterloo, Iowa), 4) John Deere 1610 chisel plow with 5 

harrows (John Deere Inc., Waterloo, Iowa), and 5) Easy On 1590  double disc 

(AATI, Lincoln, Nebraska). Each implement was used to tilled a portion of a 

sawfly-infested stubble field establishing one plot per implement with the 

exception of the one-way disc. The one-way disc was used to establish two 

separate plots: disced once and disced twice. Each plot measured 12.2 m - 

15.9  m wide (depending on the width of the implement) by 305  m long (Fig. I). 

All plant crowns were removed from three Im2 areas in each treatment. The 

effectiveness of each implement was measured by determining the percentage 

of plant crowns left soil-free on the soil surface for each treatment or 

implement. The higher the level of plant crown exposure the more effective the 

tillage implement regarding shallow tillage for sawfly management. Plant



crown exposure was rated on a 0-5 scale where 0 = 0% of crown exposed, 1 = 1- 

25% of crown exposed, 2 = 26 - 50% of crown exposed, 3 = 51 - 75% of crown 

exposed, 4 = 75 - 99% of crown exposed and 5 = 100% crown exposure.

A  rotary harrow model H17 (Phoenix Inc., North Battlefort, 

Saskatchewan, Canada) was also evaluated during the spring of 1997. After a 

chisel plow was used to break the ground, the rotary harrow was used to 

enhance crown exposure. In 1998, a three point small plot rotary harrow 

(Phoenix Inc., North Battlefort, Saskatchewan, Canada) was used. During 

1997 and 1998, pre- and post- treatment samples were taken from a Im2 area 

in which all plant crowns, within that area, were removed and rated. Three 

samples were taken per plot. Plant crowns were rated on the same 0-5 rating 

scale.

F all T illage.

Treatments were established by making one pass with a shovel and rod 

implement at three sites during 1996-1997 (Fig. 2). Sites 2 ,3  and 4 had ‘Tiber’ 

winter wheat, Tlocky5 winter wheat and ‘Amidon’ spring wheat in the sampling 

fields, respectively. Plot size at site 2 was 15.3 m by 305 m. Tillage was 

accomplished using a Flexi-coil 300b chisel plow (Flexi-coil Inc., Fargo, North 

Dakota) pulled by a John Deere 8850 tractor (John Deere Inc., Waterloo, 

Iowa). Site 3 plot size was 12.8 m by 153 m. Plots were tilled using a Flexi-coil 

800 chisel plow (Flexi-coil Inc., Fargo, North Dakota) pulled by a John Deere 

8650 tractor (John Deere Inc., Waterloo, Iowa). At site 4, plot size was 15.3 m  

by 214 m. Tillage was completed using a John Deere 1610 chisel plow (John 

Deere Inc., Waterloo, Iowa) pulled by a Case 9350 tractor (Case Corp., Fargo, 

North Dakota). At each site, plots were established at the field edge, running 

lengthwise down the same wheat strip. Field edges were used to assure all
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Figure 2. Plot maps of fall tillage sites 2 ,3  and 4 during 1996-1997.



treatments were established the same distance from the source of infestation. 

Samples consisted of: I) sawfly cut stems taken from the untilled plots 

(control), 2) sawfly cut stems taken from the tilled plots which were soil- 

covered after tillage (soil-covered stems), and 3) sawfly cut stems taken from 

the tilled plots which were soil-free on the soil surface after tillage 

(soil-free stems). Samples taken at each site consisted of three replicates of 

50 sawfly cut stems per plot per sampling date. Cut stems were taken to the 

lab and split to determine i f  the sawfly larvae were alive or dead.

Spring Tillage.

Treatments were established by tilling the edges of each field once with a 

shovel and rod implement during the spring of 1998 (Fig. 3). Site 2 plots 

measured 15.3 m by 153 m and were in a field of Tam 107' winter wheat 

stubble. Plots were tilled using a Flexi-coil 300b chisel plow (Flexi-coil Inc., 

Fargo, North Dakota) pulled by a John Deere 8850 tractor (John Deere Inc., 

Waterloo, Iowa). At site 6 two separated treatments (i.e., Site 6 north and Site 

6 south) were established in two fields of Tlocky5 winter wheat stubble. Sites 6 

north and south measured 12.9 m by 92 m. Treatments at site 6 were tilled 

using a John Deere 1610 chisel plow (John Deere Inc., Waterloo, Iowa) pulled 

by a John Deere 8650 tractor (John Deere Inc., Waterloo, Iowa). After 

conventional tillage equipment (i.e., chisel plow with rod weeder) was used to 

break the ground, a three point small plot rotary harrow (Phoenix Inc., North 

Battlefort, Saskatchewan, Canada) was incorporated into the tillage process 

at all three tillage locations. The rotary harrow was pulled using a John Deere 

2360 (John Deere Inc., Waterloo, Iowa) at site 2 and a John Deere model 2440 

(John Deere, Inc., Waterloo, Iowa) tractor was used at site 6. The purpose of 

u s in g  the rotary harrow was to enhance sawfly cut stem exposure on the soil
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surface to environmental conditions. Treatments were I) untilled, 2) tilled 

with shovels and rod only, 3) tilled with shovels and rod and rotary harrowed 

once, and 4) tilled with shovels and rod and rotary harrowed twice. Successive 

rotary harrowing in treatment 4 was separated by a two week period.

Samples from each of the four treatments consisted of I) sawfly cut stems 

taken from the untilled area, 2) sawfly cut stems taken from the tilled plots 

left covered by soil residue, 3) sawfly cut stems taken from the tilled and 

harrowed once plot left exposed, free of soil residue on the soil surface, and 4) 

sawfly cut stems taken from the tilled and harrowed twice plot left exposed, 

free of soil residue on the soil surface. Sample size consisted of three replicates 

of 50 sawfly cut stems per plot per sampling date.

Soil types of test fields used for the tillage implement trials and fall and 

spring tillage are fisted in Table 3.
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Table 3. Soil types of test fields used for tillage implement trials and fall and 
spring tillage.

Site Soil Tvpe

I Sandy Clay Loam
2 Clay Loam
3 Sandy Clay Loam
4 Clay Loam
6 North Silty Clay Loam
6 South Silty Clay Loam
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Comparison of SwatMng and Direct ComMning.

This study was conducted in a field Of4Eocky5 winter wheat during 1997. 

Plots, measuring 12.2 m by 25 m, were swathed using a John Deere 2360 

swather (John Deere Inc. Waterloo, Iowa) on 24 and 29 July. Separate plots 

were direct combined on 4 August using a John Deere 8820 Titan 2 combine 

(John Deere Inc., Waterloo, Iowa). During 1998, swathing was evaluated in a 

field of 4Hi-Iine4 spring wheat on 23 July and 6 August. Plots measured 6 m by 

12.2 m and were swathed on 23 July with a Black and Decker, 46 cm 8134 

type 4 electric hedge trimmer (Black and Decker Inc., Hunt Valley, Maryland). 

A John Deere 2360 swather (John Deere Inc. Waterloo, Iowa) was used to 

swath 6 August plots. Plots were direct combined on 11 August with a John 

Deere 8820 Titan 2 combine (John Deere Inc., Waterloo, Iowa). The height of 

stubble after swathing ranged from 10 -1 8  cm and 10 -15  cm in 1997 and 

1998, respectively. Each swathed and direct combined plot of 1997 and 1998 

was divided into 5 equally sized replicates. Sampling of plots consisted of 

collecting all stems from five randomly selected Im row sections within each 

replicate during 1997 and 1998. The total cut and uncut stems was recorded. 

Plant heads and stems extending down to the flag leaf were collected prior to 

each swathing and harvesting date and analyzed for moisture content. Plant 

samples were immediately weighed, dried for 12 hours at 48° C then removed 

and weighed again. Percent plant moisture at the time of swathing or direct 

combining for each plot was calculated on a wet weight basis. The dry weight 

taken after plant material was removed from the dryer was subtracted from 

the original wet weight taken immediately after clipping in the field. This 

number was then divided by the original wet weight and multiplied by 100 to 

give percent plant moisture. Grain samples from the early and late swathed 

wheats were collected and analyzed. Protein content was measured using an
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Infratech 1225 grain analyzer (UAS Service Corp., Hawley, Minnesota). Test 

weight was calculated using the AACC 55-10 method (American Association of 

Cereal Chemists 1995) by the Montana State University Cereal Quality Lab.

Statistical Analysis
All transformed and untransformed data were analyzed using the 

ANOVA or the GLM procedures of SAS program (SAS Institute 1989). Tillage 

implement trials and percentage data that had a max - min difference greater 

than 40 were arc - sin transformed. Adult sawfly sweep samples with a 

coefficient of variation exceeding 100 were Iog10 transformed. Stem sampling 

percentage data with a coefficient of variation exceeding 100 were arc sin 

transformed. Larval and egg data with a coefficient of variation exceeding 100 

Werelog10 transformed.
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RESULTS

Admit and Larval Distributions
A dult Sam pling.

There were no significant differences recorded at site 2 during 1996 from 

12 June to 30 July regarding the following variables: I) the total number of 

male and female sawflies captured from all sweeps (F = 0.79, df = 1,47, P  = 

0.3778; Fig. 4); 2) the total number of adult sawflies captured at the field 

margin and 20 m into the sampling field (F = 0.06, df = 1,23, P  = 0.8161); 3) the 

total number of males and females captured at the field margin (F = 3.21, df 

1,2,3, P  = 0.0870); or 4) between males and females captured 20 m into the 

sampling field (F = 0.65, df = 1,23, P  = 0.4282). Sampling site 8 during 1996 

had similar results (Fig 6).

Significantly more males than females were captured at site 6 from all 

sweeps during the 19 June to 17 July sampling period (F=7.99, df=l,23, P  = 

0.0098; Fig 5) and at the field margin (F = 14.61, df = 1,11, P  = 0.0034). Adult 

sawflies were only captured at site 6 on 26 June and 3 July 1996. No 

sign ifican t differences were recorded between the total male and female adult 

numbers 20 m into the sampling field (F = 0.40, df = 1,11, P  = 0.5416) or 

between the number of sawflies captured at the field margin and 20 m into the 

sampling field throughout the sampling period (F = 3.24, df = 1,11, P  = 0.1023).

No significant differences were recorded for any date regarding the total 

number of adult sawflies captured at the field margin compared to 20 m into 

the sampling field at sites 2 ,6  and 8. Significantly more males were captured 

at the field margin on the first of two sampling dates at site 6 (F= 13.14, d f=



1,5, P  = 0.0223). Significantly more males than females were captured at site 

2 at the field margin on the first (F = 9 .83 , df = 1,5, P  = 0 .035) and second (F = 

8 8 .69 , df = 1,5, P  = 0 .0007 ) of five sampling dates and significantly more 

females were captured 20 m into the sampling field on the fourth sampling date 

(F = 7 .42 , df = 1,5, P  = 0.0499). Significantly more males than females were 

captured at site 8 at the field margin on the the first sampling date (F = 52 .14 , 

df = 1,5, P  = 0.002). Significantly more females were captured at 20  m on the 

fourth sampling dates (F = 15 .47 , df = 1,5, P  - 0.0171).

Results of 1997 recorded no significant differences between the total 

number of male and female sawfiies captured at different sampling locations 

throughout the sampling period at sites 6 and 7. There were no significant 

differences between the total number of males and females captured from all 

sweeps throughout the sampling period at site 2 (F = 0.07, df = 1,89,

P  = 0.7971) (Fig. 7), site 6 (F = 0.00, df=  1,149, P  = 0.9663)(Fig. 8) or site 7 

(F = 0.24, df = 1 ,149, P  = 0.6221)(Fig. 9). No significant differences were 

recorded at site 6 between the total number of adult sawfiies captured at each 

of the five sampling distances (field margin, 40 m, 80 m, 120 m, and 160 m)

(F = 1.64, df = 4,74, P  = 0.1748). There were no significant differences at site 2 

between the total number of male and female sawfiies captured at the field 

margin (F = 3.81, df = 1,29, P  = 0.061) or at site 6 at the field margin (F = 0.22, 

df= 1,29,P  = 0.6422), 40 m (F = 0.32, d f=  1,29, P  = 0.5749), 80 m (F = 0.00, 

df= 1,29,P  = 0.9909), 120 m (F = 0.00, df=  1,29, P  = 0.9783), or 160 m (F = 

0.05, d f= 1,29, P  = 0.8254) or at site 7 (Fig. 9) at the field margin (F = 1.44, df 

= 1,29, P  = 0.2399), 40 m (F = 0.55, df=  1,29, P  = 0.4629), 80 m (F = 0.57, df=  

1,29, P  = 0.4575), 120 m (F = 0.97, d f=  1,29, P  = 0.3339) or 160 m (F = 1.27, df 

= 1,29, P  = 0.2685).
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The total number of adult sawflies captured at the field margin at site 2  

throughout the sampling period was significantly higher than catches at 4 0  m 

and 8 0  m (F = 5 .05 , df = 2 ,44 , P  = 0.0108). Significantly more females than 

males were captured at site 2  at 4 0  m (F = 7 .34 , df = 1,32, P  = 0 .0109) and 80  

m (F = 13.26 , df = 1,26, P  = 0 .0012). There were significantly more adults 

captured at site 7 at the field margin, 4 0  m and 120 m than at 80  m and 160 m  

throughout the sampling period (F = 4 .05 , df = 4 ,74 , P  = 0 .0052). Significantly 

more males were captured at site 6 on sampling date 4  at the field margin 

(F = 99 .74 . df= 1 ,5 ,P  = 0 .0006), 80  m (F = 126 .33 , df= 1,5, P  = 0 .0004), 120  m 

(F = 139 .59 , df= 1,5, P  = 0 .0003), 160 m (F = 10.18 , df= 1,5, P  = 0.0332).

There were significantly more females captured at site 6 on sampling date 5 at 

the field margin, 40 m, 80 m, 120 m and 160 m on sampling date 6 at 80 m,

120 m, and 160 m and on sampling date 7 at 40 m and 80 m (Date 5: field 

m argin(F = 21.88, df= 1,5, P  = 0.0095), 40m  (F = 33.43, df=  1,5, P  = 0.0044), 

80 m (F = 13.32, df=  1,5,P  = 0.0218), 120 m (F = 18.26, df= 1,5, P  = 0.0129), 

160 m (F = 38.62, df= 1,5, P  = 0.0034): Date 6: 80 m (F = 20.75, df=  1,5, P  = 

0.0104), 120 m (F = 159.01, df=  1,5, P  = 0.0002), 160 m (F  = 18.45, df= 1,5, P  

= 0.0127); Date 7: 40 m (F = 171.97, df=  1,5, P  = 0.0002), 80 m (F = 10.17, df 

= 1,5, P  =0.0332).

Larval Sampling.

No significant differences were recorded at site 2 during 1996 between 

the mean percentage of infested stems between sampling dates (Table 4). A 

significant edge effect (i.e., greater number of sawfly cut stems located at the 

field margins) was recorded from post harvest samples (F = 11.79, df = 11,21, P  

= 0.003) (Fig. 10). Significantly fewer infested stems were recorded at site 5 

1996 on the fifth and sixth sampling dates (Table 5). Significant variability
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was recorded between the mean percentage of stems infested between 

sampling dates at sites 6 (Table 6) and 7 (Table 7) 1996 and at site 6 1997 

(Table 8 ). There was a significantly higher mean percent of infested stems 

recorded at site 8 1996 on the fourth and fifth sampling dates (Table 9).
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Figure 4. Results of adult sweep sampling at site 2 during the 1996
C. cinctus emergence period where bars represent the mean number of
males or females captures per sweep and error bars represent the SEM.
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Figure 5. Results of adult sweep net sampling at site 6 during the 1996
C. cinctus emergence period where bars represent the mean number of
males or females captured per sweep and error bars represent the SEM
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Figure 7. Results of adult sweep net sampling at site 2 during the 1997
C. cinctus emergence period where bars represent the mean number of
males or females captured per sweep and error bars represent the SEM



38

&
I03
I

XS

Iu
e8
03

I
tS
I

2 0 -  

18- 

16- 

14 - 

12  -  

i o -

8 -  

6 -  

4 -

2 -

(0 )
Q - I - - - - - - - - - - -

5/12

_(0)_

5/21

0  Males Field Margin 
0  Females Field Margin 
H Males 40 m
□ Females 40 m
□ Males 80 m 
El Females 80 m
□ Males 120 m 
(H Females 120 m 
0  Males 160 m 
0  Females 160 m

Iu I v- H ELn Jl Il Vt n
(0)

5/29 6/6 6/13 6/20 6/26 7/9

Sampling date

Figure 8. Results of adult sweep net sampling at site 6 during the 1997
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Table 4. Eggs per stem, larva per stem and the percent of infested stems
recorded at site 2 during 1996.

Sampling
date Eea1 ner Stem Larva ner Stem

Percent infested 
stems

18 June 0.4a + 0.1 0.1b ± 0 .1 ■ 28.3a + 7.9
27 June 0.1b ± 0 .0 0.4a ±  0.1 40.8a ±  9.6

3 July 0.4a ±  0.1 38.7a ± 9.2
10 July 0.4a + 0.1 36.9a ± 10.6
17 July 0.3a ±0.1 42.6a ±  9.6

In each column, numbers followed by the same letter grouping are not significantly different (P=0.05; Tukey). 
Missing eggs per stem values indicates the point where all eggs have hatched or have been destroyed.

No significant edge effect regarding sawfiy cut stems was recorded post 

harvest 1996 at sites 5 (F = 0.97, df = 10,20, P  = 0.5214) (Fig. 11), 7 (F = 2.50, 

df = 19,37, P  = 0.0587) (Fig. 12), or 8 (F = 2.89, df= 5,6, P  = 0.1141) (Fig. 13). 

Significant variability was recorded in the mean percent cut stems between 

the sampling locations post harvest at site 6 in 1996 [(F = 3.17, df = 21,41, P  = 

0.0062) (Fig. 14)] and 1997 [(F = 12.79, df=  15,48, P  = 0.0001) (Fig. 15)] with 

no apparent edge effect patterning.

Table 5. Eggs per stem, larva per stem and the percent of infested stems 
recorded at site 5 during 1996.

Sampling
date Effff ner Stem Larva ner Stem

Percent infested 
stems

18 June 0 .5 a + 0.1 0.5a + 0.1 64.5a + 6.8
27 June 0.1b ± 0.0 0.6a ±  0.1 59.0a + 4.6

3 July 0.0b ±  0.0 0.6a + 0.1 56.1a+ 6.8
IOJuly 0.5b + 0.1 48.7b + 7.7
17 July 0.4b ±  0.1 47.4b + 7.1

In each column, numbers followed by the same letter grouping are not significantly different (P = 0.05; Tukey). 
Missing egg per stem values indicates the point where all eggs have hatched or have been destroyed.



Table 6. Eggs per stem, larva per stem and the percent of infested stems
recorded at site 6 during 1996.

Sampling
date Esre ner Stem Larva ner Stem

Percent infested 
stems

18 June 
27 June 

3 July 
10 July 
17 July

0.8a + 0.2 
0.2b ±  0.0 
0.0c ±  0.0

0.7b ±  0.1 
0.8ab ±  0.1 
0.9a + 0.0 
0.7b ±  0.0 
0.8a +  0.0

83.7c + 3.8 
84.0bc ±  2.0 
94.4a + 1.0 
91.4ab + 1.5 
93.7a + 0.9

In each column, numbers followed by the same letter grouping are not significantly different (P = 0.05; Tukey). 
Missing eggs per stems values indicates the point where all eggs have hatched in to larvae or have been destroyed.

Table 7. Eggs per stem, larvae per stem and the percent of infested stems 
recorded at site 7 during 1996.

Sampling
date Eee ner Stem Larva ner Stem

Percent infested 
stems

19 June 
27 June 

3 July 
10 July 
17 July

0.2b + 0.1 
0.3a ± 0 .1  
0.0c +  0.0

0.8a +  0.1 
0.7a +  0.1 
0.7a +  0.0 
0.5b + 0.0 
0.5b ±  0.0

75.1a +  4.3 
63.4b +  3.4 
71.0b +  4.9 
67.5b +  3.1 
64.9b +  3.5

In each column, numbers followed by the same letter grouping are not significantly different (P=0.05; Tukey). 
Missing eggs per stem values indicates the point where all eggs have hatched or have been destroyed.

Table 8. Eggs per stem, larva per stem and the percent of infested stems 
recorded at site 6 during 1997.

Sampling
date Eee ner stem Larva ner Stem

Percent infested 
stems

13 June 
20 June 
27 June 

9 July

1.0a +  0.2 
0.2b ± 0.0

0.8c+ 0.1 
1.2a ±  0.1 
l.Oab +  0.1 
0.9b +_0.1

79.4b + 2.4 
82.9ab + 2.7 
87.8a +.2.1 
87.6a + 2.8

In each column, numbers with the same letter grouping are not significantly different (P = 0.05; Tukey).
Missing eggs per stem values indicates the point where all eggs have hatched into larvae or have been destroyed.



Table 9. Eggs per stem, larvae per stem and the percent of infested stems
recorded at site 8 during 1996.

Sampling
date Effff ner Stem Larva ner Stem

Percent infested 
stems

19 June 0.0b + 0.0 0.0b 4.8b + 3.4
27 June 0.1b + 0.0 0.1b ± 0 .0 8.7b + 4.4

3 July 0.1b ± 0.0 *Missmg Data 9.8b ± 4.5
10 July 0.4a ±  0.1 0.2a ±0 .1 45.4a + 8.6
17 July 0.2a ±0.1 31.5a ±9.3

In each column, numbers followed by the same letter grouping are no significantly different (P = 0.05; Tukey). 
Missing eggs per stem values indicates the point where all eggs have hatched or have been destroyed.

There were significant differences between the mean percent of infested stems 

between sampling dates at sites 2 (Table 10) and 7 (Table 11) during 1997. A 

significantly higher percentage of stems at site 2 was infested on the first, 

second and third sampling dates. No significant edge effect was recorded from 

post harvest samples at site 2 1997 (F = 2.03, df = 10,19, P  = Q.0882) (Fig. 16). 

Significant variability was recorded between the percent of stems cut between 

the sampling distances at site 7 1997 (F = 7.28, df = 19,56, P  = 0.0001) (Fig. 

17). A significant edge effect was recorded. <

Significantly larger head capsule widths of C. cinetus were recorded for 

larvae collected at or near the east and west field margins compared to larvae 

collected from the interior of the same field at site 6 in 1997 for sampling dates 

9 June (F = 3.42, df= 15,278, P  = 0.0001), 19 June (F = 3.72, df=  15,315, P  = 

0.0001), 23 June (F = 5.93, df=  15, 398,P  = 0.0001) and 9 July (F = 6.74, df=  

7,400, P  = 0.0001). A significant level of 15% larval winter mortality was 

recorded at site 6 during 1997-98 (F = 7.14, df = 2,9, P  = 0.0139).
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Figure 10. Results of post harvest sampling on 20 August 1996 at site
2 where error bars represent the SEM.
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Figure 11. Results of post harvest sampling on 20 August 1996 at site
5 where error bars represent the SEM.
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Figure 12. Results of post harvest sampling on 20 August 1996 at site
7 where error bars represent the SEM.
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Figure 13. Results of post harvest sampling at site 8 on 21 September
1996 where error bars represent the SEM.
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Figure 14. Results of post harvest sampling at site 6 on 20 August
1996 where error bars represent the SEM.
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Figure 15. Results of post harvest sampling at site 6 on 22 August
1997 where error bars represent the SEM.



Table 10. Eggs per stem, larva per stem and the percent of infested stems 
recorded at site 2 during 1997.
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Sampling
date Eesr ner Stem Larva ner Stem

Percent infested 
stems

18 June 
27 June 

3 July 
10 July 
17 July

0.5a ±0 .1  
0.0b + 0.0 
0.0b ±  0.0

0.5a + 0.1 
0.6a ± 0 .1  
0.6a ±  0.1 
0.5b + 0.1 
0.4b ±0 .1

64.5a + 6.8 
59.0a + 4.6 
56.1a + 6.8 
48.7b + 7.7 
47.4b + 7.1

In each column, numbers followed by the same letter grouping are not significantly different (P = 0.05; Tukey). 
Missing egg per stem values indicates the point where all eggs have hatched or have been destroyed.

Table 11. Eggs per stem, larva per stem and the percent of infested stems 
recorded at site 7 during 1997.

Sampling
date Effff ner Stem Larva ner Stem

Percent infested 
stems

21 May 
30 May 

5 June 
13 June 
19 June 
27 June 

9 July

OOd + 0.0 
0.5b ±  0.1 
0 .7 a + 0.2 
0.2c + 0.1 
0.2c ±0 .1

0.8ab + 0.1 
0.9a + 0.1 
0.8ab±0.1
^Missing Data
0.7b ±  0.0

2.2d + 1.4 
33.9c + 8.2 
81.6a + 5.1 
74.6ab + 3.7 
66.8b ± 5.8 
74.9ab + 2.7 
67.0b ± 3.3

In each column, numbers followed by the same letter grouping are not significantly different (P = 0.05; Tukey). 
Missing eggs per stem values indicates the point where all eggs have hatched or have been destroyed.
Missing Larvae per stem values indicates the point where no eggs have yet hatched larvae.
*Missing data indicates an insecticide application on the sampling field making data retrieval impossible.

M anagement Tactics
T illage Im plem ent Trials.

The conventional tillage implements evaluated resulted in a maximum 

of 35% of the plant crowns free of soil residue (Table 12). No statistical 

differences were recorded between any of the conventional implements ability 

to expose sawfly cut stems free of soil residue on the soil surface with the 

exception of the Noble Blade Cultivator (F = 7.05, df = 7,10, P  = 0.0033).
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Figure 16. Results of post harvest sampling at site 2 on 21 August
1997 where error bars represent the SEM.



51

« 80-

ofi 40 "

3 0 -  Jj

i i i i i j j i j i j j i i
D istan ce from  fie ld  m argin

Figure 17. Results of post harvest sampling at site 7 on 22 August
1997 where error bars represent the SEM.



Table 12. Mean separation of the percentage of plant crowns free of soil after 
tillage using different implements, 1996.
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Implement % Crown s Free of Soil

Shovels and Rod with Harrows 35.2a
Shovels and Rod 33.0a
Shovels with Harrows 30.8a
Disced two times 29.6a
Disced one time 35.4a
Noble Blade Cultivator____________________________________ PO. Ib
In each column, numbers followed by the same letter grouping are not significantly different (P=0.05; Tukey).

Rotary harrowing, following shovels and rod, significantly increased the 

percentage of crowns free of soil from 27.93% to 83.53% during 1997 (F = 

189.27, df = 3,2, P  = 0.0052). At each spring tillage site in 1998, plots rotary 

harrowed once and twice had significantly greater percentage of crowns soil 

free and on the soil surface compared to plots tilled with the shovels and rod. 

[Site K F =  19.42, d f=  4,8 , P  = 0.007); Site 4 North (F = 22.20, df=  4,8, P  = 

0.0054); Site 4 South (F = 13.39, df=  4,8, P  = 0.0138) (Table 13)].

Table 13. Results of the rotary harrow trials of 1998.

Treatment
% Crowns Free of Soil

Site 2 Site 6 North Site 6 South

Shovels and Rod 27.9b 44.7b 35.4b
Harrowed once 62.6a 55.4a 57.2a
Harrowed twice 64.8a 67.5a 69.4a

In each column, numbers followed by the same letter grouping are not significantly different (P=0.05; Tukey).

Spring and Fall Tillage.

Repeated measures analysis of the 1996-1997 fall tillage data showed a 

significant sample effect for sites 2 (F = 26.74, df = 2,18, P  = 0.0001), 3 (F = 

11.30, df=  2,9, P  = 0.0035), and 4 (F = 26.21, df=  2,18, P  = 0.0001). Repeated 

measures analysis of the 1998 spring tillage data showed a significant sample



effect for sites 2 (F = 22.74, df = 3,5, P  = 0.0024), 6 North (F = 18.97, df = 3,5, P  

= 0.0037), and 6 South (F = 28.79, df= 3,5, P  = 0.0014).

Sample means of site 2,1996-1997 fall tillage, (Fig. 18) were not 

significantly different between the percentage of live larvae in the cut stems 

taken from the unfilled plot and the covered stems taken from the tilled plot 

with the exception of 14 November. Significant differences in larval mortality 

were recorded in the exposed stems taken from the tilled plots when compared 

with cut stems taken from the unfilled plot. Similar results in the percent of 

surviving sawfly larvae were seen at fall tillage sites 3 (Fig. 19) and 4 (Fig. 20) 

and spring tillage sites 2 (Fig. 21), 6 North (Fig. 22) and 6 South (Fig. 23). No 

significant differences in the percent of surviving larvae were recorded between 

the harrowed once and twice plots during spring tillage of 1998 (Figs. 21,22 and 

23).

Comparison of Swathing and Direct Combining.

Swathing wheat at 41% moisture in  1997 resulted in a lower percentage 

of cut stems compared to swathing at 33% and direct combining at 12% plant 

moisture (Table 14). Sawfly cutting was significantly reduced in the early 

swathed plot to 18.9% compared to 45.5 percent in the direct combined plot. 

Significant differences were also recorded in grain analyses. Wheat swathed at 

41 percent had lower test weights (F = 231.03, df = 3,2, P  = 0.0043) and higher 

protein (F = 100, df = 3,2, P  = 0.0099) than wheat swathed at 33 percent or 

direct combined (Table 14).

The percentage of sawfly cut stems was reduced significantly to 16.1% 

in 1998 by swathing at 48% plant moisture compared to swathing at 28% and 

direct combining at 14% moisture (Table 15).
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Figure 18. Fall tillage results, site 2,1996 - 97.
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Figure 19. Fall Tillage results, site 3,1996 - 97.
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Figure 20. Fall tillage results, site 4 ,1996 - 97.
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Figure 21. Spring tillage results, site 2,1998.
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Figure 22. Spring tillage results, site 6 North, 1998.



59

lOOl

S
I

CS
CR

I

S
£

90 - 

80 - 

70 - 

60 - 

50 - 

40 - 

30 - 

20  -  

i o -

UntiUed
Tilled and Soil-covered Stubble
Harrowed lx  Soil-free Stubble 
Harrowed 2x Soil-free Stubble

0
4/17 5/1 5/11

Sampling date

Figure 23. Spring tillage results, site 6 South, 1998.



Test weights were significantly higher in wheat swathed at 28% moisture (F = 

778.12, df = 3,5, P  = 0.0013), while no significance was recorded between the 

protein contents of swathed or direct combined wheats (F = 5.50, df = 3,5, P  = 

0.1577) (Table 15).
I/

Table 14. Comparison of the percentage of sawfly cut stems between swathed 
and direct combined plots during 1997.

Treatment Percent
Percent sawfly 

cut stems GrainAnalvsis
and dates Moisture 4 August Test weight Protein

Swathed (24 July) 41 18.9b 60.6b 11.8a

Swathed (29 July) 33 53.3a 62.9a 11.5b

Combined (4 August) 12 48.8a 63.0a 11.6b

In each column, numbers followed by the same letter grouping are not significantly different CP=0.05; fukey).

Table 15. Comparison of the percentage of sawfly cut stems between swathed 
and direct combined plots during 1998.

Treatment Percent
Percent sawfly 

cut stems GrainAnalvsis
and dates Moisture 11 August Test Weight Protein

Swathed (23 July) 48 16.1b 55.7a 16.7a

Swathed (6 August) 28 38.9a 56.5a 16.6a

Combined (11 August) 14 33.5a 55.4b 16.6a

In  each column, numbers followed by the same letter grouping are not significantly different (P = 0.05; Tukey).



DISCUSSION

Adult and Larval Distritontions
A dult Sam pling.

As with many important agricultural pests, understanding the behavior 

of adult and/or larval stages is a key factor to developing an effective IPM 

program. At my sites, the period of adult emergence lasted approximately 4 

weeks with a population peak recorded the third week after the first sawflies 

were collected. Ni and Johnson (unpub. data) and Weiss and Morrill (1992) 

indicate adult emergence lasts approximately 3 - 4  weeks. The sampling data 

from the five sites of 1996 and the three sites of 1997 indicated that most 

adults were collected on the plants having two or three nodes, regardless of 

whether it was spring or winter wheat. Ni and Johnson (1995) also found that 

most sawflies were collected on wheat having two or three nodes. This suggests 

a strong synchrony of adult C. cinctus emergence with crop growth stage. 

Holmes (1975) also found the sawfly life cycle to be closely synchronized with 

plant development.

During 1996 and 1997,1 observed that further geographically north the 

sampling site was, the more delayed were plant growth and development.

Adult C. cinctus emergence was also delayed at these northerly sampling sites. 

On average, site 2 (48° 24’N) peak adult emergence and first observed adult 

were recorded approximately one week later than was observed at site 7 (47° 

59’N). Again supporting that sawflies are highly synchronized with plant 

growth stage regardless of wheat variety or locale. Wheat and sawfly 

development was most advanced at site 7 during both 1996 and 1997 .



sampling. This difference can most easily be explained by site 4 being the most 

southerly sampling site, by approximately 30 miles.

Holmes (1975,1977,1982), Holmes and Peterson (1960) and Jacobson 

and Farstad (1952) have all conducted extensive research toward 

understanding the biology of adult C. cinctus. Understanding the levels and 

distributions of infestations producers have to deal with the following growing 

season is an important tool for development and implementation of 

appropriate management tactics. Jacobson and Farstad (1952) and Holmes 

and Peterson (1963b) found that male sawflies emerge before females. My 

results, for 1997, also show significantly more male sawflies captured at the 

beginning of the emergence period for each sampling site. Averages ranged 

from 76% males at site 2 to 91% males at site 6. Throughout the sampling 

season of 1996, no significant differences were recorded between the total 

number of adult sawflies captured at the field margin compared to 20m into 

the sampling field. However, significantly more male, than female, sawflies 

were captured at or near the field margin for sites 2 ,6  and 8 (1996 sampling) 

and sites 2, 6 and 7 (1997 sampling). Ni and Johnson’s (unpub. data) results 

agree with my findings.

Generally, there were no significant differences between the total 

number of male and female sawflies captured during the total emergence 

period. These data support a non-biased sex ratio of adult C. cinctus. The 

significant differences seen at site 6 (1996) regarding significantly more male 

sawflies captured through out the emergence period might be explained by 

several ways. Holmes and Peterson (1963b) and Jacobson and Farstad (1952) 

found the seeding date of spring wheat influences the sex ratio of C. cinctus. 

Early seeded wheat produces significantly more females, while late seeded 

wheat produces significantly more males. This is due to male emergence
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occurring before female emergence. Late seeded wheat is available for 

oviposition relatively later when many of the males sawflies have died. Ifthere 

is not a sufficient number of males to mate with females, haplodiploid sex 

determination will bias the sex ratio toward more male sawflies. It is possible 

that at site 6 (1996) the sampling field was seeded relatively late in the fall of 

1995 thus producing significantly more male sawflies. Farstad et al. (1950) 

found that different varieties of wheat influence the sex ratio of C. cinctus. 

However, sex ratios from standard wheat varieties were approximately 1:1. 

Winter wheat variety 6Rocky was in the sampling field at site 6 during 1996. 

Research has not been conducted on whether 6Rocky winter wheat could 

potentially bias C. cinctus sex ratios. Therefore, it is possible that the sex bias 

recorded at site 6 is a result of wheat variety. Lastly, sampling began late 

during the adult emergence period and windy conditions were experienced which 

biased accurate results. If these unfavorable conditions reduce the success of 

males and females mating, it is possible that during the previous year, similar 

conditions were experienced which, due to the sawfly haplodiploid sex 

determination, could have reduced mating to the point where male offspring 

numbers were significantly higher. Based on the findings of Holmes and 

Peterson (1963a) and Jacobson and Farstad (1952) it is also possible that 

seeding at all sampling sites, except site 6 1996, was conducted in a timely 

fashion as to not bias future sawfly sex ratio.

Analyses of 1996 data indicated that, at sites 2 ,6 , and 8, significantly 

more male sawflies were captured at the field margin earlier in the emergence 

period, while significantly more females were captured 20 m into the sampling 

field at site 5 later in the adult emergence period. Individual date analysis 

indicated that for each sampling date at each site, there were no significant 

differences between the total number of adults captured at the field margin
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compared to 20 m into the sampling field. Because significantly more males 

were captured at the field margin earlier in the emergence period yet no 

significant differences were recorded between the total number of adults 

captured at the field margin compared to 20 m, it is apparent the majority of 

males select the field margin. Ni and Johnson (unpub. data) found similar 

results regarding the behavior of adult sawfiies. Male sawflies, however, were 

captured within the interior portions of each sampling field for both sampling 

years. Although the majority of males are located at the field margins, it could 

be beneficial for a certain percentage of males to migrate into the interior of 

the crop to actively seek out females that may not have been mated at the 

field margin. Alternative mating behaviors can exist within a given species 

(Thornhill and Alcock 1983).

The 1997 adult sampling scheme was expanded to sample the field 

margin, and every 40 m to the approximate field center. Review of the 

literature revealed that no published work of this nature exists. However, the 

results again indicated no significant differences between the total number o f , 

male and female sawflies captured throughout the emergence period for all 

sites sampled, indicating anon-biased sex ratio of C.cinetus. As stated earlier, 

Holmes and Peterson (1963b) and Jacobson and Farstad (1950) found the sex 

ratio of sawflies can be correlated with the seeding date of host plants. Early 

seeded wheat produces significantly more female sawflies and vice versa. 

Farstad et al. (1952) found that different varieties of wheat produced different 

sex ratios of adult C. cinctus with a ratio o f 1:1 being recorded from standard 

wheat varieties.

Results of the 1997 adult sampling indicated similar results as recorded 

during 1996. The majority of male sawflies are located at or near the crop 

margin. Females numbers were significantly higher during the peak



emergence at the crop margin than at the interior sampling distances. Once 

past the field margin, female sawfly numbers were consistently higher than 

males.

Significantly more male than female sawflies were captured on the 

stubble during the emergence period, regardless of whether the sampling 

occurred early or late in the adult emergence period. Ni and Johnson (1995 

unpub. data) recorded peak emergence of adult sawflies to be 0900 h. My 

results indicated peak activity on stubble to be approximately 1000 h. 

However, due to the significantly higher number of male sawflies captured on 

the stubble throughout the sampling season, it is possible that a certain 

percentage of male sawflies behave in such a manner as to actively seek out 

females to mate as they emerge from the stubble.

Understanding adult behavior and conditions that lead to uniform 

infestations across entire wheat strips is a valuable tool for management of 

future sawfly infestations. Adult sampling data lend themselves to this IPM 

program. Since the wheat stem sawfly has been considered a species with 

higher densities on field edges, these data and those on stem sampling, help 

direct future control measures to the infested areas of each field. It is 

impractical to only till the edges of a field that is uniformly infested and lodged 

by sawfly larvae. Adult sampling is a quick and easy method of determining 

the approximate level of sawflies in a given area and within a given field. Thus, 

with minimal training, growers themselves can complete the necessary 

requirements to sample for adult levels and the position of these adults within 

potentially infested fields so as to understand what sorts of management



66
Larval Sam pling.

In areas of the prairies where wheat stem sawfly is most prevalent, 

wheat is commonly grown in strips interspersed with strips of summer fallow 

containing the stubble of grain crops grown the previous year. Adult sawfhes 

emerge from last years stubble and infest the current growing crop. Due to 

data recorded over the past several field seasons, the sawfly exhibits an edge 

effect only when adult densities are not great enough to infest entire fields. 

When sawfly densities are high, entire fields can be potentially infested.

There exists little published literature regarding in field larval 

distributions. Holmes (1982) considered the possibility of female adult wheat 

stem sawflies migrating toward the center of the field when adult densities 

were high. Holmes (1982) states that the highest plant infestations always 

occur on the crop edge. Results from my research support Holmes (1982) 

regarding the highest levels of larvae per stem and eggs per stem being found 

at the field margin. However, a field which has significantly more larvae per 

stem or eggs per stem at the field margins during the growing season, can show 

no significance when comparing the percentage of sawfly cut stems across the 

field after harvest. Intense competition and cannibalism between C. cinctus 

larvae dramatically reduces larval numbers in host plants during the growing 

season (Holmes 1982). I suggest that levels of 3 to 5 larvae per stem at the 

crop edges are reduced to levels of approximately one larva per stem due to 

this intense competition and cannibalism. My sampling of the interior portions 

of the fields shows that eggs are larvae are more evenly distributed. 

Infestation levels approximate one larva or egg per stem. Analysis of my data 

often shows a significant edge effect regarding larvae per stem and eggs per 

stem, but does not always show a significant edge effect regarding the 

percentage of sawfly cut stems post harvest.



There was, however, a significant edge effect relative to cut stems at 

site 2 during 1996. East and west field margins showed approximately 50 to 

70% sawfly cut stems, whereas locations at the approximate center of the 

field showed only 15 - 20% cut stems. My sampling recorded relatively low 

levels of captured adults and minimal sawfly damage at site 2. Thus, sawflies 

numbers at that time had probably not increased to levels that would infest 

entire fields. Significantly fewer cut stems were recorded post harvest at 240 

m at site 6 in 1996. Although significantly fewer stems were cut at 240 m, I do 

not believe this field exhibits an edge effect. The sampling location where 

significantly fewer stems were cut was located at the interior of a field that 

was 360 m wide. Sampling indicated the mean percent cut stems at 220 and 

260 m, which border the interior location o f240 m, were 39% and 28%. These 

means are not significantly different than the mean percent cut stems 

recorded at the east and west field margins, 60 - 200 m, 280 m, and 380 m.

Since only one sawfly larva can survive per stem, it is logical to believe 

that natural selection should select for females that actively seek out 

uninfested stems in the field center when stems located at the field edge have 

been fully exploited. The adult emergence period of adult C. cinctus last 

approximately 3 to 4 weeks during which the majority of females emerge over 

the last 2- 3 weeks. I suggest that first emerged females oviposit at or near 

the field margin. Because of the high levels of cannibalism, relatively later 

emerged females’ eggs must be oviposited in uninfested stems in order to 

survive. If these females that emerged later were to oviposit in  the same 

wheat stems as the earlier emerged females, their larvae would be at a severe 

size disadvantage. Size usually indicates the victor in any physical struggle 

(O’Neill 1983,1992). The primary function of adult C. cinctus is to mate and 

then die, so it is in the best interest of each female to oviposit as many eggs as



possible and as quickly as possible. However, there is no apparent benefit to 

ovipositing all of her eggs with in stems that have larvae, as old as three 

weeks, tunneling inside. Concentrations of plant volatiles sometimes change 

after insect attack (Turlings et al. 1990, McCall et al. 1994). Many parasitic 

wasp species cue in on these plant emissions to locate potential hosts (Turlings 

et al. 1995). Female C. cinctus may exhibit simil ar chemoreception to locate 

uninfested wheat stems in  which to oviposit. If this is the case, the only place 

for these females to move to is the centers of the same field. This establishes a 

sort of leap-frog effect of female movement, seeking out uninfested stems in  

which to oviposit.

During 1997,a significant edge effect was recorded at site 7 early in the 

emergence period. Significantly more stems were infested at the field margins 

compared to the interior of the same field. As more females emerged and 

located stems in which to oviposit the high infestation levels at the field 

margins pushed females toward the interior of the field and the infestation 

became continuous from east to west field margins. Preliminary data on head 

capsule widths of larvae of C. cinctus has indicated there are significant 

differences between the relative ages of larvae located on the field margin 

compared to the interior of the same field (Goosey and Johnson unpub. data 

1998). Sampling at site 6 during 1997 indicated the larvae located at or near 

the east and west field margins had significantly larger head capsule widths 

than larvae sampled from the interior of the same field for sampling dates 9 

June, 19 June, 23 June, and 9 July. This may also be one of the reasons why 

our sampling and growers observations indicate that sawfiy cutting always 

occurs on the field margins first. Larvae at the field margins are relatively 

older and able to lodge the host plant sooner.
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Implementation of control strategies of C. cinctus is directly correlated 

with the type of infestation in the field. Growers in the Triangle area of 

Northern Montana have directed their management tactics for years at the 

margins of infested fields. Tilling the edges, spraying foliar insecticides only at 

the field margin or trap stripping with a solid stem variety. These growers 

were under the impression that, regardless of the adult density, C. cinctus 

infestations were restricted to the field margins. For years now, many growers 

have implemented control strategies with no economic return. These stem 

sampling data are a crucial part of controlling C. cinctus infestations based on 

a better understanding of the biology of this pest species and better 

implementation of future control practices.

M anagement Tactics
T illage Im plem ent Trials.

Many producers using tillage as a sawfly management tactic believed that any 

tillage implement was as good as the next. The results of the spring and fall 

shallow tillage studies showed the overall importance of creating soil-free 

crowns. It is proposed that soil attached to the plant crowns serves as an 

insulator against adverse environmental conditions. This decreases the overall 

effectiveness of tillage for sawfly management and increasing the need of 

understanding which tillage implements are effective at creating economic 

levels of soil - free crowns.

The 1995 tillage implement trials using standard farm tillage equipment 

showed only 35% of plant crowns were soil-free. Farstad and Jacobson (1945) 

found the one - way disc to be the most effective implement tested exposing 

27.5% of cut stems on the soil surface. The rotary harrow was used at tillage 

site 2 in the spring of 1997 and significantly increased soil-free crowns from
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27.9% to 83.5%. This dramatic increase in crown exposure needs to be 

investigated for its potential for sawfly management. The results of the 1998 

rotary harrow study recorded significantly more crowns were exposed in the 

harrowed once and twice plots compared to the shovel and rod plot although 

harrowing plots twice did not significantly increase crown exposure compared 

to harrowing once. The percentage of crowns exposed by the rotary harrowed 

was substantially lower in the 1998 study compared to the 1997 study. The 

1997 study used a 15.9 m standard size rotary harrow for the study while a 

small plot rotary harrow was used for the 1998 study. The small plot rotary 

harrow might not have been heavy enough to get the rotary tines under all of 

the plant crowns thus decreasing the percent of crowns exposed (David 

Wichman, Central Ag Research Center, personal communication). The lighter 

weight of the small plot harrow might be the reason only 55% to 65% of plant 

crowns were exposed.

Spring and F all T illage.

I recorded significant sawfly mortality only in stems that were free of 

soil and laying on the soil surface (i.e., exposed stems). Larval mortality in 

stems collected from tilled plots that had soil surrounding the plant crown was 

not statistically different from larval mortality that occurred in stems collected 

from unfilled plots (i.e., control). Previous tillage work suggested that soil 

residue left on the plant crown served to insulate the sawfly larvae against 

extremes of temperature and desiccation (Johnson, et al. 1995 unpub. data). 

Holmes and Farstad (1956) and Morrill et al. (1993) recorded high mortality of 

overwintering sawfly larvae by exposing cut stems to extreme environmental 

conditions. The levels of surviving C. cinetus larvae ranged from 7.3% in 1990 - 

91 to 8.0% during 1991 - 92 in exposed stems (Morrill et al. 1993). These
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results stress the importance of crown exposure following tillage i f  sawfly 

management is one goal of tillage.

Holmes (1982) recorded an average 19.5% mortality of overwintering 

sawfly larvae. Ni and Johnson also found significant levels of larval winter 

mortality. I also recorded a significant level of winter mortality of 15% from 

cut stems sampled for a stubble burning experiment.

Weiss et al. (1987) reported no significant differences in numbers of 

emerging adult sawflies between spring tilled and untilled plots. However, no 

experimental evaluation was conducted by Weiss et al. (1987) in attempt to 

distinguish between sawfly larval mortality in the exposed cut stems and 

covered cut stems with in the tilled area. Adult trapping cages were used by 

Weiss et al. (1987) to monitor sawfly emergence from the tilled and untilled 

plots. No where was it mentioned that the number of sawfly cut stems under 

the cages in the tilled and untilled plots were held constant. To statistically 

compare the mortality of sawfly larvae in  cut stems taken from the tilled and 

untilled plots, the number of cut stems under each cage must be known. This 

allows accurate determination of larval mortality by previously knowing the 

number of five sawfly larvae under each cage. High levels of sawfly larval 

mortality in the tilled area could have been masked by a higher number of 

sawfly cut stems under the cages with in the tilled area thus unintentionally 

biasing results toward no significance between tilled and untilled plots with 

respect larval mortality due to tillage. Producers who use tillage in their 

production system need to know what the conditions are that produce larval 

mortality in tilled areas and that by simply tilling the ground with standard 

equipment will not produce higher levels of larval mortality that is statistically 

different from untilled ground.



In 1998, the rotary harrow was used again to attempt to increase plant 

crown exposure to an economical level. Larval mortality was significantly 

higher in the harrowed once and twice plots compared to the untilled and shovel 

and rod plots. However, no significant differences were recorded in larval 

mortality between the harrowed once and harrowed twice plots. It was 

anticipated that multiple passes with the rotary harrow would significantly 

increase plant crown exposure thus increasing overall larval mortality. This 

was not the case and may be due to the use of a small plot rotary harrow in 

1998.

Contradictory results regarding the effectiveness of shallow tillage as a 

management tool for controlling future sawfly infestations is based primarily 

on the percent of crowns exposed on the soil surface. No published literature 

explains what is required for tillage to produce significant levels of larval 

mortality. Larval mortality levels in the exposed stems was recorded at 80% 

or higher. Even though relatively high larval mortality can be achieved, sawfly 

populations can increase dramatically between two growing seasons. An 

infestation o f ? -9% can lead to an infestation of 80% the following year 

(Holmes 1982). The limitations of tillage as a management tactic needs to be 

realized. For tillage to be an effective management tool to combat sawfly 

infestations of current proportion, it needs to be incorporated into an effective 

IPM program with resistant cultivars, biological control, and other cultural 

control tactics.

Comparisoii of SwatMng and Direct Combining.

Dodds (1957) found no significant yield differences when wheat was 

swathed at 40.9% moisture and 35.4% moisture. Swathing wheat before the 

moisture content') of the kernels fell to 35% (Dodds 1957) and 38% (Molberg
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1963) reduced yield and bushel weight. From my research, significant 

differences were recorded in the test weights and protein content between the 

early and late swathed and direct combined wheats of 1997 and 1998.

However, my results indicated that wheat swathed at 33% or 41% moisture in  

1997 and 28% or 48% moisture in 1998 would be assigned the same dollar 

valued when sold on the market (David Wichman, MSU-Central Ag. Research 

Center, personal comm.) A study conducted by North Dakota State 

University compliments my results by indicating spring wheat can be swathed 

at 65% to 75% grain water concentration with out compensating yield or the 

measurable quality factors (Bauer and Black 1989).

Holmes and Peterson (1965) recorded 17% and 22% reductions in sawfly 

cutting in 1960 and 1961 due to swathing at 55% and 61% moisture, 

respectively. Based on the results of Dodds (1957) and Molberg (1963),

Holmes and Peterson (1965) concluded that swathing at 35% moisture would 

have no long term effects on sawfly populations because sawfly larvae begin 

cutting host plant stems as early as 40% moisture. I recorded reductions of 

sawfly cut stems of 33% and 23% in  plots swathed at 41% and 48% moisture 

with no apparent dollar loss. Stem cutting rates were reduced to 18.9% and 

16.1% in the early swathed plots. These levels were statistically different from 

those percentages recorded in the later swathed and direct combined plots of 

the same years. The number of sawfly notched and plugged stems increased in 

the swathed plots between the time swathing and direct combining were 

conducted. Sawfly larvae that are below the swath cut are still capable of 

successfully lodging their host plant. It would be desirable to lower the header 

height of a swather to trap as many sawfly larvae above the swath cut as 

possible. However, tall stubble is desirable by growers to reduce erosion and 

increase moisture levels by trapping snow in fallow fields.
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Further research needs to investigate swathing at levels of 65-75% 

grain moisture while measuring the effects on sawfly cutting and yield. 

Although swathing does not manage sawfly infestation alone, it is still a 

valuable component of an IPM program aimed at managing sawfly 

infestations.
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SUMMARY

These studies illustrate the overall importance of the development of an 

effective IPM program directed at sawfly control. Although the management 

tactics investigated (tillage and swathing) did not prove effective at ehminating 

sawfly infestations, it is still valuable information. Understanding the 

effectiveness of selected tactics is important information for growers. High 

levels of crown exposure is essential for mortality from tillage. Knowledge 

concerning the sawfly distribution in wheat strips helps us give 

recommendations for controlling sawflies and assist the producer in  directing 

their control practices in areas where sawfly larvae are present. From my 

research, a better understanding of the sawfly biology has shown that in many 

areas, sawfly infestation extend beyond the field margins. Results of swathing 

shows the possibility of an increase in yields by reaching more grain before it is 

sawfly cut and lying, unreachable, on the ground. However, swathing requires 

one more piece of equipment to purchase and maintain and it requires one 

more trip around each field.

Further research is needed regarding enhancing parasitism levels in 

hollow and solid stemmed cultivars. Research is needed in the areas regarding 

chemical ecology of sawflies along with development of new wheat varieties 

exhibiting antibiosis and antixenosis characters. DNA analyses are needed of 

sawfly populations to determine if  one or multiple species of sawfly exist. The 

development of new tactics to incorporate with existing ones will help the IPM 

program to keep sawflies from developing any resistance.
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