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RED CLOVER ESTABLISHMENT WITH WINTER WHEAT FOR  
SMALL BROOMRAPE MANAGEMENT 

R.D. Lins, J.B. Colquhoun and C.A. Mallory-Smith 

Introduction 
Small broomrape (Orobanche minor Sm.) is a parasitic weed 
that attaches to red clover.  After identification on a single 
Oregon red clover seed production farm in 1998, the number of 
infestations increased to 15 in 2000 and 22 in 2001 (Colquhoun 
et al., 2001).  Small broomrape reduces host crop yield through 
the disruption of nutrient and water transport in host plants, and 
contaminates seed crops by producing up to 1 million dust-like 
seeds per plant.  In addition to red clover, small broomrape 
parasitizes other members of the legume family, as well as 
several other crop and weedy plant species in Oregon.    

Management of this parasite in red clover seed production is 
difficult given the reproductive capabilities of small broom-
rape.  Herbicides can be used to control small broomrape at-
tached to red clover (Lins et al., 2005), but cultural practices 
such as false-host intercropping may lead to effective inte-
grated small broomrape management systems.  False-host plant 
species stimulate parasitic plant seed germination with death 
prior to host plant attachment.  False-hosts differ from host 
plants in that false-host species release exudates that only pro-
mote parasitic seed germination but not attachment.  Research 
by Lins et al. (2006) identified wheat to be an effective false-
host for small broomrape.  The small broomrape soil seedbank 
could be reduced in infested red clover fields by incorporating 
wheat into red clover seed production. 

In western Oregon, small broomrape attaches to red clover 
plants from late February to late March.  This is the optimal 
time for a false-host, such as winter wheat, to reduce the para-
sitic soil seedbank.  However, the potential for small broom-
rape parasitism would increase for red clover plants that are 
present in the wheat crop during this time.  Delaying host crop 
planting past the optimum time of broomrape attachment is an 
effective management option to reduce the likelihood of para-
sitism.  Thus, small broomrape parasitism could be reduced by 
seeding red clover into a winter wheat crop in the spring (Feb-
ruary to April) to avoid parasite-host contact. 

Forage legume establishment with a grass hay crop has long 
been a common practice to increase the amount of forage har-
vested in the first cutting and to suppress weeds.  Establish-
ment of legumes with cereals is cost effective to legume seed 
growers because it allows for the harvest of hay or grain in the 
first year of legume establishment when seed production is 
minimal.  However, no research has been conducted on the 
agronomic aspects of a red clover-winter wheat intercropping 
system, particularly with the secondary purpose of managing a 
small broomrape infestation.  The agronomic success of a red 
clover-wheat intercropping system may offer red clover grow-

ers a practical option for integrated control of small broomrape, 
while producing wheat grain to offset costs in the red clover 
establishment year.  Therefore, the objective of this research 
was to investigate the agronomic feasibility of a red clover-
winter wheat intercropping system with regard to wheat yield 
and red clover establishment.   

Field Procedures 
In 2003, two experimental field sites were established at the 
Hyslop Research Farm near Corvallis, OR.  ‘Kenland’ red clo-
ver, ‘Cayuse’ oat and ‘Foote’ soft white winter wheat was used 
as the crop cultivars in these experiments to compare wheat 
yield and red clover establishment among interseeding systems.  
Experimental design was a randomized complete block with 
ten treatments, four replications, and a plot size of 8 by 40 ft.  
Treatments included red clover monocropped in 12 inch rows, 
wheat monocropped in 6 in rows (conventional wheat system), 
red clover broadcast-seeded into 12 inch oat rows and 6 inch 
wheat rows at time of planting, and red clover spring-broadcast 
(February, March, April) into fall-planted 6 and 12 inch wheat 
rows.  The oat treatment was included because it is a common 
red clover establishment system.  The 6 inch wheat row width 
was chosen for the fall red clover interseeding treatment to 
maximize wheat yield and the release of small broomrape ger-
mination exudates.  Seeding rates were 8, 80, 63, and 125 
lb/acre for red clover, oat, and narrow and wide row wheat, 
respectively.  Red clover seed was inoculated with the appro-
priate Rhizobium spp. prior to planting.  

At both sites, oat, wheat, and fall interseeded red clover were 
planted on October 14, 2003 in a Woodburn silt loam with a 
pH of 5.6 and 2.7% organic matter.  Plot areas were mold-
board plowed in the previous spring, summer fallowed, fall 
disked, and then spring disked and harrowed to prepare a suit-
able seedbed.  The plot area was fertilized prior to planting 
with 50 lb/acre of N, P, and K and supplemented with 80 
lb/acre of N on March 22, 2004.  Spring red clover interseeding 
dates were February 18, March 15, and April 19, 2004.   

Crops were grown with conventional best management prac-
tices.  Weed species included annual bluegrass (Poa annua L.), 
persian speedwell (Veronica persica Poir.), shepherd’s-purse 
(Capsella bursa-pastoris (L.) Medic.), and spiny sowthistle 
(Sonchus asper (L.) Hill).   

Red clover monocrop and red clover-oat plots were harvested 
for forage at 25% red clover stand flowering on May 12, 2004, 
leaving a stubble height of approximately 3 inches.  Clethodim 
(0.13 lb a.i./acre) was applied to red clover-oat treatments to 
prevent oat re-growth.  Wheat grain was harvested on July 23, 
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2004.  Wheat stubble was flail chopped and removed.  
Clethodim (0.13 lb a.i./acre) was applied to the experimental 
area to control volunteer wheat sprout and grass weeds on 
September 9, 2004.   

Cereal crops, red clover, and weed dry matter were sampled 
(2.7 ft2) on April 10 and June 24, 2004 for Site 1 and on April 
24 and June 24, 2004 for Site 2.  Samples were dried at 160 F 
for 72 h and weighed.  Second year red clover establishment 
was determined by placing a transect through the middle of 
each plot and calculating percent red clover ground cover on 
March 25, 2005.  A predetermined level of 70% red clover 
ground cover was used to designate a successfully established 
red clover seed production stand.  This number was based on a 
typical stand retention threshold used by local red clover grow-
ers (G. Gingrich, personal communication). 

Data were subjected to analysis of variance using PROC GLM 
in SAS©.  Data were tested for combined analysis between 
sites and presented for individual sites if significant interac-
tions (P < 0.05) existed.  Fisher’s protected LSD was used to 
separate treatment means, while contrasts were used to make 
comparisons between grouped cropping systems.   

Intercrop Dry Matter 
Cereal (oat and wheat) dry matter differed among cropping 
systems for the April sampling date at Site 2, but not at Site 1 
(Tables 1 and 2).  The conflicting results from the two sites can 
be attributed to differences in oat and red clover growth be-
tween sites.  Generally, fall-seeded red clover was more vigor-
ous at Site 2 as compared to Site 1, thus increasing resource 
competition at Site 2.  However, red clover competition did not 
affect wheat dry matter accumulation at either site for the June 
sampling date.  Wheat dry matter did not differ among wheat 
treatments when oat was removed from the analysis at the later 
sampling date.  Additionally, wheat dry matter from the fall 
interseeded wheat and the wheat monocrop did not differ at 
either site or any sampling date.  Row spacing also did not af-
fect wheat dry matter between narrow (6 inch)  
and wide (12 inch) spring interseeded wheat at the June sam-
pling date for Site 2.  Wide row wheat was able to accumulate 
as much dry matter as narrow row wheat even with fewer 
plants per area.   

 
 
Table 1. Cereal, red clover, and weed dry matter for the April 10 and June 24, 2004 sampling date at Site 1 on the Hyslop Re-

search Farm near Corvallis, OR. 
__________________________________________________________________________________________________________________________________________________________________  

  Dry matter  
  April 10, 2004   June 24, 2004  
Cropping system Cereala Red clover Weed Wheat Red clover Weed 
__________________________________________________________________________________________________________________________________________________________________  

 -----------------------------------------(lb/acre) ----------------------------------------  
 
Red clover monocrop - 59.6 27.2 - 204.2 144.2 
Wheat monocrop 540 - 0.0 2182 - 4.8 
Red clover-oat intercrop 546 23.6 31.7 - 108.1 4.8 
Fall red clover-wheat intercrop 564 12.2 9.1 2367 38.5 2.4 
Feb red clover-wheat (6 inch) 610 1.0 1.0 2492 7.2 2.4 
March red clover-wheat (6 inch) 633 0.7 0.0 2627 7.2 2.4 
April red clover-wheat (6 inch) 607 0.0 0.0 2728 4.8 14.5 
Feb red clover-wheat (12 inch) 488 0.4 0.0 1656 9.6 4.8 
March red clover-wheat (12 inch) 427 1.0 2.1 1918 9.6 7.2 
April red clover-wheat (12 inch) 490 0.0 0.7 2189 9.6 2.4 
__________________________________________________________________________________________________________________________________________________________________  

 LSD (0.05) NS 12.7 12.5 NS 52.8 22.1 
Contrastsb 
Spring seeded;  
      6 vs 12 inch row spacing *** NS * ** NS NS 
Fall vs. Spring wheat intercrop NS ** NS NS NS NS 
__________________________________________________________________________________________________________________________________________________________________  

a Cereal columns include oat and wheat dry matter. 
b Contrasts significant at the P = 0.1, 0.01, and 0.001 level are indicated with *,**, and ***, respectively.  Non-significant compari-
sons are indicated with NS. 
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Table 2. Cereal, red clover, and weed dry matter for the April 10 and June 24, 2004 sampling date at Site 2 on the Hyslop Re-
search Farm near Corvallis, OR. 

__________________________________________________________________________________________________________________________________________________________________  

  Dry matter  
  April 28, 2004   June 24, 2004  
Cropping system Cereala Red clover Weed Wheat Red clover Weed 
__________________________________________________________________________________________________________________________________________________________________  

 -------------------------------------------- (lb/acre)------------------------------------------  
 
Red clover monocrop - 85.3 10.1 - 288.3 117.8 
Wheat monocrop 579 - 6.3 2345 - 2.4 
Red clover-oat intercrop 373 49.7 45.9 - 305.2 0.0 
Fall red clover-wheat intercrop 662 39.4 25.3 2550 93.8 0.0 
Feb red clover-wheat (6 inch) 659 0.4 10.8 2297 7.2 2.4 
March red clover-wheat (6 inch) 714 0.7 7.7 2160 7.1 0.0 
April red clover-wheat (6 inch) 644 0.0 7.2 2425 7.2 2.4 
Feb red clover-wheat (12 inch) 530 0.7 29.1 1865 9.6 7.2 
March red clover-wheat (12 inch) 511 0.4 25.5 2180 9.6 0.0 
April red clover-wheat (12 inch) 516 0.0 19.2 1954 9.6 4.8 
__________________________________________________________________________________________________________________________________________________________________  

LSD (0.05) 134 21.8 14.6 NS 51.1 52.6 
Contrastsb       
Spring seeded;  
      6 vs 12 inch row spacings *** NS *** NS NS NS 
Fall vs. Spring wheat intercrop NS *** NS NS *** NS 
__________________________________________________________________________________________________________________________________________________________________  

a Cereal columns include oat and wheat dry matter. 
b Contrasts significant at the P = 0.1, 0.01, and 0.001 level are indicated with *,**, and ***, respectively.  Non-significant compari-
sons are indicated with NS. 
 

Red clover dry matter differed among cropping systems at both 
sites and sampling dates.  The red clover monocrop produced 
more red clover dry matter in both sampling dates than all 
other treatments at Site 1; however by the June sampling date 
at Site 2, red clover dry matter did not differ between the red 
clover monocrop and the oat intercrop.  As mentioned previ-
ously, this was the result of relatively poor oat growth and 
competitive red clover at Site 2.  While red clover was com-
petitive in fall interseeded treatments at Site 2 in the June sam-
pling, spring seeded red clover dry matter was negligible at 
both sites and either wheat row spacing.   

Weed dry matter in monocropped wheat and all red clover-
wheat intercrop systems was reduced by 90 to 98% compared 
to the red clover monocrop and red clover-oat intercrop system 
on the April sample date (Tables 1 and 2).  This result was 
principally due to the high efficacy of the preemergence herbi-
cide application that was applied to the monocropped and 
spring interseeded wheat.  However, herbicide was not applied 
to fall interseeded wheat and weed dry matter suppression was 
better than the red clover-oat intercrop at both sites in the April 
sampling date.  There were no differences between red clover-
oat intercrop weed dry matter and the systems that included 
wheat by the June sampling date, but the red clover-oat inter-
crop had been harvested for forage and treated with a 
graminicide after cutting to prevent oat re-growth.   

Wheat Yield and Red Clover Establishment 
Wheat grain yield was typical of 2004 winter wheat yields in 
the Willamette Valley, OR, and did not differ among cropping 
systems (Table 3).  Wheat yield was similar between wheat 
row widths, monocropped versus intercropped wheat, and fall 
versus spring red clover interseeding timing.  These results 
suggest that wheat yield from interseeded treatments was not 
affected by red clover growth compared to monocropped 
wheat, and that wide row wheat was able to compensate for a 
lower wheat plant density than narrow row wheat to produce an 
equivalent yield.  Similar results were obtained by Steiner and 
Snelling (1994), who reported that winter wheat yields were 
not affected by intercropped kura clover when compared to a 
wheat monocrop.  Legumes typically have little effect on com-
panion cereal crops because cereal crops germinate faster and 
compete more effectively for moisture and light.  However, 
wide row yield compensation in our study was contrary to re-
sults reported by Steiner and Snelling (1994) where narrow-
row (6 inch) wheat generally produced greater yield than wide-
row (12 inch) wheat.  This difference may be partially ac-
counted for by our use of a wheat cultivar with greater capacity 
for yield component compensation, such as an increase in tiller 
number when plant density was reduced. 
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Table 3. Wheat yield in 2004 and red clover ground cover in 2005 for Site 1 and 2 at the Hyslop Research Farm near Corvallis, 
OR. 

__________________________________________________________________________________________________________________________________________________________________  

  Wheat yield   Red clover ground cover  
Cropping system Site 1 Site 2 Site 1 Site 2 
__________________________________________________________________________________________________________________________________________________________________  

 ---------- (lb/acre) ------------  ------------- (%) --------------  
 
Red clover monocrop - - 98 100 
Wheat monocrop 5931 6122 - - 
Red clover-oat intercrop - - 99 100 
Fall red clover-wheat intercrop 5483 5800 13 77 
Feb red clover-wheat (6 inch) 5379 5844 2 14 
March red clover-wheat (6 inch) 5494 5505 0 0 
April red clover-wheat (6 inch) 5663 6237 0 0 
Feb red clover-wheat (12 inch) 4871 5653 43 39 
March red clover-wheat (12 inch) 5445 5630 9 33 
April red clover-wheat (12 inch) 5560 5581 0 0 
__________________________________________________________________________________________________________________________________________________________________  

LSD (0.05) NS NS 19 20 
Contrastsa 
Spring seeded; 6 vs 12 inch row spacings NS NS *** *** 
Wheat mono vs. Intercrop wheat NS NS - - 
Fall vs. Spring intercrop NS NS - - 
__________________________________________________________________________________________________________________________________________________________________  

a Contrasts significant at the P =  0.001 level are indicated with ***.  Non-significant comparisons are indicated with NS. 
 
 

Red clover ground cover (%) was used as a measure to indicate 
stand establishment in the second spring following seeding 
(Table 3).  At both sites red clover stand establishment was 
98% or greater for the red clover monocrop and the red clover-
oat intercrop.  At Site 1, red clover ground cover was not suffi-
cient for stand retention in any red clover-wheat intercrop 
treatment.  At Site 2, only the fall-seeded red clover-wheat 
intercrop produced red clover ground cover sufficient for stand 
retention.  Red clover ground cover was greater in wide rows 
as compared to narrow rows, even though red clover in spring 
interseeded treatments did not produce more than 43% ground 
cover in any case. 

Conclusions and Recommendations 
These experiments confirm that spring interseeding red clover 
into conventionally managed winter wheat is not agronomi-
cally viable for red clover establishment.  However, our results 
do provide valuable information to further the design of red 
clover seed production systems for small broomrape manage-
ment.  Red clover establishment was variable between sites for 
the fall interseeded red clover-wheat cropping system.  With 
this in mind, such a system could be adjusted to increase the 
probability of successful red clover establishment.  Fall seeding 
red clover into wider wheat rows, 12 inch for example, to pro-
vide red clover with more light would be one option.  Although 
this would likely reduce the amount and concentration of small 
broomrape germination stimulant released from wheat and 
increase small broomrape parasitism of interseeded red clover, 

it appears that wheat grain yield would not be reduced as a 
result of red clover competition.  Additionally, imazamox-
resistant (Clearfield) wheat could be integrated into this sys-
tem, in which imazamox would be applied in March to late 
April in Oregon to control small broomrape attached to the red 
clover intercrop.  While this system would require an ima-
zamox application, the small broomrape soil seedbank in in-
fested fields could be greatly reduced by the combination of 
false-host induced “suicidal germination” and herbicide activ-
ity on attached parasites.  Another option may be to simply 
increase the seeding rate of red clover for the fall interseeded 
red clover-wheat system at the narrow wheat row spacing.  
This system would also need to incorporate the previously 
mentioned imazamox herbicide program because red clover 
would be present during optimum small broomrape parasitism 
conditions.  Further research is needed to evaluate both the 
agronomic and economic viability of these systems and to in-
vestigate implementation in small broomrape infested fields.   
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EVALUATION OF THE N MINERALIZATION TEST TO REFINE SPRING NITROGEN RATE 
FOR WESTERN OREGON GRASS SEED PRODUCTION 

J.M. Hart, M.E. Mellbye, T.B. Silberstein, N.W. Christensen and W.C. Young III 

The nitrogen mineralization soil test (Nmin) accurately predicts 
spring nitrogen fertilizer rate for winter wheat grown in west-
ern Oregon.  Grass seed growers desire the same spring N rate 
prediction for production of cool-season grasses.  Large scale 
field trials in 2004 and 2005 evaluated the test for use with tall 
fescue, annual ryegrass, and perennial ryegrass.  The Nmin test 
showed little relationship with plant N measurements and seed 
yield for tall fescue or annual ryegrass, but was promising for 
perennial ryegrass.  If the Nmin test would not be useful to pre-
dict spring N rate as in winter wheat, we hoped growers could 
use it to predict which site would contribute substantial nitro-
gen to the crop, so they could reduce spring nitrogen rate, re-
sulting in reduced production costs. 

Field scale plots with non-replicated N rates of 0, 60, 120, 180 
lb/a and the grower rate were established in one field of annual 
ryegrass and six fields of perennial ryegrass.  The plots were 25 
ft wide and approximately 600 ft long.  Table 1 provides site 
information.   

Soil was sampled and tested for organic matter by loss on igni-
tion, pH, P, K, Ca, Mg, B, Cu, Mn, Zn, NO3-N, NH4-N, and 
Nmin from a sample taken at the beginning of February.  Addi-
tional samples for Nmin analysis were taken later in February, 
March, and April (Tables 2 and 3). 

Nmin is the amount of NH4-N produced in 7 days when a 20 
gram soil sample is incubated anaerobically at 40o C.  The 
NH4-N is extracted with 2N KCl. 

Spring nitrogen application was made by OSU using an Orbit 
Air plot fertilizer applicator.  Seed yield was measured by the 
grower swathing a single pass through the middle of each 
treatment, threshing seed with a commercial combine, and 
weighing seed in a Brent Yield Cart. 

In addition to combine or “dirt” seed yield, clean seed yield, in-
season N concentration, aboveground biomass and nitrogen 
uptake at harvest were measured.  Biomass samples were col-
lected by clipping one foot long samples from two adjoining 
rows in three areas of each treatment.  The entire sample was 
dried, weighed, then a subsample taken for N analysis.  The “in 
season” tissue collections followed the procedure described by 
Rowarth et al. (1998).  In early May, a “bundle” of plants the 
diameter of a dime to a quarter is cut about 1 inch above the 
ground from eight to ten locations in each treatment.  All sam-
ples for a treatment are mixed, dried, ground, and analyzed for 
N.   

 
 
 
Table 2. Perennial ryegrass soil test N from surface12 inch soil sample, February 3 and February 23, 2006. 
_________________________________________________________________________________________________________________________________________________________________ 

  February 3   February 23 
 Site # NO3-N NH4-N Nmin NO3-N NH4-N Nmin 
_________________________________________________________________________________________________________________________________________________________________ 

 ----------------------(ppm) -----------------  -------------------- (ppm)-------------------  
 

1 2 4 37 2 3 64 
2 2 3 33 3 3 40 
3 2 3 35 5 3 43 
4 3 4 82 2 4 80 
5 2 4 50 1 8 116 
6 3 3 23 3 2 25 
7 3 3 53 2 2 36 

_________________________________________________________________________________________________________________________________________________________________ 
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Table 1. Management information for field sites in 2006. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

  Site  Grass  Stand Row Straw  Treatment Fall 
number Location species Variety age spacing management Soil series application nitrogen 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

 (years) (inches) (date) (lb/a) 
 
 1 Corvallis Perennial Wizard II 1 9 Mow 1st Amity 3/30 35 

  ryegrass   (Spring summer Woodburn   
     planting) growth 
 
2 Tangent Perennial Prelude IV 2 14 Full straw Amity 3/30 82 
  ryegrass     Dayton   
 
3 Tangent Perennial Prana 2 12 Bale Woodburn 3/30 43 
  ryegrass (tetraploid       
   forage type) 
 
4 Halsey Perennial Envy 4 14 Full straw Awbrig 3/30 40 
  ryegrass     Bashaw   
 
5 Shedd Annual Florilina 1 Volunteer Full straw Concord 4/25 0 
  ryegrass     & Dayton   
 
6 Brooks Perennial AllStar 2 2 10 Bale Amity 3/30 25 
  ryegrass        
 
7 Mt. Angel Perennial Laredo 2 11 Full straw Woodburn 3/30 57 
  ryegrass        

________________________________________________________________________________________________________________________________________________________________________________________________________________________  
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Results and Discussion 
Cool season grass grown for seed in western Oregon requires 
a spring N fertilizer application for optimum production.  
Guidelines for selecting spring N rate do not include soil or 
tissue testing for N.  Current recommendations for perennial 
ryegrass are to apply between 120 and 160 lb N/a, using the 
lower rate on fields with poorly drained soil high in organic 
matter.  

Evaluating the Nmin test as a predictor of N rate is the focus 
of this research.  Rather than approaching the problem from 
the perspective that inadequate N causes yield loss, the 
problem will be addressed from identification of sites for 
which N rate can be reduced without a reduction in yield.  N 
in excess of crop need is an expense growers are unable to 
bear in competitive global seed market with sharply rising N 
cost.  

When the project was initiated, we hoped to treat the three 
predominant cool season grass species produced for seed as a 

single group.  This approach would simplify recommenda-
tions and data collection.  Data from 2005 showed our initial 
attempts to combine species was not feasible.  The 2006 field 
effort focused on perennial ryegrass since it was the species 
for which the Nmin test showed the most promise. 

After 2005, the following preliminary guidelines for peren-
nial ryegrass were made.  When a soil sample from surface 
12 inches is taken in last half of January and the sum of 
NO3-N and NH4-N is less than 10 ppm, apply N based on the 
following Nmin test results.   

• If Nmin below 40 ppm, apply 150 to 160 lb N/a 
• If Nmin 40 to 60 ppm, apply 120 to 150 lb N/a 
• If Nmim above 60 ppm, apply 80 to 120 lb N/a 

Using an Nmin soil test from a February 23 sample, the pro-
cedure developed in 2005 accurately predicted the spring N 
rate for five of the seven fields in 2006 (Table 3).   

 
 
 
 
Table 3. Predicted Spring N rate from several Nmin sampling dates based on relationship for perennial ryegrass developed in 

2005 and seed yield.   
_________________________________________________________________________________________________________________________________________________________________ 

 Site Nmin Predicted N Nmin Predicted N Optimum Clean seed 
 # Feb 3 rate Feb 23 rate yield N rate yield 
_________________________________________________________________________________________________________________________________________________________________ 

 (ppm) (lb/a) (ppm) (lb/a) (lb/a) (lb/a) 
 

1 37 180 64 120 120 2049 
2 33 180 40 160 180 2370 
3 35 180 43 160 180 1995 
4 82 80 80 80 180 1369 
5 50 120 116 120 120 2554 
6 23 180 25 180 120 1406 
7 53 120 35 180 180 1444 

_________________________________________________________________________________________________________________________________________________________________ 

 

For the two sites the Nmin test was incorrect, it over pre-
dicted the N rate on one and under predicted on the second.  
The under prediction is disturbing since a yield reduction of 
several hundred lb/a would have occurred if the recommen-
dation was followed.  The February 3 sample incorrectly pre-
dicted spring N rate at four of the seven sites.  A test that 
might provide a recommendation resulting in a yield loss, 
even if the chance of occurrence is less than 10%, will not be 
used by growers.   

No pattern or relationship was found from the Nmin test for 
a late February sample and combine or uncleaned seed yield 
(Figure 1).  At best, a weak relationship or minimal trend 
exists between the late February Nmin sample and check plot 
N uptake (Figure 2).    
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Figure 1. February 23, 2006 Nmin soil sample results and 
combine or uncleaned seed yield from treatments 
receiving no spring N fertilizer. 

 

y = 0.5064x + 38.731
R2 = 0.3371

0 100 120 140

min, ppm

 N
 U

pt
ak

e 
fr

om
 "

0"
 N

 p
lo

ts
, l

b/
a

0

20

40

60

80

100

120

0 20 40 60 8

Late February N

 

Figure 2. N in above ground plant material (nitrogen up-
take) at anthesis as influenced by Nmin soil test 
taken on February 23, 2006.   

 
 
The nitrogen supply, “0” plot N plus N applied, and relative 
seed yield produced an excellent relationship (Figure 3).  
Since yield will vary by site and variety, a method to com-
pare yield among sites is needed.  Relative yield is the per-
centage of yield for a treatment compared to the optimum 
yield.  Optimum yield is the highest seed yield produced by 
the minimum amount of fertilizer N.  If a site produced 1850 
lb seed from a 120 lb/a spring N application and 1865 lb 
seed yield from addition of 180 lb/a spring N, the optimum 
yield would be 1850 lb/a.   
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Figure 3. The relationship of N supply or N uptake from 
“0” N treatment plus spring N rate and relative 
yield. 

 
 
Relative yield in Figure 3 increases in a linear fashion from 
N supply of less than 50 lb N/a to an N supply of 150 to 200 
lb N/a.  These data agree with previous measurements and 
estimates that between 175 and 225 lb N/a total supply is 
needed to produce an economic yield of perennial ryegrass 
seed. 

The Nmin soil test had a weak relationship with N uptake 
from treatments not fertilized with N in the spring (Figure 2) 
and a poorer relationship with relative seed yield (data not 
shown; R2 0.13).  A measurement to reflect soil N supply 
was needed.  In 2005, plant N was well related to N supply 
from fertilizer and soil.  Previous work by Rowarth and oth-
ers (1998), related N rate to an in-season tissue N test for 
perennial ryegrass.  They sampled whole plants two to three 
weeks after a late winter or early spring fertilizer application 
to determine N sufficiency or if additional N was needed.   

Our sampling date of May 5 was later than prudent for addi-
tion of fertilizer.  Even so, the tissue N concentration was 
related to N supply, seed yield, crop N uptake, and N ap-
plied.  The relationship between the “in season” tissue test 
and N supply is linear and much better than relationships 
with the Nmin soil test (Figure 4).   
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Figure 4. The relationship of N supply or N uptake from 
“0” N treatment plus spring N rate and a growing 
season (May 5) tissue N test. 

 
 
A statistical expression, R2, is used to describe the relation-
ship between two variables.  An R2 of 1 is the maximum.  
The R2 for the data in Figure 4 is 0.75, indicating that ¾ of 
change in tissue N is explained by an increase in soil N sup-
ply.  It is one of highest best relationships in entire three 
years work with the Nmin project.  Thus, changes in the “in 
season” tissue test are reasonably explained by changes in 
soil N supply.  

However, the relationship between the “in season” tissue test 
and relative yield is not linear (Figure 5).  Relative yield in-
creases as tissue concentration increases until tissue contains 
approximately 2% N.  Relative yield does not change as tis-
sue N increases above 2%.  This relationship could be used 
to assess plant N status or sufficiency of fertilizer 
application.  
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Figure 5. The relationship between relative seed yield and 
“in season,” May 5, tissue N test from 2006. 

 
 
Most growers make at least two applications of spring N.  
The first application could be based on the Nmin soil test, a 
tissue sample taken two to three weeks after the first 

application, and field N status evaluated to adjust the rate of 
the second application. 

Rowarth et al. (1998) concluded that N concentration in 
aboveground biomass two weeks after N application at 
spikelet initiation is a useful predictor of likely relative yield 
where N is the only limiting factor.  Their measurements 
were earlier than samples taken for this project in 2006.  Us-
ing a combination of soil and tissue tests to assess N status or 
sufficiency in perennial ryegrass and possible other cool sea-
son grasses is a logical path to pursue. 

References 
Rowarth, J.S., B. Boelt, J.G. Hampton, A.H. Marshall, M.P. 

Rolston, G. Sicard, T.B. Silberstein, J.R. Sedcole, and 
W.C. Young III.  1998.  The relationship between applied 
nitrogen, nitrogen concentration in herbage and seed yield 
in perennial ryegrass (Lolium perenne L.). I. Cv. grass-
lands nui at five sites around the globe.  J. Appl. Seed 
Prod. 16:105-114. 
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EFFECT OF PLANT GROWTH REGULATORS ON SEED YIELDS OF ANNUAL RYEGRASS 

M.E. Mellbye, G.A. Gingrich, T.B. Silberstein and W.C. Young III 

Introduction 
The use of synthetic plant growth regulators (PGR) has become 
an accepted crop production program for many Oregon seed 
producers.  Two products are currently registered for use on 
grass seed crops and are applied to fields to reduce crop lodg-
ing, facilitate swathing, and to increase seed yields.  During the 
past ten years OSU and private researchers have conducted 
many experimental trials with PGR products on perennial grass 
seed species (See OSU Seed Production Research Reports be-
ginning in 1998).  Significant and fairly consistent results have 
been obtained on perennial ryegrass, tall fescue, and fine fes-
cue species with yield responses ranging from 15% to 40%.  
Limited work has been conducted on annual ryegrass.  In this 
article we report on: (1) two trials conducted on Gulf annual 
ryegrass fields in 2006, and (2) summarize the results from 
seven on-farm OSU Extension Service trials designed to meas-
ure the effect of Apogee and Palisade on the seed yield of an-
nual ryegrass over a range of different management conditions 
and years. 

Methods 
Large scale, on-farm seed yield trials were established on 
commercial annual ryegrass seed fields in Linn County be-
tween 1999 and 2006.  Each trial was arranged in a randomized 
complete block design with three replications with the excep-
tion of the 2005 trial, which was established as a strip plot de-
sign.  Individual plots were 23 ft wide by 230 to 300 ft long.  
Grower equipment was used for swathing and harvest.  A 
weigh wagon was used to determine seed yield.  Sub-samples 
of the harvested seed were collected to determine 1000 seed 
weight, percent cleanout and calculate total clean seed weight. 

PGR products used in the trials were either Apogee or Palisade.  
All PGR applications were made using an ATV sprayer 
mounted with a 20 ft boom equipped with TeeJet 11002 VS 
nozzles.  Application was at 30 psi with a total spray volume of 
14 to 15 gpa.  All Apogee treatments included the surfactant 
(Hasten or comparable product) at 0.25% and the liquid nitro-
gen Cayuse Plus at 0.5% by spray volume.  No surfactant or 
liquid N was applied with the Palisade treatments.  Application 
dates were mid-April at the 2-node stage to early flag leaf 
emergence.  All tests, except the 2005 tetraploid field, were 
conducted on Gulf annual ryegrass. 

In the 2006 trial, both Apogee and Palisade were applied at 
different rates and at two timing.  Application timings were 
early (1-node, late March) and normal (2-node, mid-April).  
Application rates are shown in Table 1.   

Results 
In 2006, high clean seed yields (over 2800 lb/acre) were ob-
tained from both annual ryegrass seed fields indicating these 
fields were not yield limited and good test fields for PGR re-
sponse (Table 1).  The response to both PGR products de-
pended on the rate of application and the timing.  For both 
products, the “normal” 2-node timing recommended for peren-
nial ryegrass provided a greater seed yield increase than the 
earlier timing or from a split treatment of Apogee.   

Both products also showed a rate response in 2006 with the 
highest seed yield measured from the 4 pt/acre rate of Palisade.  
While not an economical treatment, the response to the high 
rate does demonstrate crop tolerance and as part of the rate 
response suggests low rates of application may not provide 
enough effect physiologically to consistently increase seed 
yield or control lodging in rapidly growing annual ryegrass 
seed crops.  Comparing the two fields in 2006, the grazed field 
responded more to PGR application than the non-grazed field.   

Across years, use of both PRG products provided some reduc-
tion in plant height and lodging on all the annual ryegrass 
fields tested.  In comparison to perennial species though, the 
effect was not as pronounced and did not in general carry 
through visually to harvest except at very high rates (e.g. 4 
pt/acre of Palisade).  The seed yield response ranged from zero 
to 18% (Table 2).  Over seven site-years, no response was ob-
served 30% of the time.  The average clean seed yield across 
years was 2267 lb/acre without PGR and over 2500 lb/acre 
with PGR.  The average response was about 10% (227 lb/acre).  
In comparison to perennial ryegrass, where the average re-
sponse in OSU research plots has commonly been 20% or 
higher, the effect on seed yield in annual ryegrass was less con-
sistent and the percent increase was lower.   

Percent cleanout and 1000 seed weights were determined from 
sub-samples of seed collected at harvest.  In general, the effect 
on these components in annual ryegrass has been small and 
non-significant in annual ryegrass except at very high rates of 
application (data not shown).   

Summary 
Applications of either Apogee or Palisade to commercial seed 
fields of cool season grasses grown in Oregon can result in 
significant increases in seed yields.  At this time, only Apogee 
is registered for use on annual ryegrass, although Palisade reg-
istration is possible in the future.  There is a fairly wide varia-
tion in the amount of yield increase obtained from the applica-
tion of either PGR on annual ryegrass, but an average response 
of about 10% appears reasonable based on work conducted to 
date.  Unfortunately, lower labeled rates of application may not 
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provide an adequate response in annual ryegrass.  Further 
evaluation of the rate of application may be needed along with 
testing of later timings to help improve consistency of response 
from PGR application on annual ryegrass.   

Acknowledgements:  
Appreciation is extended Peter Kuenzi, Wilbur-Ellis Company, 
Halsey, for assistance conducting the 2005 and 2006 trials  
and to the growers who allowed us to conduct this research on 
their farms.   

 
 
Table 1. The effect of plant growth regulators on the seed yield of annual ryegrass (variety Gulf), on grazed and non-grazed 

fields near Halsey, Linn County, Or., 2006. 
_________________________________________________________________________________________________________________________________________________________________ 

  Seed yield  
 Rate  Non- 
Treatments (production) Timing Grazed grazed average 
_________________________________________________________________________________________________________________________________________________________________ 

 -------------- (lb/acre)------------  
 
1. Check none  -  2387 2859 2623 
2. Apogee (Mar/Apr split) 7 oz (2x) Early (1-node stage) Late March 2633 3020 2827 
   + Normal (2-3 node) Mid-April    
3. Apogee (March 31)  14 oz Early (1-node node) Late March 2986 2943 2965 
4. Apogee (April 13)  7 oz Normal (2 node stage). Mid-April 2670 3071 2871 
5. Apogee (April 13) 14 oz Normal (2 node stage). Mid-April 3214 3059 3137 
6. Palisade (April 13)   0.75 pt Normal (2 node stage). Mid-April 2296 2889 2593 
7. Palisade (April 13)  1.5 pt Normal (2 node stage). Mid-April 3114 3006 3060 
8. Palisade (April 13) 4 pt Normal (2 node stage). Mid-April  -  3264  -  
 
LSD (0.05)   456 198  -  
_________________________________________________________________________________________________________________________________________________________________ 

Cayuse plus (liquid fertilizer surfactant) added to Apogee treatments @ 0.5% v/v (2 pt/100 gal).   
 

 

Table 2. The effect of plant growth regulators on the seed yield of annual ryegrass across years in OSU Extension Service field 
tests on Linn County Farms, 1999-2006. 

_________________________________________________________________________________________________________________________________________________________________ 

Year, variety, establishment (conventional or volunteer), and % increase above check plot  
  1999 2002 2002 2005 2005 2006 2006  
  Gulf Gulf Gulf Tetraploid Gulf Gulf Gulf  
  Vol.  Conv. Vol. Conv. Conv. Conv. Conv. Average 
Products Rate (+11%) (zero) (+15%) (zero) (+14%) (+18%) (+5%) (+10%) 
_________________________________________________________________________________________________________________________________________________________________ 

 (product/a) ----------------------------------------------------- (lb/acre)---------------------------------------------------- 
 
Check 0.00 2450 2407 2143 1990 1636 2387 2859 2267 
Palisade  0.75 pt  -   -   -   -  1862 2296 2889  -  
 1.0 pt  -  2426 2465  -   -   -  -  -  
 1.5 pt 2700    -  1952 3113 3006  -  
Apogee 7 oz  -   -   -   -  1813 2670 3071  -  
 10 oz  -   -   -  2054  -   -  -  -  
 14 oz  -   -   -   -  1861 3214 3059  -  
Average of all pgr treatments over years       2528 
_________________________________________________________________________________________________________________________________________________________________ 

LSD (0.05)  220 N.S. 246 N.S. 196 457 198  
_________________________________________________________________________________________________________________________________________________________________ 
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DEVELOPMENT OF A DNA SEQUENCE-BASED MULTIPLEX TEST FOR RAPID 
DIFFERENTIATION OF RYEGRASS GROWTH TYPES 

L.D. Cooper and R.E. Barker 

The Problem 
The majority of the worldwide supply of perennial (Lolium 
perenne L.) and annual (or Italian) (L. multiflorum) ryegrass 
seed is produced in Oregon’s Willamette Valley.  Perennial 
ryegrass is grown mainly for turf production, while the annual 
cultivars are primarily used for forage.  Since the legislative-
mandated reduction in field burning, weed problems in the 
perennial ryegrass fields have increased.  Annual ryegrass, 
which is also a seed crop in Oregon, is a problematic weed for 
perennial ryegrass production.  Both of these grasses have 
many useful agronomic properties, but the close genetic simi-
larity of the two is of concern because contamination of high 
quality turf-type perennial ryegrass by forage-type annual rye-
grass is objectionable.  

Identifying annual ryegrass contamination in perennial ryegrass 
seed lots has been of major interest in the seed industry for 
many years.  The reasons that annual ryegrass is such a prob-
lem are several-fold.  Without adequate control, annual rye-
grass seed stays in the soil seed bank for years and readily vol-
unteer in perennial ryegrass seed production fields.  These two 
species are able to pollinate one another when their flowering 
dates overlap.  Genetic (pollen from adjacent fields) or physical 
(seed mixing) contamination can occur during seed production 
and handling.  Since the seeds are indistinguishable visually, 
other means are needed to determine the amount of contamina-
tion in the higher quality perennial seed intended for turf use.  
More accurate detection of seed lot contamination would bene-
fit seed growers by reducing incorrect price reductions, and 
would benefit turf growers by reducing off-type plants in the 
turf.  Grass seed growers, seed testers and end users would all 
benefit from the ability to provide a higher quality, more ge-
netically pure product within a shorter testing time than has 
previously been possible. 

The “Fluorescence Test” as described by the Federal Seed Act 
(Sec. 201.58a Indistinguishable Seeds) was developed to solve 
the challenge of separating the two growth types in grass seed-
testing laboratories.  Unfortunately, the seedling root fluores-
cence (SRF) test has become increasingly ineffective as a spe-
cies discriminator as genes from these two species have inter-
mingled over the years in seed production areas and in new 
variety development.  The SRF test over estimates the amount 
of annual contamination in perennial ryegrass seed lots and 
grower profits are often discounted because of false SRF tests 
(Barker et al., 2000).  Through cooperative research between 
Oregon State University and the USDA-ARS, a maturity 
Grow-Out Test (GOT) was developed and beginning with the 
2002 crop year, the GOT has been used to augment the SRF 
test.  All of the fluorescent seedlings from a SRF test are trans-

planted to pots, along with 25 non-fluorescent seedlings from 
the test and 25 annual ryegrass control seedlings.  These plants 
are then grown for six weeks in a controlled environment under 
conditions optimized to induce heading in annual ryegrass.  
Seedlings that head or have wide, light-colored leaves are 
counted to determine the contamination level of the perennial 
ryegrass seed lot.  Until the GOT test was implemented to sup-
plement the SRF test by seed testing and regulatory agencies in 
2002, the industry estimated that as much as $5 to 7 million 
was lost to growers each year because of payment discounts 
(Personal communication, Oregon Ryegrass Seed Testing 
Committee, 2001).  The addition of the GOT results in a lower 
estimate of contamination levels, which benefits growers, but 
the GOT is expensive and time-consuming to conduct.  Fur-
ther, the GOT per se does not fully estimate growth-type, but 
overly predicts perennial-type plants and underestimates those 
that are actually annual and the results can be altered by even 
minor changes in the conditions under which the plants are 
grown. 

The objective of our work over the past few years has been to 
identify the genetic basis of the differences in growth habit 
between the annual and perennial ryegrasses.  Most temperate 
grasses, including perennial ryegrass grown for turf in the U.S, 
require a prolonged period of low temperatures, called vernali-
zation, followed by an increase in the length of daylight to in-
duce flowering.  This dual requirement ensures that flowering 
occurs during the favorable environmental conditions of spring 
and summer.  In contrast, the annual ryegrasses have an annual 
to weakly perennial growth habit, in most cases, with no ver-
nalization requirement, and lack the requirement for long days 
to induce flowering.  The grass seed industry has supported our 
research to find the genes that control whether a ryegrass plant 
behaves as an annual or a perennial.  This seems like a simple 
question, but it is complicated by the fact that the ryegrasses 
actually form an interbreeding continuum of plant types, they 
are obligate out-crossers and there is a paucity of molecular 
tools at our disposal.  That said, one of the main advantages to 
working on a grass species is that we can utilize the advances 
that have been made by other researchers studying the related 
crops wheat, barley and rice.  Many of the recent advances that 
have been made in those species are transferable to Lolium and 
we can utilize the information and tools that have already been 
developed.    

The Test 
We have made considerable progress in developing the proto-
type test for implementation in commercial seed laboratories.  
We have developed DNA sequence-based markers for three 
genes from ryegrass that are involved in the flowering or plant 
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vernalization responses.  We are currently integrating two of 
these, LpID1 and LpCO into a Multiplex-PCR test and we are 
continuing to develop additional markers to improve accuracy 
and decrease costs and time requirements of the test.  We have 
designed a PCR test protocol that involves the following steps.   

1. A seed sample (currently 400 seeds) is germinated and the 
seedling root fluorescence (SRF) assay is performed, 
which is normally run for 14 days.   

2. At the end of the SRF test (or at some point after the 
majority of the seeds have germinated), the fluorescent in-
dividuals are sampled for DNA extractions.  The DNA 
extraction step is a routine laboratory procedure that can 
be performed in a number of ways depending upon the 
constraints of time, money and labor.  Many commercial 
kits are available from various suppliers, which can save 
time and reduce labor costs, but cost more initially.  An-
other factor to consider in choosing a DNA extraction 
method will be the number of samples that are being 
handled.   

3. Once the DNA is extracted, quantified and quality 
checked, the PCR (Polymerase Chain Reaction) analysis 
will be performed.  This procedure involves taking a small 
amount of the extracted DNA sample, adding a DNA po-
lymerase enzyme and a few other ingredients and running 
the reactions on a thermocycler or PCR Machine.   

4. The products of these reactions are then digested with a 
second specific enzyme (commercially available) and the 
products are visualized by gel electrophoresis, a process 
that separates the DNA fragments by size and visualizes 
them as “bands” on a gel.  The pattern of bands on the gel 
is scored to determine the allele (alternate forms of the 
gene) type present.  There are a number of commercially 
available systems that are designed for safety, reliability 

and speed of analysis.  By combining the results from our 
various markers, we will be able to make a more accurate 
prediction of the ryegrass growth types than by using one 
measure alone.  

 
Marker Validation Panel 
To validate the protocol, we are currently running the test on a 
panel of 20 ryegrass cultivars, which includes nonfluorescent 
plants of each cultivar and a number of ‘Gulf’ annual ryegrass 
plants as controls.  This large panel of approximately 900 
plants is being used to refine the test parameters and validate 
and test the markers.  As new markers are developed, they will 
be run on this panel to compare the results.  The test panel con-
sists of all the plants that showed Seedling Root Fluorescence 
(a variable number per cultivar) and also approximately 20 
nonfluorescent plants per cultivar.  After the SRF test, the 
plants were grown in continuous, high quality light for 12 
weeks to evaluate the number of days required for flower.  All 
the plants were scored as “Annual/Intermediate” or “Perennial-
like” on the basis of plant morphology, and the PCR markers 
LpID1 and LpCO were evaluated.  The plants that looked like 
true perennials were separated into two groups depending upon 
whether or not they exhibited SRF.   

Figure 1 shows the variation among the observed morphology 
classes for the number of days in 24 light required to induce 
flowering.  The Gulf controls flowered the earliest, followed by 
the plants that looked most like annual or intermediate rye-
grass.  As you can see from the standard deviation bars, there 
was a wide range in each of the groups and they overlap in the 
number of days to flower.  As well, many of the Annual/ 
Intermediate type plants required more than the 42 days nor-
mally used for the GOT in a seed lab.  

 
 
Figure 1. Variation in Number of Days to Flower in 24 light Grow-Out Test. 
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Figure 2. Association of the LpCO and LpID1 markers with the observed morphology groups. 
 
 
Figure 2 shows the association of the two different bands of the 
LpID1 marker with the observed morphological groups.  The 
0.85 kb band was present in 100% of the ‘Gulf” annual control 
plants and 65% of the plants that were identified as 
Annual/Intermediate.  This marker was absent from 95% the 
nonfluorescent perennial-type plants.  Conversely, the 1.3 kb 
band alone was present in 95% of the nonfluorescent perennial-
type plants and was completely absent from the ‘Gulf” annual 
control plants.   

Figure 2 also shows the association of LpCO marker with ob-
served morphology classes.  The LpCO marker is present in 
approximately one third of the Gulf annual controls and about 
10% of the plants that show the Annual/Intermediate morphol-
ogy.  The proportion of the nonfluorescent perennial-type 
plants with this marker is only about 2%.  The LpID1 marker is 
the most predictive one we have studied so far, but in combi-
nation with a second PCR based marker, such as LpCO, the 
robustness of the test will be increased even further.   

Steps to Implementation 
We have developed DNA sequence-based markers for three 
genes from ryegrass that are involved in the flowering or ver-
nalization responses.  We are currently integrating two of 
these, LpID1 and LpCO into a Multiplex-PCR test and we are 
continuing to develop additional markers to improve accuracy 
and decrease costs and time requirements of the test.  A deci-
sion support tool is being developed based upon these markers, 
initially as an excel spreadsheet or form and eventually as a 
web-based tool.  This will be useful for the seed lab personnel 
to evaluate the samples as the PCR test is run. 

In order for the Multiplexed DNA Sequence-Based Test to be 
used in a seed lab, it will have to be accepted as a rule by the 
Association of Official Seed Analysts (AOSA).  The test proto-
col will be presented at the AOSA Annual Meeting, and then 
sent out for a Referee or Ring test to various seed testing labs.  
The final phase of the project will be to train grass seed testers 
in the procedures for conducting DNA-based tests.  Several 
individuals have already visited our lab to observe progress and 
become familiar with the approach we are developing.  During 
such visits we have discussed equipment that will need to be 
available in a seed testing lab and estimated cost per sample 
that will be determined largely by the equipment and pre-pre-
pared supply options chosen by each particular lab. 

References Cited: 
Barker, R.E., S.K. Davidson, R.L. Cook, J.B. Burr, L.A. Bril-

man, M.J. McCarthy, A.E. Garay, and W.D. Brown.  
(2000).  Hidden fluorescence in the seedling root fluores-
cence test of ryegrass.  Seed Tech. 22:15-22. 
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MAINTAINING OPTIMUM SEED QUALITY IN STORAGE - STORING GRASS SEEDS IN 
OREGON 

S.G. Elias, A.E. Garay, W.C. Young, III and T.G. Chastain 

Maintenance of seed quality in storage from the time of pro-
duction until the seed is planted is imperative to assure its 
planting value and avoid financial loss.  The best alternative to 
avoid the risks associated with storage, which is deterioration 
of the quality of seeds, is to avoid storing the seeds.  However, 
there are times when seed growers and dealers carry over seed 
lots from one year to the next due to a weak market, to insure 
an adequate supply the following year, or for other reasons.  
Under such circumstances the question is how to manage the 
seeds to maintain their quality (viability and vigor) throughout 
the storage period.  In general, seeds maintain their quality un-
der favorable storage conditions for longer periods of time than 
if stored under poor conditions, e.g., high temperature and 
relative humidity.  A question that is frequently asked is 
whether good storage conditions enhance the quality of the 
seed?  The answer is no.  However, the quality of seeds can be 
maintained and the rate of seed deterioration can be slowed 
down by good storage environment.  Once seeds deteriorate, 
their physiological quality can not be restored because seed 
deterioration is inexorable and irreversible process, just like 
aging.  Even seed enhancement techniques may allow the 
maximum expression of seed potential, but will not alter their 
basic physiological quality.  The extent and speed of drop in 
seed quality is largely dependent on the storage temperature, 
relative humidity (RH), seed moisture content, length of stor-
age, kind of seeds, and initial seed quality. 

Historically, grass seeds in Oregon have maintained their 
viability (measured by TZ and/or germination) for longer 
periods than one year if the seeds are stored following some 
basic principles.  This track record in Oregon can be attributed 
to several factors including the dry weather during seed matu-
ration and harvest that makes it possible to harvest seeds with 
low moisture content and high viability, which is followed by 
placing seeds in cool and dry warehouses provided by the natu-
ral environment.  However, if seeds are exposed to prolonged 
rain before threshing, it can contribute to a faster rate of dete-
rioration, fungal invasion, and excessive physical damage at 
harvest.  Piling seeds with high moisture content in a bin or 
elsewhere can lead to excessive heating, reducing the viability 
of seeds. 

The purpose of this article is to review briefly the basic princi-
ples and practices that should be considered to reduce the risk 
of a decline in seed vigor and viability in storage. 

Factors that Affect Storability 
Initial seed quality: Seeds that have high initial viability main-
tain their quality in storage longer than those with low initial 
viability.  For example, the potential storability of a seed lot 

with an initial germination of 95% is better than seeds with 
initial germination of 70%.  In addition, seeds that have been 
broken, cracked, or even bruised deteriorate more rapidly in 
storage than undamaged seeds.  Cracks in seeds serve as en-
trance to pathogens causing subsequent deterioration.  Also, 
seeds that have been developed under environmental stress 
conditions (e.g., nutrient deficiency, drought, extreme tem-
peratures) become more susceptible to rapid deterioration in 
storage.  The dry and cool conditions that prevail in Oregon 
during seed maturation and harvest makes it possible to pro-
duce high quality seeds with better potential storability than 
seeds produced under adverse weather conditions.  The Oregon 
State University Seed Laboratory records show that the germi-
nation of most freshly harvested grass seeds are above 85% and 
TZ above 90%.  For practical purposes, these are high viability 
levels.  This high initial viability has been one of the key fac-
tors that contributed to a successful supply of high quality 
seeds year after year in Oregon.  Germination or TZ tests can 
be used as an index to determine the potential storability of a 
seed lot, however a vigor test such as the accelerated aging test 
can be a more reliable index for potential storability.   

Seed moisture content: A determining factor for safe storage is 
the seed moisture content (SMC).  Seeds stored at high mois-
ture content exhibit increased respiration, heating, and fungal 
invasion resulting in poor seed vigor and viability.  Low mois-
ture content in the seed to be stored is the best prevention of 
these problems.  For practical purposes, a moisture level below 
12% is safe for storage of most seeds.  The lower the moisture 
content, the longer seeds can be stored provided that the mois-
ture level can be controlled throughout the storage period.  It 
has been reported that seed moisture content of about 6-8% is 
optimum for storage of most crop species for maximum lon-
gevity.  Harrington reported that below 4-6% seed moisture 
content lipid autoxidation becomes a destructive factor and 
seeds become more susceptible to mechanical damage.   

In warehouses, SMC fluctuates with the changes in relative 
humidity, which changes from the summer months (low RH) to 
the winter months (high RH) since seeds attain lower moisture 
equilibrium at higher temperatures.  The magnitude of SMC 
fluctuations can vary with the type of storage, type of bags 
used, and the kind of seeds, which influence the migration of 
moisture from the air to the seed and vice-versa.  If the mois-
ture content is to be measured in a laboratory, the seed sample 
should be submitted in a moisture proof container.  Harrington 
(1972) suggested that each 1% reduction in SMC doubles the 
life of the seed.  In the seed testing world, determining a seed 
lot’s moisture content is essential for avoiding imbibitional 
injury during germination and for standardizing vigor tests 
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such as the accelerated aging and conductivity tests.  Imbibi-
tional injury is common in many seeds, particularly legumes, 
when SMC values are excessively low and water rapidly enters 
the seed during imbibition causing mechanical damage.  Seed 
moisture content is a critical variable in many seed physiology 
and seedling development investigations.  In addition, deter-
mining the seed’s moisture content prior to seed enhancements 
such as priming and pelleting is an important factor in identi-
fying the optimum enhancement protocol.   

Kind of seeds:  Some species store better than others.  For ex-
ample grass seeds store better than soybeans, cotton and other 
oily seeds.  There may be minor differences within grasses due 
to seed chemical composition differences that make them more 
or less hygroscopic, or simply due to the seed size which cre-
ates different levels of compaction in the bag and influences 
the rate of air movement.   

In an early study, it was shown that annual ryegrass has better 
storability than Chewing fescue even though they are similar in 
chemical composition.  In the late 1970s, a relative storability 
index was developed for some crops that showed 50% of Ken-
tucky bluegrass, perennial ryegrass and tall fescue seeds are 
expected to germinate even after 3 to 5 years of storage, 
whereas 50% of creeping bentgrass seeds are expected to ger-
minate even after 5 years or more.  The same study reported 
that 50% of orchardgrass seeds are expected to germinate after 
1 to 2 years of storage.  More studies on the potential storabil-
ity of different cool season grasses under different storage con-
ditions would be desirable.  It may be a good practice to de-
velop records of seed moisture content and correlate it with the 
respective germination or TZ test results for different species 
under various storage conditions throughout a storage period.  
This would provide realistic data under specific storage condi-
tions.  The standard germination test can be a fairly accurate 
index of seed quality if seeds are stored under favorable condi-
tions.  However, it becomes less sensitive as the storage condi-
tions become less favorable.       

Storage temperature and relative humidity:  Seeds are hygro-
scopic in nature which means they pick up and releases mois-
ture from and to the surrounding air.  Seeds inside sealed con-
tainers have little air space, therefore the moisture content of 
the seed determines the relative humidity inside the container.  
So, if the seed moisture content inside a well sealed container 
is 10%, it will stay the same throughout the storage time.  If the 
seeds are in bulk storage or in bags that allow air movement, 
seed moisture is determined by the RH of the surrounding air 
and the extent of air movement to and from the seeds.  The 
seeds adjust their moisture by trying to reach equilibrium with 
the relative humidity of the surrounding air.  Equilibrium is 
attained when the seed no longer absorbs or loses moisture.  
For example, perennial ryegrass seeds with 11% moisture 
content at 55% RH may reach 12.1% if the RH increased to 
65%, and may reach 13.4% if the RH increased to 75%.  Simi-
larly, colonial bentgrass will equilibrate at moisture content of 

9.8, 10.7 and12.5% at relative humidities of 55%, 65%, and 
75%, respectively.  

Temperature influences the amount of moisture which air can 
hold.  It has been suggested that the sum of the percentage of 
relative humidity plus the temperature in degrees Fahrenheit 
should not exceed 100 for safe storage (example: 50% RH and 
50°F temperature; or 40% RH and 60F).  This rule can be a 
useful reference, but should not be taken rigidly.  In general, a 
temperature below 60F and a RH below 60% is reasonable for 
safe storage of most seeds.  The longer the storage time 
needed, the lower these two factors should be.  If seeds are 
stored in typical warehouse conditions, the temperature and RH 
will fluctuate during the seasons and even during the day.   

Under Oregon weather, the summer days are accompanied by 
relatively low relative humidity which is good for storage.  In 
the winter, the RH is relatively high but the temperature is low.  
This explains why seeds can be stored well in Oregon beyond 
one year.  In a rapeseed study, it was found that the quality of 
seeds stored at 41°F and 75% RH was not significantly differ-
ent than those stored at 72°F and 30% RH after one year.  The 
low RH of 30% associated with 72°F allowed a rate of seed 
deterioration similar to that of 41°F and 75% RH.  It is a good 
practice to monitor temperature, RH, and seed moisture content 
in storage by having a thermometer and hygrometer inside the 
storage room and having a chart of equilibrium moisture con-
tent on the side. 

Length of storage:  The ideal situation is to market the seeds 
directly after harvest, however, in some cases, this is not real-
istic and seeds have to be stored for a year or more.  In general, 
prolonged storage can lead to a gradual loss of vigor and fi-
nally a loss of viability.  The extent and the speed of seed dete-
rioration in storage is dependent on many factors related to the 
seeds to be stored and the storage conditions.  How long is too 
long depends on the kind of seeds, initial seed quality and seed 
moisture content, storage temperature and relative humidity, 
and the length of  storage desired.  As the desired storage pe-
riod increases, it is important to optimize the above factors for 
safe storage.  It has been reported that the actual age of the seed 
is of less importance than the environment in which it has been 
stored.  The longevity also varies among species, varieties, 
seed lots, and even among individual seeds inside the same 
bag.  It is useful to measure the deterioration in stored seeds 
over time by determining the percentage of seed viability by 
the germination or the TZ test periodically.  Generally, as the 
storage conditions improve, the risk of seed deterioration in 
storage decreases.   

Protection from storage fungi and insects: Storage fungi have 
the capacity to grow at very low seed moisture content.  Most 
storage fungi belong to Aspergillus and Penicillium genera.  
They cause seed deterioration by producing toxic substances 
that destroy the cells of seeds to sustain the saprophytic fungi.  
Insects such as weevils and rodents such as mice and rats can 
cause substantial damage to the seeds at storage.  To minimize 
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the risk of pathogen invasion, seeds have to be stored at low 
moisture content, low temperature, and RH.  Fumigation may 
be needed in some cases.  The best prevention against insects 
and rodents is cleaning the warehouse and avoiding any source 
of infestation from old seeds and using the appropriate control 
methods whenever needed. 

Conclusions 
Different crops vary in their potential storability even under the 
same storage conditions.  Storing seeds at high moisture con-
tent increases the risk of faster deterioration at shorter time.  
Storage conditions of high relative humidity and temperature 
accelerate the rate and speed of deterioration.  Storage fungi 
can be controlled by drying the seeds to a safe moisture content 
prior to storage in a dry place.  Using recommended insect and 
rodent control measures are important to protect the seeds in 
the storage.  Under suboptimal storage conditions, seeds gradu-
ally lose vigor and viability and eventually die.  It is a good 
practice to monitor temperature and relative humidity in stor-
age by having a thermometer and hygrometer inside the storage 
room.  Viability and vigor tests such as standard germination 
test and accelerated aging test can be used to measure the 
quality of stored seeds periodically.  A good rule of thumb is to 
test the viability of stored seeds at least once a year under typi-
cal Oregon weather conditions and more often in hot, humid 
environments.  It is also recommended to measure the viability 
of the stored seeds before selling or using seeds for planting.   
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TEMPORAL CHANGES IN TALL FESCUE STRAW RESIDUE DEGRADATION 

S.M. Griffith and W.E. Gavin  

Introduction 
Straw residue is a byproduct of grass seed crops.  Traditionally 
it has been thought of as a “waste” product yielding little addi-
tional net income to the grower.  Most straw in the Willamette 
valley is currently baled and sold to Asian or local markets 
with the remainder open field burned, or flailed and left on the 
soil surface or incorporated into the soil.  The approach chosen 
is based on a number of decisions that factor into a grower’s 
crop and field management plan.  Straw moved off-site re-
moves nutrients that would otherwise be returned to the soil.  
In contrast, straw remaining allows carbon (C), nitrogen (N), 
and other nutrients to return to the soil food web that reduce the 
need for future nutrient supplementations by the grower.  
Shortages of certain plant nutrients can result when straw is 
continuously removed.  Aside from a nutrient role, straw resi-
due might also play a role in weed suppression, preserving soil 
moisture, improving soil tilth, and protecting soil from erosion.  
Off-site straw removal can benefit the live stock industry, be 
used in erosion control, or even as a biofuel feedstock. 

The primary focus of this study was to quantify the amount of 
straw that is degraded through a season, the amount of C and N 
contained in the straw, and temporal changes in these chemical 
constituents during the degradation process.  Other studies cur-
rently underway address what the specific degradation byprod-
ucts are and how they affect soil nutrient status, the soil biotic 
community, and ultimately plant growth and the degree both C 
and N are sequestered in these systems.  Extensive analysis of 
grass straw for mineral content and other chemical constituents 
has also been performed on a number of native and non-native 
grass species.  Findings from these studies will be reported 
later.   

Methods and Materials 
This study co-existed in a local grower’s tall fescue seed pro-
duction field located in the south Willamette Valley, Oregon 
where the perennial crop was in its fourth (2003-2004) and 
fifth (2004-2005) seed production years.  Field management 
and seed harvest was provided by the grower.  Following seed 
harvest, the straw residue was flailed and spread across the 
field (July).  From fall to spring, chopped straw samples were 
collected from six randomly selected areas measuring 20 cm in 
diameter.  The straw biomass was transported to the laboratory, 
dried at 80°C for 24 h, weighed, and assayed for total carbon 
(C) and nitrogen (N) using a Perkin-Elmer Series II 2400 total 
C/N analyzer.  Surface soil temperature was measured using a 
temperature probe placed at the interface of the soil surface-
straw interface.  Soil moisture (0 – 7.6 cm depth) was meas-
ured gravimetrically from a 5 x 7.6 cm soil core.  Precipitation 
was measured on-site using a tipping rain bucket connected to 
a HOBO logger. 

Results and Discussion 
This study was conducted for two seasons that included No-
vember 2003 to June 2004 and September 2004 to April 2005.  
The 2003-2004 season received more precipitation than the 
second season.  From November to April, 726 mm (28.6 in) of 
precipitation fell during the 2003-2004 season and 391 mm 
(15.4 in) during 2004-2005.  Soil temperatures also contrasted 
between growing seasons.  For the same range of months, the 
2003-2004 average soil surface temperature was 7.5°C (46°F) 
and 10.9°C (52°F) for 2004-2005.  Average soil moisture was 
not significantly different (p=0.05) between the 2003-2004 and 
2004-2005 growing seasons.  The average soil moisture for 
both growing seasons combined was 22% from November to 
May. 

Total amount of straw residue mass remaining after seed har-
vest varied by seed-year (Fig. 1).  The 2003-2004 season 
(fourth seed-year) produced twice the amount of biomass than 
the fifth seed-year.  Straw mass declined at approximately the 
same rate in both years.  By spring of 2004, straw mass 
dropped by 71% and during the 2004-2005, straw mass de-
clined 83% between fall 2004 and spring 2005. 

For both seasons, the temporal change in straw biomass C con-
centration declined at a similar rate.  During the 2003-2004 
season, C concentration dropped from 408 mg C kg-1 in No-
vember to 299 mg C kg-1 by June and for 2004-2005, from 400 
mg C kg-1 in September to 315 mg C kg-1 by May.  Straw N 
concentration during the 2004-2005 declined at about the same 
rate as C, whereas during the 2003-2004 season straw N con-
centration remained nearly the same.  The straw initial N con-
centration for the 2003-2004 season was 9.89 mg N kg-1 in 
November, remaining about the same in May 2004 at 9.57 mg 
N kg-1.  During the 2004-2005, N concentration began at 9.86 
N mg kg-1 and declined to 7.78 mg N kg-1.  These data suggest 
that during the warmer drier year (2004-2005), some C con-
stituents were lost from the straw at a greater rate than in the 
previous wetter cooler year. 

The total amount of straw biomass C and N was dependent 
upon the amount of biomass produced (Figs. 1, 2, and 3).  In 
this study C and N content ranged from 3102 kg C ha-1 in fall 
2004 to 6742 kg C ha-1 in fall 2003 and 75.2 kg N ha-1 in fall 
2004 to 163 kg N ha-1 in fall 2003 (Figs. 2 and 3).  This is a 
substantial amount of nutrients that could potentially enter into 
the soil biota and crop food web during the following season as 
the straw degrades.  Other nutrients also are present in straw 
biomass and released during the degradation process.  If 
successive years of straw residue removal occur (e.g., baling), 
then soil deficits of some nutrients can occur over time.  One 
example is potassium (K).  In a separate study, soil K was 
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measured in a tall fescue field that either had residue removed 
or left remaining.  Soil K decreased over time where straw 
residue was removed for three consecutive years (Table 1).  
Left unchecked this could result in soil K deficits and lead to 
detrimental effects on crop growth and development. 

Findings reported here show that substantial quantities of C 
and N are contained in the straw remaining after seed harvest 
and that these are released from the straw through time.  Break-
down of straw C and N compounds to more similar constitu-
ents (e.g., simple sugars, ammonium, nitrate) can occur 
through a number of biotic and abiotic pathways.  The primary 
biotic community of grass seed cropping systems includes in-
vertebrates (e.g., worms, insects), vertebrates (e.g., rodents), 
and fungi and bacteria.  We investigated this biotic diversity 
found that total diversity was low when compared to field-side 
habitats or neighboring riparian areas (Gavin et al., unpub-
lished data).  Both Collembola and Acarines were dominated 

by two fungi-engulfing genera, Isotoma sp. and Tyrophagus 
putrescentiae, respectively (78% of total biota measured).  To-
tal fungal biomass was not measured in this study; however, 
50% all straw particle surface area was covered with an un-
known species of fungi throughout the season.  The bacteria-
feeding mite family Tarsonemidae made up 1.35% of the total 
biota collected.  Earthworms (Lumbricus terestris L.) domi-
nated the detritivores at this site (>88 cu ft of soil) as measured 
separately from soil cores, followed by immature Diptera 
(Family:  Chironomidae, Muscidae, and Tipulidae).  Current 
studies are underway investigating the role of both vertebrate 
and invertebrates in straw decomposition to quantify their di-
rect influence on soil quality. 
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Table 1. Changes in soil potassium (K) as affected by post-harvest straw residue removal for tall fescue grown in Willamette 

Valley, Oregon. 
_________________________________________________________________________________________________________________________________________________________________ 

  Soil K+ (mg K kg-1)  
Grass Species Residue Treatment Year 1 Year 2 Year 3 

_________________________________________________________________________________________________________________________________________________________________ 

Tall fescue 
 Straw removed 208 + 6 173 + 2 310 + 8 
 
 Straw remaining  250 + 13 348 + 25 

_________________________________________________________________________________________________________________________________________________________________ 
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Figure 1. Temporal changes in tall fescue post-harvest 
straw residue biomass in Oregon’s Willamette 
Valley during the 2003-2004 ( ) and 2004-2005 
( ) growing seasons. 
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Figure 2. Temporal changes tall fescue straw residue bio-
mass total carbon (C) in Oregon’s Willamette 
Valley. 
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Figure 5. Temporal changes tall fescue straw residue bio-
mass total nitrogen (N) in Oregon’s Willamette 
Valley. 
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EARTHWORMS AND THEIR IMPACT ON SLUG CONTROL 

W.E. Gavin, G.M. Banowetz, S.M. Griffith, G.W. Mueller-Warrant and G.W. Whittaker 

Introduction 
Slugs, voles, and weeds play an important role in limiting the 
acceptance of no-till and conservation tillage practices in west-
ern Oregon grass seed fields.  Economic realities and the pub-
lic’s environmental awareness of air and water quality issues 
surrounding agricultural practices have growers searching for 
alternative methods.  Successful programs have been imple-
mented for weed control, but effective methods to control ro-
dent populations remain elusive during cyclical non-peak years 
(Steiner, et al., 2007).  Seasonal cycles of slugs over the last 
fourteen years have remained consistent with weather patterns 
(Gavin and Steiner, 1992-2006, unpublished data).  The gray 
field slug, Derocerus reticulatum Mueller, has become the 
most destructive pest in western Oregon’s agricultural areas.  
This slug occupies most of the agricultural regions of the world 
(South, 1992).  A native of Europe, it arrived in Massachusetts, 
U.S.A., in 1843 and records of its occurrence in California and 
Oregon by 1891 were reported by Lovatt and Black, 1920.  
Slugs reduce seedling stands, sever reproductive and vegetative 
tillers effecting yields in grasses; hollow out planted wheat 
seeds and reduce wheat seedlings (Triticum aestivum L.); thin 
white clover (Trifolium repens L.) seedling stands, reduce leaf 
biomass, and foul flowers with mucus, reducing bee (Apis mel-
lifera L) attractivity; and threaten the following crop in rotation 
by reducing stands.  Most of these problems can be avoided 
only through close monitoring followed up with effective con-
trol measures.  In the past, mechanical control of slugs with 
inversion tillage and field burning, combined with poor drain-
ing heavy clay bottomland soils, helped reduce slugs to man-
ageable levels.  A 1991 legislative mandate to phase-out burn-
ing, coupled with a 60% increase in field tile installation to 
improve drainage, has contributed to higher slug populations.  
The phase-out of slug and earthworm killing herbicides and 
insecticides gave way to new environmental regulations mak-
ing it difficult or impossible for registration of new 
compounds. 

There have been numerous observations and anecdotal 
evidence from growers, field scouts, field reps from chemical 
companys, and private gardeners, that slug baits were 
disappearing at very rapid rates soon after they were applied to 
field and local crops.  The rapid disappearance of bait may help 
explain the significant increase in apparent numbers of slugs in 
Willamette Valley grass seed fields during the past decade.  
Since no data for this phenomenon have appeared in the 
literature or popular press, we established a study to quantify 
bait disappearance and its impact on slug control.  To provide 
perspective to this study, brief reviews of previous and present 
efforts to control slug populations are presented. 

Slug Controls 
Since the discovery of metaldehyde and its mollusicidal prop-
erties in 1934 and later in 1940 with the development of the 
first bait, few advances have been made in the delivery system.  
Advances have been made in formulating more attractive baits 
by adding bulk foodstuffs such as wheat, bran, or barley flours 
and even high quality pasta meals.  These attractant and feed-
ing-stimulant properties may be enhanced by the addition of 
specific materials, such as proteins, dextrose and casein 
(Schnorbach and Mahaei, 1990).  Improved weatherization has 
been accomplished by adding fungicide and binders to increase 
the life of the bait in the field, and coloring agents to reduce 
poisoning of non-target mammal and bird species.   

Presently, 185,000 acres of grass seed fields are treated 2-5 
times per year with metaldehyde baits, at rates of 10-15 lb/A, 
while 10% of the fields are treated with iron phosphate 
(Bloom, 2006).  An estimated  3 million pounds of slug bait 
per year is sold in western Oregon (Kubik, 2006, personal 
communications), at an annual cost of $3.7 million. 

Iron phosphate was approved for use in grasses in 1992 and 
later for organic systems in 2006.  Even though its mode of 
action in slugs is quite different than metaldehyde, this product 
shares similar meal-based attractants in its formulation. 

Earthworm Populations 
Increases in the anecic earthworm species, Lumbricus terrestris 
L., have occurred in western Oregon grass fields due to in-
creases in surface residue since the phase-out of burning to rid 
the fields of straw.  A reduction in the number of earthworm 
toxic chemicals has been reduced through concerns for other 
important vertebrate and invertebrate species.  More recently, 
the high cost of fuel has provided an incentive to conserve by 
use of shallower tillage with fewer passes while preparing the 
seedbed.  During the past 15 years, up to 60% of grass seed 
fields have been tiled to improve drainage and reduce run-off.  
Most of these changes in farming practices have contributed to 
higher earthworm (and slug) populations. 

Methods 
Field Tests.  Slug baits were obtained from local sources 
(Western Farm Service) and applied at field rates and types as 
follows:  Deadline MP, 4% metaldehyde, blue, 10 lb/a; 
MetaRex mini-pellets, 4% metaldehyde, orange, 12 lb/a; 
Sluggo, 1% iron phosphate, off-white, 18 lb/a.  All field rates 
equated to 10 pellets per arena.  Enclosed arenas were designed 
to eliminate other influences such as slugs, birds, rodents, and 
amphibian removal or consumption of baits.  Arenas were con-
structed by removing the bottom of a 3.7 liter bucket and driv-
ing it into the soil 20cm deep.  Ten pellets were evenly 
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dispersed in the arenas then covered with a tight fitting 
screened lid.  Traps were monitored daily until all baits were 
gone.  Earthworm density counts were taken directly beneath 
the arenas at the end of each test.  All tests were replicated 
twelve times per field.  Fields were selected from no-till and 
tilled fields with high or low residue levels where grass, cereal, 
or white clover was grown (Table 1).  Test also were conducted 
in open space by marking sixteen points along a transect 300m 
in length.  Points were marked along the transect to position a 
0.25m2 frame required on daily visits.  Baits were applied at 
and above recommended field rates and counted daily until all 
baits were gone. 

Growth Chamber Tests.  In order to separate the effect of bait 
depletion on slug control and other influences encountered in 
the field, tests were conducted in growth chambers (10°C, 8 
hours/light/day).  Baits were manipulated in arenas to equate 
the loss per night in outdoor studies at 20% per night.  Arenas 
were round plastic bucket bottoms, 30 cm in diameter and 7.5 
cm in height, fitted with a screened lid.  2.5cm of native soil 
(Woodburn / Dayon) pre-moistened to 25% water content, was 
supplied to each arena.  Small water absorbent felt pads sup-
plied adequate cover and refuge for slugs.  All slugs were fed 
lettuce during the experiment and water was provided as 
needed.  Ten slugs each arena were pre-conditioned for two 
weeks at testing temperatures before the start of the experi-
ment.  Slugs were exposed to baits for five days, resembling 
the number of days baits remain in the field when earthworms 
are present.  All slugs were maintained in arenas for an addi-
tional three weeks to account for any poison recovery.   

Results and Discussion 
It has become increasingly difficult to maintain baits on the 
surface for more than five or six days.  Several growers have 
reported the possibility that earthworms have been consuming 
these baits (Gavin, personal communication).  As it has turned 
out, both earthworms and other invertebrates find the meal 
based baits attractive (Figures 1 and 2).  Earthworms have been 
observed removing or consuming  baits on the surface, as well 
as, beetles (Family: Carabidae), centipedes (Group:  Lithobio-
morpha), and sow bugs (Armidillidium armatus L.). 

Earthworms become surface active only after soil moisture has 
reached a critical stage to activate soil microbes and fungi and 
degradation of grass straw has begun (Steiner et al., 2006, un-
published data).  Earthworms remain surface active in irrigated 
systems for the entire summer (Gavin, personal observations).  
Slugs initial seasonal emergence is stimulated by falling late 
summer / early autumn temperatures after little precipitation 
has occurred.  Both earthworms and slugs show similar activity 
patterns but different initial seasonal emergence patterns relat-
ing to soil moisture (for earthworms) and falling temperatures 
(slugs).  Therefore, baits will remain on the soil surface for ex-
tended periods of time during years of average precipitation 
patterns, in August thru early September allowing effective 
control of available slugs. 

Earthworm Impact on Bait Availability.  Initially, bait removal 
by earthworms was evaluated on a daily basis beginning on the 
day of a grower application by visiting transect marked loca-
tions across the field (Figure 3).  No statistical difference was 
seen between rate or bait type when exposed to all field influ-
ences.  Because of the lack of uniformity of baits and the possi-
ble effects of slugs, birds, rodents, and amphibians reducing 
bait numbers, data were collected in enclosed arenas for the 
remainder of the study.  No statistical difference in rate of loss 
or number of days for total removal was noted between en-
closed or open tests (Figure 4).  We made no attempt with 
these data to decipher the effects of residue density, tillage, 
rotation, or soil type and how it affects the rate of bait deple-
tion.  However, we did conduct tests in a wide range of agro-
nomic habitats with or without residue management and tillage 
and found no significant differences between sites (Table 1).  
Earthworm densities in other U.S. agricultural areas range from 
1.27 per cu. ft. (continuous corn) to 36 per cu. ft. (bluegrass / 
clover), up to 188 per cu. ft. (pasture plus manure) (Gray, 
2003).   

Earthworm Impact on Slug Control.  In order to separate 
nightly bait depletion from a non-depleting environment and its 
effect on slug control, we established tests in growth chambers.  
Baits were manipulated in arenas to resemble depleting rates in 
field environments (20% / day).  Our standard comparison bait 
rates were 16, 12, 8, 4, and 0 lb/a, resembling the amount of 
bait left on a field each night assuming an initial 16 lb/a and a 
loss rate of 20% per night.   

The depleted bait arenas reduced total slug numbers by 24%, 
which was little better than the control (Figure 5), compared to 
54% with the highest non-depleting rate.  1 

These data infer a significant bottle-neck in our ability to con-
trol slugs in crops in winter-time. 

                                                           

1 All slugs in these tests had an equal chance of bait exposure 
during the course of the study. In a nautral environment, slug 
emergence is dictated by environmental and behaviorial 
influences more so than in enclosed arenas, therefore less 
perdictable. Slug-bait encounters would lessen each day 
making it less likely slugs could be poisoned, reducing slug 
poisoning to something >24%. 
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Figure 1. The night-crawler, Lumbricus terrestris L., removing bait (Sluggo®) from the soil surface.  Baits are generally con-
sumed in the safety of the burrow near its opening. 
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Figure 2. Other invertebrates contribute to the breakdown of slug baits by exposing the inner surfaces to the environment as seen 
in (a) Carbid beetle, (b) Lithobiomorpha centepede, (c) Armadillidium vulgare sowbug, and (d) Arion rufus slug. 
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Table 1. Agronomic practices sampled in open and closed bait depletion tests.  There was no correlation between earthworm 
densities and bait removal at these high rates.  Earthworm density data is based of twelve replicates each. 

____________________________________________________________________________________________________________________________________________________________________________________________  

  Stand   Earth- 
Crop Species age years Tillage Residue worms/ft3 
______________________________________________________________________________________________________________________________________________________________________________________________________________  

Annual Ryegrass Lolium multiflorum L. 10 no-till high 144 
Annual Ryegrass Lolium multiflorum L. 10 no-till high 123 
Annual Ryegrass Lolium multiflorum L. 1 conv-conv low 89 
Annual Ryegrass Lolium multiflorum L. 1 conv-conv low 90 
Orchard Grass Dactylus glomerata L. 2 no-till high 154 
Orchard Grass Dactylus glomerata L. 2 no-till high 81 
Perennial Ryegrass Lolium perenne L. 3 no-till low 118 
Perennial Ryegrass Lolium perenne L. 2 no-till high 114 
Tall Fescue Festuca arundinacea L. 5 conv-conv high 80 
Tall Fescue Festuca arundinacea L. 5 conv-conv high 86 
____________________________________________________________________________________________________________________________________________________________________________________________  
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Figure 3. Rate of bait depletion by earthworms in open field bait tests applied by the grower at 10-53 lbs/A field rate, exposed to 
all natural influences. 
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Figure 4. Rate of bait depletion by the earthworm Lumbricus terrestris L. in closed arena field tests, with all other natural influ-

ences eliminated. 
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Figure 5. Data showing the effects of manual depletion of DeadlineMP baits at 20% per day (dark).  Four rates of non-depleting 
baits (light) reduced slugs from 54%-28% depending on rate.  Depleted bait arenas performed little better than the con-
trol.  Test was conducted at 10°C with 8 hours of daylength. 
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Conclusions 
Twenty percent or more of baits are removed nightly by the 
common nightcrawler, Lumbricus terrestris, reducing the 
chances of controlling the gray field slug, Derocerus reticula-
tum.  Earthworm populations in all fields tested were high 
when compared to published reports in other countries or U.S. 
states.  Less than twenty-four percent of available slugs find 
and consume enough poison from baits remaining on the field 
when earthworms are active.  There is a time lag period of 
initial seasonal emergence of earthworms because of dry soil 
conditions, while slug emergence is initiated by falling 
temperatures when soil moisture is still low.  This period of 
slug emergence offers good opportunities for slug control 
because baits are most available during this period of minimal 
earthworm activity. 
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BEHAVIORIAL AND BIOLOGICAL EFFECTS OF WEATHER ON THE GRAY FIELD SLUG IN 
WESTERN OREGON 

W.E. Gavin, G.M. Banowetz, S.M. Griffith, G.W. Mueller-Warrant, J.J. Steiner and G.W. Whittaker 

Introduction 
Nearly all published data on research of the gray field slug has 
been conducted in countries or states with weather patterns that 
differ markedly from that of the Willamette Valley.  Data from 
the Midwest U.S. come from the Dakotas, Ohio, Michigan, 
while that from the east was derived in Maryland, and New 
York.  These areas experience cold winter freeze followed by 
rapid thaw springs and wet, warm summers.  Western Europe 
including the United Kingdom, Ireland, France, and Germany, 
along with parts of New Zealand and Australia experience cold 
winter freeze, or if more temperate, receive consistent rainfall 
year round (southern U.K. and parts of Ireland, 5.0 cm 
monthly).  Researchers have shown that slug activity in the 
Mediterranean region of Israel is concentrated into the winter 
rainy season October to December because gastropods there 
spend the whole of the hot summer in aestivation.  This is the 
only record found in the literature that records similar mollusk 
behavioral traits as those encountered in western Oregon.  
These observations led us to conclude that the biology and 
agro-ecology of this and other species in western Oregon need 
careful re-examination to understand the dynamics of slug 
activity within this environment and to better understand why 
our efforts to control slugs sometimes fail.  This report and 
others like it will build a framework to help develop a new 
management protocol for growers 

A long-term study conducted in western Oregon quantified the 
effects of tillage, residue, drainage and rotation, on seed yield 
and dry matter residue (Steiner et al., 2006).  Activity of the 
gray field slug Derocerus reticulatum Mueller, was observed 
one week per month during the duration of the study, 1992-
2002.  Data presented here substantiate earlier work on the 
effects of falling temperatures preceded by small amounts of 
precipitation (Dainton, 1954, 1985) on the initial seasonal 
emergence of slugs.  After slug emergence has occurred, local 
weather events dictate vertical distribution in the soil and 
surface activity patterns (Cook, 2001).  Soil moisture and 
vertical distribution and abundance based on three years of 
field data collected at Hyslop Farm Research Station is 
presented in this paper.  The performance of slug baits was 
reduced by soil temperatures <12°C, with most baits 
performing well at >17°C.  Slug emergence activity was 
delayed 4-5 days after a freeze event, even when followed by 
warm, wet conditions that other-wise were appropriate for slug 
activity (see also Cook, 2001).   

Methods 
Study Sites.  Monitoring of slugs was done at three locations as 
a part of a 10-yr experiment investigating the effects of 
conservation practices on perennial grass seed production 

(Steiner et al., 2006).  Soils included a poorly drained Amity 
silt loam (fine-silty, mixed, superactive, mesic Argiaquic Xeric 
Argialboll) marginally suitable for perennial grass seed 
production, a moderately drained Woodburn silt loam (fine-
silty, mixed, superactive, mesic Aquultic Argixeroll) site in 
Benton County at the Hyslop Research Farm, and a Nekia silty 
clay loam on 2 to 12% slopes (fine, mixed, active, mesic Xeric 
Haplohumult) in Marion County.   

Slug Activity.  Slug activity was measured using 20 cm square, 
plywood boards, 1cm in thickness, and baited with a slug 
attractant (organic dried dog food, local source) to enhance the 
numbers of slugs observed.  Traps were placed in the field for 
five days then removed and the ground cleared of any 
remaining bait.  Data were summed as five-day catch totals, 
repeated for five days each month during the duration of this 
experiment, 1992-2002. 

Weather Data.  Weather data was attained on-site using 
complete Campbell weather station telemetry including; soil 
temperature (1.5 cm, 5 cm, 20 cm, and 30 cm depths); air 
temperature; water content reflectometer (15 cm and 30 cm 
depths); and rain fall.  Any missing days of data were obtained 
from the National Weather Service Field Station, Hyslop Farm 
Research Station, in Corvallis, Oregon. 

Egg Data.  Egg pits were dug on irregular schedules as time 
permitted, measuring 0.25 m2 and 20 cm in depth, with egg 
number, species, and position recorded.  Only the gray field 
occupied all sites during the course of this study. 

Vertical Distribution.  Soil cores were taken at one site in 
1996, 1997, and 1998, to depths of 30 cm at the Hyslop Farm 
location.  Cores were removed with a narrow shovel at 5 cm 
intervals, using a 30 cm x 30 cm square metal frame as a 
quadrate.  All cores were taken from plots with active 
populations of the gray field slug from September thru the end 
of January.  Two pits were dug in the summer of 1998 to a 
depth of 100 cm using a back-hoe and by excavating into the 
side walls using knives. 

Growth Chamber Tests 
In order to separate the effects of temperature on control of the 
gray field slug, tests were conducted in growth chambers that 
were programmed to provide four contrasting environmental 
schedules.  The warmest temperature (21°C, 15 h day length 
(DL)) simulating soil temperatures and photoperiod in late 
August to mid September during the time of the year some 
grasses are planted; mid-level temperatures (15.5°C, 11 h DL; 
10°C, 9 hours DL) simulating conditions encountered in late 
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September thru mid-November during the remainder of 
planting season and at the time of peak initial emergence of 
slugs; and the coolest (4.5°C, 7.5 hours DL) simulating mid-
November thru mid-February soil temperatures when slugs 
remain active in the upper 5.0 cm of soil. 

Ten gray field slugs (GFS) were tested in round arenas (26.5 
cm diameter) covered with screened lids, and partially filled 
with native soil (Dayton / Woodburn, 25% soil moisture).  
Slugs were field collected and maintained in growth chambers 
at each temperature schedule for three weeks before use in 
experiments.  Slugs were fed lettuce twice per week.  Arenas 
were established on growth chamber shelves and rotated every 
three days to give equal cooling and lighting, replicated eight 
times.  Pre-moistened cotton felt pads (3mm thick) were used 
in each arena as slug rests.  Baits were removed after seven 
days simulating the number of baits left in field environments 
when earthworms are present.  Slugs were observed for an 
additional 14 days to evaluate long term poison effects. 

Results and Discussion 
Initial Fall Emergence.  The onset of initial seasonal 
emergence occurs during a period of falling air and soil 
temperatures in late August thru early October with little 
rainfall (Figure 1).  This phenomenon was studied in the 
laboratory in the U.K. and substantiated in field conditions in 
our studies (Dainton, 1954; 1985).  Unknown internal 
mechanisms in slugs trigger activity and hunger responses 
stimulated by cooling nighttime temperatures.  Control efforts 
concentrated at this time benefit from low bait loss due to 
earthworm removal, planting schedules, and some spray 
programs that could utilize liquid admixtures. 

Vertical Distribution.  With initiation of cooler temperatures in 
late September and early October, slugs began leaving roosting 
sites in the soil, correlated to season and soil moisture (Figure 
2).  Slugs were found as deep as 100 cm in the soil during the 
dry season of August, using cracks, vertical earthworm 
burrows (Lumbricus terrestris L.) and horizontal vole runways 
(Microtus canicaudus).  A greater number of slugs may be 
more evenly dispersed throughout the vertical soil profile early 
in the season until sub-soil moisture drives them to the surface.  
We found slugs more evenly dispersed throughout the soil 
profile during dry, hot summer months and less dispersed 
(greater densities) in the upper 7.5cm during cool, wet months.  
Yearly variances in precipitation and temperature will affect 
the location and density of slugs available for effective control.   

Slug Activity.  After initial autumn emergence, local climatic 
events and innate biological rhythms regulate surface activity.  
During freeze cycles lasting 2-3 days or more, slugs entered a 
short physiological dormancy requiring 4-5 days of warming 
temperatures before activity resumed (Figure 3).  These data 
have been substantiated by eight observations (7- >3 days; 1 > 
6 days) of freeze/activity cycles during the past two years.  
Slugs consume little food during this late autumn / early winter 
period, as seen in the slug biomass data (Table 1).  Conversely, 

hot dry conditions in late spring early summer may not 
decrease feeding in dry land farming situations if canopy 
conditions and nutritional composition are appropriate as in 
white clover (Trifolium repens L.) fields.  Slugs continued to 
feed during hot periods (>35°C), as seen in the leaf damage 
data, until crop harvest (Figure 3).  In high residue fields, many 
slugs remained at the soil surface - residue interface where 
moisture from dew was adequate to germinate volunteer grass 
and weed seeds (Gavin, unpublished observations).  Attracting 
slugs to the surface when adequate food is available under this 
protective layer can be difficult.  When soil moisture is low in 
tillage - low residue fields, drybaits may not be as attractive as 
those applied when soil moisture is greater. 

Egg Data.  In New Zealand pastureland D. reticulatum 
approximated two generations per year, with intervals between 
consecutive generations ranging from 4 to 7 months and 
maximum life span from 8 to 12 months (Baker, 1990).  In 
western Oregon, the largest output of egg production occurs in 
autumn stimulated by innate physiological changes in adult 
slugs, followed by another spring-early summer period.  
Periods of egg hatching are delayed two to three months when 
soil temperatures remain near 6-8°C (Gavin, unpublished 
data), followed by a phase of slow juvenile growth.  Under 
greenhouse conditions at 10°C, we found the onset of initial 
egg production was high in October - early November, and 
decreased with time through early February.  Late autumn early 
winter eggs required a chilling period (3°- 4°C) for several 
weeks followed by warming temperatures before further 
development occured (Kingston, 1963; Gavin, unpublished 
data).  This probably explains the seasonal differential in size 
classes found throughout the seasons and between years.  
Spring laid eggs apparently do not require chilling and juvenile 
development is very rapid until soils moisture declines. 

Temperature and Bait Efficacy.  It was evident that the efficacy 
of baits in cool (>10°C), moist (>25% soil moisture) conditions 
was poor, never exceeding 54% mortality, also verified by 
others (Fisher, personal communication).  The dehydration 
advantage of metaldehyde is lessened when conditions are wet, 
allowing slugs to recover (30-50%) after a meal of the bait 
(Briggs and Henderson, 1987).  Contact bait alternative 
products not requiring slug consumption, such as SlugFest 
AWF or granular Durham 7.5, showed less recovery.  The 
assimilation of iron phosphate does not follow this 
characteristic as shown in the differences in performance of the 
two baits (Figure 5).  If growers do not meet the narrow 
window of early baiting opportunity (>15.5°C soil 
temperature), than bait performance and effectiveness will be 
diminished. 

Conclusions 
Initial slug emergence in late summer - early autumn begins as 
soil temperatures start to fall and stimulate innate behavioral 
responses for feeding and egg-laying.  Early baiting controls 
slugs easier if adequate moisture from dew activates dry baits.  
Early baiting will find slugs vertically dispersed in the soil, 
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however, as soil moisture increases slugs become concentrated 
near the surface.  As soil temperatures decline control becomes 
more problematic due to an apparent decrease in slug 
metabolism and activity and weathering effects on the bait.  
Two generations of the gray field slug are possible in dryland  

farming in western Oregon based on observed weight class 
distributions, egg production limitations, and seasonal drying 
effects.  The delayed emergence of slugs after short freeze 
cycles requires close observations by field representatives and 
growers so control efforts are not wasted.   
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Figure 1. Falling soil temperatures and minimal precipitation stimulate late-summer early-autumn emergence of the gray field 
slug.  (Data based on 1992-2002 weather and slug observations from Benton, Linn, and Marion counties) 

 

 

Table 1. Weight gain data from two age classes of slugs in white clover (Trifolium repens L.) showing little weight 
accumulation throughout late autumn / early winter months. 

_________________________________________________________________________________________________________________________________________________________________ 

  Size class 1   Size class 2  
 Average SEM1 Average SEM 
_________________________________________________________________________________________________________________________________________________________________ 

October 18, 2006 162 5.66 272 15.22 
November 2, 2006 166 5.94 286 15.38 
November 6, 2006 164 5.86 287 15.66 
November 18, 2006 162 4.81 317 15.64 
December 2, 2006 176 6.92 323 15.18 
January 18, 2007 186 7.32 349 17.17 
January 29, 2007 190 6.59 338 14.53 
February 12, 2007 192 5.89 357 13.58 
_________________________________________________________________________________________________________________________________________________________________ 

1SEM=Standard error of the mean. 
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Figure 2. Control attempts in early season are more effective when soil temperatures are warm, however, vertically dispersed 
distribution of slugs at this time lessen contact with poisons.  When soil temperatures reach their minimum and soils 
become saturated, more slugs are available as control becomes more problematic.  (data from Hyslop Research Farm, 
1996, 1997, 1998) 
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Figure 3. Slug surface activity is interrupted by cold or freezing temperatures and resuming activity requires 4-5 days of warming 

soil temperatures. 
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Figure 4. Slugs continue to feed through hot temperatures and very low soil moisture cover is adequate and nutritional status of 
its food source is high.  [Data from white clover (Trifolium repens L.), June / July, 2006]. 
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Figure 5. Slugs exposed to progressively cooler soil temperatures exhibit poor bait and non-bait performances.  Recovery rates 
from metaldehyde products (DMP and Durham) increases as temperatures decrease.  The physiological reaction of 
slugs to iron phosphate (Sluggo) does not allow slugs to recover. 
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RESEARCH WITH SOIL INCORPORATED INSECTICIDES TO ESTABLISH PERENNIAL 
RYEGRASS SEEDED INTO SYMPHYLAN INFESTED FIELDS 

G.C. Fisher, A.J. Dreves, J. Umble and D.C. Gates 

Introduction 
The garden symphylan, Scutigerella immaculate L (GS), is a 
pest of native soils throughout western OR.  It can be particu-
larly difficult to establish small seeded crops in soils where this 
pest is abundant.  New seedings of grasses are particularly sus-
ceptible to damage.  In the spring of 2005, we evaluated differ-
ent insecticides applied either as in furrow or pre-plant broad-
cast and incorporated treatments at seeding of perennial rye-
grass in an attempt to minimize damage from this pest and in-
crease seedling stand.   

Methods 
On July 8, 2005 a trial was established in a fallow field on 
Kiger Island, Benton County, OR infested with GS, to evaluate 
insecticide choice and application method at planting of peren-
nial ryegrass to increase stand establishment.  Treatments con-
sisted of, bifenthrin (Discipline®), lambda cyhalothrin (War-
rior 2E®), chlorpyrifos (Lorsban 4E®) and an untreated check 
with both pre-plant broadcast incorporate (PBI) and in-furrow 
(IF) treatment applications, yielding eight different treatments.  
Plots consisted of seven foot by eighteen inch rows spaced six 
inches apart and replicated four times.  Twenty five perennial 
ryegrass (PRG) seeds were planted in the inner five feet of the 
rows.  A two foot buffer was established between treatments.  
For the PBI treatments the row was sprayed with a CO2 back-
pack sprayer and incorporated with a Honda 18-inch tiller.  A 
seed furrow was made and the seeds were subsequently 
planted.  In the IF plots a seed furrow was opened and the 
chemical treatment was sprayed over the furrow.  Seeds were 
then placed into the furrow and covered with soil. 

Seedling emergence was noted and recorded at 20 days after 
treatment (DAT).  Relative populations of the garden sym-
phylan were taken 4, 22, and 39 DAT by placing potato bait 
traps, 2 per replication in the interior of each plot and recording 
the number of GS on the potato slices two days later.  A potato 
bait trap consists of a potato slice ca 3 inch in diameter and ½ 
inch thick placed on the soil surface and covered with a plastic 
pot.  Symphylans are highly attracted to the potato.  Effective 
treatments have fewer numbers of GS on potato slices than 
those of the untreated checks.  Reduced numbers are probably 
a result of repellency by chemicals rather than mortality of GS.  
Percent row cover provided by PRG seedlings was noted 80 
DAT. 

Results 
Numbers of GS collected on potato baits were significantly 
fewer in the PBI plots 4 DAT than in the IF plots (Table 1).  
By mid-trial GS numbers were not statistically lower in any 
plots.  Seedling emergence was significantly greater in plots 

receiving either PBI or IF applications of Discipline® (Table 
2).  In this regard, all chemical treatments proved to be signifi-
cantly better than either of the untreated check plots.  By the 
end of the trial, 80 DAT the percent row coverage from seed-
ling perennial ryegrass was statistically greater for Discipline® 
treatments than either of the untreated checks (Table 2).  Lors-
ban® PBI and Warrior® IF were also statistically better than 
the untreated check in row coverage.   

 
Table 1. Effect of pre-plant broadcast incorporate (PBI) and 

in-furrow (IF) treatment applications for control of 
garden symphylan in perennial ryegrass fields. 

_____________________________________________________________________________ 

 Product Jul 12 Jul 30 Aug 16 
Treatment rate 4 DAT 22 DAT 39 DAT 
_____________________________________________________________________________ 

 (oz/acre) -----(no. of symphylans) ------  
 
Discipline PBI 6.4 0 a1 0.5 a 3.8 a 
Lorsban PBI 64 0 a 0.5 a 0 a 
Warrior PBI 3.2 0 a 3.8 a 3.0 a 
 
Discipline IF 6.4 6 ab 1.00 a 4.5 a 
Lorsban IF 64 11.3 ab 2.8 a 5.5 a 
Warrior IF 3.2 9.3 ab 3.5 a 6.0 a 
 
Untreated PBI --- 8.8 ab 8.0 a 6.0 a 
Untreated IF --- 12.5 b 9.0 a 0.3 a 
_____________________________________________________________________________ 

1Means followed by the same letter within a column do not 
differ significantly at p < 0.05 (Fisher LSD ANOVA). 

PBI applications of bifenthrin (Discipline®), lambda-cy-
halothrin (Warrior®) and chlorpyrifos (Lorsban®) reduced GS 
numbers, increased seedling stands and had a greater percent-
age row cover than untreated controls.  The IF applications of 
bifenthrin and Warrior® also produced greater seedling stands 
and percent row cover than the untreated controls.   

Lorsban® is currently labeled for perennial grass seed crops 
grown for seed, but not for this use.  Residue profiles are being 
developed for bifenthrin by way of the IR-4 program.  This 
insecticide is expected to carry a federal label for grass seed 
crops in 2009 or earlier.  Federal labels are anticipated for War-
rior® in 2007. 
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Table 2. Effect of garden ymphylan effect on seedling emer-
gence and row coverage of perennial ryegrass. 

_____________________________________________________________________________  

  Seedling Row 
 Product Emergence cover 
Treatment rate 20 DAT 80 DAT 
_____________________________________________________________________________  

 (oz/acre) (no./ft) (%) 
 
Discipline PBI 6.4 14.5 a 28.3 a 
Lorsban PBI 64 12.8 a 16.7 ab 
Warrior PBI 3.2 11.3 a 17.1 ab 
 
Discipline IF 6.4 11.3 a 15.8 ab 
Lorsban IF 64 6.5 b 5.0 bc 
Warrior IF 3.2 3.0 c 6.3 bc 
 
Untreated PBI --- 1.0 d 1.3 c 
Untreated IF --- 0.5 d 0.8 c 
_____________________________________________________________________________  

Means followed by the same letter within a column do not dif-
fer significantly at p < 0.05 (Fisher LSD ANOVA). 
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REMEDIAL CONTROL OF CRANEFLY LARAVE (TIPULA SPP.) IN PERENNIAL RYEGRASS 

G.C. Fisher and A.J. Dreves 

Introduction 
During the winter, 2005-06, grass seed fields in the Willamette 
sustained damage from large populations of crane fly larvae.  
These consisted of mixed populations of the two introduced 
species, Tipula paludosa Meigen and Tipula oleracea L.  The 
large, mosquito-like adults of both species are active in Sep-
tember and October.  The females can be seen flying low over 
the grass scattering eggs in small clumps on the soil surface.  
With the onset of fall rains, eggs hatch and the larvae begin 
feeding on roots and crown tissue of the grass.  Larvae feed 
through the winter and early spring months.  Localized infesta-
tions exceeding 10 larvae per square foot have injured several 
early-establishing perennial ryegrass stands in the south Wil-
lamette Valley.    

Previous research conducted in Tillamook county grass pas-
tures during the mid-1980s demonstrated that chlorpyrifos pro-
vides excellent control of Tipula paludosa when applied in the 
fall to small larvae.  Although never labeled for use on forage 
grasses, chlorpyrfos as Lorsban 4E® has enjoyed a State label 
in Oregon on perennial grasses grown for seed to control other 
insect pests.  Therefore in March 2006, Lorsban 4E® and the 
recently labeled synthetic pyrethroid, cyfluthrin (Baythroid 
2E®), was evaluated for control of Tipula sp. infesting peren-
nial ryegrass.   

Methods 
The trial was located on a 4th yr perennial ryegrass field in 
Linn County, OR.  A randomized complete block (RCB) de-
sign with plots measuring 10 × 15 ft and replicated 3 times was 
used.  Products were applied on 7 March, 2006.  Insecticides 
were delivered with a CO2 powered backpack sprayer using a 5 
nozzle (8002 flat fan) hand held boom that covered a 6.5 ft 
swath.  Spray pressure was set at 30 psi and delivered an 
equivalent volume of 40 gpa to the plots.  Post-treatment 
evaluation of plots consisted of coring 5, 8-inch diameter plugs 
from randomly selected crowns within the interior of the plots.  
Samples were placed in plastic bags for transport to the Cor-
vallis laboratory where Berlese funnels equipped with 25W 
bulbs extracted all arthropods from the plugs into 70% EOH by 
treatment.  The total number of larvae, pupae, and adult stages 
of CF were counted and recorded for all plots over 6 evaluation 
dates, which included 14 March (7 DAT), 15 March (8 DAT), 
16 March (9 DAT), 17 March (10 DAT), 20 March (13 DAT) 
and 3 April (24 DAT).  Data were subjected to analysis of vari-
ance (ANOVA) and means were separated using Fisher’s pro-
tected test of least significant differences at P-value > 0.05.   

Results 
Crane populations were significantly reduced in the Lorsban- 
and the high rate of Baythroid-treated (2 oz/a rate) plots com-
pared to the untreated plots (Table 1).  Lorsban 4E applied at 
12 ounces of product per acre provided over 90% control of 
crane fly larvae.  The 1 & 2 oz. rates of formulated prod-
uct/acre of Baythroid 2E resulted in 60% mortality of crane fly 
larvae and were not statistically different from one another 
(Table 1). 

Table 1. Number of cranefly larvae per 8-inch crown core 
___ days after treatment. 

_____________________________________________________________________________ 

 No. of crane fly larvae 
 Product per 5, 
Treatment rate  8-inch crown cores 
_____________________________________________________________________________ 

 (lb a.i./acre) (oz/acre) (no per 8-inch core) 
 
Untreated  --  10.7 a1 

Baythroid® XL 0.008 1 6.3 ab 
Baythroid® XL 0.015 2 6.0 b 
Lorsban 4E 0.19 12 1.0 c 
 
 P-value  0.0078 
_____________________________________________________________________________ 

1Within column, means with same letter are not significantly 
different at P > 0.05; LSD. 
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EFFICACY OF THE INSECT PATHOGEN BACILLUS THURINGIENSIS ISRAELENSIS AGAINST 
EXOTIC CRANE FLY LARVAE 

S. Rao, D.J. Bruck and K.L. Faulkner 

Introduction 
Two exotic crane flies, Tipula paludosa and T. oleracea have 
been inadvertently introduced into Oregon.  The larvae of these 
two species, commonly known as “leather jackets,” can cause 
substantial damage to grasses in seed production fields and in 
rotational crops such as peppermint.  Crane fly larvae also 
cause considerable damage to grass in home lawns, golf 
courses and sod farms.  Currently, the only pesticide available 
for management of crane fly populations in many crops is the 
organophosphate carbaryl, Lorsban, which belongs to one of 
the classes of insecticides targeted for review by Food Quality 
Protection Act (FQPA).  Alternative strategies are critically 
required. 

Bacillus thuringiensis is a naturally occurring ubiquitous bacte-
rium with insecticidal properties due to the production of a 
crystal inclusion during sporulation.  Several subspecies of Bt 
have been isolated.  Of these, Bt israelensis (Bti) has proven to 
be effective against dipteran larvae, especially those of mos-
quitoes and black flies.  In one European study, several out of 
14 Danish Bti isolates caused over 40% mortality when tested 
against 5-day old T. oleracea larvae (Thomsen et al. 2001).  
These results are promising.  As a suppressive strategy, the ad-
vantages of Bti are short persistence, a high degree of specific-
ity, and low impact on non target organisms (Boisvert and 
Boisvert 2000).   

In 2006 we conducted preliminary laboratory trials to deter-
mine the efficacy of Bti against both exotic crane fly species in 
the Willamette Valley, Tipula oleracea and T. paludosa. 

Methods 
Field collected adults of T. oleracea and T. paludosa were used 
to initiate laboratory colonies After mating and egg hatch, lar-
vae were reared on lettuce.  Larvae from the colonies were 
used in the experiments.   

Two isolates were evaluated using the protocol in Waalwijk et 
al.  (1992): the Bti reference isolate IPS82 from Institut 
Pasteur, and the commercial product Gnatrol (Valent 
BioSciences), labeled for fungus gnat larval control in 
greenhouses.  A lettuce disc (1 cm2) was topically treated with 
either of the two Bti test materials and exposed to individual 
crane fly larvae (3rd instars) in a Petri dish filled with moist 
sand.  Petri dishes were maintained at 18ºC and 18:6 (L:D).  
Larvae that consumed the entire inoculated disc were 
subsequently fed untreated lettuce discs until they died or the 
experiment was concluded.  Control larvae were exposed to 
untreated lettuce discs.  All larvae were examined daily and 

mortality data recorded.  Larvae that did not feed on the lettuce 
disc were not included in the evaluations. 

Two trials were conducted with T. oleracea.  In Trial 1, three 
doses of IPS82 and of Gnatrol were tested in two replications.  
In Trial 2, four doses of IPS82 were evaluated in three replica-
tions.  Because of the lack of efficacy in the initial trial against 
T. oleracea, Gnatrol was not included in the second trial.  Two 
trials were also conducted for T. paludosa.  In both trials, four 
doses of IPS82 and Gnatrol were tested in three replications. 

Results and Discussion 
T. oleracea: None of the control larvae were killed in either 
trial.  Larval mortality with the isolate IPS82 ranged from 38% 
to 100% in Trial 1 and 0 to 100% in Trial 2 (Table 1).  While 
the range of activity was broader in Trial 1, the level of mor-
tality, relative to dose, was higher in Trail 2.  A dose response 
was observed in Trial 1.  However, the higher rates in Trial 2 
resulted in 100% mortality at the two highest dosages and 
100% survival in the two low doses.  In contrast, the commer-
cial Gnatrol was found to be ineffective against T. oleracea 
larvae.  A single larva was killed on the 9th day after exposure 
to the product in Trial 1.  In comparison larvae exposed to the 
isolate IPS82 were killed by day 3.  Due to the low mortality 
caused by Gnatrol, it was excluded in the second trial.   
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Table 1: Evaluation of the impact of Bti on T. oleracea 
larvae  

Trial 1  
_____________________________________________________________________________  

Treatment Number of Mean %  
(spores/disc) larvae tested mortality 
_____________________________________________________________________________  

IPS82 105 8 100 
IPS82 104 8 88 
IPS82 103 8 38 
Gnatrol 105 8 0 
Gnatrol 1.6 x 104 8 0 
Gnatrol 1.6 x 103 8 13* 
Control 6 0 
_____________________________________________________________________________  

* only one was killed; it died on day 9 

Trial 2 
_____________________________________________________________________________  

Treatment Number of Mean %  
(spores/disc) larvae tested mortality 
_____________________________________________________________________________  

IPS82 106 15 100 
IPS82 105 15 100 
IPS82 104 15 0 
IPS82 103 15 0 
Control 15 0 
_____________________________________________________________________________  

 

T. paludosa: Control larvae were not killed in either trial.  Lar-
val mortality with the IPS82 isolate ranged from 27% to 100% 
in Trial 1 and 0 to 100% in Trial 2 (Table 2).  A dose response 
was observed in Trial 1 and 2.  The results were more 
consistent in Trial 1.  When exposed to Gnatrol, 0 to 100% 
mortality was observed in Trial 1 but a dose response was not 
evident.  In Trial 2, at the doses tested, none of the larvae were 
killed in each of the three replications.   

Based on these results, while Gnatrol is ineffective, the IPS82 
isolate has potential for use for suppression of larvae of T. ol-
eracea and T. paludosa.  The dose at which the inoculum is 
applied is however critical.  Further research is needed to 
evaluate the pathogen at a larger scale and when applied to soil 
that is subsequently exposed to crane fly larvae. 

Table 2: Evaluation of the impact of Bti on T. paludosa 
larvae  

Trail 1 
_____________________________________________________________________________ 

Treatment Number of Mean %  
(spores/disc) larvae tested mortality 
_____________________________________________________________________________ 

IPS82 106 15 100 
IPS82 105 15 87 
IPS82 104 15 31 
IPS82 103 15 27 
Gnatrol 106 14 14 
Gnatrol 105 15 39 
Gnatrol 104 15 27 
Gnatrol 103 15 29 
Control 15 0 
_____________________________________________________________________________ 

 

Trial 2:  
_____________________________________________________________________________ 

Treatment Number of Mean %  
(spores/disc) larvae tested mortality 
_____________________________________________________________________________ 

IPS82 105 5 100 
IPS82 104 5 33 
IPS82 103 5 0 
IPS82 102 5 0 
Gnatrol 105 4 0 
Gnatrol 104 5 0 
Gnatrol 103 5 0 
Gnatrol 102 5 0 
Control 5 0 
_____________________________________________________________________________ 
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CEREAL LEAF BEETLE EGG LAYING ON OAT PLANTS AND LEAVES OF DIFFERENT AGES 

G.D. Hoffman and S. Rao 

Introduction 
The cereal leaf beetle (CLB) is a recently arrived cereal pest in 
the Pacific Northwest that currently limits production effi-
ciency.  Adults and larvae feed on the foliage and the resulting 
reduction in photosynthesis results in considerable yield loss.  
In 2005 we reported the results of a study to assess CLB adult 
attraction and egg laying on oats of different ages to determine 
whether preferences, if any, can be exploited to better manage 
populations of this damaging insect as they move from over-
wintering sites to cereal crops.  In four sequential oat plantings 
in 2005 (Hoffman et al., 2005) and 2006 we found that the 
CLB adults were attracted to the younger oat plantings, and 
concentrated their egg laying on these newer plantings.  Be-
cause the attraction of insects to plants may occur at different 
scales, for example, the whole field, the plant, particular plant 
parts; a better understanding of CLB plant selection criteria 
would help us understand the role that plantings of different 
age can play in limiting damage from this insect pest. 

Procedures 
In the sequential oat planting surveys CLB adults moved from 
older plants to younger plants as the newer plantings emerged.  
We were interested in CLB egg laying on plants of different 
age when exposed to 4 different age classes of plants simulta-
neously.  A staggered series of oat (variety Cayuse) plantings 
at 3 week intervals were started in a greenhouse, with 3 plants 
per 1 gal pot.  Plants were moved outside to harden-off and 
continue growing once warmer spring weather arrived.  At the 
time of the experiments the age of the four age classes used 
typically ranged from: the oldest - ½ of the inflorescence 
emerged from the flag leaf (Zadok scale 55), to the youngest 2 
or 3 leaves unfolded (Zadok scale 12 or 13).  

The first whole plant experiment was run in cages inside a 
greenhouse, with 12 replicates.  Two pots (6 plants) of each oat 
age class were set in the corners of a 1 x 1 x 1 cubic meter 
cage.  Six CLB adults were released from vials placed on the 
soil surface of each pot.  Fours days later cages were disman-
tled and the number of adults and eggs on each plant were 
counted.  During the trial we noticed the daily flying of adults 
from the plants onto the side of the cage, primarily the upper 
SW corner.  They would fly back to the closer and taller plants 
in the cage.  It was apparent that both the location of the plant 
in the cage and the size of the plant were having an impact on 
which plants the adults were landing.  Because of this the re-
sults of the egg laying selection study were adjusted for the 
affect of plant location in the cage, but the influence of size 
remained.  On a subset of plants from this experiment we 
tabulated the number of eggs laid on the individual leaves and 
tillers of 5 representative plants in the first and second oldest 
age classes. 

A second whole oat plant study was set up in a young wheat 
field to eliminate the affect of the cage on CLB adult move-
ment.  Each replicate was set up similar to the greenhouse 
study, with 30 feet between replicates.  Eight replicates were 
run in 2006, with 8 more planned for 2007. 

Because plant size and complexity (number and age of leaves 
and tillers) may influence where CLB lay eggs, studies were 
designed to look at CLB egg laying on individual leaves re-
moved from the plant.  In the first leaf selection experiment the 
second leaf from the apex of plants in the 4 age classes, plus 
the two top leaves of a late emerging young tiller (2 or 3 
leaves) from the oldest age class, were placed in water-picks in 
a plastic box arena.  Five female adults, along with five males, 
were released in each container and allowed to feed and lay 
eggs for 2 days.  Box arenas were in an environmental chamber 
at 68o F and 14:10 L:D photoperiod.  The eggs on each leaf 
were counted at the end of the 2 day period.  There were 24 
replicates.  In the second plastic box experiment the leaf 
choices were the top four leaves from the same older oat plant 
(Zadok 55), along with the top 2 leaves from a small tiller from 
that plant.  Other conditions were identical to the first experi-
ment.  There were 15 replicates. 

Results 
The plant age selection experiment in cages did not match what 
was seen in the field, where CLB adults moved into the 
younger oat plantings.  In the cage experiment the second old-
est age class of oats had the greatest number of eggs, although 
the large variability among replicates resulted in it not being 
statistically different from the age class 1 and 3 groups (Figure 
1).  The movement of adults from the cage sides onto the taller 
oats probably affected the distribution of eggs among plant age 
classes.  The fact that the tallest (oldest) oats had a smaller 
proportion of eggs than the age class 2 oats may be related to 
preference for younger plants, operating along with adults fly-
ing to taller plants.  In the field experiment, where the cage 
factor was not present, the egg distribution pattern better re-
flected the survey findings that females prefer young plants for 
egg laying (Figure 2).    

CLB adults select among the leaves on an individual plant, not 
just among the plants themselves.  The distribution of eggs 
among the leaves and young tillers of the age class 1 (Zadok 
scale 55) and age class 2 plants (Zadok scale 47) highlights the 
fact that older plants are a collection of tissues of different ages 
(Figure 3).  CLB prefer the second through fourth leaf along 
each stem for egg laying.  The distribution of eggs on the older 
plants (age class 1) is more concentrated on the older leaves 
(position 3 and 4) compared to the egg distribution on the 
younger plants (age class 2).  The small tillers, which represent 
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a small proportion of the total number of tillers and leaves on a 
plant, collect a significant number of eggs.  Thus on one plant 
there is a resource that runs from a “young” plant (young 
tiller), to an older leaf on a mature primary tiller to a young leaf 
on a mature primary tiller (flag leaf). 

The excised leaf experiments in the box arenas examined the 
preference of CLB for plant parts independent of where they 
are found on the plant.  In the first experiment, where CLB 
selected among leaves (second from the apex) from 4 age 
classes of plants, plus a young tiller, most eggs were laid on the 
leaves from the younger age class oats and the tiller (Figure 4).  
In the second selection experiment CLB were presented with 
leaves from the flag leaf to the 4th leaf down the same primary 
tiller, plus the leaves from a young tiller on the same plant.  
There was a strong preference for the tiller leaves, followed by 
the older leaves on the stem.  The least preferred leaf for egg 
laying was the flag leaf (Figure 5). 

Conclusions   
CLB host plant selection and female egg laying are influenced 
by several factors.  It appears that a significant number on CLB 
adults daily move over short distances.  Flying CLB adults can 
be initially attracted to taller plants.  On older plants females 
prefer to lay eggs on the older leaves and young tillers.  When 
the leaf position from the apex is held constant (second leaf 
from apex) females lay more eggs on the younger plants.  The 
leaves of young tillers from older plants are as attractive to 
females for egg laying as the leaves from small young plants.  
In the absence of nearby taller plants, as in the field surveys in 
2005 and 2006, and the whole plant field experiment, these 
preferences result in the build up of adults and eggs in the 
younger oat plantings.  However, the small young tillers, and 
the older leaves along the older primary tillers, serve to keep a 
small portion of the egg laying females in the older oat 
plantings. 

What may be influencing this pattern in egg laying?  The more 
recently emerged leaves on the older oat tillers appear to be 
“tougher” than the older leaves, which may interfere with 
feeding by small larvae.  This observation is consistent with 
research reporting that the leaves that emerged higher up a 
grass tiller have a greater amount of plant tissue which small 
CLB larvae would find difficult to eat (Wilson, J.R. 1976).   
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Figure 1. The proportion of eggs on each plant age class.  
Under cage conditions CLB laid the most eggs on 
the second oldest group of plants.  Range of plant 
ages: oldest  =  Zadok scale 55) to the youngest = 
(Zadok scale 12 or 13).  
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Figure 2. The proportion of eggs on each plant age class.  
Under field conditions CLB laid more eggs on the 
younger age classes.  Range of plant ages: oldest  =  
Zadok scale 55) to the youngest = (Zadok scale 
14). 
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Figure 3. When CLB females have access an entire plant 
with tall primary tillers they do not spread their 
eggs uniformly across all leaves.   They prefer 
slightly older leaves, and the young small tillers.  
Age Class 1 plants = Zadok 55; Age Class 2 = 
Zadok 47. 
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Figure 4. When presented with leaves picked from the posi-
tion of second leaf from the apex of primary tillers, 
CLB females preferred to lay eggs on leaves from 
younger plants.  Leaves from young tillers of age 
class 1 plants were also preferred.  CLB females 
particularly avoided the leaf from the oldest plant 
age class.   
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Figure 5. When presented with different aged leaves from 
the same primary tiller, or the leaves from a young 
tiller, CLB preferred to lay eggs on the leaves from 
the young tiller.  The second through fourth leaves 
from the apex had similar preference.  The flag leaf 
was the least preferred.  
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2006 SUMMARY REPORT - CEREAL LEAF BEETLE ECONOMIC IMPACT IN OREGON 

G.W. Brown and C.P. Park 

Ag chemical suppliers and growers were surveyed by personal 
communication to estimate the acreage treated with insecticide 
to control cereal leaf beetle (CLB), Oulema melanopus, and to 
determine the economic costs associated with pesticide appli-
cation.  Indirect costs to Oregon producers such as commodity 
certification, yield and/or quality loss are not considered here.   

Table 1. Acres treated to control cereal leaf beetle in Ore-
gon during the last three years. 

  

County 2006 2005 2004 
  

Baker 1400 2100 3110 
Crook 477 600 1400 
Deschutes 125 0 0 
Jefferson 1235 60 0 
Malheur 443 1595 8622 
Union 7944 20,500 20,716 
Wallowa 1180 1800 680 
 
Willamette Valley (by location of chemical supplier)  
- Benton 270 3810 820 
- Lane 200 0 0 
- Linn 400 1025 4540 
- Marion 1085 1030 1260 
- Multnomah 0 0 680 
- Polk 1340 2800 2280 
- Washington 4250 9720 14,002 
- Yamhill 205 5135 6090 
 
Total 20,554 50,175 64,200 
  

 
No new counties were found infested with CLB in 2006, but it 
continues to expand its range in Oregon with counties on the 
leading edge, namely central Oregon, showing increases in 
acres treated (Table 1).  There remain 19 Oregon counties with 
CLB.   

Spraying for CLB is down significantly in 2006 (Table 1).  The 
main contributing factor is our successful biocontrol program 
(see detail below).  Another factor could be a decrease in grain 
acreage.  Oregon Ag statistics show that, after a sharp drop in 
2005, grain acres were down slightly in 2006.  The weather 
could be another factor.  A warm spell in early March was fol-
lowed by a prolonged cold period.  As a result the time adult 
CLB were found in the field and the resulting egg laying period 
was much shorter than in past years.   

CLB is an economic pest of grain crops, primarily oats, wheat 
and barley.  However, CLB has been found causing damage in 

newly planted grass seed fields.  This year 35 acres of peren-
nial ryegrass were reported to have been treated.  These figures 
also include 1000 acres of sweet corn treated to meet Califor-
nia’s requirements.  CLB is a more serious problem in spring 
grains.  Many treatments are done in conjunction with fungi-
cide applications. 

Each of the four geographic areas; Malheur County, NE Ore-
gon, Central Oregon, and the Willamette Valley, differ in tim-
ing of CLB activity as well as the percent of custom versus 
private application, and choice of insecticides.  The most fre-
quently used chemicals were Mustang followed by Malathion, 
then Warrior.  Also used were Lorsban, Lanate, Dimethoate, 
Baythroid, and Sevin.   

Costs reported for these chemicals range from $4.00-7.90/A for 
Mustang, $3.25-7.00/A for Malathion, and $5-6.00/A for War-
rior.  Application costs run $4.50-8/A (custom), for ground 
application, and $7-8.50/A for aerial.  By using a weighted 
average cost of $6/A for the chemical and $6.25/A for the ap-
plication, the estimated cost to treat CLB in Oregon this year 
was $251,787 (Figure 1). 
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Figure 1. Progression of cereal leaf beetle impact in Oregon. 
 
Biocontrol Program Proving Successful 
USDA APHIS, ODA, and OSU Extension have been cooper-
ating in the release of parasitic wasps as natural enemies of 
CLB since 1999.  The CLB larva parasite Tetrastichus julis is 
now well established in Baker, Union, and northern Willamette 
Valley counties where parasitism rates approached 100%.  For 
the first time we relied solely on material from within Oregon 
for redistribution of this parasite in 2006.  Monitoring shows T. 
julis can spread long distances on its own within grain produc-
tion areas.  We encourage growers in these areas to watch CLB 
threshold levels carefully, and consult with their extension 
agent before insecticide applications.  If treatment is deemed 
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necessary, strip treating will provide refuges for parasitoid sur-
vival.  Experience in Utah, Wyoming and Montana indicates T. 
julis can effectively reduce CLB damage below economic 
levels. 

The egg parasite Anaphes flavipes is present in Washington 
County, although still at very low levels.  An egg parasite will 
remove this pest before the damaging larval stage.  We con-
tinue to release Anaphes in Oregon but are disappointed in the 
results so far. 
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NATIVE BEE POLLINATORS IN CLOVER SEED PRODUCTION FIELDS IN THE 
WILLAMETTE VALLEY 

S. Rao and W.P. Stephen 

Introduction 
Pollination is critical for seed production in a great number of 
Oregon crops, and for most crops the rental of honey bees can 
satisfy that need.  However, for crops such as clover, minimal 
benefit can be achieved through this tactic as these crops are 
poorly pollinated by honey bees.  Clovers, arrowleaf and red, 
are best served by the native bee fauna of bumble bees and 
certain other long tongued bee species.  Most of these species 
are either not abundant in Oregon or are so dispersed, that they 
normally do not contribute significantly to local seed produc-
tion.  Their numbers can be enhanced if they are provided with 
their preferred food, and access to sites in which to nest.  Past 
efforts at improving pollination in red clover have focused on 
breeding for shortened corolla lengths in florets so that honey 
bees can reach both nectar and pollen.  A simpler strategy 
would be to determine factors that attract bees to fields (flow-
ers) for enhanced pollination and seed set.  

In an earlier study, (Stephen and Rao, 2005) we observed that 
blue traps baited with pheromone that were being evaluated for 
their efficacy in trapping the cereal leaf beetle (CLB), surpris-
ingly, contained large numbers of bees, especially bumble 
bees.  We repeated the test using traps with no CLB pheromone 
and observed that, in particular, the semitransparent blue cross 
vanes traps were attractive to bumble bees and a great diversity 
of other native bees (Stephen and Rao, 2005).  In 2006 we used 
the semitransparent blue cross vanes traps to study native bee 
pollinators in clover seed production fields in the Willamette 
Valley.  Specifically our goals were to: 1) determine the diver-
sity and abundance of native bee pollinators, 2) determine the 
time of day that native bees were active, and 3) determine if a 
cluster of semitransparent blue cross vanes was effective in 
drawing native bees to a target area.   

Methods 
The study was conducted in red and arrowleaf clover seed pro-
duction fields in July – August 2006.  Traps used in the study 
consisted of a clear plastic collecting jar, 15 cm dia x15 cm 
high, fitted with a fabricated polypropylene screw cap funnel 
into which two 24 x13 cm (3 mm thick) polypropylene semi-
transparent blue cross vanes were inserted (SpringStar™  LLC, 
Woodinville, WA, USA) (Fig. 1).  To determine bee diversity 
and abundance in clover fields, the semitransparent blue cross 
vanes traps were set up at 8 AM and retrieved the following 
day at 4 PM.  The bees in the traps were transported to the 
laboratory, frozen at -40° C and identified.  In a separate study, 
bees were retrieved from the traps at 3 PM, 9 PM and 8 AM to 
determine periods when the traps were most attractive to the 
bees.  Additionally, a cluster of blue vanes without the trapping 
containers were set up as a “clothes line” in a red clover fields 

for drawing native bees to the area.  To evaluate the efficacy of 
the clothes line of semitransparent blue cross vanes, traps were 
placed adjacent to the clothes line and at considerable distance 
away from the clothes lines at the east and west ends of the 
field.  In addition, 2 minute counts of bees were made at sites 
adjacent to and away from the clothes line of semitransparent 
blue cross vanes. 

 

 

 

 

 

 

 

 

 
Figure 1. Semitransparent blue cross vanes trap. 

 

Results and Discussion 
The blue traps were effective in trapping native bees in red and 
arrowleaf clover seed production fields.  Bees circled around 
the blue vanes before dropping into the clear plastic collecting 
jar.  Few honey bees were trapped.  In early July trap captures 
were low but as the number of flowers increased in a field, we 
observed a corresponding increase in the number of native bees 
captured in the traps.  Peak native bee captures coincided with 
peak bloom in each field. 

The study documented that there is great diversity of native 
bees in red clover and arrowleaf clover seed production fields 
in the Willamette Valley.  In 3 two-day collection periods, we 
trapped over 15 species of native bees belonging to 8 genera 
(Table 1).  Certain species such as the bumble bee, Bombus 
vosnesenskii, were present in much greater numbers than other 
species.   

Comparison of bee captures during various periods during the 
day indicated that bee attraction to the traps was greatest be-
tween 8 AM and 3 PM though a fair number of bees were also 
captured between 3 PM and 9 PM (Table 2).  The maximum 
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number of bees (344) were trapped in an arrowleaf clover field 
between 8 am and 3 PM.  Flight periods are more closely cor-
related with temperature than time of day.   

The clothes line of semitransparent blue cross vanes resulted in 
greater numbers of bees in blue vane traps adjacent to the 
clothes line compared to bees captured in traps set up at the 
east and west ends of the field (Table 3).  This indicates that 
the cluster of semitransparent blue cross vanes can be used to 

draw bees.  However it is not known whether the clothes line 
drew bees to one area or if these were new bees drawn to the 
field.   

Further research is required to determine whether the diversity 
and abundance of bees drawn to the semitransparent blue cross 
vanes results in greater pollination and seed production in clo-
ver fields.     

 

 
 
Table 1. Native bees trapped in clover seed production fields in the Willamette Valley in semitransparent blue cross vanes traps 

set up in 2006 between July 7-9, July 15-17 and July 27-29. 
_________________________________________________________________________________________________________________________________________________________________ 

Scientific name of native bee Common name of native bee Number trapped 
_________________________________________________________________________________________________________________________________________________________________ 

Agapostemon virescens Green bee 6 
Anthophora sp. no common name 2 
Bombus appositus Bumble bee 14 
Bombus californicus Bumble bee 4 
Bombus griseocollis Bumble bee 2 
Bombus mixtus Bumble bee 2 
Bombus nevadensis Bumble bee 1 
Bombus vosnesenskii Bumble bee 101 
Dialictus sp. Sweat bee 38 
Eucerines Sunflower bee 12 
Halictus farinosus Sweat bee 45 
Halictus ligatus Sweat bee 1 
Halictus rubicundus Sweat bee 5 
Lasioglossum sp. Sweat bee 14 
Osmia sp. Blue orchard bee 1 
_________________________________________________________________________________________________________________________________________________________________ 

 

 

Table 2. Native bees (mean of 3 replications) captured in clover seed production fields at various periods during the day.   
_________________________________________________________________________________________________________________________________________________________________ 

 9 PM to 8 AM 8 AM to 3 PM 3 PM to 9 PM 
_________________________________________________________________________________________________________________________________________________________________ 

Arrowleaf Clover - Site 1 
# species 1.0 12.5 5.9 
# bees 1.6 118.5 48.6 
 
Arrowleaf Clover - Site 2 
# species 0.5 8.4 4.7 
# bees 0.5 77.7 29.4 
 
Red Clover - Site 1 
# species 0 5.5 4.6 
# bees 0 50.1 22.9 
_________________________________________________________________________________________________________________________________________________________________ 
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Table 3. Native bees captured in a red clover field in semitransparent blue cross vanes traps set up adjacent to and away from 
the clothes line of blue cross vanes. 

_________________________________________________________________________________________________________________________________________________________________ 

Native bee species Adjacent to clothes line East end West end 
_________________________________________________________________________________________________________________________________________________________________ 

Agapostemon texanus-angelicus 0 0 1 
Agapostemon virescens 0 0 1 
Bombus appositus 1 0 2 
Bombus californicus 2 0 0 
Bombus griseocollis 2 0 0 
Bombus vosnesenskii 33 3 6 
Halictus farinosus 7 5 2 
Halictus ligatus 1 0 0 
Halictus rubicundus 1 0 0 
Halictus tripartitus 0 1 0 
Lasioglossum sp. 1 2 1 
Eucerine sp 1 1 0 0 
Eucerine sp 2 1 0 0 
_________________________________________________________________________________________________________________________________________________________________ 

Total # species 10 4 6 
Total # bees 50 11 13 
_________________________________________________________________________________________________________________________________________________________________ 

 

Reference: 
Stephen, W.P. and S. Rao.  2005.  Unscented Traps for Non-

Apis Bees (Hymenoptera: Apoidea).  Journal of the Kan-
sas Entomological Society 78:373-380. 
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THE EFFECT OF FUNGICIDE APPLICATIONS ON SEED YIELD IN PERENNIAL RYEGRASS, 
AND EVALUATION OF THE RUST MODEL DECISION AID 

M.E. Mellbye, T.B. Silberstein, G.A. Gingrich and W.F. Pfender 

Introduction 
Stem rust is a serious disease problem in many Willamette 
Valley grass seed fields.  Spring weather patterns, the variety 
being grown and the age of the stand are major factors influ-
encing rust initiation and infection levels.  Perennial ryegrass 
and tall fescue are particularly susceptible to rust infections.  
Research trials the past three years have shown that under se-
vere rust pressure seed yields can be reduced over 70% when 
rust is not controlled.  Oregon grass seed growers spend ap-
proximately $15 to $20 million annually for rust control pro-
grams, making stem rust the most costly disease problem in 
Pacific Northwest grass seed production.  Severity of rust, and 
therefore the need for fungicide applications, can differ among 
fields and from year to year.  A model of stem rust is being 
developed by researchers at USDA-ARS as a tool to help de-
cide if and when sprays are needed. 

This is the fourth year of on-farm fungicide trials conducted to 
evaluate the effect of various fungicide applications and treat-
ment timings on seed yield of perennial ryegrass. Our specific 
objectives were to (1) compare the effectiveness of different 
fungicide products,  (2) determine the effect of an early stro-
bilurin fungicide treatment on rust control and seed yield and 
(3) continue evaluating the operation of the stem rust model as 
a decision aid for fungicide applications. 

Methods 
Results in this report were obtained from large scale, on-farm 
yield trials conducted on turf type perennial ryegrass fields.  
Field trials were conducted at two locations: (1) a first year 
field in Marion County near Sublimity (var. ‘Margarita’ peren-
nial ryegrass; dryland), and (2) a first year field in Linn County 
near Lebanon (var. ‘OS’ perennial ryegrass; irrigated).  Fungi-
cides used were: 

Propiconazole (Tilt 428 GS) 
Azoxystrobin (Amistar, Quadris) 
Pyraclostrobin (Headline) 
Azoxystrobin/Propiconazole (Quilt) 
Strobilurin/DMI fungicide mix (Absolute) 

Fungicide applications were made using an ATV mounted 
sprayer with a 20 ft boom equipped with TeeJet 11002 VS 
nozzles at 30 psi calibrated to apply 15 gpa.  Spray adjuvant at 
0.5% vv was added to each fungicide treatment.  Plots were 
arranged in a randomized complete block design with three 
replications.  Individual plot size was 24 feet wide by 300 to 
400 feet long.  Grower equipment was used to harvest individ-
ual plots and a weigh wagon was used to determine seed yield.  
Sub-samples of the harvested seed from each plot were 

collected to determine percent cleanout, 1000 seed weight, and 
to calculate total clean seed yields.  Among the experimental 
treatments at each location was one in which spray decisions 
were made based on the rust model outputs, derived by oper-
ating the publicly-available stem rust estimator webpage 
(http://pnwpest.org/cgi-bin/stemrust1.pl).  Automated weather 
stations located at each site were among the 15 stations 
throughout the Willamette Valley that  provided weather data 
for running the model on the website. 

Results 
During the 2006 crop year, rust infections were generally light 
on most perennial ryegrass fields.  The fall and winter weather 
pattern resulted in a low level of rust going into the spring, and 
rust infections were late developing in most fields.  (In con-
trast, conditions in 2005 resulted in one of the earliest and most 
severe rust seasons in recent years).  While 2006 was in general 
a mild rust year, a number of early fall planted, first-year fields 
showed significant rust infections as temperatures warmed in 
June.   

Typical of a number of dryland fields in 2006, the Marion 
County location had very little rust pressure throughout the 
season and fungicide applications did not increase seed yields.  
In contrast, the irrigated field in Linn County developed severe 
rust pressure by mid-June and without fungicide application 
seed yield was reduced by almost 50%.  The average increase 
in seed yield from fungicides treatments at the Linn County site 
was 1240 lb/acre (Table 2).   

The first objective of this trial was to compare fungicide prod-
ucts, including products approaching registration such as Ab-
solute.  All fungicide treatments in 2006 at both locations pro-
vided acceptable rust control when compared to the untreated 
check.  Effectively controlling rust at the high rust pressure site 
in Linn County reduced cleanout and increased seed size (as 
measured by 1000 seed weight).  Two of the products tested 
(Quilt and Absolute) are tank-mixtures of a strobilurin and a 
DMI (Tilt-type) fungicide.  Both products provided rust control 
and seed yield comparable to Headline and Quadris treatment 
sequences.  The strobilurin plus DMI tank-mix products have 
provided good control in our Extension fungicide trials and 
offer a tool for resistance management; however, it is critical to 
use these product mixtures at an adequate rate to achieve ac-
ceptable rust control.   

The second objective of the trial was to evaluate the effect of 
early strobilurin fungicide treatments on rust control and seed 
yield.  The strobilurin product Headline was used as the “early” 
treatment, and was applied in early May prior to the 
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appearance of rust.  Application was at the normal timing for 
plant growth regulator application (2-node stage/early flag leaf 
emergence).  The highest level of rust control was achieved 
from the early strobilurin treatment (virtually clean at 0.5% rust 
infection or less throughout the season).  However, the other 
fungicide treatments provided commercially acceptable rust 
control that was not statistically different from the early stro-
bilurin treatment except on the last evaluation date in July 
(7/11/06).   

While excellent rust control was obtained, the early strobilurin 
treatment did not result in increased seed yield at either loca-
tion in 2006.  Over the past two years, early fungicide treat-
ments resulted in an increase in seed yield in only one of five 
field tests.  The results of this study suggest a benefit to early 
fungicide applications only under severe and early rust 
pressure. 

The third objective was evaluation of the stem rust model, as 
has been done in two previous seasons.  Use of the rust model 
decision aid resulted in one less spray at each location than the 
standard schedule.  At the Marion County site, the model indi-
cated that no sprays were needed.  However,  crop maturity 
was delayed by cool weather and we made a conservative 

decision to spray when rust severity increased near the end of 
the season.  As it turned out, the model was correct and no 
sprays were needed (there was no apparent difference in yield 
between the non-treated check plot and the fungicide-treated 
plots).  That is, the model correctly estimated that two sprays 
could have been saved at that location.  The overall result of 
using the decision aid in this year was that equivalent yields 
were obtained with less fungicide at each location.  The rust 
model continues to show promise as a tool growers can use to 
maintain yields while reducing, in some fields, overall fungi-
cide costs.   

A well timed fungicide program remains a good investment for 
perennial ryegrass seed producers in western Oregon, and cur-
rently labeled fungicide products do an effective job of pro-
viding control.  
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Table 1. Treatment table: fungicide application rates and timings, 2006. 
_________________________________________________________________________________________________________________________________________________________________ 

Treatments Application dates and rates (product/acre) Cost 
_________________________________________________________________________________________________________________________________________________________________ 

 ($/acre) 
Linn County site (var. OS)  5/8/06 5/30/06 6/17/06 6/29/06 
  2-3 node early heading peak anthesis early fill 
 
Early fungicide/Quilt sequence Headline (6 oz.) Quilt (20 oz.) Quilt (20 oz.) 6 oz Tilt $62.97 
Quilt sequence   - Quilt (20 oz.) Quilt (20 oz.) 6 oz Tilt $46.30 
Absolute sequence   -  Absolute (7.5 oz). Absolute (7.5 oz). 6 oz Tilt $46.30 
Quadris sequence   - Quadris (9 oz.) Quadris (9 oz.) 6 oz Tilt $47.20 
Headline sequence   - Headline (9 oz.) Headline (9 oz.) 6 oz Tilt $47.20 
Quilt 2x (Rust model)   - Quilt (20 oz.) Quilt (20 oz.)  - $32.44 
 
Marion County site (var. Margarita) 5/19/06 6/8/06 6/30/06 7/5/06  
  2-node mid-heading peak anthesis early fill 
 
Early fungicide/Quilt sequence Headline (6 oz.) Quilt (20 oz.) Quilt (20 oz.)  - $49.11 
Quilt sequence   - Quilt (20 oz.) Quilt (20 oz.)  - $32.44 
Absolute sequence   -  Absolute (7.5 oz). Absolute (7.5 oz).  - $32.44 
Quadris sequence   - Quadris (9 oz.) Quadris (9 oz.)  - $33.34 
Headline sequence   - Headline (9 oz.) Headline (9 oz.)  - $33.34 
Quilt 1x (Rust model)   -  -  - Quilt (20 oz.) $16.22 
_________________________________________________________________________________________________________________________________________________________________ 
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Table 2. The effect of fungicide treatments on stem rust severity and seed yield of perennial ryegrass on two Willamette Valley 
fields, 2006. 

_________________________________________________________________________________________________________________________________________________________________ 

Treatments  Rust  Seed Additional  1000 
 6/24 7/11 Yield seed2 Cleanout seed wt. 
_________________________________________________________________________________________________________________________________________________________________ 

 ------- (%) -------  (lb/a) (lb/a) (%) (g) 
 
  Linn County site (var. OS)  
 
Untreated check1 44 78 1337 0 33.4 1.6020 
 
Early fungicide/Quilt sequence 0.2 0.5 2645 1308 21.1 1.7813 
Quilt sequence 1.5 2.0 2466 1129 20.6 1.7057 
Absolute sequence 3.2 6.0 2529 1192 19.9 1.7853 
Quadris sequence 1.8 3.0 2567 1230 18.3 1.7450 
Headline sequence 3.2 7.0 2670 1333 19.0 1.7390 
Quilt 2x (rust model treatment) 1.3 7.0 2582 1245 20.3 1.7110 
 
LSD (0.05) 4.9 5.0 247 - 3.0 0.0455 
 
  Marion County site (var. Margarita)  
 
Untreated check1 trace 4.0 1317 0 14.6 NA 
 
Early fungicide/Quilt sequence 0 0.0 1368 51 15.6 NA 
Quilt sequence 0 0.1 1340 23 15.7 NA 
Absolute sequence 0 0.1 1358 41 15.0 NA 
Quadris sequence 0 0.2 1367 50 14.0 NA 
Headline sequence 0 0.2 1306 -11 15.8 NA 
Quilt 1x (rust model treatment) 0 0.6 1188 -129 16.7 NA 
 
LSD (0.05) NS 0.2 NS  -  NS  -  
_________________________________________________________________________________________________________________________________________________________________ 

1 The check was harvested as one strip and not included in statistical analysis for seed yield. 
2The additional seed yield above the untreated plots. 
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UPDATE ON OCCURRENCE OF STRIPE SMUT AND BUNT IN GRASSES GROWN FOR SEED 

S.C. Alderman, C.M. Ocamb, M.E. Mellbye and S.M. Sedegui 

Stripe Smut 
Stripe smut, caused by the fungus Ustilago striiformis, infects 
seedlings, buds of crowns, or rhizome nodes.  The fungus de-
velops and produces spores between the leaf veins.  As the 
spores mature, the epidermis ruptures, exposing long black 
streaks of powdery spore masses.  The tissue between the leaf 
veins collapses and separates, resulting in a shredded appear-
ance of the leaves.  The fungus can also occur on stems and on 
the seed head.  Spores overwinter in the soil, and new infec-
tions are established the following spring.  Plants that are in-
fected often remain infected.  However, infected plants are 
more susceptible to desiccation and may not survive the warm 
dry conditions during summer.   

In field surveys, including 51, 42, and 33 fields in 2004, 2005, 
and 2006 respectively, stripe smut was detected in about a third 
of the orchardgrass fields in 2004 and 2005, but less than 10% 
of the fields in 2006.  A reduction in orchardgrass seed lots 
testing positive for smut was also noticed at the Oregon De-
partment of Agriculture during 2006.  It is not clear why stripe 
smut incidence was lower in 2006, but this may have resulted 
from prolonged dry conditions during the summer and fall of 
2005, unfavorable for survival, or from dry conditions during 
the spring of 2006, unfavorable for infection.  In field surveys, 
stripe smut was found in one field of bentgrass, but not in 
Chewings fescue, red fescue, perennial ryegrass, or tall fescue.  
At the Oregon Department of Agriculture, smut spores were 
detected in 1% or less of seed lots of tall fescue or perennial 
ryegrass.  It is not known whether a low level of smut is occur-
ring in these grasses, or whether the seed was contaminated 
from nearby infested fields.  Smut spores can be blown by 
wind, especially during harvest. 

In orchardgrass, stripe smut severity was typically less than 3% 
infected plants, but 8 to 12% infected plants were found in 
three fields in 2004.  This suggests that consecutive years of 
favorable conditions for stripe smut could result in a significant 
level of infection.  Seed treatments and fungicides have been 
used to control stripe smut in turf grasses, but the efficacy of 
fungicides for stripe smut control in orchardgrass needs to be 
determined.  It is not known whether post-harvest open or pro-
pane field burning, as a means of destroying infested plant tis-
sues, would effectively reduce stripe smut severity.  Similarly, 
the effect of baling as a removal of infested material on subse-
quent smut development is not known.  It noteworthy that 
grazing has been suggested as a possible control of smut in 
wheat, although we do not know whether smut severity in seed 
production fields would be reduced by grazing. 

Stripe smut was reported on grasses, including orchardgrass, in 
the Willamette Valley as early as 1935.  It is not known 

whether the stripe smut fungus currently in orchardgrass has 
been present for many decades at a very low level, whether a 
new strain developed, or whether a new strain was introduced.  
The stripe smut fungus has a wide host range, but host specific 
strains, including one on orchardgrass, are known to occur.  
Given that we found stripe smut on orchardgrass, but not in 
nearby fields of perennial ryegrass or tall fescue, we may have 
a strain restricted to orchardgrass.  It is known whether the 
strains on bentgrass and orchardgrass are the same. 

Bunt 
A few years ago a new species of Tilletia was detected in a 
seed shipment of red fescue to China.  It is recognized as a new 
species, although not yet formally named.  In infected plants 
the seed are replaced by structures that resemble swollen dark 
or brownish colored seeds.  They are packed full of dark col-
ored spores.  If ruptured during harvest or seed processing, the 
spores will contaminate the seed lot.  Not much is known about 
the life cycle of the Tilletia species, although this is something 
we are currently investigating.  In 2005, we found several 
fields of Chewings fescue with a low level of bunt.  In 2006, 
we found bunt in only one field of Chewings fescue.  The bunt 
is occurring at a very low level (less than 1% infected seed 
heads) and there is no indication that it is increasing.  It is not 
know whether the bunt has been present at a low level for 
many years or whether this is a new bunt. 
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VOLES IN THE VALLEY 

J.A. Gervais 

Voles are always present in the fields within the Willamette 
Valley, but they were unusually numerous in 2005 through 
early 2006.  Those spectacular and very damaging densities 
declined sharply throughout the winter and early spring last 
year, and growers for the most part enjoyed a respite from this 
pest last summer. 

Why voles do this is still something of a mystery.  We know 
that their incredible reproductive ability allows voles to build 
up quite rapidly; voles can give birth to a litter of 4-7 young 
every three weeks when conditions are favorable.  We also 
know that beyond some critical level, predators can no longer 
keep up with the burgeoning vole populations.  Below that 
critical level, however, predators can have substantial effects 
on the voles and even reduce the voles’ abilities to hit those top 
densities.  Tolerating or even encouraging wildlife that eat 
voles is thus a good strategy even though predators alone can-
not prevent the peaks in vole populations. 

Voles in the Willamette Valley don’t demonstrate the classic, 
regular cycles of the lemmings and voles in northern Europe.  
They probably are strongly influenced by the severity of winter 
weather, when many voles may succumb to drowning but few 
or no voles are being born.  It is likely that the widespread in-
stallation of tile drains has benefited the gray-tailed vole, 
whereas its close relative, the Townsend’s vole, can tolerate 
wetter conditions and may have been replaced by gray-tailed 
voles in many areas due to farming practices.  We also don’t 
know what role, if any, the fertilized stands of grass grown for 
seed (top-quality feed for voles) plays in these population out-
breaks.  In 2005, voles exploded not only in these prime habi-
tats, but also in natural areas with no fertilizer inputs.  In addi-
tion, agricultural fields are much less hospitable to voles after 
harvest, especially if fields are baled or the soil disturbed.  
How these positive and negative forces balance out is likely to 
change from year to year, but we understand very little about 
this. 

Vole declines are possibly even more puzzling than the in-
creases.  It is now widely believed among scientists that popu-
lations crash due to density effects, but what exactly happens 
when there are too many voles is much less clear.  Voles in 
grass seed fields probably didn’t run out of food, certainly not 
in spring when the new flush of growth should have led to a 
new breeding season.  We documented steep declines in vole 
activity in late March, suggesting that the voles weren’t dying 
off due to starvation, even though flooding and starvation were 
likely forces earlier in the winter.  Although predators certainly 
help in driving declining vole populations downward, they 
don’t seem to be responsible for the initial declines.  Disease 
has not been well-studied to date, but a spectacular vole 

outbreak in eastern Oregon in 1957-1958 was associated with 
very high infection rates of tularemia among the voles during 
the crash phase.  Tularemia is a waterborne bacteria that is also 
spread through urine, feces and direct contact, so its spread in 
dense vole colonies during the rainy season could be very 
rapid.  Voles are considered quite susceptible to this disease.  
No information regarding possible disease was collected in the 
2005 vole explosion in the Willamette Valley, but it cannot be 
discounted.  Because of the possibility of disease transmission, 
handling dead rodents in any circumstances should be done 
with caution, and while wearing gloves.   

Vole populations started to recover by the end of the growing 
season in 2006.  Fields that showed no vole activity in August 
did have low densities of voles by mid-November.  It is likely 
that growers will experience more typical damage levels this 
season, especially in fields that tend to have vole issues.  Be-
cause populations may grow so rapidly when conditions are 
favorable, growers should always be on the lookout for recent 
or expanding activity. 

The extensive burrow systems dug by the voles at the peak of 
their densities are intact in many areas, despite having been 
largely deserted for months.  These burrow systems may play a 
major role in channeling surface runoff into the soil profile.  
Unfortunately, they will also allow a much more rapid expan-
sion of voles than otherwise would have been possible, as voles 
require these burrows and must dig them if they aren’t avail-
able ready-made.  A dispersing vole can locate and settle in an 
existing network without the energetic cost or risk of creating a 
new one.  Mole tunnels have also been associated with more 
rapid expansion of vole densities.  One challenge in judging 
just how severe a vole infestation is in a field where remnant 
burrows still exist is that individual voles may occupy a much 
larger home range if they are occupying existing burrow net-
works than if they were forced to dig a new network from 
scratch.  We know that voles use burrows to travel to good 
feeding areas, especially when cover is low.  This means that a 
single vole could be leaving clipped grass stems and other sign 
over a much broader area, which makes it difficult to judge 
whether densities are great enough to justify the cost of a con-
trol program.  

Predators are not easily fooled, however, and keeping an eye 
on wildlife using the fields is an excellent indicator of potential 
problems.  Great blue herons in particular will feed on voles, 
and are easily seen.  An area attractive to several herons espe-
cially at the same time is probably a good candidate for a closer 
inspection. 
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Although voles range from being a pest to a severe liability for 
agricultural producers, they are also crucial for the continued 
existence of Valley wildlife.  Control efforts that are carefully 
and judiciously applied will aid not only the bottom line, but 
also in maintaining the other species of wildlife that do not 
cause damage, and whose presence enriches our lives. 
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SPATIAL CLUSTERING OF GRASS SEED WEEDS  

G.W. Mueller-Warrant, G.W. Whittaker and W.C. Young III 

Ten years of Oregon Seed Certification Service (OSCS) pre-
harvest field inspections (1994 to 2003) converted from a non-
spatial database to a geographic information system (GIS) were 
analyzed for patterns in spatial distribution of severity of the 36 
most commonly occurring weeds in grass seed.  Our specific 
objectives were to: (1) determine whether the global distribu-
tion patterns of severity of common weeds of grass seed crops 
in Linn County, OR, were clustered, dispersed, or random, (2) 
characterize possible changes over the 10-year period in clus-
tering patterns of grass seed weeds, (3) map local hot spots of 
strongly clustered weeds, and (4) identify soil properties and/or 
crop management practices linked to location of these hot 
spots.  We evaluated spatial clustering using both Moran’s I 
spatial autocorrelation and Getis-Ord General G high/low 
clustering tools in ArcGIS.  We hope that our findings will 
help grass seed growers improve the efficiency of their weed 
control efforts and will also support better informed research 
planning by weed scientists and decision making by regulatory 
agencies managing activities ranging from plant quarantine 
enforcement to herbicide registration. 

Spatial clustering by weed species.  Clustering was statisti-
cally significant for maximum severity observed within fields 
over the 10-year period for all 43 weeds and in 78% of single-
year analyses.  The remaining 22% of single-year cases showed 
random rather than dispersed distribution patterns.  For seven 
weeds also grown as crops, clustering was stronger when fields 
growing those crops were included in analyses rather than ex-
cluded, with exceptions of Kentucky bluegrass and roughstalk 
bluegrass, species rarely grown now in western Oregon.  In 
decreasing order, weeds with strongest inverse-distance spatial 
autocorrelation were German velvetgrass, field bindweed, 
roughstalk bluegrass, annual bluegrass, orchardgrass, common 
velvetgrass, Italian ryegrass, Agrostis spp., and perennial rye-
grass.  Distance at which spatial autocorrelation peaked ranged 
from 1.2 miles for Agrostis spp. (when crop cases were in-
cluded), Bromus spp., western wildcucumber, and perennial 
ryegrass (when crop cases were excluded) to 37 miles for 
mayweed chamomile.  The shortest distance at which signifi-
cance of spatial autocorrelation was lost was 7.5 miles for 
western wildcucumber, while the greatest distance at which 
significance was lost was 47 miles for common velvetgrass and 
German velvetgrass.  Of special interest were distances for 
peak effect and maximum range of significance for weeds that 
possessed the strongest spatial autocorrelation.  For German 
velvetgrass, spatial autocorrelation peaked at 8.1 miles and ex-
tended on out to 47 miles.  For field bindweed, spatial autocor-
relation peaked at 3.7 miles and extended on out to 20 miles.  
For roughstalk bluegrass, spatial autocorrelation peaked at 8.7 
miles and extended on out to 22 miles.  For annual bluegrass, 
spatial autocorrelation peaked at 8.7 miles and extended on out 

to 28 miles.  Weeds that possessed relatively weak spatial auto-
correlation tended to have narrower ranges in their distances 
from peak significance to maximum range of significance.  
These ranges were 7.5 to 14 miles for shepherd’s-purse, 6.8 to 
16 miles for field horsetail, 8.7 to 14 miles for catchweed bed-
straw, 11 to 21 miles for pineapple-weed, 5 to 21 miles for wild 
mustard, 19 to 45 miles for common catsear, and 6.8 to 8.7 
miles for reed canarygrass.   

Wild carrot is commonly believed to have increased substan-
tially in severity in western Oregon in recent history.  This 
weed showed significant spatial autocorrelation in only one of 
the first three years, but was spatially autocorrelated in three of 
the middle four years and all three of the final three years.  
Such a pattern is certainly consistent with a weed increasing in 
severity and geographic extent over this time period, although 
other interpretations are possible.  No obvious temporal trends 
were present in spatial autocorrelation averaged over all weed 
species, a finding consistent with the concept that most of these 
weeds had long since spread across the landscape and reached 
approximate equilibrium with current crop rotation and within-
crop weed control practices. 

Soil type effects.  Restricting analysis of soil type by weed 
species interactions to those 36 soil types present on a mini-
mum 20 or more fields at an extent of 21% or more of each 
field’s area provided a total of 5801 field by soil type polygons 
to evaluate.  Chi-square tests for interaction of soil type and 
weed species as classification factors for presence of weeds 
rejected the null hypothesis of freedom from interaction be-
tween soil type and weed species for all but three grasses and 
five broadleaves.  The two weed species most often showing 
significant interaction with soil type were German velvetgrass 
and field bindweed.  These were the two weed species showing 
strongest Moran’s I spatial autocorrelation of weed severity.  
Field bindweed was the second most commonly occurring 
broadleaf weed, with an average frequency of 0.20, and oc-
curred less often than expected on 19 of 36 soil types and more 
often than expected on 7 of 36 soil types.  Canada thistle was 
the most commonly occurring broadleaf weed, with an average 
frequency of 0.31, but occurred less often than expected in only 
three cases and more often than expected in another three 
cases.  Among the grassy weeds, German velvetgrass was rela-
tively uncommon, with an average frequency of only 0.09, but 
occurred more often than expected on 14 soil types and less 
often than expected on another 14 soil types.  Of the 20 grasses 
with significant interaction between soil type and weed species, 
only four occurred less often on average than German velvet-
grass.  Other grassy weeds for which interactions between soil 
type and weed species were relatively common included 
roughstalk bluegrass (frequency in 11 soils significantly less 
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than average and frequency in five soils greater than average), 
common velvetgrass (frequency in five soils less than average 
and frequency in 14 soils greater than average), quackgrass, 
Agrostis spp., and annual bluegrass.   

As a method to visualize differences in frequency of weed oc-
currence among weed species and soil types, we generated 
Fitch-Margoliash tree diagrams of the average distance among 
weed species and soil types (Figs. 1 and 2).  Total distance 
(length of horizontal lines) between pairs of weeds (or soils) 
indicated how similar/dissimilar the pairs were, while number 
of nodes in the tree between pairs indicated how many other 
weeds (or soils) were more closely linked to members of the 
pair than the pair members themselves were linked.  Among 
the weeds also grown as crops, roughstalk bluegrass, Kentucky 
bluegrass, and Italian ryegrass all graphed with the crop cases 
included or excluded as adjacent nodes on the tree (Fig. 1).  
Separation between crop cases included vs. excluded was four 
nodes for Agrostis spp., eight nodes for orchardgrass, and nine 
nodes for tall fescue.  This separation indicated the presence of 
substantial differences among soils on which these three spe-
cies were recently grown as crops and on which they appeared 
as weeds.  German velvetgrass and common velvetgrass 
graphed adjacent to each other, despite a total distance apart 
that was larger than for most other weeds and their closest 
neighbors.  Tall fescue including crop cases was most closely 
linked to Italian ryegrass.  Many broadleaf weeds most closely 
grouped with other broadleaves, while some others appeared in 
groups with grasses.  Shepherd’s-purse, Amaranthus spp., field 
horsetail, and sharppoint fluvellin were all closely linked, and 
were next most closely grouped with Kentucky bluegrass.  
Weeds most similar to Canada thistle were Agrostis spp. in-
cluding crop cases and orchardgrass including crop cases at 
two nodes, annual bluegrass and Bromus spp. at three nodes, 
and tall fescue excluding crop cases and roughstalk bluegrass 
at four nodes.  Weeds most similar to field bindweed were 
common groundsel at one node apart, western wildcucumber 
and ladysthumb at three nodes, mayweed chamomile at four 
nodes, and wild carrot, common velvetgrass, German velvet-
grass, and orchardgrass excluding crop cases at five nodes.   

The general appearance of the tree diagram for soil types was 
one of more uniform dispersion than the diagram for weed spe-
cies.  The diagram for soil types was most noticeably lacking 
elements with extremely high similarity to each other (Fig. 2).  
The most closely linked soils were Amity, Concord, and Day-
ton.  Other pairs of relatively closely linked soils were Coburg 
and Conser, Nekia and Jory, Newberg and Cloquato, and 
Courtney and Clackamas.  Because soil chemical and physical 
properties can be expected to influence both the farmers’ 
choice of crops and the success of weeds within those crops 
and during fallow periods between crops, interactions between 
weed species and soil types will inherently be complex.   

Principal components analysis (PCA) of the interaction of 35 
weed species and 36 soil types were dominated by contrasts 
involving the major grass seed crops, suggesting that weeds 

behaved primarily as ensembles or groups within cropping 
systems.  While it is likely that crop production management 
practices and crop growth and development patterns acted to 
generate those ensembles, soil properties may also have played 
roles beyond their obvious one of influencing choice of crop 
grown.  The PCA contrast dominated by perennial ryegrass vs. 
tall fescue was negatively related to soil clay content, cation 
exchange capacity (CEC), and pH, but unrelated to hydraulic 
conductivity.  The PCA contrast dominated by tall fescue plus 
perennial ryegrass vs. orchardgrass was negatively related to 
pH, and unrelated to the other three soil properties.  The PCA 
contrast dominated by orchardgrass vs. Agrostis spp. was posi-
tively related to CEC and negatively related to hydraulic con-
ductivity.  The PCA contrast dominated by Agrostis spp. plus 
orchardgrass vs. Italian ryegrass plus roughstalk bluegrass was 
negatively related to pH and hydraulic conductivity.  Because 
the values for clay content, hydraulic conductivity, CEC, and 
pH came from USDA-NRCS soil surveys rather than meas-
urements within our individual fields, they were assigned only 
a single value for each soil type, limiting the precision of our 
estimates of soil properties and restricting interpretation of the 
regressions.  Nevertheless, these regressions indicated that ba-
sic soil physical and chemical properties could be useful surro-
gates for soil type effects in interactions within weed severity 
data. 

Gi* hot spot localization.  Protection of grower privacy was 
an overriding concern in mapping of weed hot spots.  Average 
number of neighboring points in Gi* calculations was 93 for a 
2.5 mile fixed distance band and 623 for an 8.7 mile band.  
Since 8.7 miles was also the median distance to Getis-Ord 
General G peak clustering for all 43 weeds, hot spot probability 
values reflected the influence of at least seven individual fields 
in the Gi* analysis and 12 fields in the subsequent raster crea-
tion, and on average represented over 600 fields.  Given an av-
erage grass seed field size of 44 acres, seven fields would cor-
respond to the minimum reporting unit size traditionally used 
by the OSCS when aggregating production data by county, 300 
acres.  Maps of all 43 weeds in JPG format at 1:275,000 scale 
are available online at 
http://www.ars.usda.gov/pandp/people/people.htm?personid=4
006.  For the four most strongly clustered weeds, German 
velvetgrass, field bindweed, roughstalk bluegrass, and annual 
bluegrass, neighborhood distances were set to 5.0, 2.5, 8.7, and 
8.7 miles in the Gi* fixed distance weighting method.  German 
velvetgrass clearly showed a concentration in northeastern 
Linn County grass seed acreage, with a secondary east-west 
band in the southern third of the area.  Field bindweed showed 
a more complex pattern, with below average severity in the 
northeastern region and in two areas near the center.  Hot spots 
for field bindweed existed along rivers in the northern third and 
in far southwestern portion of the area.  Annual bluegrass and 
roughstalk bluegrass had similar patterns of severity, with a 
large hot spot from the center to the southwest and below aver-
age severity in the northeastern section.  The distribution of 
these two weeds differed in the southwestern region, with a 
much more pronounced cool spot for roughstalk bluegrass than 
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annual bluegrass.  Weeds with the strongest global spatial auto-
correlation tended to produce Gi* maps that were covered by 
extremely high probabilities of hot spots and cold spots.  
Weeds with low global spatial autocorrelation tended to pro-
duce maps with large areas of non-significance for hot or cold 
spots.   

Implications  
Clustering in the distribution of grass seed weeds occurred as a 
consequence of both cropping history and innate soil proper-
ties, and was stronger for some weed species than others.  For 
strongly clustered species like German velvetgrass, field  

bindweed, roughstalk bluegrass, and annual bluegrass, growers 
and production advisors need to consider geographic location 
in tailoring of weed control practices to optimize resource allo-
cation.  For recently worsening problems like wild carrot, 
availability of GIS data may help us understand factors con-
tributing this weed’s spread and focus our control efforts.  The 
significant relationships between soil chemical and physical 
properties and weed severity on scales as coarse as soil type 
suggests value to incorporation of more detailed measurements 
of soil properties in future GIS databases.  Finally, publication 
of maps of weed hot spots may help grass seed growers, pro-
duction consultants, seed certification agencies, and seed com-
panies more accurately monitor the impact of field production 
practices on weed severity.  Procedures used to develop these 
maps maintained grower confidentiality while providing useful 
information to the grass seed industry. 
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Table 1. Distance of peak clustering and maximum range of significance for Moran’s I spatial autocorrelation for 10-year maxi-
mum observed severity of common grass seed weeds, Linn County, OR, using fixed distance weighting method. 

_________________________________________________________________________________________________________________________________________________________________ 

 Moran’s I spatial autocorrelation 
_________________________________________________________________________________________________________________________________________________________________ 

Weed species Distance for peak Z-score at Maximum range  
(Bayer code or genus) autocorrelation peak distance a of significance 
_________________________________________________________________________________________________________________________________________________________________ 

 (miles) (Z-value) (miles) 

Quackgrass (AGRRE) 9.3 29.3 32.9 
Creeping and colonial bentgrass (Agrostis spp.) b 1.2 34.0 24.2 
Creeping and colonial bentgrass (Agrostis spp.) c 3.1 17.9 11.8 
Pigweeds (Amaranthus spp.) 3.1 21.9 18.0 
Mayweed chamomile (ANTCO) 36.7 5.8 44.1 
Tame and wild oat (Avena spp.) 2.5 16.5 24.9 
Bromes (Bromus spp.) 1.2 13.5 24.9 
Shepherd’s-purse (CAPBP) 7.5 5.8 13.7 
Canada thistle (CIRAR) 2.5 18.1 32.3 
Field bindweed (CONAR) 3.7 87.0 19.9 
Orchardgrass (DACGL) b 3.1 38.3 33.6 
Orchardgrass (DACGL) c 3.7 26.1 28.6 
Wild carrot (DAUCA) 12.4 11.9 22.4 
Western wildcucumber (ECNOR) 1.2 27.2 7.5 
Field horsetail (EQUAR) 6.8 6.8 15.5 
Tall fescue (FESAR) b 5.6 17.9 13.7 
Tall fescue (FESAR) c 8.7 14.3 18.0 
Catchweed bedstraw (GALAP) 8.7 5.3 14.3 
Common velvetgrass (HOLLA) 21.1 59.3 46.6 
German velvetgrass (HOLMO) 8.1 181.5 47.2 
Common catsear (HRYRA) 19.3 8.7 45.4 
Sharppoint fluvellin (KICEL) 5.0 19.6 10.6 
Prickly lettuce (LACSE) 11.8 9.6 23.6 
Annual ryegrass (LOLMU) b 11.2 40.9 26.1 
Annual ryegrass (LOLMU) c 8.7 38.0 23.0 
Perennial ryegrass (LOLPE) b 8.1 32.8 29.2 
Perennial ryegrass (LOLPE) c 1.2 13.8 9.3 
Lowland cudweed 10.6 20.2 28.0 
Pineappleweed (MATMT) 10.6 7.8 20.5 
Annual bluegrass (POAAN) 8.7 97.3 28.0 
Kentucky bluegrass (POAPR) b 14.3 26.1 39.1 
Kentucky bluegrass (POAPR) c 4.3 29.3 32.3 
Roughstalk bluegrass (POATR) b 8.7 97.6 22.4 
Roughstalk bluegrass (POATR) c 8.7 102.7 22.4 
Ladysthumb (POLPE) 6.8 13.9 23.6 
Himalaya blackberry (RUBDI) 20.5 9.2 36.7 
Docks (Rumex spp.) 6.2 7.0 16.8 
Common groundsel (SENVU) 10.6 12.8 19.9 
Wild mustard (SINAR) 5.0 10.8 20.5 
Perennial sowthistle (SONAR) 8.1 18.1 33.6 
Reed canarygrass (TYPAR) 6.8 3.1 8.7 
Rattail fescue (VLPLMY) 11.8 19.6 46.0 
Wheat and other cereals 4.3 10.4 17.4 
_________________________________________________________________________________________________________________________________________________________________ 

Mean 8.4 29.9 25.0 
Median 8.1 18.1 23.6 
No. cases significant  43  
_________________________________________________________________________________________________________________________________________________________________ 
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a Z-scores with absolute values  in excess of 1.96, 2.575, and 3.27 are significant at the P <= 0.05, 0.01, and 0.001 levels, respec-
tively.  Severity index values of 0, 0.75, 1.75, 2.75, and 3.75 denote weed species presence characterized as none, trace, many, ex-
cessive, or grown as a previous crop.  Distance for peak autocorrelation and maximum range of significance were identified by it-
erative testing using the fixed distance band method with 0.62 mile changes between runs until peaks and maximum ranges were 
found. 
b Including cases in which weed was grown as the crop with assigned severity index of 3.75. 
c Excluding cases in which weed was present only when grown as the crop. 
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Figure 1. Fitch-Margoliash tree diagram of distance between 35 weed species based on average differences among 36 soil types 
over a 10-year period from weed by soil type frequency of occurrence at any level matrix.  Weed species are identified 
by Bayer code or genus name listed in Table 1.  The letter “w” denotes exclusion of cases where the species in question 
was grown as a crop. 
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Figure 2. Fitch-Margoliash tree diagram of distance between 36 soil types based on average differences among 35 weed species 
over a 10-year period from weed by soil type frequency of occurrence at any level matrix. 
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FISH AND AMPHIBIAN USE OF VEGETATED AND NON-VEGETATED INTERMITTENT 
CHANNELS IN THE UPPER WILLAMETTE BASIN  

R.W. Colvin, K.S. Boyer, G.R. Giannico, J.L. Li and S.M. Griffith  

Intermittent agricultural drainages found in the lowlands of the 
upper Willamette Basin provide habitat characteristics that may 
be preferred by native species of fish and amphibians.  Vege-
tated substrates and lack of vegetation growing in the channels 
are the most common habitat differences amongst intermittent 
watercourses.  Current grass-seed farming practices involve 
either seeding intermittent channels with a water-loving grass 
species or mechanically or chemically removing the vegetation.  
Neither practice has looked at possible implications for resident 
fish and amphibian populations.  Past results indicate that 
vegetated substrates provide an order of magnitude more in-
vertebrates than the adjacent hard pan clay substrates as well as 
provide cover for some fish species.  We expect that the cover 
and increased food availability provided by vegetation  

would increase the abundance and diversity of fish and 
amphibian assemblages using this seasonally available habitat.  
In the fall through spring 2005-2006, we sampled fish and 
amphibian communities and compared them between twelve 
seasonally dry channels draining tributaries of the Willamette 
River in western Oregon.  Six channels were selected as 
vegetated or had a high proportion of rooted vegetation cover-
ing the substrate and the remaining six had very little or an 
absence of vegetation in the channel.  Preliminary results 
showed a high variability in the abundance and diversity of fish 
and amphibians using the intermittent watercourses.  A few 
non-vegetated channels had very high abundances of fish, but 
were dominated by only one species.  In contrast, a few vege-
tated channels had relatively low numbers of fish but high spe-
cies richness.   
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BLUEGRASS TOLERANCE TO MESOTRIONE APPLIED IN THE SPRING 

R.P. Affeldt, C.K. Campbell and M.D. Butler 

Introduction 
Butler et al. reported that fall applications of mesotrione (Cal-
listo®) were effective for controlling creeping bentgrass 
(Agrostis stolonifera).  Butler et al. also indicated that fall 
applications of mesotrione did not injure Kentucky bluegrass 
(Poa pratensis) and did not control rough bluegrass (Poa trivi-
alis).  Turf researchers at Iowa State University have reported 
that neither fall nor spring applications of mesotrione injured 
Kentucky bluegrass turf (Jones and Christians 2005).  This 
information is useful for developing management practices for 
volunteer Roundup Ready creeping bentgrass in subsequent 
grass seed crops.  Even though rough bluegrass is a problem-
atic weed in Kentucky bluegrass seed fields it is also grown as 
a seed crop in central Oregon.  Therefore, developing practices 
for controlling volunteer creeping bentgrass in rough and 
Kentucky bluegrass fields could be useful. 

Materials and Methods 
Four studies were conducted in commercial fields of Kentucky 
and rough bluegrass grown for seed.  These studies evaluated 
the tolerance of bluegrass to mesotrione applied at late vegeta-
tive and early reproductive growth stages.  ‘Shamrock’ and 
‘Merit’ Kentucky bluegrass and ‘Saber III’ and ‘Dark Horse’ 
rough bluegrass varieties were tested.  ‘Dark Horse’ rough 
bluegrass was the only variety not harvested for seed yield.   

Plots were 10 ft by 25 ft with four replications arranged as ran-
domized complete blocks.  Treatments were applied with a 
CO2 backpack sprayer delivering 20 gpa operating at 20 psi 
and 3 mph.  Application dates and bluegrass growth stages are 
listed in footnotes to Tables 1 and 2. 

Results and Discussion 
Both Kentucky bluegrass varieties were very tolerant to meso-
trione at the rates and timings tested.  ‘Shamrock’ Kentucky 
bluegrass had some injury from the late application timing 
(May 29) and was not as tolerant as ‘Merit’ (Table 1).  ‘Merit’ 
Kentucky bluegrass had no injury and no differences in seed 
yield.  Rough bluegrass was less tolerant to mesotrione than 
Kentucky bluegrass (Table 2).  Rough bluegrass seed yields 
were reduced by a single late application and any of the multi-
ple applications. 

The sequential applications tested in these studies are based on 
use patterns for turf management.  It is unlikely that control of 
volunteer creeping bentgrass in bluegrass seed production 
fields will require the high frequency of applications shown 
here.  Unfortunately, there was no creeping bentgrass present 
in these studies.  Research in progress for 2007 will determine 
the efficacy of spring applied mesotrione on creeping 
bentgrass. 
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Butler, M.B., J.L. Carroll, and C.K. Campbell.  2005.  Control 

of Roundup Ready creeping bentgrass and roughstalk blue-
grass in Kentucky bluegrass seed production in central Ore-
gon.  In W.C. Young III (ed.) Seed Production Research, 
Oregon State Univ. pp 68-69. 

Jones, M.A. and N.E. Christians.  2006.  Mesotrione: evaluate 
tolerance of Kentucky bluegrass.  
http://www.hort.iastate.edu/turfgrass/pubs/turfrpt/2006/PDF
files/23-KBtolerance.pdf .  Aug. 18, 2006. 

 



62 

Table 1. Kentucky bluegrass injury and seed yield following mesotrione applications near Madras, OR in 2006. 
_________________________________________________________________________________________________________________________________________________________________ 

Mesotrione Application Kentucky bluegrass injury, June 22 Kentucky bluegrass clean seed yield# 
    rate† code ‘Shamrock’ ‘Merit’ ‘Shamrock’ ‘Merit’ 

_________________________________________________________________________________________________________________________________________________________________ 

lb a.i./A  ------------------ (% visual) --------------  ----------------- (lb/a) ------------------- 
 

Check -- 0 0 1899  ab 1275 a 
0.25 A‡ 1 0 2082  a 1117 a 
0.25 B§ 1 0 1872  ab 1187 a 
0.25 C¶ 8 0 1574  ab 1106 a 
0.25 A+B 0 0 1808  ab 1284 a 
0.25 B+C 10 0 1788  ab 1246 a 
0.25 A+C 8 0 1577  ab 1282 a 
0.25 A+B+C 15 0 1562  ab 941 a 
0.5 A 0 0 1888  ab 1328 a 
0.5 B 0 0 1847  ab 1056 a 
0.5 C 18 0 1704  ab 929 a 
0.5 A+B 3 0 1972  ab 1177 a 
0.5 B+C 16 0 1538  ab 1158 a 
0.5 A+C 15 0 1641  ab 1147 a 
0.5 A+B+C 18 0 1363  b 1234 a 
 
LSD (0.05)  -- --  349 337 

_________________________________________________________________________________________________________________________________________________________________ 

† All treatments applied with crop oil concentrate at 1.0 % v/v. 
‡ ‘A’ applied on April 24, 2006.  Kentucky bluegrass was fully tillered. 
§ ‘B’ applied on May 11, 2006.  Kentucky bluegrass was in the boot stage. 
¶ ‘C’ applied on May 29, 2006.  Kentucky bluegrass was pollinating. 
# Means followed by the same letter do not significantly differ. 
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Table 2. Rough bluegrass injury and seed yield following mesotrione applications near Madras, OR in 2006. 
_________________________________________________________________________________________________________________________________________________________________ 

Mesotrione Application Rough bluegrass injury, June 22 Rough bluegrass clean seed yield# 
    rate† code ‘Saber III’  ‘Dark Horse’ ‘Saber III’  

_________________________________________________________________________________________________________________________________________________________________ 

lb a.i./A  --------- (% visual) ------------------ --------------- (lb/a) -----------------  
 

Check -- 0 0 969 ab 
0.25 A‡ 0 0 962 ab 
0.25 B§ 0 0 930 ab 
0.25 C¶ 10 9 658 bc 
0.25 A+B 0 0 1056 a 
0.25 B+C 15 23 432 cd 
0.25 A+C 10 11 713 bc 
0.25 A+B+C 18 28 433 cd 
0.5 A 0 0 1045 a 
0.5 B 0 10 743 b 
0.5 C 20 18 363 d 
0.5 A+B 0 11 715 bc 
0.5 B+C 30 40 165 de 
0.5 A+C 15 15 278 de 
0.5 A+B+C 30 40 85 e 
 
LSD (0.05)  -- -- 208 

_________________________________________________________________________________________________________________________________________________________________ 

† All treatments applied with crop oil concentrate at 1.0 % v/v. 
‡ ‘A’ applied on April 24, 2006.  Rough bluegrass was fully tillered. 
§ ‘B’ applied on May 12, 2006.  Rough bluegrass was in the boot stage. 
¶ ‘C’ applied on May 29, 2006.  Rough bluegrass was pollinating. 
# Means followed by the same letter do not significantly differ. 
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CONTROL OF WINTER GRAIN MITE INFESTING TIMOTHY 

M.G. Bohle, G.C. Fisher and A.J. Dreves 

Introduction 
The Winter grain mite (WGM), Penthaleus major (Duges), is a 
pest of cool season grass pasture and seed crops throughout the 
Pacific Northwest.  Although predominantly a pest east of the 
Cascade Mountains, populations of this mite have damaged 
fescue and perennial ryegrass seed crops in the Willamette 
Valley from the Silverton Hills to the south Valley floor spo-
radically over the last decade.  

Unlike spider mites of the Tetranychidae that produce multiple 
generations and copious amounts of webbing on host plants 
during the hot and dry months of  summer and early fall, the 
WGM becomes active in October, completes two or three gen-
erations through the following April and does not produce 
webbing on host plants.  WGM emerges as cool weather and 
short day lengths cause the reddish, over-summering eggs lo-
cated at and below the soil line on host grasses to hatch.  The 
resulting blue colored mites with bright orange legs feed 
throughout the fall, winter and spring months, stunting plants 
and producing chlorosis of the leaves.  Heavy populations sur-
viving through the winter months retard spring regrowth and 
may kill individual crowns of the more susceptible pasture and 
seed grasses as well as cereal crops.  This mite has the unusual 
habit of hiding in cracks and crevices of the soil during days of 
bright sunshine and/or high temperatures and windy condi-
tions.  This habit can make initial detection of the mite and 
symptom diagnosis difficult at times.  Cool days and low light 
conditions bring the mites up to the foliage where they feed 
with piercing mouthparts, disrupting epidermal cells and drying 
leaves.  Grasses suspected of WGM infestations should be 
sampled beginning in October.  If symptoms are seen but the 
mites are not, dig some crowns and shake them briskly over a 
white enamel pan or paper.  Use a 10x hand lens to confirm the 
moving specks seen are WGM.   

This mite does not respond predictably to traditional miticides 
used to control spider mites.  In fact the organophosphate in-
secticides, dimethoate (e.g., DiGon®, Dimate®) and chlopyri-
fos (Lorsban®) which do not control spider mites have gener-
ally provided effective control of WGM on those cereal and 
grass seed crops for which uses are registered. 

Methods 
In the interest of identifying products with likelihood of regis-
trations on grasses, including both seed and hay crops, should 
resistance or re-registration difficulties become concerns, we 
evaluated different materials for the control of this pest.  Nine 
treatments were evaluated in consecutive field trials for control 
of WGM infesting two different fields of Timothy managed for 
hay and pasture near Culver, Jefferson County, OR.  A RCB 
design with plots measuring 21 × 21 ft and replicated 4 times 

was used in both trials as grass was breaking winter dormancy.  
Products were applied on 24 February (trial 1) and on 12 
March (trial 2), 2004.  Insecticides were delivered with a CO2 
powered backpack sprayer using a 4 nozzle (8002 flat fan) 
hand held boom that covered a 6.5 ft swath.  Spray pressure 
was set at 40 psi and delivered an equivalent volume of 30 gpa 
to the plots.  Potassium nitrate fertilizer (10 lb per 100 gal) was 
added to the Vendex® treatment.  A silicon surfactant at an 
equivalent rate of 8 oz per 100 gal of spray solution was com-
bined with all treatments except Acaritouch®.   

Post-treatment evaluation of plots consisted of coring 3, 2.5 
inch diameter plugs to a depth of 1 inch from randomly se-
lected crowns within the interior of the plots.  Samples were 
taken in the morning, placed in paper bags within plastic Zip-
lock® bags for transport to laboratory where plugs were 
screened and mites counted under magnification.  Total num-
bers of live mites were recorded on 5 different dates from 9 
DAT through 58DAT for each plot in trial 1; and on two dif-
ferent dates, 13 and 28 DAT in trial 2.  Data were subjected to 
analysis of variance (ANOVA) and means were separated 
using the Tukeys Studentized Multiple Range (HSD) Test at p-
value = 0.05.  All values were transformed using square root 
transformation to equalize variance.  Original means are pre-
sented in tables.   

Results 
Mite populations in the untreated control of trial 1 increased 
initially and then leveled off through 30 DAT.  Mite popula-
tions had decreased by half at 45 DAT and by 58 DAT few 
active mites were observed (Table 1).  This is a natural decline 
as the mites lay aestivating (over-summering) eggs in response 
to increasing day length and temperatures.  In trial 2 mite 
populations in the check plots held steady through 28 DAT at 
which time the experiment was terminated early because the 
grower worked the field.  The low and high rates of the pyre-
throid, Mustang MAXTM, and the organophosphate, Dimetho-
ate 4E, were comparable in control, providing the best suppres-
sion of WGM through the duration of both trials.  Mustang 
MAX® is a synthetic pyrethroids insecticide scheduled to be 
labeled by FMC Corp. for use on grass hay and seed crops in 
2007 or 2008. 
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Table 1. Mean number of winter grain mites (WGM) per 2.5-inch core taken through timothy grass crowns at several days after treatment (DAT). 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

  Trial 1   Trial 2 
  4 Mar 12 Mar 25 Mar 9 Apr 22 Apr 23 Mar 9 Apr 
Formulation Rate 9 DAT 17 DAT 30 DAT 45 DAT 58 DAT 13 DAT 28 DAT 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

(product/acre)  --------------------------------------------------------(no. per 2.5-inch core--------------------------------------------------------  
 
Untreated check -- 6.8 ab 21.0 a 22.8 a 11.0 abc 2.0 abc 25.0 abc 29.0 ab 
Mustang MAX TM  2 oz 0.3 c 0.8 c 0.3 c 0.0 c 0.8 bc 2.0 de 1.0 c 
Mustang MAX TM  4 oz 1.8 bc 1.5 bc 0.0 c 0.0 c 4.8 a 0.5 e 0.3 c 
Kumulus®DF Sulfur 20 lb 7.3 ab 19.3 abc 11.0 ab 20.3 ab 0.5 c 50.0 ab 39.5 a 
Kumulus®DF Sulfur 30 lb 3.8 bc 25.0 a 22.5 a 10.3 abc 0.8 c 31.8 abc 14.0 abc 
Acaritouch 12 oz 11.8 a 39.3 a 28.5 a 7.8 abc 3.8 abc 14.0 cde 11.8 abc 
Acaritouch 25 oz 6.8 ab 25.3 a 10.0 ab 5.0 abc 2.3 abc 26.0 bcd 18.3 ab 
Dimethoate 4E  2/3 pint 0.3 c 1.0 c 1.0 bc 0.3 bc 0.5 c 1.0 e 3.5 bc 
Vendex 50 WP   2 lb 5.5 ab 25.5 a 15.8 a 17.8 a 2.0 abc 30.8 abc 19.5 ab 
   +  KNO3 (10 lb./100 g H2O)  
Acramite™ 4SC 24 oz 3.0 bc 20.8 ab 13.75a 13.3 ab 3.8 ab 69.0 a 41.5 a 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

 P value 0.008 0.0286 0.0004 0.14 0.14 0.002 0.0009 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

1Within columns, means with same letter are not significantly different at p > 0.05 (Tukey HSD multiple comparisons). 
Mean values were square-root transformed to equalize variance.  Original means presented in table. 
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APPLIED CONTROL OF THE ARMYWORM, PSEUDALETIA UNIPUNCTA (HAWORTH), IN 
GRASS PASTURE AND SEED CROPS; NOTES ON BIOLOGICAL CONTROL 

A. Peters, G.C. Fisher and A.J. Dreves 

Introduction 
From 2003 through 2005, late summer infestations of the 
armyworm (AW), Pseudaletia unipuncta (Haworth)) reached 
outbreak levels in Myrtle Point dairy pastures.  In 2005, we 
documented populations from 20 to 40 larvae per sq. ft.  Severe 
defoliation necessitated some dairy producers to purchase sup-
plemental feed.  These pastures varied in composition with 
reed canary grass, perennial ryegrass and orchardgrass 
(Phalaris arundinacea L., Lolium perenne L., and Dactylis 
glomerata L., respectively), being the dominant grasses.  Al-
though not as numerous in the Willamette Valley, larval infes-
tations in 2005 also defoliated late plantings of field and sweet 
corn as well as postharvest regrowth of tall fescue, Festuca 
arundinaceae, grown for seed. 

This research in Myrtle Point grew from our concern that gen-
eral use registered pesticides were no longer effective for con-
trol of this pest and also because the growing shift from con-
ventional milk production necessitated a product acceptable to 
certifiable organic milk production.  To these ends we were 
interested in evaluating three insecticides.  These were two fed-
erally registered insecticides for use on pasture grasses and hay 
crops, Javelin® an organically acceptable product of Bacillus 
thuringiensis var kurstaki, and carbaryl an older, general use 
carbamate insecticide whose value we felt, in controlling 
armyworm, was questionable.  The third product was spinosad, 
which is a bacterium by-product of the propagation of the soil 
actinomycete, Saccharopolyspora spinosa.  Dow AgoSciences 
has patented the large scale production process of this micro-
organism and released several formulations of this organically 
approved product.  Two currently available are formulated as 
Success® and Entrust®, the latter of which can be used in cer-
tifiable organic production.   

Grass seed producers in the Willamette Valley were interested 
in determining the lowest effective rate of the state-registered 
(for use on grass crops grown for seed) insecticide, chlorpyrfos 
(Lorsban®), that would produce control of armyworm larvae 
as well as the efficacy of two synthetic pyrethroid insecticides 
scheduled to be labeled for use on grass seed crops sometime 
during 2006-08.   

Methods 
We conducted two field trials in August 2005 to evaluate car-
baryl, Javelin® WG biological insecticide, and Success® Natu-
ralyte® insecticide for control of AW infesting grass pastures 
in Coos County, OR.  Experiments were located at two dairy 
sites managed for pasture and hay production: site I (a conven-
tional dairy) was a pasture of mixed grasses consisting primar-
ily of perennial ryegrass, reed canary grass and white clover; 

site II (an organic dairy) was a reed canary grass pasture.  At 
the time of application, larval populations were large and uni-
formly distributed among plots (>30 larvae/sq. ft).  At site I, 
application of products was made to predominantly second and 
third instar larvae; at site II, application of Success® and Jave-
lin® was to third and fourth instar larvae.  AW pressure was 
lighter and of earlier instars at site I compared to site II.  In 
fact, AW populations were sufficiently greater by the time 
treatments were applied to site II, so all but the plot area in the 
experiment was harvested. 

Treatments were applied on 9 August at site I in the late after-
noon and were concluded at site II at dark.  Plots at both sites 
were 20 x 20 ft and replicated three times in a randomized 
complete block (RCB) design.  Treatments were applied in a 
6.5 ft swath using a CO2 backpack sprayer equipped with a 5 
nozzle boom (8002 flat fan nozzles with a 50 mesh screen) to 
deliver 40 gpa at 30 psi.  On 15 August (6 DAT), plots in both 
sites were evaluated by taking ten, 5 ft straight-line sweeps 
with a standard 15-inch diameter sweep net in the middle area 
of each plot, leaving 5 ft between sampled area and plot bor-
ders.  Site I was sampled again on 24 August (15 DAT).  The 
numbers of live AW were counted and recorded in each plot.  
Data were subjected to analysis of variance (ANOVA) and 
means were separated using the Fisher Protected (LSD).  Test 
at p-value = 0.05.  All values were transformed using square 
root transformation to equalize the variance.  Original means 
are presented in tables.   

We initiated a third field trial in the Willamette Valley, Benton 
County, OR on 8 September 2005 to control AW infesting 
post-harvest regrowth of tall fescue grown for seed.  This field 
was a two and a half year old stand planted on 18 inch center 
rows and managed for seed production.  Six treatments were 
applied to a population of predominantly third and fourth instar 
larvae infesting post-harvest regrowth.  Plots were 20 x 20 ft 
with four replications in a RCB design.  Treatments were ap-
plied with a CO2 backpack sprayer equipped with a 5 nozzle 
boom (8002 flat fan nozzles with a 50 mesh screen) that deliv-
ered 40 gpa spray solution at 30 psi.  Post-treatment evalua-
tions were made at 4 and 7 DAT.  A randomly-selected 2 linear 
row foot sample was removed from the interior of each plot 
and grass crowns and soil were dissected for presence of live 
AW larvae.  The number of live AW larvae were counted and 
recorded in each plot.  Data were subjected to analysis of 
variance (ANOVA) and means were separated using the Fisher 
Protected (LSD) test at p-value = 0.05.  All values were trans-
formed using square root transformation to equalize the vari-
ance.  Original means are presented in tables.   
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Results  
At both dairy sites, Success® at both 3 oz (0.047 lb a.i./acre) 
and 6 oz (0.094 lb a.i./acre) rates gave superior AW control 
compared to the other treatments (Table 1 & 2).  Also, it is no-
table that the control afforded by both of the extremely low 
rates of Success® was superior the control produced by either 
Javelin® or carbaryl at site I (Table 1).  Although the Javelin® 
treatment significantly reduced numbers of AW below those of 
the UTC at site II, the approximate 50% control observed was 
not adequate for economic control of the armyworm larvae 
(Table 2).  No foliar symptoms of phytotoxicity were observed 
with any of the treatments.   

It is significant to note that collections of AW larvae at site II 
in late August 2005 and subsequent rearing in the laboratory at 
Corvallis revealed that nearly 25% were parasitized by 
Tachinid flies (Table 3).  The following season, larval infesta-
tions of the armyworm were absent from the same grass pas-
tures that had been so severely defoliated in the previous three 
years.  This is most certainly do to the build-up of Tachinid fly 
parasites and their devastating effect on Pseudaletia unipuncta 
larvae.  

All insecticide treatments had significantly fewer AW larvae 
than the control in the tall fescue field trial (Table 4).  Plots 
treated with Discipline and the two higher rates of Lorsban 
provided excellent control that was statistically superior to the 
other treatments.  The 8 oz/a rate of Lorsban and the 1.6 oz/a 
rate of Warrior provided marginal control.   

In 2005, through our efforts and the expedient action of the 
Oregon Department of Agriculture, a 15 day Crisis Exemption 
was issued for the use of Dow AgroScience’s Entrust® to con-
trol armyworm infesting grass pastures of southwest OR.  In 
2006 Entrust® received a Federal 2EE label for use on all grass 
pastures, enabling excellent control of a serious pasture pest in 
the certified organic production of milk and beef products.   

Table 1. Comparison of treatments for control of armyworm 
larvae at a conventional dairy managed for pasture.
  

_____________________________________________________________________________ 

  Armyworm larvae  
  6 DAT 14 DAT 
Treatment Rate 15 Aug 23 Aug 
_____________________________________________________________________________ 

 (lb. a.i./acre) ----(no./10 sweeps) ---  
 
Success® 0.047 1.7 b1,2 1.3 b 
Success® 0.094 3.0 b 1.3 b 
Javelin® WG 0.85 26.7 a 15.7 a 
Javelin® WG 1.3 20.3 a 18.3 a 
Carbary 4L 1.0 30.7 a 20.7 a 
Untreated  -- 25.3 a 18.7 a 
 
 P-value <0.0001 <0.0001 
_____________________________________________________________________________ 

1Means followed by the same letter are not significantly differ-
ent (P = 0.05; Fisher LSD). 
2Data were transformed using [square root (x + 0.5)] to reduce 
variation - original means are presented in table. 

 

Table 2. Comparison of treatments for control of armyworm 
larvae at an organic dairy managed for pasture. 

_____________________________________________________________________________ 

 Armyworm larvae 
 6 DAT 
Treatment Rate 15 Aug 
_____________________________________________________________________________ 

 (lb ai/acre) (no./10 sweeps) 
 
Success® 0.047 20.0 c1,2 
Success® 0.094 19.0c 
Javelin® WG 0.85 72.3b 
Javelin® WG 1.3 107.3ab 
    Untreated  -- 141.3a 
 
 P-value 0.0015 
_____________________________________________________________________________ 

1Means followed by the same letter are not significantly differ-
ent (P = 0.05; Fisher LSD). 
2Data were transformed using (square root (x + 0.5)) to reduce 
variation - original means are presented in table.  
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Table 3. Mortality factors affecting survival of armyworm 
in the field. 

_____________________________________________________________________________  

Armyworm Percent 
Mortality Factors parasitism1 
_____________________________________________________________________________  

Tachinid fly2 (unidentified sp.) 22.6 
Braconid wasp (Meteorus spp.) 1.7 
Unknown causes of mortality 32.1 
_____________________________________________________________________________  

1A total of 230 AW larvae collected from pasture grass in 
Myrtle Point, OR. 
2One Tachinid fly emerged from AW puparium instead of 
larva. 

 

Table 4. Number of live armyworm (AW) larvae per 2 lin-
ear row feet infesting tall fescue grass in 
Willamette Valley. 

_____________________________________________________________________________  

 Product 4 DAT 7 DAT 
Treatment rate 12 Sept 15 Sept 
_____________________________________________________________________________  

 (oz/acre) (no/2 linear feet) 
 
Discipline™ 2SC 3.2 0 d1,2 0 d 
Warrior® with Z/T (lo) 1.6  4.5 bc 6.8 b 
Warrior® with Z/T (hi) 3.2 3.8 bc 3.3 bc 
Lorsban® 4E (lo) 8  8.3 b 6.3 b 
Lorsban® 4E (med) 16 0.8 cd 1.0 cd 
Lorsban® 4E (hi) 32 0.3 d 1.0 cd 
Untreated Check -- 19.8 a 17.5 a 
  
 P-value <0.0001 <0.0001 
_____________________________________________________________________________  

1Means followed by the same letter are not significantly differ-
ent (P = 0.05; Fisher LSD). 
2Data were transformed using [square root (x + 0.01)] to reduce 
variation.  Original means are presented in table. 
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NOTES ON AND CONTROL OF THE CLOVER MITE, BRYOBIA PRAETIOSA KOCH, 
INFESTING ORCHARDGRASS IN CENTRAL OREGON 

M.G. Bohle, G.C. Fisher and A.J. Dreves 

Introduction 
Typically a concern as a transient pest of dwellings, localized 
infestations of clover mite (Bryobia praetiosa Koch; CLM) 
have injured orchardgrass pastures in Deschutes, Jefferson and 
Crook counties since the late 1990’s.  These mites are 
brownish and only about half the size of the winter grain mite 
(WGM), Penthaleus major (Duges) (WGM), which is an 
established pest of cool season grass pasture and seed crops 
throughout the Pacific Northwest.  A key diagnostic feature of 
CLM is the front pair of legs.  They are two to three times the 
length of the 2nd, 3rd and 4th pairs of legs which are all short 
and similar in length.   

Seasonality, behavior of, and damage caused by CLM to grass 
is similar to WGM.  Populations of clover mite increase on 
grass pasture during late winter and spring stunting and yel-
lowing spring regrowth.  Occasionally entire crowns die-out.  
Populations of CLM usually persist through May, before de-
clining naturally.  Those of WGM usually decline sometime in 
APR.   

Like WGM, CLM hides in cracks and crevices of the soil dur-
ing days of bright sunshine and/or high temperatures and 
windy conditions.  This makes detection of mites and symptom 
diagnosis difficult.  Cool, calm days and low light conditions 
bring the mites up to the foliage where they feed with piercing 
mouthparts, disrupting epidermal cells and drying leaves.  
Grasses suspected of CLM infestations should be sampled be-
ginning in March.  (Contrast with WGM when populations are 
monitored beginning in October).  If symptoms are seen but the 
mites are not, dig some crowns and shake them briskly over a 
white enamel pan or paper.  Use a 10x hand lens to confirm the 
moving specks seen are CLM.   

It is important to re-emphasize that this damage is nearly syn-
chronous with and resembles that of WGM.  Populations of 
CLM seem to appear slightly later in the winter than WGM and 
persist slightly longer into the spring than those of the WGM.   

Unfortunately, our knowledge and understanding of the biol-
ogy of CLM in Central OR is incomplete at best.  In other areas 
of the United States, CLM is thought to over-winter as eggs in 
grass or as mites on trees or shrubs adjacent the pastures.  
These over-wintering mites move into grasses throughout the 
winter and early spring.  Although not yet reported in grass 
seed crops in Central Oregon, its damage potential and prox-
imity to bluegrasses is cause for concern.   

Methods 
In the interest of identifying effective products for CLM con-
trol with likelihood of labeling or registration on grasses, in-
cluding both seed and hay crops, we evaluated different prod-
ucts in the spring of 2006.  Eight products were evaluated for 
control of CLM infesting a 4 yr old orchardgrass pasture near 
Tumalo, Deschutes County, OR.  The field trial was designed 
as a randomized complete block (RCB) with plots measuring 
21 × 21 ft and replicated 4 times.  Grass was breaking dor-
mancy, and regrowth on crowns from the previous fall was 
from 2- 4 inches at the time treatments were applied on 27 
April.  Insecticides were delivered with a CO2 powered back-
pack sprayer using a 5 nozzle (8002 flat fan) hand held boom 
that covered a 6.5 ft swath.  Spray pressure was set at 30 psi, 
and delivered an equivalent of 30 gpa. 

Post-treatment evaluation of plots consisted of extracting 3, 2.5 
inch diameter plugs to a depth of 1 inch from randomly se-
lected orchardgrass crowns.  Samples were placed in paper 
bags for transport to our laboratory in Corvallis where Berlese 
funnels equipped with 25W bulbs extracted all arthropods from 
the plugs into 70% EOH by treatment.  All stages of CLM 
were counted and recorded for all plots on 2 May (5 DAT), 8 
May (11 DAT), 16 May (19 DAT), and 22 May (25 DAT).  In 
addition, numerically defined visual assessments of CLM dam-
age in all plots were made on the last three sample dates.  
These were averaged to provide a subjective evaluation of 
treatment effectiveness based on grass “vigor”.  The assess-
ment was based on relative grass height and color and em-
ployed a scale of 1 to 4 (1 representing least regrowth and most 
chlorosis; 4 representing greatest regrowth and least chlorosis).   

Data collected were subjected to analysis of variance 
(ANOVA) and means were separated using the Tukeys Stu-
dentized Multiple Range (HSD) Test at p-value =.05.  All val-
ues were transformed using square root transformation to 
equalize variance.  Original means are presented in tables.    

Results 
Dimethoate had significantly fewer mites than the untreated 
control (UTC) at all four sampling dates post-treatment (Table 
1).  Acramite® had significantly fewer mites than the other 
treatments at 5 & 11 DAT.  Populations of CLM declined dra-
matically in all plots beginning 19 DAT.  Only one treatment, 
dimethoate, had a mean visual damage assessment score sig-
nificantly greater than the UTC (Table 2).   

Dimethoate is currently registered for use ONLY on grass seed 
crops and with “no feeding of any part of the crop to livestock” 
restrictions.  Acramite and bifenthrin (Discipline®, Capture®) 
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are being processed through the federal IR-4 program for prod-
uct registration on grass pasture and seed crops with provisions 
for feeding treated grass to livestock.  Mustang MAX® and 
Warrior® are anticipated to have Federal labels for grass pas-
tures and seed crops in 2007 or 2008.  Baythroid® is currently 

labeled for use on grasses.  Methyl parathion is labeled for use 
on grass pastures, but its mammalian toxicity has generally 
precluded its use in OR.  Oberon does not carry a label for use 
on grasses.    

 
Table 1. Number of clover mites (CLM) per 2.5-inch core taken through orchardgrass crowns at several days after treatment 

(DAT). 
_________________________________________________________________________________________________________________________________________________________________ 

  No. of clover mites per 3, 2-inch grass crown cores  
 Product May 2 May 8 May 16 May 22 
Treatment rate 5 DAT 11 DAT 19 DAT 25 DAT 
_________________________________________________________________________________________________________________________________________________________________ 

 (oz/A) ---------------------------------(no. per 2.5-inch core)----------------------------------  
 
     Untreated  -- 447.0 abc1 412.0 a 151.5 ab 89.1 ab 
Mustang MAX 4 607.5 ab 430.5 a 261.5 a 114.7 a 
Warrior W/Z 3.84 648.0 ab 598.8 a 211.0 ab 52.0 ab 
Baythroid 2 1.9 589.3 ab 327.5 ab 318.8 a 118.0 a 
Discipline 2 6.4 801.0 a 272.3 abc 126.3 ab 8.3 b 
Methyl Parathion 4 8 724.5 a 68.5 d 93.3 ab 33.8 ab 
Oberon 2SC 16 334.0 abc 433.8 a 132.0 ab 53.6 ab 
Acramite 4F 16 220.0 bc 109.0 bcd 150.0 ab 48.7 ab 
Dimethoate 4E 10.6 160.5 c 68.5 cd 20.8 b 5.0 b 
 
 P-value 0.0002 0.0001 0.01 0.009 
_________________________________________________________________________________________________________________________________________________________________ 

1Within columns, means with same letter are not significantly different at p > 0.05 (Tukey HSD multiple comparisons). 
Mean values were square-root transformed to equalize variance. 

 
Table 2. A damage value was assessed by rating treated 

plots for mite damage on a scale of 1 (most dam-
age) to 4 (least damage) and averaged over 3 dif-
ferent evaluations. 

_____________________________________________________________________________  

 Product Visual Assessment of 
 Treatment rate Clover Mite Damage 
_____________________________________________________________________________  

  (oz/acre) (1 to 4) 
 
 UTC -- 2.00 b1 
 Mustang MAX 4 2.25 b 
 Warrior W/Z 3.84 2.36 a 
 Baythroid 2 1.9 2.42 ab 
 Discipline 2 6.4 3.38 ab 
 Methyl Parathion 4 8 2.17 b 
 Oberon 2SC 16 2.08 b 
 Acramite 4F 16 2.75 ab 
 Dimethoate 4E 10.6 3.83 a 
_____________________________________________________________________________  

 P-value 0.0055 
_____________________________________________________________________________  

1Within columns, means with same letter are not significantly 
different at p > 0.05 (Tukey HSD multiple comparisons). 
Mean values were square-root transformed to equalize 
variance. 
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EVALUATION OF FUNGICIDES FOR CONTROL OF POWDERY MILDEW IN KENTUCKY 
BLUEGRASS SEED PRODUCTION IN CENTRAL OREGON, 2006 

M.D. Butler and C.K. Campbell 

New fungicide products have been evaluated yearly for control 
of powdery mildew in Kentucky bluegrass seed production 
fields in central Oregon since 1998.  Products have included 
the historic industry standard Bayleton, along with Tilt, Tilt 
plus Bravo, new products such as Laredo, Folicur, Quadras and 
Quilt, and alternative materials like Microthiol (sulfur) and 
stylet oil.   

During 2006 fungicides were evaluated for control of powdery 
mildew in commercial fields of ‘Merit’ and ‘Geronimo’ Ken-
tucky bluegrass grown for seed near Madras, Oregon.  The fol-
lowing fungicides were evaluated: Quadris, Quilt, Headline, 
Tilt, Headline plus Tilt, Bayleton, Laredo and Microthiol alone 
and in combination.   

A pre-application evaluation of the plots for the level of pow-
dery mildew was conducted April 17.  Prior to treatment there 
were slight variations in disease levels between plots.  Plots 
were evaluated using a rating scale from 0 to 5, with 0 being no 
mildew present and 5 indicating total foliar coverage.   

Fungicide treatments were applied April 19 to plots 10-ft by 
25-ft replicated four times in a randomized complete block 
design.  Application equipment included TeeJet 8002 nozzles 
on a 9-ft, CO2-pressurized, hand-held boom sprayer at 40 psi 
and 20 gal of water/acre.  Post-application evaluation con-
ducted April 27, May 4, May 12, May 17 or 26, and May 31 or 
June 1 depending on location.   

At the ‘Merit’ location (Table 1) there were no statistical dif-
ferences between treated and untreated plots after the first 
evaluation on April 27.  However, there were significantly 
lower mildew levels in plots treated with Quilt, Laredo, Laredo 
plus Microthiol and Microthiol alone compared to the Quadris 
treated plot after the April 27 evaluation date.   

At the ‘Geronimo’ location (Table 2) there were significant 
differences between the untreated plot and Tilt on the April 27 
evaluation.  On May 31 there were significant differences be-
tween the untreated plot and either Laredo plus Microthiol or 
Microthiol alone.  Similar to the ‘Merit’ location, there was 
significant less powdery mildew with many of the other fungi-
cide treatments compared to the Quadris plot across evaluation 
dates.   



 

Table 1. Severity of powdery mildew on ’Merit’ Kentucky bluegrass near Madras, Oregon following fungicide applications on April 19, evaluated on April 17, April 27, 
May 4, May 12, May 26 and June 1, 2006. 

________________________________________________________________________________________________________________________________________________________________________________________________________________________  

 Application Pre Evaluation  Post Evaluation 
Treatments April 19 April 17 April 27 May 4 May 12 May 26 June 1 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

Quilt 10 oz 0.55 ab 0.23 abc 0.05 b 0.10 b 0.38 b 0.45 b 
Laredo + Microthiol 8 oz + 3 lb 0.58 ab 0.43 a 0.05 b 0.43 ab 0.80 b 0.75 b 
Laredo 8 oz 0.45 ab 0.28 abc 0.00 b 0.15 b 0.70 b 0.85 b 
Microthiol 3 lb 0.40 b 0.25 abc 0.18 b 0.50 ab 1.40 ab 0.93 b 
Tilt 4 oz 0.68 a 0.35 ab 0.28 ab 0.68 ab 1.38 ab 1.28 ab 
Bayleton 4 oz 0.63 ab 0.50 c 0.15 b 0.60 ab 1.23 ab 1.40 ab 
Headline 6 oz 0.65 a 0.23 abc 0.23 b 0.55 ab 1.28 ab 1.53 ab 
Headline  + Tilt 6 oz + 2.8 oz 0.58 ab 0.38 ab 0.35 ab 0.88 ab 1.58 ab 1.63 ab 
Quadris 6 oz 0.53 ab 0.40 ab 0.75 a 1.43 a 2.43 a 2.33 a 
Untreated ---- 0.60 ab 0.15 bc 0.30 ab 0.78 ab 1.45 ab 1.50 ab 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

1Rating scale was 0 (no mildew) to 5 (total leaf coverage). 
2 Mean separation with LSD at P < 0.05. 

 

Table 2. Severity of powdery mildew on ’Geronimo’ Kentucky bluegrass near Madras, Oregon following fungicide applications on April 19, evaluated on April 17, April 27, 
May 4, May 12, May 17 and May 31, 2006. 

________________________________________________________________________________________________________________________________________________________________________________________________________________________  

 Application Pre Evaluation  Post Evaluation 
Treatments April 19 April 17 April 27 May 4 May 12 May 17 May 31 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

Laredo + Microthiol 8 oz + 3 lb 1.20 ab 1.10 abc 0.83 b 0.50 bc 1.00 b 1.28 d 
Microthiol 3 lb 1.20 ab 0.83 bc 0.38 b 0.08 c 0.73 b 1.33 cd 
Headline 6 oz 1.00 b 0.90 bc 0.85 b 0.85 bc 1.75 b 1.70 bcd 
Laredo 8 oz 1.63 ab 1.15 abc 0.95 b 0.70 bc 1.23 b 1.93 bcd 
Tilt 4 oz 1.30 ab 0.68 c 0.80 b 0.95 bc 1.80 b 2.40 bcd 
Headline  + Tilt 6 oz + 2.8 oz 1.38 ab 1.45 ab 0.80 b 0.78 bc 1.68 b 2.43 bcd 
Quilt 10 oz 1.23 ab 1.10 abc 0.63 b 0.65 bc 2.23 ab 2.48 bc 
Bayleton 4 oz 1.55 ab 1.40 ab 1.00 b 1.63 ab 2.10 ab 2.60 ab 
Quadris 6 oz 2.00 a 1.78 a 2.20 a 2.78 a 4.05 a 3.73 a 
Untreated ---- 1.60 ab 1.40 ab 1.20 ab 1.40 abc 1.70 b 2.63 ab 
________________________________________________________________________________________________________________________________________________________________________________________________________________________  

1Rating scale was 0 (no mildew) to 5 (total leaf coverage). 
2 Mean separation with LSD at P < 0.05.
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DEVELOPMENT OF A MANAGEMENT SYSTEM FOR SOD WEBWORM IN KENTUCKY 
BLUEGRASS SEED PRODUCTION IN CENTRAL OREGON, 2006 

M.D. Butler, C.K. Campbell, G.C. Fisher and R.E. Berry 

Abstract 
Pheromone traps that emit a scent to attract male sod webworm 
moths (Chrysoteuchia topiaria) were place in twenty Kentucky 
bluegrass seed production fields on May 22, 2006.  Three 
pheromone traps were placed in each field and the numbers of 
moths collected were counted weekly.  Numbers of moths col-
lected in the pheromone traps were considered relatively low 
for all fields, with sod webworm moth numbers ranging from 
99 to 4512 across twenty fields.  The overall peak flight was 
from June 18 to July 6, with populations dropping off some-
time between July 10 and 24.  During peak flight the total num-
bers of moths were near 1700 per week.  Six fields were cho-
sen for follow-up sod sampling based on high numbers of 
moths collected and fields considered at risk by local fieldmen.  
Sod sampling was conducted in September, October, and No-
vember, with few sod webworm larvae collected at any of the 
locations. 

Introduction 
A two year survey of insect pests in Kentucky bluegrass fields 
was conducted in central Oregon and the Grande Ronde Valley 
during 2003-2005.  Results indicated the presence of sod web-
worm (Chrysoteuchia topiaria) and cutworms (Protagrotis 
obscura) in central Oregon.  No billbugs (Sphenophorus vena-
tus confluens) were collected in 2003-2004, while 22 were 
collected during 2004-2005.  No differences were observed in 
two fields with non-burned and open field burned plots.  Sod 
webworms are considered an emerging pest that can have a 
financial impact on Kentucky bluegrass fields.  As a result, this 
project has focused on sod webworm populations and distribu-
tion during the 2005 and 2006 seasons.  The strategy has been 
to use pheromone traps that emit a scent to attract males and 
lesbian moths in order to track the flights of the sod webworm 
moth.  This was followed by sod-sampling to determine the 
correlation between moth and larval populations.  The objec-
tive of this research was to determine if pheromone traps can 
be used as an indicator of which fields will have high popula-
tions of larvae in the fall, when control measures are 
applicable. 

Methods and Materials 
Three pheromone traps were placed in each of 20 commercial 
bluegrass seed production fields on May 22, 2005.  Fields with 
potential for insect problems in the Madras and Culver areas 
were chosen for the survey.  The contents of each trap were 
collected weekly from May 31 to August 3.  The number of 
sod webworm moths was noted for each trap.  Traps were re-
moved to the side of the field for swathing, threshing, and bal-
ing activities.  After seed harvest, pheromone trapping 

continued until the field was ready to burn, at which time the 
traps were permanently removed from the field. 

Six fields were chosen for follow-up sod sampling.  Locations 
1, 2 and 3 correspond with locations 1, 2, and 3 with the 
pheromone traps.  Location 2 was disked out prior to the Octo-
ber sampling date, at which time location 6 was included for 
sampling.  Eight sod samples 1 ft in diameter by 2 inches deep 
were collected from each field during September 25 - 29, Oc-
tober 12 – 16 and November 10 – 12.  Sod samples were proc-
essed for 24 hours using Berlese funnels.  Insects were col-
lected into jars and identified daily.  Sod samples were kept 
refrigerated while waiting processing. 

Results and Discussions 
The number of sod webworm moths in the pheromone traps 
was considered low for all twenty fields when compared to fine 
fescue seed fields in the Willamette Valley (Table 1).  The 
overall peak flight was from June 18 to July 6, with popula-
tions dropping off sometime between July 10 and 24.  This 
compares to a peak flight from July 4 through July 17 in 2005.  
During peak flight the total numbers of moths across twenty 
fields were near 1700 per week in 2006 and 1500 per week 
across twenty-three fields in 2005.  Sod webworm moths col-
lected per field ranged from a total of 99 to 4512 in 2006, com-
pared to a range of 77 to 610 in 2005.   

During 2005 no sod webworm larvae were collected in sod 
samples at any locations during any of the collection dates.  
Larval numbers were low again in 2006, with a maximum of 
four per field across three sampling dates (Table 2).  Taking 
soil samples in October continues to provide greater larval 
numbers than either September or November.  Based on these 
two years of data, we have been unable to document a correla-
tion between the number of moths collected in pheromone 
traps and larvae collected in sod samples.   

Following are a couple of observations.  Company field repre-
sentatives indicate that higher numbers of larvae are often 
found under windrows where there is greater protection and 
higher moisture levels.  It is felt that field dry down following 
harvest, followed by open field burning makes an inhospitable 
environment where few emerging larvae are surviving.  This 
may an explanation for the presence of moths during the sum-
mer followed by few to no larvae in the fall. 

Cutworms collected continue to be in relatively low numbers.  
Their lifecycle appears to be similar to that of sod webworm.  
Billbug numbers remain low and they do not appear to be a 
serious threat to this area. 
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Table 1. Sod webworm moths collected per field in Kentucky bluegrass seed during the summer of 2006. 
_________________________________________________________________________________________________________________________________________________________________ 

  Collection Dates  
   May 31-   June 28-  July 24- 
 Field May 22-30 June 5 June 6-17 June 18-28 July 6 July 10-24 Aug 3 Total 
_________________________________________________________________________________________________________________________________________________________________ 

 -----------------------------------------------(Number of moths/field) ----------------------------------------------- 
 

1 --1 10 14 18 109 132 56 339 
2 6 0 18 132 102 132 3 393 
3 6 -- 3 196 103 132 12 452 
4 1 5 4 72 145 40 1 268 
5 0 0 10 10 45 102 56 223 
6 11 3 -- 32 90 16 7 159 
7 0 1 0 6 111 59 24 201 
8 1 0 3 89 111 15 1 220 
9 5 3 21 80 85 15 4 213 
10 3 10 9 80 62 74 55 293 
11 -- 1 0 3 78 22 0 104 
12 -- 1 7 14 67 10 0 99 
13 0 0 4 118 100 94 6 329 
14 1 0 0 69 38 3 2 113 
15 0 2 0 42 63 56 2 208 
16 1 7 13 125 99 12 6 278 
17 1 4 29 27 2 18 0 162 
18 0 3 0 82 14 -- 7 106 
19 -- 10 14 148 106 24 15 317 
20 20 44 21 158 -- 46 17 306 
Total 56 104 170 1501 1530 1002 274 4783 

_________________________________________________________________________________________________________________________________________________________________ 

1Traps not collected. 
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Table 2. Insect pests found in Kentucky bluegrass sod samples in central Oregon, fall 2006. 
_________________________________________________________________________________________________________________________________________________________________ 

  Sampling dates   Sod webworm 
  September October November  moths collected 
Insect Location 25-29 10-12 12-16 Total during summer 
_________________________________________________________________________________________________________________________________________________________________ 

 -------------------------------- (Number of insects/location) -------------------------------  
 
Sod webworm 
 Loc 1 0 4 0 4 339 
 Loc 2 2 2 0 4 318 
 Loc 3 0 -1 - 0 434 
 Loc 4 0 0 1 1 
 Loc 5 0 0 0 0 
 Loc 6 - 3 0 3 
Cutworm 
 Loc 1 2 6 7 15 
 Loc 2 22 21 25 68 
 Loc 3 0 - - 0 
 Loc 4 3 12 10 25 
 Loc 5 0 1 8 1 
 Loc 6 - 5 11 16 
Billbug 
 Loc 1 1 5 2 8 
 Loc 2 0 2 0 2 
 Loc 3 2 - - 2 
 Loc 4 0 0 0 0 
 Loc 5 0 0 0 0 
 Loc 6 - 0 0 0 
_________________________________________________________________________________________________________________________________________________________________ 

1No collection. 
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SEEDLING KENTUCKY BLUEGRASS TOLERANCE TO VARIOUS HERBICIDES UNDER 
COLUMBIA BASIN ENVIRONMENTS, AND POTENTIAL FOR CONTROL OF WARM-SEASON 

GRASS WEEDS 

D.A. Ball and L.H. Bennett 

In an on-going effort to identify potential herbicide products 
for selective control of problem weeds in grass seed crops, 
several herbicides were experimentally evaluated for crop tol-
erance and grass weed control in Kentucky bluegrass (KBG) 
grown for seed under Columbia Basin conditions.  The Colum-
bia Basin environment is typified by having light-texture soils, 
pivot sprinkler irrigation, and short crop rotations where Ken-
tucky bluegrass is grown without field burning as an annual 
crop in rotation with potato, onion, sugarbeet, alfalfa, corn, or 
wheat.  Herbicides evaluated included mesotrione, (Callisto®), 
flucarbazone-sodium (Everest®), mesosulfuron-methyl (Os-
prey®) propoxycarbazone-sodium (Olympus®), quinclorac 
(Paramount®), fenoxaprop (Whip 360®), diflufenzopyr + 
dicamba (Distinct®), and pendimethalin (Prowl H20®).  These 
products, as tested, are not registered for use on grass grown 
for seed.  Therefore, these trials were conducted on an experi-
mental basis, and are not meant to be considered as a product 
endorsement, or recommendation for commercial, or experi-
mental use.  Harvested seed were destroyed after conclusion of 
testing.  Two separate studies are reported here to provide in-
formation on seedling KBG tolerance and to evaluate control 
of smooth crabgrass in seedling KBG. 

The first study (#05-521) was conducted in a commercial field 
near Patterson Ferry, WA to evaluate seedling KBG tolerance 
to various herbicides.  Kentucky bluegrass (var. ‘Cadet’) was 
seeded August 28, 2004 at 5.5 lb/a on 10 inch row spacing.  
Early postemergence (EPOST) treatments were applied April 
1, 2005 to KBG in the 4 to 6 inch stage.  A late postemergence 
(LPOST) application of mesotrione was made on May 3, 2005 
to KBG at 12 to 20 inch height.  All treatments were applied 
with a hand-held CO2 backpack sprayer delivering 16 gpa at 30 
psi.  Plots were 9 ft by 29 ft in size, in a randomized complete 
block (RCB) arrangement, with 4 replications.  Soil at the site 
was a loamy sand (84.6% sand, 9.9% silt, 5.5% clay, 0.8% 
organic matter, pH 7.6, CEC of 7.2 meq/100g).  Evaluations of 
crop injury were made on April 18, May 3 and May 17, 2005 
(Table 1).  Plots were swathed, field dried, then harvested with 
a Hege plot combine on July 5, 2005.  Clean seed yields were 
obtained after delinting and cleaning.  Mesotrione or dithiopyr 
did not cause any visible crop injury at any evaluation date.  
Mesosulfuron caused significant injury to the KBG, in the form 
of stunting, and propoxycarbazone-sodium caused slight injury 
of 5% or less.  Flucarbazone-sodium did not cause any signifi-
cant injury.  The treatment resulting in the greatest and least 
clean seed yields were mesotrione, and mesosulfuron treat-
ments applied EPOST, respectively. 

A second study (#06-741) was conducted in seedling KBG to 
evaluate crop tolerance and crabgrass control from several her-
bicide treatments during the seedling establishment period.  
The experiment was located at the Hermiston Agricultural Re-
search and Extension Center, Hermiston, OR.  Smooth crab-
grass was broadcast in the plot area and lightly incorporated 
with a spike tooth harrow immediately prior to seeding of KBG 
(var. ‘Baron’) on August 23, 2005.  Early postemergence 
(EPOST) treatments were applied September 27, 2005 and late 
postemergence (LPOST) treatments were applied on April 17, 
2006.  All treatments were applied with a hand-held CO2 
sprayer as described in the first study.  Plots were 6 ft by 35 ft 
in size, in an RCB arrangement, with 4 replications.  Soil at the 
site was a sandy loam (69.7% sand, 23.2% silt, 7.1% clay, 
1.1% organic matter, 7.0 pH, and CEC of 8.6 meq/100g). 

Mesotrione and quinclorac provided good to excellent control 
of crabgrass when the plots were rated on October 11, 2005 
and October 26, 2005 (Table 2).  The 6 fl oz/a rate of meso-
trione gave slightly better control than the 3 oz/a rate.  The 
addition of UAN to the quinclorac treatment increased control 
slightly over that with crop oil concentrate (COC) alone.  
Fenoxaprop gave good control of crabgrass, but was very inju-
rious to the KBG.  While neither diflufenzopyr + dicamba nor 
pendimethalin produced visible KBG injury, neither treatment 
provided acceptable control of crabgrass.  Crabgrass that ger-
minated in the fall was killed by cold temperatures in the win-
ter, and almost no crabgrass germinated in the plots in the 
spring.  Results of this trial indicated that mesotrione and quin-
clorac effectively controlled smooth crabgrass and were safe to 
KBG under the conditions occurring in this trial. 

Several treatments investigated in these two trials including, 
but not limited to, mesotrione, propoxycarbazone, flucarba-
zone, and quinclorac, have soil residual properties that could 
cause these compounds to persist in soils and cause significant 
injury to crops grown in rotation with KBG.  Again, please 
note that treatments evaluated in these trials are not registered 
for use in KBG for seed production and were evaluated on an 
experimental basis, and are not meant for commercial use. 
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Table 1. Crop tolerance of seedling Kentucky bluegrass to various herbicides (Exp. # 05-521), Patterson Ferry, WA. 
_________________________________________________________________________________________________________________________________________________________________ 

  Crop injury  Seed yield 
Treatment1 Rate Timing 4/18/05 5/3/05 5/17/05 7/5/05 
_________________________________________________________________________________________________________________________________________________________________ 

 (product/acre) ---------------- (%) ------------------  (lb/a) 
 
Untreated control   0 0 0 1518 
mesotrione + COC 3 fl oz + 1 qt EPOST 0 0 0 1436 
mesotrione + COC 6 fl oz + 1 qt EPOST 0 1 0 1368 
mesotrione + NIS 6 fl oz + 0.25% v/v EPOST 0 1 0 1657 
mesotrione + COC + UAN 3 fl oz + 1 qt + 2.5% v/v EPOST 0 0 0 1380 
mesotrione + COC  3 fl oz + 1 qt EPOST 0 1 0 1399 
    / mesotrione + COC / 3 fl oz + 1 qt /LPOST  
flucarbazone + NIS 0.6 oz + 0.25% v/v EPOST 1 3 0 1250 
dithiopyr + NIS 2 qt + 0.25% v/v EPOST 0 0 0 1337 
mesosulfuron + NIS 4.7 oz + 0.25% v/v EPOST 9 28 21 1170 
propoxycarbazone + NIS 0.9 oz + 0.25% v/v EPOST 5 5 3 1414 
_________________________________________________________________________________________________________________________________________________________________ 

LSD (0.05)   4 5 4 NS 
_________________________________________________________________________________________________________________________________________________________________ 

1 COC – Crop oil concentrate at 1 qt/a;  NIS - Non-ionic surfactant at 0.25% v/v; UAN -32% N Solution at 2.5% v/v. 

 
 
 
Table 2. Crabgrass control in seedling Kentucky bluegrass grown for seed (Exp. #06-741), Hermiston, OR.. 
_________________________________________________________________________________________________________________________________________________________________ 

  Crop injury   Crabgrass control  Seed yield 
Treatment1 Rate Timing 10/11/05 10/26/05 10/11/05 10/26/05 7/3/06 
_________________________________________________________________________________________________________________________________________________________________ 

 (product/acre) ------------------------- (%)---------------------------- (lb/a)  
 
Untreated control --     -- 0 0 0 0 1257 
mesotrione + COC 3 fl oz + 1 qt EPOST 0 0 93 90 1480 
mesotrione + COC 6 fl oz + 1 qt EPOST 0 0 97 94 1339 
mesotrione + COC + UAN 6 fl oz + 1 qt + 2.5% v/v EPOST 0 0 97 96 1334 
mesotrione + COC / 3 fl oz + 1 qt / EPOST / 0 0 93 89 1467 
   mesotrione + COC 3 fl oz + 1 qt LPOST  
quinclorac + COC 5.3 oz + 1 qt EPOST 0 0 93 86 1357 
quinclorac + COC + UAN 5.3 oz + 1 qt + 2.5% v/v EPOST 0 0 97 92 1211 
quinclorac + COC / 5.3 oz + 1 qt / EPOST / 0 0 93 88 1184 
   quinclorac + COC 5.3 oz + 1 qt LPOST  
mesotrione + MSO 6 fl oz + 1.5 pt EPOST 0 0 96 96 1406 
quinclorac + MSO 5.3 oz + 1.5 pt EPOST 0 0 98 95 1300 
fenoxaprop + NIS 0.8 pt + 0.25% v/v EPOST 63 85 71 93 0 
(diflufenzopyr + dicamba) +  6 oz +  EPOST 0 0 0 38 1223 
   NIS + UAN 0.25% v/v + 1.25% v/v   
pendimethalin / pendimethalin 3 pt / 3 pt EPOST / 0 0 25 40 1518 
  LPOST 
_________________________________________________________________________________________________________________________________________________________________ 

LSD (0.05)   2 2 3 10 225 
_________________________________________________________________________________________________________________________________________________________________ 

1 COC – Crop oil concentrate;  MSO – Methylated seed oil; NIS – Non-ionic surfactant, UAN – 32% liquid nitrogen.  
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SUSCEPTIBILITY OF NINE PERENNIAL RYEGRASS VARIETIES TO ERGOT IN THE 
SOUTHERN COLUMBIA BASIN 

N.L. David and P.B. Hamm 

Introduction 
Ergot (Claviceps purpurea) is a fungal pathogen that infects 
the flowers of many wild and cultivated grass species in-
cluding ryegrass (Lolium spp.), bluegrass (Poa spp.), and 
fescue (Festuca spp.).  Ergot is classified as inert material by 
the Oregon Seed Certification Service, and certified blue tag 
perennial ryegrass, Kentucky bluegrass, and tall fescue are 
allowed a maximum of 3, 5, and 2% inert material by weight 
respectively.  Seed lots with ergot above the allowable toler-
ance must be cleaned again decreasing the amount of sale-
able seed and increasing cleaning costs. 

The fungus overwinters as sclerotia (hard, mycelial struc-
tures) and requires 4 - 8 weeks of temperatures near freezing 
for germination to occur.  Sclerotia germinate in the spring 
producing a stroma where ascospores are forcibly ejected 
ascospores (primary source of inoculum) into the air.  Suc-
cessful infection of the grass plant only occurs if ascospores 
land on the stigma (the female portion of the flower that re-
ceives the pollen) of an unfertilized ovary or on an unfertil-
ized ovary directly.  Consequently, ascospores that land on 
any other part of the plant or on fertilized flowers will not 
result in ergot.  Five to seven days after infection the fungus 
produces conidia (secondary source of inoculum) which ex-
ude from florets and are referred to as “honeydew” because 
of their sticky nature.  Insects are attracted to the honeydew 
and may aid in the dispersal of conidia from flower to 
flower.  Finally, sclerotia begin to develop and mature 
around 2 to 5 weeks after infection where a viable seed 
would normally develop.  

Objective 
This study was initiated in the fall of 2005 on established 
perennial ryegrass to evaluate the susceptibility of nine dif-
ferent varieties to ergot and observe yield potential. 

Materials and Methods  
Nine different perennial ryegrass varieties (Table 1) were 
planted on August 30, 2004 in the SW quadrant of Pivot 4 at 
the Hermiston Agricultural Research and Extension Center 
near Hermiston, Oregon.  Irrigations were made based upon 
local evapo-transpiration rates for grass seed.  The trial was 
fertilized with 109 lb/a nitrogen, 50lb/a phosphorus, 50 lb/a 
potassium, 66 lb/a sulfur, 14 lb/a magnesium, and 0.5 lb/a 
zinc by October 31, 2005, then an additional 100 lb/a nitro-
gen and 25 lb/a sulfur were applied as ammonium sulfate on 
February 6, 2006.  Plots were not inoculated with ergot in the 
fall of 2004, but were inoculated with 28 ergot sclerotia/ft2 
on November 9, 2005.  The plant growth regulator Apogee® 

was applied on May 5 and 12, as the flag leaf was emerging 

to shorten internode length and reduce lodging.  Initial flow-
ering occurred around June 1st.  Plots were swathed on June 
30 and combined on July 11, 2006. 

Varieties were assigned in a randomized complete block de-
sign with four replications.  Individual plots were 4 ft wide x 
30 ft long.  Fungicides were not used in this trial.   

Table 1. Variety and seed company of the nine perennial 
ryegrass varieties evaluated for ergot 
susceptibility.   

__________________________________________________________________________ 

Variety Seed company 
__________________________________________________________________________ 

Pavillion Riverview Seed 
Casper Riverview Seed 
Metropolitan Riverview Seed 
PST-2J$ Turf Seed Inc. 
PST-2RT Turf Seed Inc. 
PST-TLA Turf Seed Inc. 
PST-2LGL Turf Seed Inc. 
Brightstar SLT Turf Seed Inc. 
Williamsburg CNOP 

__________________________________________________________________________ 

 
Plots were combined with a Hege 140 plot combine.  Seed 
yield and ergot counts were then determined after cleaning 
with a Clipper Eclipse 324 seed cleaner utilizing a 10 round 
scalper screen, a 1/18 slot top split flow screen, and a 6/40 
mesh bottom split flow screen.  Analysis of variance was 
performed using PROC GLM in SAS v.9.1 and when signifi-
cant, means were separated using Duncan’s test.   

Results 
Ergot Susceptibility 
The amount of ergot infection over the entire plot area dur-
ing 2005 was low (45 sclerotia/lb of clean seed) compared to 
2006 when the plot average was 2,400 sclerotia/lb of clean 
seed.  The dramatic increase is most likely attributed to in-
oculating the plots with ergot sclerotia during the fall of 
2005.  Analysis of variance revealed no significant differ-
ences between varieties and ergot in 2005, but differences 
were significant in 2006 (Table 2).  Varieties PST-2LA, 
PST-2LGL, PST-2RT, Metropolitan, Williamsburg, Pavil-
lion, and PST-2J$ all had levels well above 2,000 ergot 
bodies/lb of clean seed.  The only significant difference in 
that group of varieties was Pavillion and PST-2J$ had sig-
nificantly less ergot than PST-TLA.  Varieties Brightstar 
SLT and Casper had significantly less ergot than all the other 
varieties.   
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Table 2. Relationship between perennial ryegrass variety 
and ergot susceptibility during 2005 and 2006.   

__________________________________________________________________________ 

  Ergot/lb of seed  
Variety 2005  2006 
__________________________________________________________________________ 

PST-2LA 48 3212 a1 

PST-2LGL 45 3008 ab 
PST-2RT 33 2818 ab 
Metropolitan 70 2474 ab 
Williamsburg 26 2460 ab 
Pavillion 32 2311 b 
PST-2J$ 80 2288 b 
Brightstar SLT 26 1540 c 
Casper 47 1486 c 
 
P-value NS2 ≤ 0.0001 
__________________________________________________________________________ 

1Numbers followed by the same letter are not significantly 
different. 
2NS = not significant 
 

Seed Yield 
Seed yields were generally higher during 2005 compared to 
2006 and analysis of variance revealed significant differ-
ences in seed yield between varieties during both years (Ta-
ble 3).  In 2005 var. Metropolitan and Casper produced sig-
nificantly less seed than all other varieties, and were among 
the poorest producers in 2006.  In 2006, var. PST-2LA, PST-
2LGL, PST-2J$, and Pavillion all produced yields above 
1,700 lb/a with no differences between each other.   

Table 3. Relationship between perennial ryegrass variety 
and clean seed yield potential during 2005 and 
2006. 

__________________________________________________________________________ 

  Seed yield (lb/acre)  
Variety 2005  2006 
__________________________________________________________________________ 

PST-2LA 2098 a1 1871 a1 

PST-2LGL 2087 a 1708 ab 
PST-2RT 2098 a 1440 bcd 
Metropolitan 1320 b 1190 d 
Williamsburg 2098 a 1537 bc 
Pavillion 2052 a 1704 ab 
PST-2J$ 2172 a 1700 ab 
Brightstar SLT 2176 a 1432 bcd 
Casper 1459 b 1283 cd 
 
P-value ≤ 0.01 ≤ 0.0001 
__________________________________________________________________________ 

1Numbers followed by the same letter are not significantly 
different. 
 
Summary 
These results illustrate how ergot infection can increase from 
mild to extreme within one year when ergot sclerotia are not 
destroyed following harvest.  This study also demonstrates 
that different varieties of perennial ryegrass have different 
yield potentials as well as different levels of ergot suscepti-
bility.  Future research should emphasize ergot susceptibility 
of perennial ryegrass varieties so proper management strate-
gies may be used when necessary or varieties can be avoided 
if highly susceptible. 
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RELATIONSHIP BETWEEN SOIL INOCULUM LEVELS OF ERGOT AND VARIETY ON 
ERGOT IN SEED AND YIELD IN THREE VARIETIES OF PERENNIAL RYEGRASS IN THE 

SOUTHERN COLUMBIA BASIN 

N.L. David and P.B. Hamm 

Introduction 
Ergot (Claviceps purpurea) is a fungal pathogen that infects 
the flowers of many wild and cultivated grass species in-
cluding ryegrass (Lolium spp.), bluegrass (Poa spp.), and 
fescue (Festuca spp.).  Ergot is classified as inert material by 
the Oregon Seed Certification Service, and certified blue tag 
perennial ryegrass, Kentucky bluegrass, and tall fescue are 
allowed a maximum of 3, 5, and 2% inert material by weight 
respectively.  Seed lots with ergot above the allowable toler-
ance must be cleaned again decreasing the amount of sale-
able seed and increasing cleaning costs. 

The fungus overwinters as sclerotia (hard, mycelial struc-
tures) and requires 4 - 8 weeks of temperatures near freezing 
for germination to occur.  Sclerotia germinate in the spring 
producing a stroma where ascospores are forcibly ejected 
(primary source of inoculum) into the air.  Successful infec-
tion of the grass plant only occurs if ascospores land on the 
stigma (the female portion of the flower that receives the 
pollen) of an unfertilized ovary or on an unfertilized ovary 
directly.  Consequently, ascospores that land on any other 
part of the plant or on fertilized flowers will not result in 
ergot.  Five to seven days after infection the fungus produces 
conidia (secondary source of inoculum) which exude from 
florets and are referred to as “honeydew” because of their 
sticky nature.  Insects are attracted to the honeydew and may 
aid in the dispersal of conidia from flower to flower.  Finally, 
sclerotia begin to develop and mature around 2 and 5 weeks 
after infection where a viable seed would normally develop.   

Objective 
This study was initiated in the fall of 2005 on seedling peren-
nial ryegrass to evaluate what impact three different levels of 
ergot inoculum have on seed yield and ergot contamination 
in three different varieties grown in the southern Columbia 
Basin. 

Materials and Methods  
Plots were planted at a rate of 5 lb/a on August 30, 2004 in 
the SE quadrant of Pivot 4 at the Hermiston Agricultural 
Research and Extension Center near Hermiston, Oregon.  
Irrigations were made based upon local evapo-transpiration 
rates for grass seed.  The trial was fertilized with 109 lb/a 
nitrogen, 50lb/a phosphorus, 50 lb/a potassium, 66 lb/a sul-
fur, 14 lb/a magnesium, and 0.5 lb/a zinc by October 31, 
2005, then an additional 100 lb/a nitrogen and 25 lb/a sulfur 
were applied as ammonium sulfate on February 6, 2006.  
The plant growth regulator Apogee® was applied at 7 oz/a on 
May 5 and 12, as the flag leaf was emerging to shorten inter-

node length and reduce lodging.  Initial flowering occurred 
around June 1st.  Plots were swathed on June 30 and com-
bined on July 11, 2006. 

Treatments were assigned in a randomized complete block 
design with four replications within a two way factorial ex-
periment in which the factors were three levels of ergot in-
oculum (Table 1) and three perennial ryegrass varieties (Ta-
ble 2).  Ergot sclerotia were mixed with perlite and spread on 
plots with a Barber spreader on November 7, 2005.  Individ-
ual plots were 4 ft wide x 30 ft long.  Fungicides were not 
applied in this trial.   

Table 1. Ergot levels evaluated.   
__________________________________________________________________________ 

Inoculum level Ergot/ft2 

__________________________________________________________________________ 

None 0 
Low 6 
High 18 

__________________________________________________________________________ 

 
 
Table 2. Perennial ryegrass varieties evaluated. 
__________________________________________________________________________ 

Variety Seed company 
__________________________________________________________________________ 

Americus Riverview Seed 
Casper Riverview Seed 
Pavillion Riverview Seed 

__________________________________________________________________________ 

 
Plots were combined with a Hege 140 plot combine.  Seed 
yield and ergot counts were then determined after cleaning 
with a Clipper Eclipse 324 seed cleaner utilizing a 7 round 
scalper screen, a 7 round top split flow screen, and a 6/34 
mesh bottom split flow screen.  Analysis of variance was 
performed using PROC GLM in SAS v.9.1 and when sig-
nificant means, were separated using Duncan’s test.   

Results 
Ergot Susceptibility 
The analysis of variance revealed no interaction between 
ergot inoculum level and variety on the amount of ergot so 
the main effects are reported.  The three varieties were sig-
nificantly different (p≤ 0.0001) in their susceptibility to ergot 
(Table 3), but inoculum level had no effect on ergot levels in 
the seed (Table 4).   
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Seed Yield 
The analysis of variance revealed a significant interaction 
(p≤ 0.02) between ryegrass variety and ergot inoculum level 
on seed yield indicating ergot inoculation levels did not have 
the same effect on the yield of the three different varieties.  
There was no yield difference when there was no ergot in-
oculum in the soil, but Pavillion had a significantly higher 
yield than Americus and Casper when there were low and 
high levels of ergot (Table 5). 

Table 3. Relationship between perennial ryegrass variety 
and ergot susceptibility.   

__________________________________________________________________________ 

Variety Ergot/lb of clean seed 
__________________________________________________________________________ 

Americus 5794 a1 

Casper 3730 b 
Pavillion 2594 c 
 
P-value ≤ 0.0001 

__________________________________________________________________________ 

1 Numbers followed by the same letter are not significantly 
different. 

 

Table 4. Relationship between ergot inoculum level and 
amount of ergot. 

__________________________________________________________________________ 

Ergot inoculum level Ergot/lb of clean seed 
__________________________________________________________________________ 

None 4103 
Low 3809 
High 4205 
 
P-value NS1 

__________________________________________________________________________ 

1 NS = not significant 

 

Table 5. Relationship between perennial ryegrass variety 
and ergot inoculation level on seed yield (lb/a.) 
in three perennial ryegrass varieties. 

__________________________________________________________________________ 

  Ergot inoculation level  
Variety None Low High 
__________________________________________________________________________ 

Pavillion 1,820 2,116 a1 2,070 a 

Americus 1,796 1,838 b 1,829 b 
Casper 1,958 1,810 b 1,778 b 
 
P-value NS ≤ 0.05 ≤ 0.05 
__________________________________________________________________________ 

1Numbers followed by the same letter are not significantly 
different. 
 

Summary 
These results indicate perennial ryegrass var.  Americus was 
the most susceptible to ergot, while Pavillion was the least 
susceptible.  There was no difference in seed yield between 
the varieties when ergot inoculum was zero, but var. Pavil-
lion had higher yields when plots were inoculated with low 
and high levels of ergot.  This study also demonstrates that 
small plots are not effective in evaluating soil treatments for 
ergot control because of the contamination from other plots 
as witnessed by the same amount of ergot in the no inoculum 
and high inoculum plots. 
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CONTROLLING ERGOT WITH SOIL APPLIED COPPER, FOLIAR APPLIED BORON, AND 
FOLIAR APPLIED QUILT IN ESTABLISHED TALL FESCUE IN THE SOUTHERN 

COLUMBIA BASIN 

P.B. Hamm, N.L. David and D.A. Horneck 

Introduction 
Ergot (Claviceps purpurea) is a fungal pathogen that infects 
the flowers of many wild and cultivated grass species in-
cluding ryegrass (Lolium spp.), bluegrass (Poa spp.), and 
fescue (Festuca spp.).  Ergot is classified as inert material by 
the Oregon Seed Certification Service, and certified blue tag 
perennial ryegrass, Kentucky bluegrass, and tall fescue are 
allowed a maximum of 3, 5, and 2% inert material by weight 
respectively.  Seed lots with ergot above the allowable toler-
ance must be cleaned again, decreasing the amount of sale-
able seed and increasing cleaning costs. 

The fungus overwinters as sclerotia (hard, mycelial struc-
tures) and requires 4 - 8 weeks of temperatures near freezing 
before germination will occur.  Sclerotia germinate in the 
spring producing a stroma where ascospores are forcibly 
ejected (primary source of inoculum) into the air.  Successful 
infection of the grass plant only occurs if ascospores land on 
the stigma (the female portion of the flower that receives the 
pollen) of an unfertilized ovary or on an unfertilized ovary 
directly.  Consequently, ascospores that land on any other 
part of the plant or on fertilized flowers will not result in 
ergot infection.  Five to seven days after infection the fungus 
produces conidia (secondary source of inoculum) which ex-
ude from florets and are referred to as “honeydew” because 
of their sticky nature.  Insects are attracted to the honeydew 
and may aid in the dispersal of conidia from flower to 
flower.  Finally, sclerotia begin to develop and mature 
around 2 and 5 weeks after infection where a viable seed 
would normally develop.   

Objective 
This study was initiated in the fall of 2005 on established tall 
fescue to determine 1) when applications of the fungicide 
Quilt® (propiconazole + azoxystrobin) should begin in rela-
tion to flowering for ergot control, and 2) determine if soil 
applied copper and foliar applied boron had any effect on 
ergot. 

Materials and Methods  
Rhizomatous tall fescue var. Labarinth was planted at a rate 
of 5 lb/a on August 30, 2004 in the SW quadrant of Pivot 4 
at the Hermiston Agricultural Research and Extension Center 
near Hermiston, Oregon.  Irrigations were made based upon 
local evapo-transpiration rates for grass seed.  The trial was 
fertilized with 109 lb/a nitrogen, 50 lb/a phosphorus, 50 lb/a 
potassium, 66 lb/a sulfur, 14 lb/a magnesium, and 0.5 lb/a 
zinc by October 31, 2005, then an additional 100 lb/a nitro-
gen and 25 lb/a sulfur were applied as ammonium sulfate on 

February 6, 2006.  All plots were inoculated with 28 ergot 
sclerotia/ft2 on November 9, 2005.  The plant growth regu-
lator Apogee® was applied at 7 oz/a on May 5 and 12 when 
the flag leaf was emerging to shorten internode length and 
reduce lodging.  Initial flowering occurred around June 1st.  
Plots were swathed on July 5 and combined on July 11, 
2006. 

Treatments were assigned in a randomized complete block 
design with four replications.  Individual plots were 4 ft wide 
x 30 ft long.  A soil application of 100 lb/a copper sulftate 
(25 lb actual copper/acre) was made on January 5, 2006, 
while foliar applications of 1 gal/a of Helena Cobo® (0.53 
lb/a actual boron), and 14 oz/a Quilt® (0.11 lb a.i./a propi-
conazole + 0.67 lb a.i./a azoxystrobin) were mixed with 1% 
crop oil and applied in 16 gallons per acre of water using 
XR-8002 teejet nozzles at 30 psi, beginning at five different 
dates (Table 1).   

Table 1. Fungicide treatment, application rate, and date of 
application. 

__________________________________________________________________________ 

Treatment Rate/acre Dates of application 
__________________________________________________________________________ 

Control -- -- 
Copper 20 lb 1/5 
Boron 0.5 lb 5/13,5/19,5/25,6/2,6/7 
Quilt 5/13 14 oz 5/13,5/19,5/25,6/2,6/7 
Quilt 5/19 14 oz 5/19,5/25,6/2,6/7 
Quilt 5/25 14 oz 5/25,6/2,6/7 
Quilt 6/2 14 oz 6/2,6/7 
Quilt 6/7 14 oz 6/7 
__________________________________________________________________________ 

 
Plots were harvested with a Hege 140 plot combine.  Seed 
yield and ergot counts were determined after cleaning with a 
Clipper Eclipse 324 seed cleaner utilizing a 10 round scalper 
screen, a 1/18 slot top split flow screen, and a 6/40 mesh 
bottom split flow screen.  Analysis of variance was per-
formed using PROC GLM in SAS v.9.1 and when signifi-
cant, treatment means were separated using Duncan’s multi-
ple range test.   

Results 
Disease Control 
Ergot pressure was high during the 2006 growing season 
with 1,200 sclerotia/lb of cleaned seed in the untreated plots 
(Table 2).  One application of copper in January, five foliar 
applications of boron made every 5 days beginning on May 
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13 (20 days prior to flowering), and a single foliar applica-
tion of Quilt on June 7 (5 days after initial flowering) did not 
reduce the number of ergot bodies found in cleaned seed 
compared to the untreated control.  However, applications of 
Quilt beginning on May 13 (20 days prior to flowering), May 
19 (14 days prior to flowering), May 25 (8 days prior to 
flowering), or June 2 (flowering began) significantly (p ≤ 
0.0001) reduced ergot by 90, 93, 85, and 75% respectively 
(Table 2).  

Table 2. Effect of soil and foliar applied chemicals on 
seed yield and ergot control in tall fescue var. 
Labarinth 

__________________________________________________________________________ 

Treatment1 Seed yield Ergot 
__________________________________________________________________________ 

 (lb/a) (sclerotia/lb) 
 
Control 814 1202 a2 

Copper 877 1134 a 
Boron 900 1247 a 
Quilt 6/7 832 1229 a 
Quilt 6/2 805 295 b 
Quilt 5/25 900 177 b 
Quilt 5/19 864 86 b 
Quilt 5/13 709 122 b 
 
P-value NS3 ≤ 0.0001 
__________________________________________________________________________ 

1See Table 1 
2Numbers followed by the same letter are not significantly 
different. 
3NS = not significant 

Seed Yield 
Seed yield was relatively low in 2006 with the highest 
yielding plots achieving only 900 lb/a of cleaned seed.  No 
differences occurred between treatments and seed yield. 

Summary 
These results illustrate the importance of proper fungicide 
timing for ergot management in tall fescue grown for seed.  
Initiating fungicide applications prior to flowering and con-
tinuing through flowering reduced the amount of ergot, while 
initiating fungicide applications 5 days after flowering began 
provided no ergot control.  Multiple foliar applications of 
boron provided no ergot control and should not be consid-
ered a viable ergot management tool.  Although soil applied 
copper did not reduce ergot, the experimental design did not 
allow a definitive conclusion to be drawn because ascospores 
originating outside of the copper treated plots could have 
contaminated the plots.  Because copper has a broad spec-
trum of activity toward fungi, further work to investigate the 
efficacy of soil applied copper to reduce sclerotia as a man-
agement practice for ergot control is needed. 

 



 

84 

CONTROLLING ERGOT WITH SOIL AND FOLIAR APPLIED FUNGICIDES IN SEEDLING 
TALL FESCUE VAR. LABARINTH GROWN FOR SEED IN THE SOUTHERN  

COLUMBIA BASIN 

P.B. Hamm, N.L. David and D.A. Horneck 

Introduction 
Ergot (Claviceps purpurea) is a fungal pathogen that infects 
the flowers of many wild and cultivated grass species in-
cluding ryegrass (Lolium spp.), bluegrass (Poa spp.), and 
fescue (Festuca spp.).  Ergot is classified as inert material by 
the Oregon Seed Certification Service, and certified blue tag 
perennial ryegrass, Kentucky bluegrass, and tall fescue are 
allowed a maximum of 3, 5, and 2% inert material by 
weight, respectively.  Seed lots with ergot above the allow-
able tolerance must be cleaned again decreasing the amount 
of saleable seed and increasing cleaning costs. 

The fungus overwinters as sclerotia (hard, mycelial struc-
tures) and requires 4 - 8 weeks of temperatures near freezing 
for germination to occur.  Sclerotia germinate in the spring 
producing a stroma where ascospores are forcibly ejected 
ascospores (primary source of inoculum) into the air.  Suc-
cessful infection of the grass plant only occurs if ascospores 
land on the stigma (the female portion of the flower that re-
ceives the pollen) of an unfertilized ovary or on an unfertil-
ized ovary directly.  Consequently, ascospores that land on 
any other part of the plant or on fertilized flowers will not 
result in ergot.  Five to seven days after infection the fungus 
produces conidia (secondary source of inoculum) which ex-
ude from florets and are referred to as “honeydew” because 
of their sticky nature.  Insects are attracted to the honeydew 
and may aid in the dispersal of conidia from flower to 
flower.  Finally, sclerotia begin to develop and mature 
around 2 and 5 weeks after infection where a viable seed 
would normally develop.   

Objective 
A study was initiated in the fall of 2005 on seedling tall fes-
cue to determine how effective soil applied copper, foliar 
applied boron, and foliar applied fungicides with different 
mode of actions are in controlling ergot.   

Materials and Methods  
Rhizomatous Tall Fescue var. Labarinth was planted on Au-
gust 24, 2005 in the SE quadrant of Pivot 4 at the Hermiston 
Agricultural Research and Extension Center near Hermiston, 
Oregon.  Irrigations were made based upon local evapo-tran-
spiration rates for grass seed.  The trial was fertilized with 58 
lb/a nitrogen, 50 lb/a phosphorus, 50 lb/a potassium, 66 lb/a 
sulfur, 14 lb/a magnesium, and 0.5 lb/a zinc by October 31, 
2005, then an additional 100 lb/a nitrogen and 25 lb/a sulfur 
were applied as ammonium sulfate on February 6, 2006.  All 
plots were inoculated with 28 ergot sclerotia/ft2 on Novem-
ber 9, 2005.  The plant growth regulator Apogee® was ap-

plied at 7 oz/a on May 5 and 12 as the flag leaf was emerg-
ing to shorten internode length and reduce lodging.  Initial 
flowering occurred around June 1st in this experiment.  Plots 
were swathed on July 6 and combined on July 13, 2006. 

Two groups (DeMethylation Inhibitors and Quinone outside 
Inhibitors) of site specific mode of action fungicides (Table 1 
and 2), two multi-site mode of action fungicides (Table 3), 
and two minor nutrients and fulvic acid (Table 4) were tested 
in this  trial.  Treatments were assigned in a randomized 
complete block design with four replications.  Individual 
plots were 4 ft wide x 30 ft long.  A soil application of 100 
lb/acre copper sulfate (25 lb copper/a.) was made on January 
5, 2006, while foliar fungicide applications were made on 
May 13, 19, 25, June 2, and 7.  All foliar fungicide applica-
tions were mixed with 1% crop oil and applied in 16 gallons 
per acre of water using XR-8002 teejet nozzles at 30 psi, 
with the exception of two Quilt treatments which were ap-
plied in 100 and 200 gallons of water per acre respectively.  
 
Table 1. Common name, product name, and manufacturer 

of single site mode of action DMI fungicides 
used. 

__________________________________________________________________________ 

Common name Product Manufacturer 
__________________________________________________________________________ 

Propiconazole Tilt Syngenta 
Flusilazole Punch DuPont 
__________________________________________________________________________ 

 

Table 2. Common name, product name, and manufacturer 
of single site mode of action QoI fungicides 
used. 

__________________________________________________________________________ 

Common name Product Manufacturer 
__________________________________________________________________________ 

Azoxystrobin Quadris Syngenta 
Pyraclostrobin Headline BASF 
__________________________________________________________________________ 

 
Table 3. Common name, product name, and manufacturer 

of multi-site mode of action fungicides used. 
__________________________________________________________________________ 

Common name Product Manufacturer 
__________________________________________________________________________ 

Chlorothalonil Bravo WS Syngenta 
Mancozeb Dithane F-45 Dow Agro 
__________________________________________________________________________ 
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Table 4. Common name, product name, and manufacturer 
of minor nutrients and fulvic acid used. 

__________________________________________________________________________ 

Common name Product Manufacturer 
__________________________________________________________________________ 

Copper Copper Sulfate Chem 1 
Boron Cobo Helena 
Fulvic Acid Fulvic 6000 Horizon 
__________________________________________________________________________ 

 
Plots were combined with a Hege 140 plot combine.  Seed 
yield and ergot counts were determined after cleaning with a 
Clipper Eclipse 324 seed cleaner utilizing a 10 round scalper 
screen, a 1/18 slot top split flow screen, and a 6/40 mesh 
bottom split flow screen.  Analysis of variance was per-
formed using PROC GLM in SAS v.9.1 and when significant 
means were separated using Duncan’s test.   

Results 
Disease Control 
Ergot pressure was high during the 2006 growing season 
with 1100 sclerotia/lb of cleaned seed in the untreated plots 
(Table 5).  The QoI fungicides, Quadris and Headline, sig-
nificantly reduced ergot by 85 and 96% respectively, but 
were no different from each other.  Likewise, the DMI fun-
gicides, Tilt and Punch significantly reduced ergot by 71 and 
81% respectively.  Even though QoI fungicides appeared to 
provide more ergot control than the DMI fungicides, the dif-
ferences were not significant.  Mixing QoI and DMI fungi-
cides together in the form of Quilt provided no additional 
control compared to the QoI and DMI fungicides alone.  The 
multi site protectant fungicides Dithane F-45 and Bravo WS 
reduced ergot by 20 and 30% respectively, but were not sig-
nificantly different from the untreated control due to the 
variation in the experiment.  Adding Bravo to Punch pro-
vided no better control than Punch alone.  Even though add-
ing Bravo or fulvic acid to Tilt reduced ergot by 68 and 48% 
respectively compared to Tilt alone the reduction was not 
significant.  Applying Quilt in 16, 100, and 200 gpa of water 
reduced ergot by 87, 90, and 97% respectively.  Although 
increasing the volume of water appears to increase ergot 
control, the differences were not significantly different.    

Seed Yield 
Untreated plots yielded 1336 lb/a of clean seed during 2006.  
None of the protectant fungicides or the micronutrients 
increased seed yield compared to the untreated control.  Of 
the QoI fungicides, Headline significantly increased seed 
yield but Quadris did not, while both of the DMI fungicides, 
Punch and Tilt, increased seed yield.  Adding Bravo or fulvic 
acid to Tilt and/or Punch did not increase seed yield com-
pared to Tilt or Punch alone.  Quilt applied in 16 and 100 
gpa of water yielded significantly more than the untreated 
control, while Quilt in 200 gpa of water was not. 

Summary 
These results indicate that the DMI and QoI fungicides ef-
fectively reduced ergot in seedling tall fescue cv. Labarinth, 
while the two micronutrients and the multi site fungicides 
did not.  Although soil applied copper did not reduce ergot, 
the experimental design did not allow a definitive conclusion 
to be drawn because ascospores originating outside of the 
copper treated plots could have contaminated the plots.  
Further work to identify different mode of actions to control 
ergot is necessary to reduce the risk of resistance to the DMI 
and QoI fungicides.  Also, further work exploring the effi-
cacy of chemigating fungicides for ergot control is 
warranted. 

Table 5. Effect of fungicide on seed yield and ergot bod-
ies in tall fescue cv. Labarinth. 

__________________________________________________________________________ 

Treatment Rate/acre Seed yield Ergot 
__________________________________________________________________________ 

  (lb/a) (sclerotia/lb) 
 
Control -- 1336 d1 1102 a1 

Copper 20 lb 1455 abcd 1098 a 
Boron 0.5 lb 1350 cd 1089 a 
Dithane F-45 1.6qt 1455 abcd 871 a 
Bravo WS 1.5 pt 1514 abcd 766 a 
Quadris 12 oz 1432 bcd 168 b 
Headline 12 oz 1618 abc 41 b 
Punch 8 oz 1732 a 204 b 
Punch + 8 oz 
   Bravo  1.5 pt 1477 abcd 272 b 
Tilt 8 oz 1623 abc 313 b 
Tilt + 8 oz 
   Bravo WS 1.5 pt 1655 ab 100 b 
Tilt +  8 oz 
   Fulvic Acid 1 qt 1564 abcd 163 b 
Quilt 14 oz 1686 ab 145 b 
Quilt 
   (100 gpa) 14 oz 1682 ab 114 b 
Quilt 
   (200 gpa) 14 oz 1605 abcd 36 b 
 
P-value  ≤ 0.01 ≤ 0.0001 
__________________________________________________________________________ 

1Numbers within a column followed by the same letter are 
not significantly different. 
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SEASONAL FUNGICIDE APPLICATIONS FOR POWDERY MILDEW CONTROL IN SEEDLING 
KENTUCKY BLUEGRASS GROWN FOR SEED 

P.B. Hamm and N.L. David 

Introduction 
Powdery mildew (Erysiphe graminis) is a common foliar 
fungal pathogen perceived to reduce yield on Kentucky 
bluegrass (KBG) in the Columbia Basin of Oregon and 
Washington.  This study was initiated in the fall of 2005 on 
seedling KBG to determine the efficacy of fall (F), winter 
(W), early spring (ES), late spring (LS), and summer (S) 
fungicide applications in controlling these two pathogens and 
determine the effect on seed yield. 

Materials and Methods  
KBG var. Midnight was planted on August 24, 2005 in the 
SW quadrant of Pivot 4 at the Hermiston Agricultural Re-
search and Extension Center near Hermiston, Oregon.  Plots 
were swathed on June 16, and combined on July 5, 2006.  
Irrigations were made based upon local evapo-transpiration 
rates for grass seed.  The trial was fertilized with 239 lb/a 
nitrogen, 50 lb/a phosphorus, 50 lb/a potassium, 91 lb/a sul-
fur, 14 lb/a magnesium, and 0.5 lb/a zinc by October 31, 
2005, then an additional 100 lb/a nitrogen and 25 lb/a sulfur 
were applied as ammonium sulfate on February 6, 2006.  
Tupersan® (siduron) was applied at a rate of 8 lb/a on Sep-
tember 1, 2005, to control grassy weeds. 

Treatments were assigned in a randomized complete block 
design with four replications.  Individual plots were 4 ft wide 
x 30 ft long.  Applications of 14 oz/a Quilt® (propiconazole + 
azoxystrobin) fungicide were made on October 11 (fall), 
February 24 (winter), March 15 (early spring), April 7 (late 
spring), and May 13 (summer) in 16 gpa of water using XR-
8002 teejet nozzles at 30 psi.  All treatments were mixed 
with 1% crop oil.  

Three areas within each plot were evaluated for powdery 
mildew symptoms using a scale of 0-3 on April 13, May 2, 
May 8, and May 18.  A rating of 0 indicated no disease while 
a rating of 3 indicated the leaf was entirely covered with 
powdery mildew conidia.  The cumulative amount of disease 
observed in each treatment throughout the study period was 
calculated using area under disease progress curves 
(AUDPC).  Seed yields were determined by harvesting each 
plot with a Hege 140 plot combine.  Seed was then de-
bearded and cleaned using a Clipper Eclipse 324 seed 
cleaner.  Cost per acre was determined by using $7/acre for 
ground rig costs and $13.67/acre for each Quilt application.  
Analyis of variance was performed using PROC GLM in 
SAS v.9.1.   

Results 
Disease Control 
Powdery mildew pressure was high during the 2006 growing 
season.  No stripe rust was observed in this trial.  The 
amount of powdery mildew observed throughout the grow-
ing season was significantly reduced by the use of Quilt® at 
all timings, with the exception of the May only application 
(Table 1).  As the number of fungicide applications in-
creased, the severity of powdery mildew decreased.  Two 
applications of Quilt® during March and April or February 
and April provided equal control of powdery mildew com-
pared to three, four, and even five applications. 

Seed Yield 
One application of Quilt® did not significantly increase seed 
yield, while two applications during April & May, March & 
April, and February & April did.  Three applications of 
Quilt, with the exception of the October, February, & March 
treatment, significantly increased seed yield as did all four 
and five application treatments.  These higher yielding 
treatments were not significantly different from each other. 

Economic analysis 
All treatments except a single application in May resulted in 
increased revenue per acre compared to the untreated con-
trol.  Four applications of Quilt® during October, February, 
March, & April resulted in the highest added revenue nu-
merically; however, it was not significantly higher than two 
applications during March & April or February & April, as 
well as three applications beginning either in February or 
March.   

Summary 
These results indicate that powdery mildew reduces seed 
yield in Kentucky bluegrass var. Midnight in the southern 
Columbia Basin of Oregon and Washington when left un-
controlled.  These data also suggest applications of Quilt® 
during February, March, and April are optimum to reduce 
powdery mildew and increase revenue per acre.  Continued 
research to determine the efficacy of these programs in con-
trolling both powdery mildew and stripe rust is needed.   
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Table 1. The effect of seasonal Quilt® applications on disease control, seed yield, and revenue on Kentucky bluegrass near 
Hermiston, Oregon, 2006. 

_________________________________________________________________________________________________________________________________________________________________ 

 Powdery mildew   Added Added 
Treatment AUDPC Clean seed yield Cost yield revenue 
_________________________________________________________________________________________________________________________________________________________________ 

  (lb/acre) ($/acre) (lb/acre) ($/acre)  
 
Untreated 66 a1 1191 ef 0 0 0 
_________________________________________________________________________________________________________________________________________________________________ 

1 Application 
May 70 a 1013 f 20.58 -178 -198.58 
Oct 50 bc 1243 ef 20.58 52 31.42 
Feb 37 cd 1403 bcde 20.58 212 191.42 
March 36 cd 1214 ef 20.58 23 2.42 
April 31 cd 1333 cde 20.58 142 121.42 
_________________________________________________________________________________________________________________________________________________________________ 

2 Applications 
March, May 40 bc 1412 bcde 41.16 221 179.84 
Feb, May 40 bc 1374 cde 41.16 183 141.84 
April, May 35 cd 1521 abcd 41.16 330 288.84 
Oct, Feb 32 cd 1268 e 41.16 77 35.84 
Feb, March 25 def 1292 de 41.16 101 59.84 
March, April 18 efg 1527 abcd 41.16 336 294.84 
Feb, April 16 efg 1526 abcd 41.16 335 293.84 
_________________________________________________________________________________________________________________________________________________________________ 

3 Applications 
Oct, Feb, March 26 de 1430 bcde 61.74 239 177.26 
Feb, April, May 17 efg 1532 abcd 61.74 341 279.26 
Feb, March, April 15 efg 1532 abcd 61.74 341 279.26 
March, April, May 12 g 1645 ab 61.74 454 392.26 
_________________________________________________________________________________________________________________________________________________________________ 

4 Applications 
Feb, March, April, May 14 fg 1565 abc 82.32 374 291.68 
Oct, Feb, March, April 13 fg 1690 a 82.32 499 416.68 
_________________________________________________________________________________________________________________________________________________________________ 

5 Applications 
Oct, Feb, Mar, April, May 12 g 1587 abc 102.90 396 293.1 
_________________________________________________________________________________________________________________________________________________________________ 

P-value ≤0.0001 ≤0.001 -- -- -- 
_________________________________________________________________________________________________________________________________________________________________ 

1Numbers followed by the same letter are not significantly different. 
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THE EFFECT OF FUNGICIDE AND APPLICATION INTERVAL ON POWDERY MILDEW 
CONTROL IN SEEDLING KENTUCKY BLUEGRASS GROWN FOR SEED 

N.L. David and P.B. Hamm 

Introduction 
Powdery mildew (Erysiphe graminis) is a common foliar 
fungal pathogens perceived to reduce yield on Kentucky 
bluegrass (KBG) in the Columbia Basin of Oregon and 
Washington.  This study was initiated in the fall of 2005 on 
seedling KBG to determine the efficacy of protectant and 
systemic fungicides to control powdery mildew and deter-
mine the most economical interval for use of the various 
fungicides. 

Materials and Methods  
KBG variety Midnight was planted on August 24, 2005 in 
the SW quadrant of Pivot 4 at the Hermiston Agricultural 
Research and Extension Center near Hermiston, Oregon.  
Water was applied based upon local evapo-transpiration rates 
for grass seed.  The trial was fertilized with 239 lb/a nitro-
gen, 50 lb/a phosphorus, 50 lb/a potassium, 91 lb/a sulfur, 14 
lb/a magnesium, and 0.5 lb/a zinc by October 31, 2005, then 
an additional 100 lb/a nitrogen and 25 lb/a sulfur were ap-
plied as ammonium sulfate on February 6, 2006.  Tupersan® 
(siduron) was applied at a rate of 4 lb/a on September 1, 
2005, to control grassy weeds.  Plots were swathed on June 
15 and combined on June 30.    

Treatments were assigned in a randomized complete block 
design with four replications within a two way factorial ex-
periment in which the factors were fungicide and spray in-
terval.  Individual plots were 4 ft wide x 30 ft long.  The pro-
tectant fungicide treatments evaluated were: 1.6 quarts/a 
Dithane F-45® (2 lb a.i./a mancozeb), 1.5 pints/a Bravo WS® 

(1.1 lb a.i./a chlorothalonil), and a combination of 
Dithane/Bravo WS(2 lb a.i./a mancozeb + 1.1 lb a.i./a 
chlorothalonil).  The systemic fungicide treatments evaluated 
were: 4 oz/a Tilt® (0.11 lb a.i./a propiconazole), 6.2 oz/a 
Quadris® (0.10 lb a.i./a azoxystrobin), and 14 oz/a Quilt® 
(0.11 lb a.i./a propiconazole + 0.67 lb a.i./a azoxystrobin).  
Initial fungicide treatments were made on April 7, 2006, and 
subsequent treatments were made on 2, 3, or 4 week inter-
vals (Table 1). 

Table 1. Fungicide application dates. 
__________________________________________________________________________ 

Every 2 weeks Every 3 weeks Every 4 weeks 
__________________________________________________________________________ 

4/7 4/7 4/7 
4/22 4/28 5/7 
5/5 5/17  
5/17   

__________________________________________________________________________ 

All treatments were mixed with 1% crop oil and applied in 
16 gallons per acre of water using XR-8002 teejet nozzles at 
30 psi.   

Three areas within each plot were evaluated for powdery 
mildew symptoms using a scale of 0-3 on April 13, May 2, 
May 8, and May 15, and June 1.  A rating of 0 indicated no 
disease while a rating of 3 indicated the leaf was entirely 
covered with powdery mildew conidia.  No stripe rust was 
observed.  The cumulative amount of disease observed in 
each treatment throughout the study period was calculated 
using area under disease progress curves (AUDPC).  Each 
plot was harvested with a Hege 140 plot combine.  Seed was 
then de-bearded and yield determined after cleaning with a 
Clipper Eclipse 324 seed cleaner.  Cost/acre was determined 
by using the average values from three chemical suppliers in 
the Hermiston area (Table 2).  Analysis of variance was per-
formed using PROC GLM in SAS v.9.1.   

Table 2. Costs associated with fungicide applications. 
__________________________________________________________________________ 

Activity/chemical $/acre 
__________________________________________________________________________ 

Ground application 7 
Dithane F-45® 6 
Bravo Weatherstik® 10 
Tilt® 11.25 
Quadris® 14.20 
Quilt® 13.67 

__________________________________________________________________________ 

 
Results 
Disease Control 
Powdery mildew pressure was high during the 2006 growing 
season.  The analysis of variance revealed a significant (p ≤ 
0.009) interaction between fungicide type and spray interval 
on powdery mildew severity meaning the spray frequency 
that gave the best powdery mildew control was dependent 
upon which chemical was being used.  As a result, the data 
was sorted by chemical prior to reporting (Table 3a and 3b).  
Tilt and Quilt applied at all treatment intervals significantly 
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reduced powdery mildew severity, while only the two and 
three week intervals of Quadris reduced powdery mildew.  
Furthermore, two week intervals provided better powdery 
mildew control then other application frequencies when us-
ing Tilt and Quilt, but not Quadris (Table 3a).  Using Bravo 
or Dithane at any of the intervals had no impact on powdery 
mildew, while the two week interval using the 
Bravo/Dithane combination was the only protectant fungi-
cide treatment that reduced powdery mildew (Table 3b). 

Table 3a. Effect of systemic fungicide and application fre-
quency on Powdery mildew AUDPC. 

__________________________________________________________________________ 

Frequency Tilt Quadris Quilt 
__________________________________________________________________________ 

Untreated 93 a1 93 a 93 a 
2 weeks 9  c 58 b 9  c 
3 weeks 30 b 61 b 36 b 
4 weeks 35 b 80 a 40 b 
 
P-value ≤ 0.0001 ≤ 0.0007 ≤ 0.0001 
__________________________________________________________________________ 

1Numbers followed by the same letter are not significantly 
different. 

 

Table 3b. Effect of protectant fungicide and application 
frequency on Powdery mildew AUDPC. 

__________________________________________________________________________ 

Frequency Bravo Dithane Bravo/Dith 
__________________________________________________________________________ 

Untreated 93 93 93 a1 

2 weeks 86 77 70 b 
3 weeks 82 82 83 a 
4 weeks 81 83 86 a 
 
P-value NS2 NS ≤ 0.01 
__________________________________________________________________________ 

1Numbers followed by the same letter are not significantly 
different 
2NS = not significant 

Seed Yield 
There was no interaction between fungicide type and spray 
interval meaning the effect of fungicide type on seed yield 
was the same regardless of spray interval and the effect of 
spray interval on seed yield was the same regardless of fun-
gicide type.  As a result, the main effect of fungicide type 
(Table 4) and spray interval (Table 5) are reported.  Using 
either Tilt or Quilt, regardless of frequency, resulted in sig-
nificantly higher yields than all other treatments.  Dithane 
and Quadris applications significantly increased seed yield 
compared to the untreated control, but resulted in signifi-
cantly less seed than Tilt or Quilt.  Bravo WS and the com-
bination of Dithane/Bravo WS did not increase seed yield.  
Regardless of chemical used, all application intervals 

increased seed yield of Kentucky bluegrass.  Decreasing the 
application interval from 4 to 3 weeks did not result in 
greater yield, but reducing the interval to 2 weeks provided 
the highest yield. 

Table 4. Main effect of fungicide on KBG yield 
__________________________________________________________________________ 

 Treatment lb/acre 
__________________________________________________________________________ 

Tilt 1,614 a1 

Quilt 1,600 a 
Dithane 1,124 b 
Quadris 1,111 b 
Dithane/Bravo 994 bc 
Bravo WS 976 bc 
Untreated  927 c 
 
P-value ≤ 0.0001 

__________________________________________________________________________ 

1Numbers followed by the same letter are not signifi-
cantly different 

 

Table 5. Main effect of spray interval on KBG clean seed 
yield. 

__________________________________________________________________________ 

Frequency lb/acre 
__________________________________________________________________________ 

Every 2 weeks 1,358 a1 

Every 3 weeks 1,204 b 
very 4 weeks 1,147 b 
Untreated  927 c 
 
P-value ≤ 0.0001 

__________________________________________________________________________ 

1Numbers followed by the same letter are not signifi-
cantly different 

Economic analysis 
All treatments except Bravo WS at 3 and 4 week intervals 
and the Bravo/Dithane combination applied every 4 weeks, 
increased revenue compared to the untreated control.  The 
two treatments with the largest increase in revenue were Tilt 
($805/acre) and Quilt ($732/acre) applied at two week inter-
vals, while the Bravo/Dithane combination at a 4 week inter-
val reduced revenue by $104/acre. 
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Table 6. Additional revenue ($/acre) attributed to the use 
of fungicides on Kentucky bluegrass. 

__________________________________________________________________________ 

  Spray interval  
 Every Every Every 
Chemical 2 wks 3 wks 4 wks 
__________________________________________________________________________ 

Untreated 0 0 0 
Tilt 805 589 564 
Quadris 243 116 63 
Quilt 732 645 519 
Bravo 155 -11 -88 
Dithane 208 105 224 
Dithane/Bravo 158 2 -104 
__________________________________________________________________________ 

 

Summary 
These results indicate that powdery mildew reduces seed 
yield in Kentucky bluegrass variety Midnight in the southern 
Columbia Basin of Oregon.  The systemic fungicides, Tilt 
(propiconazole), Quilt ( propiconazole + azoxystrobin) and 
Quadris (azoxystrobin), appear to be superior to the protec-
tant fungicides Dithane (mancozeb) and BravoWS 
(chlorothalonil) in controlling powdery mildew in KBG seed 
production.  Among the three systemic fungicides tested, Tilt 
and Quilt appeared to be superior to Quadris in controlling 
powdery mildew.  The optimum fungicide spray interval to 
reduce powdery mildew severity, increase yield and maxi-
mize revenue in a mildew susceptible variety of KBG ap-
peared to be two weeks.  Further work is necessary to con-
firm the results of the current study, particularly how fungi-
cide applications relate to economic return.   
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CONTROLLING POWDERY MILDEW IN SEEDLING KENTUCKY BLUEGRASS WITH 
ABSOLUTE®, TILT®, AND QUILT® IN THE COLUMBIA BASIN 

P.B. Hamm and N.L. David 

Introduction 
Powdery mildew (Erysiphe graminis) is a common foliar fungal 
pathogen perceived to reduce yield on Kentucky bluegrass 
(KBG) in the Columbia Basin of Oregon and Washington.  These 
diseases are controlled primarily with systemic fungicides that 
have a single site mode of action.  This study was initiated in the 
fall of 2005 on seedling KBG to determine the efficacy of the 
systemic fungicide Absolute®, a mixture of trifloxystrobin and 
tebuconazole fungicides on powdery mildew in seedling Ken-
tucky bluegrass and compare it to other strobilurin and triazole 
fungicides currently labeled for grass seed production.   

Materials and Methods  
KBG variety Midnight, which is highly susceptible to powdery 
mildew, was planted on August 24, 2005 in the south east quad-
rant of Pivot 4 at the Hermiston Agricultural Research and Exten-
sion Center near Hermiston, Oregon.  Water applications were 
made based upon local evapo-transpiration rates for grass seed.  
The trial was fertilized with 188 lb/a nitrogen, 50 lb/a phospho-
rus, 50 lb/a potassium, 91 lb/a sulfur, 14 lb/a magnesium, and 0.5 
lb/a zinc by October 31, 2005, then an additional 100 lb/a nitro-
gen and 25 lb/a sulfur were applied as ammonium sulfate on Feb-
ruary 3, 2006.  Tupersan® (siduron) was applied pre-emergence 
at a rate of 4 lb/a on September 1, 2005, to control grassy weeds.  
Plots were swathed on June 19 and combined on July 3.   

Treatments were assigned in a randomized complete block design 
with four replications.  Individual plots were 4 ft wide x 30 ft 
long.  The treatments evaluated were an untreated control, Ab-
solute + non-ionic surfactant, Absolute + methylated seed oil, 
Quilt + methylated seed oil beginning at two times, and Tilt + 
methylated seed oil beginning at two times (Table 1).  Fungicide 
applications were mixed with 1% crop oil and applied in 16 GPA 
of water using XR-8002 teejet nozzles at 30 psi on March 28, 
April 17, May 10, and/or May 30. 

Three areas within each plot were evaluated for powdery mildew 
symptoms using a scale of 0-3 on April 13, 20, May 3, 8, 15, and 
June 1.  A rating of 0 indicated no disease while a rating of 3 in-
dicated the leaf in the area observed was entirely covered with 
powdery mildew.  The cumulative amount of disease observed in 
each treatment throughout the study period was calculated using 
area under disease progress curves (AUDPC).  Seed yields were 
determined by harvesting each plot with a Hege 140 plot com-
bine.  Seed was then de-bearded and cleaned using a Clipper 
Eclipse 324 seed cleaner.  Analysis of variance was performed 
using PROC GLM in SAS v.9.1 and when significant, means 
were separated using Duncan’s test.   

Table 1. Treatment description and application dates. 
_______________________________________________________________________________  

Code Description Date of application 
_______________________________________________________________________________  

Control Untreated  
Abs Absolute (7 oz) 
   MSO 1% v/v 4/17, 5/10, 5/30 
Abs  Absolute (7 oz) 
   NIS 1% v/v 4/17, 5/10, 5/30 
Tilt Tilt (4 oz) 
   MSO 1% v/v 4/17, 5/10, 5/30 
Quilt Quilt (17.5 oz) 
   MSO 1% v/v 4/17, 5/10, 5/30 
Tilt Early Tilt (4 oz) 
   MSO 1% v/v 3/28, 4/17, 5/10, 5/30 
Quilt Early Quilt (17.5 oz) 
   MSO 1% v/v 3/28, 4/17, 5/10, 5/30 
_______________________________________________________________________________  

 
Results 
Disease Control 
Powdery mildew pressure was high during the 2006 growing 
season.  No stripe rust was observed in this trial.  The 
analysis of variance revealed significant differences between 
fungicide programs for powdery mildew control (p ≤ 
0.0002).  All fungicide programs reduced powdery mildew 
compared to the untreated control.  There was no difference 
in powdery mildew control between Tilt, Quilt, and 
Absolute, and the control achieved by Absolute was the 
same when it was mixed with a methylated seed oil or a non-
ionic surfactant.  Beginning applications of Tilt on 3/28 
compared to 4/17 resulted in significantly less powdery 
mildew, but did not when Quilt was used (Table 4).   
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Table 2. Effect of fungicide program on powdery mildew and 
seed yield in KBG. 

_______________________________________________________________________________  

 Powdery Seed yield 
Program mildew1 (lb/acre) 

_______________________________________________________________________________  

Control 65 a2 587 a 
Quilt 29 bc 723 ab 
Tilt 34 b 750 ab 
Abs MSO 25 bc 823 ab 
Abs NIS 38 b 841 ab 
Quilt E 22 bc 982 bc 
Tilt E 14 c 1,205 c 
 
P-value ≤ 0.0002 ≤ 0.001 
_______________________________________________________________________________  

1 Values are the accumulated total amount of powdery mildew 
present in each treatment throughout the experiment (AUDPC).   
2 Values followed by the same letter are not significantly different 
from each other.   
 

Seed Yield 
The analysis of variance results indicate Quilt and Tilt applica-
tions made on March 28, April 17, May 10 and 30 significantly 
(p ≤ 0.001) increased seed yield compared to the untreated con-
trol.  Although Quilt, Tilt, or Absolute applications made on 
April 17, May 10 and 30 increased yield by nearly 300 lb/a, they 
were not significant due to the variation within each treatment.  
No difference in seed yield was observed between Quilt, Tilt, and 
Absolute when applications began on April 17, and no differ-
ences were observed between methylated seed oil and non-ionic 
surfactant when added to Absolute.   

Summary 
Powdery mildew significantly reduced seed yield in KBG variety 
Midnight in the southern Columbia Basin of Oregon when left 
untreated.  Fungicide applications for powdery mildew control on 
susceptible KBG varieties should begin during the last week of 
March to maximize powdery mildew control and seed yield.  The 
fungicide Absolute appears to have the same efficacy against 
powdery mildew on KBG as Quilt or Tilt.  When adding crop oil 
to Absolute for powdery mildew control, methylated seed oil or 
non-ionic surfactant are equally effective.   
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CONTROLLING POWDERY MILDEW IN SEEDLING KENTUCKY BLUEGRASS WITH 
SONATA®, TILT®, AND QUILT® IN THE COLUMBIA BASIN 

P.B. Hamm and N.L. David 

Introduction 
Powdery mildew (Erysiphe graminis) is a common foliar fungal 
pathogen perceived to reduce yield on Kentucky bluegrass 
(KBG) in the Columbia Basin of Oregon and Washington.  They 
are controlled primarily with systemic fungicides that have a sin-
gle site mode of action.  Fungicides with the same mode of action 
are classified under the same group (or FRAC) code (Table 1).  
Pathogen resistance to chemicals belonging to the same code 
group if rotations with other fungicides is not done.  Identifying 
compounds effective against powdery mildew and/or stripe rust 
with new or multi-site mode-of-action will give growers another 
management option and reduce the risk of resistance to the cur-
rent systemic compounds used.  This study was initiated in the 
fall of 2005 on seedling KBG to determine the efficacy of the 
bio-fungicide Sonata® on powdery mildew.  Sonata®, Bacillus 
pumilus strain (QST 2808), is a bacterium that produces enzymes 
believed to be anti-fungal.  The objective of this trial was to de-
termine if Sonata provides powdery mildew control as a stand 
alone treatment or in combination with other currently available 
fungicides. 

Materials and Methods  
KBG variety Midnight, which is highly susceptible to powdery 
mildew, was planted on August 24, 2005 in the south east quad-
rant of Pivot 4 at the Hermiston Agricultural Research and Exten-
sion Center near Hermiston, Oregon.  Water applications were 
made based upon local evapo-transpiration rates for grass seed.  
The trial was fertilized with 188 lb/a nitrogen, 50 lb/a phospho-
rus, 50 lb/a potassium, 91 lb/a sulfur, 14 lb/a magnesium, and 0.5 
lb/a zinc by October 31, 2005, then an additional 100 lb/a nitro-
gen and 25 lb/a sulfur were applied as ammonium sulfate on 
February 3, 2006.  Tupersan® (siduron) was applied pre-emer-
gence at a rate of 4 lb/a on September 1, 2005, to control grassy 
weeds.  Plots were swathed on June 19 and combined on July 3.   

Treatments were assigned in a randomized complete block design 
with four replications.  Individual plots were 4 ft wide x 30 ft 
long.  The treatments evaluated were an untreated control, So-
nata, Tilt, and Quilt alone, Sonata + Tilt at two rates, and Sonata 
in rotation with Tilt (Table 2).  Fungicide applications were 
mixed with 1% crop oil and applied in 16 GPA of water using 
XR-8002 teejet nozzles at 30 psi on March 28, April 17, May 10, 
and/or May 30. 

Table 1. Systemic fungicides registered for KBG in the 
PNW. 

__________________________________________________________________________ 

Group  Product 
code Common name name 
__________________________________________________________________________ 

 3 Propiconazole Tilt, Bumper 
 3 Tebuconazole Folicur 
 3 Myclobutanil Laredo 
 11 Azoxystrobin Quadris 
 11 Pyraclostrobin Headline 
 3/11 Azoxystrobin + Propiconazole Quilt 
__________________________________________________________________________ 

 

Table 2. Treatment description and application dates. 
__________________________________________________________________________ 

Code Description Date of application 
__________________________________________________________________________ 

Control Untreated  
Sonata Sonata (6 pts) 3/28, 4/17, 5/10, 5/30 
Tilt Tilt (4 oz) 3/28, 4/17, 5/10, 5/30 
Quilt Quilt (17.5 oz) 3/28, 4/17, 5/10, 5/30 
S & T2 Sonata (3 pts) +  3/28, 4/17, 5/10, 5/30 
 Tilt (2 oz)  
S & T4 Sonata (3 pts) +  3/28, 4/17, 5/10, 5/30 
 Tilt (4 oz)  
T fb S Tilt (4 oz)  3/28, 5/10 
 Sonata (6 pts) 4/17, 5/30 
__________________________________________________________________________ 

 

Three areas within each plot were evaluated for powdery 
mildew symptoms using a scale of 0-3 on April 13, 20, May 
3, 8, 15, and June 1.  A rating of 0 indicated no disease while 
a rating of 3 indicated the leaf in the area observed was 
entirely covered with powdery mildew.  The cumulative 
amount of disease observed in each treatment throughout the 
study period was calculated using area under disease 
progress curves (AUDPC).  Seed yields were determined by 
harvesting each plot with a Hege 140 plot combine.  Seed 
was then de-bearded and cleaned using a Clipper Eclipse 324 
seed cleaner.  Net revenue presented here is the gross 
revenue minus the costs associated with the fungicide 
applications [fungicide plus application cost (Table 3)].  
Analysis of variance was performed using PROC GLM in 
SAS v.9.1.   



 

94 

Table 3. Costs associated with fungicide treatments. 
__________________________________________________________________________ 

Product/Activity $/acre/application 
__________________________________________________________________________ 

Ground applied 7.00 
Tilt (4 oz) 11.25 
Tilt (2 oz) 5.63 
Quilt (17.5 oz) 17.08 
Sonata (3 pt) 9.38 
Sonata (6 pt) 18.75 

__________________________________________________________________________ 

 
 
Results 
Disease Control 
Powdery mildew pressure was high during the 2006 growing sea-
son.  No stripe rust was observed in this trial.  The analysis of 
variance revealed significant (p ≤ 0.001) differences between 
chemical programs for the control of powdery mildew.  All fun-
gicide programs except Sonata alone reduced powdery mildew 
compared to the untreated control (Table 4).  Tilt alone and com-
binations of Tilt and Sonata were the most effective in reducing 
powdery mildew, while Quilt alone and alternating Sonata with 
Tilt were not as effective.  Combining Sonata (3 pt/acre) with 2 
and 4 oz/acre of Tilt was more effective than alternating Sonata 
(6 pt/acre) with Tilt (4 oz/acre).   

 
Table 4. Effect of fungicide program on powdery mildew, 

seed yield, and return per acre. 
__________________________________________________________________________ 

 Powdery Seed yield Net return 
Program mildew1 lb/acre $/acre 
__________________________________________________________________________ 

Control 65 a2 587 a 587 a 
Sonata 68 a 787 ab 684 ab 
Tilt 14 d 1,205 d 1,132 d 
Quilt 22 bc 982 bc 886 bc 
S + T2 13 d 1,264 d 1,176 d 
S + T4 17 dc 1,136 cd 1,026cd 
T fb S 25 b 950 bc 862 bc 
 
P-value ≤ 0.0001 ≤ 0.0001 ≤ 0.0001 
__________________________________________________________________________ 

1 Values are the accumulated total amount of powdery mildew 
present in each treatment throughout the experiment (AUDPC).   
2 Values followed by the same letter are not significantly different 
from each other.   
 
 
Seed Yield and Economic Return 
All fungicide programs except Sonata alone significantly in-
creased seed yield and net revenue per acre.  Tilt alone and com-
binations of Tilt and Sonata produced the greatest yield and 
return per acre, followed by Quilt alone and Sonata alternated 
with Tilt.  Combining Sonata with 2 oz/a of Tilt was equally 

effective at increasing yield and return as combining Sonata 
with 4 oz/a of Tilt. 

Summary 
Powdery mildew significantly reduced seed yield in KBG 
variety Midnight in the southern Columbia Basin of Oregon.  
Combining Sonata with Tilt effectively controlled powdery 
mildew, but Sonata alone was no better than the untreated 
check.  Alternating Sonata with Tilt controlled powdery 
mildew but not to the level of tank mixing Sonata and Tilt.  
Adding Sonata to Tilt provided no additional powdery 
mildew control or yield increase when compared to 4 oz/a of 
Tilt alone.  Decreasing the Tilt rate to 2 oz/a and combining 
it with Sonata was as effective as 4 oz/a of Tilt.  It is 
unknown if the Sonata increased the efficacy of this 
treatment or if 2 oz/a of Tilt performed equally to 4 oz/a.  
Further work to determine how a product like Sonata is best 
utilized in grass seed production is necessary to reduce the 
risk of resistance to group 3 and 11 fungicides as well as 
provide another control option for growers to control 
powdery mildew.  In addition, efficacy of Sonata toward 
stripe rust control is needed.   
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CONTROLLING POWDERY MILDEW AND STRIPE RUST IN SEEDLING KENTUCKY 
BLUEGRASS VAR. BARON, BARZAN, AND MIDNIGHT IN THE SOUTHERN COLUMBIA 

BASIN OF OREGON AND WASHINGTON 

P.B. Hamm and N.L. David 

Introduction 
Powdery mildew (Erysiphe graminis) and stripe rust (Pucin-
nia striiformis) are common foliar fungal pathogens per-
ceived to reduce yield on Kentucky bluegrass (KBG) in the 
Columbia Basin of Oregon and Washington, and are con-
trolled primarily with systemic fungicides during the months 
of March, April, and May.  This study was initiated in the 
fall of 2005 on seedling KBG to determine the effect of 
powdery mildew on yield of KBG var. Baron, Barzan, and 
Midnight, as well as compare a standard fungicide program 
(3 applications) beginning in April with an enhanced fungi-
cide program (4 applications) beginning in March on pow-
dery mildew control and yield. 

Materials and Methods  
KBG  was planted at a rate of 5 lb/a on August 24, 2005 in 
the south east quadrant of Pivot 4 at the Hermiston Agri-
cultural Research and Extension Center near Hermiston, 
Oregon.  Water applications were made based upon local 
evapo-transpiration rates for grass seed.  The trial was fertil-
ized with 188 lb/a nitrogen, 50 lb/a phosphorus, 50 lb/a po-
tassium, 91 lb/a sulfur, 14 lb/a magnesium, and 0.5 lb/a zinc 
by October 31, 2005, then an additional 100 lb/a nitrogen 
and 25 lb/a sulfur were applied as ammonium sulfate on Feb-
ruary 3, 2006.  Tupersan® (siduron) was applied pre-emer-
gence at a rate of 4 lb/a on September 1, 2005, to control 
grassy weeds.  Plots were swathed on June 16 and combined 
on July 5.   

Treatments were assigned in a randomized complete block 
design with four replications within a two way factorial ex-
periment in which the factors were KBG variety and fungi-
cide program.  Individual plots were 4 ft wide x 30 ft long.  
The three varieties used were: Barzan, an upright variety; 
Baron, a low growing, spreading variety; and Midnight, a 
low growing variety that is known to be highly susceptible to 
both powdery mildew and stripe rust.  The fungicide Tilt 
(propiconazole) was mixed with 1% crop oil and applied at a 
rate of 4 oz/a in 16 gallons per acre of water using XR-8002 
teejet nozzles at 30 psi on application dates describe in  
Table 1. 

Table 1. Fungicide application dates. 
__________________________________________________________________________ 

Standard program 4/7, 4/28, 5/17 
Enhanced program 3/15, 4/7, 4/28, 5/17 
__________________________________________________________________________ 

 

Three areas within each plot were evaluated for powdery 
mildew symptoms using a scale of 0-3, while stripe rust was 
evaluated by rating the entire plot for severity on a scale of 
0-3 on April 13, 20, 27, May 2, 8,15, and June 1.  A rating of 
0 indicated no disease while a rating of 3 indicated the leaves 
in each area were entirely covered with powdery mildew or 
the grass leaves in the entire plot were entirely covered with 
stripe rust.  The cumulative amount of disease observed in 
each treatment throughout the study period was calculated 
using area under disease progress curves (AUDPC).  Seed 
yields were determined by harvesting each plot with a Hege 
140 plot combine.  Seed was then de-bearded and cleaned 
using a Clipper Eclipse 324 seed cleaner utilizing a 7 round 
scalper screener, a 7 round top split flow screen, and a 6x34 
mesh bottom split flow screen.  Cost/acre for application 
($7) and chemical ($11.25) was determined by using the av-
erage values from three chemical suppliers in the Hermiston 
area.  Price/pound of cleaned KBG seed for Midnight ($1), 
Baron ($0.70), and Barzan ($0.70) was provided by local 
grass seed companies.  Analysis of variance was performed 
using PROC GLM in SAS v.9.1 and when significant, treat-
ment means were separated using Duncan’s multiple test. 

Results 
Disease Control 
Powdery mildew pressure was high during the 2006 growing 
season, but stripe rust pressure was low.  Midnight was 
highly susceptible (AUDPC = 88), Baron was moderately 
susceptible (AUDPC = 67), and Barzan was highly resistant 
(AUDPC = <1) to powdery mildew based on the amount of 
disease that occurred without the use of the fungicide  
(Table 2).   

Table 2. Effect of fungicide program on powdery mildew 
AUDPC in three KBG varieties. 

__________________________________________________________________________ 

Program Baron Barzan Midnight 
__________________________________________________________________________ 

None 67 a1 <1 88 a 
Standard 10 b 0 17 b 
Enhanced 1 b 0 6 c 
 
P-value ≤ 0.0001 ns ≤ 0.0001 
__________________________________________________________________________ 

1 Numbers followed by the same letter are not significantly 
different 
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The analysis of variance revealed a significant (p ≤ 0.001) 
interaction between KBG variety and the fungicide program 
for both powdery mildew and stripe rust disease progress 
curves so the powdery mildew (Table 2) and stripe rust (Ta-
ble 3) data was sorted by variety prior to reporting.  The sig-
nificant interaction indicates the effect of fungicide program 
on powdery mildew and stripe rust is dependent upon the 
KBG variety.  The standard fungicide program significantly 
lowered powdery mildew AUDPC from 67 to 10 and 88 to 
17 in var. Baron and Midnight respectively, while the stan-
dard program provided no additional control in var. Barzan.  
The enhanced program significantly reduced powdery mil-
dew AUDPC from 17 to 6 in var. Midnight, but was no bet-
ter than the standard treatment in var. Baron.  Both the stan-
dard and enhanced fungicide programs significantly reduced 
stripe rust in var. Baron to undetectable levels.   

Table 3. Effect of fungicide program on stripe rust 
AUDPC in three KBG varieties. 

__________________________________________________________________________ 

Program Baron Barzan Midnight 
__________________________________________________________________________ 

None 9 a1 0 0 
Standard 0 b 0 0 
Enhanced 0 b 0 0 
 
P-value ≤ 0.0001 NS NS 
__________________________________________________________________________ 

1 Numbers followed by the same letter are not significantly 
different 

Seed Yield 
Analysis of variance indicated no interaction between blue-
grass variety and fungicide program on seed yield, indicating 
the effect of variety and fungicide program on seed yield was 
not dependent upon the other factor.  As a result, main ef-
fects of both are reported here.  Seed yield was significantly 
different between the three varieties tested, regardless of 
fungicide program.  Midnight was the lowest yielding variety 
(1172 lb/a), while Baron (1834 lb/a) and Barzan (2091 lb/a) 
produced significantly higher yields (Table 4).   

Table 4. Effect of variety on KBG yield. 
__________________________________________________________________________ 

Variety lb/acre 
__________________________________________________________________________ 

Midnight 1,172 a1 

Baron 1,834 b 
Barzan 2,091 c 
 
P-value ≤ 0.0001 

__________________________________________________________________________ 

1 Numbers followed by the same letter are not significantly 
different 

Both the standard and enhanced fungicide program signifi-
cantly increased seed yield over the untreated control re-

gardless of variety (Table 5).  While seed yields were nearly 
100 lb/a greater when using an enhanced program compared 
to the standard program, this increase was not statistically 
significant.   

Table 5. Effect of  fungicide program on KBG yield. 
__________________________________________________________________________ 

Program lb/acre 
__________________________________________________________________________ 

None 1,435 a1 

Standard 1,782 b 
Enhanced 1,880 b 
 
P-value ≤ 0.0001 

__________________________________________________________________________ 

1 Numbers followed by the same letter are not significantly 
different 

Economic analysis 
Both the standard ($1,127/acre) and enhanced ($1,423/acre) 
fungicide programs significantly increased return/acre in var. 
Midnight compared to the untreated control ($841/acre).  
Furthermore, the enhanced program resulted in a signifi-
cantly higher return than the standard program in variety 
Midnight (Table 6).  While not significant, a trend towards 
higher returns with a standard program was evident in var. 
Baron and to a lesser extent in var. Barzan.  The enhanced 
program appeared to provide no additional benefit over the 
standard program in var. Baron or Barzan. 

Table 6. Net revenue per acre (gross revenue minus 
chemical and application costs). 

__________________________________________________________________________ 

Fungicide  Variety  
program Midnight Baron Barzan 
__________________________________________________________________________ 

 --------------------($/acre) -------------------  
 
None 841 a1 1,085 1,339 
Standard 1,127 b 1,332 1,473 
Enhanced 1,423 c 1,304 1,451 
 
P-value ≤ 0.006 NS NS 
__________________________________________________________________________ 

1 Numbers followed by the same letter are not significantly 
different 

Summary 
These results indicate a wide range in yield potential and 
susceptibility to powdery mildew in KBG varieties.  Barzan 
is highly resistant to powdery mildew, while Baron and 
Midnight are moderately and highly susceptible, respec-
tively.  Barzan (2,091 lb/a) and Baron (1,834lb/a) have 
higher yield potentials than Midnight (1,172 lb/a).  In order 
to maximize powdery mildew control and thus net re-
turn/acre when growing susceptible varieties such as Mid-
night, growers should begin fungicide applications in March, 
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but fungicide applications on moderately susceptible varie-
ties such as Baron are not necessary until April.  Even 
though Powdery mildew resistant varieties such as Barzan 
require no fungicides to control the disease, these results 
suggest a trend of higher yield with a standard or enhanced 
fungicide program is used compared to the untreated control.  
Further research is planned to confirm the results from this 
study.   
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