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Introduction 
 
The Central Oregon Agricultural Research Center (COARC) faculty and staff are pleased 
to present a summary of research activities conducted during 2006. The twenty-three 
reports in this publication focus on weeds (9), diseases (6), insects (2), and crop 
management (6). We welcome you to peruse through the report, read a few abstract and 
perhaps go more in depth on a few topics that interest you.   
 
Over the last year we have met with a large number of industry representatives and 
growers to get your input on how we can best meet the needs of the agricultural 
community. We would like to thank each of your for your interest in what we do, and for 
taking time to discuss issues that affect you. In addition, the COARC Advisory Council 
rated the proposed research projects for 2007 for relevance. This will allow researchers to 
make appropriate adjustments in focus and time commitments for the 2007 season.   
 
Some projects are conducted at the COARC Madras and Powell Butte locations, while 
others are more appropriately conducted with grower cooperators in commercial fields. A 
number of projects are joint efforts between local researchers and researchers on campus, 
other branch stations, or other agencies. An example is the bitterbrush plots with National 
Forest Service (NFS) researchers. This season we will establish the first of a new series 
of cooperative projects with the NFS to evaluating native grasses collected from various 
locations.  
 
In addition, we will establish landscape and small fruit demonstration plots to broaden the 
audience for which we provide research-based information. This will increase relevance, 
support from local citizens, and provide an interface where they are exposed to 
agricultural issues.  
 
Over the next few months we will be expanding and streamlining our website. Feel free 
to check out our progress at http://www.oregonstate.edu/dept/coarc/. You will find this 
publication on the website, along with previous reports and other helpful information. It 
is our pleasure to work with you and generate relevant research-based information to 
meet local needs. 
 
 
Marvin Butler, Superintendent 
Central Oregon Agricultural Research Center 
 
 
 
Note:  Any reference to a product or company is for specific information only and does 
not endorse or recommend that product or company to the exclusion of others that may 
be suitable. Nor should information and interpretation thereof be considered as 
recommendations for application of any pesticide. Pesticide labels should always be 
consulted before any pesticide use. 
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Weather Information: 2006 Water Year, Powell Butte, Oregon (Source: AgriMet) 
             

 OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
AIR TEMPERATURE (oF)             
   Avg. Maximum 62 44 39 45 44 46 57 67 74 84 80 75 
   Avg. Minimum 36 27 23 29 21 28 32 37 45 49 45 39 
   Mean  48 35 31 37 33 37 45 53 60 68 63 57 
AIR TEMP (no. of days)             
   Max. 90oF or Above 0 0 0 0 0 0 0 1 2 6 2 0 
   Max. 32oF or Below 0 3 5 3 0 0 0 0 0 0 0 0 
   Min. 32oF or Below 7 23 24 24 24 23 13 9 0 0 1 4 
   Min. 0oF or Below 0 0 1 2 2 0 0 0 0 0 0 0 
SOIL TEMP (oF at 4 in.)             
    Avg. Maximum 52 45 38 38 35 38 46 55 60 66 67 59 
   Avg. Minimum 54 43 37 37 34 37 43 52 57 64 61 56 
SOIL TEMP (oF at 8 in.)             
   Avg. Maximum 54 45 38 38 36 38 45 54 59 66 64 59 
   Avg. Minimum 53 44 37 37 35 37 44 53 58 65 63 58 
PRECIPITATION (in.)             
   Monthly Total 1.18 1.69 2.85 1.54 0.57 0.69 1.17 0.6 2.61 0.08 0.37 0.17 
EVAPORATION (in.)             
   Daily Avg. 0.11 0.04 0.03 0.04 0.06 0.08 0.15 0.21 0.26 0.33 0.29 0.21 
WIND SPEED (mph)             
   Daily Avg. 3.7 4.4 4.8 6.11 5.0 5.3 5.4 4.8 4.0 3.6 4.1 3.6 
SOLAR RADIATION (langley)             
   Daily Avg. 273 137 110 118 229 276 469 553 622 730 643 492 
HUMIDITY (% relative humidity)             
   Daily Avg. 66 78 76 72 65 65 63 58 63 51 48 49 
             
 Last day before   First day after   Total number of days   
GROWING SEASON July 15    July 15    between temp. mins.  
Air Temp Min.             
   32oF or Below May 29    Aug. 31     94   
   28oF or Below May 9    Sept. 22     136   
   24oF or Below May 9    Oct. 30     144   
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Weather Information: 2006 Water Year, Madras, Oregon (Source: AgriMet) 
             

 OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
AIR TEMPERATURE (oF)             
   Avg. Maximum 63 44 34 48 45 49 59 69 76 89 84 77 
   Avg. Minimum 39 27 21 32 24 30 34 41 62 52 48 43 
   Mean Temp. 50 36 28 40 34 39 47 55 48 71 66 59 
AIR TEMP (no. of days)             
   Max. 90oF or Above 0 0 0 0 0 0 0 0 3 16 6 2 
   Max. 32oF or Below 0 6 16 0 2 0 0 0 0 0 0 0 
   Min. 32oF or Below 2 21 21 20 24 19 12 0 0 0 0 0 
   Min. 0oF or Below 0 0 0 0 0 0 0 0 0 0 0 0 
SOIL TEMP (oF at 4 in.)             
   Avg. Maximum 55 43 37 39 36 41 50 58 66 72 68 62 
   Avg. Minimum 50 41 36 37 34 37 43 51 58 64 61 56 
SOIL TEMP (oF at 8 in.)             
   Avg. Maximum 56 46 40 41 39 41 49 57 63 69 68 63 
   Avg. Minimum 54 45 39 40 38 40 47 54 60 67 66 61 
PRECIPITATION (in.)             
   Monthly Total 1.36 1.33 3.71 1.59 0.52 0.93 0.95 0.96 1.24 0.22 0.04 0.07 
EVAPORATION (in.)             
   Daily Avg. 0.1 0.04 0.02 0.04 0.05 0.09 0.14 0.20 0.26 0.34 0.28 0.21 
WIND SPEED (mph)             
   Daily Avg. 4.4 4.9 4.9 8.3 5.6 6.8 5.0 4.3 4.1 3.9 4.1 4.3 
SOLAR RADIATION (langley)             
   Daily Avg. 277 132 93 106 233 299 473 543 604 684 600 461 
HUMIDITY (% relative humidity)             
   Daily Avg. 68 80 84 72 66 64 62 56 58 42 42 44 
 Last day before   First day after   Total number of days   
GROWING SEASON July 15    July 15    between temp. mins.  
Air Temp Min.             
   32oF or Below May 13    Sept. 22     132   
   28oF or Below May 9    Oct. 10     154   
  24oF or Below March 20    Oct. 30     224   
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Bluegrass Tolerance to Mesotrione Applied in the Spring 
 

Richard Affeldt, Claudia Campbell, Marvin Butler, Jim Carroll, and Brad Holliday 
 

Abstract 
 

Four studies were conducted in commercial fields of Kentucky and rough bluegrass 
grown for seed to evaluate the tolerance of bluegrasses to mesotrione applied at late 
vegetative and early reproductive growth stages.  Both Kentucky bluegrass varieties were 
very tolerant to mesotrione at the rates and timings evaluated.  Rough bluegrass was less 
tolerant than Kentucky, but early timings on rough bluegrass were safe. 
 

Introduction 
Butler et al. (2005) reported that fall applications of mesotrione (Callisto®, Syngenta) 
were effective for controlling creeping bentgrass (Agrostis stolonifera).  Butler et al. 
(2005) also indicated that fall applications of mesotrione did not injure Kentucky 
bluegrass (Poa pratensis) and did not control rough bluegrass (P. trivialis).  Turf 
researchers at Iowa State University have reported that neither fall nor spring applications 
of mesotrione injured Kentucky bluegrass turf (Jones and Christians 2006).  This 
information is useful for developing management practices for volunteer Roundup 
Ready® (Monsanto) creeping bentgrass in subsequent grass seed crops.  Even though 
rough bluegrass is a problematic 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 Kentucky and rough bluegrasses 
to mesotrione applied at late vegetative 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 not harvested for seed 
yield.   
 
Plots were 10-ft by 25-ft with four replications arranged as randomized complete blocks.  
Treatments were applied with a CO2 backpack sprayer delivering 20 gal/acre operating at 
20 psi and 3 mph.  Application dates and bluegrass growth stages are listed in footnotes 
in Tables 1 and 2. 
 

Results and Discussion 
 

Both Kentucky bluegrass varieties were very tolerant to mesotrione at the rates and 
timings evaluated.  ‘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 treatment resulted in differences in seed yield.  
Rough bluegrass was less tolerant to mesotrione than Kentucky bluegrass (Table 2).  
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Rough bluegrass seed yields were reduced by a single late application and any of the 
sequential treatments that included a late application. 
 
The sequential treatments 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. 
 
Table 1.  Kentucky bluegrass injury and seed yield following mesotrione applications 

near Madras, Oregon, in 2006. 
 Kentucky bluegrass 

injury, June 22 
 Kentucky bluegrass 

clean seed yield‡ Mesotrione 
rate† 

Application 
code  ‘Shamrock’ ‘Merit’  ‘Shamrock’ ‘Merit’ 

lb a.i./acre   ---- % visual ----  -------- lb/acre -------- 
        

Check --  0 0  1,899  ab 1,275 a 
0.25 A§  1 0  2,082  a 1,117 a 
0.25 B¶  1 0  1,872  ab 1,187 a 
0.25 C#  8 0  1,574  ab 1,106 a 
0.25 A+B  0 0  1,808  ab 1,284 a 
0.25 B+C  10 0  1,788  ab 1,246 a 
0.25 A+C  8 0  1,577  ab 1,282 a 
0.25 A+B+C  15 0  1,562  ab 941 a 
0.5 A  0 0  1,888  ab 1,328 a 
0.5 B  0 0  1,847  ab 1,056 a 
0.5 C  18 0  1,704  ab 929 a 
0.5 A+B  3 0  1,972  ab 1,177 a 
0.5 B+C  16 0  1,538  ab 1,158 a 
0.5 A+C  15 0  1,641  ab 1,147 a 
0.5 A+B+C  18 0  1,363  b 1,234 a 

        

LSD (0.05)   -- --  349 337 
† All treatments applied with crop oil concentrate at 1.0 percent v/v. 
‡Means followed by the same letter do not significantly differ. 
§‘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. 
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Table 2.  Rough bluegrass injury and seed yield following mesotrione applications near 
Madras, Oregon in 2006. 

 Rough bluegrass injury, 
June 22 

 Rough bluegrass 
clean seed yield‡ Mesotrione 

rate† 
Application 

code  ‘Saber III’  ‘Dark Horse’  ‘Saber III’  
lb a.i./acre   ------- % visual -------  lb/acre 

       

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. 
‡ Means followed by the same letter do not significantly differ. 
§ ‘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. 
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Evaluation of Mesotrione for Broadleaf Weed Control in Kentucky 
Bluegrass 

 
Richard Affeldt, Brad Holliday, and Jim Carroll 

 
Introduction 

 
Mesotrione (Callisto®, Syngenta) is an herbicide that has been shown to have some safety 
on Kentucky bluegrass.  According to the Callisto label, mesotrione controls a variety of 
broadleaf weeds.  The objective of this trial was to evaluate efficacy of mesotrione on 
broadleaf weeds, particularly mayweed chamomile (Anthemis cotula) compared with 
commonly used broadleaf herbicides in Kentucky bluegrass. 
 

Methods and Materials 
 

One trial was conducted in a commercial field of ‘Shamrock’ Kentucky bluegrass near 
Madras, Oregon.  The trial had five herbicide treatments and a check; all herbicide 
treatments included crop oil concentrate at 1.0 percent v/v.  The treatments were (1) 
mesotrione at 0.25 lb ai/acre, (2) mesotrione at 0.5 lb ai/acre, (3) bromoxynil + MCPA 
[Bronate] at 0.5 lb ai + 0.5 lb ae/acre, (4) 2,4-D at 0.6 lb ae/acre, and (5) 2,4-D + dicamba 
at 0.6 + 0.125 lb ae/acre. 
 
Treatments were applied April 25, 2006 to 10-ft by 25-ft plots with four replications 
arranged as randomized complete blocks.  Treatments were applied with a CO2 backpack 
sprayer delivering 20 gal/acre operating at 20 psi and 3 mph.  Crop injury and weed 
control were determined by making visual evaluations on a percentage scale. 
 

Results and Discussion 
 

Unfortunately broadleaf weed populations in the trial were insufficient for data 
collection.  Visual evaluations were made at 16 days and 2 months after application and 
no crop injury was observed (data not shown). 
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Carrot Tolerance to Pendimethalin and Mesotrione Broadcast at Layby 
 

Richard Affeldt, John MacKenzie, Bruce Martens, and Kurt Farris 
 

Abstract 
 

The objective of this trial was to determine carrot tolerance to pendimethalin and 
mesotrione applied as an over-the-top broadcast treatment at layby.  A single trial was 
conducted in a commercial hybrid carrot field near Culver, Oregon.  Mesotrione caused 
severe carrot injury (Table 1).  Pendimethalin injury was not visible at the initial and final 
evaluations, 8 and 29 days after application, respectively.  An unusual growth form was 
observed 16 days after application in the pendimethalin plots, but it is unclear if the 
growth form was herbicide injury. 
 

Introduction 
 

Pendimethalin (Prowl®, BASF) is currently registered for use in carrot seed as a directed 
spray at layby.  This application technique requires special spray equipment that can 
make the application complicated.  Pendimethalin would be more useful as an over-the-
top broadcast treatment at layby, however it is unknown if this type of application is safe.  
Also, mesotrione (Callisto®, Syngenta) is a herbicide that has been reported to have some 
safety on carrots.  The objective of this trial was to determine carrot tolerance to 
pendimethalin and mesotrione applied as an over-the-top broadcast treatment at layby. 
 

Methods and Materials 
 

A single trial was conducted in a commercial hybrid carrot field in the female rows near 
Culver, Oregon.  The carrots were ‘Carota’ type and were steckling planted.  Herbicide 
treatments were applied on June 15, 2006 to carrots that were 12 to 24 inches in height 
and beginning to flower. Plots were 10 ft by 25 ft with four replications arranged as 
randomized complete blocks.  Treatments were applied with a CO2 backpack sprayer 
delivering 20 gal/acre operating at 20 psi and 3 mph.  Crop injury was determined by 
making visual evaluations on a percentage scale. 
 

Results and Discussion 
 

Mesotrione cause severe carrot injury (Table 1).  Pendimethalin injury was not visible at 
the initial and final evaluations, 8 and 29 days after application, respectively. 
 
Some carrot injury was observed at the second evaluation, but the symptoms were not 
typical for herbicide phytotoxicity.  The peduncles (that is the flower stem) of this type of 
carrot (‘Carota’) had a tendency to fuse together.  This phenomenon was evident in the 
checks, but it appeared to be more evident in the pendimethalin-treated plots and was 
noted as injury.  The visual evaluations did not reveal any relationship between 
pendimethalin rate and fused peduncles.  At the final evaluation, the fused peduncles in 
pendimethalin-treated plots were the same as in the checks.  It is unclear whether the 
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fused peduncles should truly be considered crop injury or an unusual characteristic that 
pendimethalin accentuated for a short period of time. 
 
Table 1.  Carrot injury following herbicide treatments applied on June 15 near Culver, 

Oregon, 2006. 

  Carrot injury 
Treatments Rate (lb ai/acre) June 23 July 1 July 14 
  ----------------------- % ----------------------- 
     

Pendimethalin 0.95 0 8 0 
Pendimethalin 1.9 0 5 0 
Pendimethalin 3.8 0 5 0 
Mesotrione 0.25 41 70 48 
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Weed Control in Garbanzo Bean 
 

Richard Affeldt, Claudia Campbell, and Scott Simmons 
 

Abstract 
 

Adequate weed control in garbanzo beans (Cicer arietinum) depends on preemergence 
herbicides that are risky to use.  Two trials were conducted in growers’ fields in locations 
near Culver and Prineville, Oregon to evaluate these herbicides more carefully and to 
evaluate postemergence herbicides.  None of the PPI or PRE herbicide treatments 
seriously injured the garbanzo beans.  However, those treatments that were applied 
correctly did not control the weeds well.  None of the POST treatments worked well on 
the weeds present.  The likelihood of developing and registering better weed control 
options for garbanzo bean is very low. 
 

Introduction 
 

The current weed control program in garbanzo beans (also known as chickpea) consists 
entirely of preemergence herbicides; there are no herbicides registered for postemergence 
use.  Due to the efficacy of these herbicides, growers have to use at least two in order to 
achieve adequate weed control.  Some of the herbicide combinations pose a risk for crop 
injury and two of the herbicides used, imazethapyr (Pursuit®, BASF) and sulfentrazone 
(Spartan®, FMC Agricultural Products) are very persistent and pose major crop rotation 
restrictions.  Weed control decisions in garbanzo bean production have to balance the 
need for broad spectrum preemergence weed control with the risk of crop injury and 
herbicide carryover.  The objectives of these experiments were to (1) evaluate the 
efficacy of several herbicide combinations that pose fewer crop rotation restrictions, with 
emphasis toward efficacy on nightshade species, (2) evaluate crop safety of these 
herbicide combinations in garbanzo beans, and (3) evaluate postemergence herbicides for 
potential use in garbanzo beans. 
 

Methods and Materials 
 

Two trials were conducted in growers’ fields in locations near Culver and Prineville, 
Oregon.  Treatments included six preemergence herbicides in several combinations and 
three postemergence herbicides.  Treatments were applied to 7-ft by 30-ft plots with four 
replications arranged as randomized complete blocks.  Treatments were applied with a 
CO2 backpack sprayer delivering 20 gal/acre operating at 20 psi and 3 mph.  Crop injury 
and weed control were determined by making visual evaluations on a percentage scale.  
Crop tolerance was further established by averaging two stand counts per plot consisting 
of 2 yards each.  Treatments were applied in three ways: (1) post plant, incorporated 
[PPI]; (2) preemerge, surface [PRE]; or (3) postemergence [POST].  The PPI treatments 
were sprayed on the soil surface and then raked into the soil, 1 to 2 inches deep. 
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Results and Discussion 
 

Several of the PPI and PRE treatments caused some injury to the garbanzo beans shortly 
after emergence (Table 1).  Subsequent evaluations indicated that the plants recovered.  
Trials were evaluated in mid-July after flowering and there was no visible injury from 
any of the PPI or PRE treatments.  Garbanzo bean stand counts were not statistically 
significant, indicating that none of the herbicide treatments caused a reduction in plant 
population. 
 
Growth stages for the weeds at the time of the POST applications are listed in Table 2.  
All three POST treatments severely injured the garbanzo beans and injury persisted 
through the final evaluation in mid-July (data not shown).  Furthermore, none of the 
POST treatments worked well on the weeds present (Table 3).  Chlorimuron (Classic®, 
DuPont) killed all the garbanzo beans, but thifensulfuron- (Harmony GT®, DuPont) and 
2,4-DB-treated beans showed some recovery.  These POST treatments did not show 
enough margin for selectivity to merit more research to determine garbanzo bean 
tolerance. 
 
Treatments with sulfentrazone controlled at least 99 percent of all the weeds present, but 
unfortunately the rate used was a misapplication and was 10 times higher than what is 
registered.  Pursuit is the standard treatment and controlled at least 86 percent of all the 
weeds across both locations.  None of the other stand-alone treatments adequately 
controlled the weeds present.  Pendimethalin plus oxyfluorfen controlled hairy 
nightshade well at both locations, but common lambsquarters control was poor in 
Prineville.  The likelihood of developing and registering better weed control options for 
garbanzo bean is very low. 
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Table 1.  Garbanzo bean stand counts and visual injury following herbicide applications 
near Prineville and Madras, Oregon, 2006. 

Garbanzo bean, 
Prineville, May 18§ 

 Garbanzo bean, 
Culver, June 1¶ 

Treatment† 

Rate  
(lb ai or 
ae/acre) 

Applic. 
stage‡ 

Stand 
count Injury 

 Stand 
count Injury 

   
Plants/2 

yds % 
 Plants/ 

2 yds % 
        

Ethalfluralin 0.75 PPI 9.3 16  10.8 1 
Dimethenamid-P 0.75 PPI 9.5 19  9.0 5 
Dimethenamid-P 0.75 PRE 9.2 0  7.9 4 
Sulfentrazone 1.4# PRE 9.3 25  12.9 10 
Pendimethalin 0.95 PRE 10.2 5  11.8 8 
Oxyfluorfen 0.25 PRE 12 13  10.0 5 
Imazethapyr 0.05 PRE 6.8 15  9.6 4 
Dimethenamid-P 
fb Sulfentrazone 

0.75  
fb 1.4# 

PPI  
fb PRE 10.7 27  9.5 9 

Dimethenamid-P 
+ Sulfentrazone 

0.75  
+ 1.4# PRE 7.8 29  9.1 14 

Dimethenamid-P 
fb Oxyfluorfen 

0.75  
fb 0.25 

PPI  
fb PRE 9.0 21  10.4 14 

Dimethenamid-P 
+ Oxyfluorfen 

0.75  
+ 0.25 PRE 8.8 17  9.6 6 

Sulfentrazone  
+ Oxyfluorfen 

1.4# 
+ 0.25 PRE 8.8 45  10.1 11 

Pendimethalin  
+ Oxyfluorfen 

0.95  
+ 0.25 PRE 6.8 23  9.9 8 

Check 0.0 --- 9.3 0  11.5 0 
        

LSD (P = 0.05)   NS ---  NS --- 

† Treatments with a + indicate that herbicides were tank-mixed.  A treatment with an ‘fb’ 
indicates that one herbicide was followed by another.  Trade names commonly used for 
these herbicides: ethalfluralin = Sonalan® (Dow), dimethenamid-P = Outlook® (BASF), 
sulfentrazone = Spartan, pendimethalin = Prowl H20® (BASF), oxyfluorfen = Goal® 

(Dow), imazethapyr = Pursuit. 
‡ PPI = post plant, incorporated; PRE = preemerge, surface. 
§ In Prineville, treatments were applied April 12, 2006. 
¶ In Culver, treatments were applied April 26, 2006.  
# A calculation error resulted in sulfentrazone being applied at a rate 10 times higher 

than what is currently registered.  Using sulfentrazone at the rate listed would be a 
gross violation of the label. 
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Table 2.  Application dates and weed stages at the time of herbicide application in 
garbanzo beans near Prineville and Culver, Oregon, 2006. 

  Prineville   Culver  
 April 12† May 25‡ April 26† May 27‡ 
Hairy nightshade preemerge ht: 3 inch preemerge 2-5 leaf, ht: 2 inch 
Common lambsquarters preemerge ht: 3 inch preemerge ht: 3 inch 
Wild buckwheat preemerge ht: 4 inch --- --- 
Redroot pigweed --- --- preemerge 4-8 leaf, dia: 2 inch 
Volunteer carrot --- --- preemerge 2-3 leaf 
† Indicates PPI and PRE application stages. 
‡ Indicates POST application stage.
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Table 3.  Weed control from herbicides applied in garbanzo beans near Prineville and Culver, Oregon, 2006. 
   Prineville, June 1§  Culver, June 7¶ 

Treatment† 
Rate (lb ai 
or ae/acre) 

Applic. 
stage‡ 

Hairy 
nightshade 

C. lambs-
quarter 

Wild 
buckwheat 

 Hairy 
nightshade 

C. lambs-
quarter 

Redroot 
pigweed 

Vol. 
carrot 

   ----------------------------------------------- % Control ----------------------------------------------- 
Ethalfluralin 0.75 PPI 45 38 50  45 48 53 0 
Dimethenamid-P 0.75 PPI 48 20 0  68 59 79 20 
Dimethenamid-P 0.75 PRE 58 40 75  45 60 75 43 
Sulfentrazone 1.4 PRE 100 100 100  100 100 100 99 
Pendimethalin 0.95 PRE 63 50 50  83 94 89 13 
Oxyfluorfen 0.25 PRE 69 28 58  90 79 93 18 
Imazethapyr 0.05 PRE 87 86 100  88 88 98 98 
Dimethenamid-P 
fb Sulfentrazone 

0.75  
fb 1.4 

PPI  
fb PRE 100 100 100 

 
100 100 100 100 

Dimethenamid-P 
+ Sulfentrazone 

0.75  
+ 1.4 PRE 100 100 100 

 
100 100 100 100 

Dimethenamid-P 
fb Oxyfluorfen 

0.75  
fb 0.25 

PPI  
fb PRE 96 48 75 

 
100 99 99 78 

Dimethenamid-P 
+ Oxyfluorfen 

0.75  
+ 0.25 PRE 84 45 50 

 
99 99 100 81 

Sulfentrazone  
+ Oxyfluorfen 

1.4 
+ 0.25 PRE 100 100 100 

 
100 100 100 100 

Pendimethalin  
+ Oxyfluorfen 

0.95  
+ 0.25 PRE 89 60 100 

 
97 98 98 50 

Thifensulfuron 0.004 POST 23 40 28  23 57 43 27 
Chlorimuron 0.01 POST 58 68 68  81 70 86 76 
2,4-DB 0.2 POST 26 45 13  33 40 15 10 
† Treatments with a + indicates that herbicides were tank-mixed.  A treatment with an ‘fb’ indicates that one herbicide was followed by another.  

Trade names commonly used for herbicides not included above: thifensulfuron = Harmony GT; chlorimuron = Classic; 2,4-DB = Butyrac® 
(Albaugh, Inc.).  Treatments applied POST included non-ionic surfactant at 0.25 percent v/v. 

‡ PPI = post plant, incorporated; PRE = preemerge, surface; POST = postemergence. 
§ In Prineville, treatments were applied April 12, 2006. 
¶ In Culver, treatments were applied April 26, 2006. 
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Evaluation of Postemergence Herbicides on Peppermint 
 

Richard Affeldt, Bill Brewster, and Claudia Campbell 
 

Abstract 
 

A single trial was conducted in a commercial field of established peppermint grown for 
oil to evaluate three postemergence herbicides for peppermint tolerance.  All three 
herbicide treatments resulted in severe peppermint injury.  None of the herbicides tested 
offer a new solution for postemergence weed control in peppermint. 
 

Introduction 
 

Pyridate (Tough®, formerly Novartis) herbicide was a very effective and safe 
postemergence herbicide used in peppermint.  Unfortunately, pyridate is no longer 
manufactured and a suitable replacement for postemergence weed control has not been 
found.  The objective of this trial was to evaluate three postemergence herbicides for 
peppermint tolerance. 
 

Methods and Materials 
 

A single trial was conducted in a commercial field of established peppermint near Powell 
Butte, Oregon.  Pyraflufen (ET®, Nichino America) was applied April 28, 2006 to mint 
that was 4 inches in height.  Cloransulam (FirstRate®, Dow) and diflufenzopyr plus 
dicamba (Distinct®, BASF) were applied May 25, 2006 to mint that was 10 inches in 
height. 
 
Plots were 7-ft by 25-ft with 4 replications arranged as randomized complete blocks.  
Treatments were applied with a CO2 backpack sprayer delivering 20 gal/acre operating at 
20 psi and 3 mph.  Peppermint injury was determined by making visual evaluations using 
a 0 to 100 percent standard rating scale, with 0 percent being no injury.  All the plots 
were hand harvested on August 4.  The samples were air dried in burlap sacks until 
August 10 when they were steam distilled in a small-scale still at the Hyslop Research 
Farm near Corvallis, Oregon to measure the oil yield. 
 

Results and Discussion 
 

The three herbicide treatments resulted in severe peppermint injury, but differences in oil 
yield were not detectable (Table 1).  The injury observed would be unacceptable for use 
in commercial production and it seems unlikely that lower rates of these herbicides would 
be useful for controlling weeds.  None of the herbicides tested offer a new solution for 
postemergence weed control in peppermint.   
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Table 1.  Peppermint injury and oil yield following herbicide applications near Powell 
Butte, Oregon, 2006. 

 Peppermint injury  
Treatment† 

Rate 
(lb ai/ac) May 5 June 3 July 6 Oil yield 

  ---------------------- % ---------------------- lb/A 
      

Pyraflufen 0.0065 35 28 5 59 
Cloransulam‡ 0.0105 --- 19 14 75 
Diflufenzopyr 
+ dicamba‡ 0.0875 --- 35 43 61 
Check --- 0 0 0 71 
      

LSD (P = 0.05)  --- --- --- NS 
† Pyraflufen (ET) was applied April 28, cloransulam (FirstRate) and diflufenzopyr + 

dicamba (Distinct) were applied May 25. 
‡ Treatments included non-ionic surfactant at 0.25 percent v/v. 
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Tolerance of Newly Planted Peppermint to Herbicides 
 

Richard Affeldt, Bill Brewster, and Claudia Campbell 
 

Abstract 
 

A trial was conducted to evaluate crop safety with preemergence applications of 
flumioxazin and clomazone on spring-planted peppermint.  The trial was conducted in a 
commercial field near Prineville on a sandy loam soil.  Treatments were applied April 7, 
4 days after planting.  Clomazone resulted in no peppermint injury and flumioxazin 
reduced the foliage fresh weight and the oil yield by 14 percent compared to the check. 
 

Introduction 
 

Flumioxazin (Chateau®, Valent) and clomazone (Command®, FCM Agricultural 
Products) are two herbicides that have recently been registered for use in peppermint.  
The Command label states that the product can be used on new plantings of mint (often 
called baby mint) but the Chateau label gives no indication about use on baby mint.  A 
trial was conducted to evaluate crop safety with preemergence applications of 
flumioxazin and clomazone on spring-planted peppermint. 
 

Methods and Materials 
 

The trial was conducted in a commercial field near Prineville, Oregon on a sandy loam 
soil.  Treatments were applied April 7, 2006, 4 days after planting.  Plots were 7-ft by 25-
ft with three replications arranged as randomized complete blocks.  Treatments were 
applied with a CO2 backpack sprayer delivering 20 gal/acre operating at 20 psi and 3 
mph.  Peppermint injury was determined by making visual evaluations using a 0 to 100 
percent standard rating scale, with 0 percent being no injury.  The check plots and 
flumioxazin plots were hand harvested on August 4.  The samples were air dried in 
burlap sacks until August 10 when they were steam distilled in a small-scale still at the 
Hyslop Research Farm near Corvallis, Oregon to measure the oil yield 
 

Results and Discussion 
Clomazone resulted in no visual injury and was therefore not harvested (Table 1).  An 
evaluation 2 months after application showed some mint stunting from flumioxazin.  
Flumioxazin reduced the foliage fresh weight and the oil yield by 14 percent compared to 
the check. 
 
At the time of this report the flumioxazin (Chateau) label is being rewritten to exclude its 
use on baby mint. 
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Table 1.  Newly planted peppermint injury and yield following herbicide applications 
near Prineville, Oregon, 2006. 

Treatment 
Rate 

(lb ai/ac) 
Injury 
May 3 

Injury 
June 3 

Injury 
June 23 

Fresh 
weight Oil yield 

  --------------- % --------------- lb/plot lb/ac 
       

Flumioxazin 0.1275 0 13 0 9.9 54.2 
Clomazone 0.5 0 0 0 --- --- 
Check 0.0 0 0 0 11.5 63.0 
       

LSD (P = 0.05)  --- --- --- 1.1 9.2 
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Puncturevine Control in Right-of-Way Areas 
 

Richard Affeldt and Claudia Campbell 
 

Abstract 
 

Control of puncturevine (Tribulus terrestris) in areas adjacent to cropland is difficult 
because seeds can germinate throughout the summer and then rapidly flower and produce 
viable seed.  Six soil-active herbicides were tested for residual puncturevine control on 
two roadside locations near Prineville and Madras, Oregon.  Across the two locations, 
puncturevine control was consistently good with imazapyr plus diuron (Sahara®, BASF). 
 

Introduction 
 

Control of puncturevine (Tribulus terrestris) in areas adjacent to cropland is difficult 
because seeds can germinate throughout the summer then rapidly flower and produce 
viable seed.  Many postemergence herbicides control puncturevine well, but prevention 
of viable seed formation requires treating infested areas every 3 weeks throughout the 
summer.  It is not reasonable for most landowners to treat this frequently.  Puncturevine 
control in right-of-ways is further complicated by the gravelly soil conditions that 
typically characterize these areas.  These soil conditions limit the efficacy of soil-active 
herbicides.  The objective of these experiments was to evaluate efficacy on puncturevine 
of six soil-active herbicides. 
 

Methods and Materials 
 

Six soil-active herbicides were tested for residual puncturevine control on two roadside 
locations near Prineville and Madras.  Treatments were applied preemergence to the 
puncturevine and postemergence to the prickly lettuce (Lactuca serriola) on April 7 and 
May 9, 2006, respectively at rates currently registered for non-cropland use.  Plots were 7 
ft by 15 ft with three replications arranged as randomized complete blocks.  Treatments 
were applied with a CO2 backpack sprayer delivering 20 gal/acre operating at 20 psi and 
3 mph.  Herbicide efficacy was determined by making visual evaluations using a 0 to 100 
percent standard rating scale, with 0 percent being no control. 
 

Results and Discussion 
 

Precipitation varied between the two sites and the timing of precipitation relative to 
application likely had a strong influence on herbicide efficacy.  At Prineville, 0.38 inches 
of precipitation fell 3 days after the April 7 application.  At Madras, 0.21 inches of 
precipitation fell 10 days after the May 9 application.  There was only one germination 
flush of puncturevine at each location.  In Prineville, flumioxazin (Chateau®, Valent), 
imazapyr plus diuron, and oryzalin (Surflan®, UPI) controlled 100 percent of the 
puncturevine 117 days after application (Table 1).  Also in Prineville, hexazinone 
(Velpar®, DuPont), flumioxazin, and imazapyr plus diuron controlled 97 percent or more 
of the prickly lettuce.  At Madras only imazapyr plus diuron controlled 100 percent of the 
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puncturevine 92 days after application.  Across the two locations, puncturevine control 
was consistently good with imazapyr plus diuron. 
 
Table 1.  Puncturevine and prickly lettuce control on August 4 from herbicide 

applications on roadsides near Madras and Prineville, Oregon, 2006. 
Treatment† Rate  Prineville  Madras 

 
(lb ai or 
ae/acre)  Puncturevine 

Prickly 
lettuce  Puncturevine 

Prickly 
lettuce 

   --------------------- % Control --------------------- 
Hexazinone 3.0  67 100  33 67 
Chlorsulfuron 0.14  50 33  87 43 
Flumioxazin 0.38  100 97  73 7 
Sulfentrazone 0.38  33 33  26 0 
Imazapyr + 
Diuron 

1.0 + 
8.0  100 100  100 25 

Oryzalin 6.0  100 50  33 10 
† Trade names commonly used for these herbicides: hexazinone = Velpar, chlorsulfuron = 

Telar® (DuPont), flumioxazin = Chateau, sulfentrazone = Spartan® (FMC Corp.), 
imazapyr + diuron = Sahara, and oryzalin = Surflan. 
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Control of Medusahead and Cheatgrass on Central Oregon Rangelands 
Using Outrider® and Roundup® Pro Alone and in Combination, 2006 

 
Marvin Butler, Claudia Campbell, and Richard Affeldt 

 
Abstract 

 
Annual grassy weeds medusahead (Taeniatherum caput-medusae) and cheatgrass 
(Bromus tectorum) are capable of crowding out bunchgrasses, leaving rangelands with 
little feed for cattle and more prone to devastating fires and soil erosion. The herbicides 
Outrider® and Roundup® Pro, applied alone and in combination, were evaluated for 
control of these weeds compared to Plateau® and an untreated check. Combinations of 
Outrider plus Roundup Pro provided greater control than either product alone, but did not 
outperform Plateau. Increasing rates of Outrider appeared to increase efficacy. 
 

Introduction 
 
Medusahead (Taeniatherum caput-medusae) is a Category B noxious weed on the 
Jefferson County Weed Control List for containment. It is predominant on millions of 
acres of semi-arid rangeland in the Pacific Northwest. It is extremely competitive, 
crowding out all other vegetation on infested rangeland, including such undesirable 
species as cheatgrass or downy brome (Bromus tectorum). Medusahead and cheatgrass 
often out compete bunch grasses that stabilize the soil and provide feed for cattle and 
other grass feeders. In addition, medusahead and cheatgrass dramatically increase the fuel 
load, creating hotter, more destructive range and forest fires. 
 

Methods and Materials 
 
Outrider® (Monsanto) herbicide at three rates and Roundup® Pro (Monsanto) herbicide at 
two rates were evaluated alone and in combination. These treatments were compared to 
the industry standard Plateau® (BASF Ag Products) and an untreated check. Treatments 
were applied across four replications in randomized complete blocks on November 11, 
2005 and January 24, 2006 with a CO2-pressurized hand-held boom sprayer outfitted 
with TeeJet 8002 nozzles on a 9-ft boom operated at 40 psi and applying 20 gal/acre 
water. Plots were evaluated for percent control of the annual grassy weeds medusahead 
and cheatgrass on May 5 and June 23, 2006. 
 
Reference to a product or company is for specific information only and does not endorse 
or recommend that product or company to the exclusion of others that may be suitable. 
Nor should information and interpretation thereof be considered as recommendations for 
application of any pesticide. Pesticide labels should always be consulted before any 
pesticide use. 
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Results and Discussion 
 
Treatments applied January 24 generally outperformed those applied November 11 
(Table 1). None of the Outrider and Roundup Pro treatments provided greater control of 
the annual grasses medusahead and cheatgrass than Plateau, while all treatments 
suppressed the annual grasses compared to the untreated plots. Outrider and Roundup Pro 
in combination provided better control than either product alone, with a trend for greater 
control with increased rates of Outrider. 
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Table 1. Percent control of medusahead and cheatgrass near South Junction, Oregon, 2005-2006. 
 
   ------------------------------Application date------------------------------  
   November 11, 2005  January 24, 2006  
   ----------Evaluation date----------  ----------Evaluation date----------  
Treatment1 Rate  May 5, 2006  June 23, 2006   May 5, 2006  June 23, 2006  
Plateau2 8 fl oz  88.8 a3 96 a 98.3 a 98 a  
Outrider         
     Roundup Pro 

1.60 oz  
   12 fl oz  78.8 ab 88.8 ab 97.5 ab 95.8 a 

 

Outrider      
     Roundup Pro 

1.33 oz  
   12 fl oz  70 abc 81.3 abc 97.3 ab 96.8 a 

 

Outrider     
     Roundup Pro 

1.07 oz  
   12 fl oz  67.5 abc 76.3 bcd 96.5 ab 97.3 a 

 

Outrider2 1.33 oz  57.5 bcd 66.3 cd 87.5 bc 76.3 b  
Outrider2 1.07 oz  50 cd 27.5 d 82.5 c 76.3 b  
Outrider2 1.60 oz  50 cd 63.8 cd 52.5 d 40 c  
Roundup Pro 12 fl oz  40 de 32.5 e 35 e 28.8 d  
Roundup Pro 16 fl oz  25 e 26.3 e 32.5 e 15 e  
Untreated ----  0 f 0 f 0 f 0 f  
            
1Plateau = imazapic 2 lb ae/gal, Outrider = sulfosulfuron 75 DG, Roundup Pro = glyphosate 3 lb ae/gal. 
2Treatment included a non-ionic surfactant at 0.25 percent V/V. 
3Mean separation with LSD at P ≤ 0.05. 
                           . 
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Control of Medusahead and Cheatgrass in  
Central Oregon Rangelands Using Olympus®, 2006 

 
Marvin Butler, Claudia Campbell, and Richard Affeldt 

 
Abstract 

 
Annual grassy weeds medusahead (Taeniatherum caput-medusae) and cheatgrass 
(Bromus tectorum) are capable of crowding out bunchgrasses, leaving rangelands with 
less feed for cattle and more prone to devastating fires and soil erosion. Olympus 
herbicide was applied March 7 and November 7, 2006. Olympus® provided inadequate 
control that was significantly less than the industry standard, Plateau® . 
 

Introduction 
 
Medusahead (Taeniatherum caput-medusae) is a Category B noxious weed on the 
Jefferson County Weed Control List for containment. It is predominant on millions of 
acres of semi-arid rangeland in the Pacific Northwest. It is extremely competitive, 
crowding out all other vegetation on infested rangeland, including such undesirable 
species as cheatgrass or downy brome (Bromus tectorum). Medusahead and cheatgrass 
often out compete bunch grasses that stabilize the soil and provide feed for cattle and 
other grass feeders. In addition, medusahead and cheatgrass dramatically increase the fuel 
load creating hotter, more destructive range and forest fires. 
 
 

Methods and Materials 
 
Olympus® (Bayer Crop Science) alone was applied at three rates on March 7 and 
November 17, 2006. It was also applied in combination with the numbered compound 
AE F130060 on March 7 and Roundup Pro® (Monsanto) on November 17.  These 
treatments were compared to the industry standard Plateau® (BASF Ag Products) and an 
untreated check. Treatments were applied across four replications in randomized 
complete blocks with a CO2-pressurized hand-held boom sprayer outfitted with TeeJet 
8002 nozzles on a 9-ft boom operated at 40 psi and applying 20 gal/acre. Plots were 
evaluated for percent control of the annual grassy weeds medusahead and cheatgrass, and 
for percent reduction in the growth of intermediate wheatgrass (Thinopyrum 
intermedium) for the March 7 application on May 2, 2006 and the November 17 
application on April 23, 2007.  
 
Reference to a product or company is for specific information only and does not endorse 
or recommend that product or company to the exclusion of others that may be suitable. 
Nor should information and interpretation thereof be considered as recommendations for 
application of any pesticide. Pesticide labels should always be consulted before any 
pesticide use. 
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Results and Discussion 
 
Olympus applied March 7 did not provide adequate control of the annual grasses 
medusahead and cheatgrass (Table 1). Plateau provided significantly greater control than 
Olympus compared to the untreated control. However, Olympus at the lower rates caused 
significantly less stunting to intermediate wheatgrass compared to Plateau. When these 
plots were evaluated again on April 23, 2007 there was still a high level of annual grass 
control in the Plateau plots and the intermediate wheatgrass was 150% of the untreated 
control due to minimal competition.  
 
Fall application of Olympus did not provide control of medusahead and cheatgrass unless 
it was applied in combination with Roundup Pro (Table 2). The combination treatments 
provided 74 to 75 percent control, while Plateau provided 99 percent control. Plateau 
alone did not affect intermediate wheatgrass size, while treatments of Olympus plus 
Roundup Pro provided a slight increase in plant size. Spring appears to be the preferred 
application timing for Olympus applied alone. 
 
Table 1. Effect of herbicides on the control of cheatgrass and medusahead and reduced 
growth of intermediate wheatgrass in rangeland north of Madras, Oregon, applied March 
7, 2006 and evaluated May 2, 2006. 
  
Treatment1 Product/acre  Annual grasses  Bunchgrass size 
  --Percent control-- Percent of untreated  
Plateau 6 oz  92 a2  47 a 
Olympus 1.22 oz  50 b  70 ab 
Olympus 0.92 oz  23 c  77 bc 
Olympus 0.61 oz  38 b  80 bc 
     AE F130060      0.286 oz       
Olympus 0.61 oz  18 c  95 c 
Untreated ----  0 d  100 c 
        
1Plateau = imazapic 2 lb ai/gal, Olympus = propoxycarbazone 70 DG, AE F130060 = 75 
DG.  All treatments included a non-ionic surfactant at 0.25 percent V/V. 
2Mean separation with Least Significant Difference (LSD) at P < 0.05. 
 



- 23 -  

Table 2. Effect of herbicides on the control of cheatgrass and medusahead and reduced 
growth of intermediate wheatgrass in rangeland north of Madras, Oregon, applied 
November 17, 2006 and evaluated April 23, 2007. 
  
Treatment Product/acre  Annual grasses  Bunchgrass size 
  --Percent control-- Percent of untreated  
Plateau 6 oz  99 a  107.5 ab 
Olympus 0.92 oz  75 b  105 ab 
     Roundup Pro      12 fl oz       
Olympus 1.22 oz  74 b  117.5 a 
     Roundup Pro      12 fl oz       
Olympus 0.92 oz  0 c  100 b 
Olympus 1.22 oz  0 c  100 b 
Untreated ----  0 c    
        
1Roundup Pro = glyphosate 
2Mean separation with Least Significant Difference (LSD) at P < 0.05. 
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Reduced Xanthomonas on Seed-to-seed Carrot Plants and Harvested Seed 

Resulting From Early Season Pesticide Applications, 2005-2006 
 

Fred Crowe, Rhonda Simmons, Robert Crocker, Bruce Martens, and Mike Weber 
 
 

Abstract 
 
A number of antibacterial pesticides were sprayed singly or in combination onto seedling carrots in 
test plots in a five by five replicated field trial in the fall of 2005 (twice) and early spring of 2006 
(once), following artificial point-source infestations of Xanthomonas campestris pv carotae 
(“Xanthomonas”) in each plot at the two-leaf stage.  In late fall 2005, Xanthomonas was recovered at 
moderate frequency from infested-but-unsprayed plots, but initial post-winter recovery was very 
low.  In infested-but-unsprayed plots, frequency of recovery and net plot Xanthomonas populations 
on plants increased regularly through 2006, resulting in recovery from all five replications, an 
average of  more than 1x107 colony-forming units (CFU) per g dry carrot foliage by August 2006, 
and 2.8 x 108 CFU/10,000 seed at harvest in September 2006.  In contrast, in plots treated with all 
antibacterial pesticides, recovery frequency and net Xanthomonas populations on foliage was lower 
up until harvest, and seed assays were lower than for the untreated check.  This suggested that all 
antibacterial treatments applied to seedlings greatly delayed epidemic spread of Xanthomonas all 
season long.  Nevertheless, seed assays were at least 1 x 105 CFU/10,000 seed for nearly all 
antibacterial treatments, at or above the level requiring hot water seed treatment.  The only exception 
was the treatment combination of ManKocide® plus Tanos®, for which no Xanthomonas was 
recovered from plants from any plots in 2005 or 2006, or from harvested seed in 2006.  It appeared 
that early Xanthomonas populations were eradicated by ManKocide plus Tanos, and Xanthomonas 
did not reestablish later in ManKocide plus Tanos plots.  The field trial plot structure (plots were 
substantially separated by wide alleys and were drip irrigated in 2006 following sprinkler irrigation 
in fall 2005) allowed season-long product evaluation in spite of abundant spring rain in 2006.  A 
revised working hypothesis of how Xanthomonas develops on seed-to-seed carrots is suggested. 
 

Introduction 
 
Bacterial blight of carrots is incited by Xanthomonas campestris pv carotae (hereafter simply 
referred to as “Xanthomonas”).  In carrot seed fields in central Oregon and central Washington, 
bacterial blight disease generally is mild and occasional, even frequently absent, although high 
disease incidence does flare up in some fields in some years.  More problematic is that Xanthomonas 
is abundant on seed harvested from these regions, even in the absence of bacterial blight disease.  
Such infested seed may be a source of infection for more damaging disease in commercial plantings.   
 
The following summarizes the results of carrot seed field monitoring over several years in the 
Pacific Northwest (Du Toit et al. 2005):  contamination levels of 106-108 CFY/10,000 harvested seed 
are common for commercial seed lots from central Oregon and central Washington.  In seed-to-seed 
production, Xanthomonas incidence on foliage becomes established on a very low proportion of 
plants soon after planting of seed in fall, increasing progressively in most fields until a high 
proportion of plants harbor a population before harvest the following year.  On individual plants, the 
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population increases very rapidly, frequently reaching levels of 106-108 CFY/g dry weight.   Seed 
lots used to plant seed fields almost never test positive for Xanthomonas, indicating that seed lots are 
either carefully chosen and/or that all or most are hot water treated (see below).  Sources for 
infestation of seed fields typically are local, probably originating in older seed fields.  A few fields 
seem to escape all Xanthomonas infestation each year.  Other crops and weeds appear not to harbor 
this strain of Xanthomonas.   
 
We previously informally reported that as many as 5 percent of over-wintered seed carrot plants 
harbor internal Xanthomonas populations as high as 106-1010 CFU/g tissue, distributed in either 
leaves and stems, or roots, or both.  The natural etiology and timing of how such infections establish 
and develop in the late fall, winter and/or very early spring is undetermined, although we were able 
to create internally infested carrots post-vernalization by wound or dip inoculating either roots or 
petioles as carrots were placed into cold storage (F. Crowe and R. Simmons, unpublished except in 
previous reports to the California Fresh Carrot Research Advisory Board [CFCRAB]).  The 
importance of such internal infection is unclear in the Xanthomonas cycle on seed-to-seed carrots. 
 
It is unclear how much Xanthomonas occurs directly on seed in umbels versus other parts of the 
plant.  Nevertheless, in the harvest combining process Xanthomonas in dust and debris from leaves, 
stems, and umbels likely becomes deposited onto seed.  Carrot seeds have spines that might help 
collect such dust and debris, but these spines are removed (deburred) during the seed cleaning 
process.  It seems likely that deburring and other manipulations of seed during the cleaning and 
sizing process removes a substantial amount of harvest dust and small debris that may carry 
Xanthomonas.  Seed quality, percent germination, and Xanthomonas infestation levels are 
determined after deburring.   
 
By planting out variably infested lots of seed, and measuring the incidence of bacterial blight that 
resulted in commercial carrot plantings in two different years, a purported economic threshold was 
established for seed lots planted in central California in the late 1990’s (Umesh et al. 1998).   It is 
unlikely that any one such study truly represents a realistic economic threshold risk for all 
commercial fields in all regions in all years and under all management systems, although it may 
reasonably represent the risk in central California.  Nevertheless, this threshold level of 105 CFU 
Xanthomonas/10,000 seed  = 100,000 CFU/10,000 seed, or 10 Xanthomonas per seed, has been 
accepted as a standard by many in the carrot industry.  These assay numbers are typically based on 
using the highly selective XCS growth medium for carrot Xanthomonas (Williford and Schaad 
1984).  Seed lots found infested above this level commonly are hot water treated to reduce the 
infestation level treatment (Strandberg and White 1989).  Seed lots infested below this level may be 
accepted for planting without hot water treatment.  Hot water treatment either eradicates 
Xanthomonas from seed or reduces it below detection levels.   
 
In addition to actual disease, costs to the seed production system result from (a) hot water treatment, 
(b) reduced seed germination from the effects of hot water treatment, (c) rejection of seed lots if the 
resultant germination drops too low, and (d) any chemical applications made to seed fields in the 
attempt to reduce Xanthomonas.  Research described here was undertaken towards reducing 
Xanthomonas levels on carrot seed and reducing the need for hot water treatment. 
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Currently, the majority of carrot seed fields in central Oregon are irrigated by either sprinkler or 
furrow irrigation, although the proportion of fields irrigated by drip has increased annually since 
2000.  Because bacterial populations typically increase and spread in association with free moisture 
on foliage, especially splashing (but also by equipment movement, etc.), the mode of irrigation 
continues to be a question with respect to Xanthomonas in carrot fields.  Anecdotal observations by 
growers and seedsmen and our surveys during 2003 and 2004 (Du Toit et al. 2005) failed to note any 
strong differences in seed lot infestation with respect to mode of irrigation.  Nevertheless, more 
detailed monitoring of drip- versus sprinkler-irrigated fields in 2004 and 2005 (both years with high 
seasonal rainfall) suggested that seed infestations could be reduced as much as 0.5-1.0 log units 
under drip irrigation, and it was speculated that such differences might be even more favorable for 
drip irrigation in years with normally dry seasons.  It seems clear that seasonal weather patterns 
influence Xanthomonas spread, and this may involve timing of rainfall, humidity, etc. 
 
Investigations presented below probed the concept that antibacterial pesticide sprays (e.g., copper 
materials and some others) might enhance drip and/or furrow irrigation to suppress Xanthomonas 
development, even though in the past such sprays have not been clearly demonstrated in most 
sprinkler-irrigated fields to result in lower Xanthomonas in harvested seed lots (F. Crowe, 
unpublished data).  Our working hypothesis has been that Xanthomonas control might be achieved if 
initial infestation could be eliminated soon after Xanthomonas arrives in newly seeded fields during 
the first month or so after emergence.  It is this period when wind-blown inoculum is most prevalent 
(DuToit et al. 2005).  Once Xanthomonas infestations become established, especially on larger 
plants where Xanthomonas populations may be very high and where spray coverage is difficult, 
chemical control would become much more difficult and probably unlikely.  Even if fields become 
infested later (e.g., spring or early summer), fall control might delay Xanthomonas population 
increase enough that lower seed infestation might result.   
 

Materials and Methods 
 
Five strips of seed-to-seed carrots were established in a trial area suitable for furrow irrigation.  
Seeding was on 10 August 2005.  Carrots were planted in 30-inch rows in long strips through the 
field.  Strips were separated by a 20-ft unplanted alley.  Emergence was roughly September 1, after 
which carrots were removed by tillage from 30-ft cross-alleys between plots along the strips.  Thus, 
plots were 20 ft wide (8 rows) by 20 ft long, separated by alleys either 20 or 30 ft wide.   For 65 
plots total, plots were arranged in a 5 by 5 replicated randomized block design with 13 treatments 
per strip replication.  Plants were not thinned, and averaged 1 plant per 2 inches. 
 
In central Oregon, seed-to-seed carrots initially are sprinkler irrigated prior to and after emergence 
through the fall.  Irrigation from spring through fall may be by sprinkler, furrow, or drip.  In this 
trial, irrigation was switched to furrow in the spring of 2006.  All fertilization, herbicide, and other 
practices were as per commercial production for the region and are not detailed here.  Only a female 
carrot line was planted to prevent this field from cross-pollinating with other fields in the region.  
Carrots in plots were not thinned to 1 plant per 6-12 inches as per most seed-to-seed fields.  Initial 
stands averaged 1 plant per 2 inches.  Although frequent plant sampling did thin the plots slightly, 
plant stands remained at least as thick as commercial fields throughout the season.  No bees were 
installed at pollination, but bees, flies, and other insects were active on flowers.  Although seed set 
did occur, it was lighter than if there had been nearby pollination sources. 
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We attempted to initiate a mini-epidemic of Xanthomonas in each plot by establishing small, point-
source infestations simulating Xanthomonas -infested dust falling onto newly seeded carrot fields.  
The alley structure discussed above was intended to contain each mini-epidemic within each plot, 
and prevent plot-to-plot cross-contamination.  One outcome of the trial was to evaluate whether this 
plot and infestation structure had merit for such studies. 
 
Air-dried foliage ground in a Wiley mill and which assayed 106 Xanthomonas CFU/g dry tissue was 
used to infest plots.  Prior to infestation, plots were irrigated very lightly on September 12 so that the 
ground foliage would stick to carrot seedlings.  Wind was either very light or absent.  At that time 
0.5 g of inoculum was sprinkled by hand immediately above plants in the middle 2 rows by 25 cm-
long plot area, in each plot.  Approximately half of the ground inoculum contacted and stuck to 
damp foliage.  Most remaining particles fell to the ground near the base of seedlings, and some 
visible smaller dust drifted up to a meter downwind but none noticeably drifted outside the plots.  
All plots were infested within 15 minutes of starting, and water was still noticed on foliage in the 
final plot, in spite of sunny conditions.  No plots were left noninfested for this 2005-2006 trial. 
 
Treatments were various antibacterial pesticide products sprayed onto foliage.  Sprays were made on 
September 19 at the three- to four-leaf stage of growth (Fig. 1).   A repeat application was on 
October 3 when carrots had approximately five leaves.  A third application was made on April 13 at 
which time only three to six small green leaves were present following winter die back of the fall 
foliage.   
 
We earlier determined that coverage of carrot foliage was critical to product efficacy (F. Crowe, 
unpublished data).  A commercially designed tractor-mounted spray tank and boom were used in this 
trial, with nozzle orientation in a triangular fashion over each carrot row. Two nozzles sprayed from 
the sides of seedling carrots, and one nozzle sprayed from above (Fig. 1).  This seemed to be the 
most optimal commercially used orientation available.  All products were applied at 40 gal/acre 
broad acre, but only the carrot rows were sprayed so that in reality it was 20 gal/acre.  For each plot, 
the tractor-sprayer was started up in the middle of the alley so that it was at application speed by the 
time any spray was applied. Similarly, the spray was continued at pace until reaching well past each 
plot.  Wide alleys allowed the spray rig to be easily maneuvered among plots.   All applications 
included 9 oz/100-g water Silken (silicone based) spreader sticker, plus an antifoaming agent.  
Enough product was mixed in the spray tank to allow for spraying all five replications per treatment 
with a single tankful.  The tank and spray rig were purged between each treatment.  Spray treatments 
included the following, with all rates as the amount of commercial product: 
 
1.  Untreated 
2.  Hasachlor 1qt/acre (12.5 percent sodium hypochlorite, Hasa, Inc.) 
3.  Oxidate 1:100 dilution (peroxyactic acid, Biosafe Corp.) 
4.  ManKocide® 2.5 lb/acre  (mancozeb + copper hydroxide, DuPont/Griffin) 
5.  Kocide® 2000  1.5 lb/acre  (copper hydroxide, DuPont/Griffin) 
6.  Serenade® 3 lb/acre   (Bacillis subtlis, AgriaQwest) 
7.  Hasachlor 1 qt/acre first application, chased 2 days later by BlightBan® A506 150 g,  

followed by later applications of BlightBan A506 alone  (BlightBan = Psuedomonas 
flourescens, Plant Health Tech.) 
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8.  Oxidate 1:100 first application, chased 2 days later by BlightBan A506 150 g, followed  
by later applications of BlightBan A506 alone 

9.  Hasachlor 1 qt/acre plus ManKocide 2.5 lb/acre   
10.  Oxidate 1:100 plus ManKocide 2.5 lb/acre  
11.  Kocide 1.5 lb/acre plus Tanos 8oz/acre  (famoxadone plus cymoxanil, DuPont) 
12.  ManKocide 2.5 lb/acre plus Tanos 8 oz/acre   
13.  ManKocide 2.5 lb/acre plus Serenade 3 lb/acre   
 
Beginning a week after infestation, untreated check plots were sampled weekly until Xanthomonas 
was detected, after which all plots were sampled on an approximately monthly basis except for mid-
winter.  Sampling involved collecting foliage from 30 plants per plot, placing foliage into a new 
plastic bag, and storing each bag refrigerated until plants were assayed within 24 hours of collection.  
Described in more detail by Du Toit et al. (2005), Williford and Schaad (1984), and Umesh et al. 
(1998), the assay involved chopping the foliage (except when small), then shaking each sample in 
phosphate buffer for 1 hour, then dilution plating the water from the shaker onto highly selective 
XCS agar medium, and calculating the amount of colony-forming units (CFU)/g of dry weight of 
foliage washed.  Thus, foliage from each plot was assayed as a composite of 30 plants, with the plot 
as the sampled experimental unit.  When small, all the foliage from each composited carrot was 
sampled.  As plants became larger and bolted, plants were subsampled to include a representative 
amount of foliage, petioles, stems, and umbels.   
 
On September 6, umbels were hand clipped from all replications from some but not all treatments.  
Treatments selected for harvest included the unsprayed check and others that spanned a range of 
seasonal Xanthomonas assay recoveries.  The final irrigation was on July 21, and plants were 
somewhat dry when umbels were collected.  For each sampled plot, 100 umbels representing a 
typical harvest range (mostly primary and secondary, very few tertiary) were collected and bagged 
and allowed to further air dry.  Several leaves per plant were included with the umbels to provide 
additional sources of Xanthomonas.  Hands and tools were disinfested following collection from 
each plot.  After several additional weeks air drying, seed was hand rubbed from each umbel per 
plot.  Seed was deburred, and then passed through screens by hand, using standard research 
equipment.  This procedure simulated the commercial combine-deburring seed-cleaning process.  
All tools, equipment, and hands were disinfested between each plot sample at each step of the 
process.  In the end, a fully cleaned seed sample was obtained from each harvested plot, and seeds 
were assayed as in other studies (Du Toit et al. 2005, Williford and Schaad 1984, Umesh et al. 
1998).  Plots yielded between 4,000 and 6,000 seeds.  Because 10,000 seeds were not obtained from 
100 umbels, data were converted to represent CFU/10,000 seeds.  Additional research (not shown) 
suggested that these seed assays resulted in CFU counts 10-20 percent less than those from 
commercial processes, probably due to reduced amount of foliage and stems in our hand process 
compared to commercial harvest.  Such small differences were unimportant, considering that we are 
more concerned about treatment differences of tens of thousands, hundreds of thousands or more. 
 

Results and Discussion 
 
For simplicity of presentation in this report, composite plant assays for Xanthomonas (30-plant 
samples/plot) were rounded off to the nearest order of magnitude for CFU/g dry weight carrot 
foliage and CFU/10,000 seed:  
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0 (zero cannot be represented as exponents of 10, nor by a log value) 
1 = 100 = log 0 
10 = 101 = log 1 
100 = 102 = log 2 
1,000 = 103 = log3  
10,000 = 104 = log 4  
100,000 = 105 = log 5  
1,000,000 = 106 = log 6  
10,000,000 = 107 = log 7 
100,000,000 = 108 = log 8     

When rounded off, averages were rounded after averaging the nonrounded data. 
 
Seasonal composite plant assay data are shown in Table 1 for all plots and all treatments at every 
date of sampling.  Rounded averages and statistics are shown only for the last time of sampling, 9 
August 2005.  We did not sample all plots in the trial until we could first detect Xanthomonas in 
untreated plots.  Xanthomonas first was detected on 27 October 2005 in untreated check plots.  
Because it takes a week or so for Xanthomonas to grow and be observed on the selective medium, 
the entire trial area was not sampled until 28 November 2005.  There appeared to be a decline in 
detection beginning late November 2005, and only a limited frequency of Xanthomonas was 
detected in any plots on 13 April 2006, including none in untreated check plots on that date.   Such 
an over-winter decline in detection was not apparent in our previous surveys (DuToit et al. 2005), 
and we are uncertain whether this was atypical or normal. 
 
Beginning in the spring of 2006, detection frequency increased regularly in untreated check and 
most treated plots through the end of the season.  Xanthomonas was detected in all five replications 
of the check plots by 9 August 2006.  All pesticide-treated plots had a lower frequency of detection, 
but in general the frequency increased in many of these treatments, although it remained low in 
several.  Most interesting, no Xanthomonas was detected season-long in plots treated with the 
combination of ManKocide plus Tanos. 
 
Detection was erratic among replications within treatments.  Detection of Xanthomonas in a plot in 1 
month frequently was followed by failure to detect it in some or all subsequent months.  Based on 
earlier surveys (DuToit et al. 2005), we knew that this erratic recovery was due to sampling methods 
and the probability of finding an infested plant among many noninfested plants.  Most likely, the true 
frequency of plant infestation was in the 2-5 percent range when detection was erratic: a 30-plant 
sample might contain an infested plant or it might not.  To reaffirm this likelihood, in July 2006 
individual plants were assayed separately for several 30-plant samples and indeed we detected a 
single plant as positive in one sample, two in another, and none in a third.  (The population measured 
on those individual plants was very high, 106-108 CFU/g dry weight of foliage, so the 30-plant 
average also was high: divide 10 million by 30 and the resulting number still is very large!)  As the 
true frequency of plant infestation increased, so did our frequency of detection later in the season.  
Based on the earlier surveys, the frequency of plant infestation in the untreated checks by August 
2005 probably was around 60-80 percent, so our likelihood of detection in a 30-plant sample was 
certain.  We were somewhat encouraged that so many pesticide products and product combinations 
reduced the frequency of detection to much lower than the untreated checks. 
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In August, we decided that seed harvest samples needed to be taken, but because of the time and 
expense, not all plots could be included in harvest.  Treatments were ranked in the following 
categories according to the number of times Xanthomonas was detected in plots during the period 
April through August: 

A. High Frequency:   Untreated check (58 percent). 
B. Moderately High:   Oxidate (33  percent), BlightBan after Chlorine (23  percent), Kocide  

27 percent) 
C. Moderate:  ManKocide (13 percent), Chlorine plus ManKocide (20 percent), 

ManKocide plus Serenade (17 percent), Chlorine (17 percent), Kocide      
plus Tanos (13 percent) 

D. Low:     Serenade (7 percent), Oxidate plus ManKocide (10 percent) 
E. None:     ManKocide plus Tanos (0 percent) 

 
We decided to not include any treatment from the “Moderately High” category because the seed 
assay would almost certainly be very high.  Two treatments were included from the “Moderate” 
category (ManKocide and Chlorine).  Serenade was included from the “Low” category, and only 
ManKocide was in the “None” category.    
 
The range of treatments included in harvest resulted in a range of recovery of Xanthomonas from 
seed lots.   CFU/10,000 seed is shown in Table 2 for seed harvested in September 2006.  Seed from 
untreated check plots was uniformly highly infested, as expected based on the “Very High” rating 
from seasonal foliage: Xanthomonas was recovered from seed from all five replications, and the 
average CFU/10,000 seed was 2.80 x 108, or log[CFU] = 8.5.   
 
Recovery of Xanthomonas from seed was lower from all plots originally treated with antibacterial 
pesticides.  For treatments rated as “Moderate” (Chlorine and ManKocide) or “Low” (Serenade) 
based on seasonal Xanthomonas recovery from plants, no Xanthomonas was recovered from seed in 
several replications.  Seed from Chlorine-treated, ManKocide-treated, and Serenade-treated plots 
averaged 3.86 x 107 CFU/10,000 seed (log [CFU] = 7.6); 5.80 x 104 CFU/10,000 seed (log [CFU] = 
4.6), and 7.00 x 106 CFU/10,000 seed (log [CFU] = 6.8), respectively.  Among these treatments, 
only ManKocide-treated seed was below the 105 or log unit 5 threshold, and this just barely.   
 
Interestingly, just as no Xanthomonas was recovered from foliage in plots treated with ManKocide 
plus Tanos (“None” rating), neither was Xanthomonas recovered from seed from those plots.  This 
strongly suggests that no Xanthomonas survived the initial fall and early spring sprays with this 
product, and that no Xanthomonas reestablished within these plots after spraying. 
 
As per the discussion on erratic recovery and sampling frequency above, Xanthomonas was detected 
on seed from some plots that had not tested positive on plants earlier, and vice versa (i.e., 
Xanthomonas was not detected from seed of some plots where plants earlier had tested positive).  
Once again, this simply indicates that in the plots earlier treated with antibacterial pesticides, only a 
few plants or umbels might be infested.  In spite of this, a very high infestation on even a few plants 
or umbels may result in high populations in a composited sample.  We conclude that Xanthomonas 
frequency must be kept very low in a plot or field to keep seed lots from having composited 
populations that must be hot water treated.   
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All the products used in this trial are nonpersistent and none would be expected to sustain control for 
more than a short period of time or to protect new foliage.  Any effects from them must have been 
from eliminating early infestations and either eliminating or reducing them, thus greatly delaying 
epidemic buildup of Xanthomonas.  We were very pleased that no apparent plot-to-plot cross-
contamination was detected in this trial, which suggests the trial structure was fairly robust in design.  
For example, in a number of locations, the ManKocide plus Tanos plots were adjacent to untreated 
checks.   
 
Not mentioned earlier was the fact that the spring of 2006 was a wet spring, with abundant 
opportunities for rain splashing Xanthomonas from plot to plot.  Because no plot-to-plot movement 
was detected, this may suggest a more limited movement by Xanthomonas in this manner than 
previously thought, at least during cooler spring weather and/or when plants are shorter.  The risk 
from spread by equipment and people in our trial probably was comparable to that risk of movement 
in commercial fields.  On the other hand, because our plots were rather small (20 ft by 20 ft), there 
were larger “edge” effects than occur in commercial fields, which may have influenced humidity.  
Nevertheless, because the infested-but-untreated plots developed high levels of Xanthomonas, we 
suspect relatively comparable activity of Xanthomonas occurred in those plots compared to 
commercial fields.  Thus, the more limited occurrence of Xanthomonas in treated plots is probably 
mostly explained by the antibacterial treatments alone. 
 
We were very surprised not to get rapid spread of Xanthomonas within plots where Xanthomonas 
could be recovered.  There was abundant opportunity for it to spread via plant-to-plant contact, 
rainfall plus wind, and mechanical transfer during sampling.  Infested plants are very highly 
populated, so there should be plenty of inoculum.  Clearly, in 2005-2006, most nonpersistent 
antibacterial products applied early in the season did not fully eradicate Xanthomonas, but they did 
delay epidemic development until late in the season.  Based on these and past data, we present a 
revised working hypothesis of how Xanthomonas develops in carrot seed fields:  Xanthomonas 
becomes deposited onto a limited amount of foliage in some manner (wind, equipment, animals, 
seed, etc…) during the fall.  Surface populations develop on some leaves, and Xanthomonas may 
spread somewhat during the fall.  On a limited number of plants (5 percent or so), an internal 
population of Xanthomonas may develop in late fall or winter.  Most or all Xanthomonas located on 
plant surfaces die off during the winter.  Fall antibacterial sprays may reduce or even eradicate 
Xanthomonas on carrot foliage before the transition to internal infestation, or somehow reduce or 
prevent internal infestations.  By the time carrot plants resume regrowth in spring, all or nearly all 
Xanthomonas bacteria in the field are harbored in a small proportion of internally infested plants.  
These bacteria are not immediately able to move epidemically from plant to plant until undetermined 
events expose them (e.g., wounding, insect feeding, guttation, etc).  Nevertheless, as the spring and 
summer develops, these undetermined events occur and some internally located Xanthomonas do 
begin to spread among plants by typical means such as rain, sprinkler irrigation, plant-to-plant 
contact, animals, etc…   Eventually, in unsprayed fields, very high epiphytic populations of 
Xanthomonas are present on many plants. 
 
Additional support of this working hypothesis includes the following: within the species and strains 
of the Xanthomonas group of bacteria, few tolerate cold very well, so our finding that the carrot 
Xanthomonas population declined precipitously over the winter of 2005-2006 seems reasonable–
winters in central Oregon commonly drop well below freezing, and exposed carrot foliage typically 
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is killed.  In central Oregon, we associate the worst Xanthomonas with earlier spring events such as 
hail and sudden late season frosts–perhaps these are opening up wounds that allow early and rapid 
epidemic spread.   
 
Our plant sampling and assay methods for measuring Xanthomonas in/on plants usually involves 
some or even much tissue disruption, so it does not discern the location of Xanthomonas in or on 
foliage, stems, petioles and umbels.   To determine that internal populations existed, in our earlier 
work we devised special procedures to make this distinction; this was easy with carrot storage roots, 
stems and petioles, but less clear with leaves. 
 
A very similar trial was initiated in the fall of 2006 that will be carried through 2007.  This new trial 
will be sprinkler irrigated beginning April 2007.  An additional noninfested, nonsprayed treatment is 
included that was absent from 2005-2006.  It will be interesting to see if Xanthomonas populations 
develop, if cross-contamination among plots occurs, whether the trial structure and infestation 
methods used in 2005-2006 under furrow irrigation hold up season long in 2006-2007 under 
sprinkler irrigation, and whether any products seem to work as well as ManKocide plus Tanos did in 
2005-2006.  We will try some additional sampling and procedures to further refine or reject our 
working hypothesis. 
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Table 1.  Per plot Xanthomonas recovery from carrot foliage from October 2005 to August 2006.  
(Colony-forming units [CFU] per gram dry weight carrot foliage composited from 30 plants/ plot.) 
 

Treatment 
Plot 
no. 10/27 11/8 11/28 4/13 5/17 6/14 7/18 9/9 

          
Check 7 0 106 106 0 105 107 107 107 
  15 102 104 102 0 0 104 107 105 
  29 103 106 0 0 0 0 105 107 
  44 0 106 0 0 0 0 105 107 
  64 102 104 103 0 0 0 0.0 108 
                  X=107 a 
          
Chlorine 2 NS* NS 0 0 105 0 0 0 
  16 NS NS 0 0 0 0 0 104 
  35 NS NS 0 0 106 0 0 106 
  41 NS NS 0 0 0 0 0 0 
  59 NS NS 0 0 0 0 106 0 
                 X=105 c 
          
Oxidate 3 NS NS 0 0 0 0 0 106 
  20 NS NS 102 0 0 105 0 107 
  38 NS NS 0 106 104 0 0 108 
  47 NS NS 0 0 0 0 0 106 
  54 NS NS 0 0 107 0 106 0 
                 X=107 ab 
          
Mankocide 10 NS NS 0 0 0 0 0 0 
  25 NS NS 0 105 0 0 0 0 
  39 NS NS 0 0 0 105 0 106 
  45 NS NS 0 0 0 0 0 0 
  62 NS NS 0 0 0 0 0 103 
                 X=105 c 
           
Kocide 11 NS NS 0 0 0 0 0 107 
  22 NS NS 0 0 0 105 106 0 
  37 NS NS 0 0 0 0 103 107 
  42 NS NS 0 0 0 0 0 0 
  56 NS NS 102 0 107 0 105 0 
                 X=106 bc 
          
Serenade 13 NS NS 0 0 0 0 0 0 
  18 NS NS 0 0 0 0 0 105 
  30 NS NS 0 0 0 0 0 0 
  50 NS NS 0 108 0 0 0 0 
  53 NS NS 0 0 0 0 0 0 

                 X=104 c 
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Table 1.  Continued….. 

Treatment 
Plot 
no. 10/27 11/8 11/28 4/13 5/17 6/14 7/18 9/9 

          
Blightblan 8 NS NS 0 107 0 0 0 105 
(after 24 NS NS 0 0 0 105 0 0 
Chlorine) 32 NS NS 0 0 0 0 105 107 
  52 NS NS 0 0 0 0 0 105 
  58 NS NS 0 0 0 0 106 0 
                 X=106  bc 
          
Blightblan 9 NS NS 0 0 0 0 0 0 
(after 14 NS NS 0 0 0 0 0 0 
Oxidate) 27 NS NS 0 0 0 0 0 107 
  48 NS NS 0 0 0 0 0 107 
  61 NS NS 0 0 0 107 107 107 
                  X=106  abc 
          
Chlorine + 1 NS NS 0 0 0 0 0 106 
Mankocide 23 NS NS 0 0 0 0 0 107 
  28 NS NS 0 0 0 0 0 0 
  46 NS NS 0 0 104 0 106 0 
  57 NS NS 0 0 104 0 102 0 
                 X=106  bc 
          
Oxidate + 5 NS NS 0 0 0 0 0 0 
Mankocide 21 NS NS 0 0 0 0 0 0 
  34 NS NS 0 0 0 0 0 0 
  43 NS NS 0 0 0 0 106 105 
  55 NS NS 0 0 0 0 0.0 105 
                  X=105  c 
          
Kocide 4 NS NS 0 0 0 0 0 106 
+ Tanos 19 NS NS 0 0 0 0 0 107 
  36 NS NS 0 0 0 0 0 0 
  49 NS NS 106 0 0 0 0 105 
  65 NS NS 0 0 0 0 0 0 
                 X=106  bc 
          
Mankocide 6 NS NS 0 0 0 0 0 0 
+ Tanos 26 NS NS 0 0 0 0 0 0 
  33 NS NS 0 0 0 0 0 0 
  51 NS NS 0 0 0 0 0 0 
  63 NS NS 0 0 0 0 0 0 
                  X=0 c 
          
Mankocide 12 NS NS 0 0 0 0 0 0 
+ Serenade 17 NS NS 106 0 0 0 0 106 
  31 NS NS 0 0 0 0 0 0 
  40 NS NS 0 0 0 106 0 104 
  60 NS NS 0 0 0 0 106 0 
                 X=105  c 

Analysis of variance was performed on log(X+1) transformed data, not raw data.  Log(X+1) transformed means 
determined different (P > 5 percent) are designated by different letter
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Table 2.   Xanthomonas seed assays from all plots from selected treatments.  Seed was aggregated from 100 
umbels per plot.  Assay data represent colony forming units (CFU) per 10,000 seed. 
         

   
Treatment Plot no.      CFU              Log(CFU) 
Check 7 9.6x106 7.0 
  15 3.8x108 8.6 
  29 9.6x108 9.0 
  44 6.7x107 7.8 
  64 9.6x105 6.0 

       mean   2.8x108 8.5 a 

    
Chlorine 2 0 *** 
  16 9.6x107 8.0 
  35 0 *** 
  41 9.6x107 8.0 
  59 9.6x105 6.0 

      mean   3.86x107 7.6 ab 

    
ManKocide 10 2.9x105 5.5 
  25 0 *** 
  39 0 *** 
  45 0 *** 
  62 0 *** 

      mean   5.80x104 4.8 bc 

    
Serenade 13 0 *** 
  18 0 *** 
  30 0 *** 
  50 1.6x107 7.2 
  53 1.9x107 7.3 

      mean   7.0x106 6.8 bc 

    
ManKocide 6 0 *** 
 & Tanos 26 0 *** 
  33 0 *** 
  51 0 *** 
  63 0 *** 
      mean   0 *** c 

*** Zero has no logarithm. 
Analysis of variance was performed on log(X+1) transformed data, not raw data.   
Log(X+1) transformed means determined different (P > 5 percent) are designated by different letters. 
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Figure 1.  Note nozzle orientation of seeding carrots 
being sprayed; this ensured total coverage of all 
seeding carrot surfaces.  
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Fungicidal Control of Garlic White Rot in Madras, Oregon, 2005-2006 
 

Fred Crowe, Rhonda Simmons, and Bob Crocker 
 
 

Introduction 
 

Fungicides were applied in-furrow at planting in a replicated field trial in fall 2005 for control of garlic 
white rot caused by Sclerotium cepivorum.  Some fungicides had been previously tested, others had 
not.  Because control of white rot has proven difficult and single preplant applications must extend 8-
10 months, all were applied at relatively high rates based on either product labels or company 
recommendations.  In contrast to past trials, rates of application were expressed as the amount of 
product per 1,000 bed ft, which is more appropriate to product labeling for in-furrow application than 
the way rates were expressed in the past.  The trial area was uniformly infested by spreading and tilling 
in high and naturally infested soil from a previous trial area.  Inoculum density was moderately high 
(five viable sclerotia/l soil).  Disease pressure was very high, a severe challenge for single at-planting 
applications that must provide control of white rot through to harvest.  Interpretation of results was not 
complicated by winter damage or botrytis bulb rot disease.  Yield in untreated plots averaged only 0.4 
tons/acre of harvestable bulbs, with only 3 percent of plants harvested as bulbs.  At least some white rot 
occurred in every plot.  Nevertheless, mean yield in plots treated with Folicur® (tebuconazole) applied 
at 13.9 ml/1,000 bed ft (equal to 1 l/ha as expressed in past) was 8.1 tons/acre.  Garlic in plots treated 
with Folicur at half this rate combined with half the label rate of PCNB yielded 8.5 tons/acre.  
Unfortunately, garlic may soon be removed from the PCNB product label.   Garlic in plots treated with 
Endura® (boscalid) yielded 7.9 tons.   Other products that provided less control and lower yields are 
discussed below.  Several additional products and product combinations tested may provide good 
control with less disease pressure.    
 

Materials and Methods 
 
Infested soil from an older trial area was used to infest the new, previously noninfested trial area.  
Inoculum was tilled to 10 inches in early September 2005.  At five sclerotia/l soil, 85-90 percent of 
garlic in untreated plots was expected to become infected by harvest in 2006, and five sclerotia/l soil is 
the upper limit at which fungicides might be expected to provide reasonable yields.  Thus, this was 
designed to be a severe test of fungicide efficacy.     
 
Garlic provided by ConAgra was ‘California Late’ (virus-free) and was planted October 10, 2005 with 
a 2-row planter (also provided by ConAgra) as per commercial practice, approximately 18-20 
clovesbed ft in 2 seed lines per 36-inch bed.  Plots were planted 30-ft long and fungicide products were 
sprayed onto the garlic cloves as they dropped across the open seed furrow by orienting a single 110-05 
nozzle behind the furrow opener and in front of the closers.  The planter was rigged so that 250 ml of 
product/seed line/30 ft was dispensed from a full 1-l bottle connected to a constant CO2-pressurized 
and regulated system at 30 psi.  The spray system was activated and stopped manually per plot, and 
new bottles were attached for each plot.  Spray was purged of old product and new product refilled the 
system in the first few feet of each plot.  After spring emergence, garlic was removed from either 
direction of the transition point between sprays so that the plots were 25 ft long.  Fungicide products 
used, manufacturers, and rates of application are listed in Table 1. 
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The trial area contained two trials: a main trial in which most products were used, and a border trial 
located in the outside beds surrounding the main trial, beds that could be subject to more outside 
influences.  The border trial might or might not prove useful. 
 
Fertility, herbicide, and irrigation practices were as per industry standard for central Oregon, and are 
not described in detail for this report.  Irrigation was applied once in the fall after planting in 2005, 
resumed mid-April 2006, and terminated after June 14, 2006.  Even though botrytis disease occurred 
widely in central Oregon in 2006, no fungicide was applied and only a small handful of plants 
developed botrytis disease in this field trial.  All plant death was attributed to white rot.  Garlic harvest 
and handling is described below. 
 

Results 
 
The winter of 2005-2006 was mild.  Garlic was fully emerged by mid-April 2006 and the plants present 
were counted on April 19.  On the other hand, the spring was very cool and damp.  S. cepivorum is not 
highly active until soil temperature exceeds 50°F.   First white rot was observed in late April, 
seemingly all from direct infections of the neck where soil was warmer.  Root infections reaching the 
stem plate were not detected until well into May, later than normal.  However, white rot rapidly 
progressed thereafter.  In some years, there has been pre-emergence loss to white rot in such test plots, 
but no such pre-emergent losses were discernable in 2005-2006 (see Table 2 and associated graph).  On 
the other hand, all products seem to have resulted in slight stand losses; such losses were noticed in the 
past with Folicur, but are not considered substantial enough for concern at the rates of application used. 
 
White rot was preliminarily rated on June 19, just prior to a public plot tour promoted for the garlic 
industry.  These preliminary data are not shown here.  Garlic was undercut on July 10, 2006.  Garlic 
plants were hand lifted while tops were still somewhat green, and roots were cleaned of dirt from July 
11to 15.  From July 17 to 21, garlic was separated into two piles per plot based on F. Crowe’s 
judgment whether a bulb would be commercially harvestable or not, primarily depending on severity of 
rot and size of bulb.  Bulbs were discarded if infected to the point that cloves likely would shatter 
during mechanical harvest practices, or if bulbs were less than 1-inch diameter.  Tops were fully dried 
by July 26, at which time the bulbs considered harvestable were counted and weighed.  Rather than 
topping the bulbs, the amount of weight attributable to tops was subtracted from the net weight.   
Analysis of variance was conducted using SAS statistical software (SAS Institute, Inc., Cary, NC), and 
treatment means separations are expressed using Duncan’s Multiple Range tests, P < 0.05. 
 
White rot occurred in every plot, and at least some bulbs were rejected from each plot.  In general, the 
number of infected-but-harvestable bulbs from each plot varied from 2 to 5 percent of the total 
harvestable bulbs, but the actual number of such bulbs per treatment is not shown.  The mean numbers 
of harvestable bulbs and weights of harvestable bulbs per treatment appear in Tables 3 and 4, 
respectively, and associated graphs.  In the main trial, products seem to fall into roughly three 
groupings:  Folicur, Endura, and the combination of Folicur plus PCNB all controlled white rot 
relatively well and yielded quite well relative to local expectations.  Switch®, Pristine®, Scholar®, the 
combination of a reduced rate of Folicur plus USF2004 and JAU6376 partially controlled white rot and 
yielded less – these products might work better with lower disease pressure.   The active ingredient in 
Scholar (fludioxonil) has been used in the past and sometimes proved efficacious alone, but especially 
in combination with Folicur.  Elevate®, Scala®, and KIF3535 did not exert substantial control of white 
rot in 2006.   The labeled rate of PCNB yielded 7.1 tons/acre and the half rate of Folicur combined with 
the half rate of Scholar yielded very similarly, 6.9 tons/acre.  In one border trial treatment, a half rate of 
Folicur applied in-furrow preplant was banded in spring with another half rate of Folicur applied at the 
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base of plants.  Such spring banding with Folicur has been tried in past trials with little success, and it 
was not fully successful for us in 2005-2006 either, even though this is a preferred and successful 
method of application in some onion regions where onions are treated while partially grown and just 
prior to the period when white rot would be most active near the bulb.  The difference we believe may 
be explained as follows: onions are seeded quite shallow (0.5 inch or so), so the Folicur need only 
move a short distance compared to seed garlic that is planted 3 inches deep.  However, for commercial 
garlic in California that is planted at 1.5 inches, perhaps bed-top banding of Folicur could have merit. 
 
As per Tables 3 and 4, most yield loss was simply from reduction in bulb numbers.  In past trials, there 
sometimes was an additional component of yield loss if the bulb was protected from rotting but bulb 
size was reduced by excessive rotting of roots.   Bulb sizes commonly were high for the few bulbs that 
survived in plots with substantial white rot.  Excluding such high-disease plots, there was a slight range 
in bulb sizes among high-yield plots (Table 5), but not enough difference for most mean bulb weights 
to be statistically separable. 
 

Discussion 
 
The previous trial in Oregon during 2004-2005 was confused by extreme variability in data that was 
assumed to result from miss-labeling of plots or from excessive infection of garlic at the neck level 
above the zone of fungicidal protection.  Thus, it was difficult to determine what products performed 
the best.  Our 2005-2006 trial had no such complications or confusions.  Folicur and Endura performed 
very well, and products such as Switch, Pristine, and Scholar show some promise, especially if 
products in combination are tested later and if tested under less severe infestations.  These five products 
likely should be retested alone and in various combinations at reduced rates.   
 
PCNB alone performed reasonably in our border trial, which was somewhat surprising given general 
industry dissatisfaction with this product many years ago.  But the combination of half rates of Folicur 
plus PCNB in the main trial looked the best.  We tried this particular combination because PCNB is an 
old product with a current white rot label, but it did not perform adequately in the past by itself and it 
has become very expensive.  In fact, the performance of PCNB in this trial was surprisingly effective.  
Further, we looked for creative ways to use lower rates of Folicur.  Perhaps even lower rates of such 
combinations might be effective and less expensive.  However, recent regulatory action points to the 
likelihood that garlic will be removed from the PCNB label. 
 
White rot in seed areas such as central Oregon has actually become somewhat harder to control by in-
furrow application.   In recent years, garlic in cold regions is planted deeper in the soil to prevent freeze 
injury, 3 inches rather than 1.5 inches.  In-furrow application with deeper planting has resulted in less 
fungicide product being placed in the longer neck area between bulb and the soil surface.  This neck 
region is susceptible to direct white rot attack if soil populations of sclerotia are moderately high as in 
this trial.  Control might be improved for the same trial located in California under shallower seed 
placement, and for less infested fields in central Oregon.  Of course, increased rates of application or 
some modification of the way cloves are covered by soil also might allow for improved white rot 
control where seed is planted deeper. 
 
 



 

- 40 - 

 
Table 1.  Products, manufacturers, and rates of application applied in-furrow in the fall of 2005 for control of garlic  
white rot, 2005-2006 at Madras, Oregon.. 

Product   Manufacturer % Active ingredient   
 
Rate/1,000 bed ft 

      
Main trial                    
Untreated                     
Folicur 3.6F   Bayer   430 g/l tebuconazole   13.6 ml   
Folicur 3.6F   Bayer   430 g/l tebuconazole   3.1 ml   
 + USF2004SC   Bayer   43.7% USF 2004     3.1 ml   
Folicur 3.6F   Bayer   430 g/l tebuconazole   6.8 ml   
 + PCNB 75WP   Amvac   75% pentachloranitrobenzene   10 oz (=284 g) 
KIF-3535 40SC   KI Chem   40% pyrimethanil     18.1 ml   
JAU 6476 480SC   Bayer   41.1% JAU 6476     5.8 ml   
Switch 62.5G   Syngenta   37.5% cyprodanil + 25% fludioxonil 14.0 g   
Pristine WG   BASF   12.8% pyraclostrobin + 25.2% boscalid 22.0 g   
Elevate 50WDG   Arvesta   50% fenhexamide     23.5 g   
Endura 70WG   BASF   70% boscalid     10.0 g   
Scholar 25GR   Syngenta   50% fludioxonil     7.8 g   
Scala     Bayer   54.6% pyrimethanil     18.3 ml   
          
          
 Border trial                     
Untreated                     
Folicur 3.6F    Bayer   430 g/l tebuconazole   6.8 ml   
 + Scholar 25GR   Syngenta   50% fludioxonil     3.9 g   
PCNB 75WP   Amvac   75% pentachloranitrobenzene   20 oz (= 567.5 g) 
Folicur 3.6F in furrow  Bayer   430 g/l tebuconazole   6.8 ml   
 + Folicur 3.6F banded* Bayer   430 g/l tebuconazole   6.8 ml   
                      
*On April 7, 2006, Folicur was banded 4 inches over the top of seed line on each bed in treatment D of the border trial.   
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Table 2.  Spring plant stands for 2006 garlic white rot trials at 
Madras, Oregon. 
     
Stand  
 
 
Treatment 

Mean 
plants 
per acre 

Mean 
plants 

per bed ft 

As % of 
largest 

treatment 
mean 

Stat 
grouping 

(5%)* 

Untreated 268,910 18.5 100 a 
JAU 6476 266,006 18.3 99 a 
Endura 263,393 18.1 98 ab 
Scala 263,102 18.1 98 ab 
Folicur 261,070 18.0 97 abc 
Pristine 260,198 17.9 97 abc 
½ Folicur + ½ PCNB 258,746 17.8 96 abc 
1/5 Folicur + USF2004 255,842 17.6 95 abc 
Switch 252,938 17.4 94 abc 
Scholar 251,196 17.3 93 abc 
Elevate 248,292 17.1 92 c 
KIF 3535 243,646 16.8 91 c 

*Means with similar letters are statistically inseparable, P < 0.05. 
 
 
     
Stand  
 
 
Treatment 

Mean 
plants 

per acre 
Mean plants 

per bed ft 

As % of 
largest 
treatment 
mean 

Stat 
grouping 

(5%)* 

½ Folicur + ½ Scholar 244,807 16.9 100 a 
PCNB 243,936 16.8 100 a 
½ Folicur + ½ Folicur     
    spring banded 220,704 15.2 90 a 
Untreated 188,470 13.0 77 a 

*Means with similar letters are statistically inseparable, P < 0.05. 
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Table 3.  Harvestable bulbs from the 2006 garlic white rot trial, 
Madras, Oregon.  Harvestable bulbs included mostly noninfected 
bulbs but also 2-5 percent of bulbs infected at the stem plate or 
just into the cloves but which would pass through harvest 
handling systems. 

Number total harvestable 
bulbs Mean 

 
As % of mean 
spring stand Stat 

Treatment 
Mean  

bulbs/ac 
per  

bed ft 
for each 

treatment 
grouping* 

(5%) 
½ Folicur + 
½ PCNB 168,722 11.6 65 a 
Folicur 162,914 11.2 62 a 
Endura 150,718 10.4 57 ab 
Switch 126,034 8.7 50 bc 
Pristine 119,354 8.2 46 c 
Scholar 104,254 7.2 42 cd 
1/5 Folicur + 
USF2004 87,120 6.0 34 d 
JAU 6476 80,731 5.6 30 d 
Elevate 30,782 2.1 12 e 
Scala 29,911 2.1 11 e 
KIF 3535 20,038 1.4 12 e 
Untreated 7,550 0.5 3 e 

*Means with similar letters are statistically inseparable, P < 0.05. 
 

Number total harvestable 
bulbs Mean 

 
As % of mean 
spring stand Stat 

Treatment Mean bulbs/ac 
per  

bed ft 
for each 

treatment 
grouping* 

(5%) 
PCNB 149,556 10.3 61 a 
½ Folicur + 
½ Scholar 137,650 9.48 56 a 
½ Folicur + 
½ Folicur  
     spring 
banded 102,511 7.06 46 ab 
Untreated 17,714 1.22 9 b 

*Means with similar letters are statistically inseparable, P < 0.05. 
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Table 4.  Weight of bulbs harvested from 2006 garlic white rot 
trial, Madras, Oregon. 
 
Weight 
harvestable bulbs  
 
Treatment 

Mean  
lbs/ac 

Mean 
tons/ac 

As % of 
largest 

treatment 
mean 

Stat 
grouping* 

(5%) 

½ Folicur + ½ PCNB 16,988 8.5 100 a 
Folicur 16,117 8.1 95 a 
Endura 15,798 7.9 93 a 
Switch 11,848 5.9 70 b 
Pristine 11,122 5.6 65 bc 
Scholar 9,990 5.0 59 bc 
1/5 Folicur + USF2004 9,409 4.7 55 bc 
JAU 6476 8,538 4.3 50 c 
Elevate 3,078 1.5 18 d 
Scala 2,933 1.5 17 d 
KIF 3535 2,149 1.1 13 d 
Untreated 871 0.4 5 d 

*Means with similar letters are statistically inseparable, P < 0.05. 
 
 
 
Weight  
harvestable bulbs  
 
Treatment 

Mean  
lbs/ac 

Mean 
tons/ac 

As % of 
largest 
treatment 
mean 

Stat 
grouping* 

(5%) 
PCNB 14230 7.1 100 a 
½ Folicur + ½ Scholar 13736 6.9 97 a 
½ Folicur + ½ Folicur  
     spring banded 8305 4.2 58 a 
Untreated 1946 1.0 14 a 

*Means with similar letters are statistically inseparable, P < 0.05. 
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Table 5.  Weight per bulb for bulbs harvested from 2006 garlic  
white rot trial at Madras, Oregon. 
 
 
Weight per harvestable bulb 
 
 Treatment 

Mean 
g/bulb 

Stat 
grouping* 

(5%) 

KIF 3535 51.756 a 
1/5 Folicur + USF2004 49.940 ab 
JAU 6476 48.578 ab 
Endura 48.124 ab 
Untreated 46.762 ab 
½ Folicur + ½ PCNB 45.400 ab 
Elevate 45.400 ab 
Folicur 45.400 ab 
Scholar 43.130 ab 
Switch 42.676 ab 
Scala 42.676 ab 
Pristine 41.768 b 

*Means with similar letters are statistically inseparable, P < 0.05. 
 
 
Weight per harvestable bulb 
 
 Treatment Mean g/bulb 

Stat 
grouping* 

(5%) 

Untreated 49.032 a 
½ Folicur + ½ Scholar 44.492 a 
PCNB 42.676 a 
½ Folicur + ½ Folicur  
     spring banded 32.688 a 

*Means with similar letters are statistically inseparable, P < 0.05. 
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Post-harvest Metam Sodium Fumigation for Control  
of White Rot Inoculum (Sclerotium cepivorum) 

 
Fred Crowe, Bob Crocker, and Rhonda Simmons 

 
 

Introduction 
 
Essentially all sclerotia of the Allium white rot fungus Sclerotium cepivorum are 
stimulated to germinate during a season when Alliums are grown and when soil 
temperatures are conducive for germination.  Nearly no secondary sclerotia develop, few 
new sclerotia form on roots, and no new sclerotia reproduce on organic matter in the soil.  
Thus, essentially all sclerotia present in the field at the end of a disease cycle are new and 
located near where bulbs rotted or are located even shallower in and on soil following 
harvest operations.  We hypothesized that such sclerotia should be easier to control by 
fumigation because fumigants could be concentrated in the upper 4-5 inches of soil.  In 
contrast, if sclerotia first were distributed more deeply by tillage, fumigants would need 
to be moved to greater depths and more product might be required to maintain high 
concentration.  Secondarily, post-harvest fumigation might also control garlic volunteer 
plants.  However, results reported here from metam sodium fumigation in a nonreplicated 
single strip of a white-rot-infested garlic field that had not been tilled since harvest 
suggest that sclerotial kill was not substantially greater than that reported in other 
fumigation studies with non-tarped metam sodium applied to more deeply tilled soils. 
 

Materials and Methods 
 
The field selected was uniformly infested with lab-grown sclerotia of S. cepivorum in the 
summer of 2004, and cropped to garlic during 2004-2005.  The garlic was harvested in 
July of 2005 and a 12-ft strip along the north edge of the field was never tilled in 
anticipation of shallow metam sodium fumigation.   For various unrelated reasons, we 
were unable to fumigate for the remainder of 2005.  Metam sodium was applied in the 
late spring of 2006.  Volunteer garlic already had been controlled by herbicide sprays, so 
garlic volunteer control was not evaluated. 
 
Air and soil temperatures were recorded nearby at the Central Oregon Agricultural 
Research Center by the AgriMet weather reporting system.  The spring of 2006 was cool 
and damp.  Soil warm-up was later than in many years.  After soil temperature rose above 
60°F at 4 inches, metam sodium was applied as described below on July 11.   In 
subsequent weeks, soil temperature at 4 inches fluctuated between 60-74°F, well within 
the range for reliable activity of metam sodium;  40-90°F is the acceptable temperature 
range stated on the product label.  See the table below: 
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Post-fumigation 
(>July 11) 

Weekly minimum 
(°F) 

Weekly maximum 
(°F) 

7/11-17 64.4 72.5 
7/18-24 62.4 73.7 
7/25-31 60.1 74.4 

 
 
Prior to irrigation, soil was tilled 3-4 inches to break up clods, and irrigated.  There was 
good soil moisture at depth already.  The soil is a Madras Loam.  Vapam® (42 percent 
metam sodium) was provided by Round Butte Seed Growers and Amvac.  Soil was damp 
but not wet on the day of fumigation.   Fumigation was at 8:30 a.m. on July 11.  Vapam 
was applied in the morning when air temperature was about 50°F.  There was no wind 
and the sun had not heated the soil surface.   Vapam was applied full strength at 75 
gal/acre using a single “floodjet” nozzle (Field Jet no. 5).  The spread of the spray was 
predetermined to be relatively even across the 12-ft strip.  The spray rig made multiple 
passes along the 120-ft-long strip until the full amount was dispensed.  Within 2 minutes 
of spray completion, the Vapam was incorporated 4-5 inches deep using a rototiller.  
Within another 2 minutes, a roller packed down the soil slightly.  Within another 2 
minutes, sprinkler irrigation was started to further seal in the metam sodium.  No odor of 
metam sodium was detected during this process.  Irrigation was repeated approximately 
every 7 days for 4 weeks.   
 
Multiple pre-and postfumigation soil samples were taken just prior to fumigation along 
the centerline of the strip and in the field adjacent to that strip.  Because fumigation was 
not replicated, no statistical analysis was possible.   No Vapam odor was detected on 
August 1 when postfumigation soil samples were collected along the centerline of the 
fumigated strip and from the adjacent field.   Soil was sampled prefumigation on the day 
of fumigation (July 11), and again on August 11.  Both pre- and postfumigation assays 
yielded approximately 1,000 intact sclerotial bodies characteristic of S. cepivorum per 
liter of soil.  Because fumigated sclerotia do not rapidly decay, the best measure of kill is 
sclerotial viability – in this case, sclerotia were surface sterilized with 0.5 percent sodium 
hypochlorite (NaOCl), cracked and placed on agar and forced to grow if alive, as a 
measure of viability.   Results are shown in the table below: 
 
 
 
Treatment 

Pre-
fumigation 
viability 
(July 11) 

Post-fumigation 
viability 
(Aug 11) 

Vapam, 75 
gal/acre 

99.1% 22.2%  

No fumigation 99.0% 98.2% 
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Results and Discussion 
 
Application of metam sodium resulted in 22 percent versus 98 percent survival of 
sclerotia.  Twenty-two percent survival is comparable to 20-30 percent survival reported 
in other studies on fumigation of metam sodium for sclerotia of Sclerotium cepivorum 
when applied in a similar manner, although there is a report of near 100 percent kill for 
metam sodium applied under plastic tarp.  We had hoped to find sclerotial reduced to 5 
percent or less, or perhaps even approaching 2 percent or less with tarped methyl bromide 
applications.  However, vigor on agar of sclerotia from the fumigated strip was reduced 
for some but not all sclerotia, in contrast to uniformly high vigor for nonfumigated 
sclerotia.  Data are not shown for this.  It is possible that sclerotia weakened by 
fumigation have reduced longevity and reduced ability to grow, thus reducing their 
ability to incite disease.  This was not measured to date in this study, but soil assays will 
be taken later to determine whether viability has declined further among weakened 
sclerotia. 
 
Metam sodium clearly did reduce the soil population of sclerotia.  However, 
postfumigation inoculum density (roughly 200 viable sclerotia/l soil) still was very high 
considering that 1 and 10 sclerotia/l of soil may result in 40 percent and more than 95 
percent white rot infected garlic bulbs at harvest.  Thus, postfumigation populations in 
this fumigated strip remain far too high to replant garlic without loss of nearly all plants 
to white rot disease.    
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Evaluation of Fungicides for Control of Powdery Mildew  
in Kentucky Bluegrass Seed Production in Central Oregon, 2006 

Marvin Butler and Claudia Campbell 

Abstract 
 
Fungicides were evaluated for control of powdery mildew in ‘Merit’ and ‘Geronimo’ 
commercial Kentucky bluegrass (Poa pratensis) seed fields near Madras, Oregon.  
Treatments were applied April 19, with five evaluation dates from 1 to 2 weeks apart. 
There were few significant differences between treated and untreated fields, but many 
treatments had significantly less powdery mildew than plots treated with Quadris at both 
locations. These include Quilt, Laredo plus Microthiol, Laredo alone and Microthiol 
alone at the ‘Merit’ location and most treatments at the ‘Geronimo’ location.  

Introduction 
 
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® (Bayer CropScience), along with Tilt® 
(Syngenta), Tilt plus Bravo®(Syngenta), new products such as Laredo® (Dow), 
Folicur®(Bayer CropScience), Quadras® (Syngenta),  and Quilt® (Syngenta), and 
alternative materials like Microthiol (sulfur) and stylet oil.  
 

Methods and Materials 
 
During 2006 fungicides were evaluated for control of powdery mildew in commercial 
fields of ‘Merit’ and ‘Geronimo’ Kentucky bluegrass grown for seed near Madras, 
Oregon. The following fungicides were evaluated: Quadris, Quilt, Headline, Tilt® 
(BASF), Headline plus Tilt, Bayleton, Laredo, and Microthiol alone and in combination.  
 
A preapplication evaluation of the plots for the level of powdery 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. Postapplication evaluations were conducted 
April 27, May 4, May 12, May 17 or 26, and May 31 or June 1, depending on location.  
 
Reference to a product or company is for specific information only and does not endorse 
or recommend that product or company to the exclusion of others that may be suitable. 
Nor should information and interpretation thereof be considered as recommendations for 
application of any pesticide. Pesticide labels should always be consulted before any 
pesticide use. 
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Results and Discussion 
 
At the ‘Merit’ location (Table 1) there were no statistical differences 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.  
 
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 between the untreated plot and either Laredo plus Microthiol or Microthiol 
alone. Similar to the ‘Merit’ location, there was significantly less powdery mildew with 
many of the other fungicide treatments compared to the Quadris plot across evaluation 
dates.  
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Table 1. Severity of powdery mildew on ‘Merit’ Kentucky bluegrass near Madras, Oregon following fungicide applications on April 
19evaluated 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 
         
Quilt1 10 oz 0.552 ab3 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 
             
1Quilt = propiconazole + azoxystrobin 1.66 lb ae/gal, Laredo = myclobutanil 2 lb ae/gal, Microthiol = sulfur 80 WP, Tilt = propiconazole 3.6 lb 
ae/gal, Bayleton = triadimefon 50 DF, Headline = pyraclostrobin 2.09 lb ae/gal, Quadris = azoxystrobin 2.08 lb ae/gal 
2Rating scale was 0 (no mildew) to 5 (total leaf coverage). 
3 Mean separation with LSD at P < 0.05. 
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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 1.201 ab2 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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Fungicide Influence on Verticillium Wilt and Subsequent Rhizome 
Infection/Infestation by Verticillium dahliae 

 
Fred Crowe and Rhonda Simmons 

 
 

Abstract and Summary 
 

Peppermint was planted into noninfested soil or soil infested with Verticillium dahliae 
and the soil was treated with zero to high rates of fungicides prior to planting.  The 
infestation levels probably were as high as or higher than in fields classically “wilted 
out”.  As expected, within months of planting rooted cuttings, wilt was severe in the 
infested treatment without fungicides.  Fungicides generally reduced Verticillium wilt 
symptoms in peppermint through harvest, but only Quadris® (azoxystrobin) prevented all 
visual wilt symptoms by harvest.  Relative to the noninfested treatment (= 100 percent), 
the relative harvest foliage dry weight of the infested treatment without fungicides was 
only 25 percent; relative harvest foliage dry weight was 75 percent for the Quadris 
treatment and 20-55 percent for the other fungicide treatments.  For all infested 
treatments, both postharvest regrowth of foliage and health and vigor ratings, ratings of 
rhizomes were substantially inferior to those of the noninfested treatment.  V. dahliae was 
not recovered from any rhizomes from infested or noninfested plots, but it was not clear 
whether the assay was reliable.  Postseason soil assays for V. dahliae indicated that 
inoculum levels in untreated plots stayed the same or increased slightly over pre-planting 
levels; inoculum levels in Quadris-treated plots were reduced slightly, and remained 
relatively stable in plots treated with other products.  Fungicides would not be expected 
to reduce soil inoculum of V. dahliae directly -- soil clinging to rhizomes taken from 
fungicide-treated soil likely would remain infested.   Because of the very high infestation 
and because the method and timing of fungicide application were different than might be 
done commercially, it is likely that these results do not reflect the true capacity for 
fungicidal management of wilt in low or moderately infested field soils.  We suspect the 
capacity is substantially higher than reflected here.   Future work initially should focus on 
strobilurin fungicides related to Quadris.  It remains possible that annual fungicide 
treatments might not only improve oil yields but might also indirectly reduce soil 
populations of V. dahliae over time, if stem infections were eliminated and microsclerotia 
failed to form in stems.   
 
 

Introduction 
 
Verticillium wilt is the most notable soil disease affecting mint production.  Verticillium 
dahliae survives in soil as dormant, persistent microsclerotia (MS).  MS germinate and 
form actively growing mycelium (strand-like mold) and short-lived conidial spores, 
which infect root surface cells of many (perhaps most) plant species.  Despite a good 
understanding by the mint grower community about the perils of planting infected and 
infested rootstock, wilt remains a major concern.  Experience over many years indicates 
that wilt-free rootstock planted into wilt-free ground results in optimum mint 
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performance and extended stand longevity.  Wilt-free rootstock planted into wilt-infested 
ground results in moderate mint performance and moderate stand longevity.  Wilt-
infested rootstock planted into wilt-infested soil results in poor performance with respect 
to both yields and stand longevity.  This picture is somewhat simplified, because the 
actual amount of wilt and reduced stand longevity will vary with the intensity of 
infestation, the peppermint variety, and the region, climate, and management practices.  
In a long-term management study conducted in central Oregon, initial artificial and 
uniform infestation levels calculated to be 0, 0.1, 1.0, and 5.0 MS/g soil resulted in high 
levels of verticillium wilt at the highest level and very little wilt at lower levels.  Flaming 
without annual tillage increased wilt and inoculum levels over time, and nonflaming and 
nontillage kept wilt levels static over time (Crowe 1994, 1997), confirming the “Horner” 
model of optimum wilt management (Horner and Dooley 1965, McIntyre and Horner 
1973), and added to this model by actually demonstrating dramatic increases in soil 
inoculum density of V. dahliae when nonflamed stems were incorporated by annual 
tillage.   In subsequent variety trials, incorporation of MS calculated to be around 4 MS/g 
soil resulted in high levels of wilt in susceptible varieties beginning the first season.  
[Some precaution is required to interpret initial infestation levels determined by 
calculation, because lab-produced inoculum may degrade during the period that root 
infections occur.  Soil assays conducted immediately after incorporation and at the end of 
the season may not indicate actual seasonal infection activity.  Even soil assay data 
require interpretation because inoculum density versus disease incidence relationships are 
not translatable among fields, soil types, and regions.  Soil assays themselves vary in 
many small ways and results are not consistent for specific soil samples divided among 
different laboratories (Termordhuizen 1995).  Relative soil assay data are internally 
consistent within a given experiment, however, so are very useful experimentally.] 
 
Most growers cannot afford to purchase all their mint rootstock requirements from 
certified mint rootstock providers.  Rather, a smaller amount of certified material may be 
expanded within larger nurseries on their own farm.  However, many growers do not 
have enough disease-free ground for rootstock expansion, so rootstock must be grown on 
infested ground.  While preplant fumigation and fungicide applications may be cost 
prohibitive for use on mint production plantings, they may be affordable for use on 
plantings of mint rootstock.  Preplant fumigation has been well studied and provides 
control of verticillium for up to two seasons (Horner and Dooley 1966).   For short 
rotations, such fumigation is worth consideration.   However, fungicides have not been 
well evaluated; our preliminary 2000 study (Crowe and Parks 2001) suffered from 
apparent premature degradation of inoculum such that no disease occurred.  We proposed 
for 2006 to gather preliminary fungicide efficacy against V. dahliae in greenhouse 
conditions on potted mint plants.  In practice, we buried large pots in the field in order to 
promote more normal growth and development of the peppermint, and to elicit more 
normal development of Verticillium wilt.  
      
V. dahliae infections may be limited to root surface cells, in which case relatively few 
MS and no pathogenic symptoms are produced.  Infection of the root tips may lead to 
systemic invasion of vascular tissues (Gerik and Huisman 1984,  1985).  Systemic 
infections may develop as the fungus proliferates and as conidia are passively carried in 



- 54 - 

the xylem with the upward transpiration flow.   The mint plant then may develop wilt 
symptoms and die prematurely.   Upon stem and foliage death, the fungus then invades 
other tissues and may form abundant microsclerotia, especially in stem tissue. 
 
The possibility of using fungicides to control Verticillium wilt first was considered 
seriously when the early era systemic products were introduced. Good overviews of this 
work were published by Erwin (1973), Edgington (1981), and Edgington et al. (1981).  
Some early products (e.g., benomyl) prevented root infection and reduced systemic 
activity of the Verticillium fungus.  Based on this information, the concept of applying 
fungicides for mint wilt is of interest.  There are very few data (if any) since the early 
1970’s that revisit these issues, and modern (and generally more effective) products 
remain untested, to our knowledge.   
 
For fungicides likely to be effective against the type of fungi that includes Verticillium, 
none move systemically downward in plants, nor do any move downward through soil.  
Fungicides would have to be incorporated into soil at each application.  The most 
persistent fungicides might be effective for a single season before chemically degrading 
on soil, and many may not last that long.  The term “fungicide” technically is a misnomer 
because very few of them (except for fumigants) actually kill fungi – most only prevent 
fungal growth.  Therefore, while several fungicides might prevent verticillium growth 
and plant infection for a period of time, the soil population of MS of V. dahliae likely 
would not decline and they would be potentially active again once an effective fungicide 
degraded in soil.   
 
The opportunity for fungicidal control of Verticillium wilt would be in the first year prior 
to planting of rhizomes.  Thereafter, fungicides could be applied at or just prior to annual 
tillage of rhizomes in fall or spring.  Historically, such tillage aggravates Verticillium wilt 
by incorporating inoculum that formed in stems from prior years (Horner and Dooley 
1965; Horner 1970; McIntyre and Horner 1973; Crowe 1994, 1997).  However, if 
fungicides incorporated by tillage prevented wilt from developing, then there would be 
no or less stem inoculum to incorporate.  A relatively persistent and effective fungicide 
could both prevent wilt in the current year and suppress future wilt intensification in spite 
of tillage.  This might be especially cost effective in rootstock fields. 
 
We attempted to demonstrate not only whether fungicides prevented wilt symptoms in 
mint grown in V. dahliae-infested soil, but also to determine the extent to which rootstock 
that formed in fall might be free of V. dahliae association.  Such association could take 
three forms:  first, V. dahliae could be present by systemic infection, inside the rhizome.  
Second, V. dahliae might be carried along as surface infections on rhizomes or roots 
(Gerik and Huisman 1984, 1985).  Third, V. dahliae likely would be carried along in soil 
attached to roots.   
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Materials and Methods 
 
Microsclerotia of V. dahliae were produced in the laboratory on cellophane agar medium, 
harvested, and dried (Crowe 1994).  Rooted cuttings of ‘Black Mitcham’ peppermint 
were obtained from Mint Condition, Milton-Freewater, Oregon, and held in the 
greenhouse in flats until potted.  On June 5, 2006, rooted cuttings were planted into 3.5-
gal (10-inch-diameter by 12-inch-deep) pots.  Noninfested field soil used in the final 
potting mix was obtained from near the trial area on the Oregon State University, Central 
Oregon Agricultural Research Center (OSU-COARC) at Madras.  This soil earlier had 
been determined to be free of V. dahlia.  The final potting mix consisted of 80:20 v:v 
noninfested field soil and a commercial noninfested potting mix with a high organic 
component.  This combination was amended with 100 g/pot Osmacote® (Scotts-Sierra 
Horticultural Products Co.) slow-release fertilizer and one of three levels of MS of V. 
dahliae -- 0, 5 or 10 MS/g soil as determined by calculation, and 0, 8, or 16 colony-
forming units (CFU)/g soil as determined by immediate postinfestation soil assay 
(method described below).  For practical purposes, each CFU is equivalent to an MS, so 
our immediate postinfestation assay indicated even higher levels of MS than calculated.  
These nonzero infestations were very high, but hopefully ensured that at least one of the 
two infestation levels resulted in symptom development in peppermint within a single 
season – with the risk, however, that disease levels might be excessive.  Additionally, 
specific fungicides were added as per the treatment list below.   
 
Most fungicides chosen were modern and systemic, and some had been determined to 
persist for most of a season in prior testing against other soil fungi.  PCNB was included, 
as an old but highly persistent nonsystemic fungicide.  Plant Growth Activator Plus 
(PGAP) was used as per request of the manufacturer, who suggested it had some activity 
as a biocontrol agent and/or activator of plant defense systems (see Kessman et al. 1994).  
See Table 1. 
 
A single high rate was determined for each product by the manufacturer and/or by prior 
testing on other plant soil-borne diseases.   However, all the soil in a pot was treated, so 
all root growth was subjected to a fungicide environment.  In field treatments, it would be 
typical to treat a shallow band into which plants or seed would be located, or the 
rhizomes themselves might be treated by dipping them prior to planting.  Thus, for field 
applications, the roots eventually would grow below the zone of application.  Our potting 
trial was considered a preliminary evaluation and represented a more idealized 
environment for testing products, because roots might be protected from infection at all 
depths.  One might expect a product to perform better in the pots than in the field, 
although the systemic nature of many products might allow for control of the systemic 
growth of V. dahliae even for shallow field applications.   Ultimately, a rate equivalent 
for treating all the soil in the pots was selected to be one-half the amount applied per unit 
volume soil in a zone 4 inches deep by 8 inches wide band as per application of some 
products for certain other diseases.  The actual amount of product per pot is shown in 
Table 1. 
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Field soil, commercial potting mix, fertilizer, MS, and fungicide all were mixed for 4 
minutes before loading pots.  The field soil was damp prior to mixing on the day of 
planting, and loaded pots were lifted and dropped a few times to settle the soil mix before 
planting the mint.  Rooted cuttings were planted so that the roots were oriented 
downward and stems were oriented horizontally at 2-inch soil depth but with the upper 
stem and leaves exposed to the sun.  In the past, we found that this orientation allowed 
additional rooting from the stem and better plant establishment and growth.  One rooted 
cutting was planted per pot.  There were five replications per treatment.  Pots were placed 
into three parallel trenches with full randomization of treatments.  Pot surfaces were level 
with the field and the pot rims were spaced 4 inches apart.  A noninfested pot of mint was 
placed at each end of each trench, but these end pots were not included in data collection 
and analysis.  Trenches were refilled with field soil and additional noninfested field soil 
was used to fill pots to the rim when the final potting mix settled approximately 1 inch 
after the first irrigation.  Pots were irrigated weekly as per standard commercial practice.  
Weeds in the trial area were controlled by a single application of Chateau® herbicide 
(Valent), along with hand weeding.   Mites never became a problem during 2006.   
 
Disease notes were taken weekly once symptoms appeared in early to mid-July.  Seasonal 
disease was rated 0 through 5, with 0 = no symptoms and 5 = dead plants.  Ratings of 1 
through 4 varied with the intensity of stunting, distortion, reddening, or yellowing of 
foliage and death of foliage and stems.  Top growth was harvested on August 16, and the 
weight of air-dried tissue was measured.  Postharvest foliage regrowth was rated on 
September 21 as the percentage of pot ground surface area covered by foliage.  On 
October 5, plants were removed from each pot and rated for health and vigor of the 
rhizomes (0 = fully healthy and vigorous; 5 = dead); a picture of the rating is shown in 
Figure 5.  Additionally, on October 5, rhizomes were collected for a laboratory 
determination of infection by V. dahliae.  When assaying stems for V. dahliae in the lab, 
stems are surface sterilized for 5 minutes in 0.05 percent sodium hypochlorite (5 percent 
household bleach).  Typically, this is sufficient to remove all microbial contamination 
from plant surfaces, thus allowing organisms established internally to grow.  Stem 
sections are plated onto plain agar (“water agar”) in Petri plates.  If present, V. dahliae 
routinely grows over both the stem section and the nearby 1-cm region of water agar 
from one or more of the four stem xylem (water conducting) elements.  Identification of 
V. dahliae is determined from both its characteristic conidial sporulation above the stem 
section along with the formation of characteristic microsclerotia in the stem section and 
agar.  From such stems, particularly old and dead stems, there commonly are other fungi 
and bacteria recovered internally, but V. dahliae nevertheless grow from the stem section 
and can be distinguished from the other microbial growth.  Our expectation was that if V. 
dahliae was present internally in rhizomes, this assay would be equally successful.  We 
did recognize, however, that there would be a different assortment of microbes associated 
with underground rhizomes than above-ground stems, and that we might encounter some 
difficulties with competition among microbes.  Thus, instead of plain, unamended agar, 
we used agar amended with lactic acid to suppress bacterial growth but still allow most 
fungi (including V. dahliae) to grow.  From each living plant harvested, we collected 
three rhizomes and plated out three sections from each rhizome. 
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We initially planned to detect small micro-colonies of V. dahliae on surface cells of 
larger roots and rhizomes as per Gerik and Huisman (1984, 1985), but preliminary 
analysis of some roots and rhizomes proved that this would be beyond the capacity of the 
time and funding allocated. 
 
Further, on October 5, a soil sample was taken from each pot to determine the end-of-
season inoculum density of V. dahliae MS.  Soil was air-dried for 1 month to allow all 
conidia (short-lived spores) of V. dahliae to die, so that the soil assay reflected only 
growth from persistent MS and not from conidia.  Conidia likely would not survive in 
soil over the winter after fall planting of rhizomes, and likely would not form in spring 
until after spring-dug rhizomes were planted, thus we did not want to include conidia in 
our soil assay.  The assay utilized the Anderson air sampler, in which soil is pulverized 
and small aliquots are sucked through a porous plate and deposited uniformly over agar 
Petri plates containing a selective polypectate medium (Butterfield and DeVay 1977) – 
this was the same assay used to determine the pre-potting inoculum density. 
 

Results 
 
As partially discussed above, prepotting infestation levels were assayed by the Anderson 
Air Sampler/polypectate medium method to be 0, 8, and 16 CFU/g soil for the three 
levels of initial MS infestation.  As discussed in the introduction, it is very difficult to 
anticipate and determine just how much of the prepotting inoculum participated in 
disease development during the season.  As shown below, disease levels were high.  The 
end-of-season soil assay for V. dahliae MS in soil in October is in progress.  A revised 
report will be sent, and these data should be available well before the winter mint 
meetings in January 2007.  Almost certainly some level of V. dahliae will be present in 
soil from all infested pots, so the implications of this are discussed below.  On the other 
hand, it is hard to predict the amount of inoculum remaining at season’s end, because 
nearly all MS would be from the initial infestation and it is common for lab-grown 
inoculum to survive less well than naturally produced inoculum. 
 
Mint growth and development in noninfested pots was normal and as expected all season 
long.  Data were collected from all pots, but plant and disease data are only presented 
from the set of pots from the noninfested and lower (but still high) infestation range (8 
CFU/g soil assayed preplanting).  In general, fungicides performed less well at the 
highest infestation level (16 CFU/g soil assayed preplanting), but this level was 
considered too high to be of practical interest. 
 
Mint in soil that was infested and without fungicides developed wilt symptoms by early 
July and severe wilt symptoms by mid-August (Table 2, Figs. 1 and 2).   Wilt symptoms 
in mint planted in infested soil treated with fungicides were variable depending on the 
fungicide used.  KIF3535, Folicur®, and PGAP did lower the rate of onset of severe wilt 
symptoms compared to the infested check, but not much.  Pristine®, Elevate®, Switch®, 
and Omega® resulted in more moderate wilt symptoms.  Wilt symptoms in pots with 
PCNB were only slight.  No symptoms developed in mint planted to noninfested pots or 
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in pots in which the soil was treated with Quadris.  Most of these symptom rating 
differences were statistically significant at each time of rating, P < 0.05 (Table 1). 
 
Foliage was harvested on August 16 and air dried.  Mean dry weights are expressed in 
Table 2 and Figure 3 as a percentage of the dry weight of mint foliage in the noninfested 
pots; thus, the mean dry weight from noninfested pots was 100 percent.  In contrast, the 
mean dry weight of mint from the infested pots without fungicides was only 25 percent.  
For fungicide treatments, the only products for which mint foliage yielded more than 50 
percent of the noninfested pots were Quadris (75 percent) and Elevate (55 percent).  Mint 
in pots treated with PCNB, which seemed to result in few wilt symptoms, yielded almost 
the same as the infested check.  PCNB can stunt some crops, which may have happened 
here. 
 
Three weeks after harvest, ground cover was rated as mint regrew in the fall.  Regrowth 
in noninfested pots was uniformly 100 percent -- i.e., all the pot surface area was covered 
by new foliage.  Mean percentage ground cover for all treatments is shown in Table 3 and 
Figure 4.  Mint covered only 20 percent of the infested check pots, and the only fungicide 
treatments that resulted in 40 percent or more ground cover were Quadris (44 percent), 
PCNB (41 percent), and Switch (40 percent).   
 
On October 5, all plants were dug from pots and rated for rhizome vigor and health.  A 
rating of 0 indicated fully healthy with a full set of rhizomes.  As expected, rhizomes in 
the most vigorous plants were encircling the pots.  Plants that were dead were given a 
rating of 5.  Ratings of 0 through 5 are shown in Figure 6.  Mean ratings are shown in 
Table 3 and Figure 5.  The mean noninfested check rating was 0.6, and the mean infested 
check rating was 3.6.  The best fungicide ratings were for Quadris and Folicur (2.4), 
PGAP (2.4), and PCNB (2.7), all substantially inferior to the noninfested check but 
superior to the infested check. 
 
No V. dahliae grew from any rhizome sections in the laboratory.   No sections were 
sterile, and very few bacteria were detected.  Sections routinely yielded cultures of 
Penicillium spp., Fusarium spp. and several fungi that were not classified.  Based on the 
severity of surface sterilization, we believe all these fungi were deeply located within the 
rhizomes.  It is difficult to say for certain that no V. dahliae was present, as these other 
soil and root fungi may have out-competed and suppressed growth of V. dahliae.  We 
routinely have seen V. dahliae compete well with fungi associated with aging stem 
tissues.  Conceivably, too, the sodium hypochlorite may have killed V. dahliae if it was 
less deep in rhizomes than in stems.  We are aware of no other attempts to recover V. 
dahliae from rhizomes.  Thus, our assay remains inconclusive.  This is further discussed 
below. 
 
Post-harvest soil assays (data not shown) indicated that the population of MS were 
slightly elevated over pre-season for the untreated check plots, were slightly reduced in 
Quadras-treated plots, and remained stable in plots treated with other fungicides.  These 
were trends, but means were not statistically separable (p<0.05). 
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Discussion 
 
This experiment was designed to test the potential of fungicides to control wilt in the 
field and to keep V. dahliae out of rhizomes used for rootstock.  We were able to 
demonstrate that most fungicides impacted seasonal wilt when applied as indicated, but 
not equally.  Quadris (azoxystrobin) was particularly effective in preventing wilt 
symptoms in the manner and rate treated.  There are a number of new related systemic 
and competing strobilurin products that presumably might perform similarly or even 
better than Quadris.  Initially, PCNB seemed promising because only mild symptoms 
were recorded during the season, but harvested foliage was low with PCNB at the high 
rate used.  The other fungicides seemed less promising.  However, no fungicide allowed 
regrowth or rhizome health and vigor anywhere equal to the noninfested check treatment 
(although many were better than the infested check without fungicide). 
 
These data require substantial interpretation: 

1. Impact of rate of infestation.  In order to improve the chances for results within a 
single season, high rates of infestation were used.  Based on the disease that 
occurred, even the lower of the two rates was highly active, perhaps as active as 
inoculum present in a highly infested commercial field.  Was the infestation and 
resultant activity too high to expect disease control with any fungicide product? – 
Very possibly.  With lower, natural infestations, we speculate that Quadris and 
perhaps even other products would have controlled wilt more satisfactorily during 
the summer and perhaps allowed better rhizome development in fall and perhaps 
kept V. dahliae from infecting rhizomes.  To measure this, a longer study would 
be required, beginning with much lower rates of infestation.   

 
2. Impact of manner of fungicide treatment.  As discussed above, the potting soil in 

this field trial was uniformly treated so that all root growth occurred in fungicide-
treated soil.  In commercial practice, fungicides likely would be sprayed onto 
fields and tilled to perhaps 4-inch depth along with rhizomes themselves, or prior 
to initial planting.  Subsequent root growth would occur below this band of 
fungicide treatment, and roots likely would be infected.  Above the zone of 
fungicide placement, however, effective systemic fungicides would keep V. 
dahliae from growing internally within the upper plant.  V. dahliae likely would 
be transported with infected roots attached to rhizomes, and with infested soil 
clinging to rootstock.   

 
3. Timing of treatments.   Our trial was planted from rooted cuttings in the spring, 

and soil was treated at that time.  Commercially, one would expect to either treat 
fields at initial planting or at the time of tillage, which could be anytime from late 
fall through early spring.  Thus, the fungicide application in this study would 
more closely relate to a spring tillage or planting.  Late fall or winter application 
might be similar because most fungicide degradation is biological, and this is 
slow during winter.  Almost certainly, fungicides would require annual 
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reapplication, which would require annual tillage.  Tillage is beneficial for 
redistribution of rhizomes and for insect and weed control, but is adverse for 
Verticillium wilt because MS formed in stems and leaves becomes incorporated 
into soil.  If fungicides prevented invasion of and reproduction in the upper plant 
by V. dahliae, this cycle could be broken. 

 
4. Uncertainty about the systemic nature of V. dahliae in rhizomes.  There is little or 

no information on the systemic nature of V. dahliae in mint rhizomes.  We have 
assumed that V. dahliae grows into the xylem of rhizomes because that best 
explains the rapid and early development of wilt in commercial fields planted 
with rootstock taken from fields with a wilt history.  Infection from MS carried in 
soil clinging to rootstock likely would result in a more slowly developing wilt, as 
would V. dahliae surface infections of rhizomes.  It is accepted dogma that nearly 
all systemic infection occurs via infection of root tips and immature xylem; 
infection by V. dahliae may occur on the surface of more mature roots, but the 
fungus cannot penetrate the Casparian strip of more mature regions (Gerik and 
Huisman 1984, 1985).  However, we were unable to detect V. dahliae from nearly 
300 rhizomes (nearly 900 rhizome sections) taken from (mostly) badly wilted 
plants –  including plants from the most highly infested pots that we excluded data 
from above.  We remain uncertain whether our failure to recover V. dahliae from 
any rhizomes was due to inadequate technique or the absence of V. dahliae from 
the rhizomes.   In fact, we found ourselves unclear about the specific vascular 
anatomy of rhizomes and whether Casparian strips even are universally present.  
It would be worthwhile following the growth of an isolate of V. dahliae 
genetically altered to express the green fluorescing protein so that its growth and 
presence within rhizomes and on root and rhizome surfaces could be determined 
by direct microscopic observation (Parks and Crowe 2002); there may be 
implications in future control applications.   

 
5.  Did Quadris prevent reproduction of V. dahliae in stems?  V. dahliae  

primarily reproduces MS in stems, and MS subsequently become reincorporated 
into soil with future tillage.  Postharvest flaming/reduced tillage programs are 
based on this even though flaming is expensive and there are good reasons to till 
for insect and weed control (Horner and Dooley 1965).  Typically, if wilt 
symptoms occur, this is a good indicator that V. dahliae is present in the stems.  
We are less sure that the absence of symptoms necessarily means the fungus was 
not there – especially because postharvest regrowth and rhizome development 
happened less in Quadris-treated plots than in noninfested plots.  In retrospect, we 
wish we had collected stems of mint from the Quadris-treated pots and assayed 
the stems for presence of V. dahliae.  If mint stems in Quadris-treated plots were 
free of V. dahliae, a program of annual tillage and fungicide application might 
result in long-term reduction in soil inoculum, just as does a program of 
postharvest flaming (Horner and Dooley 1965, McIntyre and Horner 1973). 

 
Microsclerotial populations persisted nearly unchanged from pre- to post-harvest.  This is 
a reminder that soil attached to dug rootstock will continue to be a source of 
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contamination for all fields planted from rootstock grown in infested soil.  Fungicides 
might temporarily keep V. dahliae dormant in soil, but fungicides (unlike fumigants) will 
not kill MS.   
 
In conclusion, one or more fungicides used here possibly could play a role in improving 
rootstock grown in lightly infested soil, but additional testing is required to demonstrate 
this.  Of the current array of products available, the strobilurin fungicides would be best 
used in further testing.  If costs could be controlled, our study suggests that annual 
reapplication of such fungicides might improve performance of mint oil production, 
although this was not the main intent of this study.  The lack of symptoms in top growth 
with the use of Quadris (azoxystrobin) suggests that MS of V. dahliae might not form in 
stems, but we unfortunately failed to determine this (and an adverse observation could be 
compromised by the very high infestation level used).  If so, then annual fungicide 
application combined with annual tillage might both improve mint performance (from the 
tillage aspects) and keep wilt from intensifying (by reducing reproduction in stems).  
Further investigation could verify the potential for fungicides plus tillage management to 
reduce mint wilt. 
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Table 1.  List of fungicides and other treatments and rates applied to pre-plant to potting soil. 
 

Treatments                           Amount of product per 3.5-gal pot  
Folicur 3.6 (430g/L tebuconazole) (Bayer) ........................................................0.0280 ml   
Elevate (50% fenhexamid) (Bayer-Arvesta) ......................................................0.0495 g 
KIF 3535 (40% pyrimethanil) (KI Chem)..........................................................0.0381 ml 
Quadris (22.9% azoxystrobin) (Syngenta) .........................................................0.2176 ml 
Omega (500 g/L fluazinam) (Syngenta) .............................................................0.0175 ml 
Switch (25% fludioxonil + 37.5% cyprodinil) (Syngenta)................................0.0295 g  
Pristine/BAS516 (25.2% boscolid + 12.5% pyclostrobin) (BASF)..................0.0463 g 
PCNB (75% pentachloronitrobenzene) (Amvac) ..............................................1.1957 g 
Plant Growth Activator Plus (misc. bacteria) (Organica Biotech/Chlorox)...15 ml 
Infested but not chemically treated check (positive control) .......................... none 
Non-infested check (negative control).............................................................. none 
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Table 2.  Mean values for seasonal Verticillium wilt symptoms between July 19 and August 9, 2006 for peppermint 
plots treated or untreated with preplant fungicides.  Data are also shown in Figure 1 without statistical analysis. 
 
 

 ___________________________Seasonal Vert symptoms_____________________________ 
Fungicide                       
treatment 19-Jul Statsa   24-Jul Stats   3-Aug Stats   9-Aug Stats 

Folicur 0.6b ab   0.9 abc   1.4 abcde   2.3 abcdef 
Elevate 0.0   b  0.0     c  0.8       def  1.2          fgh 
KIF 3535 0.0   b  0.4 abc  1.8 abcde  2.6 abcdef 
Quadris 0.0   b  0.0     c  0.0          f  0.0             h 
Omega 0.0   b  0.2   bc  0.7       def  1.4        efgh 
Switch 0.4 ab  0.6 abc  0.7       def  1.3          fgh 
Pristine 0.0   b  0.6 abc  0.8       def  1.3          fgh 
PCNB 0.0   b  0.2   bc  0.2         ef  0.4           gh 
PGAP 0.0   b  0.3 abc  1.0     cdef  1.9     cdefg 
None (+ Vert) 0.6 ab  1.1 abc  2.2 abcd  3.0 abcde 
None (- Vert) 0.0   b   0.0     c   0.0          f   0.0             h 

aMeans with letters followed by similar letters are not separable P < 0.05, as determined by Duncan’s Multiple Range 
analysis of variance. 
bSymptom rating:  0 = none, 5 = dead. 
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Table 3.  Mean values for foliage dry weight at harvest on August 16, for regrowth rating on September 21, and 
rhizome health rating on October 5, 2006 for peppermint plots treated or untreated with preplant fungicides.  Data are 
also shown in Figures 2,3 and 4 without statistical analyses. 
 

                                

Fungicide       Foliage  dry wt    
  Regrowth as  
% ground cover  

  Rizome visual  
& health ratinga  

treatment 16-Aug as % of Max Statsc  21-Sep Statsc  5-Oct Statsc  
Folicur 14.6 33     cdefg  14        ef  2.4   b  
Elevate 24.0 55   bcd  23   bcdef  3.0 ab  
KIF 3535 17.6 40     cdefg  19     cdef  3.0 ab  
Quadris 32.9 75 ab  44   b  2.4   b  
Omega 8.9 20          fg  7          f  3.4   b  
Switch 21.7 50   bcde  40   bcd  3.3 ab  
Pristine 22.0 50   bcde  24   bcdef  3.1 ab  
PCNB 11.8 27     cdefg  41   bc  2.7 ab  
PGAP 20.5 47   bcdef  34   bcde  2.5 ab  
None (+ Vert) 11.1 25        efg  20     cdef  3.6 ab  
None (- Vert) 43.8 100 a  100 a  0.6     c  

aRhizome visual and health rating: 0 = healthy and robust; 5 = dead. 
bColony-forming units of Verticillium dahiae on agar medium, representing microsclerotia/g dry soil (MS/g soil). 
cMeans with letters followed by similar letters are not separable at P < 0.05, as determined by Duncan’s Multiple Range 
analysis of variance. 
dTo be determined.  Data not available at the time of this report.
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Fig 1.  Mean Seasonal Verticillium Wilt Symptoms 

in Highly Infested Soil at Madras OR

Treated or Not With Preplant Fungicides
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Figure 2A-C.  Photos of mint growth and stunting on August 16, 2006.  Other Verticillium wilt 
symptoms are less clear in black and white, but are present.   
   A.  Plant at right with no symptoms (rating = 0), plants to left stunted (rating = 2.5-3.0). 

 
    B.  Plant at left no symptoms (rating = 0), plants to right stunted (rating = 1.5-2.0). 

 
C.  Large plant no symptoms (rating = 0), plant on right slightly stunted (rating = 1.0), two other 
plants designated by arrow very stunted and dying (rating = 4.5). 
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Figure 6.   Photo of rhizomes dug from representative plots.  Plant at far right was from a plot not 
infested with Verticillium dahiae with a health and vigor rating = 0.  Rhizomes from other plants 
were progressively less healthy and vigorous ranging from 1 to 5 (5 = dead). 
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Novel Carriers for Potato Seed Piece Fungicides 
 

Steven R. James 
 

Abstract 
 
Various combinations of wood flours and sunflower hulls were tested as carriers for seed-piece 
fungicides on ‘Shepody’ potatoes at the Madras site of the Central Oregon Agricultural Research 
Center.  The experimental treatments all included the same fungicide ingredients contained in 
MonCoat® MZ.  Emergence for the experimental carrier treatments generally trended lower than 
for the commercial products, although the differences were not statistically significant.  The 
number of tubers per plant was relatively constant among the treatments.  There were no 
significant differences among the total and U.S. No. One yields.  The data suggest that the 
experimental fungicide carriers tested in this experiment offer results comparable to 
commercially available products. 
 

Introduction 
 
It is a common practice in the western United States to cut whole potatoes into seed pieces prior 
to planting.  This process produces open wounds that are subject to invasion by a number of 
pathogens.  Cut seed pieces heal or form a crust on the cut surfaces when subjected to the proper 
environment, but this process takes time.  Commercial operations generally do not have the 
facilities or the time to allow for this natural wound-healing process to occur.  Instead, cut seed 
pieces are usually treated with a fungicide to minimize the potential for infection and decay or 
enhance wound healing and periderm formation on the cut surface.  The fungicides or wound-
healing compounds are added to carrier materials to facilitate uniform coverage over the entire 
surface of the seed pieces. 
 
Wood or bark flours are typically used in seed-piece treatment formulations and serve both as 
carriers for fungicides and enhance wound healing.  In addition, bark, talc, and other seed-piece 
treatment carrier materials adhere to moist surfaces of cut tubers and promote a smooth flow of 
seed pieces in planting equipment.  Potato seed-piece treatment formulations with bark typically 
have used Douglas fir (Pseudotsuga) or alder (Alnus rubra) bark because this material was 
readily available.  Western juniper (Juniperus occidentalis) is a nuisance species that has invaded 
millions of acres in the western states.  Extensive efforts are underway to develop markets for 
products from this species.  Other low-value products such as hulls from seeds may be useful as 
carriers for seed-piece treatments. 
 
A similar study in 2004 was initiated to determine whether wood flour from western juniper 
could be a suitable alternative to alder or fir bark as a carrier for potato seed treatment products 
(Central Oregon Agricultural Research Center [COARC] 2004 Annual Report, Special Report 
1060, pages 37-39).  A 2005 study examined various combinations of maple wood flour and 
sunflower hulls (COARC 2005 Annual Report, Special Report 1066, pages 45-47).  The 2006 
study included various hardwood and softwood flours as well as combinations with finely 
ground sunflower hulls. 
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Materials and Methods 

 
 
Five experimental seed-piece treatment formulations were compared with commercial standards 
Tops® MZ® (thiophanate-methyl/mancozeb, Bayer CropScience), MonCoat® MZ 
(flutolanil/mancozeb, Nachino America, Inc.) and Maxim® MZ (fludioxonil/mancozeb, 
Syngenta).  The experimental treatments all included the active ingredients in Moncoat MZ but 
differed in the carrier used.  The carrier treatments included hardwood flour, hardwood flour plus 
sunflower hulls, sunflower hulls, softwood flour plus sunflower hulls and GS-48 (hardwood flour 
plus sunflower hulls plus 8-20-20 fertilizer plus a plant growth regulator). 
 
Certified ‘Shepody’ seed was sorted into 6- to 8-oz tubers and cut into 4 pieces per tuber on May 
9, 2006.  Seed pieces averaged 1.68 oz.  For each of the 8 treatments, 128 freshly cut seed pieces 
(32 per replicate) were weighed and placed into a clean, dry bucket along with approximately 0.5 
lb of treatment material.  The seed pieces and treatment material were mixed and transferred 
several times between two buckets.  Seed pieces were allowed to air-dry and any remaining 
treatment material was collected and weighed.  Treatment material adhering to seed pieces were 
0.96, 1.09, 1.34, 1.18, 1.45, 1.06, 1.41 and 1.33 lb treatment/100 lb seed for treatments one 
through eight, respectively. 

The experiment was planted near Madras, Oregon on May 10, 2006 and included four 
replications of single-row, 32-hill plots arranged in a randomized complete block design. Seed 
was spaced at 9 inches in 36-inch rows. Fertilizer was banded at planting at 182 lb N/acre, 182 lb 
P2O5/acre, 182 lb K2O/acre, and 80 lb S/acre. Admire® (imidicloprid, Bayer CropScience) was 
applied at 0.26 lbs active ingredient (a.i.)/acre at planting to control insects.  Eptam® 7-E (s-ethyl 
dipropylthiocarbamate, Gowen) was applied before planting at 5 pt/acre on May 5 for weed 
control.  Additionally, a tank mixture of 1.5 oz/acre of Matrix® (rimsulfuron, DuPont), 1 pt/acre 
of Eptam, methylated seed oil adjuvant (1 percent by volume), and liquid ammonium sulfate (4 
percent by volume) was applied for post-emergence weed control on July 14 after hilling.  The 
experiment was irrigated with solid-set sprinklers based on AgriMet 
(http://www.usbr.gov/pn/agrimet/) crop water use calculations for Madras potatoes.  Emergence 
data were collected on June 22. 
 
Vines were rolled on September 13 and plots were harvested on October 4. All tubers were 
graded to USDA standards on October 5. 
 

Results and Discussion 
 
Plant emergence 42 days after planting ranged from 91 to 98 percent with the standard 
commercial products Tops MZ, MonCoat MZ, and Maxim MZ at 97, 98, and 95 percent, 
respectively.  Emergence for the experimental carrier treatments generally trended lower than the 
commercial products, although the differences were not statistically significant.  The number of 
tubers per plant was relatively constant among the treatments. 
 
Yields were in the normal range for the local area (Table 1.).  Total yields ranged from 483 to 
543 cwt/acre; U.S. No. One yields ranged from 361 to 433 cwt/acre.  There were no significant 
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differences among the total and U.S. No. One yields.  The data suggest that the experimental 
fungicide carriers tested in this experiment offer results comparable to commercially available 
products. 
 
 
 
Table 1.  Effect of seed-piece carriers on ‘Shepody’ potatoes, Madras, Oregon, 2006. 
Seed-piece 
carrier 

 
<4oz 

<---- 
4-12 

Ones 
12+ 

-----> 
Total 

 
Culls 

Total 
yield 

Tubers/ 
plant 

 
Emergence 

 <------------------------cwt/acre-------------------> 42 Days 
         
Hardwood 30 170 219 390 115 535 5.0 91 
HW/Sun Hulls 29 198 163 361 93 483 4.6 96 
Sun Hulls 26 185 204 389 77 492 4.6 92 
Softwood/Sun 20 177 256 433 90 543 4.5 91 
GS-48 38 198 165 363 85 486 5.0 94 
Tops MZ 27 177 213 390 110 527 4.7 97 
MonCoat MZ 25 203 216 419 50 494 4.4 98 
Maxim MZ 37 205 191 397 69 503 4.9 95 
         
LSD (5%) ns ns ns ns ns ns ns ns 
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Development of a Management System for Sod Webworm in Kentucky 
Bluegrass Seed Production in Central Oregon, 2006 

 
Marvin Butler, Claudia Campbell, Glenn Fisher, and Ralph Berry 

 
Abstract 

 
Pheromone traps that emit a scent to attract male sod webworm moths (Chrysoteuchia 
topiaria) were placed in 20 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 collected in the pheromone traps were 
considered relatively low for all fields, with sod webworm moth numbers ranging from 
99 to 4,512 across 20 fields. The overall peak flight was from June 18 to July 6, with 
populations dropping off sometime between July 10 and 24. During peak flight the total 
numbers of moths were near 1,700 per week. Six fields were chosen 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 November, with few 
sod webworm larvae collected at any of the locations. 
 

Introduction 
 
A 2-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 webworm (Chrysoteuchia topiaria) and cutworms (Protagrotis obscura) in central 
Oregon. No billbugs (Sphenophorus venatus confluens) were collected in 2003-2004, 
while 22 were collected during 2004-2005. No differences were observed in two fields 
with nonburned 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 distribution during the 2005 and 
2006 seasons. The strategy has been to use pheromone traps that emit a scent to attract 
male 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 
objective of this research was to determine if pheromone traps can be used to indicate 
which fields will have high populations 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 removed to the side of the field for swathing, threshing, and baling 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. 
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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 prior to the 
October 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, October 12-16 and November 10-12. Sod samples were processed for 
24 hours using Berlese funnels. Insects were collected 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 
20 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 populations 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 20 fields were near 
1,700 per week in 2006 and 1,500 per week across 23 fields in 2005. Sod webworm 
moths collected per field ranged from a total of 99 to 452 in 2006, compared 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 2 years of data, we have been unable to document a correlation between 
the number of moths collected in pheromone traps and larvae collected in sod samples.  
 
Following are a couple of observations. Fieldmen indicate that higher numbers of larvae 
are often found under windrows where there are greater protection and higher moisture 
levels. It is felt that field dry-down after harvest, followed by open field burning, makes 
an inhospitable environment where few emerging larvae are surviving. This may explain 
the presence of moths during the summer 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 the 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, Culver and Madras, Oregon. 
 
  Collection dates  

Field     May 22-30    
May 31- 
June 5  June 6-17  June 18-28  

June 28-  
July 6  July 10-24  

July 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  4,783 
                 
1Traps not collected. 
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Table 2. Insect pests found in Kentucky bluegrass sod samples in central Oregon, fall 2006. 
 
  Sampling dates   

Insect  Location  
September  

25 - 29  
October 
 10 - 12  

November  
12 -16  Total  Moth Tot 

Sod webworm  --------------------------Number of insects/location------------------------------ 
 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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Novaluron Evaluation for Lygus Bug Control in Seed Carrots 
 

Richard Affeldt, Greg Williams, and Bruce Marten 
 

Abstract 
 

A trial was conducted in a commercial field of open-pollinated carrots grown for seed to 
evaluate novaluron (Rimon) for lygus bug control compared to a standard treatment, 
bifenthrin (Capture).  Five acre plots were sprayed with each treatment on June 26.  
Lygus bug populations in each treatment were evaluated 18 days after application using a 
sweep net.  Novaluron was not as effective as bifenthrin for lygus bug control, and 
novaluron resulted in lower carrot seed germination. 
 

Introduction 
 

Lygus bugs (Lygus spp.) that feed on carrots when they are flowering pose a risk to carrot 
seed viability.  Bifenthrin (Capture®, FMC Agricultural Products) is the standard 
insecticide used to control and repel lygus bugs on carrots for seed.  However, bifenthrin 
is not selective for lygus bugs and therefore controls and repels many beneficial insects 
and must be used carefully in regard to pollinator bees.  Novaluron is a chitin synthesis 
disruptor that is very effective for lygus bug control in alfalfa seed production and might 
be more selective for lygus bug control than bifenthrin.  A trial was conducted to evaluate 
novaluron (Rimon®, Chemtura Corp.) for lygus bug control in carrots grown for seed 
 

Methods and Materials 
 

A 10-acre commercial field of open-pollinated carrots was selected for this trial.  On June 
26, 2006 half of the field was treated with bifenthrin and half with novaluron.  
Treatments were aerially applied by a commercial applicator during carrot flowering, 
before pollinator bees were brought into the field.  Quartenary ammonium salt (Hyper-
Active) was added to the novaluron treatment.  Due to the mobility of lygus bugs this 
trial had to be conducted on large plots, which resulted in a lack of replication.  Because 
of the lack of replication, a technique called pseudoreplication was used to determine 
lygus bug populations in each treatment. The plots were evaluated 18 days after 
application using a sweep net and taking 2 samples of 10 sweeps in 1 treatment and then 
moving to the other treatment and taking another 2 samples of 10 sweeps.  This method 
of sampling was repeated 5 times for each treatment.  In each sample of 10 sweeps, adult 
and nymphal lygus bugs were counted separately.  During commercial seed harvest, 
samples were collected from the combine from each plot and sent to a seed lab for 
germination testing. 
 

Results and Discussion 
 

Novaluron is a chitin synthesis disruptor; in order to achieve good control it has to be 
applied when lygus bugs are very immature.  It is likely that the June 26 application was 
too late for optimal lygus bug control. 
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Lygus bug control with bifenthrin, the standard, was much better than with novaluron.  
The amount of lygus bug control with novaluron was unacceptable and later the plot had 
to be treated with bifenthrin.  Also, carrot seed germination was 13 percent higher from 
the bifenthrin plot compared to novaluron.  Novaluron might be a useful tool for lygus 
bug control, but more work will need to be done to determine an effective application 
timing. 
 
Table 1.  Lygus bug population and carrot seed germination from insecticide 

treatments near Madras, Oregon, 2006. 

Treatment Sample  
Lygus bug 

adults   
Lygus bug 

nymphs  
Carrot seed 
germination 

  Average count/10 sweeps % 
    

1 8.5 5.5  Novaluron 
0.078 lb 
ai/acre 2 4.5 10.5  
 3 6.5 5.0  
 4 5.5 2.5  
 5 8.5 2.0  
     

 Mean 6.7 5.1 64.75 
     

1 3.5 1.0  Bifenthrin  
0.1 lb ai/acre 2 0.5 0.0  
 3 0.0 0.5  
 4 1.5 0.0  
 5 2.5 0.0  
     

 Mean 1.6 0.3 74.0 
LSD (P=0.05)  2.4 3.5 NS 
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2006 Winter and Spring Wheat Variety Trials 
 

Rhonda Simmons, Mylen Bohle, Mark Larsen, 
Mary Verhoeven, and Jim Petersen  

 
 

Introduction 
 
Cereals are an important rotational crop for central Oregon.  Soft white wheat, historically until 
the recent past, has been the most important class for grain production.  Wheat accounted for 65 
percent of the acreage grown in 1998, the hard red wheat class has accounted for 60-70 percent 
of the total acreage grown in 4 years out of 6 years, and 42-44 percent in the two other years, 
including 2005.  Since 1998, wheat acreage grown has ranged from a high of 13,955 acres in 
1998 to a low of 6,100 acres grown in 2006, in Crook, Deschutes, and Jefferson counties.  The 
percentage of wheat grown in 2006 was 37% hard red spring wheat, 48% soft white winter 
wheat, and 15% soft white wheat. 
 
Central Oregon is well situated to the markets in Portland, Oregon.  Public and private Pacific 
Northwest plant breeders release new cereal varieties each year.  To provide growers with 
accurate, up-to-date information on variety performance, a statewide variety-testing program was 
initiated in 1993 with funding provided by the Oregon State University (OSU) Extension 
Service, OSU Agricultural Experiment Station, Oregon Wheat Commission, and the Oregon 
Grains Commission. Central Oregon Agricultural Research Center (COARC) has participated in 
the program every year since 1993.  The Oregon Grain Commission budget no longer allows 
them to contribute to the statewide Oregon Elite Yield Trials, and Oregon Wheat Commission 
contributions to the trial have diminished because of their budget constraints. 
 
Yield, height, lodging, and heading dates were recorded for Madras, which is one of 9 locations 
around Oregon that participate in the statewide trials.  Results are summarized and extended 
through extension publications, county extension newsletters such as the Central Oregon Ag 
Newsletter, as well as in other popular press media. Data are also summarized for all trials and 
are available on the OSU Cereals Extension web page (http://cropandsoil.oregonstate.edu/wheat/ 
).  For future reference, use the web page for earliest access to data, as trial results are posted as 
soon as they are available.  Previous cereal variety and other production trial data (1993-2002) 
are available at the following web site: http://cropandsoil.oregonstate.edu/cereals/.  Due to 
budget constraints, this web site is no longer updated, but the information is still available. 
 

Materials and Methods 
 

The entries were planted into plots, 4.5 ft by 20 ft, at the rate of 30 seeds/ft2, in 6-inch rows, 
8-inch row spacing, with an Oyjord plot drill in a randomized block design, with 3 replications. 
The winter wheat trial was planted on September 22, 2005 and the spring wheat trial was planted 
on April 13, 2006.  
 
Soil samples were taken to a depth of 14 inches. The samples were analyzed by the Agri-Check 
Laboratory at Umatilla, Oregon.  Soil test results are presented in Table 1.   The nitrogen supply 
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goal for winter wheat was 200 lb N/acre and for spring wheat was 160 lb N/acre. 
 
Table 1.  Soil test results from samples taken on September 14, 2006, for the statewide Oregon 
Elite Wheat Variety Trials at the Central Oregon Agricultural Research Center, Madras, Oregon. 
Soil depth pH NO3 NH4 P K S 
(in)  (lb/acre) (lb/acre) (ppm) (ppm) (ppm) 
0-13 7.2 29 12 26 366 14.7 
 
The winter wheat variety trial was fertilized with 550 lb/acre of 30-10-0-7 (165 lb N, 55 lb P2O5, 
0 lb K2O, 38.5 lb S/acre) on March 23, 2006.  Estimated total nitrogen (soil + fertilizer N) 
available to the plants was 194 lb/acre.  The spring wheat variety trial was fertilized with 450 
lb/acre of 30-10-0-7 (135 lb N, 45 lb P2O5, 0 lb K2O, 32 lb S/acre) on March 23, 2006.  
Estimated total nitrogen (soil + fertilizer N) in the top 13 inches of soil available to the plants 
was 164 lb/acre.   
 
Weeds were controlled in winter wheat with an application of 1.5 pt/acre 2,4-D and 1.5 oz/acre 
of Banvel® product, and 2pt/100gal non-ionic surfactant on April 21, 2006.  Weeds were 
controlled in spring wheat using 1.5 pt/acre Bronate®, 3 oz/acre Banvel®, and 2pt/100gal non-
ionic surfactant on May 31, 2006. 
 
The trials were irrigated as needed with a 30- by 40-ft spacing, solid-set sprinkler (9/64th- inch 
Rainbird nozzles) irrigation system.   First irrigation for the winter wheat variety trial occurred 
on April 28, 2006 and the last irrigation occurred on June 30, 2006.  First irrigation for the spring 
wheat variety trial occurred on May 3, 2006 and the last irrigation was applied on July 27, 2006. 
 
Heading dates were recorded when 50 percent heading occurred.  Just prior to harvest, lodging 
scores (percent plot) and plant height (inches) measurements were taken.  Harvested area was 
approximately 10 by 4.5 ft to 15 by 4.5 ft for the winter wheat variety trial and 15 by 4.5 ft for 
the spring wheat trial.  Each plot length was measured and a Hege plot combine was used to 
harvest the entries.   Harvest date for the winter wheat trial was August 8, 2005 and August 26, 
2005 for the spring wheat trial.  The grain samples were shipped to the OSU Hyslop Farm at 
Corvallis, Oregon where they were processed.   Statistical analyses were by analysis of variance 
(ANOVA) using general linear model, PROC GLM, of SAS version 9.1 (SAS Institute, Inc., 
Cary, North Carolina).   
 
 
 

Results and Discussion 
 
Winter Wheat Trial 
The winter wheat trial yield average was slightly more than 120 bu/acre, and the yields ranged 
from 105.7 to 131.2 bu/acre (Table 2.).  For the top-yielding 34 entries, ‘Rod’ to ‘Masami’, there 
were no significant differences between varieties and experimental lines, with a yield range of 
131.2 bu/acre to 115.3 bu/acre (PLSD 0.05, 16.9 bu/acre).   
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Average test weight for the trial was 58.2 lb/bu.  Test weight ranged from 60.7 (BZ 6W99-456) 
to 56.1 lb/bu (Rod).  The four top-yielding varieties all had test weights between 56.1 to 59.9 
lb/bu. 
 
Heading date average was 155 days and ranged from 149 days after January 1st (day of year 
[doy]) to 160, or a range of 11 days.  Oregon line ORH010920 was the earliest to head at 148.7 
doy and ARS97135-9 was the last entry to head at 160 doy. 
 
Average plant height was 37 inches for the trial.  Heights ranged from 34 inches (ORH010920) 
to 42 inches (ARSC96059-1). 
 
Lodging average was a bit higher than in previous years with 34.9 percent for the trial.  Lodging 
ranged from 0 percent (4 entries) to 93.3 percent (ARSC96059-1).  There were 11 entries with 
lodging scores of 10 percent or less. 
 
Protein average was 10.5 percent and ranged from 9.3 to 11.7 percent, which suggests that 
maximum average yield was achieved. 
 
Spring Wheat Trial 
The spring wheat trial average yield was 120.1 bu/acre and yields ranged from 76.9 
to122.6bu/acre (Table 3).  For the top-yielding seven entries, ‘Alpowa’ to ML107-11A, 99 (a 
range of 122.6 to 110.1 bu/acre), there was no significant differences (PLSD 0.05, 12.7 bu/acre) 
between entries. 
  
Heading date average was 174 doy with a range from 168 ‘Buck Pronto’ to 183 doy ‘ML03-409-
BK4’ which was a range of 15 days. 
 
Average plant height for the trial was 36.0 inches, with a range of 31.3 inches (OR4201262) to 
45.9 inches (Hollis).  (Nick and Blanca Grande), two relatively new releases were the two of the 
highest yielding varieties in the trial and had plant heights of 35.3 and 30.9 inches.   
 
Lodging was very minimal this year.  Average lodging for the trial was 4.1 percent, and ranged 
from 0 percent (28 varieties) to 40 percent (ML03-409-BK4). 
 
Protein average was 13.6 percent and ranged from 11.5 to 15.9 percent.  The eleven hard red 
spring wheat varieties protein ranged from 13.6 to 16.1 percent, with only two entries not 
achieving 14% protein.   
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Table 2.  Statewide variety testing program for winter wheat at the Central Oregon Agricultural 
Research Center, Madras, Oregon, planted September 2006. 
 Class Yield Test weight Heading Height Lodging Protein 
Variety or line  bu/acre (lbs/bu) (doy) (in) (%) (%) 
Rod SWW 131.2 56.1 157 38 53 10.1 
OR2020787 SWW 129.6 58.5 150 37 25 10.6 
Weatherford SWW 127.6 58.8 156 39 7 10.5 
ORH010083 SWW 127.5 59.9 157 36 3 10.3 
ARS97135-9 CLUB 127.4 58.3 160 37 32 9.6 
OR9901619 SWW 127.2 58.6 157 42 15 9.9 
ORH010920 SWW 126.8 57.8 149 34 20 11.0 
Simon SWW 126.0 58.8 157 40 43 10.6 
ORH010085 SWW 125.4 59.6 157 37 7 10.8 
OR9900553 SWW 125.3 58.2 156 35 30 10.9 
ORCF-102 SWW 124.9 59.3 156 40 33 10.3 
Brundage96 SWW 124.1 57.9 155 37 0 10.4 
ORH010837 SWW 124.0 56.8 149 35 30 10.6 
OR2010239 SWW 123.7 58.3 153 37 20 10.5 
Tubbs-06 SWW 123.7 57.4 156 39 38 10.3 
OR2030554 SWW 122.6 58.8 155 36 28 10.5 
OR2030237 SWW 122.1 56.5 153 37 27 10.9 
OR2030239 SWW 122.0 57.8 154 37 0 9.9 
Westbred 528 SWW 121.9 59.2 149 35 57 10.5 
Stephens SWW 120.6 57.6 153 35 82 11.0 
Madsen SWW 120.3 58.9 159 38 3 10.4 
Tubbs SWW 120.2 57.2 156 38 77 10.5 
Chukar CLUB 119.7 58.9 155 39 68 10.3 
OR2010241 SWW 119.5 60.2 158 40 7 9.7 
ID99-419 SWW 118.7 57.7 157 38 57 9.3 
ORI202183C SWW 118.7 58.8 157 37 38 11.3 
BZ 6W99-456 SWW 118.1 60.7 151 37 13 11.2 
Idaho 587 SWW 118.0 58.1 153 34 0 11.1 
OR2030411 SWW 117.1 56.8 152 34 15 10.3 
ARS99123 CLUB 117.1 59.0 155 38 67 9.9 
ID92-22407A SWW 116.9 59.1 158 40 73 10.2 
ORCF-101 SWW 116.8 58.7 156 38 10 11.2 
ORH010918 SWW 116.6 57.2 149 34 0 10.8 
Masami SWW 115.3 56.8 159 40 55 9.9 
Coda CLUB 113.6 60.5 159 44 63 10.1 
ORSS-1757 SWW 112.5 57.9 155 37 70 10.2 
ID99-435 SWW 110.9 56.3 155 40 55 10.7 
ORI2042037 SWW 110.5 56.7 159 37 93 10.4 
ARSC96059-1 CLUB 107.0 59.9 156 42 78 11.1 
Gene SWW 105.7 56.5 152 35 3 11.7 
Mean  120.4 58.2 155 37 35 10.5 
PLSD (0.05)  16.9 1.1 2.0 9.1 36 0.9 
CV %  8.6 0.9 0.8 5.8 5.8 4.4 
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Table 3.  Statewide variety testing program for spring wheat at the Central Oregon Agricultural 
Research Center, Madras, Oregon, 2006. 
 Class Yield Test weight Heading Height Lodging Protein 
Variety or line  bu/acre (lbs/bu) (doy) (in) (%) (%) 

Alpowa SWS 122.6 62.3 176 40.2 0 12.4 
Nick SWS 115.2 62.0 172 35.3 0 12.2 

WA007964 SWS 114.5 59.8 178 38.6 0 11.5 
Alturas SWS 111.6 60.4 176 37.3 0 11.6 

Blanca Grande HWS 110.7 63.1 169 30.9 0 13.8 
Lolo HWS 110.4 61.4 174 37.6 0 14.2 

ML107-11A, 99 HWS 110.1 60.0 177 36.9 0 12.8 
ML042-37, A SWS 108.3 58.9 177 35.9 0 12.9 

Pettit SWS 107.6 62.3 169 30.6 0 11.7 
UI Lochsa HWS 107.1 59.7 173 37.3 0 14.1 

UI Alta Blanca HWS 106.1 61.3 176 40.2 0 14.2 
ML455-17-OR81-2 HWS 106.1 58.8 176 36.9 0 13.5 

Louise SWS 103.7 60.8 176 38.6 0 11.8 
Hank HRS 103.4 59.2 171 33.6 0 14.8 

OR4201261 HWS 102.9 60.8 178 33.3 0 13.0 
UI Winchester HRS 102.7 61.7 171 33.3 20 14.4 
OR4201019 HRS 102.3 62.4 175 33.6 0 13.6 

Macon HWS 101.9 60.9 171 36.6 29 13.4 
IDO630 WXY 101.7 61.2 176 34.3 0 12.4 
Jefferson HRS 101.5 60.4 173 35.9 0 14.9 

OSU Check SWS 101.3 61.1 177 35.6 13 12.6 
ID0377S HWS 101.3 60.4 174 37.9 0 14.3 
Jerome HRS 100.5 60.5 169 34.9 3 13.9 
IDO629 WXY 100.0 60.7 176 37.9 0 11.7 

Otis HWS 99.9 60.4 174 38.6 0 14.2 
Tara 2002 HRS 99.7 60.3 170 36.3 0 14.9 

Buck Pronto HRS 97.3 61.4 168 34.3 0 16.1 
WA007998 HRS 94.6 58.8 172 37.6 0 15.9 

BORL95/RABE HRS 93.3 60.2 175 35.3 0 14.7 
OR4201027 HRS 92.8 59.0 175 29.3 0 14.1 

Winsome HWS 90.8 59.2 177 32.3 0 13.0 
OR4201262 HWS 87.0 60.6 178 31.3 0 12.9 

Hollis HRS 86.3 59.5 174 45.9 33 15.9 
ML03-409-BK4 SWS 76.9 54.1 183 37.9 40 13.4 

Mean  102.1 58.2 174 36.0 4.1 13.6 
PLSD (0.05)  12.7 1.1 1.9 6.6 18.9 0.6 
CV %  7.6 0.9 2.0 4.4 2.0 2.2 
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Jefferson County Smoke Management  
Pilot Balloon Observations, 2006 

 
Claudia Campbell and Marvin Butler 

 
Abstract 

 
Pilot balloon (Piball) observations are a major component of the daily decision-making process 
used in allowing open field burning of grass seed fields in Jefferson County. Piballs are used to 
track local wind direction and speed. Piballs are released daily from the Central Oregon 
Agricultural Research Center at 11:00 a.m. and 1:00 p.m. Piball releases at potential burn sites 
allow for more accurate decisions under marginal conditions when errors are most likely to 
occur. The piball is essential in minimizing adverse smoke impacts on local communities.  
 

Introduction 
 
The piball program, started in 1998, incorporates the weather balloon information into the daily 
routine of the Jefferson County Smoke Management Program. The software program, Piball 
Analyzer, was used in interpreting piball data which was then transmitted it to the smoke 
management coordinator. Emphasis was put on burning more acres on the better burn days (as 
determined by smoke dispersion) and not allowing burning on the marginal days. 
 

Materials and Methods 
 

Daily balloon releases occurred in the morning between 11:00 and 12:00 and, at the request of 
the smoke management coordinator, in the afternoon generally between 1:00 and 2:00. The 
piball was used to verify the burn forecast for upper level wind direction and speed and provide 
an indication of the mixing height. The software program, Piball Analyzer, developed by the 
Oregon Department of Agriculture (ODA) to aid in the analyzing of the piball information, 
includes three components. The first is the Piball Sounding, a spreadsheet translating the azimuth 
and elevation readings from the piball into wind direction and average speed. The second is the 
hodagraph, which charts the wind direction. The Profile page, the third component, graphs wind 
speed. The Piball soundings are entered into the Piball Analyzer and transmitted to the Jefferson 
County Smoke Management website for the smoke management program coordinator, who then 
uses these data in conjunction with the aircraft soundings and the ODA burn forecast to 
determine the field burning status for the day.  
 
Wind directions and speeds are determined at 1-minute intervals for a period of 10 minutes 
during each balloon release, using an observation Theodolite System and 26-inch-diameter 
helium-filled balloons. Each minute the balloon is in the air corresponds with the following 
elevations above ground level in feet: 709, 1,358, 2,008, 2,628, 3,248, 3,839, 4,429, 5,020, 
5,610, and 6,201. Air temperature, relative humidity, and surface wind direction and speed are 
documented for each day at the time of the piball releases using the AgriMet weather station at 
the Central Oregon Agricultural Research Center (COARC).  
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Results 
 

The open field burning season was 43 days long in 2006. Daily balloon releases in the late 
morning were used to refine the weather forecast to minimize adverse smoke impacts on local 
communities.  
 
The piball was also a valuable tool for determining the mixing height for smoke during the 
optimal burn times. There was surface inversion extending from the surface up to as high as 
5,000 ft above ground level (agl) on 46 percent of the mornings, as indicated by the temperature 
readings provided by the airplane flights. A counter clockwise direction of travel by the piball 
indicates an inversion or stable air layer. There is no way to detect these stable air layers without 
the piball. The stable air layer was still in evidence 32 percent of the time as indicated by the 
morning piballs and 16 percent of the time for the afternoon piball sounding. Morning piballs 
indicated that 16 percent of the time the transport wind direction was different from that 
predicted, while12 percent of the time the afternoon piball release indicated transport wind 
direction to be different than predicted.  
 
The piball program is a necessary tool for the determination of real-time, on-site wind 
conditions. However, it is particularly helpful on marginal burn days to assist the program 
coordinator in making the decision whether to allow burning when conditions were either 
changing or hard to discern. It is on these marginal days, when the conditions are unclear, that 
the most risk for smoke intrusion into populated areas exists. To have the piball available for 
release at the site of the potential burn prior to making a final decision has proved to be a 
valuable tool. 
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Chickpea Variety Trial Yield and Composition, 2006 
 

Brian Duggan and Rhonda Simmons 
 

Abstract 
 

Chickpeas are a potential rotation crop in central Oregon that use minimal water and 
reduce the nitrogen fertilizer required for a following crop. This study was conducted to 
determine which cultivars would be suited to the local environment. Variety trials of 14 
cultivars and advanced breeding lines were conducted at two locations in central Oregon. 
The fungal disease Ascochyta was a problem at one location, where the trial was almost 
abandoned. At the other location, yields were respectable and seed size large, indicating 
that with Ascochyta control, central Oregon holds promise as a source of large seed 
chickpeas. Further research will concentrate not only on variety trials but also on 
management strategies for containing Ascochyta. 
 

Introduction 
 

With their adaptation to dry, cool growing conditions and high value when produced at  
premium quality, chickpeas (Cicer arietinum) are a potential rotation crop for central 
Oregon. Chickpeas have been grown in central Oregon under contract for approximately 
$0.24/lb, although larger chickpeas are marketed around the world in excess of $0.45/lb. 
With yields typically between 1,500 and 2,000 lb/acre, as well as the ability to contribute 
to soil nitrogen, they present themselves as a viable alternative to rotational crops like 
wheat and barley. Given the low level of resistance in kabuli chickpea, Ascochyta blight 
presents a considerable challenge to growing the crop in central Oregon. 
 

Methods and Materials 
 

Two variety trials were conducted within commercial fields of chickpeas at the Dean 
Davis property near Prineville (44.37°N, 120.90°W, 2,960 ft elevation) and at Rex 
Barber’s property at Lower Bridge (44.35°N, 121.33°W, 2,720 ft elevation). Both trials 
were organized as randomized complete blocks with three reps. Plots measured 20 ft long 
by 4 ft wide. There were 6 rows per plot and the first and sixth rows and 2 ft at the ends 
of each plot were removed prior to harvest. At Prineville one desi (‘Myles’) and three 
kabuli (‘Dwelley’, ‘Dylan’, and ‘Sierra’) cultivars were included along with six kabuli 
breeding lines from Washington State University’s chickpea breeding program, as well as 
two commercially grown kabuli cultivars provided by the Kelly Bean Company (KBC) 
(‘HB14’ and ‘HB19’). In addition to these lines, two extra-large-seeded cultivars 
(‘Macarena’ and ‘Kimberley Large’) were included at the trial conducted at Lower 
Bridge. Seed was treated with Ridomil® (Syngenta), Mertect® (Syngenta), and Maxim® 
(Syngenta) at recommended rates and sown at 4.9 seeds/ft2 (approximately 240 kg/ha or 
215 lb/acre) at a depth of 1.5 inches. Both trials were sown using a single row planterand 
an average of only 2.4 plants/ft2 was achieved at both locations. Trials at both locations 
were pivot irrigated. The Prineville trial was sown on April 14, 2006 and irrigated within 
2 days. All plots showed considerable Ascochyta disease from flowering (mid-June) 
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onwards. In response, one fungicidal spray of Quadris® (Syngenta)(15 oz/acre) was 
applied. The trial was harvested on 19 September, 2006 using a sickle-bar mower and the 
biomass was brought back to Central Oregon Agricultural Research Center, Madras, 
where is was threshed using a stationary threshing machine. The trial at Lower Bridge 
was sown on 27 April, 2006 and irrigated 2 days later. Ten lb/acre of 4-10-8-3 fertilizer 
solution was dissolved and applied in the initial irrigation while 300 lb/acre of 16-16-16-
7 fertilizer was broadcast on May 1, prior to emergence. Low levels of Ascochyta were 
observed in some random plots at late flowering, except ‘Kimberley Large’, which was 
severely affected for the majority of the season. Plots were harvested on 25 September, 
2006 in the same manner as the Prineville trial.  
 

Results and Discussion 
 

The severity of the Ascochyta blight at Prineville was so bad that the trial was nearly 
abandoned. Yield was commercially unacceptable and seed weight was also low (Table 
1). While yields were much higher at Lower Bridge, the seed weight was lower than 
anticipated for ‘Macarena’ and ‘Kimberley Large’. The seed sown of these two cultivars 
averaged 57 and 60 g/1,000 seeds, respectively, compared to the other kabuli types that 
averaged around 45 g/1,000 seed. 
 
Table 1. Yield (lb/acre) and 1,000 seed weight (g) of chickpeas grown at Dean Davis’ 
and Rex Barber’s farms in 2006. 
 
 Dean Davis Farm Rex Barber Farm 
Cultivar Yield (lb/ac) 1,000 seed wt (g) Yield (lb/ac) 1,000 seed wt (g) 
Dwelley   295 40.6 1376 52.6 
Dylan   375 41.0 1030 56.4 
Sierra    925 45.7 1343 54.1 
CA9783163C   201 41.1   823 56.7 
CA9990B1579C    906 47.1 1305 55.0 
CA0090B347C 1431 43.8   452 45.7 
CA0190B839C   397 42.3 1040 53.7 
CA9890233W    74 39.7   890 54.4 
CA9990I875W  188 41.0   861 51.0 
Myles 1139 19.3 1216 18.5 
HB14   516 44.9 1809 44.9 
HB19 1074 42.7 1563 52.6 
Macarena * *   781 51.4 
Kimberley Large * *   329 50.0 
LSD (0.05) 620 5.5   900 12.2 
 
The two cultivars from KBC were the highest yielding when Ascochyta was contained or 
minimal, but a gross return of less than $500/acre does not make the crop an attractive 
proposition. Seed size in general was larger than the seed sown, indicating that central 
Oregon may be a good location for producing large chickpeas. Surprisingly, ‘Macarena’ 
and ‘Kimberley Large’ produced relatively small chickpeas and this may be in response 
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to the Ascochyta. Research from Canada suggests that multiple fungicidal sprays are 
required to prevent or reduce the severity of Ascochyta and future research of chickpeas 
in central Oregon will focus on the management of this disease, possibly by applying 
fungicides through irrigation water. 
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Spring Canola and Mustard Variety Trial, 2006 
 

Brian Duggan  
 

Abstract 
 

The production of canola and mustard for oil to be used for biodiesel has attracted 
considerable interest from farmers in central Oregon wishing to become self sufficient in 
fuel. This study was conducted to determine grain and oil yield of spring brassica oilseed 
crops. Five canola (Brassica napus), one brown mustard (B. juncea), and one yellow 
mustard (Sinapsis alba) cultivars were trialed at two locations in central Oregon. 
Although mustards were lower in oil content, their higher seed yields resulted in oil 
yields comparable to the canola cultivars at Madras. At Powell Butte the yellow mustard, 
but not the brown, produced oil yields comparable with most of the canola cultivars. 
However, oil yields determined from this trial would indicate that oilseed crops for the 
production of biodiesel would not be economically viable at current diesel prices. 
 

Introduction 
 

With gasoline and diesel prices approaching $3/gal there has been considerable interest 
locally and nationally in the ability to produce renewable energy fuels. Canola is often 
put forward as an ideal temperate crop that can be grown for its oil, which can then be 
processed into biodiesel. Current regulations prohibit the growing of canola in central 
Oregon because of 1) out-crossing with the brassica seed crops (e.g., Chinese green 
vegetables, cabbage, etc.) grown in the area; 2) attracting bees and other pollinating 
insects away from other specialty seed crops (e.g., hybrid carrot and onion seed crops); 
and 3) transgenic contamination of seed lots. A special permit from the Oregon 
Department of Agriculture (ODA) was obtained so this experiment could be conducted. 
The objective of this study is to determine the yield potential of non-transgenic spring 
canola crop grown under irrigation in central Oregon. Yield, as well as flowering date, 
height at maturity, oil content, and oil yield were determined. 
 

Methods and Materials 
 

Two variety trials were conducted at Central Oregon Agricultural Research Center  in  
Madras (44.68°N, 121.15°W, 2,424ft elevation) and Powell Butte (44.25°N, 120.95°W, 
3,194 ft elevation). Five Brassica napus cultivars (‘Sterling’, ‘Clearwater’, ‘Gem’, 
‘Premier’, and ‘Sunrise’), one B. juncea (‘Pacific Gold’) and one Sinapsis alba 
(‘IdaGold’) were supplied by the Brassica research group at the University of Idaho. 
‘Clearwater’ and ‘Gem’ are imadizolinone tolerant while ‘Sterling’ and ‘Gem’ both 
produce industrial rapeseed quality oil. Initially, four Roundup Ready® lines were 
supplied by the University of Idaho and Monsanto’s breeding group in Winnipeg, 
Canada, but these were removed from the trial prior to flowering at the request of the 
ODA and local growers. Both trials were organized as randomized complete blocks with 
four reps. Plots measured 20 ft long by 4 ft wide. The B. napus cultivars were all treated 
with Helix® XTra (Syngenta).  Treflan® TR-10 (Dow AgroSciences)  at 5lb/acre to 
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control weeds and 350lb/acre of 30-10-0-7 fertilizer were incorporated into the soil prior 
to sowing. Sowing took place on 10 May, 2006 at Madras and 11 May, 2006 at Powell 
Butte.   Plots were sown 1 inch deep with a 6-row double-disk plot drill on 8-inch 
centers.  The first and sixth rows and 2 ft on each end of plots were removed prior to 
harvest. A severe hailstorm struck the Powell Butte site on 12 June, removing most of the 
leaves from the plants.  Plant recovery was generally good and although unmeasureable, 
they did not appear to suffer a yield penalty. Plots were swathed using a sickle-bar mower 
and the windrows were threshed in the field. Swathing and harvesting occurred on 14 and 
23 August, respectively, at Madras, and on 22 and 28  August, respectively, at Powell 
Butte.  Days to flowering was defined as the period from sowing to when the first flowers 
opened (Stage 4.1, Harper and Berkenkamp 1975). Height, lodging, and shattering scores 
were measured or determined at swathing. Oil content was conducted by the University 
of Idaho’s brassica breeding team using nuclear magnetic resonance (NMR) 
spectroscopy.  
 

Results and Discussion 
 

Yield at both sites was generally poor (Tables 1 and 2), although it was surprising to see 
the recovery of the crops at Powell Butte following the June hailstorm.  Signs were 
evident of elk walking through the plots at this site although they did not appear to 
damage the crop. The short period to time from sowing to flowering may have been the 
reason for the poor yield as the plants did not have enough time in the vegetative phase to 
establish yield potential. The late sowing reduced the period of time the plants spent in 
their vegetative state and therefore reduced their ability to develop sufficient biomass to 
support a high-yielding crop. Differences existed in the heights of the various cultivars 
examined in these trials and the rankings were consistent between the two sites. Lodging 
did not differ significantly between cultivars or sites, although ‘Pacific Gold’ did shatter 
more than the other cultivars at Powell Butte, which explains its lower yield. Both 
‘IdaGold’ and ‘Pacific Gold’ matured approximately a week earlier than the canola 
cultivars and under ideal conditions, harvest would have been earlier for these cultivars. 
‘IdaGold’ has excellent resistance to shattering, with seeds still in the siliqua of the buffer 
plants several months after the plots were harvested. 
 

Oil content was higher for all cultivars at Powell Butte than Madras (P < 0.001), 
averaging almost 4 percent with the interaction between site and cultivar not significant. 
Cool temperatures during grain filling have been shown to result in a higher oil content 
(Gunasekera et al. 2006).  Powell Butte is climatically cooler that Madras (average 
maximum/minimum temperatures between 16 June and 15 August in 2006 at Powell 
Butte were 82.1/47.4°F while at Madras they were 86.0/50.1°F) and this may account for 
Powell Butte’s higher oil yield. Location and cultivar had no effect on the amount of oil 
produced per acre, although the interaction was significant because of yield loss resulting 
from shattering of ‘Pacific Gold’ at Powell Butte. This reduced the grain and oil yield, 
bringing down the site average that otherwise would have resulted in a greater oil yield at 
Powell Butte than Madras. 
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Table 1. Yield, days to flower, height, lodging score, shattering score, oil percent, and oil 
yield of spring oil seed brassica cultivars grown at Central Oregon Agricultural Research 
Center, Madras, 2006. 
 
Cultivar Yield 

(lb/ac) 
Days to 
flower 

Height 
(cm) 

Lodging 
score1 

Shattering 
score2 

Oil % Oil yield 
(gal/ac) 

Clearwater  877 51 132 8.5 8.3 36.3 40.75 
Gem  661 46 116 9.0 8.3 36.9 31.00 
IdaGold 1457 37 125 9.0 9.0 23.3 43.00 
Pacific Gold 1439 40 139 9.0 7.0 32.2 59.25 
Premier  766 49 121 8.5 8.3 35.7 35.50 
Sterling  826 48 117 8.5 8.3 36.9 39.00 
Sunrise  765 51 131 9.0 8.5 36.1 35.25 
LSD (0.05)  474 1   12 NS 1.0   1.7 NS 
1Lodging score: 0 = completely lodged, 9 = fully erect.  
2Shattering score: 0 = completely shattered, 9 = no shattering.  
NS = not significant. 
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Table 2. Yield, days to flower, height, lodging score, shattering score, oil percent, and oil 
yield of spring oil seed brassica cultivars grown at Central Oregon Agricultural Research 
Center, Powell Butte, 2006. 
 
Cultivar Yield 

(lb/ac) 
Days to 
flower 

Height 
(cm) 

Lodging 
score1 

Shattering 
score2 

Oil % Oil yield 
(gal/ac) 

Clearwater   865 ND 130 8.8 8.3 40.6 44.75 
Gem 1173 ND 109 8.5 8.0 40.0 60.00 
IdaGold 1525 ND 109 9.0 9.0 27.2 52.25 
Pacific Gold   641 ND 129 9.0 3.5 34.7 28.50 
Premier   898 ND 119 8.5 8.8 41.8 48.25 
Sterling   890 ND 113 9.0 7.0 40.5 46.00 
Sunrise   827 ND 128 8.5 7.8 40.2 42.25 
LSD (0.05)   358 ND   12 NS 0.9   2.0 17.00 
1Lodging score: 0 = completely lodged, 9 = fully erect.  
2Shattering score: 0 = completely shattered, 9 = no shattering.  
ND = not determined. 
NS = not significant. 
 
Mid-May is almost certainly too late to sow spring canola in central Oregon and future 
variety trials will be sown in mid-April. Better yet, winter canola may be better adapted 
to central Oregon. Trials to determine the yield potential of winter canola are planned for 
2006-2007 and 2007-2008. With relatively expensive land and the need to irrigate, albeit 
with a generally reliable allocation of water, the production of hybrid canola seed may 
also be a more worthwhile operation for central Oregon growers. There are currently 
plans for small scale hybrid seed production of winter canola seed during the 2007-2008 
growing season. 
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Seeding Rate Effect on Four-cut Alfalfa Forage Production  
 

Mylen Bohle and Rhonda Simmons 
 

Abstract 
 
Alfalfa is an important crop for central Oregon.  As inputs increase in cost, and with the 
release of Roundup Ready® alfalfa (Monsanto), seeding rate effects on yield warranted 
another look.  Seeding rates for establishing an alfalfa field have continued to creep 
upward over the years.  Cost of alfalfa seed has increased over the years; and Roundup 
Ready alfalfa seed price plus the additional technology fee raise the price even higher.  
Seeding rates of 4 to 32 lb/acre, in 4-lb increments (seed germination of 78 percent) were 
planted at the Central Oregon Agricultural Research Center Madras site in August of 
1998.  The trial was conducted as a 4-cut harvest management regime and run from 1999 
to 2003.  Only the first (cut 1) and fourth years (cuts 1, 2, and 3) showed significant yield 
differences between the seeding rates.  The 5-year cumulative yield ranged from 38.33 
ton/acre (4-lb/acre seed rate) to 42.65 ton/acre (32-lb/acre seed rate).  While the 4-lb/acre 
seed rate yield was significantly lower compared to the other seeding rate yields, there 
were no statistical cumulative yield differences between the 8- to 32-lb/acre seed rates.  
Yield was compensated for by stem weight increasing with reduced numbers of stems/ft2. 
 

Introduction 
 
All hay ranks number two in farm gate dollar value for the central and eastern Oregon 
agricultural economies. Over the years, there has been a range of perhaps 35,000 to 
50,000 acres of pure alfalfa stands grown in the three central Oregon counties.  Alfalfa is 
grown in pure stands and grass/alfalfa mixtures for hay.  Local hay produced is marketed 
to livestock producers, dairies, and feed stores in Oregon, Washington, Idaho, California, 
and Canada.  Some alfalfa from the region is exported to Pacific Rim countries. Alfalfa is 
an important rotational crop that breaks disease and insect problem cycles, and adds 
nitrogen to the soil through natural fixation for subsequent crops, reducing N inputs and 
saving money.  
 
Extension seeding rate recommendations have been in the range of 12-15 lbs/acre. Over 
the years, seeding rates have continued to creep upwards, sometimes with planting rates 
of 25 to 30 lbs of seed/acre.  Seed cost for private alfalfa varieties has continued to 
increase over the years along with the increased seeding rates.  With the release of 
Roundup Ready alfalfa, with seed cost plus technology fee, the cost per pound of alfalfa 
seed has reached an all-time high.  Hay prices, while perhaps “profitable” over the years, 
have not kept pace with the cost of inputs. The only previous alfalfa plant population 
study (comparing the range of two-thirds of a plant, to eight plants/ft2 in a three-cut trial) 
was conducted from 1973 to1975 (Murphy et al. 1976).    A new look at the effect of 
seeding rates on long-term alfalfa forage production is necessary to see if  reducing 
seeding rates is an economically viable option to help cut input costs, without sacrificing 
yield and income. 
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Materials and Methods 
 

‘Trical 102’ triticale was planted in the experimental field the previous fall and plowed 
down as a green manure crop in early summer (after heading).  Soil samples were taken 
in August of 1998 and analyzed by the Oregon State University Plant and Soil Analytical 
Laboratory, Corvallis, Oregon and the soil fertility was adjusted for phosphorus, sulfur, 
boron, and potassium (Table 1).  Fertilizer was applied prior to planting and incorporated 
into the top 6 inches of soil (Table 2).  The field was then leveled and packed prior to 
planting.  Table 2 has the full fertility program for the trial.  
 
Table 1.  Soil test analyses from alfalfa variety trial soil samples taken at the Central 
Oregon Agricultural Research Center, Madras, Oregon. 

 
Date 

 
Depth 

(in) 

 
pH 

 
P 

(ppm) 

 
K 

(ppm) 

Ca 
(meq/ 
100g) 

Mg 
(meq/ 
100g) 

 
B 

(ppm) 

 
Zn 

(ppm) 

Sol salts 
Mmhos/ 

cm 

 
Se 

(ppm) 

Na 
Meg/ 
100 g 

1998 0-10 6.7 25 539 10.3 5.4 0.4 0.5   0.37 
2002 0-10 6.7 29 215 -- --      
3/2003 0-12 7.4 29 386 10.9 4.7 0.6 0.52 0.7 <0.10*  
* below the minimum detectable level. 
 
Table 2.  Nutrient applications made to the alfalfa variety trial at the Central Oregon 
Agricultural Research Center, Madras, Oregon. 
Date applied N 

(lb/acre) 
P2O5 

(lb/acre) 
K2O 

(lb/acre) 
Ca 

(lb/acre) 
S 

(lb/acre) 
B 

(lb/acre) 
Zn 

(lb/acre) 
8/21/1998 33 259   72 2.6  
3/24/2000  94 0  47   
3/22/2001  90 180 210 40 2.0 10 
3/21/2002  90 180 210 40   
3/12/2003    252 48   
 
‘Ultra’ alfalfa variety (Table 3) was selected and planted at the Central Oregon 
Agricultural Research Center (COARC) at the Madras site on August 25, 1998.  
Germination of the seed was 78 percent. The fall dormancy, winter hardiness, disease, 
insect, and pest ratings are presented in Table 3.   
 
Table 3.  The fall dormancy, winter hardiness, disease, insect, and pest ratings for ‘Ultra’ 
alfalfa planted on August 25, 1998, in the seeding rate trial conducted at the Central 
Oregon Agricultural Research Center, Madras, Oregon. 
Variety FD1 WH Bw Vw Fw An PRR SAA PA BAA SN APH SNKN NRKN RLN 
Ultra 32 4 33 4 4 5 3 2 4 1 4 1 1 1 1 
1FD = Fall Dormancy, WH = Winter Hardiness, BW = Bacterial Wilt, VW = Verticillium Wilt, FW = 
Fusarium Wilt, AN = Anthracnose Race 1, PRR = Phytophthora Root Rot, SAA = Spotted Alfalfa Aphid, 
PA = Pea Aphid, BAA = Blue Alfalfa Aphid, SN = Stem Nematode, APH =  Aphanomyces,   SKN = 
Southern Root Knot Nematode,  NRKN = Northern Root Knot Nematode, RLN = Root Lesion Nematode. 
2Fall Dormancy (FD) ratings: 1 = most dormant, 11 = least dormant.  Winter Hardiness (WH): 1 = most 
winter hardy, 6 = least winter hardy. 
3Resistance ratings: 1 = Susceptible (S) (0-5 percent of plants) or has not been tested, 2 = Low Resistance 
(LR) (5-15 percent), 3 = Moderate Resistance (MR) (15-30 percent), 4 = Resistance (R) (30-50 percent), 5 
= High Resistance (HR) (>50 percent). 
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The trial site is located 2 miles north of Madras, Oregon and the elevation is 2,.440 ft.  
Four, 8, 12, 16, 20, 24, 28, and 32 lbs/acre of inoculated seed (seed germination of 78 
percent) were planted with a small-plot cone-type drill with 9 rows, 6-inch row spacing.  
The field was rolled after planting.  Plot size was 5 ft by 20 ft, while harvested area was 
approximately 3.5 ft by 15 ft (exact length of plot harvest was measured to the nearest 0.1 
ft, with every other plot measured).  Stubble height at each harvest was 2-2.5 inches. The 
alfalfa was harvested with a sickle bar forage-plot harvester, and fresh wet yield was 
weighed directly in the field.  Aftermath from the plots was cleaned off of the field the 
following day with a large tractor (125 hp) and grass seed “vac”.  Within a day or two 
after harvest, usually, the irrigation water was reapplied.  
 
Moisture samples (0.5-1.0 lb) were taken for each plot and dried at 145°F until no further 
change in weight occurred.  Yields are presented on an oven-dry, dry matter basis. 
 
The trial was solid-set, sprinkler irrigated with a 30- by 40-ft spacing as needed for 
establishment and during the season.  Nelson rotating head Windfighter 2000 7/64-inch 
nozzles (Nelson Irrigation Corp., Walla Walla Washington) were used.  The size of 
nozzle use was a mistake (they were supposed to be and we thought they were 9/64-inch 
nozzles).   This was discovered between the third and fourth cutting in 2001.  The nozzles 
were changed to 9/64 inch.   Irrigation is determined by crop water use prediction by the 
AgriMet weather station program and by probing the soil with a soil probe.  There is an 
AgriMet weather station located at COARC.  The trial was usually irrigated two times 
per week, depending upon time of year. 
 
Weed control for the trial was as follows.  Pursuit® (1 DG Eco Pak bag), Poast® (0.47 
lb/acre a.i.) and 2 quarts of crop oil were applied for weed control on September 18, 1998 
of the establishment year.  Poast (2 pts/acre) was also applied on April 7, 1999 to control 
volunteer triticale.  The first winter dormant weed control included applying Velpar® L 
(0.75 lb/acre a.i.), Gramoxone Extra® (0.5 lb/acre a.i.) and Kerb® (1 lb/acre a.i.), on 
February 9, 2000.  Velpar L (0.75 lb/acre a.i.), Kerb (4 lb/acre a.i.), and Gramoxone Extra 
(0.5 lb/acre a.i.) were applied on November 30, 2000 for the third production year.  
Velpar (0.75 lb/acre a.i.) and Gramoxone Extra (0.5 lb/ac a.i.) were applied in late fall 
2001.  Velpar L (0.75 lb/ac a.i.) and Gramoxone Extra (0.5 a.i. lb/acre) were applied on 
January 8, 2002.   Gramoxone (0.5 a.i. lb/acre) and Sencor® (0.5 a.i. lb/acre) were applied 
on February 14, 2003.  
 
The trial was laid out in a randomized block design with four replications.  Stem weight 
is a calculated weight. SAS statistical software (SAS Institute, Inc., Cary, North Carolina) 
was used for analysis of variance and results are reported using Protected Least 
Significant Difference (PLSD) for mean separation at the P > F = 0.01, 0.05, and 0.10 
level. 
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Results 
 
There were some irrigation problems in this trial with equal coverage and amount of 
water applied.  In 1999, there was an irrigation set that was missed during second cutting.  
In 2000, there was a coverage problem on the third cutting, which would have also 
affected the fourth cutting.  More coverage problems occurred throughout the growing 
season in 2001.  At the end of the third cutting in 2001, it was “discovered” that the 
source of the irrigation problem was too-small nozzles.  Between the third and fourth 
cutting in 2001, the nozzles were changed from 7/64 inch to 9/64 inch (Nelson rotating 
head Wind-fighter 2000 nozzles), but irrigation problems continued in 2002.  There 
appeared to be no irrigation problems in 2003.  There may have been some soil 
compaction (from the large tractor and “vac”) in certain areas as well as the coverage 
problems.   
 
Weed control was excellent and winters were relatively mild for the 5 years of the trial.  
Harsh winter weather was not a factor in the trial.  
 
Total Yield 
At the end of 5 years, the only seeding rate that yielded a significantly different (lower) 
rate from the rest of the seeding rates was the 4-lb/acre seeding rate (Table 4.).  Eight- to 
32–lb/acre seeding rates yielded equally higher than the 4–lb/acre seeding rate.  The 
higher the seeding rate, the more stems/ft2 there were in general.  There were no 
significant differences between the 4- and 8-lb/acre seeding rate for stems/ft2.    
 
The total yield range was 38.33 ton/acre for the 4-lb/acre seed rate to 42.65 ton/acre for 
the 32-lb/acre rate.  Statistically there was no reason to plant more than 8 lb/acre of seed 
(in this case, 6.2 lb/acre pure live seed [PLS]). 
 
Annual Yields 
There were significant differences in annual yield only 2 out of 5 years (Table 5.).  The 
first year (1999) showed large differences in yield between the 4-lb/acre rate and the rest 
of the seeding rates.  Annual yield from the other seeding rates were statistically the 
same, with the exception of the 20–lb/acre rate.  The 20-lb/acre rate was the same as all 
other rates except 4, 8, 24 lb/acre.  In year 2 (2000)  there were no differences, although 
there was a trend for the 4-lb/acre rate to yield less than all of the other rates.  In year 3 
(2001) annual yields were not different, though again there was a trend for the 4–lb/acre 
rate to yield less than the other rates.  In the fourth year (2002), the 4-lb/acre rate yielded 
significantly less.  There were some differences between the other rates.  The 32-lb/acre 
rate yielded significantly higher than all of the other rates except for the 20 lb/acre rate.  
There were no differences in 2003. 
 
The first 3 years showed significant differences between seeding rates for average annual 
stems/ft2.  There were no statistical differences in average annual stems/ft2 for the last 2 
years, although the trend was for more stems with the higher seeding rates..  Whatever 
advantage there may have been (finer stems?) in having more stems/ft2 with higher 
seeding rates, those advantages were gone by the fourth year.



- 98 - 

Table 4.  1999-2003 cumulative yield and cumulative average stems/ft2 results for ‘Ultra’ alfalfa seeding rate trial managed under a 
four-cut harvest management regime, planted in August of 1998 at the Central Oregon Agricultural Research Center, Madras, Oregon. 

Seeding rate 
 (lb/acre) 
Actual – PLS* 

1-year 
yield 

(ton/acre) 

1-year** 
avg. 

stems/ft2 

2-year 
total 
yield 

(ton/acre) 

2-year** 
avg. 

 
stems/ft2 

3-year 
total 
yield 

(ton/acre) 

3-year** 
avg. 

stems/ft2 
 

4-year 
total 
yield 

(ton/acre) 

4-year** 
avg. 

stems/ft2 
 

5-year 
total 
yield 

(ton/acre) 

5-year** 
avg. 

stems/ft2 
 

4 – 3.1 7.45 87.2 15.93 86.9 23.33 80.9 30.30 80.2 38.33 75.4 
8 – 6.2 8.16 93.9 17.12 89.6 25.11 83.6 32.76 81.8 41.36 77.1 
12 – 9.4 8.63 107.9 17.40 99.4 25.13 93.9 32.96 90.3 42.09 85.5 
16 – 12.5 8.71 115.8 17.72 101.5 25.52 95.7 32.86 91.4 41.06 85.6 
20 – 15.6 8.85 117.0 17.68 107.2 25.75 98.8 33.77 94.3 42.51 88.9 
24 – 18.7 8.28 128.0 17.22 110.6 25.04 104.2 32.83 101.8 41.34 94.8 
28 – 21.8 8.60 131.1 17.55 113.3 25.65 103.3 33.39 99.4 42.30 92.3 
32 – 25.0 8.66 145.3 17.36 124.8 25.31 112.6 33.52 106.4 42.65 99.2 
           
Mean 8.42 115.8 17.25 104.2 25.1 96.6 32.80 93.2 41.54 87.3 
PLSD 0.01 0.91 21.4 NS 10.0 NS 8.1 2.23 9.8 2.85  
PLSD 0.05 0.67 15.7 1.07 7.3 1.38 6.0 1.64 7.2 2.09 7.0 
PLSD 0.10 0.55 13.0 0.88 6.0 1.15 4.9 1.36 5.9 1.73  
CV % 5.4 9.3 4.2 4.8 3.8 4.2 3.4 5.2 3.4 5.4 
Prob. 0.0068 0.0001 0.0505 0.0001 0.0407 0.0001 0.0092 0.0001 0.0076 0.0001 
*PLS = pure live seed. 
** average stems/ft2, averaged over cumulative years. 
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Table 5.  1999-2003 annual yields and annual average stems/ft2 results for the ‘Ultra’ alfalfa seeding rate trial, managed under a four-
cut harvest management regime, planted in August of 1998 at the Central Oregon Agricultural Research Center, Madras, Oregon. 

Seeding rate 
 (lb/acre) 
Actual – PLS 

1999 
yield 

(ton/acre) 

 1999* 
avg. 

stems/ft2 

2000 
yield 

(ton/acre) 

2000* 
avg. 

stems/ft2 

2001 
yield 

(ton/acre) 

2001* 
Avg. 

stems/ft2 

2002 
yield 

(ton/acre) 

2002* 
avg. 

stems/ft2 

2003 
yield 

(ton/acre) 

2003* 
avg. 

stems/ft2 

4 – 3.1 7.45 87.2 8.48 86.5 7.40 69.0 6.97 78.1 8.03 56.1 
8 – 6.2 8.16 93.9 8.96 85.4 7.99 71.6 7.65 76.3 8.60 58.2 
12 – 9.4 8.63 107.9 8.77 90.9 7.73 82.9 7.83 79.3 9.13 66.2 
16 – 12.5 8.71 115.8 9.02 87.2 7.79 84.2 7.34 78.5 8.20 62.3 
20 – 15.6 8.85 117.0 8.83 97.5 8.07 81.9 8.02 80.9 8.74 67.2 
24 – 18.7 8.28 128.0 8.94 93.2 7.81 91.3 7.79 94.8 8.51 66.9 
28 – 21.8 8.60 131.1 8.95 95.5 8.10 83.3 7.74 87.8 8.91 64.0 
32 – 25.0 8.66 145.3 8.69 104.4 7.95 88.2 8.21 87.7 9.14 70.3 
           
Mean 8.42 115.8 8.82 92.6 7.85 81.6 7.69 82.9 8.66 63.9 
PLSD 0.01 0.91 21.4 NS 11.5 NS 14.7 0.57 NS NS NS 
PLSD 0.05 0.67 15.7 NS 8.4 NS 10.8 0.42 NS NS NS 
PLSD 0.10 0.55 13.0 NS 7.0 NS 8.9 0.35 NS NS NS 
CV % 5.4 9.3 4.5 6.2 6.1 9.0 3.7 13.7 7.3 11.4 
Prob. 0.0068 0.0001 0.5936 0.0017 0.5243 0.0043 0.0002 0.2995 0.1778 0.1538 
*  average stems/ft2, averaged over the cuttings for the individual year. 
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1999 
 
First cutting (Table 6):  The 4-lb/acre seeding rate was significantly lower yielding than 
all other rates.  The 8-lb/acre rate was significantly lower yielding than the 12- to 32-
lb/acre rates.  The 12- to 32-lb/acre seeding rates yielded the same.  The low seeding rate 
had less lodging than the 8–lb/acre rate, which had lower lodging than the rest of the 
higher seeding rates.  The range in lodging was from 2.5 percent (4 lb/acre) to 95 percent 
(32 lb/acre).  The stems/ft2 increased significantly with increasing seeding rates (range of 
70.2 to 155.3), while there was an inverse relationship for stem weight.  Although there 
was a 220 percent increase in number of stems, yield (145 percent) did not increase 
correspondingly. 
 
Second cutting (Table 7):  There were no differences in yield between the seeding rates.  
There were large differences in stems/ft2.  There was a trend for increased stems, from 
the 12- to 28-lb/acre rates, but numbers were the same statistically.  The 32-lb/acre rate 
had significantly higher number of stems than the rest of the rates.  There was an inverse 
relationship for stem weight.   
 
Third cutting (Table 8):  There was no difference in yield between the seeding rates.  
Stems/ft2 increased from 102.4 to 146.9 with increasing seeding rates and there were 
significant differences.  There was an inverse relationship for the stem weight, and there 
were significant differences between the rates.  The lowest seed rate had a stem weight of 
0.35 g to 0.24 g for the high seed rate. 
 
Fourth cutting (Table 9):  There were no differences in yield between the seeding rates.  
While there were significant differences in stems/ft2, the range was less and the 
differences were not as great.  The 16-lb/acre rate was different from the 12- and 
20-lb/acre rate, but not different than the 24- to 32–lb/acre rates.  In general there was the 
same significant inverse relationship for stem weight. 
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Table 6.  First cutting 1999 seeding rate effect on yield and stems/ft2results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Lodge 

(%) 

 
Stems/ft2 

 
Wt./stem 

(g) 
4 – 3.1 2.41 18.1 81.9 2.5 70.2 0.73 
8 – 6.2 2.88 17.8 82.2 32.5 76.2 0.80 
12 – 9.4 3.37 17.6 82.4 76.3 101.4 0.69 
16 – 12.5 3.42 18.1 81.9 67.5 102.4 0.70 
20 – 15.6 3.46 18.6 81.4 90.0 120.8 0.62 
24 – 18.7 3.32 17.6 82.4 90.0 136.0 0.52 
28 – 21.8 3.48 19.8 80.2 82.5 130.8 0.57 
32 – 25.0 3.49 18.6 81.4 95.0 155.3 0.48 
       
Mean 3.23 18.3 81.7 67.0 111.6 0.64 
PLSD 0.01 0.51 NS NS 37.6 35.2 0.24 
PLSD 0.05 0.38 NS NS 27.6 25.9 0.17 
PLSD 0.10 0.31 NS NS 22.9 21.4 0.14 
CV % 7.9 7.1 1.6 28.0 15.7 18.5 
Prob. > F 0.0001 0.3108 0.3108 0.0001 0.0001 0.0108 
Harvest date 6/4      
 
 
Table 7.  Second cutting 1999 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding  rate 
 (lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.85 21.2 78.8 90.8 0.44 
8 – 6.2 1.92 21.0 79.0 107.1 0.38 
12 – 9.4 1.91 22.1 77.9 122.8 0.32 
16 – 12.5 1.91 22.2 77.8 131.5 0.31 
20 – 15.6 1.91 22.3 77.7 129.9 0.32 
24 – 18.7 1.64 22.1 77.9 133.7 0.26 
28 – 21.8 1.71 26.9 73.1 139.6 0.26 
32 – 25.0 1.95 22.8 77.2 163.1 0.25 
Mean 1.85 22.6 77.4 127.3 0.32 
PLSD 0.01 NS NS NS 29.0 0.15 
PLSD 0.05 NS NS NS 21.3 0.11 
PLSD 0.10 NS NS NS 17.6 0.09 
CV % 16.5 20.9 6.1 11.4 24.0 
Prob. > F 0.4479 0.7461 0.7461 0.0001 0.237 
Harvest date 7/13     
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Table 8.  Third cutting 1999 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) – 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.71 17.2 82.8 102.4 0.35 
8 – 6.2 1.83 17.2 82.8 105.3 0.36 
12 – 9.4 1.79 17.6 82.4 113.4 0.33 
16 – 12.5 1.81 17.5 82.5 120.7 0.32 
20 – 15.6 1.84 17.4 82.6 122.5 0.32 
24 – 18.7 1.77 17.2 82.8 131.2 0.28 
28 – 21.8 1.80 17.8 82.2 138.5 0.27 
32 – 25.0 1.72 17.2 82.8 146.9 0.24 
      
Mean 1.78 17.4 82.6 122.6 0.31 
PLSD 0.01 NS NS NS 24.3 NS 
PLSD 0.05 NS NS NS 17.9 0.07 
PLSD 0.10 NS NS NS 14.8 0.06 
CV % 6.8 2.4 0.5 9.9 14.6 
Prob. > F 0.7294 0.2771 0.2771 0.0003 0.0179 
Harvest date 8/18     
 
 
Table 9.  Fourth cutting 1999 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.48 23.0 77.0 85.5 0.37 
8 – 6.2 1.54 22.9 77.1 86.9 0.37 
12 – 9.4 1.56 23.1 76.9 94.1 0.35 
16 – 12.5 1.56 22.6 77.4 108.6 0.30 
20 – 15.6 1.64 22.2 77.8 94.6 0.38 
24 – 18.7 1.56 22.7 77.3 111.2 0.30 
28 – 21.8 1.61 23.0 77.0 115.5 0.29 
32 – 25.0 1.50 21.8 78.2 115.6 0.28 
      
Mean 1.56 22.7 77.3 101.5 0.33 
PLSD 0.01 NS NS NS 23.7 0.09 
PLSD 0.05 NS NS NS 17.4 0.07 
PLSD 0.10 NS NS NS 14.4 0.06 
CV % 9.1 3.9 1.1 11.7 13.8 
Prob. > F 0.8164 0.4517 0.4517 0.0033 0.0168 
Harvest date 10/14     
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2000 
 
First cutting (Table 10):  There were no differences in yield between seeding rates.  
While the range was not as great as in previous cuttings, there were differences for 
stems/ft2, but the trend was less clear cut.  All of the seeding rates had the same stem 
weight, with the exception of the 8-lb and 32–lb/acre rate. 
 
Second cutting (Table 11):  There were no differences in yield, stems/ft2, or stem weight 
between seeding rates.  
 
Third cutting (Table 12):  There was no difference in yield for the seeding rates.  There 
were differences between seeding rates for stems/ft2and stem weight, but the trend was 
not clear cut.  
 
Fourth cutting (Table 13):  There were no differences in yield, stems/ft2, and stem weight 
between the seeding rates.  There was a fair trend for the 4–lb/acre rate to yield less and 
have greater stems/ft2 than the rest of the seeding rates. 
 
 
 
 
 
Table 10.  First cutting 2000 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding  rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 2.67 20.9 79.1 83.9 0.67 
8 – 6.2 3.03 21.7 78.3 81.9 0.77 
12 – 9.4 2.68 20.4 79.6 85.2 0.66 
16 – 12.5 2.87 21.0 79.0 90.4 0.67 
20 – 15.6 2.96 21.3 78.7 97.2 0.64 
24 – 18.7 2.82 21.6 78.4 92.7 0.64 
28 – 21.8 2.86 22.1 77.9 90.6 0.66 
32 – 25.0 2.71 21.3 78.7 101.7 0.56 
      
Mean 2.82 21.3 78.7 90.4 0.66 
PLSD 0.01 NS NS NS NS 0.16 
PLSD 0.05 NS NS NS 12.1 0.11 
PLSD 0.10 NS NS NS 10.0 0.09 
CV % 7.7 5.6 1.5 9.1 11.8 
Prob. > F 0.1865 0.6172 0.6172 0.0352 0.0635 
Harvest date 5/24     
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Table 11.  Second cutting 2000 seeding rate effect on yield and stems/ft2 results for 
‘Ultra’ alfalfa under a four-cut harvest management regime, planted in August, 1998 at 
the Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding  rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 2.30 18.0 82.0 102.7 0.47 
8 – 6.2 2.28 17.5 82.5 100.8 0.47 
12 – 9.4 2.29 18.0 82.0 102.6 0.48 
16 – 12.5 2.23 16.5 83.5 105.9 0.46 
20 – 15.6 2.26 17.7 82.3 117.8 0.41 
24 – 18.7 2.36 17.6 82.4 114.4 0.43 
28 – 21.8 2.21 17.6 82.4 129.7 0.36 
32 – 25.0 2.26 18.1 81.9 138.8 0.34 
      
Mean 2.27 17.6 82.4 114.1 0.43 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 7.1 5.0 1.1 17.8 18.2 
Prob. > F 0.9423 0.3150 0.3150 0.1202 0.1117 
Harvest date 7/5     
 
 
Table 12.  Third cutting 2000 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding  rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.83 26.0 74.0 91.0 0.43 
8 – 6.2 1.71 24.3 75.7 86.1 0.43 
12 – 9.4 1.86 27.9 72.1 103.5 0.39 
16 – 12.5 2.08 22.1 77.9 76.7 0.55 
20 – 15.6 1.76 25.2 74.8 101.1 0.36 
24 – 18.7 1.89 23.9 76.1 93.8 0.43 
28 – 21.8 1.85 28.0 72.0 88.6 0.45 
32 – 25.0 1.76 28.3 71.7 99.4 0.37 
      
Mean 1.84 25.7 74.3 92.8 0.42 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS 14.8 NS 
PLSD 0.10 NS NS NS 12.3 0.10 
CV % 12.5 16.8 5.8 10.9 19.0 
Prob. > F 0.4656 0.4106 0.4106 0.0334 0.0712 
Harvest date 8/9     
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Table13.  Fourth cutting 2000 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.69 22.9 77.1 98.5 0.53 
8 – 6.2 1.93 25.3 74.7 72.8 0.56 
12 – 9.4 1.94 24.5 75.5 72.4 0.57 
16 – 12.5 1.84 22.6 77.4 73.7 0.53 
20 – 15.6 1.85 26.6 73.4 73.8 0.52 
24 – 18.7 1.88 25.1 74.9 71.8 0.54 
28 – 21.8 2.03 25.6 74.4 73.0 0.60 
32 – 25.0 1.97 24.0 76.0 77.6 0.53 
      
Mean 1.89 24.6 75.4 72.9 0.55 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 9.0 10.5 3.4 13.7 20.2 
Prob. > F 0.2364 0.3902 0.3902 0.9662 0.9746 
Harvest date 9/27     
 
2001 
First cutting (Table 14):  There were no differences in yield, stems/ft2, and stem weight 
between the seeding rates.  There was a trend for increasing stems/ft2and decreasing stem 
weight as seeding rate increased. 
 
Second cutting (Table 15):  There were no differences in yield, stems/ft2, and stem weight 
between the seeding rates. 
 
Third cutting (Table 16):  There were no differences in yield, stems//ft2, and stem weight 
between the seeding rates.  There was a difference between seed rates for stems/ft2 in 
general as seed rates increased.   
 
Fourth cutting (Table 17):  There were no differences in yield, stems/ft2, and stem weight 
between the seeding rates.  There was a difference between seed rates for stems/ft2in 
general as seed rates increased.  There were inverse differences for stem weight between 
seed rates, but many rates had the same stem weight. 
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Table 14.  First cutting 2001 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
 (lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 2.48 19.3 80.7 67.2 0.80 
8 – 6.2 2.54 19.9 80.1 67.6 0.85 
12 – 9.4 2.42 19.7 80.3 83.5 0.60 
16 – 12.5 2.69 18.8 81.2 83.2 0.68 
20 – 15.6 2.84 22.0 78.0 79.2 0.76 
24 – 18.7 2.61 20.7 79.3 86.0 0.63 
28 – 21.8 2.75 22.8 77.2 87.6 0.66 
32 – 25.0 2.72 22.1 77.9 86.6 0.66 
      
Mean 2.63 20.7 79.3 80.1 0.71 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 9.9 13.2 3.4 15.8 22.1 
Prob. > F 0.3396 0.3599 0.3599 0.1620 0.3315 
Harvest date 5/31     
 
 
Table 15.  Second cutting 2001 seeding rate effect on yield and stems/ft2 results for 
‘Ultra’ alfalfa under a four-cut harvest management regime, planted in August, 1998 at 
the Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
 (lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 2.16 18.0 82.0 84.6 0.55 
8 – 6.2 2.51 18.4 81.6 82.5 0.66 
12 – 9.4 2.31 18.4 81.6 92.4 0.53 
16 – 12.5 2.22 19.5 80.5 97.8 0.48 
20 – 15.6 2.17 22.0 78.0 93.0 0.50 
24 – 18.7 2.18 18.8 81.2 105.2 0.44 
28 – 21.8 2.35 19.5 80.5 92.9 0.53 
32 – 25.0 2.37 20.1 79.9 100.8 0.49 
      
Mean 2.28 19.3 80.7 93.6 0.52 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 8.6 11.8 2.8 14.4 20.4 
Prob. > F 0.1956 0.3096 0.3096 0.3097 0.1881 
Harvest date 7/11     
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Table 16.  Third cutting 2001 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.09 23.7 76.3 63.1 0.37 
8 – 6.2 1.12 22.7 77.3 74.0 0.33 
12 – 9.4 1.14 27.8 72.2 84.2 0.29 
16 – 12.5 1.09 23.0 77.0 81.5 0.28 
20 – 15.6 1.34 30.2 69.8 82.6 0.34 
24 – 18.7 1.25 22.3 77.7 93.0 0.28 
28 – 21.8 1.22 26.3 73.7 76.5 0.33 
32 – 25.0 1.09 28.0 72.0 85.0 0.27 
      
Mean 1.17 25.5 74.5 80.0 0.31 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS 5.2 5.2 14.7 NS 
PLSD 0.10 NS 4.3 4.3 12.10 NS 
CV % 13.0 14.0 4.8 12.5 20.7 
Prob. > F 0.2132 0.0330 0.0330 0.0186 0.3049 
Harvest date 8/13     
 
 
Table 17.  Fourth cutting 2001 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.66 22.6 77.4 61.1 0.56 
8 – 6.2 1.81 22.8 77.2 62.4 0.60 
12 – 9.4 1.87 24.2 75.8 71.7 0.56 
16 – 12.5 1.80 22.4 77.6 74.3 0.51 
20 – 15.6 1.71 22.8 77.2 72.9 0.49 
24 – 18.7 1.78 22.7 77.3 81.0 0.46 
28 – 21.8 1.78 22.7 77.3 76.0 0.50 
32 – 25.0 1.78 23.5 76.5 80.4 0.46 
      
Mean 1.77 23.0 77.0 72.5 0.52 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS 12.3 NS 
PLSD 0.10 NS NS NS 10.2 0.08 
CV % 5.7 5.0 1.5 11.6 13.3 
Prob. > F 0.1852 0.3844 0.3844 0.0204 0.0732 
Harvest date 10/15     
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2002 
First cutting (Table 18):  There were differences in yield, dry matter, moisture, and stem 
weight.    The low seed rate yield was significantly lower than the 8-, 12-, 20-, and 32-
lb/acre rate.  The 8-, 16-, 24-, and 28–lb/acre rate yielded the same.  While there were 
differences between some of the seed rates in stem weight; the effect of increasing seed 
rates was unclear.   
 
Second cutting (Table 19):  The 4–lb/acre seed rate yielded significantly less than the rest 
of the seeding rates.  The 8–lb/acre rate yielded significantly less than the 32-lb rate.  The 
12- to 32-lb/acre rate yielded the same. There were no differences for stem number and 
stem weight.  
 
Third cutting (Table 20):  The 4–lb/acre rate yielded significantly less than the 8- to 32–
lb/acre rate with the exception of the 16-lb rate.  There were no differences for stem 
number or stem weight, although in general stem numbers were greater with increased 
seed rates. 
 
Fourth cutting (Table 21):  There were no differences in yield, stem number, or stem 
weight.  There was a trend for increasing stem numbers with increased seed rates. 
 
 
 
 
Table 18.  First cutting 2002 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 2.27 19.2 80.8 77.2 0.61 
8 – 6.2 2.56 20.0 80.0 66.0 0.83 
12 – 9.4 2.70 19.7 80.3 75.6 0.75 
16 – 12.5 2.43 19.7 80.3 81.7 0.62 
20 – 15.6 2.89 20.0 80.0 72.4 0.83 
24 – 18.7 2.41 20.8 79.2 87.4 0.59 
28 – 21.8 2.50 21.3 78.7 79.7 0.66 
32 – 25.0 2.89 22.4 77.6 79.1 0.78 
      
Mean 2.58 20.4 79.6 77.4 0.71 
PLSD 0.01 0.44 2.1 2.1 NS NS 
PLSD 0.05 0.32 1.6 1.6 NS 0.17 
PLSD 0.10 0.27 1.3 1.3 NS 0.14 
CV % 8.4 5.2 1.3 13.1 16.6 
Prob. > F 0.0042 0.0075 0.0075 0.1959 0.0307 
Harvest date 6/3     
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Table 19.  Second cutting 2002 seeding rate effect on yield and stems/ft2 results for 
‘Ultra’ alfalfa under a four-cut harvest management regime, planted in August, 1998 at 
the Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.50 15.6 84.4 87.3 0.37 
8 – 6.2 1.60 15.6 84.4 90.9 0.38 
12 – 9.4 1.67 15.4 84.6 91.8 0.39 
16 – 12.5 1.66 15.7 84.3 80.3 0.46 
20 – 15.6 1.63 15.2 84.8 98.6 0.35 
24 – 18.7 1.66 15.6 84.4 105.0 0.33 
28 – 21.8 1.65 15.7 84.3 100.9 0.34 
32 – 25.0 1.69 15.5 84.5 107.4 0.33 
      
Mean 1.63 15.5 84.5 95.3 0.37 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 0.10 NS NS NS NS 
PLSD 0.10 0.08 NS NS NS NS 
CV % 4.1 3.3 0.6 15.9 21.0 
Prob. > F 0.0128 0.8306 0.8306 0.2228 0.3865 
Harvest date 7/3     
 
 
Table 20.  Third cutting 2002 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.50 21.5 78.5 75.7 0.45 
8 – 6.2 1.68 21.7 78.3 73.3 0.54 
12 – 9.4 1.81 24.7 75.3 76.2 0.50 
16 – 12.5 1.58 20.8 79.2 79.9 0.42 
20 – 15.6 1.75 22.0 78.0 77.5 0.47 
24 – 18.7 1.74 20.2 79.8 94.4 0.39 
28 – 21.8 1.80 21.3 78.7 86.6 0.43 
32 – 25.0 1.84 24.8 75.2 83.7 0.46 
      
Mean 1.71 22.1 77.9 80.9 0.46 
PLSD 0.01 0.24 NS NS NS NS 
PLSD 0.05 0.17 NS NS NS NS 
PLSD 0.10 0.14 NS NS NS NS 
CV % 6.9 11.5 3.3 20.8 22.2 
Prob. > F 0.0067 0.1415 0.1415 0.6806 0.5778 
Harvest date 8/7     
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Table 21.  Fourth cutting 2002 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.70 23.8 76.2 72.1 0.53 
8 – 6.2 1.81 24.1 75.9 74.8 0.54 
12 – 9.4 1.66 25.5 74.5 73.7 0.47 
16 – 12.5 1.67 23.1 76.9 72.1 0.50 
20 – 15.6 1.75 23.9 76.1 75.0 0.49 
24 – 18.7 1.97 23.7 76.3 92.3 0.45 
28 – 21.8 1.79 24.0 76.0 84.0 0.45 
32 – 25.0 1.78 24.0 76.0 80.6 0.46 
      
Mean 1.77 24.0 76.0 78.1 0.49 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 8.5 5.8 1.8 17.4 22.9 
Prob. > F 0.1269 0.5034 0.5034 0.4007 0.8878 
Harvest date 10/8     
 
 
2003 
First cutting (Table 22):  There were no differences for yield, stem number, or stem 
weight.  There were fewer stems on this cutting than previous cuttings and the stem 
weights were much greater in general. 
 
Second cutting (Table 23):  There were no differences in yield, stem number, or stem 
weight.  There was a slight increase in stem numbers with increased seed rates. 
 
Third cutting (Table 24):  The 4–lb/acre rate yielded significantly less than the rest of the 
seed rates, with the exception of the 16- and 24–lb/acre rates.  There were significant 
differences in stem numbers, up to the 12 lb/acre seed rate .  There were no differences in 
stem numbers from the 12- to 32–lb/acre rates, but the 8-lb rate, was not different from 
the 16- and 24- to 28–lb/acre rate.  There were no differences in stem weight, although 
there was a trend for the two lowest seed rates to have heavier stem weight. 
 
Fourth cutting (Table 25):  There were no differences in yield, stem numbers, or stem 
weight between the seeding rates. 
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Table 22.  First cutting 2003 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 2.51 23.0 77.0 55.3 1.01 
8 – 6.2 2.64 21.4 78.6 52.5 1.05 
12 – 9.4 2.93 21.2 78.8 55.8 1.12 
16 – 12.5 2.54 21.2 78.8 51.9 1.05 
20 – 15.6 2.80 21.5 78.5 61.3 1.00 
24 – 18.7 2.62 21.7 78.3 60.7 0.90 
28 – 21.8 2.95 22.4 77.6 54.9 1.17 
32 – 25.0 2.94 21.4 78.6 71.0 0.87 
      
Mean 2.74 21.7 78.3 57.9 1.02 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 12.0 5.4 1.5 20.1 24.6 
Prob. > F 0.3143 0.2986 0.2986 0.3677 0.6987 
Harvest date 6/5     
 
 
Table 23.  Second cutting 2003 seeding rate effect on yield and stems/ft2 results for 
‘Ultra’ alfalfa under a four-cut harvest management regime, planted in August, 1998 at 
the Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.77 17.7 82.3 60.8 0.61 
8 – 6.2 1.88 17.7 82.3 65.7 0.60 
12 – 9.4 1.99 17.3 82.7 67.5 0.62 
16 – 12.5 1.70 16.9 83.1 63.2 0.57 
20 – 15.6 1.86 17.5 82.5 65.9 0.59 
24 – 18.7 1.86 17.1 82.9 73.2 0.57 
28 – 21.8 1.86 17.3 82.7 72.0 0.54 
32 – 25.0 1.96 17.4 82.6 72.1 0.57 
      
Mean 1.86 17.4 82.6 67.6 0.58 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 9.8 5.7 1.2 16.6 18.0 
Prob. > F 0.4194 0.9474 0.9474 0.7123 0.9708 
Harvest date 7/9     
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Table 24.  Third cutting 2003 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 2.09 29.8 70.2 54.9 0.82 
8 – 6.2 2.33 29.4 70.6 60.7 0.80 
12 – 9.4 2.44 29.1 70.9 76.8 0.67 
16 – 12.5 2.26 29.1 70.9 68.1 0.69 
20 – 15.6 2.32 28.7 71.3 79.1 0.61 
24 – 18.7 2.20 28.2 71.8 70.1 0.66 
28 – 21.8 2.32 29.1 70.9 72.3 0.68 
32 – 25.0 2.46 28.7 71.3 74.6 0.70 
      
Mean 2.30 29.0 71.0 69.6 0.70 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 0.19 NS NS 13.0 NS 
CV % 6.9 3.5 1.4 15.3 14.6 
Prob. > F 0.0723 0.5515 0.5115 0.0592 0.1132 
Harvest date 8/13     
 
 
Table 25.  Fourth cutting 2003 seeding rate effect on yield and stems/ft2 results for ‘Ultra’ 
alfalfa under a four-cut harvest management regime, planted in August, 1998 at the 
Central Oregon Agricultural Research Center, Madras, Oregon. 
Seeding rate 
(lb/acre) 
Actual - PLS 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems/ft2 

 
Wt./stem 

 (g) 
4 – 3.1 1.66 22.9 77.1 53.2 0.70 
8 – 6.2 1.75 22.2 77.8 54.1 0.77 
12 – 9.4 1.78 22.2 77.8 64.9 0.62 
16 – 12.5 1.70 22.7 77.3 65.9 0.58 
20 – 15.6 1.76 22.2 77.8 62.6 0.59 
24 – 18.7 1.83 22.7 77.3 63.5 0.60 
28 – 21.8 1.78 22.5 77.5 56.9 0.66 
32 – 25.0 1.78 22.3 77.7 63.6 0.60 
      
Mean 1.76 22.5 77.5 60.6 0.64 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 8.6 2.9 0.8 23.3 31.2 
Prob. > F 0.8234 0.6131 0.6131 0.8149 0.8914 
Harvest date 10/20     
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Discussion 
 

Only the first year (cut 1) and fourth year (cuts 1, 2, and 3) showed any differences for 
yield between the seeding rates.  The 5-year cumulative yield ranged from the 4-lb (3.1 
lb/acre PLS) rate of 38.33 ton/acre to the 32-lb/acre (25.0 lb/acre PLS) rate of 42.65 
ton/acre.  Yield from the 4-lb/acre seed rate was significantly lower than yields from the 
other seeding rates.  There were no statistical cumulative yield differences between the 8- 
to 32-lb/acre seed rates for the 5 years. 
 
During the first 3 years of the trial there were differences in stem numbers, but years 4 
and 5 showed no differences for the total average stems/ft2.  There were, however, trends 
for higher numbers of stems/ft2 with the increased seeding rates in the last 2 years.   
There were stems/ft2differences into the fourth year of the trial. 
 
There were stem weight differences up until the last cutting of the fourth year and first 
cutting of the fifth year of the trial.  The alfalfa plant was able to compensate for reduced 
stems/ft2by increasing stem weight. 
 
There appears to be a lot of room to maneuver with lowering seeding rates of alfalfa.  
One problem with lowering seeding rates is getting even distribution through a drill.  This 
can be accomplished by mixing a carrier with the seed, like fine cracked corn.  The lower 
two seeding rates, of 4 and 8 lb/acre, did not flow evenly out of the small plot drill.  We 
believe that had the lower seeding rates been mixed with fine cracked corn, there may 
have been fewer yield differences between the seeding rates.  With a carrier, the two low 
seed rate treatment plots would have been more evenly planted.  The drill tended to plant 
heavier at the beginning of the plot to less seed at the end of the plot, sometimes with 
very little seed at all at the end of the 4-lb/acre rate plot.   We believe that if using regular 
grain drills, a carrier would need to be used, depending upon rate or other seed mixed in 
the drill.  
 
If fine-stemmed alfalfa is important for marketing, then an appropriate higher seeding 
rate may need to be used.  This study did not measure stem diameter.  Seed rates are 
typically amortized over the life of the stand. 
 
Ultimately, producers will need to make their own individual seeding rate decision based 
on their own situation, quality of seed bed prep, planting method (drilled, broadcast, or 
no-till planted), cost of variety seed, use of nurse crop, and market potential.  This four-
cut harvest trial shows that reducing seeding rates will not sacrifice yield and could lower 
seed costs. 
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Seeding Rate Effect on Irrigated Three-cut Alfalfa Forage Production 
 

Mylen Bohle and Rhonda Bafus 
 

Abstract 
 

Alfalfa is an important crop for central Oregon.  As inputs increase in cost, and with the release 
of Roundup Ready® alfalfa (Monsanto), seeding rate effects on yield warranted another look.  
Seeding rates for establishing an alfalfa field have continued to creep upward over the years.  
Cost of alfalfa seed has increased over the years; and Roundup Ready alfalfa seed price plus the 
additional technology fee raise the price even higher.  Seeding rates of 4 to 32 lb/acre, in 4-lb 
increments (seed germination of 78 percent) were planted at the Central Oregon Agricultural 
Research Center Powell Butte site in August of 1998.   The trial was conducted as a 3-cut harvest 
management regime and was run from 1999 to 2003.   The range in yield was 35.41 ton/acre 
(4-lb/acre seed rate) to 36.66 ton/acre (32-lb/acre seed rate).  The 37.52 ton/acre yield from the 
24-lb/acre seed rate was the highest numerical yield.  None of the seeding rates were 
significantly different from each other for annual cumulative or annual individual year yields.  
There were significant differences for annual average stems/ft2 for the first 3 years of the trial.   
Reduced stems/ft2 compensated for yield with heavier stem weights.  
 

Introduction 
 
All hay ranks number two in farm gate dollar value for the central and eastern Oregon 
agricultural economies. Over the years, there has been a range of perhaps 35,000 to 50,000 acres 
of pure alfalfa stands grown in the three central Oregon counties.  Alfalfa is grown in pure stands 
and grass/alfalfa mixtures for hay.  Local hay produced is marketed to livestock producers, 
dairies, and feed stores in Oregon, Washington, Idaho, California, and Canada.  Some alfalfa 
from the region is exported to Pacific Rim countries. Alfalfa is an important rotational crop that 
breaks disease and insect problem cycles and adds nitrogen to the soil through natural fixation 
for subsequent crops, reducing N inputs and saving money.  
 
Extension seeding rate recommendations have been in the range of 12-15 lbs/acre. Over the 
years, seeding rates have continued to creep upwards, sometimes with planting rates of 25 to 
30 lbs of seed/acre.  Seed cost for private alfalfa varieties has continued to increase over the 
years along with the increased seeding rates.  With the release of Roundup Ready alfalfa, with 
seed cost plus technology fee, the cost per pound of alfalfa seed has reached an all time high.  
Hay prices, while perhaps “profitable” over the years, in general have not kept pace with the cost 
of inputs. The only previous alfalfa plant population study (comparing the range of two-thirds of 
a plant to eight plants/ft2 in a three-cut trial) was conducted from 1973-1975 (Murphy et al. 
1976).  
 
Our objectives were to evaluate seeding rates with an improved variety of alfalfa to see if 
reduced seeding rates would have any detrimental effect on yield and longevity.  Seed cost at 
establishment is amortized over the life of the stand and is not a great input cost.  There could be 
a fair amount of potential savings if seeding rates for traditional varieties and especially Roundup 
Ready® varieties could be reduced. 
 



- 115 - 

Materials and Methods 
 

Soil samples were taken and analyzed by the Oregon State University Plant and Soil Analytical 
Laboratory, Corvallis Oregon (Table 1).  Based on the soil test results, lime, phosphorus, 
potassium, sulfur, and boron were applied and incorporated (disked) into the top 6 inches of soil 
on April 18, 1998 (Table 2.).    The field was then leveled and rolled prior to planting.   
 
Table 1.  Soil test analyses from alfalfa variety, fall dormancy, and seeding rate trials from soil 
samples taken at the Central Oregon Agricultural Research Center, Powell Butte, Oregon.  

 
Date 

Depth 
(in) 

OM 
(%) 

 
pH 

P 
(ppm) 

K 
(ppm) 

Ca 
(meq/100g) 

Mg 
(meq/100g) 

B 
(ppm) 

Zn 
(ppm) 

Sol Salts 
Mmhos/cm 

Se 
(ppm) 

Mn 
(ppm) 

Total 
Bases 

7/10/1995 0-12 3.33 5.7 40 230 6.0 2.6 0.34  0.50    
8/3/1998 0-10  5.8 47 177 6.0 2.5 0.40 0.6 -- -- 15 9.0 
3/2000 0-10  7.2 33 216 7.1 2.4 0.50 0.32 0.50 <0.10*   
4/2002 0-10  6.6 48 238 9.3 2.6 0.59 5.57     

* below the minimum detectable level. 
 
Table 2.  Nutrient applied to the alfalfa variety, fall dormancy, and seeding rate trials at the 
Central Oregon Agricultural Research Center, Powell Butte, Oregon. 
Date applied N 

(lb/acre) 
P2O5 

(lb/acre) 
K2O 

(lb/acre) 
Ca 

(lb/acre) 
S 

(lb/acre) 
B 

(lb/acre) 
Zn 

(lb/acre) 
4/11/1998 19 0 217 5,000 14 2.2 0 
4/17/1998 28 0 0 172 32 0 0 
3/241999 0 72 144 202 38 0 0 
3/24/2000 0 72 144 202 38 0 0 
3/23/2001 0 96 191 183 34 1.5 7.7 
3/29/2002 0 96 191 183 34 0 0 
2003 0 0 0 336 64 0 0 

 
‘Ultra’ alfalfa variety (Table 3) was planted at the Central Oregon Agricultural Research Center 
(COARC) at the Powell Butte site, on August 24, 1998.  The trial site is located 7 miles west of 
Prineville or 12 miles east of Redmond and the elevation is 3,180 ft.  Total seeding rates of 4, 8, 
12, 16, 20, 24, 28, and 32 lbs/ acre of inoculated seed were planted with a small-plot cone-type 
drill with 9 rows, 6-inch row spacing.  The germination of the seed was 78 percent.   The field 
was rolled after planting.  Plot size was 5 by 20 ft, while harvested area was approximately 3.5 
by 15 ft.  At every harvest, every other plot was measured for length, with the middle plot length 
averaged. 
 
Table 3.  The fall dormancy, winter hardiness, disease, insect, and pest ratings for the 1998 
planted alfalfa fall dormancy variety trial conducted at COARC, Powell Butte, Oregon. 

Variety FD1 WS Bw Vw Fw An PRR SAA PA BAA SN APH SNKN NRKN RLN 
Ultra 32 4 R3 R HR HR R LR R S R S S S S 

1FD = Fall Dormancy, WH = Winter Hardiness, BW = Bacterial Wilt, VW = Verticillium Wilt, FW = Fusarium 
Wilt, AN = Anthracnose Race 1, PRR = Phytophthora Root Rot, SAA = Spotted Alfalfa Aphid, PA = Pea Aphid, 
BAA = Blue Alfalfa Aphid, SN = Stem Nematode, APH = Aphanomyces,   SKN = Southern Root Knot Nematode, 
NRKN = Northern Root Knot Nematode, RLN = Root Lesion Nematode. 
2Fall Dormancy (FD) ratings: 1 = most dormant, 11 = least dormant.  Winter Survival (WS: 1 = most winter hardy,  
6 = least winter hardy. 
3Resistance Ratings: S = Susceptible (0-5 percent of plants) or has not been tested, LR = Low Resistance (5-15 
percent), MR = Moderate Resistance (15-30 percent of plants), R = Resistance (30-50 percent of plants), HR = High 
Resistance (>50 percent of plants). 
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The alfalfa was harvested with a sickle bar forage plot harvester, and fresh wet yield was 
weighed directly in the field.  Aftermath from the plots was swathed, raked, and baled with fairly 
high moisture content (rather than waiting for typical moisture to bale) to help clear the field and 
get the irrigation water back on the field as soon as possible, typically within 5-7 days.  Harvest 
dates are listed for each cutting in the annual yield tables. 
 
Moisture samples (0.5 to 1.0 lb) were taken for each plot, with wet weight weighed in the field, 
and then dried at 145°F until no further change in weight occurred.  Yields are presented on an 
oven-dry, dry matter basis.    
 
The trial was solid-set, sprinkler irrigated with a 30- by 40-ft spacing as needed for establishment 
and during the season.  Nelson rotating head Windfighter 2000 nozzles (Nelson Irrigation Corp., 
Walla Walla Washington) were used.  Irrigation is determined by crop water use prediction by 
the AgriMet weather station program and by probing the soil with a soil probe.  There is an 
AgriMet weather station located at COARC.  The trial was usually irrigated two times per week, 
depending upon time of year.  Between the second and third cutting in 2001 the irrigation 
heads/nozzles were changed from 7/64-inch to 9/64-inch Nelson rotating head Windfighter 2000 
nozzles. 
 
Pursuit® (1 DG Eco Pak bag), Poast® (0.47 lb/acre a.i.) and 2 quarts of crop oil were applied for 
weed control September 17, 1998 of the establishment year.  The first winter dormant weed 
control included applying Velpar® L (0.75 lb/acre a.i.), Gramoxone Extra® (0.5 lb/acre a.i.) and 
Kerb® (1 lb/acre a.i.) on February 9, 2000.  Velpar L (0.75 lb/acre a.i.), Kerb (1 lb/acre a.i.), and 
Gramoxone Extra (0.5 lb/acre a.i.) were applied on December 6, 2000 for the third production 
year.  Velpar (0.5 lb/acre a.i.),Gramoxone Extra (0.5 lb/acre a.i.), and Spredor 90® (1 pt/100 gal) 
were applied on January 15, 2002 for the fourth production year.   For the 2003 crop year, 
Sencor® (0.4 lb/acre a.i.), Gramoxone  (0.5 lb/acre a.i.) and Spredor 90 (1 pt/100 gal) were 
applied in February.      
 
On June 30, 2000, Baythroid® (2.88 oz/acre) was applied by aerial application to control alfalfa 
weevil. 
 
The trial was laid out in a randomized block design with four replications.   SAS statistical 
software (SAS Institute, Inc., Cary, North Carolina) was used for analysis of variance and results 
are reported using Protected Least Significant Difference (PLSD) for mean separation at the P = 
0.10, 0.05, and 0.01 probability level.  Discussion of results and is limited to the PLSD 0.10 
level, unless otherwise stated. 

 
Results  

 
Weed control was excellent and winters were relatively mild for the 5 years of the trial.  Harsh 
winter weather was not a factor in the trial.  
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Cumulative and Annual Results (Tables 4 and 5)  
There were no statistical differences between seeding rates for cumulative yield from year 1 to 
year 5, nor were there any significant total annual yield differences for any individual year.  The 
yield range for the 4- to 32-lb/acre seeding rate was 35.41 ton/acre to 36.66 ton/acre (highest 
yield was 37.52 ton/acre for the 24-lb/acre seeding rate). 
 
Cumulative average number of stems/ft2 were significantly different for all of the cumulative 
years.   There were differences in average annual stem numbers between seeding rates for the 
first 3 years, but there were no statistical differences in the fourth and fifth year.  Even in the 
second and third year of production, while there were significant differences, there was not 
always an increasing stem number with each increased seeding rate treatment. 
 
In the first year, the annual average number of stems/ft2 for the 32-lb/acre seed rate was 
approximately double that of the 4-lb/acre seed rate.  The annual average number of stems for 
the lower seeding rates did not decrease as much over the years and stayed relatively constant 
compared to the higher seeding rates, which dramatically decreased over time.  The annual 
average number of stems at year 5, compared to the first year was 92, 82, 75, 61, 63, 58, 57, and 
52 percent for the 4-, 8-, 12-, 16-, 20-, 24-, 28-, and 32-lb/acre seeding rates respectively.   The 
average stem number range was only 62.0 to 68.5 stems/ft2, from low to high seeding rates in the 
fifth year of production. 
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Table 4.  Cumulative yield and average cumulative stems/ft2 for the ‘Ultra’ alfalfa seeding rate trial planted on August 24, 1998 and 
managed under a three-cut harvest regime at the Central Oregon Agricultural Research Center at Powell Butte, Oregon. 

 
 
 

Seeding rate 
 (lb/acre) - PLS* 

 

 
 

1-year 
total 
yield 

(ton/acre) 

 
 

1-year 
avg. 

stems 
per ft2 

 
 

2-year 
total 
yield 

(ton/acre) 

 
 

2-year 
avg. 

stems 
per ft2 

 
 

3-year 
total 
yield 

(ton/acre) 

 
 

3-year 
avg. 

stems 
per ft2 

 
 

4-year 
total 
 yield 

(ton/acre) 

 
 

4-year 
avg. 

stems 
per ft2 

 
 

5-year 
total  
yield 

(ton/acre) 

 
 

5-year 
avg. 

stems 
per ft2 

           
4 - 3.1 7.18 69.4 14.68 72.4 22.87 72.6 29.27 72.6 35.41 70.7 
8 - 6.2 7.83 81.4 15.50 80.9 23.94 80.0 30.44 77.6 36.70 75.1 

12 - 9.4 7.80 90.6 15.44 91.1 23.83 85.5 30.66 83.2 37.00 79.6 
16 - 12.5 7.76 103.5 15.43 94.2 23.87 89.2 30.62 85.9 37.13 81.8 
20 - 15.6 7.84 108.9 15.26 100.0 23.45 94.1 30.19 89.2 37.07 84.8 
24 - 18.7 8.02 107.7 15.68 101.0 24.20 94.0 30.91 87.8 37.52 83.2 
28 - 21.8 7.86 115.0 15.33 100.6 23.61 93.5 30.61 88.3 37.27 83.3 
32 - 25.0 7.53 126.5 15.18 112.0 23.32 101.9 30.10 95.0 36.66 89.4 

           
Mean 7.73 100.4 15.31 94.0 23.64 88.8 30.35 85.0 36.84 81.0 
PLSD 0.01 NS 20.8 NS 15.0 NS 10.7 NS 9.5 NS 8.9 
PLSD 0.05 NS 15.4 NS 11.0 NS 7.9 NS 7.0 NS 6.6 
PLSD 0.10 NS 12.6 NS 9.1 NS 6.5 NS 5.8 NS 5.4 
CV % 4.9 10.4 3.8 8.0 3.5 6.0 3.1 5.6 2.8 5.5 
Pr. > F 0.1257 0.0001 0.4102 0.0001 0.4394 0.0001 0.3601 0.0001 0.2057 0.0002 
*PLS = pure live seed. 
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Table 5.  1999-2003 annual yield and average stems/ft2 results for the ‘Ultra’ alfalfa seeding rate trial managed under a three-cut 
harvest management regime at the Central Oregon Agricultural Research Center, Powell Butte, Oregon. 

 
Seeding rate 

 (lb/acre) - PLS 

1999 
total 
yield 

(ton/acre) 

1999 
avg. 

stems 
per ft2 

2000 
total 
yield 

(ton/acre) 

2000 
avg. 

stems 
per ft2 

2001 
total 

   yield 
(ton/acre) 

2001 
avg. 

stems 
per ft2 

2002 
total  
yield 

(ton/acre) 

2002 
avg. 

stems 
per ft2 

2003 
total 
yield 

(ton/acre) 

2003 
avg. 

stems 
per ft2 

4 -  3.1 7.18 69.4 7.49 75.4 8.20 72.9 6.40 72.6 6.14 63.0 
8 – 6.2 7.83 81.4 7.67 80.3 8.44 78.2 6.50 70.5 6.26 65.1 
12 -9.4 7.80 90.6 7.64 91.6 8.39 74.3 6.83 76.4 6.34 65.0 
16-12.5 7.76 103.5 7.68 84.9 8.43 79.2 6.75 76.0 6.51 65.1 
20-15.6 7.84 108.9 7.43 91.2 8.19 82.3 6.74 74.3 6.87 67.5 
24-18.7 8.02 107.7 7.65 94.2 8.53 80.0 6.71 69.3 6.61 64.8 
28-21.8 7.86 115.0 7.47 86.2 8.29 79.4 7.00 72.6 6.66 63.5 
32-25.0 7.53 126.5 7.65 97.5 8.14 81.8 6.77 74.1 6.56 67.3 

           
Mean 7.73 100.4 7.58 87.7 8.33 78.5 6.71 73.2 6.49 65.2 
PLSD 0.01 NS 20.8 NS NS NS NS NS NS NS NS 
PLSD 0.05 NS 15.4 NS 11.9 NS NS NS NS NS NS 
PLSD 0.10 NS 12.6 NS 9.8 NS 5.7 NS NS NS NS 
CV % 4.9 10.4 4.3 9.2 3.7 5.9 4.3 7.1 6.5 11.0 
Prob. 0.1257 0.0001 0.8974 0.0149 0.5874 0.0961 0.1762 0.5127 0.3149 0.9814 
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1999 Results 
First cutting (Table 6):  The 4-lb/acre (3.1 lbs pure live seed [PLS]/acre actual) seeding rate 
yielded less than the other seeding rates (P > F = 0.1012).  The seeding rates of 8-32 lb/acre all 
yielded similarly.  There was almost a two-fold difference in stems/ft2 as seeding rates increased.  
There was a significant inverse relationship for stem weight as seeding rate increased.  Lodging 
increased significantly as seeding rates increased, up to almost 50 percent (at the 24 lb rate) and 
then decreased, although not significantly. 
 
Second cutting (Table 7):  The 4- through 28–lb/acre rates had similar yields, but the 32–lb/acre 
rate yield was significantly lower than all other rates.  As seeding rates increased, stems/ft2 
increased (more than doubled).  In general, the two lower seeding rates had lower lodging rates, 
and as seeding rates increased, lodging increased up to the 28- and 32–lb/acre rates.  The stem 
weights were significantly different.  As seeding rates increased, stem weight decreased. 
 
Third cutting (Table 8):  There were no differences in yield between the seeding rates.  As 
seeding rates increased, stems/ft2 increased up to the 16- through 28-lb/acre rate; there was a 
trend for the 32–lb/acre rate to be higher, but not significantly so.  There were no significant 
differences for stem weight. 
 
 
 
 
 
Table 6.  First cutting 1999 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Lodge 

(%) 

 
Stem wt. 

(g) 
  4 - 3.1 2.93 19.6 80.4 68.4 0.0 0.90 
  8 - 6.2 3.57 19.9 80.1 73.4 2.5 1.07 
12 - 9.4 3.60 20.4 79.6 80.2 12.5 0.94 
16 - 12.5 3.48 20.2 79.8 100.3 26.3 0.73 
20 - 15.6 3.56 20.3 79.7 101.8 33.8 0.73 
24 - 18.7 3.53 20.2 79.8 105.5 47.5 0.71 
28 - 21.8 3.62 20.6 79.4 120.9 32.5 0.63 
32 - 25.0 3.58 21.3 78.7 124.6 27.5 0.62 
       
Mean 3.49 20.3 79.7 96.9 22.8 0.792 
PLSD 0.01 NS NS NS 25.5 NS 0.28 
PLSD 0.05 NS NS NS 18.7 27.3 0.21 
PLSD 0.10 (0.39) NS NS 15.5 22.5 0.17 
CV % 9.2 4.2 1.1 13.1 81.2 17.8 
Pr. > F 0.1012 0.2324 0.2324 0.0001 0.0192 0.0014 
Harvest date 6/18      
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Table 7.  Second cutting 1999 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Lodge 

(%) 

 
Stem wt. 

(g) 
4 - 3.1 2.01 17.6 82.4 66.0 20.0 0.68 
8 - 6.2 1.95 16.9 83.1 93.5 35.0 0.46 
12 - 9.4 1.98 16.6 83.4 103.4 45.0 0.41 
16 - 12.5 1.91 17.1 82.9 113.2 62.5 0.35 
20 - 15.6 1.93 17.2 82.8 127.8 60.0 0.32 
24 - 18.7 1.98 17.6 82.4 129.3 57.5 0.33 
28 - 21.8 1.93 17.3 82.7 126.6 85.0 0.32 
32 - 25.0 1.70 16.7 83.3 143.2 81.3 0.25 
       
Mean 1.93 17.1 82.9 112.9 55.8 0.39 
PLSD 0.01 NS NS NS 25.4 36.4 0.17 
PLSD 0.05 NS NS NS 18.6 26.7 0.13 
PLSD 0.10 0.16 NS NS 15.4 22.1 0.11 
CV % 6.9 5.4 1.1 11.2 32.5 22.4 
Pr. > F 0.0956 0.6951 0.6951 0.0001 0.0007 0.0001 
Harvest date 8/3      
 
 
Table 8.  Third cutting 1999 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.23 33.8 66.2 73.8 0.66 
8 - 6.2 2.31 34.8 65.2 77.3 0.64 
12 - 9.4 2.22 33.3 66.7 88.1 0.53 
16 - 12.5 2.37 34.2 65.8 97.0 0.51 
20 - 15.6 2.34 33.4 66.6 97.1 0.53 
24 - 18.7 2.51 33.8 66.2 88.2 0.60 
28 - 21.8 2.30 35.0 65.0 97.5 0.50 
32 - 25.0 2.24 34.2 65.8 111.7 0.42 
      
Mean 2.32 34.1 65.9 91.3 0.55 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS 20.5 NS 
PLSD 0.10 NS NS NS 16.9 NS 
CV % 11.8 4.6 2.4 15.2 24.1 
Pr. > F 0.8466 0.7279 0.7279 0.0216 0.2485 
Harvest date 9/30     
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2000 Results 
First cutting (Table 9):  There were no yield differences.  There were differences in stems/ft2, but 
not greatly so.  There were differences for stem weight, but not straightforward differences as 
seeding rates increased. 
 
Second cutting (Table 10):  There were no differences in yield, numbers of stems, nor stem 
weight. 
 
Third cutting (Table 11):  There were no differences in yield.  The 4-lb/acre seed rate did 
produce significantly fewer stems/ft2 than the 8-lb/acre rate, though the 8-lb rate was not 
different from the 12- to 28-lb/acre rates, but was less than the 32-lb/acre rate, and had more 
stems than the 16-lb rate.   There was a significant inverse relationship for stem weight. 
 
 
 
 
 
 
 
 
 
 
Table 9.  First cutting 2000 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
  4 - 3.1 2.59 21.2 78.8 89.7 0.60 
  8 - 6.2 2.84 21.4 78.7 86.7 0.68 
12 - 9.4 2.84 21.5 78.5 101.9 0.58 
16 - 12.5 2.72 21.4 78.6 93.9 0.61 
20 - 15.6 2.66 21.5 78.5 101.1 0.55 
24 - 18.7 2.81 22.2 77.8 109.1 0.54 
28 - 21.8 2.78 20.7 79.3 88.3 0.66 
32 - 25.0 2.87 22.0 78.0 101.9 0.59 
      
Mean 2.76 21.5 78.5 96.6 0.60 
PLSD 0.01 NS NS NS 15.8 NS 
PLSD 0.05 NS NS NS 11.6 0.09 
PLSD 0.10 NS NS NS 9.6 0.08 
CV % 8.3 4.3 1.2 8.2 10.4 
Pr. > F 0.6435 0.5045 0.5045 0.0050 0.0441 
Harvest date 6/6     
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Table 10.  Second cutting 2000 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.30 16.4 83.6 80.5 0.60 
8 - 6.2 2.37 17.2 82.7 84.2 0.60 
12 - 9.4 2.34 16.8 83.2 93.8 0.53 
16 - 12.5 2.33 16.8 83.2 88.9 0.55 
20 - 15.6 2.34 17.0 83.0 92.0 0.53 
24 - 18.7 2.33 16.7 83.3 94.2 0.52 
28 - 21.8 2.31 16.4 83.6 93.4 0.52 
32 - 25.0 2.25 17.1 82.9 102.2 0.47 
      
Mean 2.32 16.8 83.2 91.2 0.54 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 6.4 3.7 0.7 14.0 16.2 
Pr. > F 0.9769 0.4034 0.4034 0.4010 0.4735 
Harvest date 7/19     
 
 
 
 
Table 11.  Third cutting 2000 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.60 21.8 78.2 55.8 1.01 
8 - 6.2 2.47 22.1 77.9 70.2 0.77 
12 - 9.4 2.46 21.0 79.0 79.1 0.65 
16 - 12.5 2.62 22.1 77.9 71.8 0.77 
20 - 15.6 2.43 20.6 79.4 80.4 0.63 
24 - 18.7 2.51 21.2 78.8 79.3 0.67 
28 - 21.8 2.38 20.9 79.1 77.0 0.65 
32 - 25.0 2.53 21.8 78.2 88.2 0.60 
      
Mean 2.50 21.4 78.6 75.2 0.72 
PLSD 0.01 NS NS NS 15.8 NS 
PLSD 0.05 NS NS NS 14.7 0.21 
PLSD 0.10 NS NS NS 12.2 0.18 
CV % 6.1 4.5 1.2 13.3 20.2 
Pr. > F 0.3388 0.2936 0.2936 0.0097 0.0163 
Harvest date 9/13     
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2001 
First cutting (Table 12):  There were no yield or stem weight differences between seeding rates.  
There were significant differences between seeding rates for stems/ft2 in general. 
  
Second cutting (Table 13):  There were no differences in yield, stem numbers, or stem weight. 
 
Third cutting (Table 14):  There were no differences in yield, stem numbers, or stem weight. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 12.  First cutting 2001 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.99 24.0 76.0 77.8 0.81 
8 - 6.2 3.19 23.5 76.5 73.3 0.92 
12 - 9.4 3.14 22.7 77.3 78.5 0.85 
16 - 12.5 3.11 23.5 76.5 82.5 0.80 
20 - 15.6 3.10 22.8 77.2 88.4 0.74 
24 - 18.7 3.20 23.2 76.8 88.4 0.76 
28 - 21.8 3.15 23.3 76.7 74.2 0.89 
32 - 25.0 3.00 22.4 77.6 86.2 0.73 
      
Mean 3.11 23.2 76.8 81.2 0.81 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS 8.7 NS 
CV % 4.3 4.1 1.2 10.2 12.6 
Pr. > F 0.2692 0.3807 0.3807 0.0837 0.1233 
Harvest date 6/13     
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Table 13.  Second cutting 2001 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.96 19.7  80.3 73.3 0.84 
8 - 6.2 3.07 20.3 79.7 82.0 0.79 
12 - 9.4 3.04 20.2 79.8 75.1 0.85 
16 - 12.5 3.10 20.0 80.0 84.6 0.77 
20 - 15.6 2.91 19.5 80.5 83.5 0.73 
24 - 18.7 2.96 20.1 79.9 77.5 0.81 
28 - 21.8 2.92 19.6 80.4 82.0 0.74 
32 - 25.0 2.93 19.5 80.5 83.6 0.73 
      
Mean 2.99 19.9 80.1 80.2 0.78 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 6.3 3.4 0.8 8.9 12.1 
Pr. > F 0.7193 0.4988 0.4988 0.2409 0.4691 
Harvest date 8/1     
 
 
 
 
Table 14.  Third cutting 2001 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.25 21.2 78.8 67.6 0.72 
8 - 6.2 2.18 21.8 78.2 79.3 0.58 
12 - 9.4 2.21 20.2 79.8 69.4 0.67 
16 - 12.5 2.22 20.9 79.1 70.6 0.66 
20 - 15.6 2.17 20.8 79.2 74.9 0.61 
24 - 18.7 2.36 21.5 78.5 74.2 0.68 
28 - 21.8 2.22 20.8 79.2 81.8 0.57 
32 - 25.0 2.21 20.9 79.1 75.7 0.62 
      
Mean 2.23 21.0 79.0 74.2 0.64 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 7.2 5.2 1.4 11.9 16.7 
Pr. > F 0.7875 0.6030 06030 0.3399 0.4415 
Harvest date 9/19     
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2002 
First cutting (Table 15):  There were no differences for yield, stem numbers, or stem weight.  
The yield for the 4–lb/acre rate trended lower than the rest of the seeding rates. 
 
Second cutting (Table 16):  There were no differences for yield, stem numbers, and stem weight.  
Again there was slightly lower yield for the 4- and the 8-lb/acre rates than for the rest of the 
seeding rates, but not significantly so. 
 
Third cutting (Table 17):  While there were significant differences between seeding rate yields, 
there was no clear pattern.  There were no differences in stem numbers and stem weight. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 15.  First cutting 2002 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
  4 - 3.1 2.07 20.7 79.3 70.7 0.61 
  8 - 6.2 2.26 21.4 78.6 72.9 0.65 
12 - 9.4 2.35 21.4 78.6 78.6 0.64 
16 - 12.5 2.37 21.2 78.8 73.5 0.68 
20 - 15.6 2.36 21.0 79.0 83.5 0.60 
24 - 18.7 2.43 20.6 79.4 78.6 0.65 
28 - 21.8 2.42 21.3 78.7 80.0 0.63 
32 - 25.0 2.31 20.8 79.2 75.7 0.64 
      
Mean 2.32 21.0 79.0 76.7 0.64 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 8.4 3.6 1.0 10.5 15.6 
Pr. > F 0.2661 0.7208 0.7208 0.3991 0.9753 
Harvest date 6/12     
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Table 16.  Second cutting 2002 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 1.91 17.3 82.7 80.9 0.50 
8 - 6.2 1.90 16.6 83.4 77.0 0.52 
12 - 9.4 2.04 16.6 83.4 82.4 0.53 
16 - 12.5 2.08 16.5 83.5 85.8 0.51 
20 - 15.6 2.06 17.2 82.8 70.6 0.62 
24 - 18.7 2.01 16.9 83.1 72.0 0.59 
28 - 21.8 2.05 16.4 83.6 79.0 0.54 
32 - 25.0 2.04 17.1 82.9 80.4 0.53 
      
Mean 2.01 16.8 83.2 78.5 0.54 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 6.7 2.9 0.6 12.4 14.0 
Pr. > F 0.4814 0.1180 0.1180 0.3818 0.3500 
Harvest date 7/17     
 
 
 
 
Table 17.  Third cutting 2002 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.42 19.2 80.8 66.3 0.76 
8 - 6.2 2.34 19.2 80.8 61.7 0.79 
12 - 9.4 2.44 18.9 81.1 68.1 0.75 
16 - 12.5 2.31 18.8 81.2 68.8 0.71 
20 - 15.6 2.33 18.7 81.3 68.9 0.72 
24 - 18.7 2.27 19.0 81.0 57.5 0.83 
28 - 21.8 2.52 19.4 80.6 58.9 0.90 
32 - 25.0 2.43 19.5 80.5 66.2 0.78 
      
Mean 2.38 19.1 80.9 64.6 0.78 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 0.14 NS NS NS NS 
CV % 4.8 2.6 0.6 14.8 14.0 
Pr. > F 0.0786 0.3016 0.3016 0.5097 0.3337 
Harvest date 9/3     
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2003 
First cutting (Table 19):  There were no differences for yield, stem numbers, or stem weight, for 
the different seeding rates.  There was a trend for yield increasing as seeding rates increased up 
to the 20- to 28-lb/acre rate, with the 32-lb/acre rate yielding the same as the 8-lb rate. 
 
Second cutting (Table 20):  There were no significant differences for yield, stem numbers, or 
stem weight, although there was a trend for increased yield with increasing seed rates up to the 
20- to 24-lb/acre rates. 
 
Third cutting (Table 21):  There were no differences in yield, stem numbers, or stem weight, for 
the different seeding rates.  There was a small trend for the higher seeding rates to outyield the 4- 
to 12-lb/acre rates, with the exception of the 24-lb rate. 
 
 
 
 
 
 
 
 
 
 
Table 19.  First cutting 2003 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
  4 - 3.1 1.95 18.8 81.2 60.7 0.68 
  8 - 6.2 2.10 19.6 80.4 64.0 0.69 
12 - 9.4 2.12 19.7 80.3 65.7 0.69 
16 - 12.5 2.18 20.7 79.3 67.4 0.69 
20 - 15.6 2.31 20.0 80.0 69.3 0.72 
24 - 18.7 2.25 19.8 80.2 64.9 0.72 
28 - 21.8 2.25 19.9 80.1 60.9 0.80 
32 - 25.0 2.08 19.4 80.6 65.8 0.67 
      
Mean 2.15 19.7 80.3 64.8 0.71 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 8.5 4.9 1.2 14.1 18.9 
Pr. > F 0.2016 0.3206 0.3206 0.8764 0.9096 
Harvest date 6/16     
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Table 20.  Second cutting 2003 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.10 17.4 82.6 70.2 0.63 
8 - 6.2 2.10 17.3 82.7 75.3 0.60 
12 - 9.4 2.14 16.9 83.1 68.1 0.69 
16 - 12.5 2.18 17.4 82.6 58.6 0.78 
20 - 15.6 2.34 17.5 82.5 69.6 0.71 
24 - 18.7 2.28 17.5 82.5 69.0 0.70 
28 - 21.8 2.15 17.3 82.7 73.6 0.64 
32 - 25.0 2.14 17.4 82.6 68.5 0.66 
      
Mean 2.18 17.4 82.6 69.1 0.67 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 6.1 2.9 0.6 17.2 19.0 
Pr. > F 0.1746 0.7611 0.7611 0.6762 0.6187 
Harvest date 7/25     
 
 
 
 
Table 21. Third cutting 2003 yield and other agronomic results of the alfalfa seeding rate trial 
planted on August 24, 1998 at the Central Oregon Agricultural Research Center at Powell Butte, 
Oregon. 
Seeding rate 
actual - PLS 
(lb/acre) 

 
Yield 

(ton/acre) 

 
DM 
(%) 

 
Moist. 

(%) 

 
Stems 

(per ft2) 

 
Stem wt. 

(g) 
4 - 3.1 2.08 21.2 77.8 58.1 0.75 
8 - 6.2 2.06 21.4 78.6 56.0 0.79 
12 - 9.4 2.08 21.9 78.1 61.1 0.73 
16 - 12.5 2.14 21.4 78.6 69.4 0.65 
20 - 15.6 2.23 22.1 77.9 63.7 0.71 
24 - 18.7 2.09 21.8 78.2 60.4 0.75 
28 - 21.8 2.25 22.4 77.6 55.9 0.82 
32 - 25.0 2.34 21.6 78.4 67.7 0.64 
      
Mean 2.16 21.7 78.3 61.5 0.73 
PLSD 0.01 NS NS NS NS NS 
PLSD 0.05 NS NS NS NS NS 
PLSD 0.10 NS NS NS NS NS 
CV % 11.0 3.1 0.9 16.3 16.2 
Pr. > F 0.6250 0.2717 0.2717 0.4448 0.4104 
Harvest date 9/16     
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Discussion  
 
Only the first and second cutting in the first year of the trial (1999) came close to showing any statistical 
differences for yield between the seeding rates.  The 4-lb/acre seeding rate trended lower compared to the 
rest of the seeding rates on first cutting (P > F = 1012).  For the second cutting, there were significant 
differences, but only the 32-lb/acre rate was significantly different from the rest of the seeding rates.  
Beyond those two cuttings there were no differences, and the two effects tended to cancel each other out.  
 
The 5-year cumulative yield ranged from 35.41 ton/acre (4-lb [3.1 lb PLS]/acre seed rate) to 36.66 
ton/acre (32-lb [25.0 lb PLS]/acre seed rate), a difference of only 1.25 ton/acre, which is not statistically 
significantly different.  The largest range between seeding rates was 2.11 ton/acre (37.52 ton/acre for the 
24-lb/acre rate).  There were no annual yield differences between seeding rates. 
 
Cumulative annual average stem numbers were different for all 5 years.  During the first 3 years of the 
trial, there were significant annual average stem number differences, but not in years 4 and 5.   First 
cutting of the fourth year (2002) was the last individual cutting where there were any significant 
differences for stems/ft2 between seeding rates.  Third cut of the second year (2000) was the last cutting 
that had significantly different stem weights between seeding rates.  Stem weights did increase to 
compensate for fewer stems/ft2. 
 
There appears to be a lot of room to maneuver with lowering seeding rates of alfalfa.  One problem with 
lowering seeding rates is getting even distribution though a drill.  This can be accomplished by mixing a 
carrier with the seed, like fine cracked corn.  The lower two seeding rates, of 4 and 8 lb/acre, did not flow 
evenly out of the small plot drill.   
 
We believe that if the lower seeding rates had been mixed with a carrier product like fine cracked corn, 
there would have been fewer actual yield differences between the seeding rates.  With a carrier, the two 
low seed rate treatment plots would have been more evenly planted.  The drill tended to plant heavier at 
the beginning of the plot, to less seed at the other end of the plot, sometimes with very little seed at all at 
the end of the 4-lb/acre rate plot.   We believe that if using regular grain drills to plant at low seeding 
rates, a carrier would need to be used, depending upon rate or other seed mixed in the drill. 
 
If fine-stemmed alfalfa is important for marketing, then an appropriate higher seeding rate may need to be 
used.  Stem diameter was not measured in this trial.  Seeding rates are typically amortized over the life of 
the stand. 
 
Extension Service seeding rate recommendations will remain at 12-15 lb/acre (9-12 lb/acre PLS).  
Ultimately, producers will need to make their own individual seeding rate decision based on their own 
situation, quality of seed bed preparation , planting method (drilled, broadcast, or no-till planted), cost of 
variety seed, and market potential.  It appears that seeding costs may be reduced by lowering seeding 
rates as long as there is good to excellent management, without sacrificing yield or income. 
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