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Introduction
Burning of post-harvest crop residue has been an estab-
lished cultural practice in the Willamette Valley of Ore-
gon since the late 1940's for control of disease and dis-
posal of residue. Between 1980 and 1985, 75 to 80% of
the total grass seed production was open-field burned.
However, between 1985 and 1990 the percentage of
grass seed crops open-field burned dropped to 40%.
This change occurred due to a one-third increase in acres
planted to grass seed crops and stricter rules established
by State smoke management authorities, reducing the
opportunity to achieve timely, early-season burns.

In August 1991 the Oregon Legislature signed into law a
measure sharply reducing the acres of open-field burning
allowed in grass seed production. This bill declares that
Oregon's public policy is to reduce the practice of ther-
mal sanitation, and decreases to 40,000 acres the area
allowed for open-field burning after 1997. Many seed
producers are already adopting alternative methods for
removal of post-harvest straw and stubble residue. In
1992, only 83,000 acres of the Willamette Valley's
370,000 acres were open-field burned.

Reduced dependence on open-field burning has created
uncertainty within the seed industry in regard to the
long-term maintenance of seed yield and seed quality,
and provided new incentive for research using alternative
methods for crop residue disposal. New equipment in-
novations and increased grower acceptance of non-ther-
mal production systems have allowed for on-farm testing
of techniques previously studied in small research plots.

This program was initiated to evaluate various straw and
stubble management techniques used commercially by
grass seed growers as alternatives to burning crop
residue after harvest. On-farm test sites were selected to
evaluate post-harvest residue removal treatments where
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growers had established large-scale, single-replication
plots within a uniform block in their field. The size of
these plots (100 x 400-600 ft) allowed for standard har-
vest techniques, i.e., swathing and combining with
grower equipment.

In 1990-91, nonthermal treatments were evaluated at 13
different locations, mostly in the south valley, and fo-
cused on tall fescue and perennial ryegrass. Most loca-
tions began as new stands where first-year seed crop
harvest was taken the summer that plots were estab-
lished. Our objective is to follow these sites over a sev-
eral year period to evaluate the effects of nonthermal
residue treatments as grass seed stands age. The results
summarized in this report provide a two year database
for several nonthermal treatments.

1990-91 Results
In 1990-91, seven on-farm test sites (three perennial rye-
grass and four tall fescue) where four nonthermal post-
harvest residue treatments were common to all locations
were identified. These treatments were:

Chop all straw back: Flail chop all of the straw
and stubble back on the field three times to reduce
the size of straw particles so that decomposition on
the soil surface can occur; stubble height approxi-
mately 3 - 4 in.
Bale-only: Baling and removal of straw with no
subsequent stubble management; stubble height
approximately 4 -6 in.
Bale and flail: Baling and removal of straw fol-
lowed by flail chopping the stubble back on the
soil surface; stubble height approximately 3 - 4 in.
Vacuum-sweep: Baling and removal of straw fol-
lowed by close cutting and removal of stubble;
stubble height approximately 1 - 2 in.

Tiller samples from each treatment were collected in the
fall, spring, and just prior to harvest to determine the
number per area. Tiller samples taken at harvest were
separated into vegetative or fertile classes. Observations
of weed control were made periodically during the fall,
winter and spring.



Four swaths from each treatment were combine har-
vested and sub-sampled for a purity analysis (weed
seeds, other crop species, inert matter) at the Oregon
State University Seed Laboratory. Purity test results
were used to convert combine plot yield to an equivalent
clean seed weight. In addition, an assessment for the
presence of ergot and blind seed disease was made by the
USDA-ARS National Forage Seed Production Research
Center.

Data collected during the 1990-91 crop year from these
seven sites were summarized by using a randomized
complete block (RCB) analysis of variance (ANOVA).
Locations were used as blocks (three for perennial rye-
grass and four for tall fescue).

Differences in seed yield were not apparent across these
residue removal treatments when applied to new stands
(Tables 1 and 2). Even chopping all straw back on the
soil surface resulted in good seed yields and straw de-
composed on the surface prior to subsequent harvest.

Table 1. Effect of post-harvest residue management on tiller population at maturity, clean seed yield,
total dry weight, and harvest index of perennial ryegrass, 1991.

1Probability-value 0.09; significant at P < 0.10
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Bale and flail was also an effective treatment. Both of
these techniques chop the stubble close to the soil surface
which may be important to subsequent tiller development
and seed yield. Bale-only provided no additional stubble
management, which resulted in a greater number of
aerial tillers, but this had no deleterious effect on seed
yield.

Vacuum-sweep removal of crop residue and shattered
seed is much more complete in comparison with the
other mechanical methods. As a result, superior weed
and seedling control was observed through harvest. Al-
though no significant reduction in seed yield was ob-
served, at two locations (one perennial ryegrass and one
tall fescue site) the vacuum-sweep was both later than
usual and close enough to the ground to cause scalping
in the plant crown. This late-season residue removal
with the vacuum-sweep equipment delayed fall regrowth.
No significant change in tiller number occurred, how-
ever, delayed tiller regrowth in the fall appeared to have

Table 2. Effect of post-harvest residue management on tiller population at maturity, clean seed yield,
total dry weight, and harvest index of tall fescue, 1991.

Residue Tiller population at maturity Clean- Total
management total percent percent seed dry Harvest
treatment fertile fertile vegetative yield weight index

(no. /ft2) (%) (lb/a) (ton/a) (%)

Chop all straw 69 34 66 1424 6.0 13

Bale-only 63 32 68 1301 5.5 13

Bale and flail 62 30 70 1364 5.6 13
Vacuum-sweep 59 31 69 1263 5.2 12

Residue Tiller population at maturity Clean- Total
management total percent percent seed dry Harvest
treatment fertile fertile vegetative yield weight index

(no.1ft2) (%) (lb/a) (ton/a) (%)

Chop all straw 243 63 37 1332 5.9 12
Bale-only 247 57 43 1305 5.4 13
Bale and flail 247 66 34 1415 5.5 14
Vacuum-sweep 231 60 40 1231 4.8 13

LSD 0.05 NS NS NS NS NS1 NS

LSD 0.05 NS NS NS NS NS NS



a greater impact on fertile tiller number at harvest in tall
fescue than with perennial ryegrass. In addition, seed
yield appeared to have been reduced in both species
when compared with other treatments that were applied
earlier in the season.

Weed and volunteer seedling control was poorest where
residue was chopped back on the soil surface. Herbicide
effectiveness was reduced in these situations; however,
no differences in seed purity were observed in harvested
samples. In addition, no presence of ergot or blind seed
disease was found.

Post-harvest treatments other than those discussed above
evaluated in on-farm trials included: 1) Lely dethatcher;
2) reclip and loaf; 3) propane burning; 4) special ma-
chine bum; 5) open-field burning; and 6) several combi-
nations of the above. However, in many situations there
was only one site where a particular treatment was em-
ployed. Because of variation in seed yield from field to
field (due to soil type, variety, grower management,
etc.) direct comparison among these less commonly used
treatments is not possible.

Nevertheless, an averaging and grouping technique was
used to present several additional comparisons. In this

situation, the average seed yield of all residue manage-
ment treatments at each site was calculated and then used
to express treatment seed yield as a percent of each site's
average. Therefore, seed yield at all sites were ex-
pressed relative to 100%. These percentage values were
subjected to ANOVA as though they were from a com-
pletely random design (CRD) with unequal replication.
Using the above technique, however, no significant
treatment differences were observed.

1991-92 Results
In 199 1-92, treatments were repeated for a second year
at 10 of the 13 original sites, and three new locations
were added to the program. In addition to treatments
discussed above, a needle-nose wheel rake - designed to
remove all the straw from the field or to remove residue
remaining after baling off the straw and chopping the
stubble - was included at some sites following harvest of
the 1991 seed crop. In our tests the needle-nose rake
was used for secondary stubble management after baling
of straw. All totaled, 15 different treatment
combinations for perennial ryegrass (Table 3), and 11
for tall fescue (Table 4), were included in the survey
during the second year.

Table 3. Effect of post-harvest residue management on perennial ryegrass clean seed yield, 1992.

TREATMENT SR 4100 8990 Regal Regency Manhattan TIE Statesman Treatment
(Wirth) (Glaser) (Manning) (Sayer) (Rose) (Reiling) (VanLecuwen) Avg.

Bale only 382 937 1623 981
Bale + Vacuum-sweep 939 1187 1366 1659 1650 1360

Bale + Flail chop +
Needle-nose rake 447 903 675

Bale + Flail chop 720 873 942 1350 971

Flail chop full straw 463 711 722 903 1234 807

Bale + Needle-nose rake 905 1063 1134 1759 1215

Bale + Needle-nose rake +
Vacuum-sweep 899 899

Bale + Needle-nose rake +
Vacuum-sweep +
Propane burn 1126 1126

Bale + Lely dethatcher 1068 1068
Open bum 881 881

Bale + Propane burn 1727 1727
Bale + Reclip & loaf +

Propane burn 1506 1506
Bale + Vacuum-sweep +

Propane burn 1691 1691

Bale + Kuhn-flex & rebale 1853 1853

Bale + Kuhn-flex & rebale +
Propane burn 1866 1866

Site Average 590 909 956 986 1547 1767 1520



As discussed above, an averaging technique was used to
make treatment comparisons. Treatments were also
grouped so that any residue management combination
ending with the use of a vacuum-sweep treatment was
analyzed as that treatment. Similarly, any combination
ending with a propane burn or a needle-nose rake was so
labeled. ANOVA on perennial ryegrass showed no sig-
mficant difference among treatments (Table 5).

For tall fescue, open-field burning was the highest
yielding treatment; all others did not significantly differ
(Table 6). However, only two sites included an open-
field burn treatment. One site (Venell's Mojave), where
the eighth seed crop was harvested in 1992, compared
continuous use of burning (8 years) with continuous
bale-only management (field has never been burned).
Burning has consistently yielded better than bale-only in
the last three years, and it may be that stand age is
contributing to this observed yield decline.

The second field (Falk's Carefree), was burned quite late
(October 2) in 1990 and was the lowest yielding
treatment in 1991. The same plot was burned early in
1991 (August 12) and was the highest yielding treatment
in 1992. Reasons for this rebound in seed yield for the
open-field burn treatment are not clear at this time.
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Table 5. Seed yield of post-harvest residue manage-
ment treatments expressed as a percent of site
average in perennial ryegrass, 1992.

Table 4. Effect of post-harvest residue management on tall fescue clean seed yield, 1992.

TREATMENT Carefree 8855 Cochise Arid Silverado Mojave Treatment
(Falk) (Glaser) (Pugh) (Wirth) (Rose) (Venell) Avg.

Bale only 742 1173 972 962
Bale + Flail chop 611 860 1224 898
Flail chop full straw 636 650 985 1061 833
Bale + Vacuum-sweep 670 934 1390 876 968
Bale + Needle-nose rake 871 871

+ Vacuum-sweep
Open burn 1100 1235 1168
Bale + Needle-nose rake 1028 1028
Bale + Vacuum-sweep

+ Propane 785 785
Bale + Flail-chop

+ Needle-nose rake 1233 1233
Bale + Machine burn 636 636
Bale + Propane burn 724 724

Site Average 752 852 901 1216 745 1104

Treatment
No. of

obs.
Treatment
average

Flail chop full straw 5 81%
Bale-only 3 90%
Bale + Needle-nose rake 4 110%
Bale + Flail Chop 4 100%
Bale + Lely dethatcher 108%
Bale Flail Chop +
Needle-nose rake 2 88%

Bale + Kuhn-flex & rebale 1 105%
Bale + Vacuum-sweep 6 112%
Bale + Vacuum-sweep +
Propane burn 2 110%

Bale + Propane burn 3 106%
Open burn 1 89%

LSD 0.10 NS



Table 6. Seed yield of post-harvest residue manage-
ment treatments expressed as a percent of site
average in tall fescue, 1992.

Finally, treatments were further grouped to avoid single-
replications in the ANOVA, and to better meet the ob-
jective of evaluating alternatives to open-field burning,
by combining several mechanical treatments and elimi-
nating open-field burning. For perennial ryegrass, "Bale
+ Semi-aggressive" includes flail chop, Kuhn-flex rake,
and Lely dethatching equipment (Table 7). In this anal-
ysis, bale-only and flail chopping the full straw were
significantly lower yielding; there was no significant dif-
ference among the stubble management treatments. For
tall fescue, propane burning the stubble and flail chop-
ping the full straw were the lowest yielding treatments
(Table 8). The needle-nose rake and vacuum-sweep
treatments had the highest seed yield, while bale-only
and bale plus flail chop were intermediate.

Table 7. Seed yield of grouped post-harvest residue
management treatments expressed as a per-
cent of site average in perennial ryegrass,

'Includes: flail chop, Kuhn-flex rake and Lely de-
thatcher treatments.
2lncludes any interim treatment that ended in propane
bum, i.e., needle-nose rake, vacuum-sweep, reclip and
loaf and Kuhn-flex rake.
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Table 8. Seed yield of grouped post-harvest residue
management treatments expressed as a per-
cent at site average in tall fescue, 1992.

Soil test data
In the fall of 1992, soil samples were taken to evaluate
the effect of residue management on soil fertility factors.
Soil was collected at four sampling depths, 0-1", 1-2",
2-3", and 3-6" and analyzed for pH, phosphorus, potas-
sium, calcium, magnesium, and percent organic matter.
Two treatments (vacuum-sweep and flail chop full straw)
common to five sites (three tall fescue and two perennial
ryegrass) were selected to compare the effect of complete
residue removal versus full straw residue left in the field.
Data were analyzed as a RCB with five replications
(sites).

Potassium (ppm) and magnesium (meq/lOOg) concentra-
tion in the surface 0-3" samples was found to be signifi-
cantly lower where crop residue had been removed me-
chanically (Table 9). No significant difference was ob-
served in the other analyses. These data confirm earlier
reports that the physical removal of straw may present
the need to adjust K management.

Treatment
No. of
obs.

Treatment
average

Flail chop full straw 4 89%

Bale-only 3 94%
Bale + Flail chop 3 94%
Bale + Needle-nose rake 2 111%
Bale + Vacuum-sweep 5 105%
Bale + Propane burn 2 92%
Bale + Machine bum 1 85%
Open bum 2 129%

LSD 0.10 22%

1992.

Treatment
No. of

obs.
Treatment
average

Flail chop full straw 5 80%

Bale-only 3 90%
Bale + Semi-aggressive' 6 101%
Bale + Needle-nose rake 6 102%
Bale + Vacuum-sweep 6 112%
Bale + Propane burn2 5 107%

LSD 0.10 17%

Treatment
No. of

obs.
Treatment
average

Flail chop full straw 4 93%
Bale-only 3 104%

Bale + Flail chop 3 99%
Bale + Needle-nose rake 2 113%

Bale + Vacuum-sweep 5 107%

Bale + Propane burn 2 89%

LSD 0.10 13%



Table 9. Effect of residue management on soil fertil-
ity. Data comparing flail chopping full straw
and vacuum-sweep treatments are the average
of five site locations. All soil samples taken
on November 16, 1992.

Summary
Results observed to date from the most commonly used
residue removal treatments in this program are discussed
below.

Chop all straw back - Although chopping all of the straw
and stubble back on the field three times after harvest in
1990-9 1 was a superior treatment in most of the plots,
particularly in tall fescue, the results with this treatment
in 199 1-92 were less favorable. Two of the four tall fes-
cue sites showed lower seed yield where all of the straw
and stubble was chopped back, and at the other two sites
no difference among treatments could be noted. Chop-
ping all straw back resulted in yields that were lower
than other treatments at the ryegrass sites, even for the
new sites established in 1991. It appears that in rye-
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grass, with its lower crown, the straw tends to shade the
stands to a greater extent than is the case with tall fescue
and the stand took longer to grow through the straw
load. Straw left on the soil surface in tall fescue stands
was nearly completely decomposed at harvest. In gen-
eral, decomposition of residue appeared to take longer in
the perennial ryegrass sites as compared to the tall fescue
sites. Weed-seedling control in the chop all back treat-
ment was less effective at most of the sites.

Bale-only - In perennial ryegrass, baling the straw and
leaving the stubble resulted in generally lower yields
than doing some form of residue treatment to the re-
maining stubble. However, tall fescue yields were not
similarly affected by a lack of further residue manage-
ment. More aerial tillers were noted in perennial rye-
grass, where the longer stubble contributed to more sites
for aerial tiller development. However, no effect on
seed yield was observed. Weed-seedling control was
better than chop all back, but was still a problem for this
treatment.

Bale and Flail - The results in 1991-92 showed this
treatment to be generally better than chopping all of the
straW back in both tall fescue and perennial ryegrass.
However, no advantage over bale-only was observed in
1991-92 for tall fescue. Weed-seedling control was
somewhat better than for chop all straw back.

Dethatching - This technique was tested again in 199 1-
92, but on only one site of perennial ryegrass. The re-
suits found that Lely dethatching after reclipping and
baling compared favorably with other treatments in this
older field of perennial ryegrass. In this test, the needle-
nose rake compared favorably with dethatching.

Needle-nose rake - This experimental machine, designed
to remove all the straw from the field or to remove
residue remaining after baling the straw and chopping
the stubble, was first tested in 199 1-92. It was com-
pared with other treatments in a tall fescue field and
ranked quite close to vacuum-sweep at this site. In a
perennial ryegrass field it also compared favorably with
the better residue removal treatments. Crop regrowth
and weed-seedling control was good with this treatment,
particularly at the tall fescue site.

Vacuum-sweep - The more complete removal of crop
residue and shattered seed with this treatment resulted in
superior weed-seedling control and in most cases equal
or increased seed yield when compared to other residue
removal treatments. Comparisons of vacuum-sweep and
burning (propane or special machine burn) in perennial
ryegrass and tall fescue showed an advantage for vac-
uum-sweep in tall fescue. Yields from the vacuum-
sweep plots were more consistent in 1991-92, probably
due to treatments being more timely in 1991, thus,
avoiding late defoliation that may have affected results in
1990-9 1.

Sample
Depth

Residue Treatment
LSD 0.05Flail chop Vacuum-

Soil Test (in.) full straw Sweep Mean (LSD 0.10)

pH 0-1 5.3 5.5 5.4 NS
1-2 4.9 5.1 5.0 NS
2-3 4.8 4.9 4.9 NS
3-6 4.9 5.0 4.9 NS

Phosphorus 0-1 77 73 75 NS
(ppm) 1-2 65 65 65 NS

2-3 65 65 65 NS
3-6 66 67 66 NS

Potassium 0-1 531 320 426 119
1-2 248 152 200 77
2-3 185 135 160 (48)
306 172 141 156 NS

Calcium 0-1 5.8 7.0 6.4 NS
(meq/lOOg) 1-2 4.8 5.5 5.1 NS

2-3 4.8 4.8 4.8 NS
3-6 5.0 5.3 5.2 NS

Magnesium 0-1 0.87 0.62 0.75 0.16
(meq/lOOg) 1-2 0.65 0.55 0.60 (0.8)

2-3 0.63 0.57 0.60 NS
3-6 0.67 0.64 0.66 NS

Organic 0-1 4.10 3.64 3.87 NS
Matter 1-2 3.72 3.53 3.62 NS
(%) 2-3 3.60 3.62 3.61 NS

3-6 3.90 3.62 3.76 NS



Propane flaming - Flaming fields with propane burners
after residue removal is practiced by some seed growers.
Comparisons with nonthermal methods were made in
three test sites and varied results were obtained. In one
test on perennial ryegrass an increase in seed yield was
observed while at another site no effect on yield was ob-
served. Aerial tillering at both perennial ryegrass sites
was reduced with propane flaming. In tall fescue,
propane flaming after a vacuum-sweep reduced subse-
quent seed yield. The reason for this result is not clear,
however, it is suspected that the propane flaming was
simply an additional stress imposed on the grass stand in
a year when stress was already great due to dry weather
conditions.

Acknowledgment: This study was initiated by a grant
from the Oregon Seed Council, and has been continued
through the financial support of the Oregon Department
of Agri culture.

POST-HARVEST RESIDUE
MANAGEMENT E}IECTS ON SEED

YIELD FINE FESCUE SEED
PRODUCTION

G.A. Gingrich, W. C. Young Ill, and TB. Silberstein

The development of new tillers during late fall and early
winter is essential to optimum seed production in fine
fescue. Post-harvest residue treatment has an important
influence on fertile tiller number, tiller position on the
plant and the subsequent seed yield of the field. Tillers
produced at the crown of the plant tend to be more vig-
orous and productive than those developed higher in the
canopy. Post-harvest treatments that result in more
residue left on the surface and greater stubble height en-
courage tiller development higher in the plant canopy.

Burning fields after harvest is the most effective method
of removing crop residue. It exposes the crown area to
light and temperature fluctuations important to tiller
growth and development. This paper reports the 1992
results from two residue removal trials on fme fescue
fields in Marion county. It covers data from the third
seed harvest from a creeping red fescue (cv. Cindy) trial
and the second seed harvest of a chewings fescue (cv.
Center) trial. Residue treatments are applied each fall
following harvest and yield data collected during crop
development and seed harvest each year. The trials are
to be continued for the life of each field. The red fescue
trial was established in 1989 following the first seed har-
vest and the chewings fescue trial was established in
1990. The results of previous years data are reported in
OSU Seed Production Research reports Ext/CrS 83 and
Ext/CrS 89.

Plots were arranged in a randomized complete block de-
sign with four replicates. Plot size was fixed to accom-
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modate standard commercial sized harvest equipment.
On the red fescue site plots are 23 feet by 150 feet and
on the chewings fescue site 22 feet by 120 feet. A full
12 foot swather width was cut down the center of each
treatment. This center swath was combined to determine
seed yield and quality. The harvested seed from each
plot was collected in garbage cans, weighed and a sub-
sample taken to determine seed yield, calculate clean out
and determine seed quality. In 1992 both trials were
swathed on June 20. The chewings fescue was threshed
on June 27 and the creeping red fescue plots on July 3.
Dates of the residue treatments for the previous fall are
listed in Table 1. Except for the residue treatment appli-
cations all production practices were performed by the
grower.

Table 1. Post-harvest residue removal application
dates on fine fescue, 1991.

Residue Date of treatment
Treatment Cindy Center

Creeping red fescue
Since the beginning of the trial the burn treatments have
consistently yielded as well or significantly better than
the non-burned treatments. In 1992 clean seed yields of
non-burn treatmentss fell far below burned plots (Table
2). Fertile tiller number and the number of potential
seeds per unit area were also much lower on the non-
burn plots. The flail chop treatment had the overall low-
est seed yield with only 341 lbs. clean seed per acre pro-
duced. This was just slightly over one third that pro-
duced on the best treatment, early open burning.

Table 2. Effect of residue management on seed yield,
fertile tiller number and potential seed num-
ber in Cindy creeping red fescue, 1992.

Early open burn 922 2285 362
Late open burn 714 2086 396
Propane burn 642 1819 264
Crew-cut 500 1817 224
Flail chop 341 1168 167

LSD 0.05 81 102 69

Early open burn Aug. 8 Aug. 8
Late open burn Sept. 16 not included

3.. Propane burn Sept. 5 Sept. 5
Crew-cut Aug. 21 Aug. 21
Flail chop Sept. 5 Sept. 5

Residue Seed Fertile Potential
Treatment yield tillers seeds

(lb/a) (per yd2) (000/yd2)



In addition to seed yield information the effect on seed
purity was considered in 1992. The results of seed
cleaning and purity analysis of the sub-samples taken at
harvest time are listed in Table 3. Mechanical purity
was the highest for the seed produced on the early open
bum treatment. The crew-cut treatment had significantly
higher weed seed content than other treatments. Total
cleanout was significantly higher in seed produced under
non-bum treatments when compared to the bumed ones.

Table 3. Effect of residue management on seed purity
in Cindy creeping red fescue, 1992.

Chewings fescue
This trial was established one year later than the red fes-
cue site. Seed yield response to post-harvest residue
treatments tend to be similar to those on the creeping red
fescue site. Following the first year's treatments seed
yield was lowest on the flail chop plot (Ext/CrS 89). In
1992 seed yields were significantly lower on the non-
bum plots than on the burned ones. The crew-cut treat-
ment was the lowest with only 411 lbs. clean seed per
acre (Table 4). Although the fertile tiller numbers were
lower on the non-burned plots they were significantly
lower only when compared to the open bum treatment.
There was not as great a difference in seed purity of the
harvested seed at this site as was found in the creeping
red fescue seed. However the crew-cut treatment had a
significantly higher total percentage clean out than did
the other treatments (Table 5).
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Table 4. Effect of residue management on seed yield,
fertile tiller number and potential seed num-
ber in Center chewings fescue, 1992.

Early open bum
Propane bum
Crew-cut
Flail chop

652 1639 370
592 1210 271
411 1087 216
480 828 191

Table 5. Effect of residue management on seed purity
in Center chewings fescue, 1992.

Residue Inert Weed
Treatment matter seed

(%)

Early open bum 2.4 0.0 19.4
Propane burn 2.0 0.2 20.3
Crew-cut 3.0 0.6 27.0
Flail chop 2.7 0.1 20.5

LSD 0.05 NS NS 3.7

Total
clean-out

Acknowledgment: This research was supported in part
by a grant from the Oregon Fine Fescue Commission.

POST-HARVEST RESIDUE
MANAGEMENT SYSTEMS FOR GRASS
SEED PRODUCTION IN THE GRANDE

RONDE VALLEY

T.G. Chastain, G.L. Kiemnec, and G.H. Cook

l'hirty years ago, Vance Pumphrey of OSU conducted
post-harvest residue management trials on grass seed
crops in the Grande Ronde Valley. He demonstrated
that seed yield of Kentucky bluegrass and red fescue was
not reduced by mowing the stubble followed by raking
and removal of the residue compared to open-field
burning. His study did not, however, examine the long-
term implications of nonthermal management in these
crops as the fields were not monitored for several years
after treatment. It is unclear whether seed yields will
decline after consecutive years of nonthermal manage-
ment. Not surprisingly, he found that non removal of

(%)--------
Early open bum 0.9 0.1 12.2
Late open bum 1.3 0.9 15.7
Propane bum 1.0 1.6 15.4
Crew-cut 1.0 5.8 19.4
Flail chop 1.6 1.7 21.7

LSD 0.05 0.3 2.3 2.6

Residue Inert Weed Total
Treatment matter seed clean-out LSD 0.05 109 513 NS

Residue Seed Fertile Potential
Treatment yield tillers seed

(lb/a) (per yd2) (000/yd2)



residue resulted in poor seed yields. Baling the residue
improved subsequent seed yields, but yields were still
poorer than mowing and raking or early open-field
burning. Fall regrowth was severely damaged by late
burning, resulting in low seed yield. The goals of our
research are (i) to ascertain the feasibility of long-term
nonthermal residue management in Kentucky bluegrass
and fine fescue seed production, (ii) to determine physi-
ological, seed yield, seed quality and economic re-
sponses of Kentucky bluegrass and fine fescue seed crops
to nonthermal residue management, and (iii) to dissemi-
nate information produced by this study.

Three on-farm sites were established in spring 1992 in
the Grande Ronde Valley to investigate nonthermal man-
agement effects on Kentucky bluegrass (2 sites) and
Chewings fine fescue (1 site) seed crops. Nonthermal
residue management treatments under consideration in-
clude bale only, bale + vacuum-sweep, bale + flail +
needle-nose rake, and flail-chop straw and stubble (3X).
In Kentucky bluegrass, flail chopping operations were
done by using a rotary scythe, an aggressive manage-
ment tool. Nonthermal residue management was com-
pared to thermal residue management by open-field
burning. Following is an account of our research results
to date.

Our visual assessment of the plots in early October re-
vealed some interesting observations on nonthermal
management treatment effects on tiller development. In
the bale-only and flail chop (3X) treatments, the tillers
and leaves were more elongated and the basal width of
leaf blades was quite narrow. Conversely, tillers and
leaves in open-burn plots were not nearly as long and the
basal width of leaf blades was much broader. Plants in
the bale + rotary scythe + needle-nose rake and bale +
vacuum-sweep treatments seemed to have tillers and
leaves that were more similar in appearance to those ob-
served in the open-burn treatment than to those in bale-
only or flail chop (3X) plots.

Tiller sampling was conducted on October 27 and 28,
1992. Two subsamples, each 9" x 12", were taken at
random along a line transect from each plot to quantify
tillering responses to nonthermal residue management.
The total number of tillers, tiller basal diameter, tiller
height, tiller Haun stage (a growth index based on leaf
number) and above-ground dry weight were measured on
each subsample. The residue coverage and stubble
height resulting from each treatment was also
determined.

In Bristol Kentucky bluegrass, the fewest tillers were
present in flail chop (3X) and bale only plots, whereas
tiller numbers were greatest in needle-nose rake, vac-
uum-sweep, and open-burn plots. The most 1 mm size
class tillers were found in vacuum-sweep plots. There
were fewer 2 mm tillers in treatments where removal of
straw and stubble was poor (flail 3X and bale only) than
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in more thorough residue removal treatments (needle-
nose rake, vacuum-sweep, and open burn). No differ-
ences were apparent among treatments for 3 mm tillers.
Tillers with large basal diameters are more likely to be-
come fertile than tillers with smaller basal diameters.

Dan Ball of OSU's Columbia Basin Agricultural Re-
search Center evaluated our research plots for volunteer
seedlings and weeds in late October. His assessment of
the plots indicated that volunteer seedling problems were
greater over all nonthermal management treatments in
Bristol Kentucky bluegrass and Barnica fine fescue than
in Abbey Kentucky bluegrass. In Kentucky bluegrass,
volunteer numbers were surprisingly low in the flail
chop (3X) treatment while in fine fescue the infestation
was quite high. It is possible that because bluegrass
seedlings are relatively small compared to fine fescue
they may have difficulty getting established in the high
residue cover on the soil surface in the flail (3X) treat-
ment. Vacuum-sweep was the next most effective non-
thermal residue treatment for reducing the number of
volunteer seedlings in bluegrass and was the most effec-
tive in fine fescue.

The complete results of tillering, seed yield, and eco-
nomic responses to nonthermal management will be pre-
sented in future reports.

DEVELOPMENT OF NONTHERMAL
POST-HARVEST RESIDUE

MANAGEMENT PRACTICES FOR
GRASS SEED PRODUCTION IN THE

WILLAMETTE VALLEY

T. G. Giastain, W. C. Young HI, and C.M. Garbacik

Grass seed crops must be managed so that a favorable
environment for tillering is ensured. Open-field burning
has been an effective, economical method of residue re-
moval and pest control, but legislative action to incre-
mentally reduce this practice necessitates the identifica-
tion of nonthermal post-harvest residue management
systems. Nonthermal management must economically
reduce crop residue and stubble to levels that result in
continued high seed yield and quality. The objectives of
our investigations are (i) to determine the agronomic and
economic feasibility of nonthermal residue management
systems, (ii) to elucidate physiological, seed yield, seed
quality, and economic responses of grass seed crops to
nonthermal management, and (iii) to develop educational
programs to disseminate information about nonthermal
post-harvest residue management practices.

Fifteen on-farm sites were established in spring 1992 in
the Willamette Valley to investigate nonthermal man-
agement effects on tall fescue (5 sites), perennial rye-



grass (6 sites), orchardgrass (1 site), Chewings fme fes-
cue (1 site), creeping red fescue (1 site), and Colonial
bentgrass (1 site) seed crops. The nonthermal manage-
ment strategies under investigation differ in cost and
thoroughness of residue removal. Treatments included
flail chop full straw (3X), bale only, bale + flail chop
stubble, bale + flail + needle-nose rake, bale + vac-
uum-sweep, bale + propane, and open burn. The ar-
rangement of plots at each site will allow us to system-
atically evaluate the feasibility of each residue manage-
ment alternative. Since our research will continue over
three harvest seasons, we will have an opportunity to ex-
amine the long-term implications of nonthermal residue
management systems. This report documents our re-
search progress to date.

The amount of crop residue remaining in the field after
nonthermal treatment was determined on three 2.7 ft2
observations taken in each plot along a line transect
across each experimental site. Surface crop residues were
swept from each observation quadrat into cloth bags and
then oven-dried, cleaned, and weighed. The height of
stubble after treatment was also measured. Treatments
that included flail chopping averaged 2.7", 1.7", 3.0",
1.4", and 2.4" stubble height for tall fescue, perennial
ryegrass, orchardgrass, fine fescue and bentgrass, re-
spectively. Vacuum-sweeping reduced stubble heights
by 0.4" averaged over species and sites.

Baling operations are central to nonthermal residue man-
agement since the bulk of the residue is removed in this
manner (Table 1). In perennial ryegrass, tall fescue, and
orchardgrass, baling accounted for removal of 77 %,
75%, and 82% of post-harvest residue, respectively.
The bale + flail chop treatment only reduces the height
of stubble, but does not remove additional residues. The
residue remaining after the stubble and straw is flail-
chopped is either removed by a needle-nose rake or by a
vacuum-sweeper. An additional 490, 441, and 632 lb/a
of residue was removed by the needle-nose rake in
perennial ryegrass, tall fescue, and orchardgrass, respec-
tively. Most importantly, these residue values do not
represent statistically significant improvements in residue
removal by the rake in these species. Conversely,
residue removal by the rake was much more thorough in
creeping red fescue, Chewings fescue, and colonial bent-
grass (Table 2). The additional residue removed by the
rake ranged from 824 lb/a in colonial bentgrass to 1903
lb/a in creeping red fescue. The thoroughness of residue
removal for the vacuum-swept treatment was somewhat
similar among the species we tested.
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(lb/a)---

Flailchop(3X) 6199 c" 8153 b 4289 c
Bale only 1450 b 2057 a 780 ab
Bale + flail chop 1530 b 1894 a 114 b
Bale + flail+

needle-nose rake 1040 ab 1453 a 482 ab
Bale + vacuum-sweep 263 a 406 a 132 a

*Means in columns followed by the same letter are not
significantly different by Fisher's protected LSD values
(P = 0.05).

Table 2. Effect of non-thermal residue management
on creeping red fescue, Chewing's fescue,
and colonial bentgrass residue remaining af-
ter treatment in 1992.

(lb/a)

*Means in columns followed by the same letter are not
significantly different by Fisher's protected LSD values
(P = 0.05).

In October and November 1992, each plot site was vis-
ited to determine the progress of fall crop regrowth and
to visually evaluate treatment effects. Where the residue
was managed by flail chop (3X), bale + flail chop, and
bale + flail + needle-nose rake treatments, more vol-
unteer seedlings were present than in the other residue
management treatments. Residue management practices
had distinct effects on the development of creeping red
fescue (Pennlawn) tillers. The plants in vacuum-swept,
propane-burned, and open-burned treatments had short
tillers and leaves, whereas plants in bale + flail chopped
plots had long tillers and leaves. When residue was re-
moved by the needle-nose rake, tillers and leaves were
intermediate in length. Chewings fescue (Banner) ex-

Bale + flail chop 2911 b* 2117 b 1785 c
Bale + flail +

needle-nose rake 1008 a 987 a 961 b
Bale + vacuum-sweep 377 a 194 a 94 a

Table 1. Influence of non-thermal residue manage-
ment on perennial ryegrass, tall fescue, and
orchardgrass residue remaining after treat-
ment in 1992.

Surface residue
Residue Perennial Tall
Treatment ryegrass fescue Orchardgrass

Surface residue
Residue Creeping Chewings Colonial
Treatment red fescue fescue bentgrass



hibited similar but less marked responses to residue
management. Differences in tiller development of tillers
among nonthermal residue treatments in tall fescue,
perennial ryegrass, and orchardgrass were nonexistent or
quite small.

Tiller sampling was initiated in early December 1992
and was completed in early 1993. In tall fescue and
perennial ryegrass, two sites each were sampled in order
to quanti1y tillering responses to nonthermal manage-
ment. A single site represented each of the remaining
species (orchardgrass, Chewings fine fescue, creeping
red fescue, and Colonial bentgrass). Two subsamples,
each 9" x 12", were taken at random along a line tran-
sect from each plot. The total number of tillers, axillary
tillers, tiller basal diameter, tiller height, tiller Haun
stage (a growth index based on leaf number), and above-
ground dry weight were determined on each subsample.
The complete results of tillering and seed yield responses
to nonthermal management will be outlined in future
reports.

EFFECTS OF POST-HARVEST RESIDUE
MANAGEMENT ON KENTUCKY

BLUEGRASS SEED YIELD AND SEED
QUALITY IN CENTRAL OREGON

D.D. Coats, W. C. Young Ill, and F.J. Crowe

Burning of post-harvest residue in seed production of
Kentucky bluegrass (Poa pratensis L.) in the Pacific
Northwest was originally started in the early 1950's to
control disease. With increased awareness for air qua!-
ity, reduction or elimination of smoke from open-field
burning of grass seed fields has become a concern. Our
research was designed to: 1) determine crop growth and
development of Kentucky bluegrass with reduced smoke
impact management treatments; 2) demonstrate different
mechanical residue management practices; and 3) com-
pare the mechanical treatments to open-field burning for
seed yield and seed quality.

Studies were initiated in central Oregon in the fall of
1989 on fourteen existing commercial Kentucky blue-
grass fields. Commercial grass seed fields are relatively
flat. Many are furrow irrigated and growth and produc-
tion is quite uniform. All fields were row planted with
spacing range from 7" to 14". Previous to our study,
post-harvest residue management on older stands was by
open-field burning.

Varieties were classed into two groups, aggressive and
non-aggressive. The aggressive varieties are highly rhi-
zoininous cultivars. When planted in rows, the rows be-
come obscured within a year or two. Non-aggressive
varieties are less rhizominous and do not spread to form
a turf mat as quickly. Each of these variety types are
managed somewhat differently. Three stand ages were
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utilized during the course of this study: second, third,
and fourth-year harvest. The second year (1990-1991
crop year) of the study involved three of the original
fourteen sites, all non-aggressive varieties, and the third
and final year involved one of the original fourteen sites
for an assessment of the treatments over time.

The Grass Vac machine enabled us to clip and vacuum
remove the stubble to a one inch height. With the wheel
rake, the bulk of the residue is moved to a windrowed
strip, which is then baled or otherwise disposed of.
Other equipment utilized include a propane flamer with
conventional nozzle spacing at 40 psi. Propane flaming
after vacuum-sweep results in relatively little smoke.

In central Oregon commercial grass seed fields normally
have a large portion of the crop residue removed as baled
straw, followed by open-burning of stubble, propane
burning or both. Thus, the primary focus of this re-
search was to compare this "field treatment" with several
alternative methods of stubble management. Treatments
included 1) field treatment; 2) bale-only (no subsequent
stubble management); 3) flail chop (flailing all the stub-
ble back on the ground); 4) rake (wheel rake); 5) vac-
uum-sweep (mechanical removal of stubble after baling
with a Grass Vac); and 6) vacuum-sweep plus propane.
The treatment plot size was 200 x 18 ft in selected areas
of each field, except for the two second year fields in the
new study where plot size was 100 x 22 ft. For vacuum-
sweep plus propaning, the Grass Vac was used followed
by propane flaming of the plot area.

Data were collected for vegetative tiller development,
fertile tiller development, seed yield, and seed quality.
All other management practices such as fertilizing, irri-
gating, and pest control were done as the normal grower
practices for the individual fields.

Four randomly selected 60 square foot areas were har-
vested from each plot by hand after the field was
swathed. Bundles were placed in a cloth bag to prevent
shattering, then air dried, for threshing, in a Winter-
stieger plot combine.

Significant differences in seed yield resulted from the
various management treatments. Seed yields are re-
ported as pounds per acre of clean seed. Averaging the
seed yields from all testing sites showed the field treat-
ment had the greatest yield. Vacuum-sweep plus
propane, vacuum-sweep and bale only treatments yielded
93, 84, and 50% of the field treatment, respectively.
This average included 18 sites of three stand ages
(second, third, and fourth) and different variety types
over three crop years (1989-1990 through 1991-1992).
In the later two years a flail chop treatment was added
and in the last year, the wheel rake treatment was added.
Flail chop treatment was intermediate in seed yield be-
tween the vacuum-sweep and the bale-only treatments.
The wheel rake was obtained late in the season and used
for residue removal after the crop began to grow.



Therefore, the wheel rake results will be skewed by not
applying the treatment at the appropriate time. Analysis
of these data by age of stand and variety type is pre-
sented below.

Age of Stand: A decrease in seed yield was observed as
the stand aged. For the 1989-90 crop year, seed yield of
second-year stands showed only 3% variation among the
vacuum-sweep, vacuum-sweep plus propane, and field
treatments. The bale-only treatment, however, yielded
63% of the field treatment. For third year stands, the
vacuum-sweep plus propane and bale-only treatments
differed little in seed yield (77% Of field treatment) and
were between the vacuum-sweep (54% of field treat-
ment), and field treatment.

For the 1990-1991 crop year, third-year stand seed yield
for vacuum-sweep plus propane, vacuum-sweep, flail,
and bale-only treatments were 122%, 106%, 95%, and
84%, respectfully, of the field treatment in the same
crop year. Seed yield from a fourth-year stand for flail-
chop and vacuum-sweep plus propane treatments were
both 89% of field treatment seed yield. Yield for the
vacuum-sweep and the bale-only treatments was 77%
and 52% of field treatment, respectfully.

For 1991-1992 crop year, one site (cv. 'Kelly) from the
original 14 sites, was harvested to observe residue man-
agement treatments over three years. Seed yield in 1992
for vacuum-sweep plus propane, vacuum-sweep, and
bale-only were 69, 64, and 57%, respectfully, of the
field treatment. Averaged over three years of continuous
treatments vacuum-sweep and vacuum-sweep plus
propane were 91 and 90% of the field treatment. Bale-
only averaged over three years was 70% of the open
field treatment.

Variety type: Differences in seed yield by variety type
were observed in our study and are a well-known aspect
of Kentucky bluegrass seed production (Ensign, et. al.,
1983, Canode and Law 1977). The aggressive varieties
showed a significant need for a more complete residue
removal in the early years of the stand. In the 1990 har-
vest we measured an average of 52% decrease in yield
from the more aggressive varieties compared to the non-
aggressive types. Both aggressive and non-aggressive
varieties performed similarly with respect to residue
management. In descending order of seed yield, open-
field burning yielded the best, followed by vacuum-
sweep plus propane, vacuum-sweep, and then bale-only.

Tiller development: The general trend of fertile tiller
numbers was the same as the trend for seed yield. Fall
and spring vegetative tiller development showed no dif-
ferences among treatments with the exception that plants
in the bale-only treatment had fewer tillers.

Seed quality: Seed quality was determined by observing
germination percentage and by measuring 1000 seed
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weight. Seed quality was not affected by different
residue management treatments (data not shown).

Summary
Our results support general grower experiences with re-
spect to open-field burning vs bale-only treatment. The
bale only treatments showed etiolated regrowth in the
fall which is in agreement with Canode and Law (1975,
1977) as well as Ensign, et. al. (1983) who conducted a
study with shading of Kentucky bluegrass. They con-
cluded that ieed yield from plants shaded at 62% for 150
days did not differ from plants where the residue was
only baled off. Field burning encouraged higher fertile
tiller numbers and yield. This increase was true for the
older stands, but was even more pronounced on younger
stands.

In general, mechanical removal performed much better
in our studies compared to bale-only treatment. How-
ever, compared to open-field burning, removal of
residue with vacuum-sweep or vacuum-sweep followed
by propane flaming were not quite as reliable. In gen-
eral, our data requires economical analysis for final
evaluation. It is likely mechanical means of straw re-
moval will elevate the cost of production over the cost of
open-field burning, both by requiring additional equip-
ment purchase and usage and by depressing yield. For
non-aggressive varieties, these mechanical means of
residue removal may prove adequate. The rake treat-
ment showed good promise in the first year of use as a
cheaper more efficient mechanical stubble removal
technique.
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INTERACTION OF KENTUCKY
BLUEGRASS CULTIVARS, NON-

THERMAL RESIDUE MANAGEMENT,
AND NITROGEN FERTILIZATION: A

TRI-STATE PROJECT

G.A. Murray and S.M. Grfflth

Improved environmental quality through the elimination
of burning of KBG seed crop residue and improved ni-
trogen use efficiency (NUE), combined with a sound
economic seed production system are the primary goals
of a tri-state research project which began in June 1992.

This project proposes to measure the combined economic
effectiveness of the most current mechanical after-harvest



residue removal techniques, efficient nitrogen use strate-
gies, and bluegrass variety response as a production
package needed to eliminate burning and to improve
NUE of bluegrass. Improved NUE of bluegrass will re-
sult in reduced loss of applied N. Improved environ-
mental quality are expected benefits via reduced smoke
emissions and nitrate leaching of air and water, respec-
tively. Additional benefits include continued production
of bluegrass, a crop that provides excellent erosion con-
trol of highly erodible soils thus improving surface water
quality by soil reducing sediment load, potential loss of
phosphates and pesticides attached to the soil particles.
Finally, the studies in improving bluegrass NUE will
likely be applicable to most other crops raised in the
northwest, thus reducing potential nitrate contamination
of water from use of N fertilizer.

This work is being conducted in the major KEG pro-
ducing regions of Oregon, Idaho, and Washington.
Fields have been selected to represent the primary irri-
gated (near LaGrande and Madras, OR and Coeur
d'Alene, ID), dryland (Rockford, WA) bluegrass re-
gions, and at Moscow, ID (University of Idaho Research
and Extension Center). Two experiments are being con-
ducted at each location. All field operations except
planting, N application, and residue removal are the cur-
rent best management practices recommended for the
area and are performed by the cooperating grass seed
grower at the location.

Additional cooperating scientists include: William
Young and Neil Christensen, Crop and Soil Science,
Oregon State University, Corvallis; Dale Coats, Central
Oregon Agricultural Research Center, Madras; Gordon
Cook (OSU Ext. Ser.) and Gary Kiemnec (Crop and Soil
Science, EOSU), LaGrande, OR. Principle funding
sources for this work, in addition to USDA-ARS and
State Funds, include the Pacific Northwest Pollution
Prevention Research Center, Seattle and a CSRS Grant
(STEEP)

DEVELOPMENT OF CONTROL
PROGRAM FOR CLAVICEPS PURPUREA

IN KENTUCKY BLUEGRASS SEED
PRODUCTION

M.D. Butler, F.J. Crowe, and D.D. Coats

Ergot, caused by the fungus Claviceps purpurea, is an
important flower infecting pathogen in grass seed pro-
duction regions of the Pacific Northwest. The pathogen
produces an elongated, black scierotia that replaces the
seed in infected florets and causes a reduction in yield.
These sclerotia are the primary means of survival and
source of inoculum. In the spring, during flowering,
spores from the scierotia infect the grass flower and pro-
duce secondary spores which cause exudate (honeydew)
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and makes harvest difficult. These secondary spores can
be spread by water, wind and insects prior to sclerotia
formation.

Of the grass species grown for seed in Oregon, Kentucky
bluegrass is particularly affected by ergot. Surveys
conducted in central Oregon, where Kentucky bluegrass
is the dominant variety being grown, indicate strong
regional variation with high levels in the Culver and
Metolius areas contrasted to low incidence on the
Agency Plains.

Because there are no fungicides registered for ergot, the
only method of controlling the disease has been through
open field burning. This practice has partially sup-
pressed the disease in the past, but pressure to decrease
burning may leave grass seed producers with no effective
tools.

A Chateau Kentucky bluegrass field in the Trail Crossing
area of central Oregon with a history of ergot was cho-
sen for the study. Three fungicides, Punch, Folicur and
Tilt, in combinations with and without Penaturf
surfactant were applied to 10 ft x 20 ft plots replicated
four times in a randomized complete block design. Ma-
terials were applied with a CO2 pressurized boom
sprayer. Silwet-77 surfactant at 16 oz per 100 gallons
was applied in combination with all fungicides except the
first 7 oz ai/a Punch treatment.

The first treatments were applied May 21, 1992 at the
initiation of anthesis. On May 25 the 150 ft x 80 ft trial
area was covered with 4 mil black plastic to prevent
contamination of the plots from an aerial application of
Tilt and dimethoate to the field. The second treatment
applications were made on June 2.

The plots and the field, as well as all grass growing re-
gions of Central Oregon, experienced low levels of ergot
during the 1992 season. The warm, dry weather
throughout the spring and early summer was likely a
contributing factor. Unfortunately, areas of heat damage
on the upper portion of panicles resulted from the plastic
cover placed over the plots. This was despite the fact
that the plastic was removed by mid morning on a cool,
overcast day.

One hundred panicle samples were collected from each
plot on June 24. The 100 panicle samples were analyzed
for the incidence of sclerotia and honeydew. Seed sepa-
ration was conducted at the seed conditioning lab at the
USDA-ARS National Forage Seed Production Research
Center in Corvallis. Standard separation procedures
were followed and weight was determined per sample
and 1,000 seed count.

Results are provided in Table 1. When evaluating scle-
rotia per plot there were no statistically significant dif-
ferences (P 0.10), although the trend was for the
untreated plot to have the highest number of sclerotia
and the double applications of all three fungicides to



Table 1. Evaluation of fungicide treatments for ergot control on Kentucky bluegrass in central Oregon, 1992.

'Means followed by the same letter are not statistically different by Duncan's Multiple Range test at P 0.O5.
*Fungicide treatments without Silwett-77 surfactant.

have the fewest. Evaluation of the incidence of
honeydew provided no statistically significant
differences (P 0.10) nor any consistent trends.

For seed weight per 100 panicles, there were statistically
significant differences (P 0.05) between treatments. A
single application of 7 oz ai/a of Punch without Silwet-
77 provided the greatest weight and the double
application of Penaturf had the lowest weight. Although
weights per 1000 seed count were not statistically
different (P0. 10), the double application of Penaturf
again produced the lightest seed weight, and Penaturf in
combination with the three fungicides produced
consistently low weights. Fungicide applications alone
do not appear to have a significant detrimental effect on
seed weight.

With the light incidence of ergot in central Oregon dur-
ing the 1992 season and damage to some plots from the
plastic cover, it is difficult to draw conclusions from this
first year of data. However, some of the trends may
provide clues as to what future research may reveal.
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CULTIVAR, AGE, AND DORMANCY
EFFECTS ON RESPONSE OF

KENTUCKY BLUEGRASS
SEED TO PRIMING

J. Tanaka and D.F. Grabe

A reliable method of gennination enhancement would
promote the stand establishment ability of Kentucky
bluegrass and enable it to compete more successfully
with other turfgrass species, alone or in mixtures. Seed
priming basically consists of holding seed in a partially
imbibed condition for several days, followed by re-dry-
ing. This procedure has been applied commercially to
enhance stand establishment of crops such as lettuce and
tomato. Priming of these crops often results in over-
coming of thermodormancy, a higher germination per-
centage, and earlier and more uniform emergence under
sub-optimal soil temperatures. The objective of this
study was to determine the effects of cultivar, age, and
dormancy on the response of Kentucky bluegrass seed to
priming.

Materials and Methods
Seed lots of 'Abbey' and 'Chateau' produced in 1990
and 1991 were selected to represent cultivars that are rel-
atively non-dormant and easy to germinate (Abbey), and
those that are relatively dormant and difficult to germi-
nate when freshly harvested (Chateau). Seeds were
primed 10 days in a 0.2 % KNO3 solution at 5-15°C

Punch 2SEC 28 * 1.25 1.75 2.40 a1 334
Punch 25EC 56 0.75 1.25 1.62 abc 346
Punch 25EC 28 0.25 1.25 1.30 bc 368
Punch 25EC + Punch 25EC 28 + 28 0.00 0.25 1.46 be 354
Punch 25EC + Penaturf 28 + 87 1.00 2.25 0.91 be 334
Folicur 3 .6F 8 1.75 2.00 1.57 abc 369
Folicur 3.6F + Folicur 3.6F 4+ 4 1.00 0.75 1.33 be 347
Folicur 3.6F + Folicur 3.6F 8+ 8 0.25 1.00 1.04 be 369
Folicur 3.6F + Penaturf 8 + 87 1.00 0.75 1.35 be 342
Tilt 3.6E 8 1.25 5.25 1.26 be 350
Tilt 3.6E + Tilt 3.6E 4+ 4 1.75 6.50 1.24 be 357
Tilt 3.6E + Tilt 3.6E 8+ 8 0.25 0.75 1.79 ab 346
Tilt 3.6E + Penaturf 8 + 87 0.75 0.25 1.43 be 338
Penaturf + Penaturf 87 + 87 0.50 1.75 0.69 c 322
Untreated 3.25 2.50 1.82 ab 343

Fungicide Rate Sclerotia Incidence Weight 1000 seed
Treatments May21 June 2 per plot of honeydew per sample weight

(oz ía) (no. per 100 panicles) (g) (mg)



with 8 hours light daily, and dried. Enough solution was
added to raise the seed moisture content to 35%. Germi-
nation characteristics evaluated were percentage, speed
and synchrony of germination under favorable
(alternating 15-25 °C, 10-15 °C with light) and unfavor-
able (15-25 °C with dark or constant 25°C with light)
germination condition in the laboratory and field. Only
the laboratory germination results with year-old Chateau
1990 are reported in detail here.

Results
The germination response to priming was dependent on
the age of seed, its level of dormancy and after ripening,
and the germination temperature to which it was ex-
posed. Priming increased germination percentage of both
Chateau lots at most temperatures, with Chateau 1990
nearly reaching maximum potential at 15-25 °C (Figure
1A and B). The two Abbey lots reached their germina-
tion potential at 15-25 °C without priming. Priming
partially overcame the requirement for alternating tem-
perature in year-old seed (Figure 1D), but not in new-
crop seed. Light had little effect on response to priming
at 15-25 °C. Germination percentage was still increasing
after 21 d at 10-15 °C for all lots, and might have at-
tained higher levels with additional time (Figure 1C).
Nevertheless, germination percentage of primed seed
was higher for all lots at this cold temperature. Primed
seed generally started germinating (T10) sooner, reached
50% germination (T50) sooner, and approached
maximum germination (T90) sooner. The increase in
germination speed was proportional to the dormancy
level of the seed lots. At 15-25 °C, priming reduced T50
by 2 to 3 d in Chateau 1990 (Figure 1A and B),; primed
new-crop seed of both cultivars still germinated 2 to 3
days slower (T50) than primed year-old seed. Priming
improved the synchrony of germination (number of days
between 10 and 90% germination) by 1 to 4 days in
year-old seed, but had no effect on the spread of
germination of new-crop seed.

In seedling emergence trials from soil at controlled tem-
peratures, percentage emergence were generally much
lower than germination percentage in the laboratory, and
the response to priming was reduced. Priming was most

15

effective on the seed with intermediate dormancy
(Chateau 1990 and Abbey 1991) and when the seeds
were germinated at constant 25 °C. Priming had less ef-
fect on emergence percentage of the extremely dormant
Chateau 1991 and the non-dormant Abbey 1990. In field
trials, priming increased emergence percentage of
Chateau 1991 by 14% and reduced T50 by 3 days, but
emergence characteristics of the other seed lots were un-
changed by priming.

Discussion
Seed priming was successful in enhancing several aspects
of Kentucky bluegrass seed germination in the labora-
tory, with the magnitude of enhancement primarily re-
lated to the state of dormancy, or degree of after ripen-
ing of the seed lot. Germination percentage, speed of
germination, and ability to germinate at constant temper-
ature were all improved to a greater extent in dormant
seed lots. Chateau, a dormant cultivar, was benefitted
more than Abbey, a cultivar that is normally easy to
germinate.

The most important response from priming Kentucky
bluegrass was increased germination percentage. The en-
hancement of germination speed in the laboratory com-
pared favorably with that reported for other grasses.
Also in common with other crops, priming improved the
ability of Kentucky bluegrass to germinate at adverse
temperatures.

Speculation as to the cause of the lower emergence per-
centage in soil suggests several possible reasons: (1)
temperature alternations in soil were more gradual, re-
quiring 3 hours compared to 0.5 hour on top of blotters,
(2) absence of light, (3) possible seed deterioration
during the 10-day period at high moisture, causing the
seed to be more susceptible to microorganism attacks.

Priming does not appear to be a practical approach to in-
creasing speed of stand establishment of Kentucky blue-
grass. Not all cultivars and seed lots are benefitted by
priming, and the added expense might make the practice
prohibitive. In rare instances where adequate stands can
not be obtained from very dormant seed lots, priming
might be an effective practice.
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FLOWERING PATTERNS IN
TALL FESCUE.

R.P. AndradeandD.F. Grabe

Determination of peak anthesis in grass seed crops is a
useful measurement for cultivar description, phenologi-
cal modelling, predicting time of seed maturation, and
timing of management practices.

Anthesis, or flowering, however, occurs over a period of
time on individual plants and in the entire field. Deter-
mination of the date when anthesis is at the peak is usu-
ally done visually and is a difficult and subjective proce-
dure at best. A more objective and precise method of as-
sessing peak anthesis is needed. The objective of this
study was to determine the flowering patterns of two tall
fescue varieties by using daily pollen counts as a relative
measure of flowering intensity.

In 1991 and 1992, the daily flowering patterns of Chesa-
peake (early) and Emperor (late) varieties of tall fescue
were evaluated with Burkard spore traps placed at path-
cle height in the center of 15 x 15 m plots. Burkard
spore traps are devices that, using a vacuum pump, con-
tinuously sample the amount of particles suspended in
the air. A stick tape, covering a rotating drum placed in
front of the air input orifice, collect these particles, in-
cluding pollen grains. The pollen grains were stained
and counted under magnification for each hour along the
tape. Daily totals presented in Figure 1 are the sum of
the pollen grains in twenty-four 0 3 mm2 quadrates.
Anthesis in Chesapeake occurred over a period of 29
days in 1991 and 16 days in 1992. Crop development
was very rapid in 1992, with anthesis beginning 11 days
earlier and completing 30 days sooner than in 1991.

The daily flowering pattern in tall fescue approximately
followed the daily variation of radiation (Figure 1). Low
temperatures, however, also influenced flowering. In
Chesapeake, for example, on May 22, 1992, radiation
appeared sufficient, but a low average temperature (50°
F) was probably the cause for reduced flowering inten-
sity. Hourly variation in radiation and temperature also
influenced timing of anthesis during the day. With fa-
vorable conditions, however, daily peak anthesis consis-
tently occurred around 4:00 PM.
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Figure 1. Daily radiation, average temperature, and
pollen counts in 'Chesapeake' tall fescue.

Flowering intensity was also frequently higher following
a period of low flowering intensity. Apparently, un-
opened flowers accumulate during days with unfavorable
weather and open when conditions are favorable. This
can be deceiving for visual determinations of peak
anthesis.

Flowering intensity in tall fescue varies with daily
weather conditions, 'mainly radiation intensity, and the
use of Bukard spore traps can provide precise assessment
of this variation. Aware of these variations, agronomists
and farmers can establish appropriate timing of field vis-
its and reduce the chances of error with visual evalua-
tions of peak anthesis.
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SEED MATURATION STUDIES IN
TALL FESCUE

R.P. Andrade, D.F. Grabe and C.M. Garbacik

Because of claims that Tilt, a fungicide used for rust
control, delays seed maturation in turf grasses, an ex-
periment was conducted to investigate this effect on tall
fescue. Plots of 'Chesapeake' and 'Emperor', established
in 1989, were sprayed with Tilt at 6 fi oz/a, two times
during the spring of 1991 and three times in 1992.

Daily decrease in seed moisture content and increase in
seed weight were measured to determine the effect of
Tilt on seed development. Samples were obtained from
the standing seed crop by randomly stripping seeds from
the seed heads in each plot. Sampling was performed
daily during 1991 and approximately every other day
during 1992, starting 7-10 days after peak anthesis when
seeds had approximately 60% moisture content.

In both years, Chesapeake and Emperor plots were free
of rust, allowing for comparison of the single effect of
Tilt fungicide in absence of the disease. In both years
and with both varieties, Tilt had no effect on the rate of
increase in seed dry weight or on the length of the seed
filling period (Table 1).

Table 1. Effect of Tilt on seed maturation of tall fes-
cue varieties Chesapeake and Emperor.

Seed dry weight Filling
increase period

Variety Treatment 1991 1992 1991 1992

(mg/100 seeds/day) (days)

Chesapeake Tilt 6.78 7.44 28 23
No Tilt 6.97 6.90 28 23

ns ns

Emperor Tilt 5.67 5.60 24 22
No Tilt 5.71 5.93 24 22

ns ns

The rate of seed moisture loss during seed maturation
was characterized by two distinct phases. During the
first phase, moisture loss averaged about 1 % per day
until moisture content dropped to about 45%. From then
until harvest maturity (about 10% moisture), daily
moisture loss accelerated to about 3.5% per day
(Figure 1).
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Figure 1. Effect of Tilt on the rate of moisture decrease
in seeds of 'Chesapeake' and 'Emperor' tall
fescue.

Tilt did not affect the rate of moisture loss in either vari-
ety in either year in the absence of rust. Therefore, the
apparent difference sometimes observed in maturation
rate is probably due to faster maturation of rust-infested
plants rather than slower maturation of plants sprayed
with Tilt.

TALL FESCUE DRY MATTER
PARTITIONING AND SEED YIELD
COMPONENTS IN RESPONSE TO

LODGING

S.M. Grfflth

(Note: This report will be published in Proceedings of
the XVII International Grassland Congress, 1993, New
Zealand)

Summary
Lodging reduces seed yield in perennial herbage grass.
The adverse effect of lodging on seed yield may be at-
tributed to reduced photoassimilate supply. This inves-
tigation examined plant dry matter partitioning and seed
yield components in upright and lodged tall fescue
(Festuca arundinacea Schreber. cv. Fawn). Studies
were performed in field plots in 1990 and 1991 at
Corvallis, Oregon. Seed yield components (seed number
per panicle, total seed weight per panicle, and single
seed weight) and leaf, stem (lower, middle, & peduncle),
and panicle dry weight data were collected. Lodging six
days prior to anthesis had no affect on final seed number
per panicle but did reduce seed weight by 23% in 1991.

N 0



Consequently, total seed weight per panicle was reduced
by 24% in 1991. A similar trend was apparent in 1990.
Lodging reduced total shoot dry weight. Data indicate
that developing seeds of lodged tall fescue were able to
compete with the stem for assimilates when total plant
assimilate supply was reduced by lodging. Data indicate
that seed yield was reduced by lodging as a result of in-
sufficient assimilate supply. Lodging did not affect seed
set.

Introduction
Grass stems function in accumulating and remobilizing
reserve assimilates. The major carbohydrate reserves in
stems of temperate grass are fructan and sucrose (Pollock
and Chatterton, 1988). Following anthesis, contribution
of stem carbohydrate to final seed yield has been re-
ported to range from 10 to 80% in cereals (Borrell et al.,
1989). It is not known to what extent stem assimilate re-
serves are remobiized to support seed development in
perennial grass. Grass stem reserve assimilates can be
remobilized to support both seed development and sec-
ondary tiller growth. Stem reserves may be particularly
important to seed production when net photoassimilate
supply is reduced due to an interruption in photosynthe-
sis brought about by such factors as disease, lodging,
chemical injury, or other stresses.

Mobilization of stem reserves during seed fill may per-
mit the seed to attain higher growth rates, particularly
when photosynthesis is limiting (Fisher, 1983). Recent
work suggests that stem reserves contribute to seed fill
and secondary tiller growth in ryegrass when plant
source-sink relations were altered (McGuinness et al.,
1991; Griffith, 1992).

Reported here are the results of a two-year field investi-
gation examining the response of seed yield components
and dry matter partitioning to lodging. It was hypothe-
sized that tall fescue shoot dry matter can be redirected
to the panicle to support seed fill under conditions of
carbohydrate deficiency. A complete description of car-
bohydrate and nitrogen partitioning as affected by lodg-
ing will be reported elsewhere and will include data for
Italian (Lolium mutlflorum Lam.) and perennial ryegrass
(L. perenne L.) as well as tall fescue.

Methods
Field plots (6 m x 6 m) of tall fescue (Festuca arundi-
nacea Schreber. cv. Fawn) were established at Corvallis,
Oregon, in October of 1988. Data were collected in
1990 and 1991. Plots were arranged in a completely
randomized block design and replicated four times. Six
days prior to anthesis lodging occurred naturally or was
imposed artificially. In the unlodged plots, plants were
maintained upright by constructing a nonintrusive string
network. At timed intervals, floral tillers were harvested
and divided into stem, leaves (including leaf sheaths),
and panicle components. Seed yield components (seed
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number per panicle, total seed weight per panicle, and
single seed weight) of cleaned seed were determined.

Results
In 1990 and 1991, final seed number per panicle was not
affected by lodging (Table 1). Lodging reduced final
cleaned seed weight by 11% in 1990 and 23% in 1991.
Total seed weight per panicle was reduced in lodged
plants by 8% in 1990 and by 24% in 1991.

Table 1. Response of total panicle seed yield (mg),
panicle seed number, and single seed weight
(mg) to lodging in tall fescue (Fesruca arun-
dinacea Schreber. cv. Fawn). Data were
collected from cleaned seed. Values are
means of four replicates.

* = significance at the a = 0.05 level.

Upright plants partitioned increasing amounts of shoot
dry matter to stem and panicle from 14 days before an-
thesis to 28 days after anthesis (DAA) (Figure 1). This
increase was primarily in the mid-stem and peduncle
region.
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Figure 1. Partitioning of dry matter among leaves,
lower stem, middle stem, peduncle, and
panicle of non-lodged tall fescue (Festuca
arundinacea Schreber.) from 34 days before
anthesis to 28 days after anthesis (seed
maturity). Data were collected in 1991 and
are means of four replications.
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Seed no. Single Total
per seed panicle

Year Condition panicle weight seed yield

1990 Upright 146 2.69 393
Lodged 152 2.39 373

1991 Upright 155 3.44 532
Lodged 153 2.65 * 405 *



Lodging reduced shoot and panicle dry weight from 6
days before anthesis to 28 DAA, compared with un-
lodged controls (Table 2). The greatest proportion of
dry weight reduction occurred in the peduncle and mid
stem region. Leaves lost an average of 17% dry weight
for the entire lodging period compared with 24% to 38%
for stem components.

Table 2. Percent reduction in dry weight of leaves,
lower stem, middle stem, peduncle, and
panicle of lodged tall fescue (Festuca arundi-
nacea Schreber cv. Fawn). compared to un-
lodged controls at various days after anthesis
(DAA). Lodging occurred six days prior to
anthesis. Data were collected in 1991 and
are means of four replications.

Lower Mid
DAA Leaves stem stem Peduncle Panicle

Discussion
This investigation showed that seed set was unaffected
by lodging, but seed weight and seed yield per panicle
were reduced. Seed weight and yield reductions may
have occurred because shoot photoassimilate supply was
reduced by lodging. It may be that sufficient carbohy-
drate reserves were available at anthesis to assure maxi-
mum seed set but due to declining carbohydrate levels in
lodged plants, carbohydrate concentrations at seed sinks
could not be maintained to allow for maximum seed fill.
To compensate for assimilate decline at seed sinks,
lodged plants diverted carbohydrate to seeds from re-
gions of closest proximity, the peduncle and mid-stem.
This demonstrated that seed sinks had priority over stor-
age organs (e.g. stern) for available assimilate.

Based on this investigation and a recent study by Griffith
(1992), it appears that seed sinks of perennial grass have
a higher priority for available assimilate then storage or-
gans. Pre- and post-anthesis assimilate reserves appear
to play an important role in seed filling if current pho-
toassimilate supply is reduced. If growth conditions ex-
ist that promote new tiller initiation during seed devel-
opment, tiller growth has priority for assimilates over
seed sinks (Griffith, 1992; McGuinness et al., 1991).
This condition results in lower seed yield.
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UPTAKE OF N, P, K AND S BY FIVE
COOL-SEASON GRASS SPECIES

D.A. Horneck, J.M Hart, and W. C. Young III

Nutrients from fertilizers are more efficiently used when
applied immediately before plant demand, especially for
a mobile nutrient like nitrogen. Plant nutrient demand is
approximated through a combination of experimentation
and experience, however, a more accurate determination
of plant uptake characteristics is obtained when nutrient
accumulation is measured through a growing season.
Nutrient uptake patterns can aid in understanding culti-
var and species fertilizer response differences. This in-
formation can be used to adjust fertilizer timing, both in-
creasing economic and agronomic effectiveness while
decreasing environmental risks.

The objective of this study was to measure N, P, K and
S uptake of five grass species through a growing season.
Seven varieties, selected from an established variety trial
at the Hyslop research farm, were sampled from initia-
tion of spring growth to maturity. Varieties sampled
were; Linn and Pennfine perennial ryegrass (Lolium
perenne); Fawn (pasture) and Rebel (turf-type) tall fes-
cue (Festuca arundinacea); Newport Kentucky blue-
grass (Poa pratensis); Potomac orchardgrass (Dactylis
glomerata); and Penniawn fine fescue (Festuca ruba).
Growing degree days or heat units (HU), based on 32
degrees Fahrenheit, were measured and plotted as the X-
axis on graphs to enable comparison between years.
Heat units for harvest dates were 250 HU (February 23),
378 HU (March 12), 564 HU (April 2), 819 HU (April
27) and 1470 HU (June 17).
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Whole plant samples were clipped from each of four
replications, dried, ground and analyzed for N, P, K
and S. Growth of Linn, Newport and Pennflne was in-
sufficient to sample at the first sampling time. The aver-
age of the four replications are plotted as data points in
the accompanying figures. Data were analyzed as an un-
balanced split-plot with the split being time. Data were
normalized for comparison purposes in this paper.
Normalization is the process of comparison to a stan-
dard. In this paper the proportion of uptake at each date
was compared to uptake at final harvest (June) and ex-
pressed as a percent. For example, to normalize uptake
from Figure 1A, divide dry matter from each sampling
date by the amount measured at the final sampling.
Normalization allows visual inspection of differences in
accumulation rates.

Soil test levels for the plot area were pH - 5.0, P - 154
ppm, K - 144 ppm and Ca - 4.9 meq/lOOg. Based on
OSU fertilizer guides pH is below optimum levels for
these grasses, especially for bluegrass and orchardgrass
varieties. Seed yield was not measured but was included
in the uptake and dry matter at the final harvest. Seed
yield for these varieties at this site are available for ear-
lier years in "Oregon forage and turf grass variety seed
yield trial, 1986-87" (Ext/CrS 82).

Dry matter accumulation was linear when plotted against
heat units. Calculating slope from Figure 1A allows
prediction of dry matter production per heat unit. When
dry matter is plotted against days since January 1, accu-
mulation per day can be calculated. Dry matter produc-
tion differed for the seven grasses as shown in Figure
1A. Fawn produced the highest dry matter, 8 tons/a,
and Newport produced the least, less than 3 t/a. When
expressed through time per heat unit, dry matter accu-
mulated at a rate of 167 lb/a per day or 13 lb/a per HU
for Fawn, and 40 lb/a per day or 3 lb/a per HU for
Newport between the April 28 and June 17 sampling
dates, respectively (Figure 1A). Grasses with high dry
matter accumulation rates typically also place high de-
mands on the soil for nutrients.

Nutrient uptake in plants typically precedes dry matter
production, reaching a maximum prior to seed initiation.
Nutrient concentration generally declines with growth,
resulting from dry matter production proceeding faster
than nutrient uptake. Total dry matter and dry matter
accumulation rate influence nutrient demand placed on
the soil. The quantity of a nutrient utilized and its up-
take rate need to be matched to fertilizer applications.

Since Fawn produced the most dry matter (Figure 1A)
and N concentrations were similar for the seven grasses,
Fawn therefore generated the highest N uptake. N ac-
cumulation for the grasses in this study ranged between
125-300 lb N/a (Figure 1B). Differences in N uptake
appear varietal and not species dependent. This is shown
by Fawn and Rebel, the two tall fescue varieties, which
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accumulated significantly different N amounts, 304 and
247 lb N/a, respectively (Figure 1B).

N uptake and concentration do not provide the complete
N nutrition picture. Normalization of N uptake shows
the relative rate and time of N accumulation for these
grasses. Nitrogen generally accumulated faster between
378 and 564 HU, compared to later samplings (Figure
1C). Differences between grasses became evident be-
tween 564 and 819 HU. Pennfine and Linn perennial
ryegrasses accumulated between 65% and 95% of their
total N at 819 HU, respectively. Orchardgrass was also
an early accumulator of N, with 80% of its total N at
819 HU compared to Fawn, Rebel and Newport with
50% of their N taken up at 819 HU. Since Linn and
Potomac had the highest percentage of total N taken up
at 819 HU, N applications for these grasses need to be
earlier than for grasses where only 50% had accumu-
lated. Late N applications would be of minimal utility to
grasses that accumulate N early. Four of the five re-
maining grasses accumulated 50% or less of their total N
at 819 HU, leaving a high N demand in the later part of
the growing season. Between 819 and 1470 HU, Fawn
continued to accumulate N at the rate of 3 lb/a per day
where as Linn averaged 0.69 lb/a per day. In a separate
experiment, soil NO3-N levels after harvest in grass seed
fields have been below 5 ppm in a 5 ft profile, demon-
strating the late and continued N accumulation of some
of these grasses such as Fawn, Pennlawn and Pennflne.

Phosphorous concentration was relatively constant, aver-
aging 0.25%, through the first four sampling dates, then
dropping to less than 0.2% (data not shown). Phospho-
rous uptake ranged from 12 to 30 lb/a with over 50% of
the uptake occurring prior to 819 HU. Previous work
has indicated that phosphorous has a minimal effect on
seed yield and that soil P applications have not influ-
enced P uptake at July sampling dates. Implications for
P fertilization are to maintain soil P levels at or around
25 ppm.

Potassium concentration increased through the first four
sampling times then dropped sharply (Figure 1D). The
sharp decrease in K concentration between 819-1470 HU
may result from drying of the surface soil making K in
this layer unavailable for plant uptake. Another expla-
nation for the sharp decline in K concentration is the di-
lution of tissue K in dry matter. The decline in K con-
centration may not adversely affect seed or dry matter
yield as these grasses tend to be luxury consumers of K.
Early K uptake is probably in excess of need and the de-
cline due to dilution in dry matter not below con-
centrations where yield may be impaired.

Significant differences in K concentration existed be-
tween grasses and were more apparent between 250-8 19
HU than at 1470 HU. Fawn and Rebel tended to be sig-
nificantly higher in K concentration between 250-8 19
HU than the other five grasses. At the final sampling,
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six grasses were grouped at around 2% K, with Linn at
1.5% (Figure 1D).

Potassium uptake varied between 120-300 lb/a (Figure
1E). Potassium was taken up at a faster rate earlier in
the growing season than was N. The fescue varieties,
Fawn and Rebel, had the highest K uptake averaging 275
lb/a. This is consistent with previous work showing that
tall fescue is a heavy K feeder compared to perennial
ryegrass. Unlike N, K uptake differences do not appear
to be varietal, but are similar within a species. The tall
fescue and perennial ryegrass varieties had similar K
uptake amounts, 275 and 175 lb/a respectively (Figure
1E).

Potassium uptake rate for Fawn between 250-819 HU
averaged 1.71 lb/a per day, and between 819-1470 HU
averaged 1.57 lbs/a per day. Uptake rates for Fawn per
HU decreased 50% (from 0.24 to 0.12 lb/a per HU)
over this period, reflecting K uptake changes relative to
growth. Rebel and Potomac behaved similarly to Fawn
in K uptake pattern. Pennfme and Linn perennial rye-
grasses and Pennlawn fine fescue had lower K uptake
0.98 lb/a per day (0.08 lb/a per HU) than tall fescue
throughout the whole growing season. Newport blue-
grass had the lowest K demand of the seven grasses
tested averaging 0.66 lb/a per day (0.05 1 lb/a per HU)
over the whole season.

Normalized K uptake (data not shown) for these grasses
differed significantly between 378-8 19 HU yet the nor-
malized uptake patterns was similar. Between 60-80%
of the K had been taken up at the 819 RU sampling.
Considering K uptake and K normalization, K fertiliza-
tion is most appropriate between fall and early spring.
Potassium applications later than this would be of less
utility, especially if soil surface moisture levels are such
that the K would be positionally unavailable.

Sulphur concentration fell from 0.3% to 0.14% over the
growing season (data not shown). Differences in S con-
centration (0.2-0.4%) between the grasses was evident in
the early season but converged as growth progressed
(0.1-0.16%). Sulphur uptake varied between 5 and 22
lb/a (Figure iF) at 1470 HU. Since S concentrations
were similar, differences in sulphur uptake at the 1470
HU sampling can be traced to variations in dry matter
yield. Sulphur uptake generally occurs early in the sea-
son, 40-60% prior to 564 HU, except for the perennial
ryegrasses. Normalization of S uptake showed the two
perennial ryegrass varieties having lower S accumulation
rates through the first four sampling times (data not
shown). At 564 HU, the perennial ryegrasses averaged
only 25% S uptake, reflecting this species tendency to
take up S later than the other five grasses. Lateness of S
uptake for the perennial ryegrasses would allow for later
S fertilization than the other grasses studied.

In summary, fertilization for grass seed production re-
quires both an understanding of species and varietal dif-

23

ferences for correct application timing. Nitrogen uptake
differences appear to be varietal where as K and S may
be species specific. From this information, growers har-
vesting a wide variety of grasses should be able to prior-
itize their fertilizer applications by grass species.

UPTAKE OF CA, MG, ZN, MN, CU AND
B BY FIVE COOL-SEASON GRASS

SPECIES

D.A. Horneck, J.M. Hart, and W C. Young III

Matching plant nutrient uptake with fertilizer timing is
essential for making efficient agronomic, economic and
environmental decisions. Fertilization with a particular
element should be linked to the soil's ability to supply
the nutrient, plant demand and yield goals. Little is
known regarding micronutrient uptake for cool-season
grasses. Although rarely are grass seed crops fertilized
with the micronutrients Zn, Cu, Mn or B, increased fer-
tilizer purity and soils developing extended cropping
histories may, at some point, lead to occasional fertiliza-
tion for these elements. Micronutrients such as Zn, Cu
and Mn are considered heavy metals and as such should
be applied sparingly. Currently, micronutrient uptake
and concentration information would pertain only to
problem solving, rather than routine fertilization.

Fertilization with macronutrients Ca and Mg occurs rou-
tinely when lime and dolomite are applied. Rarely is
dolomite or lime applied solely for Mg or Ca nutrition in
grass seed production, but rather for neutralization of
soil acidity. Calcium levels, in particular, rarely fall
below 5 meq/lOOg on typical grass seed production soils
before lime is applied. Zinc, Cu, Mn, Ca and Mg are
all considered to be immobile soil elements which allows
for application months prior to plant uptake. Boron,
however, is an element with significant mobility and
would approximate S mobility, a nutrient requiring an-
nual fertilization. Grasses usually require very small
amounts of B, consequently the soil supply is usually
adequate.

The objective of this study was to measure Zn, Cu, Mn,
B, Ca and Mg nutrient uptake patterns of five grass
species through a growing season. The seven varieties
selected were: Linn and Pennfine perennial ryegrass
(Lolium perenne); Fawn (pasture) and Rebel (turf-type)
tall fescue (Festuca arundinacea); Newport Kentucky
bluegrass (Poa pratensis); Potomac orchardgrass
(Dactylis glomerata); and Pennlawn fine fescue (Festuca
ruba).

Whole plant samples were clipped from each of four
replications, dried, ground and analyzed for Zn, Cu,
Mn, B, Ca and Mg. Growth of Linn, Newport and Pen-
nfine was insufficient to sample at the first sampling
time. The average of the four replications are plotted as



points in figures. Data were analyzed as an unbalanced
split-plot with the split being time. Normalized data will
occasionally be mentioned in this paper. Normalization
is explained in, "Uptake of N, P, K and S by five cool-
season grass species," elsewhere in this publication. Soil
test levels for this study were pH-5.0, P-154 ppm, K-
144 ppm and Ca-4.9 meqIlOOg. Based on OSU fertilizer
guides pH is below optimum levels for these grasses, es-
pecially for bluegrass and orchardgrass varieties. This
low pH would contribute to elevated micronutrient levels
by grasses, especially Mn. Seed yield was not measured
but was included in the uptake and dry matter at the final
harvest. Seed yields for these varieties at this site are
available for earlier years in "Oregon forage and turf
grass variety seed yield trial" 1986-87 (Ext/Crs 82).

Dry matter accumulation and nutrient accumulation are
important in assessing fertilizer timing and rates. Con-
centration of several nutrients remained constant
throughout the growing season. Nutrient uptake differ-
ences result from differences in dry matter production.
Since dry matter accumulation was linear when plotted
against HU, nutrient uptake of would also be linear.
Dry matter production is presented in "Uptake of N, P.
K and S by five cool-season grass species."

Magnesium concentrations were similar throughout the
growing season for all grasses. Average Mg concentra-
tions decreased from 0.2% to 0.13% from 250 to 1470
HU. Mg concentration varied more between grasses at
250 HU (0.13-0.26%) than at 1470 HU (0.1-0.19%).
Mg concentration of Rebel was significantly higher than
the other grass species throughout the growing season.
Because Mg concentrations were similar for the grasses
at 1470 HU, differences in Mg uptake between grasses
can be traced to variations in dry matter. Mg is a mobile
element in the plant and is the sole mineral component of
chlorophyll. Since Mg is mobile, concentration would
be expected to decrease from 250 HU to 1470 HU simi-
lar to other macronutnents such as N. Mobility of an el-
ement in plant tissue allows it to be utilized in new
growth at the expense of older tissues. Why Mg remains
relatively constant through the growing season is un-
clear. Between 5 and 24 lb/a Mg was taken up in the
above ground dry matter by these grasses. Fawn and
Rebel were the highest in Mg uptake with Newport the
lowest. Tall fescue and perennial ryegrass cultivars were
similar within a species taking up 23 lb/a Mg and 12
lb/a, respectively.

Calcium concentration differed between grasses but re-
mained relatively constant throughout the growing sea-
son. Since Ca is used in cell wall structure it is immo-
bile in the plant and concentration would not be expected
to change much with time. Linn and Pennflne had the
highest Ca concentration over the growing season,
varying between 0.4 and 0.5 %. Fawn, Pennlawn and
Potomac were the lowest at 0.3 to 0.4% Ca. Calcium
uptake varied between 23 and 56 lb/a at 1470 HU, which
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was twice the amount of Mg. The seven grass varieties
were divided into two groups, with Pennlawn and New-
port in the low group accumulating 27 and 23 lb/a Ca
respectively (Figure 1A). Calcium uptake for the other
five grasses varied between 43-56 lb/a Ca at 1470 HU.
Fawn and Rebel accumulated the most Ca at 56 lb/a.
These two fescue varieties also accumulated the most
Mg. The two ryegrasses were in the high Ca uptake
group, yet were significantly different at 1470 HU, 52
lb/a for Linn and 43 lb/a for Pennflne. The soil pH at
this site, 5.0, may have influenced both Ca and Mg nu-
trition. Generally, adequate Ca and Mg nutrition be-
comes more difficult for plants as pH drops. Calcium
levels may be adequate to supply plant needs but soil pH
interferes with uptake.

Zinc concentrations varied between 20-32 ppm in the
early growing season. Early season (250-564 HU) Zn
concentration tended to increase or decrease between
samplings without any pattern (Figure 1B). However, as
the season progressed to 1470 HU zinc levels became
less variable and decreased to less than 15 ppm (Figure
1B). Six of the seven grasses contained between 0.1-0.2
lb/a Zn at the final sampling. Newport took up signifi-
cantly less Zn than the other grasses, 0.07 lb/a at 1470
HU. Normalized Zn uptake showed two groups of
grasses, the first consisting of Fawn, Pennlawn and
Newport had over 80% of their Zn taken up by 819 HU.
The remaining grasses averaged 60% at 819 HU, indi-
cating zinc accumulates differently in some grasses.

Manganese concentrations varied between grass species
throughout the growing season. The tall fescue and
perennial ryegrass varieties were similar to each other
(Figure 1C). Pennlawn and Potomac were consistently
high in Mn concentration. The Mn concentration of
Potomac may be linked to low soil pH, 5.0, at this site.
Elevated Mn and Al concentrations in soil solution are
the principle reasons for yield reduction in low pH soils.
Grasses have different tolerances to Mn and Al in soil
solution. Elevated Mn in plant tissue and soil tests indi-
cate lime is needed. Aluminum is not as easily analyzed
in plants or soil as Mn and was not measured in this
study. Orchardgrass and Kentucky bluegrass would be
expected to respond with increased seed and dry matter
yield to lime at a 5.0 soil pH. With a lime application,
Mn levels in orchardgrass would be expected to de-
crease. Kentucky bluegrass did not show elevated Mn
indicating this grass may instead be more susceptible to
Al.

Manganese concentration in these grasses decreased from
150-325 ppm (250 HU) to 100-225 ppm (1470 HU) as a
result of early uptake then dilution by dry matter. At
1470 HU the grasses were separated into three Mn up-
take groups with Potomac the highest (2.5 lb/a), and
Newport the lowest (0.6 lb/a). The five remaining
grasses utilized between 1 and 2 lb Mn/a.
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Copper varied between 3 and 11 ppm for these grasses.
Cu concentration decreased from an average 6 ppm to 3
ppm, except Potomac which went from 11 ppm to 3 ppm
over the first four sampling dates. Soil pH may have
contributed to the elevated Cu concentrations expressed
by Potomac. Cu concentrations remained constant be-
tween 819 and 1470 HU (Figure 1D). Because Cu
concentrations were similar at 1470 HU differences in
Cu uptake are attributed to dry matter accumulation. Cu
uptake by these grasses was small, 0.02 to 0.05 lb/a.

Boron concentration decreased through the first four
sampling dates then increased (Figure 1E). Rebel, Fawn
and Newport tended to have the lowest B concentrations,
but this was variable between dates. Potomac tended to
have the highest B concentration. The grasses were di-
vided into three groups for B uptake with Newport the
lowest at 0.05 lb/a at 1470 HU. The middle group,
Rebel, Pennfine, Linn and Penniawn, varied between
0.07 to 0.09 lb/a. The high group consisting of Fawn
and Potomac had 0.11 and 0.1 lb/a at 1470 HU, respec-
tively. Most soils will be able to maintain these B up-
take levels without fertilizer additions.

In summary, these grasses require and take up small
amounts of the micronutrients Zn, Cu, Mn and B. For
the most part, concentration of these micronutrients
starts high at 250 HU then slowly drops as dry matter is
produced through the growing season. Micronutrient
concentration at 250 HU generally is more variable be-
tween grasses than at 1470 HU. Concentration graphs
should provide reference numbers for tissue sample
evaluation in problem situations. The macronutrients Ca
and Mg varied between grasses and remained relatively
constant throughout the growing season. As with the
micronutrients, Ca and Mg variability decreased between
grasses from 250 HU to 1470 HU. Ca and Mg uptake
was 10 to 500 times higher than the micronutnents.

FIELD APPLICATION OF BOILER FLY
ASH INTERFERES WITH HERBICIDES

G. W. Mueller-Wan-ant, S. K. Aldrich-Markham,
and M.E. Mellbye

New stands of grasses grown for seed in Oregon are usu-
ally planted using bands of activated carbon to protect
the crop from broadcast applications of diuron. During
tests to evaluate the crop safety and weed control effi-
cacy of mixtures of pronamide (Kerb) and diuron in such
plantings, unusual results at one site were apparently
caused by the growers use of a non-traditional liming
material, boiler fly ash from a nearby paper mill. Herbi-
cides were adsorbed to such a degree by the approxi-
mately 12,000 lb/a of carbon in the fly ash that diuron
and pronamide at rates as high as 162% of the standards
failed to control common grassy weeds. Weeds not con-
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trolled included rattail fescue, a species typically con-
trolled at one-half the standard rate. The cooperating
grower failed to meet grass seed certification standards
in the surrounding field area because of excessive num-
bers of weeds between the rows.

Weed control during stand establishment is an essential
component in the production of certified grass seed.
Since its introduction in the early 1970s, banding narrow
strips of activated carbon over the rows at planting has
become the standard practice for grass seed growers in
the Willamette Valley of Oregon (2). Diuron is broad-
cast at 2.0 to 2.4 lb ails shortly after planting and before
weed or crop emergence. Within the bands, adsorption
of diuron by the carbon reduces the effective herbicide
concentration to sublethal levels, while the full rate con-
trols emerging seedling weeds between the rows.

Increasing need to control diuron-tolerant weeds in new
grass plantings has generated interest in the possibility of
using other herbicides in this planting system. Prelimi-
nary studies identified pronamide as a promising alter-
native herbicide (4). Further studies were initiated in the
fall of 1990 to investigate crop safety and weed control
efficacy across multiple soil types using a wider ratio of
pronamide to diuron rates than had been used in the pre-
liminary studies. In the course of these studies, entirely
unexpected results at one site caught our attention. Even
the highest herbicide rates caused almost no crop injury
in the rows and gave extremely poor weed control be-
tween the rows. Subsequent communication with the co-
operating farmer revealed that the field had received an
application of a non-traditional liming material shortly
before planting, boiler fly ash generated at a nearby pa-
per mill. Continued farmer interest in using this material
as a low-cost substitute for lime, coupled with their ob-
vious concerns over possible changes in herbicide per-
formance, motivated this communication.

Cooperating seed growers planted new stands of peren-
ma! ryegrass or tall fescue at 13 sites using standard on-
farm procedures for seedbed preparation and planting.
Al! cooperators used approximately the same rate of ac-
tivated charcoal, 300 lb/a in the 1-inch wide treated
zones, obtained from the same source. A total of eight
different soil types were present at these 13 sites. Diuron
and pronamide were tank-mixed in four ratios and ap-
plied through a non-uniform boom producing five strips
of varying spray volume output and therefore rate. Sub-
plot rate strips were 24 inches wide. All sampling was
done in 12-inch wide zones centered within each strip.
Rates within each strip varied by factors of 48, 64, 100,
125, and 162% of the average (standard) rate per plot.
Average output was 29 gpa at 40 psi. Average rates of
the four diuron plus pronamide tank-mixes were 2.47 +
0, 1.65 + 0.131, 1.23 + 0.196, and 0.82 + 0.261 lb
ai/a, respectively. Fixed pronamide to diuron ratios were
applied as mainplot treatments in randomized complete
blocks with three replications per site. These rates of



pronamide and diuron were chosen to give approxi-
mately equal potential for crop injury in all four main-
plots based on previous findings that pronamide was
about six times as active as diuron in this use (4). Herbi-
cides were applied perpendicular to the direction of
seeding. Mamplots were 20 ft long by 12 ft wide, in-
cluding 2-ft wide untreated strips adjacent to each
sprayed mainplot. Numbers of rows crossed per plot
varied with row spacing from a minimum of 10 to a
maximum of 20.

Crop establishment was evaluated in late-winter by
counting the number of 1-inch long gaps in the stand per
foot of row for a minimum of 10 rows. Weed density
within each subplot rate strip was evaluated by counting
numbers of each species present between seeded rows in
areas 1 ft long. Sites differed in their cropping history,
weed species spectrum, and weed density, but each site
tended to be dominated by a single major grassy weed.
The site optimum herbicide rate for crop establishment
success was defined as whichever rate gave the highest
percent stand; this corresponded to the untreated check
only at sites with low to moderate weed densities. The
site optimum rate for weed control was defined as the
lowest rate giving as close to total control as was
achieved by any rate at that site. All data being reported
have been averaged over the mainplot factor, the four
varying pronamide to diuron ratios.

Surface 4-inch soil samples were analyzed for pH, P,
and organic matter content. Fly ash was applied in early
September 1990 to standing wheat stubble, which was
then disked and plowed. Fly ash application rate and
constituent analyis were obtained from the company per-
forming the application at the site in question (Brian
May, Agri-Tech, Inc., 2227 Santiam Hwy., Albany, OR
97321, personal communication, 1992). During initial
correspondence over possible use of this perennial rye-
grass planting in tests of diuron and pronamide effec-
tiveness in new carbon plantings, fly ash application date
had been incorrectly communicated as sometime during
the summer of 1989.

The fly ash application rate of 50,000 lb/a was based on
two separate concerns. Maximum cumulative application
rates were determined by the relatively high levels of Zn
in the ash and legal regulations limiting total Zn loading
by soil amendments to 890 lb/a. Minimum application
rates were determined by the desire to meaningfully ad-
just soil pH, with the 50,000 lb/a fly ash rate being
equivalent to approximately 3 tons/a of 100-score agri-
cultural lime. Soil test results from the fly ash amended
site indicated a pH of 6.4, near the upper end of the
range in soil pH values for all 13 sites, in line with the
intended benefit from applying this material. Soil testing
performed by the fly ash applicator in the surrounding
field revealed an increase of 0.5 pH units between Aug.
1990 and Feb. 1991. Soil P and organic matter values of
28 ppm and 3.43% were both within normal ranges at
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the fly ash amended site. Indeed, over half the sites were
higher in organic matter content than the fly ash
amended site.

The degree of safety given a crop by activated carbon
bands depends on various factors, including carbon rate,
band width, physical integrity of the band, herbicide
rate, tendency of the herbicide to partition onto organic
carbon, rainfall patterns, crop tolerance to the herbicide,
and tendency of the soil to adsorb herbicides (1,2,4). At
all sites, herbicide rates significantly affected crop stand
and weed control. At four of the 13 sites (numbers 2, 3,
8, and 12), excellent stands developed at even the high-
est herbicide rate, with relatively small differences in
stand between those at the optimum and maximum herbi-
cide rates (Fable 1). However, even among these four
sites, the range in crop establishment between optimum
and maximum herbicide rates was smallest for the fly ash
amended site (number 2), only varying from 90.6 to
87.1% full stand.

The relative absence of crop damage at the these four
sites, by itself, could have many possible explanations.
There were, however, remarkable differences in weed
control between all the other sites and the fly ash
amended one. Rattail fescue was the dominant grassy
weed at sites number 1, 2, and 3, which included the fly
ash amended site (Table 1). At sites number 1 and 3,
optimum control of rattail fescue (99 to 100%) was
achieved by the second lowest rate, 64% of the standard
rate, whereas only 62% control of this weed was realized
at the fly ash amended site by the highest rate, 162% of
the standard. Indeed, 97 to 98% control of rattail fescue
was obtained with the lowest rate, 48% of the standard,
at sites number 1 and 3, respectively (data not shown).

Among the weeds encountered in these tests, California
brome, perennial ryegrass, Italian ryegrass, and rough-
stalk bluegrass were the most difficult to control with
mixtures of diuron and pronamide, whereas rattail fes-
cue, annual bluegrass, and sweet vemalgrass were the
easiest. At one site dominated by perennial ryegrass
(number 12) and both of those with California brome
(numbers 9 and 13), weed control even at the highest
rate was inadequate for production of clean grass seed.
Problems in controlling California brome with diuron
have already been reported as primary reasons for inter-
est in using pronamide in carbon-band plantings (3,4).
The surrounding field in the fly ash amended site was
rejected for seed certification because of excessive num-
bers of weeds, including Italian ryegrass, rattail fescue,
and roughstalk bluegrass. When the grower realized that
the diuron application at planting had failed to control a
wide spectrum of common weeds, 1.5 lb ai/a ethofume-
sate (Nortron) was applied in early-winter in what
proved to be a futile attempt to salvage the crop. Under
normal conditions, ethofumesate would have controlled
volunteer wheat and rattail fescue, but not Italian rye-
grass. Here it had little effect on any species. Applica-



Table 1. Effects of herbicide rate on crop establishment and weed control.

tion of glyphosate (Roundup) in early spring through a
weed-wiper' suppressed Italian ryegrass and volunteer

wheat, but was unable to control the large numbers of
weeds between the rows that were the same height or
shorter than the crop.

Treatments employed in these tests were not specifically
designed to determine fly ash adsorptivity nor what rates
of herbicides might have counteracted this adsorption.
Mixtures of diuron and pronamide were more than 3-
fold less effective at the fly ash amended site than at the
others. Fly ash should not be used as a liming material
during field preparation for carbon-band planting of new
grass stands. Appropriate cautions regarding weed con-
trol in other crops planted soon after fly ash application
are unknown.
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OCCURRENCE OF STEM RUST IN TALL
FESCUE AND PERENNIAL RYEGRASS

AT HYSLOP AND BOTANY FARMS

R.E. Welty and M.D. Azevedo

Seedlings (hereafter called trap plants) of tall fescue and
perennial ryegrass were grown in the greenhouse for 6-
weeks and then exposed in the field for 7-days in 1990
and 1991, and 3- or 4-days in 1992. Trap plants were
replaced at these intervals for 12 consecutive weeks.
After the exposure period, the trap plants were returned
to the greenhouse and incubated at warm temperatures to
encourage stem rust development. Fourteen days later,
the percent infected plants were recorded. Trap plants in
the field became infected when they had to be exposed to

Crop establishment
Control of
dominant

At site Optimum herbicide rates weed at
optimum At maximum For best For best optimum Dominant

herbicide herbicide stand weed herbicide weed

Site rate rate establishment control rate species

(% full stand) (% of standard rate') (% control)

1 93.8 42.7 0 64 99 Rattail fescue
2* 90.6 87.1 48 162 62 Rattail fescue

3 97.4 84.0 0 64 100 Rattail fescue

4 81.1 19.8 0 125 100 Perennial ryegrass

5 94.1 31.1 0 100 100 Perennial ryegrass

6 93.7 21.9 0 125 97 Rough bluegrass

7 31.2 13.5 0 100 100 Italian ryegrass

8 96.7 83.1 0 64 100 Annual bluegrass

9 90.7 47.2 0 162 91 California brome
10 49.2 1.1 0 64 100 Sweet vernalgrass

11 15.3 1.8 64 162 98 Italian ryegrass
12 99.4 93.5 0 162 87 Perennial ryegrass
13 85.9 52.0 0 162 43 California brome



rust spores and conditions provided enough free moisture
(dew) for spore germination and infection to occur.

At Hyslop Farm in all three years, stem rust developed
in tall fescue and perennial ryegrass (Figure 1A and 1B).
Weather records showed the "valleys" (line dips) coin-
cided with rainfall; these results support the work of
others that as little as 0.1' of ram washes urediospores
of stem rust from the air. Data collected for percent in-
fected plants during three years for tall fescue and two
years for perennial ryegrass showed initial infections oc-
curred on different dates each year. The epidemic began
on April 15th in 1992 and on June 20th in 1991; a dif-
ference of more than 60 days. (As a reference, day-of-
year 100 is April 10, DOY 130 is May 10, DOY 160 is
June 9, and DOY 190 is July 9).

At the Botany Farm in 1991 and 1992, stem rust epi-
demics started earlier than at Hyslop Farm (Figure 1C

Hyslop
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and 1D). In 1992, nearly all of the trap plants became
infected in early April, the first sampling date. This in-
dicated abundant inoculum was already available in the
field and weather conditions were favorable for infec-
tion. Again, a 50-60 day time difference was found
between the initiation of the stem rust epidemic in 1991
and 1992.

Results for both species of grasses indicate that large dif-
ferences exist from year to year for the initiation of stem
rust epidemics. These differences contribute to the diffi-
culty in determining when to begin fungicide applica-
tions for stem rust. Scouting fields carefully in the
spring for early infections of stem rust continues as an
important tool for deciding the proper time to begin
fungicide application. This work will continue to de-
velop a disease model to predict initiation of stem rust
epidemics.
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SEED YIELD ANI) THOUSANI) SEED
WEIGHTS OF SIX CULTIVARS OF
PERENNIAL RYEGRASS TREATED

WITH TILT

R.E. Wely and M.D. Azevedo

Tilt (4 ozIA) was applied to four replications of 10
plants (in a space-planted nursery) of each of six culti-
vars of perennial ryegrass. The fungicide was applied
five times at 14-2 1 day intervals between 1 April and 4
June 1992. Four replications of 10 nonsprayed plants
served as controls. The experimental design was a split-
plot with fungicide treatments as whole plots and culti-
vars as split-plots. Seeds were harvested June 17 to June
25, depending upon the maturity-date of the cultivar.
Stem rust severity in each plant was assessed by the
modified-Cobb scale five times between 29 April and 8
June. On these dates, plants were in different stages of
growth, i.e. flag leaves emerged, spikes emerged, flow-
ering, and ripening. The part of each plant with the
most severe rust score was used to calculate the mean for
the cultivar treatment.

The mean stem rust severity for the six cultivars on 8
June was 88% in the nontreated controls and 4% in Tilt
treated plants. Mean seed yield for the six cultivars was
4 g per plant for the controls and 21.7 g for the treated
plants. Mean thousand seed weight for the six cultivars
for the control plants was 1.310 g. v. 1.666 g. for the
Tilt treated plants. Whole-plot means (Tilt v. no Tilt)
were significantly different for stem rust severity (P =
0.0001), seed yield (P = 0.0001), and thousand seed
weight (P = 0.0132). Mean differences in seed yields
and thousand seed weights for individual cultivars are
shown in Figure 1. Seed yield differences among culti-
vars were generally 3 to 10 times larger from Tilt treated
plants than from nontreated plants.
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Figure 1. Seed yield (A) and thousand seed weight (B)
of six cultivars of perennial ryegrass plants
treated with Tilt (4 oz/A) for stem rust con-
trol compared with nontreated plants.

EFEECT OF POST-HARVEST
MANAGEMENT TREATMENTS ON

GERMINATION OF ERGOT SCLEROTIA

S.C. Alderman, W. C. Young III, M.E. Mellbye,
and R.L. Spinney

In 1992 ergot, caused by Claviceps purpurea, was found
in a field of perennial ryegrass near Corvallis, OR. Er-
got is generally not a significant problem in perennial
ryegrass but for reasons that are not completely under-
stood 23% of the seed heads in the field were infected
with about two sclerotia per head. The sclerotia were
easily recognized as elongated, hard, black bodies re-
placing seed in the seed head.

After seed harvest, six field plots (each 100 x 200 feet)
were established to determine the effect of various post-
harvest management treatments, including: 1) bale only
(no secondary stubble management); 2) close-clip re-
moval of stubble (vacuum-sweep); 3) flail chopping
stubble; 4) Enquik (monocarbamide dihydrogensulfate)
at a rate of 19 gal/acre; 5) propane flaming; and 6)
propane + Enquik. All plots were baled prior to sec-
ondary stubble management.

A
Seed wt (g/plant)

Control 1.248 1.346 1.83 1.186 1.181 t089
Tilt 1,619 1.938 2.119 t604 1.373 t344

Control 6.2 2.4 8 3,4 2.2 1.7

TIlt 26.9 19.7 26.4 23.1 21.9 13.2

Birdi. ii Deir.y Unn Ovation Palm., rktown ii

1000 Seed wt (9)
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Within two weeks of treatment, four 1 m2 areas were
vacuumed with a shop vacuum to collect remaining
residues and ergot sclerotia. Scierotia were separated
from the residues using laboratory-scale seed con-
ditioning equipment and counted by hand. Approxi-
mately 30 sclerotia per square meter were recovered
from each treatment area. Number of scierotia recovered
among treatments was not significantly different.

Viability of scierotia recovered from the various treat-
ments was determined based on sclerotial germination.
Germination among all treatments except propane ranged
from 78 to 91% (Figure 1). In the propane treatment
germination was reduced to 60%. An application of En-
quilc did not provide any additional reduction in sclero-
tial germination in the bale or propane burned
treatments.
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Figure 1. Effect of various post-harvest management
treatments on germination of sclerotia of
Claviceps purpurea.

ENDOPHYTE AND ERGOVAL1NE
CONTENT OF SEED AND STRAW EROM

FIELDS OF PERENNIAL RYEGRASS
AND TALL FESCUE IN 1992

R.E. Wehy, A.M. Craig, M.D. Azevedo,
M.E. Mellbye, and G.A. Gingrich

Ten fields of each of four cultivars of perennial ryegrass
(Gator, Charger, Citation II, SR4200) and 10 fields each
of four cultivars of tall fescue (Fawn, Trident, Tribute,
and Titan) were sampled at harvest. Samples of seed
were analyzed for percent endophyte and samples of seed
and straw were analyzed for ergovaline amounts (ppb).
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The mean of 10 fields for seed endophyte content was
2% for Gator, 32% for Charger, 59% for Citation II,
and 83% for SR4200. The mean of 10 fields for ergov-
aline content of the seed was 43 ppb for Gator, 288 ppb
for Charger, 828 ppb for Citation II, and 1565 ppb for
SR4200. The mean of 10 fields for ergovaline content
of straw was 5 ppb for Gator, 56 ppb for Charger, 111
ppb for Citation II, and 75 ppb for SR4200. Only the
seed from Gator contained an ergovaline amount that
was below 200 ppb, the critical amount of ergovaline
thought to induce ergovaline-toxicity in cattle. The er-
govaline amount in straw from all cultivars of perennial
ryegrass were below 200 ppb, the critical amount. The
data for perennial ryegrass are presented in Figure 1A
and lB.

Data from the 10 fields of each cultivar were used to
prepare the mean for each cultivar of tall fescue. The
mean percent of the seed endophyte was 1 % for Fawn,
16% for Trident, 48% for Tribute, and 76% for Titan.
The mean ergovaline content of the seed was 5 ppb for
Fawn, 208 ppb for Trident, 1113 ppb for Tribute, and
1903 ppb for Titan. The mean ergovaline content of the
straw was 3 ppb for Fawn, 30 ppb for Trident, 116 ppb
for Tribute, and 285 ppb for Titan. Seed from Trident,
Tribute and Titan and straw from Titan exceeded 200
ppb. The data points for tall fescue are presented in
Figure 1C and 1D.

Results from analyses of both species show: 1) the risk
of ergovaline-toxicity from feeding straw is less than the
risk from feeding seed; 2) the risk of ergovaline-toxicity
from feeding perennial ryegrass straw is less than tall
fescue straw; and 3) feeding cattle tall fescue seed has a
greater risk of toxicity than feeding perennial ryegrass
seed, or seed-screenings.

Use caution in reaching feeding decisions because data
for endophyte infection and ergovaline analysis within a
cultivar of both species was highly variable and only 80
samples of both species were analyzed. These samples
were not analyzed for lolitrim B, a toxin associated with
perennial ryegrass. Seed or straw from both species
should not be fed without an ergovaline analysis of a
representative sample. This service is available at the
College of Veterinary Medicine at OSU. Plans are to
repeat this study in 1993.
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ENDOPHYTE AND ERGOVALINE
CONTENT OF SEED AND STRAW FROM
25 ENDOPHYTE-INFECTED PLANTS OF

KENTUCKY 31 TALL FESCUE

R.E. Welty, A.M. Craig, and M.D. Azevedo

Twenty-five endophyte-infected (E +) Kentucky 31 tall
fescue plants were transplanted at the OSU Botany Farm
on 9 April 1990. In 1991 and 1992, 50 seeds were ana-
lyzed for endophyte content (Figure 1A), and samples of
seed (Figure 1B) and straw (Figure 1C) were analyzed
for ergovaline. Data obtained in these analyses were
highly variable for endophyte content and ergovaline
among the E + plants. We observed plant-to-plant vari-
ation between years (1991 v. 1992).
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Ergovaline Straw ppb)

Ergovaline Straw (ppb)

The mean endophyte percentage in the seeds from these
plants were statistically the same (1991 = 84% v. 1992
= 80%). The mean the ergovaline content in the seed in
1991 (2509 ppb) was statistically the same 1992 (2295
ppb). The mean ergovaline content in the straw was
statistically different between years, 292 ppb in 1991 v.
130 ppb in 1992. The mean ergovaline content in the
straw in 1992 was 55% less than in 1991 and the 1992
mean was below 200 ppb, the amount generally believed
to induce ergovaline-toxicity in cattle. The ergovaline
content in the straw from 16 of 25 plants was equal to or
exceeded 200 ppb in 1991 and 4 of 25 plants was equal
to or exceeded 200 ppb in 1992. This variability empha-
sizes the need to have straw samples analyzed for ergov-
aline before being used for feed.
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Figure 1. The amount of seed endophyte-infection (%) and ergovaline content (ppb) of seeds (A) and straw (B) from
40 fields of perennial ryegrass and in seeds (C) and straw (D) from 40 fields of tall fescue.
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Figure 1. Endophyte-infection (%) in seed (A) and er-
govaline amount (ppb) in seed (B) and straw
(C) from 25 endophyte-infected Kentucky 31
tall fescue plants grown at the Botany Farm
in 1991 and 1992.

We conclude from this study that: 1) E + plants are vari-
able in the production of E + seeds; 2) E + plants are
variable in the amount of ergovaline produced in seeds
and straw and 3) a year-to-year variability exists in the
ergovaline content is straw produced by E + plants.
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CALIBRATION OF NEAR INFRARED
REFLECTANCE SPECTROSCOPY (NIRS)

FOR DETERMINATION OF FORAGE
QUALITY OF

OREGON-GROWN GRASS SEED STRAW

D.B. Hannaway, E. Roldán-Modrák, T. Del Curto, and
P.J. Ballersted:

Project Rationale
Approximately 400,000 acres of grass seed crops are
grown in Oregon each year, generating a farm sale value
of approximately $200,000,000. As a by-product of this
industry, approximately 925,000 tons of seed straw is
produced. Increasing restrictions on open field burning
has lead to a search of alternative uses of this straw.
While there are several theoretical uses of this material,
the only economically viable option available today is
the utilization of this material as livestock feed.

One of. the major limitations restricting the increased
utilization of grass seed straw by livestock producers,
both domestically and internationally, is the lack of ac-
curate forage quality information. These data are re-
quired to develop balanced feed rations, which will in-
sure the most efficient and economical utilization of this
potential feed stuff. Livestock producers would be en-
couraged to purchase seed straw if they could determine
the cost per pound of protein and total digestible nutri-
ents supplied from seed straw as compared to other types
of hay.

This project was designed to develop the calibration
equations required to accurately determine the forage
quality of Oregon-grown grass seed straw using near in-
frared reflectance spectroscopy (NIRS). The results of
this study may promote the adoption of this technology
by private forage testing laboratories which, in turn,
would make possible the inexpensive, rapid analysis of
seed straw for feed quality. This may result in improved
efficiency in the marketing of grass seed straw and in-
crease the amount of seed straw utilized as livestock feed
both in the United States and overseas.

NIRS Technology
"Near Infrared Reflectance Spectroscopy (NIRS) method
of analysis is an instrumental method for rapidly and re-
producibly measuring the chemical composition of sam-
ples with little or no sample preparation. The NIRS
method of analysis has four main advantages: speed,
simplicity of sample preparation, multiplicity of analyses
with one operation, and nonconsumption of the sample.
The chief disadvantages of the NIRS metho4 are instru-
mentation requirements, dependence on calibration pro-
cedures, complexity in the choice of data treatment, and
lack of sensitivity for minor constituents. For forages,
the NIRS method of analysis makes it possible to take a
sample from a truck load of hay (or straw) and provide,
in less than 3 minutes, an analysis for crude protein, acid
detergent fiber, neutral detergent fiber, dry matter,
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lignin, and in vitro dry matter digestibility". (USDA,
Agricultural Research Service, Agriculture Handbook
#643)

History of NIRS Analysis
Since 1975, researchers have used NIRS analyses to de-
termine the concentrations of moisture, crude protein,
and oil in cereal grains and oil-bearing seeds. Research
on NIRS has been quite extensive over the last 14 years.

Initially, instruments were filter-type instruments. Now,
many NIRS instruments utilize scanning monochroma-
tors. These instruments use the whole spectrum within
the near-infrared region. This allows for the analysis of
chemical constituents that may be less adequately as-
sayed with filter instruments.

Forage analysis with NIRS was first reported in 1976.
Progress on forage analysis by NIRS was facilitated by a
USDA project involving six U.S. research locations.
All sites used the same make and model of NIRS instru-
ment and developed nearly identical spectra for analyses.

Analyses of forage materials are now routinely con-
ducted for moisture, crude protein, acid detergent fiber,
neutral detergent fiber, lignin, in vitro digestible dry
matter, cellulose, calcium, magnesium, phosphorus, and
potassium.

Project Objectives
To adjust and validate an existing Near Infrared
Reflectance Spectroscopy (NIRS) grass hay cali-
bration equation to be used as a predictor of grass
seed straw feed quality.
To develop and validate a new calibration equation
to be used as a predictor of grass seed straw feed
quality.

Procedures
Obtaining Straw Samples

A set of 297 grass seed straw samples were collected
during the fall of 1991 in targeted fields from Portland
to Eugene in the Willamette valley. Each straw sample
was composed of 15 to 20 core samples collected with a
forage core sampler

Traditional laboratory analyses were performed includ-
ing crude protein (CP), acid detergent fiber (ADF),
neutral detergent fiber (NDF), and in vitro digestible dry
matter disappearance (IVDMD). CP is a value obtained
by multiplying the total nitrogen (N) of the plant by
6.25. Thus, it includes both protein and nonprotein
sources of N. The ADF content of feedstuffs is consid-
ered to be an indicator of digestibility; the higher the
value, the lower the digestibility. The NDF content is
used as an indicator of intake potential; the lower the
value, the lower the intake. The IVDMD procedure is
commonly used in forage evaluation systems to appraise
digestibility. The range of values for all samples was
3.57-9.38 percent CP, 34.10-52.92 percent ADF, and
56.55-80.49 percent NDF.
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MRS Analyses
Straw samples were reground to the necessary particle
size of 2 mm for MRS analyses using a Tecator Cy-
clotech Mill.

Collecting Spectra

The first step required for adjusting the existing grass
hay equation was to collect the NIR spectra for each
straw sample. For each spectra, the laboratory analysis
for the same sample was entered.

Adjusting the Existing Equation

A prediction for CP, ADF, and NDF was conducted on
the collected spectra using the grass hay equation. The
results were then compared to the laboratory data in
which the regression line's slope and bias for the predic-
tion were used to adjust the existing grass hay equation.

Developing a New Equation

To develop a new equation for grass seed straws, the
population of samples was centered. Fifteen outlier
samples were deleted and the remaining 292 samples
were used to select samples for calibration development.
The selected file contained 124 straw samples. A test
validation file was created with the remaining 168 sam-
ples. The modified partial least squares regression
(MPLS) mathematical treatment of data points was used.
This method reduces bandwidths, improves the resolu-
tion of overlapping bands, and removes base line shifts.
Three different variations of the general MPLS regres-
sion method were used. The best treatment was found
by comparing each treatment with the calibration set and
checking the standard error of calibration (SEC) values.
The lowest SEC value was chosen for each variable and
an equation was developed. This new equation was used
to predict straw quality on the test file. The predicted
values were compared to those of standard laboratory
analyses.

Results
The newly developed straw equation was significantly
better at predicting straw quality of samples outside the
calibration set than the adjusted existing grass hay
equation. In tables 1 and 2 the laboratory mean values,
the NIRS predicted mean values, and the corresponding
multiple coefficient of determination (R2) and standard
error of prediction (SEP) values are presented for
comparison.

When the existing grass hay equation was adjusted to in-
dude grass straw samples and then used to predict CP,
ADF, and NDF for all straw species, the R2 values were
low (0.57, 0.74, and 0.52 for CP, ADF, and NDF, re-
spectively) (Table 1). Creating a new equation for straw
improved the R2 values (0.84, 0.86, 0.58, for CP, ADF,
and NDF, respectively) (Table 2). However, the re-
sulting R2 values are less than those reported for tra-
ditional alfalfa hay analyses (0.92, 0.94, and 0.88 for
CP, ADF, and NDF). The R2 value of 0.58 for NDF is



lower than desired, but the standard error of prediction
(SEP) (2.09) is typical of fiber analyses.

Table 1. NIRS prediction for all species using the ad-
justed existing grass hay equation.

No. of
Samples
= 155

Laboratory
No. of Analysis
Samples Range
= 155 Values

Laboratory
Analysis
Range
Values

Laboratory NIRS
Analysis Prediction

Mean Mean R2 SEP1

(%)

'Standard error of prediction. This statistic allows for
comparison between NIR observed predicted values and
traditional laboratory method values.

Table 2. NIRS prediction for all species using the new
equation developed for grass seed straw.

Laboratory NIRS
Analysis Prediction

Mean Mean R2 SEP'

(%)

'Standard error of prediction. This statistic allows for
comparison between NIR observed predicted values and
traditional laboratory method values.

Dividing straw samples into species (tall fescue, peren-
nial ryegrass, and bentgrass) improved the R2 value
slightly for tall fescue (0.90 and 0.92 for CP and ADF,
respectively) and for CP and ADF prediction of peren-
nial ryegrass (0.87 and 0.88), but resulted in poorer pre-
dictive ability of CP, ADF, and NDF for bentgrass
(0.66, 0.83 and 0.45).

Conclusions
Values predicted by the newly developed combined
straw equation exhibit higher coefficients of determina-
tion (R2 values) and lower standard error of prediction
(SEP) values for CP, ADF, and NDF than equations for
individual species or the grass hay equation. Prediction
values for CP, ADF, and NDF are acceptable and can be
used with reasonable confidence (R2 values of 0.84,
0.86, and 0.58 and SEP values of 0.29, 0.9, and 2.09
respectively). The lower predictive ability for NDF
(R2=0.58 and SEP=2.09) probably is related to the nar-
row range of values found in grass straws. Additional
research would be of value to pursue improving NIRS
prediction of NDF values from grass seed straw.
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Recommendations
Use the newly developed combined grass straw
equations for NIRS prediction of CP, ADF, and
NDF.
Collect additional grass straw samples for tradi-
tional laboratory and NIRS analyses to increase the
range of values in the database and continue to im-
prove the grass straw equations.
Investigate ways of improving the prediction of
grass straw NDF values from NIRS.
Publish the newly created grass straw equations
(and associated R2 and SEP values) to assist com-
mercial laboratories in developing the capability of
conducting routine grass straw quality analysis.

COMPOSTING RESEARCH

D.B. Churchill, WR. Horwath, L.F. Elliott,
andA.G. Hashimoto

Utilization of agricultural by-products such as grass seed
straw on the farm is becoming recognized as important
for improving crop growth and sustaining soil health. In
many cases direct application of the residues back on the
crop area is unacceptable because of potential weed and
disease problem. Also if the crop is grass seed produc-
tion, direct application of residues is unacceptable in
many cases because many grasses are perennial and be-
come sod-bound with this management. Development of
a low-input composting system for utilization of grass
seed straw residues in the cropping system appears to be
an ideal approach. While composting information is
available, it is not adaptable to a single-substrate grass
straw system. Laboratory and field studies were initi-
ated to study the physical, chemical, and biological pro-
cesses required to compost this material and successfully
utilize it in the field.

Perennial ryegrass straw was selected for these studies
because it represents the region's - highest production
acreage and value. Two types of straw were used in the
first experiment. Long straw windrows were formed
using a wheel rake to form windrows and a buck rake to
push these together to form larger windrows for com-
posting. Short straw, left after the baling or raking op-
eration, was picked up using a Grass-vac machine.
Three windrows of the long straw and one Grass-vac
windrow were formed. After settling, the three long
straw windrows were combined into one.

There are a total of 12 plots in each of the two final
windrows. These are being turned either zero, two,
four, or six times through the season to determine the ef-
fect of varying number of turns on the composting pro-
cess. The timing for turning depends on temperature
and moisture content of the windrow. A straddle type
compost turner is being used to assure complete turning
for research studies.

cp 3.74-7.40 5.43 5.43 .84 .30
ADF 35.83-52.04 42.24 42.22 .86 .90
NDF 60.86-80.49 66.52 65.98 .58 2.03

cP 3.74-7.40 5.43 5.43 .57 .49
ADF 35.83-52.04 42.24 42.15 .74 1.24
NDF 60. 86-80.49 66.52 66.33 .52 2.14



Response of the composting process to varying windrow
composition, turning rates and turning timing is being
determined by monitoring changes in windrow volume,
temperature, oxygen, and moisture contents. Studies on
microbiological successions and moisture relationships
are being used to help determine turning time and com-
post quality also. Windrow volume will be calculated
based on measurements at four random points. Volume
reductions of 80 percent for long straw have been
achieved in 15 weeks. Temperatures usually have not
exceeded 150 F and oxygen has not been less than 7
percent.

In August, 1992 the grass-vac compost material had 46
percent carbon and 1.09 percent nitrogen which gave a
C:N ratio of 43:1. In March 1993 the grass-vac compost
material had 33 percent carbon and 17 percent nitrogen
which gives a C:N ratio of 17:1. In August, 1992, the
long straw compost material had 53 percent carbon and
.93 percent nitrogen which gave a C:N ratio of 57:1. In
March 1993 the long straw compost material had 45 per-
cent carbon and 2.78 percent nitrogen which give a C:N
ratio of 16:1. C:N ratios of 16 or 17:1 are indicative of
completed compost.

In the second experiment, the crop, weed, and soil re-
sponse to the addition of composted straw at different
rates will be determined. Items being monitored for
both experiments include time, labor, and machinery
costs required for grass straw composting as well as
temperature, moisture content, and oxygen profiles of
the compost material. These data are being used to cal-
culate energy input and outputs.

Replicated studies are in progress on the survival of
weed seeds, blind seed, and ergot during the composting
process. Packets of the material are buried at 1, 2, and 3
foot depths in the compost piles. The packets will be
retrieved in the spring to determine survivability and the
potential for field contamination.

Microbiological studies are underway with perennial
ryegrass straw to determine the effect of temperature and
moisture on the decomposition rate and rate of lignin
loss. The relationship between carbon mineralization
and straw weight loss in the laboratory indicates that at
25°C (77°F) and 80% moisture 40% of the straw is lost
within 30 days (Figure 1). During this decomposition
process, a distinct succession of microorganisms occurs
(Figure 2). The succession is related to changes in sub-
strate availability as the straw decomposes and will be
useful to follow the decomposition process. Bacterial
consume labile sources of carbon such as sugars and
proteins. As the labile sources of carbon are consumed,
actinomycetes and fungi begin to degrade cell wall com-
ponents, especially lignin, to liberate the sugars con-
tained within the cellulose fraction. Preliminary studies
at temperatures of 50°C (122°F) show a distinct group of
heat tolerant microorganisms are functioning and may
further degrade recalcitrant straw components. The lab-
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oratory studies are designed to define the mechanisms
involved during the composting of straw residue.

These data are necessary for helping to determine opti-
mum times for compost turning for managing compost
temperature, water content, and quality and for ex-
trapolation to management of other kinds of grass seed
straw such as tall fescue, orchard grass, fine fescue, and
Kentucky bluegrass straw. These studies are also indi-
cating that we can predict how the compost process is
progressing by following the progression of microor-
ganisms during the decay process. It is important that
this information is available because previously it was
felt that composting would be impossible at grass straw
C:N ratios of 60:1. Development of low-input corn-
posting for utilization of agricultural by-products is im-
portant for maintaining soil quality. We know compost
can increase crop growth above that expected from its
fertilizer value. Compost additions will also suppress
some soil-borne diseases.

Developing this information into a simple recipe for
composting is one goal. Another is to develop manage-
ment practices to provide material most beneficial for
soil quality and crop growth.
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Figure 1. Carbon mineralization versus weight loss is
depicted in perennial ryegrass straw incu-
bated at 25°C and 80% moisture in the
laboratory.
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Figure 2. The microorganism succession in perennial
ryegrass straw incubated at 25°C and 80%
moisture.
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DEVELOPMENT OF AN ESTERASE
ELISA FOR THE PURPOSE OF

IMPROVING GENETIC PURITY OF
PERENNIAL RYEGRASS

S.M. Griffith and G.M. Banowetz

Introduction
In 1979, Nakmura was able to distinguish between seed
of Italian (annual) ryegrass (Lolium multiflorum Lam)
and perennial ryegrass (L. perenne L.) by using a test
that detected the enzyme activity of a unique Italian rye-
grass esterase enzyme. This was later confirmed by work
of Payne et al. 1980. Until now, this information has not
been directed toward a practical application.

An investigation was initiated to determine if this genetic
characteristic can be used to develop a reliable, fast, and
inexpensive method for detecting Italian ryegrass seed
contamination in perennial ryegrass seed lots. This could
be accomplished by directly screening for the presence of
a novel Italian ryegrass seed esterase protein, Est-1. If
developed, this procedure could be easily performed in a
few days by a trained seed technician as compared to the
currently used fluorescence test which requires at least
21 days.

Objectives
Development of a reliable test is critical for the purpose
of monitoring genetic purity of perennial ryegrass seed.
It is hoped that such a test could be developed through
the following steps: 1) screen available varieties of
perennial and Italian ryegrass to determine if Est-1 is
unique to Italian ryegrass; 2) purify Est-1 protein to ho-
mogeneity; 3) produce monospecific antibodies to puri-
fied Est-1 protein; 4) develop an enzyme-linked im-
munosorbent assay (ELISA) using immunesera raised
against the Est-1 protein; and 5) design and develop an
apparatus in which this assay can be performed on a
routine basis by a seed specialist.

Progress Summary
Objective 1. To screen varieties of perennial and Italian
ryegrass to determine if Est-1 is unique to Italian
ryegrass.

A survey of 233 seed lots of perennial ryegrass, com-
prising 74 varieties, and 36 seed lots of Italian ryegrass,
comprising 17 varieties, was conducted to determine the
presence of Est-1 isozyme activity (Griffith and
Banowetz, 1992). Crude water soluble seed protein, ex-
tracted from 10 seeds per seed lot, were electrophoresed
using native-PAGE and stained for esterase activity. The
presence or absence of bands of Est-1 were recorded.
Results of this survey confirmed previously published
findings showing Est-1 's uniqueness to Italian ryegrass
seed. It was concluded that Est-1 activity was not present
or is at undetectabje levels in perennial ryegrass seed.

Objective 2. To purify and characterize Est-1 protein so
probes to Est-1 could be produced.
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Est-1 from Italian ryegrass seed has been purified and
partially characterized. Two forms of Est-1 exist. Each
are most likely alloenzymes of the other. Est-la and Est-
lb are monomeric proteins with a molecular weight of
30 kD and 29 kD, respectively. Their isoelectric point is
5.1. Each differ slightly in net charge.

Objective 3. To produce monospecific antibodies to pu-
rified Est-1 protein.

Polyclonal antibodies have been produced to priflied Est-
1 protein. Currently, hybridoma cell lines produced from
mice immunized with Est-1 are being screened for their
capacity to produce antibodies with Est-1 protein
monospecificity. Once monospecific probes have been
identified, these will be used to determine if Est-1 pro-
tein can be detected in Italian and perennial ryegrass
seed. This will be the most rigorous test to determine
Est-1 specificity to Italian ryegrass seed. Until now, we
have only demonstrated that Est-1 enzyme activity is not
detected in perennial ryegrass seed. The Est-1 protein
detection method using Est-1 protein probes is several
magnitudes more sensitive then the Est-1 activity test.
As soon as we obtain a monospecific Est-1 probe we will
begin screening perennial ryegrass cultivars for the pres-
ence of Est-1 protein.
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MANAGEMENT OF SLUG
POPULATIONS IN SEED PRODUCTION

J. A. Kamm

Recent changes in seed production practices have in-
creased slug populations to densities that jeopardize
seedling stands of grasses and legumes. The widespread
use of the herbicide dinitro, until it was banned, had the
beneficial side effect of keeping slug populations in
check when applied to control weeds. Now, growers are
faced with keeping slug populations at tolerable levels
with cultural protocols while using expensive baits as the
last-line-of-defense to protect new stands. Chances of



success using both cultural and chemical controls are
significantly improved when used to take advantage of
the weak stages of slug biology. Keeping slugs in check
requires year-around attention to the following practices
and biological characteristics of slugs.

Slugs are physiologically different than insects and most
insecticides are not effective on slugs. Slug baits avail-
able today were discovered as by-products of other ac-
tivities. To my knowledge, no chemical company is ac-
tively developing a toxicant for use on slugs and snails.
The effectiveness of today's baits registered for slug
control could be significantly improved if the carrier for
the toxicant would remain intact after heavy rains com-
mon in the Pacific Northwest.

The two most common species in grass seed fields are:
Agriolimax reticulatus (Muller), the gray garden slug
and Agriolimax Iaevis (Muller), the gray field slug. Be-
cause slugs are hermaphrodites, every individual can lay
eggs. Both the gray field and garden slug lay eggs in
late summer and fall. The gray garden slug also lays
eggs the following spring. Eggs laid prior to October
hatch in about two weeks; those laid in October and
November diapause and hatch the following spring.
Unlike insects, small immature slugs are more difficult
to kill than mature individuals that are laying eggs.

Therefore, baits will be most effective when applied im-
mediately after the first late summer or fall rains. Bait
applied after October has no effect on diapausing eggs.
The following spring these eggs hatch and thus give rise
to most of the slugs in the spring infestation. Baits ap-
plied in late fall afford some protection to seedling fields
by killing adults, but it would be better to apply bait
earlier in the year to control adults before they lay eggs
which also reduces the spring population.

The efficacy of a bait is also related to slug behavior.
Slugs are capable of traveling long distances but at the
proverbial snails pace. Slugs move about actively in
search of food while others remain inactive in dark,
protected areas. In feeding tests, groups of slugs were
fed one of the following: red clover, grass, straw, and
no food. After four weeks, the number of slugs in each
group was the same. However, the size of the slugs fed
green grass and red clover were much larger than those
without food. Feeding tests are required to determine
the impact of field fallow practice on slug survival and
reproduction.

When gray garden slugs were confronted with a choice
of perennial ryegrass, fine fescue, tall fescue, and red
and white clover, surprisingly, it preferred all seedling
grasses to the clover. Eventually they devoured all en-
tries. In general, slugs prefer most field crops to any
established mature grass. However, the affinity of slugs
for seedling grasses makes it imperative to reduce the
number of post-harvest seedling available to slugs going
into fall egg-laying to reduce the number of eggs laid.
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In summary, the most economical way to reduce slug
feeding damage is to understand their biology and be-
havior so cultural practicàs can be used to limit their
potential for reproduction. In situations when cultural
practices fail to keep slug populations in check, the
timely application of bait should provide additional crop
protection during establishment.

CLOVER SEED WEEVIL: CONTROL
WITH INSECTICIDES IN WESTERN

OREGON

G. C. Fisher and M.E. Mellbye

The clover seed weevil, lychius picirostrLr (Fabricius) is
a significant factor limiting White Dutch, Ladino and al-
sike clover seed production in the Pacific northwest.
The adults of this small weevil usually hibernate away
from seed fields on the soil and debris of uncultivated
areas. In late May and early June the weevils migrate
into clover fields. This migration coincides with
blooming heads that are turning brown and reflexing
downward. The weevils mate within a week of entering
the fields and the females insert eggs singly into pods
with developing seeds.

The very small larvae feed upon 2 to 4 seeds within a
pod over a two to three week period and can be found in
clover heads from June through August. Upon maturity,
the larvae bore out of the seed pod and drop to the soil
where they pupate. Within 2 weeks, the newly formed
adult weevils emerge and within a few days leave the
clover field for other areas. These new adults do not lay
eggs until next season. There is one generation per year.
Alsike clover typically sustains less damage than Ladino
or White Dutch clovers. Red clover and alfalfa are not
hosts for this weevil.

This weevil can be quite damaging to white clover seed.
Although the adults can damage the flower parts of
clover, it is the feeding by the larvae that causes the
most significant economic damage. Seed fields in the
Pacific Northwest have sustained between 2 and as much
as 70% damage in fields either not treated with an insec-
ticide or where timing was inappropriate.

Effective control of this pest is achieved with the use of
an insecticide applied during the time period when the
first blooms begin to turn brown until approximately
20% of the blooms are brown. An application timed too
early will not control weevils migrating into the field at
a later date. An application timed too late results in in-
fested seed.

Past research has indicated that when an average of 2.5
weevils are collected per straight line sweep of a stan-
dard 15 inch diameter insect sweep net, an average of
4.5% (and up to a high of 7% ) seed loss occurs at har-
vest. Entomologists in the Northwest recommend ap-



plying an insecticide when weevils average 2 per straight
line sweep or 5 per 180 degree (semi-circle) sweep.

1992 INSECTICIDE FIELD TRIALS:

Malathion:
We monitored two White Dutch Clover seed fields in
Linn county for clover seed weevil in 1992 to evaluate
the effectiveness of malathion for weevil control, and
also to determine if any other insects were present which
might limit seed production. Malathion was applied in
the early evening after honeybee activity. Application
was by ground at 1.0 lb ai/A in 25 gallons of water. Be-
cause of the very early season, clover growth and weevil
migration into fields, both fields were treated in late
May. Bees were not removed from fields and no signifi-
cant mortality was observed at the hives after
application.

Field 1 averaged 4 weevils per sweep prior to applica-
tion; field 2 averaged 2 weevils per sweep. Post treat-
ment sweep net counts out to 35 days post spray indi-
cated that malathion provided control for the duration of
the season. Weevil counts never exceeded 0.05 wee-
vils/sweep post spray. The hot, dry weather however,
may have been a significant factor in realizing this high
degree of control.

Bifenthrin:
An experimental trial was conducted in a third field with
the unregistered, synthetic pyrethroid insecticide, bifen-
thrin, for control of clover seed weevil. Weevils aver-
aged 4.8/ straight line sweep in this field. Post spray
counts averaged 0 weevils/sweep until 28 days after
treatment when 0.05 weevils per sweep were recorded.
This amounts to season-long control.

Excellent sustained control of nitidulid beetles, Lygus
bugs and stink bugs were also obtained with this prod-
uct. Bifenthrin is also quite safe to bees when applied at
low rates with evening applications after bee activity. A
non-food crop label may be pursued for the use of this
product on white clover grown for seed, depending upon
the interest of the growers, FMC Ag Products Division
and EPA/ODA approvals.

In summary, clover seed weevil adults migrated into
white clover fields quite early in 1992. The fully la-
belled malathion provided excellent control of this pest
under the warm, dry conditions of 1992. Stink bugs
were quite abundant in the two malathion treated fields
and very likely impacted seed production. Aphid popu-
lations were insignificant in the study fields in 1992.

Acknowledgement: special thankr is extended to Pat
Boren, Western Farm Service representative, for his help
in locating these fields.
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IMPACT OF POLLINATORS ON
CORIANDER SEED PRODUCTION

M.D. Butler, T.L. Griswold, and V.J. Tepedino

Coriander (Coriandrum sativum L.) has been grown for
seed production in central Oregon since 1984. The fo-
liage is used as a fresh herb (cilantro) and the seed as a
spice (coriander). Coriander, a member of the Umbellif-
erae family, is partially self-fertile and produces umbels
with mostly bisexual flowers early in the season fol-
lowed by male flowers. Pollen release precedes stigma
receptivity so pollen from a different flower is required
for seed set. Research in Russian during the 1950's in-
dicated that exclusion of pollinators results in a reduction
from a 68 percent seed set to 49 percent.

Coriander blossoms are highly attractive to both pollen
and nectar-collecting insects, including honey bees. Na-
tive pollinators as well as honey bees brought into cen-
tral Oregon to service a variety of seed crops including
carrot, onion, radish, and dill, are strongly attracted to
coriander. As a result, some coriander growers place
two hives per acre around the crop to pacify neighboring
growers whose bees are attracted away from other seed
crops. Coriander yields in central Oregon have been
near 2,000 pounds per acre until recent years when
yields have dropped to near 1500 pounds.

This study was conducted to evaluate the effect of polli-
nators on seed yield of coriander. To exclude pollina-
tors, ten heads were bagged prior to blossom with 1 mm
nylon netting in each of two fields near Madras, Oregon.
At harvest, plants with bagged umbels were removed
from the field and seed set was determined for the
bagged umbels and paired, non-bagged umbels on
neighboring stems. Germination tests were conducted to
determine percent germination.

There was strong statistical difference (P0.01) in seed
set between bagged and non-bagged umbels. Seed set
was reduced by an average of 76 percent for bagged urn-
bels compared to non-bagged umbels. The percent ger-
mination for bagged and non-bagged umbels was non-
significant, though the trend was for a slightly lower
germination for bagged umbels. This research supports
the importance of pollinators for seed set on coriander,
but their effect on percent germination appears
inconclusive.

Table 1. Comparison of seed set and percent germina-
tion for pollinated and non-pollinated heads
of coriander.

Differences in seed set are significant at P0.01.
Differences in percent germination are non-significant.

Treatment Seed Set Germination

(no. /umhel) (%)

Bagged heads 3.4 48
Non-bagged 13.2 55



SEED CONDITIONING RESEARCH

D.B. Churchill, T.M. Cooper, and D.M. Bilsiand

Rotating Table for Measuring Seed Physical
Properties.
Dimensional differences are very important when it
comes to selecting the correct screens to use in a screen-
ing machine for width and thickness separation and the
correct pocket size to use in an indent cylinder or disc
for length separation. Sizing screens and indent cylinder
pockets, divide the seed lots into two fractions. By
knowing the dimensional difference between the crop
and contaminants, the processor can make the most ef-
fective selection for seed conditioning.

A circular rotating table was designed and built to mea-
sure 50 hand placed seeds, one at a time. After the 50
seeds were measured and the data recorded, they were
removed and another 50 seeds were hand placed on the
table. The previous method required hand placing 1 to 3
seeds on a black rubber mat, then moving the mat into
the camera field of view (FOV), measuring the seeds in-
dividually, and then repeating this process.

For the new system, 50 seeds were poured onto the table
and then carefully hand placed along each mark with the
long axis parallel with the outer edge. Because of sys-
tem software constraints that required Stevens wheat to
be oriented when in the camera FOV, accuracy was
needed in hand placing each seed on the rotating table.
The data-gathering process generated image, shape,
header information, and general data files for each group
of 50 seeds. The image files were archived for reference
or further post-processing as new methods are devel-
oped. Data from the machine vision system (MVS) was
recorded for later statistical analysis. The algorithm to
locate each seed was written in a manner which required
that each wheat seed be aligned in a certain direction.
The table was programmed to rotate to a precise location
(locate the first seed) on command and the MVS deter-
mined when the seed was correctly located and then
measured the properties.

The new rotating table was 30 cm (11.8 in) in diameter
and made from a 3 mm (0.118 in) aluminum sheet. It
was controlled by a MVS which allowed continuous data
collection for each 50-seed sample. Black matte board
was fastened to the top of the table with a screw to pro-
vide higher seedfbackground contrast. An inner white
circle with a diameter of 25.4 cm (10 in) was drawn on
the Black matte board with white marks drawn along the
outside of the circle which were used as a guide for hand
placement of seeds. A small 12 volt dc motor which
rotated at 2 r/min was connected to the table.
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To measure the seed physical properties a video camera
was used along with a machine vision system. The cam-
era was mounted on a stand for adjusting the magnifica-
tion and resolution. A lluminator power unit was used
with a heat-absorbing glass type heat filter. The light
guide was an annular ring light with an inner diameter of
58 mm (2.28 in).. This system provided shadow free il-
lumination and high seed/background contrast.

Approximately 5 mm was required to align 50 wheat
seeds on the table and another 50 mm to measure and
record the physical property information. With the new
rotating table, an operator was only required to be pre-
sent for the initial 5 mm out of every hour while the
previous system required an operator present all the
time. The time required for the data-gathering process
was the same as the previous system (1 mm). The sys-
tern required approximately 3 s to locate and center each
seed. The difference between the new and previous sys-
tem was the operator time. The time the operator was
required to be present was 5 mm/h vs full time. Because
less man hours are required, a larger sample size
(number of seeds) can be measured and a better confi-
dence level obtained for selecting the conditioning pro-
cedure and equipment required for separating crop seed
from contaminants.

The raw data files were combined and processed to yield
a single file of records containing the 8 directly mea-
sured or calculated variables as follows:

length: the distance between the left most pixel in
the seed image and the right most pixel.

width: the distance between the upper most pixel
in the seed image and the lower most pixel.

area: the total number of connected pixels within
the seed image.

perimeter: the number of pixels on the edge of a
seed image, that is, the border between the seed
and the background.

holes: the number of dark group of connected pix-
els that are found completely contained within the
seed image.

spread: similar to ratio of perimeter over diameter
expressed as:
pixel row variance + pixel column variance

area

elongation: similar to the ratio of minor to major
axis normalized to the area of the seed image cx-
pressed as:

(pixel row var - pixel col var2 + 4(covar2
area

reflectance: the average gray scale value of pixels
within the seed image.
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