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Introduction
Legislation implemented by the State of Oregon requires
the incremental reduction in field burning of grass seed
crop straw and stubble in the Willamette Valley. As the
acreage set aside for burning dwindles, seed growers need
to adopt effective and economical nonthermal management
alternatives. This article documents the findings of our
three-year study funded by the State Department of Agri-
culture to identif' and compare residue management op-
tions for grass seed crops grown in the Willamette Valley.

Procedure
The research was conducted in commercial seed production
fields of perennial ryegrass, tall fescue, orchardgrass,
creeping red fescue, Chewings fescue, and Highland
bentgrass.

Residue management strategies examined at the on-farm
sites included: (i) removal of straw by baling (Bale), (ii)
baling, followed by flail chopping stubble (Flail), (iii) bal-
ing and flailing, followed by residue removal with a nee-
dle-nose rake (Rake), (iv) baling, followed by removal of
the residue by vacuum-sweeper (Vacuum), (v) flail-chop-
ping straw and stubble three times with no removal (Flail
3X), (vi) baling, followed by incineration of straw and
stubble by propane burner (Propane), and (vii) open-field
burning (Bum). Residue management operations were
conducted in 1992, 1993, and 1994 after the first, second,
and third seed harvests in each field, respectively. Straw
remaining in the field and the height of stubble after
nonthermal treatment was measured.

I

Fall regrowth characteristics were measured on samples
taken in fall 1992, 1993, and 1994. Fertile and spring
vegetative tiller numbers were also determined at each site.
Plots were harvested with the growers' swathers and com-
bines. Weigh wagons were used to determine the bulk seed
weight harvested from each plot. Clean seed yield was
calculated from percent cleanout values obtained from the
bulk seed and from seed laboratory purity results. Seed
germination and purity values were determined by the OSU
Seed Laboratory.

Baling removed most of the straw remaining after harvest.
Stubble height was reduced by the Flail treatment, but no
additional straw was removed. The Rake treatment re-
moved more than half the straw remaining after baling.
Vacuum was the most effective treatment for removing
straw and reducing stubble height. Since field burning of
straw and stubble is known to return nutrients to the soil,
some concern has been expressed that clean nonthermal
management systems may tend to remove nutrients from
the field with the straw. To counter this removal, some
growers have shown interest in nonthermal management
with no removal (i.e., Flail 3X). We compared soil tests
drawn from Vacuum- and Flail 3X-treated plots and found
that straw removal caused only minor reductions in pH and
potassium levels in the upper six inches of the soil profile.
Nevertheless, it is important to point out that at no time
during the study were any of the nutrients tested reduced
below critical levels by straw removal.

Fall Regrowth and Plant Development
Near complete removal of straw and stubble (Vacuum) in
tall fescue often produced the shortest tiller height in the
following fall (Table 1). No residue removal (Flail 3X) or
removal without stubble height reduction (Bale) often
caused tillers to be taller in fall. Regrowth of orchardgrass
was not affected by residue management method. Fall re-
growth of perennial ryegrass was generally not affected by
residue management. One notable exception was the con-
sistent increase in tiller height found when Manhattan lIE



Table 1. Effect of residue management on fall tiller height in tall fescue.

(cm)

Flail3X 14 bc' 14 bc 16 c 15 13 b 18 C

Bale 15 c 16 b 14 a 17 13 b 17 bc
Flail 14 ab 15 ab 15 bc 15 12 ab 15 ab
Rake 13 a 14 ab 14 ab 16 11 a 16 abc
Vacuum 13 a 12 a 14 ab 16 11 a 14 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 residue management practices on fall tiller height in fme fescue seed crops.

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

Table 3. Residue management effects on fertile tiller percentage in fine fescue seed crops.

Banner Chewings fescue Pennlawn creeping red fescue
Treatment 1993 1994 1995 1993 1994 1995

2

(%)

Flail 25 8 20 14 a' 5 a 14

Rake 16 9 15 21 ab 8 a 18

Vacuum 28 10 17 21 ab 6 a 8

Propane 31 14 22 30 bc 9 a 16

Burn 27 15 24 38 c 17 b 23

(cm)

Flail 9 c' 8 15 c 13 10 c
Rake 8 bc 8 15 c 11 8 ab
Vacuum 6 a 7 12 b 10 8 ab
Propane 6 a 8 13 bc 10 9 b
Bum 7ab 8 ha 10 7a

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

Treatment 1992 1993 1994 1992 1993 1994

Banner Chewings fescue Pennlawn creeping red fescue
Treatment 1992 1993 1994 1992 1993

Rebel II Crewcut



perennial ryegrass was managed by the Propane treatment.
We used time domain reflectometry to measure how soil
water content was affected by residue management in tall
fescue and perennial ryegrass. No differences in soil water
content were observed between Flail 3X and Vacuum
treatments in late June of each year (near peak anthesis).
Nevertheless, by late September, the Vacuum treatment
averaged 24% and 10% less soil water than Flail 3X at 3-
inch and 9-inch soil depths, respectively. Yet once the
plant canopy was removed after harvest, the straw in the
Flail 3X treatment acted as a mulch and conserved water
during the dry summer months. Increased late summer soil
water under the straw mulch did not improve fall regrowth
of Flail 3X-treated plants.

There was a marked tendency for fall tiller height to be
taller in treatments that did not thoroughly remove straw
and stubble in Chewings fescue and creeping red fescue
(Table 2). For instance, the Flail treatment produced taller
fall tillers than the Bum treatment in 1992 and 1994 in
Chewings fescue, and in creeping red fescue in 1993. A
trend toward reduction in tiller population observed in the
burn treatment in Chewings fescue was noted in all three
autumns. There were pronounced visual differences be-
tween stands in the open bum treatment and the nonthermal
treatments. It was evident that although burning seemed to
produce somewhat fewer tillers, burning also produced the
greatest proportion of large tillers basal diameter tillers in
1994. Burn and Propane treatments tended to produce
more large basal diameter tillers than nonthermal practices
in creeping red fescue.

Burning caused the greatest reduction in fall tiller number
in Highland bentgrass, whereas the Vacuum treatment pro-
duced the highest number of tillers. Burning maintained
fall tiller populations at the lowest level in Highland bent-
grass in each year (Figure 1). Increases in fall tiller number
over time have likely resulted from new daughter plants
arising from stolons and rhizomes. Burning may destroy
stolons and rhizomes or alter other physiological processes
so that their formation is inhibited.

Spring Tiller Production
Fertile tiller production was largely independent of residue
practices or their impact on fall regrowth in perennial rye-
grass, tall fescue, and orchardgrass. Spring vegetative tiller
production in perennial ryegrass, tall fescue, and orchard-
grass was also generally not affected by residue practices
conducted in the previous summer. Fertile tiller production
was not reduced by nonthermal practices in Highland bent-
grass, but the number of spring vegetative tillers was typi-
cally reduced by burning.

Residue management did not affect fertile tiller number in
Chewings fescue (Table 3). Burning in creeping red fescue
consistently caused high fertile tiller production, whereas
Propane and nonthermal treatments usually reduced fertile
tiller number.

3

I-

a
C,,

1600

Ui

1200

z0
800

400

0

FLAII4

v RAKE

O VACUUM
o PROPANE

BURI

1992 1993 1994

YEAR

Figure 1. Effect on nonthermal residue management on
fall tiller populations in Highland bentgrass.

Seed Yield and Seed Quality
Responses of perennial 'ryegrass seed yield to residue man-
agement practices were dependent on cultivar and year
(Table 4). Seed yields in 1993 were reduced by Flail 3X
treatment at one site (Pennfme) and by Propane treatment
at two sites (Pennant, Pennfme) (Table 3). Flail 3X treat-
ment reduced seed yield by 19% at the three southern Wil-
lamette Valley sites (Ljnn, Oasis, Pennfme) in 1994, but
lack of residue removal did not affect yield at northern
sites. Soils have poorer drainage characteristics in the
south Willamette Valley than in the north. Propane burn-
ing and Flail 3X consistently reduced yield in Pennfme.
Yield in Linn was increased in 1994 in proportion to in-
creased thoroughness of straw removal. Seed yield was not
influenced by residue management in 1995. Most cultivars
of perennial ryegrass that had shown yield reductions with
no straw removal (Flal 3X) in previous years were no
longer in production (pkwed out) after the third year of the
stand (2nd year of our trials). Manhattan lIE, Pennant, and
Yorktown 111 yields were never reduced by the Flail 3X
treatment over the duraton of our study.

Tall fescue seed yield was inconsistently affected by resi-
due practices at specific sites and in certain years (Table 5).
The most noticeable trend was for a reduction in yield as
the stand aged when straw was not removed (Flail 3X).
Both north Willamette alley sites (Rebel Jr. - Wilfong site
and Crewcut) exhibited significant reductions in seed yield
in Flail 3X-treated plots in 1994. Yield of Rebel Jr. tall
fescue was reduced in 1995 by Flail 3X regardless of the
location of the field. Although we did not observe statisti-
cal differences in seed yield for the other tall fescue culti-
vars in 1995, the Flail 3X treatment tended to produce
lower yields in both Rebel II and Crewcut. All residue



Table 4. Influence of residue management on seed yield in perennial ryegrass.

Cultivar
Year Treatment Linn Manhattan lIE Oasis Pennant Pennfme Yorktown III

(lb/A)

1993 Flail3X 932 2324 1690 1397 bc' 748 a 2262

Bale 881 2354 1855 1345 ab 866 b 2227

Flail 928 2281 1718 1364 ab 863 b 2341

Rake 906 2309 1778 1437 c 742 a 2359

Vacuum 958 2354 1787 1359 bc 820 ab 2348

Propane 906 2196 1831 1259 a 770 a 2356

1994 Flail3X 633 a 1901 1373 a 1304 646 a 1989

Bale 687 ab 1915 1655 b 1410 742 ab 1985

Flail 730 b 1957 1519 ab 1386 836 b 2114

Rake 867 c 1919 1438 a 1358 730 ab 2058

Vacuum 895 c 2010 1610 b 1433 783 b 2083

Propane 898 c 2042 1656 b 1562 608 a 1904

1995 Flail3X 1340 1512 604

Bale 1337 1552 730

Flail 1378 1478 797

Rake 1315 1402 689

Vacuum 1387 1429 752

Propane 1530 1555 722

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

Table 5. Residue management effects on seed yield in tall fescue.

Cultivar
Rebel Jr.

Year Treatment Anthem Rebel II Glaser Wilfong Crewcut

(lb/A)

1993 Flail3X 1692 1575 2110 d' 1890 1945

Bale 1606 1434 1963 ab 1925 1897

Flail 1662 1435 1915 a 2046 1932

Rake 1695 1547 2017 bc 1899 1887

Vacuum 1668 1384 2078 cd 1941 1738

1994 Flail3X 1544 1166 b 1781 789 a 1748 a

Bale 1425 1085 ab 1750 892 b 1985 b

Flail 1498 1192 b 1870 952 b 1940 b

Rake 1489 1089 ab 1767 907 b 1987 b

Vacuum 1470 956 a 1690 949 b 2019 b

1995 Flail3X 1153 786 1147 a 536 a 832

Bale 1033 940 1280 ab 731 b 984

Flail 1074 989 1291 ab 773 b 1114

Rake 1060 933 1465 c 723 b 1098

Vacuum 1182 862 1316 bc 740 b 1116

'Means in columns followed by the same letter are not significantly different by Fisher's protected LSD values (P = 0.05).
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management treatments produced equivalent yields in or-
chardgrass over the three-year duration of our study (Table
6).

Table 6. Influence of residue management on Elsie or-
chardgrass seed yield.

All nonthermal residue management treatments produced
seed yields that were inferior to open-field burning in
creeping red fescue except the Vacuum treatment in 1993
(Table 7). Propane burning produced seed yields that were
equivalent to burning in 1993 and 1995. Nonthermal resi-
due treatments burning produced yields that were not ac-
ceptable over the entire duration of the study in creeping
red fescue. Chewings fescue seed yields in the Willamette
Valley were not influenced by residue management method
in any year during our study (Table 7).

No differences in seed yield were evident in Highland
bentgrass in 1993 and in 1995 (Table 7). Rake and Vac-
uum treatments produced seed yields that were equivalent
to open-field burning in Highland bentgrass in 1994, but
Propane and Flail reduced yields.

Seed germination in all seed crops tested was not influ-
enced by thoroughness of straw and stubble removal. For
most treatments and seed crops, seed purity was not af-
fected by residue management practices. However, purity
was sometimes lessened in the Flail 3X treatment. This
was usually due to an increase in inert matter and was
sometimes accompanied by increased percent cleanout.
Nonthermal treatments other than the Vacuum treatment
tended to increase the presence of weed seed in Chewings
fescue.

Conclusions and Recommendations
High perennial ryegrass and tall fescue seed yields can be
attained without thermal management of post-harvest straw
and stubble. Perennial ryegrass and tall fescue seed yields
were best maintained over the life of the stand by nonther-
ma! management practices that remove more than 60% of
the straw. Perennial ryegrass seed yield was independent
of fall regrowth and plant development, whereas the height
of tall fescue regrowth in fall seemed to have some impact
on subsequent seed yields. To our surprise, perennial rye-
grass seed yield was inversely related in proportion to the
production of spring vegetative tillers (r _0.88*) and was
not related to fertile tiller production (r = 0.21). Orchard-
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grass plant performance and seed yields were never influ-
enced by residue management practices.

Table 7. Residue mnagement effects on fme fescue and
Highland bntgrass seed yield.

Year Treatment

Penilawn Banner
cre ping Chewings Highland

red i'escue fescue bentgrass

(lb/A)

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

Since the numbers of tillers produced in fall might not be
related to seed yield in Highland bentgrass or Chewings
fescue, it is possible that the environment in which the till-
ers are formed may play a role in determining seed yield.
Fall regrowth and fertile tiller production were both linked
to successful seed produ$tion in creeping red fescue.

Growers need to be aware that failure to remove any straw
from perennial ryegrass and tall fescue fields can some-
times reduce seed yield and purity. Better methods for
managing a full straw load in these crops need to be devel-
oped. Full straw management should not be attempted in
Chewings fescue, Highl4nd bentgrass, or creeping red fes-
cue. Growers interested in using nonthermal methods in
any of these crops need to be mindful of the potential for
increased weed problens as has been demonstrated in
Chewings fescue. At present, we recommend that post-
harvest residues in creeping red fescue be managed with
open-field burning.

1993 Flail 694 a' 1072 594
Rake 717 a 1075 590
Vacuum 914 b 991 587
Propane 876 b 1042 611
Bum 1023 b 1057 610

1994 Flail 544 a 613 710 a
Rake 58 a 607 734 ab
Vacuum 498 a 670 778 b
Propane 542 a 695 686 a
Burn 752 b 625 763 b

1995 Flail 527 a 411 242
Rake 477 a 370 249
Vacuum 414 a 355 257
Propane 518 ab 271 255
Burn 67 b 341 251

Flail 3X 921 502 24
Bale 961 448 54
Flail 926 496 15

Rake 946 446 32
Vacuum 914 458 629

Treatment 1993 1994 1995

(lb/A)



INTENSIVE MANAGEMENT OF GRASS
SEED CROP STRAW AND STUBBLE

7'. G. Chastain, W. C. Young III, G.L. Kiemnec,
C.J. Garbacik, B.M Quebbeman, G.A. Gingrich,

ME. Mellbye and G.H. Cook

Introduction
Four on-farm sites were initiated in spring 1994 in the
Willamette and Grande Ronde Valleys to learn how inten-
sive straw and stubble management practices affect crop
performance in Kentucky bluegrass, Chewings fescue, per-
ennial ryegrass, and creeping red fescue. New tall fescue,
perennial ryegrass, and creeping red fescue sites were se-
lected in spring 1995 for inclusion in the research program.
The objectives of our work include (i) test the effects of a
new flail design on post-harvest residues, subsequent crop
regrowth, and seed yield in perennial ryegrass, tall fescue,
Chewings fescue, creeping red fescue, and Kentucky blue-
grass; (ii) determine how partial and complete straw re-
moval affects crop regrowth and seed yield in perennial
ryegrass and tall fescue; and (iii) discover how stubble re-
moval by flail chopping affects crop regrowth and seed
yields in creeping red fescue and Kentucky bluegrass. This
article documents the progress of our study funded by the
State Department of Agriculture to refine residue manage-
ment strategies for grass seed crops.

Table 1. Effect of flail type and cutting height on fall regrowth in Shademaster creeping red fescue and Baron Kentucky

bluegrass, 1994.

Procedure
Residue management treatments under consideration in
perennial ryegrass and tall fescue include: (i) full straw
chop with straight-blade flail (2X), (ii) full straw chop with
conventional flail (3X), (iii) full straw chop with straight-
blade flail (2X) and partial removal by rake, (iv) full straw
chop with conventional flail (3X) and partial removal by
rake, (v) bale + straight-blade + needle-nose rake, (vi) bale
+ conventional flail + needle-nose rake, and (vii) bale +
vacuum-sweep. Treatments examined in Kentucky blue-
grass and creeping red fescue include: (i) bale + straight-
blade flail (short stubble) + needle-nose rake, (ii) bale +
straight-blade flail (long stubble) + needle-nose rake, (iii)
bale + conventional flail (short stubble) + needle-nose rake,
(iv) bale + conventional flail (long stubble) + needle-nose
rake, (v) bale + vacuum-sweep, and (vi) open bum.
Treatments in Chewings fescue include: (i) bale + straight-
blade flail + needle-nose rake, (ii) bale + vacuum-sweep,
(iii) bale + propane, and (iv) open burn.

Plant samples were taken from each plot in fall to measure
post-harvest regrowth and tiller development. Fertile tiller
numbers produced under each management system were
determined. Plots were swathed and combined by grower-
cooperators and weigh wagons were used to measure bulk

seed weight harvested from each plot. Clean seed yields
were calculated from percent cleanout values determined
for each plot. Seed quality tests were performed by the
OSU Seed Laboratory.

Rhizomatous Grass Seed Crops
The greatest fall tiller production in creeping red fescue
and Kentucky bluegrass was found when the straight-blade

% of burn

6

(cm)

7.2 b 8.5 bc
6.3a 7.la

7.7 b 8.9 bc
7.7b 9.3c

7.0 ab 8.4 bc

6.8 ab 8.0 ab

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

Bum 100 ab 100

Straight blade + rake High 107 abc' 87

Low 124 c 116

Conventional + rake High 90 a 92

Low 94 a 91

Vacuum 114 bc 110

Stubble Tiller number Tiller height

Treatment height Shademaster Baron Shademaster Baron



flail was operated at the low (1.25 and 0.83 inches, respec-
tively) stubble height setting (Table 1). The straight-blade
flail tended to produce more fall tillers in both seed crops
than the conventional flail. Tiller number was lower than
was expected in both seed crops when the conventional
flail was operated at the low stubble height setting. Reduc-
tion in stubble height caused a reduction in fall tiller height
in both species when the stubble was chopped by the
straight-blade flail, but not by the conventional flail. The
likely reason for the differential response to stubble
heightamong flail types was that the cutting height could be
lowered more with the straight-blade flail than with the
conventional flail. The difference in cutting height
between the high and low cut for the conventional flail
averaged 0.27 inches, whereas the difference between the
high and low cut for the straight-blade flail averaged 0.55
inches.Fertile tiller production was reduced by nonthermal
management in creeping red fescue but was not affected by
residue management practices in Kentucky bluegrass

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

Creeping red fescue seed yields were reduced by all
nonthermal management practices (Table 3). Among
nonthermal treatments, flail type was important in creeping
red fescue as the straight-blade flail produced somewhat
higher yields than the conventional flail. Stubble height
was also an influential factor in creeping red fescue seed
yields. Within each flail type, highest seed yields were
recorded when stubble height was lowest. In research re-
ported elsewhere in this publication, we have documented
the impact of stubble height on fall regrowth and flowering
in the following spring in creeping red fescue. No stubble
produces fall regrowth and subsequent fertile tiller produc-
tion that were equivalent to open-field burning, whereas
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low stubble heights produced regrowth and flowering that
was inferior to open-field burning. Unfortunately, none of
the nonthermal treatments evaluated in this study produced
yields that were equivalent to open burning in creeping red
fescue. It appears that complete removal of stubble may be
required to produce acceptable seed yields in creeping red
fescue without burning. However, it is unlikely that such a
treatment would be economically feasible given current
residue management technologies.

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

Kentucky bluegrass seed yields were influenced more by
stubble height than by flail type (Table 3). A low stubble
height tended to increase seed yield when the stubble was
managed by using the straight-blade flail, whereas yields
were reduced when the same treatment was applied by us-
ing the conventional flail. It is unclear how a low cutting
height caused the reductions in yield observed in conven-
tional flail plots. Nevertheless, fall tiller height was evi-
dently increased and that the number of 3 mm tillers in fall
was reduced by this combination. The highest seed yields
were observed when the conventional flail was operated at
the high cut setting. All residue treatments produced seed
yields that were not different from open-burning except for
the conventional flail operated at a low stubble height set-
ting, which caused a reduction in a yield.

Bunch-Type Grass Seed Crops
Fall tiller height in perennial ryegrass was different among
the residue practices tested; however, height did not vary
with degree of straw removal or type of flail (Table 4).
Perennial ryegrass fertile tiller production and seed yield
was the same regardless of the degree of straw removal and
flail type. Our previous studies on perennial ryegrass and
tall fescue have also shown that without straw removal
(Flail 3X), seed yields are not reduced while stands are

(Table 2).

Table 2. Effect of flail type and cutting height on fertile
tiller percentage in Shademaster creeping red
fescue and Baron Kentucky bluegrass, 1995.

Treatment
Stubble
height Shademaster Baron

(%)

Straight blade + rake High 24 ab' 39
Low 25ab 40

Conventional High 21a 43
Low 28b 38

Vacuum 26ab 50

Bum 40c 49

Table 3. Effect of flail type and cutting height on seed
yield in Shademaster creeping red fescue and
Baron Kentucky bluegrass, 1995.

Treatment
Stubble
height Shademaster Baron

(lb/A)

Straight blade + rake High 494 abc' 1165 ab
Low 566 c 1201 bc

Conventional High 430 a 1229 c
Low 486 ab 1131 a

Vacuum 515 bc 1220 bc

Burn 688 d 1224 bc



young. Yet yield reductions noted in subsequent years
when straw was not removed illustrate a general decline in
productivity as the stand ages. It is thought that lower
yields in later stages of the stand life may be avoided by
removing at least some straw as we have done in the partial
rake treatment. It is also possible that differences in the
performance of the two flail types may not be evident after
one season, but that two or more seasons may be required
to detect differences.

The straight-blade flail produced the greatest tiller height in
Chewings fescue (Table 5). Fertile tiller production was
greatest in the Bum treatment, but seed yield was not influ-
enced by residue management practices in Chewings
fescue.
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Table 5. Influence of residue management practices on
Jamestown II Chewings fescue, 1994-95.

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

Plant performance and yield results for tall fescue will be
reported in future articles. The trials will continue until
three seed harvests have been obtained at each site.

1500
1526
1549
1420

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

Table 4. Impact of flail type and straw removal on Affmity perennial ryegrass, 1994-95.

Fall tiller Fertile Seed

Flail type Straw removal height tillers yield

(cm) (%) (lb/A)

Straight blade None (2X) 8.2 abc' 53 1367

Partial rake 8.7 bc 55 1460

Complete rake 7.9 ab 46 1480

Conventional None (3X) 8.2 abc 53 1421

Partial rake 7.3 a 52 1422

Complete rake 9.0 c 40 1381

Vacuum 8.2 abc 56 1299

Fall tiller Fertile Seed
Treatment height tillers yield

(cm) (%) (lb/A)

Straight blade flail + rake 16.3 b' 30 a
Vacuum 13.0 a 34 ab
Propane 14.3 a 29 a
Bum 13.7 a 41 b



WEED CONTROL IN TALL FESCUE
OVER THREE GROWING SEASONS

G. W. Mueller-Warrant, S.C. Rosato and D.S. Culver

Vacuum sweep (VS), bale/flail chop/needlenose rake
(BFR), and full straw load chop in place (FSLC) manage-
ment have been imposed on a Rebel Jr. tall fescue field
since the summer of 1992. Herbicide treatments have been
applied to the same subplots each year with a few excep-
tions: untreated checks have been rotated with duplicate
applications of relatively aggressive treatments, an En-
quik+0.8 lbs/acre Diuron treatment in FSLC for the first
year was replaced with Goal+0.8 lbs/acre Diuron for the
next two years, and granular rake-incorporated Prowl in
FSLC the first two years was replaced the third year with
the standard EC formulation sprayed under the straw using
a modified Rear's straight-blade flail. Weed populations
were counted during late winter, with volunteer tall fescue
being the primary weed, although roughstalk bluegrass
(Poa trivialis) and annual bluegrass (Poa annua) became
concerns in some treatments by the third year. Plots were
harvested by swathing into windrows followed by combin-
ing with a Wintersteiger plot combine when dry.

Most herbicide treatments provided adequate control of
volunteer tall fescue seedlings in VS and BFR management
in all three years (Table 1). Volunteer tall fescue seedling
ground cover in the untreated checks in BFR varied from a
high of 53% in 1994 to a low of 12% in 1995, while in VS
it varied from 22% in 1993 to 1% in 1995. The poor es-
tablishment of tall fescue seedlings in the 1994-95 growing
season was probably caused by high rainfall and prolonged
standing water. Volunteer tall fescue control was signifi-
cantly better in VS than BFR in 22 out 32 cases, with both
systems providing near total control in another 8 cases.
The trend for improved performance of VS over time was
probably related to better operating conditions or greater
operator expertise. Dual followed by Goal+Diuron pro-
vided nearly total control in all cases. Postemergence ap-
plication of Goal+2.4 lbs/acre Diuron without a preemer-
gence treatment provided only 76% control in BFR in
1994. Prowl incorporated with a rotary rake tedder was
significantly more effective than simple surface application
in 4 out of 6 cases in BFR, while differences were nonsig-
nificant in VS.

Treatments had no significant effect on seed yield in 1993
for both VS and BFR (Table 2). In 1994, VS yielded sig-
nificantly more than BFR for 3 out of 11 herbicide treat-
ments. Lowest yield for both VS and BFR occurred in
plots which had been the untreated checks the previous
year, pointing to the potential for year-old volunteer crop
seedlings and other weeds to compete with the crop. Yield
in 1994 with BFR for surface-applied Prowl without any
post-emergence treatment was also reduced by competition
with year-old seedlings. In 1995, VS yielded significantly
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more than BFR for 7 out of 12 herbicide treatments. Yields
were low in 1995 in plots which had been untreated checks
in previous years in both VS and BFR. Yields were also
low in 1995 for the sequential Goal followed by
Goal+Diuron treatment, similar to results obtained in other,
earlier studies.

Weed control was generally poorer in FSLC than VS or
BFR, despite application of more aggressive herbicide
treatments in FSLC (Table 3). Incorporated Prowl by itself
provided an average of 67% control of volunteer tall fescue
seedlings. A tank-mix of the maximum labeled rates of
Goal+Diuron applied mid-postemergence controlled an
average of 62% of the seedlings, while the sequential ap-
plication of early postemergence Goal followed by late
postemergence Diuron controlled slightly more, an average
of 67%. Best control was achieved by early postemergence
Goal+Dual followed by late postemergence Diuron, al-
though this treatment still allow nearly 7 times as many
seedlings to establish as occurred with preemergence Dual
followed by postemergence Goal+Diuron in VS and BFR.
Incorporated Prowl significantly improved control in all
cases in the first two years, and when applied without any
postemergence treatment in the third year.

Tall fescue seed yield with FSLC management (Table 4)
was substantially lower than with VS or BFR (Tables 2) in
1993, 1994, and 1995. Tall fescue grown with FSLC man-
agement appeared to suffer from both competition with
weeds and injury from herbicide treatments. Weeds in-
cluded volunteer tall fescue seedlings, older volunteer
plants, roughstalk bluegrass, and annual bluegrass. Lowest
yields in FSLC in 1993 occurred in treatments which al-
lowed large numbers of seedling tall fescue and roughstalk
bluegrass to survive. Lowest yields in 1994 (464 lbs/acre,
Table 4) occurred in plots which had been the fully un-
treated checks in the first year of the study, receiving nei-
ther preemergence incorporated Prowl nor any early or late
postemergence treatment. Yields were significantly lower
without preemergence treatment than with Prowl incorpo-
rated through the straw for 3 out of the 8 postemergence
treatments in 1993, 5 out of 8 in 1994, and 3 out of 8 in
1995 (Table 4). Averaged over all postemergence herbi-
cide treatments, total yields over the three year period for
incorporated-Prowl exceeded those for the no-preemer-
gence treatment by 451 lbs/acre. Highest yields in 1994
occurred for preemergence Prowl-only (1018 lbs/acre) and
for preemergence Prowl followed by early Goal+Dual and
late Diuron (1051 lbs/acre). While tall fescue is generally
less sensitive to competition from volunteer crop seedlings
than perennial ryegrass is, tall fescue yield in 1994 was
reduced by weed competition (seedling volunteers plus
roughstalk bluegrass) in the no preemergence, no post-
emergence full straw check (766 lbs/acre) compared to the
preemergence Prowl-only treatment (1018 lbs/acre). In
1995, postemergence treatments in FSLC had no signifi-
cant effects on seed yield in the preemergence incorpo-
rated-Prowl blocks. In the no preemergence treatment



block, Goal+Dual followed by Diuron was highest yield-
ing, while Goal+Diuron followed by Diuron was lowest
yielding.

By 1995, Poa spp. (roughstalk bluegrass plus annual blue-
grass) occupied a total of 8% of the available space in the
FSLC no preemergence, no postemergence check. The
next highest population of roughstalk bluegrass was found
in plots that had been untreated checks the previous grow

Table 1. Effects of herbicide treatments on volunteer tall fescue seedling ground cover in 1993-1995.

2.0 Prowl

2.0 Prowl raked-in

2.0 Prowl

1.0 Prowl raked-in

2.0 Prowl raked-in

2.0 Prowl raked-in2

2.0 Prowl raked-in3

0.25 Goal

2.0 Dual
2.0 Prowl

None
None

Herbicide treatments'

* Vacuum-sweep and
'Application dates for
Nov. 24, 1992; Oct. 4,
2 Treatment applied to
plots in all years.
Treatment applied in

None
cd
None
ab
0.12 Goal+1.6 Diuron
bc
0.12 Goal+1.6 Diuron
ab
0.12 Goal+l.6 Diuron
ab
0.12 Goal+1.6 Diuron2
ab
0.12 Goal+1.6 Diuron3
ab
0.12 Goal+1.6 Diuron
ab
0.12 Goal+1.6 Diuron
0.12 Goal+0.56 metribuzin
bcd
0.25 Goal+2.4 Diuron
None

ing season. Second highest populations of annual blue-
grass were found in the no preemergence, Goal+Diuron
mid-postemergence treatment. Prowl was extremely effec-
tive in controlling Poa spp., especially when combined
with other reasonably effective treatments. Roughstalk
bluegrass was also well controlled by the VS operation. In
BFR conditions, raked-in Prowl was more effective for
controlling roughstalk bluegrass than surface application.

Vacuum sweep Bale/flaillrake

6.6 c 0.5 a * 0.2 a * 7.9 d 5.6 d 1.9

4.2 c 0.2 a* 0.4 a 5.4 cd 1.4 ab 0.7

2.2 b * 0.2 a * 0.1 a * 4.3 c 2.8 bc 1.0

2.0 b * 0.2 a 0.1 a 4.3 c 0.6 a 0.4

1.7 b * 0.0 a * 0.1 a 2.1 b 0.8 a 0.6

1.2 b* 0.8 a 5.9 d 0.7

0.3 a 0.6

1.4 b * 0.2 a * 0.1 a 5.0 c 5.6 d 0.6

0.3 a 0.1 a* 0.1 a 0.5 a 1.3 ab 0.2 a
1.7 b * 0.3 a * 0.1 a * 3.3 bc 4.2 cd 1.2

1.4 b * 0.2 a * 0.3 a * 3.8 c 12.5 e 2.3 d
22.0 d * 7.7 c * 0.7 a * 45.2 e 53.1 f 11.7 e

bale/flail chop/rake treatments differ significantly in each respective year.
1993, 1994, and 1995 harvests: Prowl raked-in, all other PRE, and all POST = Sept. 22, Oct. 8, and

Oct. 21, and Nov. 24, 1993; and Oct. 6, Oct. 21, and Dec. 9, 1994, respectively.
plots used as untreated checks for previous harvest. All other treatments were applied to the same

1993-94 and 1994-95 growing seasons to plots used as untreated checks for 1993 harvest.
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Pre-emergence Post-emergence 1993 1994 1995 1993 1994 1995

Means over herbicide treatments 2.6 * 0.5 * 03 * 4.7 3.8 1.2

(lbs a.i./acre) (% ground cover)



Table 2. Effects of herbicide treatments on tall fescue seed yield in 1993-1995.

Herbicide treatments1 Vacuum sweep Bale/flail/rake

Pre-emergence Post-emergence 1993 1994 1995 1993 1994 1995

(lbs a.i./acre) (lbs/acre)

2.0 Prowl None 1976 a 1153 abc* 1040 a-d 1771 a 933 b 934
ab

2.0 Prowl raked-in None 1781 a 1199 ab* 1057 ab 1775 a 1027 ab 985 a
2.0 Prowl 0.12 Goal+1.6 Diuron 1864 a 1110 abc 1043 abc* 1797 a 1012 ab 837

abc
1.0 Prowl raked-in 0.12 Goal+1.6 Diuron 1767 a 1116 abc 971 ae* 1910 a 1014 ab 805

bcd
2.OProwlraked-in 0.12 Goal+1.6 Diuron 1826 a 1050 cd 1019 ad* 1966 a 1066 ab 857

abc
2.0 Prowl raked-in2 0.12 Goal+1.6 Diuron2 965 d* 863 ef1' 726 C 694

cd
2.0 Prowl raked-in3 0.12 Goal+1.6 Diuron3 749 f 716

cd
0.25 Goal 0.12 Goal+1.6 Diuron 1874 a 1109 abc 891 deF 1827 a 1024 ab 664 d
2.0 Dual 0.12 Goal+1.6 Diuron 1978 a 1243 a 900 c-f 1903 a 1140 a 844

abc
2.0 Prowl 0.12 Goal+0.56metribuzin 1798 a 1151 abc 985 a-e 1990 a 1026 ab 938

ab
None 0.25 Goal+2.4 Diuron 1727 a 1131 abc 960 be* 1856 a 1019 ab 799

bcd
None None 1730 a 1089 bcd 1120 a* 1893 a 1088 a 937

ab

Means over herbicide treatments 1838 1114 967 * 1857 1012 834

* Vacuum-sweep and bale/flail chop/rake treatments differ significantly in each respective year.
dates for 1993, 1994, and 1995 harvests: Prowl raked-in, all other PRE, and all POST = Sept. 22, Oct. 8, and

Nov. 24, 1992; Oct. 4, Oct. 21, and Nov. 24, 1993; and Oct. 6, Oct. 21, and Dec. 9, 1994, respectively.
2
Treatment applied to plots used as untreated checks for previous harvest. All other treatments were applied to the same

?lots in all years.
Treatment applied in 1993-94 and 1994-95 growing seasons to plots used as untreated checks for 1993 harvest.
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Table 3. Effects of herbicide treatments on volunteer tall fescue seedling ground cover in 1993-1995, continuous full

straw load chop management.

Postemergence herbicide treatments'
Preemergence treatment incorporated through straw

Incorporated Prowl None

Early post-emergence Late post-emergence 1993 1994 1995 1993

(lbs a.i./acre) (% ground cover)

0.25 Goal+2.0 Dual 2.4 Diuron 0.6 a* 0.9 a* 2.4 a 4.4 a
0.25 Goal+1.0 Sinbar 1.6 Diuron 1.0 a 0.5 a* 6.1 ab 4.8 a
0.25 Goal+1.0 Sinbar2 1.6 Diuron2 1.0 a* 13.3 b
0.25 Goal+0.56 metribuzin 1.6 Diuron 4.4 b* 0.5 a* 4.8 a 21.3 b

ab
0.25 Goal 2.4 Diuron 3.1 b* 2.5 a* 3.7 a 13.8 b

ab
0.38 Goal+0.8 Diuron3 1.6Diuron 23.1 c" 2.4 a* 5.5 ab 57.5 c

ab
None Mid-POST 0.38 GoaI+2.4 Diuron 3.0 b* 0.7 a* 3.2 a 16.4 b

ab

None None 20.5 c" 9.1 b* 5.2 ab* 69.6 c

Means over herbicide treatments 4.3 * 1.5 * 5.0 17.4

* Preemergence incorporated Prowl differ significantly from no preemergence herbicide in each year.
'Application dates for 1993, 1994, and 1995 harvests: Incorporated Prowl, early POST, mid POST, and late POST = Sept.

21, Oct. 28, Nov. 24, and Dec. 16, 1992; Oct. 13, Nov. 8, Nov. 8, and Dec. 21, 1993; and Sept. 29, Nov. 14, Dec. 9, and
Dec. 20, 1994, respectively. Incorporated Prowl was a granular formulation raked through straw the first two years, while

it was the EC formulation sprayed under the straw with a modified Rear's straight bladeflail chopper the last year.
2 Treatment applied to plots used as post-emergence untreated checks for the previous harvest. All other treatments were

applied to the same plots in all years.
with 15 gallacre Enquik+0.8 lbs/acre diuron instead of 0.38 lbs/acre Goal+0.8 lbs/acre diuron the first year only.
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1994 1995

5.7 a 3.4 a
6.0 a 4.4 a
8.9 ab 5.4 a

12.8 ab 7.0

9.2 ab 6.4

8.5 ab 5.8

9.9 ab 8.0

24.2 b 15.8 b

9.7 6.4



Table 4. Effects of herbicide treatments on tall fescue seed yield 1993-1995, continuous full straw load chop
management.

Postemergence herbicide treatments'
Preemergence treatment incorporated through straw

Incorporated Prowl None

(lbs a.i./acre) (lbs/acre)

0.25 Goal+2.0 Dual 2.4Diuron 1645 ab 1051 a* 873 a 1437 bc 851 a 1000 a
0.25 GoaI+1.0 Sinbar 1.6Diuron 1656 ab 828 bcd 940 a* 1657 ab 682 ab 703

bc
0.25 Goal+1.0 Sinbar2 1.6 Diuron2 806 cd* 795 a 464 C 635

bc
0.25 Goal+0.56 metribuzin 1.6Diuron 1661 ab* 989 ab* 824 a 1358 c 735 ab 662

bc
0.25 Goal 2.4Diuron 1804 a* 802 cd 816 a 1563 ab 741 ab 793 b
0.38 Goal+0.8 Diuron3 l.6Diuron 1646 ab* 699 d 883 a* 1339 c 572 bc 578 c
None Mid-POST 0.38 Goal+2.4Diuron 1609 ab 931 abc* 875 a 1724 a 746 ab 723

bc
None None 1482 b 1018 a* 929 a* 1441 bc 766 a 675

bc

Means over herbicide treatments 1639 891 867 1530 695 721

* Preemergence incorporated Prowl differ significantly from no preemergence herbicide in each year.
'Application dates for 1993, 1994, and 1995 harvests: Incorporated Prowl, early POST, mid POST, and late POST = Sept.
21, Oct. 28, Nov. 24, and Dec. 16, 1992; Oct. 13, Nov. 8, Nov. 8, and Dec. 21, 1993; and Sept. 29, Nov. 14, Dec. 9, and
Dec. 20, 1994, respectively. Incorporated Prowl was a granular formulation raked through straw the first twoyears, while
it was the EC formulation sprayed under the straw with a modified Rear's straight blade flail chopper the lastyear.
2

Treatment applied to plots used as post-emergence untreated checks for the previous harvest. All other treatments were
applied to the same plots in all years.

with 15 gal/acre Enquik+0.8 lbs/acre diuron instead of 0.38 lbs/acre Goal+0.8 lbs/acre diuron the firstyear only.
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Early post-emergence Late post-emergence 1993 1994 1995 1993 1994 1995



WEED CONTROL IN PERENNIAL
RYEGRASS - THIRD YEAR RESULTS

G. W. Mueller-Warrant, S.C. Rosato and D.S. Culver

Vacuum sweep (VS), bale/flail chop/needlenose rake
(BFR), and full straw load chop in place (FSLC) manage-
merit have been imposed on two Pennant perennial ryegrass
fields since their first harvest in summer 1992. Herbicide
treatments have been applied to the same subplots each
year with a few exceptions: untreated checks have been
rotated with duplicate applications of relatively aggressive
treatments, an Enquik+0.8 lbs/acre Diuron treatment in
FSLC for the first year was replaced with Goal+0.8 lbs/acre
Diuron for the next two years, and granular rake-incorpo-
rated Prowl in FSLC the first two years was replaced the
third year with the standard EC formulation sprayed under
the straw using a modified Rear's straight-blade flail. Half
of the FSLC area was managed uniformly the first year
using VS, preemergence Prowl, and postemergence
Goal+1 .2 lbs/acre Diuron, receiving FSLC management the
next two years. Weed populations were counted during
late winter, with volunteer perennial ryegrass being the
primary weed, although annual bluegrass (Poa annua) was
present in a few treatments by the third year. Plots were
harvested in 1994 by swathing into windrows (July 9 south,
July 14 north valley) followed by combining with a Win-
tersteiger plot combine when dry (Aug. 16-19 south, Aug.
10-12 north valley). The windrows received rain during
mid-July, and many seedlings germinated before combin-
ing. The BFR and VS operations were completed by
August 17 at the north and August 19 at the south valley
site. In the FSLC blocks, the straw was first baled to weigh
it, and then returned to the plots and spread out with a rake-
tedder. The north valley site was tedded August 15, and
the south valley August 22. However, this straw was not
chopped until the new Rear's straight-blade flail with her-
bicide-applying capability became available: south valley
full straw was chopped Oct. 3, while north valley was
chopped Sept. 27. Prowl was applied under the straw to
half of the plots during the straw chop operation. Injury
was visually rated as percent missing crop growth in the
rows versus a full, healthy stand. Crops were swathed July

8 and 12, 1995, at the south and north valley sites.

Volunteer perennial ryegrass seedlings emerging from
cracks in the soil or from under the straw layer were in the
1-leaf stage at the south valley site when the first treat-
ments were applied in early October 1994, and had ad-
vanced to the 2 to 3-leaf stage by mid-October when addi-
tional "preemergence" treatments were applied. Seedlings
at the north valley site did not emerge until later, and were
in the 1-leaf stage when the final "preemergence" treat-
ments were applied there. Differences in emergence were
due to 2 inches of rain which fell in very early October at
the south but not the north valley site. At the south valley
site, volunteer seedling density in the FSLC untreated
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check was lower than in previous years, producing only
29% ground cover between the rows (Table 4), in contrast
to 69% ground cover in the BFR untreated check (Table 2).
Volunteer seedling ground cover in the untreated checks
was near normal at the north valley site (Tables 2 and 5).
Extensive injury to the established crop plants occurred
with FSLC management at the south valley site. The injury
rating of 36% for the FSLC check (Table 4), which re-
ceived no herbicide, was higher than for any of the herbi-
cide treatments in the VS and BFR environments (0% in-
jury for the BFR untreated check and 32% for the most
damaging herbicide treatment in VS, Table 2). The low
volunteer seedling density and the injury to the parent
plants in the FSLC untreated check may have been a result
of phytotoxic properties of the decaying straw, which was
raked and flail chopped while wet on Oct. 3 in both the
incorporated Prowl and the no-preemergence herbicide
blocks.

At the south valley site, Prowl applied under the straw gave
good volunteer control, but caused 60-64% damage, a level
that might affect yield, and certainly exceeds what growers
would desire. Applying other herbicides on top of plots
already treated with Prowl further increased crop injury. A
full rate of Goal+Diuron applied Nov. 28 caused the same
amount of damage as the Prowl-under-straw treatment, but
left over twice as many volunteer seedings alive. Surface
application of Prowl on top of the straw did not increase
injury beyond that in the untreated check, but only con-
trolled 25% of the volunteer seedlings. Applications of
Goal plus low rates of Diuron or Metribuzin on Nov. 8 to
plots previously treated with surface-applied Prowl did
achieve good volunteer control, but raised crop injury to
around 60%. Results with Dual under straw were similar to
those with surface-applied Prowl in crop injury and seed-
ling control. All plots that received late December appli-

cation of Diuron or Goal + Diuron were virtually de-
stroyed, with injury ratings from 90 to 99% (Table 4).

At the north valley site, FSLC was not nearly as damaging
as at the south site. Untreated checks in the FSLC and BFR
environments possessed similar volunteer stand densities
(Tables 2 and 5). Crop injury was acceptable (less than
60% damage) for a large number of treatments in FSLC at
the north valley site (19 out of 29 treatments, Table 5), a!-

though still higher than in VS or BFR (which averaged 29

and 23% crop injury over all herbicide treatments). Not all

treatments in FSLC at the north valley site provided ade-
quate volunteer control (Table 2). Prowl-under-straw did
not provide adequate volunteer control without follow-up
treatment, such as Nov. 7 Goal + low rate Diuron or
Goal+Dual. Application of Diuron or Goal+Diuron in late
December caused serious crop injury, although not as se-
vere as at the south valley site.

One possible explanation for the greater injury in the FSLC

tests this year than in previous years is the timing of me-
chanical manipulation of the straw. Chopping straw in the

FSLC blocks had been completed by early September in



previous years, and the 3 week delay in chopping in late
summer of 1994 may be the primary reason for the greater
crop injury. Damage was most severe in blocks receiving
their third consecutive year of full straw management, but
was almost as bad in the second-year areas. The tests did
not have a new first year full straw treatment in the 1994-
95 growing season. Plant samples dug this spring revealed
high numbers of inhibitory microorganisms in the full
straw blocks. Given the weak condition of the ryegrass in
the second and third year full straw no-herbicide checks, it
is not surprising that most of the herbicide treatments
caused serious stand loss. Still, the substantially greater
crop injury seen this year than in previous years poses a
problem for growers desiring to use FSLC management in
their perennial ryegrass.

At the north valley site, seed yield in VS plots was not af-
fected by herbicide treatment, and averaged 1068 lbs/acre
(Table 3). In BFR plots, the three highest yielding treat-
ments averaged 1191 lbs/acre, significantly outyielding the
three lowest yielding treatments, which averaged 1004
lbs/acre. Two of the three lowest yielding treatments were
also the treatments with the poorest control of volunteer
perennial ryegrass (the untreated check and postemergence-
only Goal+Diuron, Table 2). Yield in FSLC blocks was
also strongly affected by volunteer seedlings: the four
treatments with poorest control averaged 846 lbs/acre,
whereas the remaining 25 treatments averaged 1069
lbs/acre (Table 5). Interestingly, the two treatments with
the highest injury ratings (around 85% damage, Nov. 8
Goal+Dual followed by Dec. 20 1.6 lbs/acre Diuron, with
or without Sept. 27 Prowl-under-straw) were the highest
yielding treatments at this site.

Injury at the south valley site was much more severe than
at the north site, and residue management treatments dif-
fered in yield, with VS and BFR greatly outyielding FSLC
(Tables 3 and 4). Nearly all of the perennial ryegrass
plants present at harvest in those FSLC plots that had ex-
ceeded 90% injury came from seedlings that germinated in
late winter and early spring after the herbicides had dissi-
pated. Perennial ryegrass yielded well for all herbicide
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treatments with both VS and BFR management. Raked-in
Prowl followed by Goal+Diuron applied to plots that had
been the untreated checks in the previous growing season
produced the highest yield in both VS and BFR. Many
surviving plants from the previous year's seedlings were
present in this treatment, but had been thinned and suffi-
ciently injured to be mistaken for current-year seedlings,
and their presence increased the seed yield. Yield for the
postemergence-only Goal+Diuron treatment in VS man-
agement was significantly reduced compared to the four
highest yielding treatments, a result of competition from
inadequately controlled seedlings. Yield with FSLC man-
agement was reduced by all treatments exceeding an April
crop injury rating of 64%. The most severely injured plots,
the ten treatments that received Diuron or Goal+Diuron in
late December, averaged only 311 lbs/acre of seed. Treat-
ments providing adequate control of volunteer seedlings
with FSLC management at the south valley site without
reducing seed yield included Prowl under straw, Prowl on
straw or Dual under straw followed by Nov. 8
Goal+Diuron or Goal+Metribuzin, and Roundup row
spray.

Numerous herbicide treatments provided adequate control
of volunteer seedlings over all three years with VS and
BFR management, and maintained normal seed yields.
Results with FSLC management were much more variable,
with some treatments providing adequate volunteer seed-
ling control in one year but not another, or at one site but
not another. Similarly, crop tolerance under FSLC man-
agement varied from year to year and site to site. When
volunteer seedlings were adequately controlled and crop
injury was not excessive, perennial ryegrass grown with
FSLC management produced similar yields to that grown
with VS or BFR. While other weeds did not become seri-
ous problems at these sites, annual bluegrass was present
by the end of the study in those VS and BFR plots that had
not received Prowl, while it was absent in all Prowl-treated
plots and in all treatments under FSLC management.



Table 1. Crop injury in vacuum sweep and bale/flail/rake at both perennial ryegrass sites, 1995 harvest.

Herbicide treatments (lbs ai/acre)' South valley perennial ryegrass North valley perennial ryegrass

Pre-emergence Post-emergence VS BFR Average VS BFR Average

Means over herbicide treatments 13 * 8 10 28 22 25

* Indicates vacuum sweep and bale/flaillrake differed significantly.
1 Prowl raked-in, other pre-emergence treatments, and all post-emergence treatments were applied in fall 1994 at south and

north valley sites on Oct. 7 and 12, Oct. 21 and 24, and Nov. 28 and 5, respectively.
2Treatment applied for two years to plots used as untreated checks for the 1993 harvest.
3Treatment applied to plots used as untreated checks for the 1994 harvest.
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(% less than full stand in early spring)

Prowl 2.0 None 8 abc 4 a 6 a-d 34 c * 17 abc 25 bcd
Prowl 2.0 raked-in None 15 cd * 6 ab 11 de 34 c * 21 bcd 28 cd
Prowl 2.0 Goal 0.12 + Diuron 1.2 11 bc 5 ab 8 cd 29 bc 25 c-f 27 cd
Prowl 1.0 raked-in Goal 0.12 + Diuron 1.2 20 de 12 b 16 e 27 bc * 19 bcd 23 bc
Prowl 2.0 raked-in Goal 0.12 + Diuron 1.2 26 ef 30 d 28 f 30 bc 32 f 31 d

Prowl 2.0 raked-in2 Goal 0.12 + Diuron 1.2 32 f * 22 c 27 f 32 bc 31 ef 31 d

Prowl 2.0 raked-in3 Goal 0.12 + Diuron 1.2 4 ab 3 a 3 abc 33 bc * 23 b-e 28 cd

Goal 0.25 Goal 0.12 + Diuron 1.2 10 abc 4 ab 7 bed 28 bc 27 def 27 cd

Dual 1.5 Diuron 1.6 10 abc * 2 a 6 a-d 25 b 24 b-f 24 bc

Prowl 2.0 Goal 0.12 + Metribuzin 0.56 8 abc 3 a 6 a-d 29 bc 24 b-f 26 cd

None Goal 0.25 + Diuron 1.6 2 a 0 a 1 a 25 b 16 ab 20 b

None None 5 ab 0 a 2 ab 7 a 10 a 9 a



Table 2. Volunteer perennial ryegrass seedling ground cover in vacuum sweep and bale/flail/rake at both sites, 1995
harvest.

Herbicide treatments (lbs ai/acre)' South valley perennial ryegrass North valley perennial ryegrass
Pre-emergence Post-emergence VS BFR Average VS BFR Average

(% ground cover)

Prowl 2.0 None 39 e 49 cde 44 de 2 bc * 17 ef 6 c
Prowl 2.0 raked-in None 13 bc * 27 cd 19 b 1 bc * 17 ef 6 c
Prowl 2.0 Goal 0.12 + Diuron 1.2 16 c * 39 cde 25 bc 1 ab * 7 ab 3 a
Prowl 1.0 raked-in Goal 0.12 + Diuron 1.2 11 bc * 30 c 19 b 3 d * 13 cde 7 c
Prowl 2.0 raked-in Goal 0.12 + Diuron 1.2 4 a * ii a 7 a 0 a * 9 abc 3 a
Prowl 2.0 raked-in2 Goal 0.12 + Diuron 1.2 7 ab * 16 ab 11 a 1 ab * 10 b-e 3 a
Prowl 2.0 raked-in3 Goal 0.12 + Diuron 1.2 30 de 32 c 31 cd I abc * 16 def 5 bc
Goal 0.25 Goal 0.12 + Diuron 1.2 16 c * 36 cd 24 bc 1 abc * 6 a 3 a
Dual 1.5 Diuron 1.6 12 bc * 34 c 21 bc 2 cd * 23 f 7 c
Prowl 2.0 Goal 0.12 + Metribuzin 0 56 19 cd * 40 cde 28 bc I abc * 9 a-d 4 ab
None Goal 0.25 + Diuron 1.6 44 e 65 de 53 e 13 e * 58 g 27 d
None None 45 e 69 e 56 e 29 f * 81 g 49 e

Means over herbicide treatments 18 *34 25 2 * 16 6

* Indicates vacuum sweep and bale/flail/rake differed significantly.
1

Prowl raked-in, other pre-emergence treatments, and all post-emergence treatments were applied in fall 1994 at south and
north valley sites on Oct. 7 and 12, Oct. 21 and 24, and Nov. 28 and 5, respectively.
2 applied for two years to plots used as untreated checks for the 1993 harvest.

applied to plots used as untreated checks for the 1994 harvest.

Table 3. Perennial ryegrass seed yield in vacuum sweep and bale/flail/rake at both sites, 1995 harvest.

Herbicide treatments (lbs ai/acre)' South valley perennial rvgrass North valley perennial ryegrass
Pre-emergence Post-emergence VS BFR Average VS BFR Average

(lbs/acre)

Prowl 2.0 None 1176 abc 1145 bc 1161 bc 1065 a 1111 ab 1088 abc
Prowl 2.0 raked-in None 1202 abc 1149 bc 1176 bc 1160 a 1096 ab 1128 ab
Prowl 2.0 Goal 0.12 + Diuron 1.2 1192 abc 1054 c 1123 bc 1075 a 1192 a 1134 ab
Prowl 1.0 raked-in Goal 0.12 +Diuron 1.2 1111 bc 1214 b 1163 bc 1013 a * 1183 a 1098 abc
Prowl2.Oraked-in Goal0.12+Diuronl.2 1200 abc 1222 b 1211 b 1053 a 1059 ab 1056 abc
Prowl 2.0 raked-in2 Goal 0.12 + Diuron 1.2 1111 be 1188 bc 1149 bc 1052 a 1089 ab 1071 abc
Prowl2.0 raked-in3 GoalO.12+Diuronl.2 1277 a 1382 a 1329 a 1129 a 1129 ab 1129 ab
Goal 0.25 Goal 0.12 +Diuron 1.2 1214 ab 1216 b 1215 b 1119 a 1197 a 1158 a
Dual 1.5 Diuron 1.6 1216 ab 1179 be 1197 b 1080 a 1107 ab 1094 abc
Prowl 2.0 Goal 0.12 +Metribuzin 0.56 1128 ab 1189 be 1158 be 997 a 1006 b 1002 c
None Goal 0.25 +Diuron 1.6 1051 c 1112 be 1082 c 1052 a 995 b 1024 be
None None 1101 be 1107 be 1101 be 1026 a 1011 b 1018 be

Means over herbicide treatments 1165 1180 1172 1068 1098 1083

* Indicates vacuum sweep and bale/flail/rake differed significantly.
1

Prowl raked-in, other pre-emergence treatments, and all post-emergence treatments were applied in fall 1994 at south and
north valley sites on Oct. 7 and 12, Oct. 21 and 24, and Nov. 28 and 5, respectively.
2

applied for two years to plots used as untreated checks for the 1993 harvest.
applied to plots used as untreated checks for the 1994 harvest.
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Table 4. Crop injury, volunteer stand, and seed yield at south valley perennial ryegrass, 1995 harvest, full straw load.

Herbicide treatment (lbs ai/acre, application dates faIl 1994)

Prowl 2.0 under straw, Oct. 3/Dual 1.5 + Diuron 1.2, Nov. 8
/Dual 1.5 + Diuron 1.2, Nov. 8/Diuron 0.8, Dec. 22*

Prowl 2.0 under straw, Oct. 3/Dual 1.5 + Diuron 1.2, Nov. 8/Diuron 0.8, Dec. 22*

Banded Roundup + Goal + Diuron, Nov. 28
Banded Roundup, Nov. 28

Means over herbicide treatments

*Thffd year full straw treatment. All others are second year full straw.

Crop injury,
April 1995

Vol. Perennial
ryegrass seedling

ground cover
Crop seed yield

July 8, 1995

(% less than
full stand) (% cover) (lbs/acre)

Untreated check* 36 a 29 i 1124 a-e

Prowl 2.0 under straw, Oct. 3* 64 b 4 g 961 dg
Prowl 2.0 under straw, Oct. 3 60 b 4 g 1176 a-d

Prowl2.0 on straw, Oct. 21 37 a 21 i 1301 ab

Prowl 2.0 on straw, Oct. 21/Goal 0.38 + Diuron 0.8, Nov. 8 62 b 3 g 1188 a-d

Prowl 2.0 on straw, Oct. 21/Goal 0.25 + Metribuzin 0.25, Nov. 8 59 b 4 g 1203 abc

Dual 1.5 under straw, Oct. 7 32 a 16 hi 1316 a
Dual 1.5 under straw, Oct. 7/Goal 0.38 + Diuron 0.8, Nov. 8 64 b 2 efg 1217 abc
Dual 1.5 under straw, Oct. 7/Goal 0.25 + Metribuzin 0 25, Nov. 8 59 b 4 g 1231 abc

Prowl 2.0 under straw, Oct. 3/Goal 0.25 + Diuron 0.8, Nov. 8 74 cd 2 d-g 832 ghi
--/Goal 0.25 + Diuron 0.8, Nov. 8/Goal 0.12 + Diuron 1.2, Dec. 22* 90 efg 1 b-f 435 kIm

Prowl 2.0 under straw, Oct. 3/Goal 0.25 + Diuron 0.8, Nov. 8/Goal 0.12 + Diuron 1.2, Dec. 22* 98 g 0 ab 268 mno

Prowl 2.0 under straw, Oct. 3/Goal 0.25 + Dual 1.5, Nov. 8 86 ef 1 a-d 610 ijk
/Goal 0.25 + Dual 1.5, Nov. 8/Diuron 1.6, Dec. 22* 97 g 0 abc 326 l-o

Prowl 2.0 under straw, Oct. 3/Goal 0.25 + Dual 1.5, Nov. 8/Diuron 1.6, Dec. 22* 99 g 0 a 103 o

Prowl 2.0 under straw, Oct. 3/Goal 0.25 + Metribuzin 0.25, Nov. 8 66 bc 2 efg 1077 cde
/Goal 0.25 + Metribuzin 0.25, Nov. 8/Goal 0.12 + Diuron 1.2, Dec. 22* 94 fg 1 a-d 394 klm

Prowl 2.0 under straw, Oct. 3/Goal 0.25 + Metribuzin 0.25, Nov. 8/Goal 0.12 + Diuron 1.2, Dec. 22* 97 g 0 abc 236 Imo

Prowl 2.0 under straw, Oct. 3/Goal 0.25 + Sinbar 0.5, Nov. 8 76 cd 1 c-f 932 efg
/, Goal 0.25 + Sinbar 0.5, Nov. 8/Goal 0.12 + Diuron 1.2, Dec. 22* 93 fg 1 a-d 398 k-n

Prowl 2.0 under straw, Oct. 3/Goal 0.25 + Sinbar 0.5, Nov. 8/Goal 0.12 + Diuron 1.2, Dec. 22* 98 g 0 ab 167 no

84d Oab 67lhij
93 fg I a-c 461 jkl
94 fg 0 abc 318 l-o

34 a 1 a-d 1303 ab
34 a 1 a-c 1306 ab

74 2 783

/Goal 0.38 + Diuron 1.6, Nov. 28* 61 b 10 h 1082 b-f
Prowl 2.0 under straw, Oct. 3/Goal 0.38 + Diuron 1.6, Nov. 28* 83 de 3 fg 869 fgh
Prowl 2.0 under straw, Oct. 3/Goal 0.38 + Diuron 1.6, Nov. 28 76 d 1 a-f 859 fgh



Table 5. Crop injury, volunteer stand, and seed yield at north valley perennial ryegrass, 1995 harvest, full straw load.

Herbicide treatment (lbs ailacre, application dates fall 1994)

* Third year full straw treatment. All others are second year full straw.

Crop injury,
April 1995

Vol. Perennial
ryegrass seedling

ground cover
Crop seed yield

July 8, 1995

(% less than
full stand) (% cover) (lbs/acre)

Untreated check*
Prowl 2.0 under straw, Sept. 27*
Prowl 2.0 under straw, Sept. 27

/Goal 0.38 + Diuron 1.6, Dec. 5*
Prowl 2.0 under straw, Sept. 27/Goal 0.38 + Diuron 1.6, Dec. 5*
Prowl 2.0 under straw, Sept. 27/Goal 0.38 + Diuron 1.6, Dec. 5
Prowl 2.0 on straw, Oct. 12
Prowl 2.0 on straw, Oct. 12/Goal 0.38 + Diuron 0.8, Nov. 7
Prowl 2.0 on straw, Oct. 12/Goal 0.25 + Metribuzm 0 25, Nov. 7
Dual 1.5 under straw, Oct. 10
Dual 1.5 under straw, Oct. 10/Goal 0.38 + Diuron 0.8, Nov. 7
Dual 1.5 under straw, Oct. 10/Goal 0.25 + Metribuzin 0.25, Nov. 7
Prowl 2.0 under straw, Sept. 27/Goal 0.25 + Diuron 0.8, Nov. 7

/Goal 0.25 + Diuron 0.8, Nov. 7/Goal 0.12 + Diuron 1.2, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Goal 0.25 + Diuron 0.8, Nov. 7/Goal 0.12 + Diuron 1.2, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Goal 0.25 + Dual 1.5, Nov. 7

/Goal 0.25 + Dual 1.5, Nov. 8/Diuron 1.6, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Goal 0.25 + Dual 1.5, Nov. 8fDiuron 1.6, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Goal 0.25 + Metribuzin 0.25, Nov. 7

/Goal 0.25 + Metribuzin 0.25, Nov. 7/Goal 0.12 + Diuron 1.2, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Goal 0.25 + Metribuzin 0.25, Nov. 7/Goal 0.12 + Diuron 1.2, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Goal 0.25 + Sinbar 0.5, Nov. 7

/Goal 0.25 + Sinbar 0.5, Nov. 7/Goal 0.12 + Diuron 1.2, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Goal 0.25 + Sinbar 0.5, Nov. 7/Goal 0.12 + Diuron 1.2, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Dual 1.5 + Diuron 1.2, Nov. 7

/Duall.5 +Diuron 1.2, Nov. 7/Diuron 0.8, Dec. 20*
Prowl 2.0 under straw, Sept. 27/Dual 1.5 + Diuron 1.2, Nov. 7/Diuron 0.8, Dec. 20*
Banded Roundup + Goal + Diuron, Nov. 28
BandedRoundup,Nov.28
Means over herbicide treatments

16 a 79 q 951 c-g
31 bc 31 op 911 d-g
31 bc 24 i-p 868 efg
48 efg 23 k-p 1119 a-d
49 efg 9 e-j 1008 b-f
56 f-i 3 a-d 984 b-f
25 ab 43 pq 744 g
46 ef 16 i-o 1067 a-e
42 de 12 h-rn 1030 b-e
29 b 71 q 779 fg
58 ghi 9 f-j 1119 a-d
55 fgh 20 j-p 1005 b-f
49 efg 8 d-i 1075 a-e
69 jkl 11 g-1 1084 a-e
64 h-k 5 b-g 1174 abc
49 efg 7 c-i 1105 a-e
85 m 4 b-f 1298 a
86 m 1 a 1200 ab
48 efg 11 h-k 1080 b-e
66 ijk 10 f-k 1093 a-e
74 ki 3 abc 1005 b-f
41 cde 11 h-k 943 c-g
70 jk 5 b-g 1117 a-d
79 im 2 ab 1119 a-d
48 efg 14 i-rn 984 b-f
60 hij 12 h-rn 1163 abc
61 hij 4 a-e 1060 a-e
30 b 6 b-h 969 b-f
33 bcd 26 mop 1068 a-e
53 11 1041



STAND DENSITY EFFECTS ON ANNUAL
RYEGRASS SEED CROPS

W. C'. Young III, 7'. G. Chastain, ME, Mellbye,
C.J. Garbacik and B.M Quebbeman

Introduction
Historically, annual ryegrass (Lolium mu1tflorum) growers
have used no-till establishment methods to seed annual
ryegrass crops following open field burning. Thus, follow-

ing initial seedbed preparation and drilling in the estab-
lishment year, annual ryegrass seed crops would be contin-
ued for three to five years using a cost-conserving no-till
management. Recently, however, restrictions on open field
burning have resulted in less than one-third of the annual
ryegrass acreage being burned.

Most growers have resorted to flail chopping the straw,
plowing, and planting with conventional drill equipment on
a majority of their acreage. Economic analyses have
shown that switching from burn and no-till to chop and
plow decreased net return by over $55 per acre; or, in-
creased the break-even price from 200/lb to 230/lb. Annual
ryegrass seed crops are grown on poorly drained soils in
the Willamette Valley and, in general, this grass species
has had the lowest profit margin. Producers of annual
ryegrass have been less able to absorb cost increases as-
sociated with non-burning alternatives.

To avoid increased costs, some growers have experimented
with volunteering a crop from the shattered seed of the
previous crop. In this situation, the grower needs only to
flail chop the straw as no tillage or seeding is required.
These stands are normally much denser than those which
are no-till seeded or drilled following plowing. Normal
seeding rates of 15 to 20 lb/a can be exceeded by 10 times
or more in the volunteer system, assuming a 10% seed loss
on a 2000 lb/a yield (200 Ib) in the previous crop. Even
when fields are plowed all of the shattered seed from the
previous crop is mixed into the soil during seed bed
preparation.

Early efforts to thin dense stands of volunteer annual rye-
grass using herbicides to band-spray "inter-rows" has met
with mixed results. What these experiences forced us to
admit was that we didn't really know what the optimum
stand density for maximum seed yield was in annual rye-
grass. Thus, a trial was established to study the impact of a
wide range of seeding rates in both row-planted and broad-
cast-sown systems, which would simulate a volunteer stand
at different densities.

Procedure
A 3.3 acre field located at the Hyslop Crop Science Re-
search Farm was seeded in September 1994. The field had
been summer fallowed in 1993 following perennial rye-
grass and wheat, then fall-seeded to Austrian peas and
crimson clover. These green manure crops were plowed
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down in the spring of 1994 and the site was summer fal-

lowed prior to planting.

Nine treatments were selected to provide a wide range of
possible stand densities that could be found in a volun-
teered field. These nine treatments included four seeding
rates that were drilled in twelve inch rows. These first four
treatments were drilled at 3, 6, 12, and 24 lb/a. The other
five treatments were all broadcast seeded at 24, 48, 96, 192
and 384 lb/a. Each plots was 15 x 200 feet and replicated
three times in a randomized completed block design.

Gulf annual ryegrass was seeded at Hyslop on September
28, 1994, using a conventional double disk drill set on 12

inch rows and calibrated to the seeding rates mentioned
previously. The broadcast seeding was completed on the
same date using a Gandy Orbit-air seeder. This seeder
meters out seed into tubes and blows it out to where the
ends of the tubes are connected to a boom. No fertilizer
was applied at the time of sowing.

Herbicide management included an application of Nortron
applied on November 3, 1994, at a rate of 3 pt/a (4 lb
a.i./gal), and 2 pt/a Bronate for control of speedwell and
wild garlic on February 1, 1995. Fertilizer management
was 200 lb/a 16-20-0 (32 lb N/a) on February 6, and 82 lb
N/a (urea) on March 30, 1995. Herbicide and fertilizer
applications were uniformly broadcast across all

treatments.

On January 26, 1995, plants were removed from a 4 x 12

inch area and counted to determine the actual stand density
established. In addition, biomass was determined on oven-
dry weight of plant samples. The stand was evaluated
again on June 2 (near peak anthesis) by sampling a 12 x 12
inch area from which fertile and vegetative tiller numbers
were determined, as well as subsamples to determine
spikelet and floret number per inflorescence. Yield as-
sessment was determined from a 9 ft swath cut through the
center of each 200 ft plot. Swathing date was June 27, and
combine harvest was completed on July 21, 1995. A weigh
wagon was used to determine the bulk seed weight har-
vested from each plot. Clean seed yield was calculated
from percent cleanout values obtained from the bulk seed
and from the seed laboratory purity results.

Results
As expected, stand density paralleled the range of seeding
rates within this study (Table 1). Dry weight per seedling
was inversely related to stand density, thus, at lower densi-
ties individual seedlings were larger in size. Nevertheless,
total above ground dry weight of the seedling population
increased as the stand became more dense. However, by

the time the stand was nearing maturity there was no dif-

ference in the total above-ground biomass (Table 2).



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

Planting density had a profound effect on the total number
of tillers at maturity (Table 2). A greater number of both
vegetative and fertile tillers were present at the higher
seeding rates. However, the percent of the total tiller
population that became fertile was greater at lower densi-
ties. Although there was a fewer number of fertile tillers at
lower densities, their spikes were over twice as long as
those developed under the greatest stand density (Table 3).
As expected, a greater number of spikelets per spike and
florets per spikelet (particularly in the lower and middle
spikelets) were observed on the larger inflorescenses.

Seed yield was reduced at higher densities (Table 4).
Broadcast seeding rates greater than 24 lb/a significantly
reduced seed yield. The highest seed yield was observed at
the 24 lb/a drill-planted treatment, although seeding lower
rates in drill rows did not significantly reduce yield. There
was no difference in percent cleanout or in harvest index
[the ratio of economic yield (seed) to biological yield (total
above ground biomass)].
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Table 4. Harvest characteristics of Gulf annual ryegrass
established at different densities, 1995.

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

These data clearly show that an excess stand density will
have a deleterious effect on seed yield. An optimum den-
sity appears to fall within a seeding rate range of 3 to 24
lb/a. This is within the normal seeding rate of 15 to 20 lb/a
for annual ryegrass, although volunteer cropping systems
can exceed this optimum by 10 times or more. Even when
unburned fields are plowed all of the shattered seed from
the previous crop is mixed into the soil during seed bed
preparation, thus, many commercial annual ryegrass stands
are too dense to achieve maximum seed yield.

Acknowledgments: This research was supported in part
throughfundsfrom the Grass Seed Cropping Systems for a
Sustainable Agriculture Special Grant program adminis-
tered by USDA-Cooperative States Research Education
and Extension Service.

Table 1. Effect of planting density on stand establish-
ment and dry weight in Gulf annual ryegrass,
January 1995.

Seeding
rate

Seedlings
per

unit area

Above-
ground dry weight

per per
seedling unit area

(no./sq. ft.) (mg/seedling) (g/sq. ft.)

Drill, 3 11 a* 58.4 f 0.6 a
Drill, 6 24 a 53.5 ef 1.2 ab
Drill, 12 34 ab 46.7 def 1.6 ab
Drill, 24 78 c 41.6 cde 3.1 cd
Broadcast, 24 70 bc 36.5 cd 2.6 bc
Broadcast, 48 167 d 26.2 bc 4.3 d
Broadcast, 96 381 e 18.6 ab 7.0 e
Broadcast, 192 784 f 12.5 ab 9.6 f
Broadcast, 384 1617 g 9.1 a 14.8 g

Seeding
rate

Harvest
index Cleanout

Seed
yield

lb/A (%) (lb/a)

Drill,3 15 11.0 1522 cd*
Drill,6 14 13.5 1506 cd
Drill, 12 13 12.9 1551 cd
Drill, 24 14 9.8 1610 d
Broadcast, 24 11 12.8 1413 bcd
Broadcast, 48 9 15.3 1211 ab
Broadcast, 96 11 13.8 1299 abc
Broadcast, 192 11 13.6 1304 abc
Broadcast, 384 11 15.4 1091 a



Table 2. Effect of planting density on spring tiller production in Gulf annual ryegrass, June 1995.

Seeding
rate Total Vegetative

lb/A (no./sq. ft.)

Drill,3 118 a* 53 a
Drill,6 122 a 55 a
Drill, 12 162 a 84 a
Drill, 24 147 a 61 a
Broadcast, 24 151 a 59 a
Broadcast, 48 230 a 90 a
Broadcast, 96 423 b 208 b
Broadcast, 192 544 bc 273 b
Broadcast, 384 635 c 395 c
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*Means in columns followed by the same letter are not significantly different by Fisher's protected LSD values (P=0.05)

Table 3. Effect of planting density on seed yield components of Gulf annual ryegrass, June 1995.

Seeding Spikelets Florets per spikelet Spike

rate per spike Bottom Middle Top Mean length

lb/A (no.) (cm)

Drill, 3 25 d* 9 d 10 c 7 8 26.6 d

Drill,6 27 d 10 cd 11 c 7 9 26.1 d

Drill, 12 26 cd 9 cd 9 bc 7 8 26.5 d

Drill, 24 25 cd 8 bc 8 ab 6 7 25.2 cd

Broadcast, 24 23 bc 8 bc 9 bc 7 8 24.3 cd

Broadcast, 48 23 bc 8 bc 10 bc 7 8 22.8 c

Broadcast, 96 21 b 7 ab 8 ab 5 9 19.4 b

Broadcast, 192 14 a 5 a 6 a 5 5 14.0 a

Broadcast, 384 12 a 5 a 6 a 5 5 12.8 a

*Means in columns followed by the same letter are not significantly different by Fisher's protected LSD values (P0.05)

Above-

Tillers ground
Fertile % Fertile dry weight

(%) (ton/a)

65 a 55 bcd 5.2

68 a 55 bcd 5.7

78 ab 48 ab 6.1

85 ab 59 bcd 5.8

92 ab 61d 6.1

140 b 60 cd 6.7

216 c 51 bcd 6.1

271 c 50 bc 6.1

240 c 38a 5.2



CROP RESIDUE MANAGEMENT AND
ESTABLISHMENT SYSTEMS

FOR ANNUAL RYEGRASS SEED
PRODUCTION

W. C Young III, T G. C'hastain, ME. Mellbye,
Cf Garbacik andB.M Quebbeman

Introduction
Few studies have focused on the improvement of cropping
systems for annual ryegrass seed production. A low-cost
production system based on open field burning of post-har-
vest residue followed by no-till drilling to establish the
subsequent crop has been very effective. Consequently,
much of the Willamette Valley's annual ryegrass produc-
tion acreage has been in a continuous annual production
cycle based on open field burning followed by no-till
drilling to establish the subsequent crop.

Recent restrictions on open field burning have resulted in
less than one-third of the annual ryegrass acreage being
burned. The most common nonthermal residue manage-
ment strategy currently used by annual ryegrass growers is
flail chopping and plowing under the crop residue before
conventional preparation of a seed bed for the next crop.
Other crop establishment strategies, however, are evolving.
These nonthermal management options include: (i) remov-
ing the straw by baling and seeding into the stubble by no-
tillage methods, and (ii) producing a new seed crop with
seed lost from the previous crop (volunteering) without any
straw removal. The producer's objective in choosing either
option is to cut the production costs over standard seed bed
preparation.

Currently there is little off-farm market opportunity for
annual ryegrass straw, thus baled straw is disposed of under
stack burning provisions of the state's smoke management
program. Both operations (baling and stack burning) result
in additional grower expense. Volunteer cropping with
total straw residue remaining on the soil surface is not
without problems. Growers perceive that volunteered
stands produce lower seed yields than drilled stands, al-
though no scientific comparisons have been made.

Thus, we designed a study to investigate low cost crop
residue management and seeding practices for annual rye-
grass seed production, and to determine the effects of crop
residue management and seeding practices on establish-
ment, growth, development, and yield of subsequent annual
ryegrass seed crops.

Procedure
The two on-farm sites near Halsey, OR were selected for
field scale experiments using grower-owned, commercial
size farm equipment. One on-farm site, owned by John and
David Smith, is located on a tiled, Woodbum silt loam soil,
and is moderately well drained. Gulf Annual Ryegrass has
been grown on it continuously for at least the past twenty

23

years. The cropping system and residue management his-
tory is as follows:

1993 straw flailed, plowed, and conventionally drilled.
1992 straw burned and no-till drilled.
1991 straw flailed, plowed, and conventionally drilled.
1990 straw burned and no-till drilled.

The other on-farm site is owned by Jack Pimm. This site is
located on a Dayton silt loam soil and is poorly drained. In
the two previous years this field was planted to TAM-90
annual ryegrass; prior to 1992 this field was producing tall
fescue seed. The cropping system and residue management
history for the past two years is as follows:

1993 Straw burned and no-till drilled.
1992 Straw burned and no-till drilled.

In July-August, 1994 straw was baled and removed from
half the plots at both sites. The remaining straw was flailed
twice. The baled plots were flailed once to keep stubble
height consistent in all treatments. Straw samples were
taken following baling and flailing to assess the amount of
straw that remained in the baled and full straw plots. Fol-
lowing this straw management, the conventionally tilled
treatments were plowed and worked into a seed bed at both
sites.

The two on-farm sites were drilled with the same no-till
drill. This drill seeded 15 lb/a and also band-applied 120
lb/a (broadcast equivalent) of dry fertilizer (16-20-0) in the
drilled row. The row spacing on the drill was ten inches.
The drill was pulled over the volunteer plots, applying only
the fertilizer, to keep the fertilizer application consistent
over all treatments. Seeding dates at Pimms and Smiths
were September 8 and September 15, 1994, respectively.

The experimental design used was achieved a randomized
split block design, where each site has three main treat-
ments: (i) plow and conventional drill, (ii) no-till drill, and
(iii) volunteer. Each main plot treatment is split, with half
having the straw baled and removed and half having the
straw flailed and left on the soil surface. In total, six treat-
ments were arranged in three replications at each site.

Plot size was 25 x 400 ft at Smiths and 22 x 600 ft at
Pimms, which allowed plots to be harvested with the grow-
ers' swathers and combines. A weigh wagon was used to
determine the bulk seed weight harvested from each plot.
Clean seed yield was calculated from percent cleanout val-
ues obtained from the bulk seed and from the seed labora-
tory purity results.

Roundup herbicide (1 pt/a) was applied about one week
after seeding to no-till plots at both sites for the control of
volunteer seedlings that had germinated on the soil surface.
This technique, known as a "sprout spray," can be effective
in controlling stand density when there is a "sprout" of vol-
unteer seedlings before the crop emerges. Absence of early
fall rains limited soil moisture and reduced the effective-
ness of this practice in 1994. Treatment with Nortron her-



bicide was broadcast at 3 pt/a (4 lb a.i./gal) in mid-Novem-
ber to all plots. The growers' normal fertilizer manage-
ment (135-140 lb N/a in early April) was broadcast applied
to all plots.

In January 1995, plants were removed from a 4 x 10 inch
area and counted to determine the actual stand density es-
tablished. In addition, plant biomass was dried and
weighed. The stands were evaluated again in June (near
peak anthesis) by sampling a 10 x 10 inch area from which
fertile and vegetative tiller numbers were determined, as
well as subsamples to determine spikelet and floret number
per inflorescence. Yield assessment was determined by
swathing through the center of each plot (June 29 and July
3 at Smiths and Pimms, respectively). Combine harvest
was completed on July 27 August 4 at Smiths and Pimms,
respectively.

Results
Stand density was significantly greater in no-till and volun-
teer established plots at both locations (Tables 1 and 2).
No-till established plots had a slightly greater density over
volunteer established plots suggesting that no benefit re-
sulted from the "sprout spray" treatment. Dry weight per
seedling was inversely related to stand density, thus, at
lower densities individual seedlings were larger in size.
Nevertheless, total above-ground dry weight of seedlings
from the drill seeded stand was less than the biomass in the
no-till or volunteer stands. Straw removal (baling) had no
effect on stand density or above ground dry weight.

Table 1. Effect of establishment cropping system on
stand establishment and dry weight of TAM 90
annual iyegrass at Pimm Farm, January 1995.

(no./sq. ft.) (mg/seedling) (g/sq. ft.)

Sowing method
Drill 179 a* 38 b 5a
No-till 1143 b 12 a 12 b
Volunteer 1013 b 15 a 13 b

Residue removal
Bale
No removal

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

766 24 10 No-till

791 19 11 Volunteer

(no./sq. ft.)

Residue removal
Bale
No removal

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

Straw removal did affect total tiller population at maturity
at the Pimm site (Table 3). Regardless of stand density, a
high percentage (70 - 79%) of the stand was comprised of
fertile tillers. Fertile tiller number at Pimms was signifi-
cantly higher in both no-till and volunteer established
stands where straw was baled and removed (Table 4).
Fertile tiller number was not affected by straw management
in drill sown plots. No significant effect on spring tiller
production was observed at the Smith site (data not shown).

Table 3. Effect of establishment cropping systems on
spring tiller production in TAM 90 annual rye-
grass at Pimm Farm, June 1995.

(%) (g/sq. ft.)

5.2
5.3
5.2

5.4
5.0

**

*Means in columns followed by the same letter are not
significantly different by Fisher's protected LSD values
(P=O.05)
* * Significant sowing method x residue removal interaction

Cropping
system

Seedlings
per

unit area

Above-ground dry weight
per per

seedling unit area

(no./sq. ft.) (mg/seedling) (g/sq. ft.)

Sowing method
Drill 382 a* 23 7a
No-till 1845 b 13 18 b
Volunteer 1545 b 15 19 b

Residue removal
Bale 1463 16 14

No removal 1051 18 15

230 71 159 70

621 148 474 75

531 108 423 79
**

521 b* 105 416 78

400 a 112 288 72

Table 2. Effect of establishment cropping system on
stand establishment and dry weight of Gulf an-
nual iyegrass at Smith Farm, January 1995.

Above-
Tillers ground

Cropping
system Total Vegetative Fertile Fertile weight

% dry

Seedlings Above-ground dry weight
Cropping per per per
system unit area seedling unit area



Table 4. Interaction of sowing method and residue re-
moval on fertile tiller number in TAM 90 an-
nual ryegrass at Pimm Farm, June 1995.

Residue
removal

Cropping
system

Sowing method
Drill No-till Volunteer

(no./sq. ft.)

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

Seed yield was significantly lower in the drill sown plots at
Pimms (Table 5). No significant difference in seed yield
was observed at Smiths (Table 6). Seed yields above the
industry average were obtained across treatments at both
sites. It is likely that differences in soil drainage character-
istics and varieties at these two sites could explain the
different results observed. Percent cleanout was slightly
higher at Pimms where the full straw load was left on the
field, and at Smiths cleanout was greater in the no-till and
volunteer treatments. These field treatments will be main-
tained for two additional crop years; thus, our first-year
results should not be used to establish conclusive recom-
mendations.

Table 5. Harvest characteristics of TAM 90 annual rye-
grass established under different cropping sys-
tems at Pimm Farm, 1995.

Harvest characteristics
Harvest Seed

index Cleanout yield

(%) (lb/a)
Sowing method

Drill 21 1.6 2218 a*
No-till 25 1.5 2507 b
Volunteer 26 1.4 2605 b

Residue removal
Bale 23 1.4 a 2246
No removal 25 1.6 b 2440

*Means in columns followed by the same letter are not
significantly different by Fisher's protected LSD values
(P=0.05)
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Table 6. Harvest characteristics of Gulf annual ryegrass
established under different cropping systems at
Smith Farm, 1995.

Cropping
system

Harvest characteristics
Harvest Seed
index Cleanout yield

(%) (lb/a)

* Means in columns followed by the same letter are not
significantly different by Fisher's protected LSD values
(P=0.05)
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MANAGING SLUGS IN GRASSES
GROWN FOR SEED

G. C. Fisher, I T. DeFrancesco, and R.N Horton

Section 1: Effects of Post Harvest Residue Management
on Slug Populations
Trials were established in various types of grass seed fields
(perennial ryegrass, tall fescue, and Chewings fescue) in
the Willamette Valley to determine the effects of posthar-
vest crop residue management practices on slug
populations.

As part of a larger, on-going study, the crop residue man-
agement treatments had been in place for at least three
years; for this current study, slug populations were moni-
tored in selected residue management regimes during Oc-
tober, November, and December 1995. Not all fields had
similar residue treatments but included, among others, a
"clean" treatment (where crop residue was either burned,
raked, or baled/vacuumed) and a "full straw" treatment
(where crop residue was cut and left in field). Each crop
residue treatment plot was approximately 22 ft. x 400 ft.
and replicated three times in a randomized block experi-
mental design.

Sowing method
Drill 26 3.1 a* 2596
No-till 28 3.8 b 2421
Volunteer 27 3.7 b 2257

Residue removal
Bale 28 3.6 2424
No removal 26 3.5 2425

Bale 147 a 549 b 552 b
No removal 172 a 399a 295a



Slug populations were determined using open bait stations
consisting of four metaldehyde bait pellets per station. Ten
bait stations were established every 40 feet within each
treatment plot; number of slugs visiting each bait station
was recorded 24 hours after each baiting episode.

Results:
Two of the perennial ryegrass fields (cultivars Prelude II
and Sherwood) behaved similarly, in that the full straw
treatments had anywhere from two to nine times as many
slugs as did the "clean" treatments (Table 1).

Table 1. Effects of perennial ryegrass crop residue man-
agement at three Willamette Valley sites

Site! No. of slugs per plot'

cultivar Treatment 11/10 11/16 12/21 Avg.

Prelude II Bale + vacuum 4 15 11 10

Full straw 20 62 29 37
*2 ** NS

'Total number of slugs from 10 bait stations per plot for
each evaluation date.
2 ns, ', * * = no significance, significance at 5%, and sig-
nificance at 1%, respectively.

In the perennial ryegrass field planted to cv. Pinnacle, the
burn plots (considered "clean") had, for two of the three
evaluation dates, twice as many slugs as did the non-burned
plot (Table 1). This trend appeared, also, in the Chewings
fescue field; the burned plots had more slugs than did the
bale/vacuum or bale/flail plots (Table 2). These results are
contrary to the popular belief that a burned field is

"cleaner" (has less straw residue) and, thus, is a less desir-
able habitat for slugs.

Differences due to crop residue treatments were not signifi-
cant in the Tall fescue plots (Table 2). Replicate number
three consistently had a greater number of slugs for all
treatments; the large variability between replicates in this
field is probably the main reason for the lack of statistical
significance.
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Table 2. Effects of crop residue management on slug
populations.

Location! No. of slugs per plot'

grass type Treatment 10/18 10/25 11/16 Avg.2

Discussion:
The burn and no-burn fields will be monitored for fauna
composition 1996 to determine the presence and role of
slug predators. Our current hypothesis is that natural
predators may play a significant role in regulating slug
populations. It's possible that burning may result in
predator mortality and/or emigration, resulting in greater
slug survivorship than in unburned fields. It's unlikely that
burning has any significant direct effect on slug popula-
tions due to the subterranean habits of slugs during the
warm summer months.

Weather had a significant effect on the number of slugs
visiting the bait stations. The cold, dry weather that pre-
vailed in early November resulted in very low number of
slugs (data not shown). Windy nights also resulted in low
numbers of slugs visiting the bait stations. These trends
were apparent regardless of location, grass type, or type of
crop residue practices emphasizing that to get an valid as-
sessment of slug population, monitoring needs to be con-
ducted after a still, preferably moist, night.

Section 2: Gray Garden Slug: Response To Various
Commercial Baits
Effective slug baits are very attractive to slugs, weather
well, and should provide substantial mortality over a num-
ber of days. We tested these traits in a variety of commer-
cial baits including: Deadline Bullets & Granules, Wilbur
Ellis- 4% metaldehyde, Alco Slug, Snail & Sowbug killer,
RCO- slug & snail bait, First Choice- 4% carbaryl & 2%
metaldehyde, Wilbur Ellis- 5% carbaryl, and an experimen-
tal carbaryl bait. All experiments were conducted in sepa-
rate locations on a third year perennial ryegrass seed field
in Linn Co., Or in the fall, 1995.

Sherwood Raked 0.7 8.7 2 4

Full straw 3.3 21 19 14

NS NS **

Pinnacle Burn 14 81 151 82

No burn 7 42 131 60
NS NS NS 11

Stayton/ Bale + vacuum 12a3 l9a 8a 13

Chewings Bale + chop 13a 21a 16b 8

fescue Open burn 28 a 29 b 28 c 28

Lebanon! Bale + vacuum 32 a 26 a 92 a 50

Tall Straight-blade flail 34 a 20 a 91 a 48

fescue Cony. Flail +
partial rake 29 a 26 a 105 a 53

Total number of slugs from 10 bait stations per plot for
each evaluation date.
2 statistical analysis on averaged slug populations.

Means followed by the same letter in each column do not
differ significantly based on Fisher's protected LSD
(P=0.05).



The first experiments included 7.5 lb and 15 lb per acre
applications of bait. The eight products and an untreated
check were set out in plots 21 ft2 (equaling 1/100th of an
acre) and replicated four times using a randomized block
design. Plots were evaluated 10 DAT (days after treatment)
using bait stations to establish relative numbers of slugs in
treated plots compared to the untreated check (Table 3).

Table 3. Efficacy of baits applied at 7.5 & 15 lb for-
mulated product per acre. Average number of
Gray Garden Slugs attracted to a bait station 10
DAT.

'Plots evaluated 10 DAT

The same baits were also evaluated for their attractiveness
to the Gray Garden Slug after weathering. In the first trial,
weathering consisted of exposing the equivalent of three
pellets of bait to 0.10 & 0.25 inches of water by sprinkler.
Each bait and water level were replicated five times in a
randomized block design. The baits were then placed in the
field and the numbers of slugs attracted to each bait the
next morning were recorded (Table 4). A second weather-
ing experiment, consisted of placing the equivalent of three
pellets of bait in the same location at a later date and allow-
ing the local weather to have its affect. Five replications of
each bait were placed in a randomized block design. Num-
bers of slugs visiting the baits over a period of six days
were recorded (Table 5). These raw data show that all of
the baits lost attractiveness over the six day period (Figure
1). Most baits attracted few slugs after the first three or four
days.
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Table 4. Effect of 0.10 and 0.25 inches precipitation
followed by 48 hours of weathering on attrac-
tiveness of baits to the Gray Garden Slug. Total
number of slugs recorded at baits the morning
following placement in the field. Large num-
bers of slug coming to the more attractive baits.

Bait
Total number of slugs
0.10 in. 0.25 in.

Deadline Bullets (Met 4%) 73 50
Wilbur Ellis (Met 4%) 38 26
Deadline Granules (Met 4%) 33 34
RCO Slug & Snail Bait 20 8

(Met 3.25%)
Western Farm Service First 17 35
Choice (Car 4%, Met 2%)

Alco Slug, Snail, & Sowbug
killer (Car 5%, Met 3%)

7 4

Experimental Carbaryl 7 1

Wilbur Ellis (Car 5%) 3 0

Average number of slugs'

15 lb. rate 7.5 lb. rate

Wilbur Ellis (Met 4%) 3.1 1.5

Deadline Granules (Met 4%) 1.3 1.7

Alco Slug, Snail & Sowbug killer 4.0 1.8
(Car 5%, Met 3%)

Deadline Bullets (Met 4%) 4.0 2.1
RCO Slug & Snail Bait 4.5 3

(Met 3.25%)
Western Farm Service First 14 3.3
Choice (Car 4%, Met 2%)

Experimental Carbaryl 15.7 8.4
Wilbur Ellis (Car 5%) 18.3 9.0
Untreated Check 32.4 13.9

Table 5. Total number of Gray Garden Slugs attracted to
baits over a six day period.

Bait Total number of slugs

Deadline Granules 114

Deadline Bullets 111

Wilbur Ellis 5% metaldehyde 90
First Choice (4% car & 2%) 78
RCO Slug & Snail bait 56
Alco Slug, Snail & Sowbug killer 49

(Car 5%, Met 3%)
Neilsen 5% carbaryl 17

Wilbur Ellis 5% carbaryl 13
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Figure 1. Number of Gray Garden Slugs attracted to baits
over a six day period.

In 1994 we observed the best time to bait for slugs was in
the fall (October) in the Willamette Valley. Sexually mature
Gray Garden Slugs began frequenting the soil surface with
regularity as dew points were reached in the late afternoon.
They readily accepted Bran and/or Metaldehyde baits,
traveling up to ten feet across bare soil to feed. Little
precipitation at this time extends bait longevity. Often cool
damp nights are followed by sunny warm days, greatly
enhancing mortality of slugs having fed on baits through
desiccation. Slug control is particularly important at this
time in dryland agriculture as it occurs at the beginning of
the reproductive cycle. Our research suggests that bran baits
containing metaldehyde are superior to carbaryl baits.
Deadline baits are particularly attractive, weather well and
result in the greatest control. The metaldehyde baits have
minimal impact on other organisms in the grass fields.
Lastly, the best rate for these baits is 7.5 lb/a as both the 15
& 7.5 lb rates had about the same affect on the slug popu-
lations at the 10 day after treatment time.

OCCURRENCE OF BLIND SEED IN THE
WILLAMETTE VALLEY

S.C. Alderman and H.R. Danielson

During 1995, several seed lots of tall fescue from the 1994
harvest had low germination (70-80%). The seed was ex-
amined and blind seed infection, caused by the fungus
Gloeotinia temulenta, was found in 10-20% of the seed.
The seed lots were traced to several fields of tall fescue.
Examination of seed from the fields prior to harvest in 1995
confirmed that high levels of infection reoccurred in the
fields. To determine the extent of blind seed infection
among seed samples in the Willamette Valley, a survey of
seed samples for blind seed infection was initiated.
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During July-December, 1995, samples of perennial ryegrass
or tall fescue seed sent to the OSU seed lab were sub-
sampled for blind seed testing. Five gram subsamples were
mixed with 15 ml water. After soaking 15 minutes, the
effluent was transferred to 15 ml test tubes. Tubes were
vigorously stirred on a vortex mixer and a 10 tl sample was
immediately taken and transferred to a hemacytometer
counting chamber. The number of conidia of Gloeotinia
temulenta in a 1 mm2 grid in the hemacytometer were
counted and recorded.

Samples were rated based on number of conidia present.
Conidial numbers of 0-100, 100-500, 500-1000, and greater
than 1000 corresponded to trace, low, moderate, or high
levels of infection. Samples with the highest level of
infection contained about 20% infected seed. Percent seed
infection was based on the individual testing of each of 96
seed, in each of four replications. Conidial numbers of
100-500 corresponded to about 1% infection.

High levels of infection were not observed in perennial
ryegrass and only two out of 2,243 samples examined were
rated at moderate infection (Table 1). Several samples of
tall fescue did occur at a high level of infection. These
samples were traced to the original fields found with high
blind seed during 1995. About 5% of the samples were
rated trace-low.

Table 1. Number of samples examined and number of
samples found with a trace, low, moderate, or
high level of blind seed infection.

This study will serve as a baseline from which to evaluate
future surveys. At this point it is too early to determine if
there is a significant trend of increasing blind seed
occurrence.

EFFECT OF DISEASE CONTROL ON
SEED YIELDS OF CREEPING RED

FESCUE

G.A. Gingrich and R.J. Burr

For the past ten or so years leaf and stem diseases have
been increasing in many Willamette valley fine fescue seed
fields. Stem and leaf rusts (Puccinia sp.) infest seed fields
of both Chewings and creeping red fescue. Many growers
now routinely apply fungicides for rust control. Past re-
search trial plots and grower experience has demonstrated

Samples Infection class
Grass examined trace low moderate high

Perennial rye 2243 32 2 2 0

Tall fescue 1278 65 20 4 3

Deadline Wilbur RCO Slug
Granules Ellis 5% & Snail

carbaryl



that properly timed fungicide applications can reduce rust
damage and increase seed yields.

Other leaf and stem diseases also are being found in some
creeping red fescue fields. Certain varieties are severely
affected and growers suspect that seed yields are being
reduced. The plant symptoms are similar to the stem eye-
spot (Didymella festucae) disease reported in red fescue
seed fields in the Peace River region of northern British
Columbia and Alberta Canada. During the past five years
OSU and USDA plant pathologists have attempted to iso-
late and identify the organism responsible for the disease
symptoms. To date the stem eyespot fungus reported in
Canada has not been identified as the cause of the leaf spots
found on creeping red fescue plants here. In 1995 USDA
Plant Pathologist Dr. Ron Welty was able to identify a fun-
gus called Spermospora blight on plant samples from area
creeping red fescue fields.

In 1995 two fields of creeping red fescue with a known
history of severe leaf spot infestations were selected for
trial sites to evaluate disease control and seed yield re-
sponse to applied fungicides. Experimental plots were es-
tablished in each field using a randomized complete block
design with four replications. Individual plots were 23 ft.
wide by 200 ft. long. Fungicides were applied with a trac-
tor mounted sprayer at 20 gallons water per acre using
Teejet XR8003 nozzles at 30 psi. A tank mix of Tilt and
Bravo was used to provide maximum disease control with-
out applying a large number of different treatment combi-
nations. Dates of applications, stage of plant growth and
application rates for each field site are presented in Table 1.
Except for the fungicide applications all other field opera-
tions were done by the grower. Yields were determined
using the grower's combine for threshing. Seed weight per
100 feet of windrow was determined and converted to yield
per acre. A subsample was collected from each plot and
analyzed for percent clean-out and weight per 1000 seeds.

Table 1. Application data for disease control in creeping
red fescue, 1995.

Fungicides applied each date: Tilt at 6 oz. plus Bravo at 2
pts per acre.

4/18/95 30-35% headed 15-20% headed

5/8/95 70% headed 80% headed

5/24/95 95% headed, 100% headed,
early bloom early bloom

Swathing date: 7/10/95 7/13/95
Combine date: 7/18/95 7/31/95
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Leaf spot symptoms were present at both locations, how-
ever in the 'Salem' location infection occurred later and
was less severe than in the 'Claudia' field. Seed yield in-
creases were obtained with all fungicide treatments when
compared to the untreated check plots. Seed weight was
determined and the fungicide applications provided greater
individual seed weights when compared to seed from the
untreated plots (Tables 2 & 3).

Table 2. Seed yield and seed weight of creeping red
fescue, cv. 'Claudia,' 1995.

Application
Dates

Clean- Clean
out seed wgt.

(%) (lb/A)

1000
seed wgt.

(g)

Table 3. Seed yield and seed weight of creeping red
fescue, cv. 'Salem,' 1995.

(%) (lb/A) (g)

In the 'Claudia' field there was also a significant infestation
of stem rust present. No attempt was made to evaluate the
level of infection nor the relative amount of leaf spot to rust
found on the plants. Two fungicide applications provided
greater seed yields than did a single treatment at both loca-
tions. The later treatments tended to have slightly greater
seed yields than did the early applications.

4/18/95 9.8 1051 1.203

4/18 + 5/8/95 6.9 1137 1.243

5/8 + 5/24/95 7.8 1165 1.247

Untreated 9.2 903 1.162

LSD 0.05 2.3 55 0.035

4/18/95 8.5 858 1.089

4/18 + 5/8/95 7.3 977 1.159

5/8 + 5/24/95 9.0 963 1.145

Untreated 12.2 634 1.080

LSD 0.05 3.5 54 NS

Application cv. 'Claudia' cv. 'Salem'
Dates Growth stage Growth stage

Appi. Clean- Clean 1000

Dates out seed wt. seed wgt.



On May 25 the grower applied 6 oz. Tilt per acre to the
remainder of the 'Claudia' field. Although not random-
ized, four windrow strips were harvested in the treated area
and four strips were harvested from an untreated area to
determine seed yield. The single, late application of Tilt
provided a combine run seed yield of 1177 lb/A and the
untreated check only 927 lb/A. This indicates that Tilt
alone does have an effect on reducing the damage from the
diseases present in this field and that seed yields can be
increased. Seed yield from the untreated swaths in this area
was higher than in the untreated, main plot area. This is
likely due to injury from wheel tracks through the center of
each plot during fungicide applications.

Acknowledgment: Appreciation is extended to loka Farms
for allowing the plots to be located on their fields and for
swathing and harvesting the plots. Also thanks to Dr. Ron
Welty, USDA Research Pathologist and Dr. Paul Koepsell,
OSU Ext. Plant Pathologist, Emeritus for their assistance
with disease ident?/Ication.

WEED SEED SURVIVAL IN COMPOSTED
GRASS SEED STRAW

D.B. Churchill, S.C. Alderman, G. W. Mueller-Warrant
and D.M Bilsiand

Composting of grass seed straw residue in the field pro-
vides a method of straw disposal and produces a potentially
valuable soil amendment. This process involves collection
and formation of straw into large windrows, which are then
repeatedly turned after sufficient rainfall has thoroughly
wetted the straw. However, since this form of composting
does not generate the uniform high temperatures achieved
in co-composting, survival of weed seed and plant patho-
gens contained in the compost is a concern.

The presence of certain weed species such as annual blue-
grass (Poa annua) and other crop seed can be grounds for
rejection or recleaning entire seed lots consisting of mil-
lions of pounds. Annual bluegrass seed is classified as a
noxious weed and the occurrence is prohibited in packaged
seed in most states. It is a susceptible host to ergot and
therefore represents a source of both ergot and weed seed
in perennial ryegrass seed lots. Annual ryegrass (Lolium
mult/lorum) is a widely occurring native or near-native
species and is therefore common in the region's fields.
Tall fescue (Festuca arundinacea Schreber) is a widely
cultivated grass seed crop with seed size and shape similar
to perennial ryegrass seed and therefore represents a seri-
ous separation problem when perennial ryegrass is

conditioned.

The objective of this study was to determine how different
compost management procedures such as number of turns,
straw collection method and depth of burial, affect the sur-
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vival of seeds of annual bluegrass, annual ryegrass, tall
fescue, blindseed, and ergot.

Turf-type perennial ryegrass (Lolium perenne) straw for
this study was collected after normal seed harvest in 1992
and again in 1993 using different straw collection methods
common to grass seed growers in this region. Long straw,
characterized by straw lengths of 4 inches to nearly 3.3 feet
and little fine material, was collected by raking into wind-
rows using a wheel rake and then using a tractor-mounted
buck-rake pushing these windrows together to form larger
windrows. Reclipped straw, characterized by straw parti-
cles with lengths less than 12 inches and some fine mate-
rial, was collected after the majority of the long straw was
raked and baled. Short straw, characterized by straw par-
ticles less than 4 inches and including considerable dust
and shattered seed, was collected after the long straw was
removed by raking and baling. The field was vacuumed
using a modified flail and forage harvester.

All three types of straw were formed into windrows and
turned either zero, two, four or six times throughout the
rainy season to determine the effect of straw collection
method, depth of burial and number of turns on weed seed
and pathogen propagule survival. During the 1992-1993
season a commercial straddle-type compost turner was used
to turn all windrows. A front-end loader was used to turn
windrows during the 1993-1994 season.

To determine survival of weed seed or pathogen propa-
gules, packets containing the seeds of annual bluegrass,
annual ryegrass, tall fescue, blindseed and ergot were in-
serted into the windrows at different locations. Packets,
with approximate dimensions of 1 by 3 inches and made
from 34 mesh nylon screen, heat-seamed and equipped
with grommet for attachment of nylon twine, were strung
together at 1 foot intervals so they could be inserted into
the windrows to depths of 1, 2 and 3 feet (Figure 1). In

1992, seed and pathogen propagules included tall fescue,
blindseed and ergot. In 1993, seed and pathogen propa-
gules included annual bluegrass, annual ryegrass, tall fes-
cue, blindseed and ergot.

Long Straw

Short or
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Figure 1. Example of field layout and typical replication
with packets containing weed seeds, ergot and blind seed.

Packets were removed before each turn of the compost and

reinserted immediately afterward. Construction and
placement of packets was intended to give seeds and



pathogen propagules exposure similar to the physical and
chemical conditions that nonpacketed particles receive in
the composting process yet enable their retrieval at the
test's conclusion. Internal temperatures were measured
weekly at depths corresponding to packet locations. After
approximately 8 months in the compost, packets containing
seeds and pathogen propagules were removed, cleaned and
contents germinated in the laboratory using standard ger-
mination tests for seeds and standard laboratory tests for
blindseed and ergot. Analysis of variance tests were con-
ducted to determine the significance of number of turns and
packet depth on survival of weed seeds and disease
propagules.

Results and Discussion
Results from 1992-93 - Commercial compost turner

Average and high internal temperatures and percent sur-
vival of blindseed, ergot, and tall fescue, in long and short
straw windrows with different numbers of turns with a
commercial, straddle-type compost turner during 1992-93
were determined. During the 1992-93 season, survival of
tall fescue seed in long straw windrows was not signifi-
cantly affected by number of turns or depth of burial. In
short straw windrows, the effect of depth of burial was in-
significant on tall fescue seed survival. However, in-
creased numbers of turns significantly reduced tall fescue
seed survival. Blindseed survival in long straw was not
significantly affected by either depth of burial or number of
turns. None of the blindseed propagules placed in short
straw windrows survived any number of turns or burial
depths. Survival of ergot in long straw was significantly
reduced by increased numbers of turns but not by burial
depth. None of the ergot propagules survived in short
straw at any number of turns or burial depth.

Results from 1993-94 - Front-end loader

Annual bluegrass seed survival in long straw windrows was
significantly reduced by increased number of turns but was
not affected by burial depth. Annual bluegrass seed did not
survive burial at any depth or any number of turns in re-
clipped straw. Survival of annual ryegrass seed in long
straw windrows was significantly reduced by increased
numbers of turns but not depth of burial. None of the an-
nual ryegrass seed placed in reclipped straw survived at
any depth or number of turns. Tall fescue seed survival
was significantly reduced by increased numbers of turns
but not by depth in long straw windrows. None of the tall
fescue seeds survived burial at any depth or at any number
of turns in reclipped straw.

Depth of burial and number of turns did not significantly
affect the survival of blindseed in long straw windrows and
none of the blindseed survived burial at any depth or any
number of turns in reclipped straw windrows. Ergot
propagule survival in long straw was significantly reduced
by increased numbers of turns but not by depth of burial.
Survival of ergot propagules in reclipped straw was not
significantly affected by number of turns or burial depth.
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Effect of turning method and straw collection method

An analysis of variance showed depth of burial had no
significant effect on the survival of the seeds and pathogen
propagules as a group turned by either method. Straw col-
lection method (and therefore straw type) had no signifi-
cant effect directly on mean survival of seeds or pathogen
propagules.

These results suggest that increased numbers of turns are
most important in controlling survival of weed seed and
pathogen propagules for all types of straw tested. Based on
a least significant difference test, this study demonstrated
that to minimize survival of annual bluegrass, ergot, annual
ryegrass, tall fescue, and blindseed required at least 4, 6, 2,
2, and 2 turns, respectively were required for maximum
reduction in survival (Table 1). As a general rule, compost
of all types of straw could be turned using either a com-
mercial compost turner or front end loader a minimum of
four turns for best overall control of the weed seed and
pathogen species tested here.

Thorough mixing to expose seeds and propagules to greater
depths, while possibly important in forming compost with
desirable physical properties, appears to be less important
than originally believed in controlling survival of seeds and
propagules. These findings suggest that growers compost-
ing straw should make an effort to turn compost frequently
but that the expense of exposing all portions of the compost
to greater depths may be less important in the survival of
the species tested here.

Summary and Conclusions
Greater numbers of turns and an increased internal tem-
perature of the compost windrow was found to reduce sur-
vival of all species. Depth of burial, straw collection
method, and therefore straw type, were largely insignificant
in survival of seeds and pathogen propagules. However,
differences in high and average temperatures did exist as a
result of number of turns, straw collection method and
depth of burial. Additionally temperature was significantly
affected by the interaction of these variables. Blindseed
was most susceptible to turning, with their survival being
eliminated with two or more turns. Tall fescue seed was
most resistant to the effects of turning with a small percent-
age surviving six turns in some cases.



Table 1. Mean survival of weed seeds and pathogen
propagules in composted grass seed straw.

(% survival)

Values in the same column with different letters are sig-
nificantly different (P=0.05).

WATER STRESS IMPACTS ON DIEBACK
OF PERENNIAL RYEGRASS SEED FIELDS

TM Velloza, T G. Chastain, W. C. Young III
and ME. Mellbye

Introduction
The premature decline of perennial ryegrass seed fields,
commonly known as dieback, is a widespread problem of
economic importance to seed producers. The incidence
and severity of dieback symptoms appears to vary among
perennial ryegrass varieties. Moreover, the severity of this
disorder has been observed to increase proportionally with
the age of the stand. One possible explanation for this phe-
nomenon is that as the plant ages it is increasingly less ca-
pable of withstanding water stress and producing the criti-
cal regrowth required for the development of the next sea-
son's crop. Young tillers are most vulnerable to stress
conditions, consequently, the plant's ability to replace older
tillers is markedly reduced under drought or other stress
conditions. The impact of water deficit at critical times in
the regrowth of the crop cannot be underestimated.

Extremely dry summers, as are sometimes experienced in
Oregon, no doubt impose water stress in the field that may
delay the regrowth of the crop in the fall. Most of the per-
ennial ryegrass seed crops in the Willamette Valley are
rain-fed, thus later rains in fall may hinder the regrowth
and development of the crop after summer harvesting. It
seems plausible that any factor adversely affecting the
growth of tillers in fall may also reduce subsequent flower-
ing and seed yield. Since there is limited information on
the effect of water supply on flowering and seed yield in
perennial ryegrass, we designed this study to assess the
impact of summer and early fall rainfall on the field per-
formance of perennial ryegrass seed crops. The fmdings of
this project could also be used to assist in irrigation man-
agement of perennial ryegrass seed crops.
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Our objectives include: (i) investigate how post-harvest
leaf and tiller development in perennial grass seed crops is
impacted by the timing, severity, and length of water stress;
(ii) identify potential relationships to flowering and seed
yield; and (iii) disseminate results through educational pro-
grams for producers and agricultural support industries.

Procedure
Field Studies
Affinity and Buccaneer perennial ryegrass were sown at
Hyslop Farm in fall 1994 to determine the impact of the
incidence and severity of water deficit on tiller growth and
development during the critical late summer and early fall
regrowth period. Plots were initiated in summer 1995 fol-
lowing seed harvest from the first seed crop.

Rain-out shelters and a special irrigation system were con-
structed and installed. Rain-out shelters were used to ex-
clude natural rainfall from all plots except the irrigation
treatments. Rainfall was simulated by using a drip-emitter
system specifically designed for small plot irrigation. The
device frame was 6 ft. by 25 ft. (same size as each plot) and
was constructed of 1 in. PVC pipe. The irrigation tubes
and the drip-emitters on each line of tubing were one ft. on
center. Water was delivered via a Pak tank by a piston-
driven pump, passing through a screen before output to the
plots. Pressure (PSI) and output (gal./min.) were also
measured.

The irrigation system was used to simulate significant rain-
fall events (one inch precipitation) in mid-August
(summer), in mid-September (early fall), and the combina-
tion of rainfall events during both periods. These treat-
ments were compared with no rainfall and ambient rainfall
conditions. To deliver the equivalent of one inch of pre-
cipitation, we used an output level of 1.25 gal.Imin for 75
minutes. Each treatment was replicated four times.

Sequential samples were taken at three weeks after each
treatment to follow plant development through the fall pe-
riod. Plant growth and developmental characteristics in-
cluding the number of leaves per tiller, the number of aerial
and basal tillers, tiller dry weight, tiller basal diameter, and
tiller height were measured. Water stress levels were
monitored using time domain reflectometry and infrared
thermometry.

The effect of summer and fall drought stress on flowering
in the following spring will be determined by taking fertile

tiller samples prior to harvest. Seed yield will be measured

by small plot swather and combine.

Controlled Environment Studies
We are now in the process of testing the responses of sev-
eral commercial perennial ryegrass cultivars to water stress.
These cultivars represent the range of dieback symptoms
from unaffected to high incidence and severity. Protocols
for controlled environment water stress trials have been
developed. We have tested a vapor pressure osmometer
method for measuring the level of water stress to be im-

0 45.25 a1 16.50 a 6.11 a 0.06 a 0.25 a

2 1l.16b 0.63b 0.85b 0.00b 0.15a
4 0.00 bc 0.00 b 0.21 b 0.00 b 0.06 b

6 0.00 bc 0.00 b 0.21 b 0.00 b 0.00 bc

Number
of Annual Annual Tall Blind

turns bluegrass ryegrass fescue seed ergot



posed by polyethylene glycol (PEG) solutions. Apparatus
for the osmotic adjustment of the modified Hoaglunds
(nutrient) solution to simulate water stress conditions has
been constructed. Our purpose is to learn whether water
stress is a causal factor in the development of dieback
symptoms in perennial ryegrass plants.

Progress
Preliminary data from our field studies reveal that the two
cultivars responded differently to water stress; however, no
rainfall generally produced less regrowth than other simu-
lated rainfall treatments (Table 1). There were no differ-
ences in tiller number or tiller basal diameter at the first
sampling date (7 August 1995). This date was immediately
after harvest and preceded the summer rainfall treatment.
Differences among simulated rainfall treatments became
apparent in later sampling dates.

Ambient conditions produced the highest number of total
tillers in both cultivars while no rainfall typically had the
lowest. Rainfall conditions in late summer and early fall
1995 were much above normal for the Willamette Valley.

It is noteworthy that in almost all cases the combined
summer and fall rain was not different from the summer
rainfall alone, though it was often better than rain in fall
only (Table 1). This may indicate that a summer rainfall
may be more critical than rain in the early fall. Combined
summer and fall rainfall events provided precipitation
roughly equivalent to the normal level attained during the
regrowth period, but tiller production in this treatment was
not different than that observed in the ambient rainfall
treatment, which received nearly twice normal precipita-
tion. No rainfall during the regrowth period reduced tiller
production by 30%.

Climatic data indicate that over the past 20 years, the aver-
age rainfall during the late summer and early fall period is
about 3 inches. Nevertheless, about 4 inches of precipita-
tion after seed harvest is required to produce the optimum
tiller population in perennial ryegrass (Figure 1). Both
cultivars responded to the amount of applied and natural
rainfall in the same manner. Therefore, perennial ryegrass
seed crops may be under moderate to severe levels of water
stress during summer and early fall in most years. Fur-
thermore, this stress may limit the plant's ability to recover
and produce tillers critical for persistence of the stand and
for next season's seed crop.

Though irrigation is expensive, it may be economically
feasible in many situations where water is available to
maximize stand persistence and seed yield. Since our
fmdings to date indicate that summer rainfall events are
more beneficial than early fall events for fall tiller produc-
tion, this characteristic may be used by breeders to select
for better drought tolerance and stand persistence in per-
ennial ryegrass seed fields. The efficacy of irrigation in
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perennial ryegrass will be better elucidated in the summer
when fertile tiller numbers and seed yield data will be ob-
tained and analyzed. We intend to continue the trials
through seed harvest in 1997.
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Impact of precipitation on Affmity and Bucca-
neer perennial ryegrass tiller populations dur-
ing post-harvest regrowth.



Table 1. Influence of quantity and timing of rainfall on post-harvest regrowth in perennial ryegrass seed crops.

Regrowth Rainfall
characteristics treatment

Basal diameter

Ambient
No rain
Summer rain
Fall rain
Summer + fall

Ambient
No rain
Summer rain
Fall rain
Summer + fall

132 a' 592 b
162a 380a
150 a 492 ab
l58a 368a
112a 554b

1.4 a 1.7 c
1.6 a 1.4 a
1.3 a 1.6 bc
1.4 a 1.6 bc
1.5 a 1.5 ab

INFLUENCE OF STUBBLE AND PLANT
GROWTH REGULATORS ON CREEPING

RED FESCUE SEED CROPS

PD. Meints, T. G. Chastain, W. C. Young III,
G.M Banowetz and C.i Garbacik

Introduction
Open-field burning is associated with stable seed yields in
creeping red fescue and Kentucky bluegrass. Creeping red
fescue and Kentucky bluegrass are both rhizome-forming
grass seed crops. Seed yields are often reduced in these
seed crops when standing stubble and straw remain in the
field after harvest. Understanding how the presence of
stubble affects regrowth is essential to developing ways to
produce creeping red fescue and Kentucky bluegrass seed
crops without fire. Our research has shown that creeping
red fescue has the greatest requirement for open-field
burning among grass seed crops grown in the Pacific
Northwest. Unlike Kentucky bluegrass, creeping red fes-
cue cannot be produced without fire. Elimination of field
burning would leave creeping red fescue producers without
residue management options.

Rhizome production often increases in fields where
nonthermal management has been practiced. Production of
rhizomes has been shown to be inversely related to seed
production. In other words, increased numbers of rhizomes
often mean reduced seed yields for the grower. Tillers and

Affinity
7Aug 8Sep
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Cultivar

924 b
666 a
810 ab
718 ab
902 ab

(mm)

1.9 a
1.9 a
2.2 ab
2.3 b
2.2 ab

Means followed by the same letter are not different by Fisher's protected LSD values.

174 a
204 a
144 a
134 a
170 a

1.6 a
1.6 a
1.8 a
1.4 a
1.5 a

622b 964c
370a 618a
470 ab 844 bc
512 ab 726 ab
598 ab 914 bc

rhizomes both arise from buds located in the plant crown.
The differentiation of crown buds is thought to be influ-
enced by the microenvironment near the crown during
post-harvest regrowth.

Stubble remaining in the field can also change the quality
and quantity of the light reaching the crown both before
and during regrowth of the crop. Light quality (red light
vs. far-red light) may also be changed by stubble left in the
field in the aftermath of nonthermal management. Low
red/far-red ratios have been linked to reduced tiller pro-
duction in other grass species and may produce the same
effects in creeping red fescue. Tillers growing in stubble
tend to be etiolated and immature at the cessation of fall
regrowth. Immature tillers are less likely to be induced to
flower and, in turn, produce seed in the following season.

Plant growth hormones are compounds that naturally occur
in the plant, which are involved in the mediation of growth
and developmental processes. A change in the balance of
hormones may play a role in the differentiation of crown
buds to tillers or rhizomes. Plant growth regulators (PGRs)
are natural or synthetic compounds that are functional
analogs to the hormones found in the plant. PGRs may be
applied to induce a desired response in the plant.

The focus of our research was to examine the influence of
partial and complete stubble removal, light quality, and
PGRs on post-harvest vegetative development and flower-
ing in creeping red fescue.

1.8 a 2.1 a
1.6 a 2.2 a
1.6 a 2.0 a
1.7 a 2.0 a
1.5 a 2.0 a

Buccaneer
13 Oct 7Aug 8Sep 13 Oct

Tiller no. (no./sq. ft.)



Procedure
Field trials were established after the first seed harvest in
Shademaster (1994) and Hector (1995) creeping red fescue
grown near Silverton, OR. Trials were also conducted in
Shademaster and Seabreeze creeping red fescue planted in
faIl 1994 at Hyslop Farm. Partial and complete stubble
removal treatments were conducted after harvest. A gaso-
line-powered brushcutter was used to achieve complete
removal of crop stubble (0 inch stubble height). Stubble
was also partially removed to 1 inch and 2 inch stubble
heights by using a sickle bar mower. PGRs were applied
after harvest at 1 0 M and 1 6 M rates on non-burned and
burned plots. PGRs evaluated include auxin (IAA), ab-
scisic acid (ABA), cytokinin (BA), ethylene (ethephon),
and gibberellic acid (GA). Tiller and leaf developmental
responses to stubble height reduction and PGR were ascer-
tained on samples taken in late fall. Stubble cutting height
and PGR impacts on rhizome formation were determined.
Root zone cores were taken with a golf course cup cutter to
determine rhizome:root and rhizome:tiller ratios. Fertile
tiller numbers were measured in late spring prior to harvest.

Progress
Stubble height treatment affected fall tiller production
(Table 1). Complete stubble removal (0 inch) reduced car-
bohydrate storage available for regrowth, thereby causing
delayed maturity (measured by leaf number per tiller) and
lower above-ground dry weight. Tiller maturity was simi-
lar for the burn treatment, and one and two inch stubble
heights. Fall tiller number was not different from the burn
treatment when all stubble was removed. Rhizome pro-
duction was lowest when the crop was burned or when
stubble was completely removed. Complete removal of
stubble produced fall regrowth that was essentially equiva-
lent to open-field burning. Fertile tiller production was
greatest when the stubble was burned or when stubble was
completely removed in the previous fall. Partial stubble
removal (one and two inch stubble heights) reduced fertile
tiller production.

Of particular interest in this first-year data, is the compari-
son of fertile tiller number and rhizome weight. As the
number of fall vegetative tillers and fertile tillers increased,
the weight of the rhizomes correspondingly decreased. The
complete removal of stubble by mechanical means or by
open-burning had a direct influence on the differentiation
of crown buds to form tillers during fall regrowth. Tillers
were more likely to be induced to flower when stubble was
not present. Our results indicate that as more of the crown
buds were differentiated into tillers, fewer rhizomes were
formed. The presence of stubble inhibits regrowth of
creeping red fescue and increases rhizome production, and
in turn, causes a reduction in flowering and seed yield po-
tential of the crop. Apart from the benefits of pest control,
perhaps the most important benefit of field burning for rhi-
zome-forming grass seed crops (creeping red fescue and
Kentucky bluegrass) is the inexpensive removal of stubble
and subsequent promotion of crop regrowth.
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PGR application showed no differential response for any of
the fall tiller measurements (Table 2). Weight of fall re-
growth, however, was greater when the crop was open-
burned (data not shown). Unlike the stubble reduction
treatments, PGR application did not exhibit a significant
effect on rhizome weight and was not different from the
open burn treatment. Fertile tiller number was lower when
treated by ethephon than when the crop was burned, but
was not different from other PGRs or the non-burn check.
Our first-year data suggests that the natural production of
ethylene by decaying stubble may have an indirect negative
impact on floral induction in creeping red fescue. Ethylene
may damage tiller growth or development in a way that we
have not detected and, in turn, may cause the subsequent
reduction noted in fertile tillers in the following spring. If
so, more thorough removal of stubble may reduce ethylene
production or eliminate the direct contact with stubble and
thereby remove an impediment to flowering.

Summary
Removal of all stubble without burning in creeping red
fescue produced tiller growth and development, rhizome
production, and flowering responses that were similar to
open-field burning. Partial stubble removal (one and two
inches) reduced tiller number, increased rhizome weight,
and reduced fertile tiller production. Ethephon application
reduced fertile tiller production in creeping red fescue
providing possible evidence of the role of ethylene in re-
ducing seed yields in this species when stubble is not
burned. Work is underway with PGRs to learn how natural
plant hormones affect crop regrowth and fertile tiller pro-
duction. Light quality at the crown in fall is also being
examined to find out how stubble may change the light
environment at the level of the bud. Growth chamber ex-
periments are also in progress to examine the effects of
light quality on tiller vs. rhizome formation.



Table 1. Fall vegetative development and flowering responses of Shademaster creeping red fescue to stubble
management.

'Means followed by the same letter are not different by Fisher's protected LSD values.

Table 2. Impact of plant growth regulators on fall vegetative development and flowering in Shademaster creeping red

fescue. PGR and no-bum check means are averaged over stubble heights.

Plant growth
regulator

Leaf
number

(no./tiller)

Tiller
number

(no.Isq. ft.)

'Means followed by the same letter are not different by Fisher's protected LSD values.

LEAF AND TILLER DEVELOPMENT IN
SEEDLING AND ESTABLISHED

PERENNIAL GRASS SEED CROPS

B.E. Gamroth, C.J. Garbacik, T. G. Chastain
and W.C. Young HI

Introduction
Grass seed fields are a complex environment; individual
crop plants are composed of many tillers, which are the
branches on a grass plant. The fate of tillers determines the
productivity of grass seed crops. Since tillers are short-
lived, the ability of the plant to persist from year to year
depends on its genetically determined capacity to replace
dead tillers. The post-harvest period of tiller growth and
development is a critical phase of seed crop development
that can have a strong influence on seed yield. An under-
standing of how plant development during the regrowth
period influences the flowering and seed yield potential of
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Tiller
height

(inches)

Rhizome:
root ratio

Fertile
tillers

(%)

grass seed crops could lead to better management strategies

for these crops.

We need techniques to track the developmental progress of
seed fields toward the level of maturity required for the
induction of flowering. Floral induction processes take
place during late fall and early winter, ensuring flowering
in the following spring. Leaf number has been used in sev-
eral grass species to measure crop maturity (crop develop-
ment staging). The objectives of our studies were to ob-

serve the developmental morphology of seedling plants and
established stands of perennial grass seed crops and to
characterize the demographic changes that take place in
grass seed crops stands as they develop in the seedling year
and regrow after harvest.

Procedure
Field trials were conducted in the 1994-95 and in the 1995-

96 growing seasons in commercial seed production fields

of Affinity and Buccaneer perennial ryegrass, and of Fawn
and Rebel II tall fescue. Field trials were also conducted at
OSU's Hyslop Farm on the same perennial ryegrass and

Ethephon 2.44 a' 501 a 2.7 a 0.25 b 22 a

ABA 2.78 a 593 a 2.7 a 0.19 ab 28 ab

BA 2.56 a 552 a 2.9 a 0.22 b 23 ab

IAA 2.71 a 511 a 2.7 a 0.23 b 26 ab

GA 2.40 a 572 a 2.6 a 0.25 b 29 ab

No-bum check 2.63 a 554 a 2.7 a 0.20 ab 27 ab

Bum 2.65 a 541 a 2.8 a 0.14 a 33 b

Bum (0") 2.65 ab' 541 ab 2.8 b 0.81 a 32 b

Brushcutter (0") 2.46 a 578 b 2.1 a 0.81 a 29 b
1" mower cut 2.61 ab 520 a 2.9 b 1.19 b 22 a

2" mower cut 2.66 b 514 a 3.1 b 1.13 b 22 a

Stubble Leaf Tiller Tiller Rhizome Fertile

treatment number number height weight tillers

(no.!tiller) (no.Isq. ft.) (inches) (g!sq. ft.) (%)



tall fescue cultivars used in the commercial fields, and in
Jamestown 11 and SR 5100 Chewings fescue. The devel-
opment of tillers from axillary buds were followed by se-
quential sampling from after seed harvest until fall re-
growth ceased. The leaf appearance rate and tiller devel-
opment pattern were examined and the mean stage by
count (leaf number) for each species were determined.
Controlled environment studies were conducted to investi-
gate seedling leaf and tiller development responses to tem-
perature. Seedling development was investigated in per-
ennial ryegrass, tall fescue, creeping red fescue, Chewings
fescue, Kentucky bluegrass, orchardgrass, and Highland
bentgrass.

Progress
Seedlings
Leaves and tillers of the perennial grass seed crops devel-
oped in a predictable pattern (Figure 1). The interval be-
tween the appearance of successive leaves was approxi-
mately 100 growing degree days (GDD) (base temperature
= 0 C) for all of the species that we tested. The first tiller
(Ti) appeared in the axil of the first leaf (LI) produced by
the seedling plant when three leaves had fully emerged.
The second tiller (T2) appeared in the axil of the second
leaf (L2) after 3.5 leaves had emerged. Ti appeared about
300 GDD after Li had emerged, whereas T2 appeared
about 350 GDD after the emergence of Li. Tillers appeared
according to this fundamental pattern in the remaining leaf
axils of the seedling mainstem. The secondary tillers (Tb,
121, etc.) appeared in the order as has been described for
wheat seedling development. The patterns of leaf devel-
opment on the tillers were not different from the seedling
mainstem.

Established Plants
Cyclical changes in tiller populations of perennial ryegrass
have been observed that were independent of growth envi-
ronment (Figure 2). Three distinct peaks in the one-leaf
tiller component of the population were evident during the
autumn regrowth period. Each peak in one-leaf tillers was
followed by a peak in two-leaf tillers some 250 to 300
growing degree days (GDD) later. The interval between
two- and three-leaf peaks was shortened to 250 GDD.
Between three- and four-leaf peaks, the interval was less
than 100 ODD. The progression from one- to four-leaf
tillers was exponential and was repeated three times during
the fall regrowth period (Figure 3). These cycles in peren-
nial ryegrass tiller populations likely reflect the births and
deaths of individual tillers, and the progression of individ-
ual tillers through maturation. Why these events should be
synchronized in this manner is unclear.

The number of four-leaf tillers in perennial ryegrass popu-
lations never reached high levels because senescence of the
first leaf (Li) coincided with the expansion of the fourth
leaf (L4) (Figure 2). The mean developmental stage of the
population never exceeded three live leaves per tiller in
perennial ryegrass (Figure 4). However, both cultivars of
Chewings fescue had appreciable numbers of five-leaf till-
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ers and the mean developmental stage of the populations
reached more than three live leaves per tiller. Tiller height
and tiller basal diameter of all species increased as faIl re-
growth progressed.

Since the mean tiller leaf number of a perennial grass seed
crop stand reaches a maximum level that is density-de-
pendent, leaf number cannot be easily used to track the
progress of an established seed field toward vegetative
maturity. Clearly, some measure of crop maturity other
than leaf number must be employed in making determina-
tions of the relative maturity of a perennial grass seed crop
stand in a vegetative condition. We believe that an under-
standing of the demographics of tiller populations in grass
stands may be the key to improving the assessment of crop
maturity before reproductive development. Furthermore,
we believe that the potential for flowering and seed yield
could be predicted in the vegetative state at a much earlier
date than is now possible.
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Figure 1. Effect of heat-units (GDD) on leaf and tiller
development in seedling plants of Pennant per-
ennial ryegrass.
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Figure 4. Post-harvest leaf development (mean leaf
stage) during regrowth of an Affinity perennial
ryegrass seed production field.
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Figure 3. Relationship of heat units (GDD) to the interval
between leaf stage class peaks in Affmity and
Buccaneer perennial ryegrass. Values were av-
eraged over three cycles of leaf appearance.
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SELECTION FOR STEM RUST
RESISTANCE IN TALL FESCUE

RE. Barker and R.E. Welly

Introduction
Tall fescue is an important grass grown for forage and turf
in the southeast and midwest regions of the USA. It ranks
third among grasses in number of acres grown for seed in
the Willamette Valley of Oregon. Stem rust, first reported
on the seed crop in 1987 (Welty and Mellbye, 1989), has
increased in economic impact in seed production fields in
recent years. Fungicides have been used to control the dis-
ease. Genetic resistance, however, would provide a more
environmentally sound approach to control the disease.

Welty and Barker (1993) surveyed 20 cultivars of tall fes-
cue for resistance to stem rust. None of the cultivars were
judged resistant, but there were differences among cultivars
for number of plants with a resistant response when inocu-
lated with stem rust. Resistant plants were saved from the
survey, and this study reports results from two cycles of
recurrent selection in controlled environment screening.

Materials and Methods
Source plants for this study were selected from among
1,400 plants in a nursery established in 1990 containing 70
plants from each of 20 cultivars (Welty and Barker, 1993).
Plants with resistant reaction for the turf-type populations
came from tall fescue cultivars Arid (6 plants), Mesa (6),
Thoroughbred (4), Finelawn I (2), Finelawn 5GL (1), and
Adventure (1), and for forage-type populations from culti-
vars Kentucky 31(10), Forager (3), and Johnstone (1).
The initial selection criterion, using procedures described
by Welty and Barker (1993), was freedom of any stem rust
symptoms during two inoculations on seedlings in a green-
house and two scoring periods in 1990 after plants were
transplanted to the field.

Populations were developed through two selection cycles
in the same way (Figure 1). Ten vegetative cuttings
(ramets) were collected from each selected plant and estab-
lished in isolated polycross (PX) blocks. Open pollinated
(OP) seed from the resistant plants in the original nursery
was also harvested. Two cycles of PX and one cycle of OP
followed by one cycle of PX selection using the 2-stage
greenhouse screening process were completed.

Following an establishment year, seed was harvested from
each plant and composited by maternal line. Sixty seed-
lings from each maternal line were screened through two
inoculations with stem rust spores in the greenhouse (Welty
and Barker, 1993). Maternal family lines with the lowest
average infection type score were selected and individual
plants within families chosen based on freedom of any
stem rust symptoms in both inoculations. Three plants
were saved from each of seven lines for the turf-type
population and five lines for the forage-type. The second
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cycle of OP selection included reverse selection for sus-
ceptibility to stem rust. Selected plants for all populations
were divided into ten ramets each and established in iso-
lated crossing blocks in the field.

Co

Cl

C2

Figure 1. Diagrammatic representation for development
of tall fescue populations through two cycles of
selection (CO to C2) for stem rust. Each of the
turf-type and forage-type populations were
developed in the same way in reference to their
origin. Open pollinated (OP) and isolated
polycross (PX) populations are represented.

Equal quantities of seed from each plant were composited
to form the populations used to determine response from
selection. Selection progress was measured on ten plants in
each of twelve replications and was tested by the two-stage
inoculation procedure in the greenhouse.

Results and Discussion
Number of plants with resistant reaction in both inocula-
tions based on pustule type increased from 5 to 52% in the
PX forage-type population and from 5 to 50% in the PX
turf-type (Figure 2). The first cycle of PX selection pro-
duced 74 and 89% of the gain in the two populations, re-
spectively. Overall response from initial OP selection was
similar to PX selection, but 78 and 49% of the gain, re-
spectively, was made in the PX cycle. Reverse selection
for susceptibility caused all resistant plants to be lost in
only one cycle of selection.

Results indicated that rapid progress from selection in the
greenhouse for stem rust resistance in tall fescue is possi-
ble, but most of the additive genetic variance was used af-
ter one cycle of PX selection and genetic improvement will
be slower in ftiture cycles.

All cultivars tested using this inoculation procedure were
classified as susceptible and had less than 10% plants that
were judged resistant (data not shown). The PX cycle 2
populations were prepared to provide sources of resistance
to stem rust that will be useful in developing improved cul-
tivars. These germplasms were designated ORTFRR-T94
for the turf-type population and ORTFRR-F94 for the for-
age-type.



Seed of ORTFRR-T94 and ORTFRR-F94 will be stored by
the USDA-ARS National Forage Seed Production Research
Center and limited quantities of each germplasm made
available upon written request. Appropriate recognition
should be given to the source of this germplasm when it
contributes to development of a new cultivar or is used in
scientific studies. Request seed from Reed E. Barker,
USDA-ARS National Forage Seed Production Research
Center, 3450 SW Campus Way, Corvallis, OR 97331-7102.
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SEED YIELD RESPONSES OF FIVE TALL
FESCUE SELECTIONS SUSCEPTIBLE OR

RESISTANT TO STEM RUST

R.E. Welty and MD. Azevedo

Stem rust caused by Puccinia gram mis subsp. gram inicola
is a serious disease of tall fescue (Festuca arundinacea)
grown for seed in the Willamette Valley of Oregon. A
field study was done at the OSU Botany Farm, to determine
the influence of stem rust on seed yield in selections of tall
fescue susceptible or resistant to stem rust, and to deter-
mined year-to-year variation in seasonal occurrence of
stem rust.

Materials and Methods
Plant selection. Stem rust susceptible (SRS) and stem rust
resistant (SRR) selections from five cultivars of tall fescue
used in the study were originally part of a greenhouse/field
study started in 1990 with 1,400 plants from 20 cultivars.
One SRS selection came from each of three forage cultivars
(Arid, Forager, and Kentucky 31) and two turf-type culti-
vars (Rebel II and Shortstop) with a susceptible lesion type

as seedlings in the greenhouse and 100% severity as adults
in the field. Likewise, one SRR selection came from each
of the same cultivars with a resistant lesion type as seed-
lings and 0% severity as adults in the field.

Field plots. Paired tillers of each selection were trans-
planted side-by-side on 1 m centers into field plots on I
October 1990. Twelve plots contained 20 plants each (5
SRS and 5 SRR selections with two duplicates). Six plots
were treated with Tilt and six plots were not treated and
served as controls. Each year, fungicide treatment of six
plots was selected at random.

Fungicide application. Propiconazole (Tilt® 3.6 BC) was
mixed at 4 fi oz product/acre with water and applied at 30

gal/acre at 40 psi with a spray boom fitted with flat-fan
nozzles (type 8004). Sprays were applied at dawn on days
without wind to provide thorough coverage and continued

at 14-21 day intervals until flowering. Sometimes rain
delayed applications beyond 21 days and traces of stem
rust developed in fungicide-treated plants of SRS selec-
tions. Tilt was applied in 1991, 1992, 1993 and 1994, but
not in 1995.

Disease assessment. Stem rust was assessed by the modi-

fied Cobb scale one or more times during the growing sea-
son. Assessments for each selection were made either on
the penultimate leaf, flag leaf, or seed panicle, depending
on the growth stage of the plant at the first appearance of
stem rust. Means were calculated for 10 randomly selected
leaves for each plant. Final stem rust assessments were
made on panicles. In years when stem rust was slow to
develop, assessments were made on panicles not harvested

for seed yield.
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Figure 2. Response curves for two cycles of selection for
stem rust in tall fescue populations originating
from forage-type and turf-type cultivars.
Plants were scored for pustule type and
resistant reaction was freedom of symptoms in
two inoculations.



Stem rust developed slowly in 1991 and no assessment was
made before seed harvest. In 1992, stem rust severity was
assessed on 8, 14, and 28 May, with the last assessment
made 1 day before the first harvest. In 1993, severity was
assessed on 18 and 28 June and 2 July, with the last
assessment made 4 days after the last harvest. In 1994,
severity was assessed on 5 and 19 May, 1, 10, and 24 June,
with the last assessment made 3 days before the first har-
vest. In 1995, severity was assessed on 12, 15, and 22 May
and 2, 16, and 23 June.

Seed yield. At harvest, 100 panicles were cut from each
plant with a hand-sickle when seed moisture content
reached 40-45% (dry weight basis). Seeds were threshed,
cleaned, and air-dried to 10% moisture. Harvests were
done on 2 July 1991, between 29 May and 16 June 1992,
between 17 and 28 June 1993, and between 15 and 28 June
1994. Seed yield for SRS and SRR selections treated or
not treated with propiconazole was estimated by the weight
of 1000 seeds and by total seed weight per 100 panicles. In
this report, seed yield from 100 panicles hereafter will be
referred to simply as yield. In 1995, seeds were not har-
vested from either SRS or SRR selections.

Results and Discussion
Stem rust. Stem rust severity and the date on which it was
first observed differed among SRS selections and years
(Figure 1). In 1991, trace amounts of stem rust were ob-
served in SRS selections at harvest and these data were not
included in Figure 1. Generally, stem rust first appeared
and was most severe in the selection from Kentucky 31,
followed by Arid, Forager and Shortstop. Stem rust devel-
oped latest in the selection from Rebel II. The rate of stem
rust development also differed among SRS selections. For
example, in 1994, stem rust severity increased from 2% to
100% in 50 days in the selection from Kentucky 31 and
from 2% to 97% in 36 days in the selection from Arid.
These differences in expression of stem rust are most likely
related to interactions among the selection of the rust, the
selection of the host, and variations in environment.
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Figure 1. Response of five single plant selections from
cultivars of Arid, Forager, Kentucky 31, Rebel
II, and Shortstop tall fescue susceptible to stem
rust in 1992,1993, 1994.

Late stem rust appearance and slow rate of development in
Rebel II was consistent in 1993, 1994, and 1995. Stem rust
developed occasionally in SRS selections in plots treated
with propiconazole (June 1993 and 1994) when rain or
work schedules delayed fungicide applications. However,
propiconazole application delayed further development of
stem rust. No stem rust was observed in SRR selections
with or without propiconazole treatment.

Seed yield. Seed yield from plots treated with propicona-
zole v. nontreated controls among the five SRS selections
in 1991 and 1993 (Figure 2) were not different statistically
(P = 0.05). However, seed yields from treated SRS selec-
tions from Arid, Forager and Kentucky 31 were signifi-



cantly larger than nontreated controls in 1992 (P = 0.001).
In 1994, SRS selections from Arid and Kentucky 31 (P =
0.001) and Shortstop (P = 0.01) were significantly larger
than nontreated controls. Propiconazole treatment never
had an effect on seed weights for the SRS selection from
Rebel II. Propiconazole treatment did not improve seed
yield of any SRR selection (Figure 3).
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Figure 2. Seed yield (grams per 100 tillers) of five selec-

tions of tall fescue susceptible to stem rust
without (check) or with Tilt (126 g a.i., propi-
conazole) in 1991-1994. Selections were made
from five cultivars, A = Arid; F Forager; K =
Kentucky 31; R = Rebel II; and S = Shortstop.
Yield differences were compared by F-values;
P = <0.05 = ns (nonsignificant difference); P
005 = *;p 001 = **; andP0.001 =
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Figure 3. Seed yield (grams per 100 tillers) of five selec-

tions of tall fescue resistant to stem rust without
(check) or with Tilt (126 g a.i., propiconazole)
in 1991-1994. Selections were made from five
cultivars , A = Arid; F = Forager; K = Ken-
tucky 31; R = Rebel II; and S = Shortstop.
Yield differences were compared by F-values;
P <0.05 = ns (nonsignificant difference).

Comparing 1000 seed weights for SRS selections treated or
not treated with propiconazole showed no significant dif-

ferences in 1991 and 1993, but showed significant differ-
ences in 1992 and 1994 (Figure 4). These responses meas-
ured by 1000 seed weights were generally similar seed
yield among SRS selections (Figure 2). A different re-
sponse was found in 1992 for the SRS selection from Rebel

II with or without propiconazole treatment. Seed yield
from plots treated or not treated with propiconazole were
statistically similar, whereas 1000 seed weight from propi-
conazole-treated plants were significantly larger than
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nontreated controls. Stem rust severity in SRS Rebel II
was 40% on 28 May 1992 and was higher in this year than
any other year. The significantly larger response of 1000
seed weight to fungicide in this selection is likely related to
a higher stem rust severity assessment in 1992.
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Figure 4. Thousand seed weight (g) of five selections of

tall fescue susceptible to stem rust without
(check) or with Tilt (126 g. a.i., propiconazole)
in 1991-1994. Selections were made from five
cultivars, A = Arid; F = Forager; K Kentucky
31; R = Rebel H; and S = Shortstop. Thousand
seed weights were compared by F-values, P
<0.05 = ns (nonsignificant difference); P _0.05

*;pO0l =**;andP0.001=***.

Another exception occurred in 1994 when seed yield of the
SRS selection from Shortstop treated with propiconazole
was significantly larger than the nontreated control,
whereas 1000 seed weights for the propiconazole treated
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and nontreated control were statistically similar. Again,
stem rust severity (69% on 24 June) was higher in this SRS
selection in 1994 than any of the other years. Other differ-
ences for both yield components were noted among other
SRS selections, but they differed only in the statistical level
of significance between fungicide treatments. No statisti-
cally significant differences were found in 1000 seed
weights among SRR selections with and without propi-
conazole in any of the 4 years (Figure 5). These results
were similar to those for seed yield (Figure 3).
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Figure 5. Thousand seed weight (g) of five selections of

tall fescue resistant to stem rust without (check)
and with Tilt (126 g a.i., propiconazole) in
1991-1994. Selections were made from five
cultivars, A = Arid; F = Forager; K = Kentucky
31; R = Rebel II; and S = Shortstop. Thousand
seed weights were compared by F-values, P
<0.05 = ns (nonsignificant difference).
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A lack of yield response of the SRS selection from Rebel II
is consistent with a delayed appearance and a slow rate of
development of stem rust in each of the four years. This
study does not explain why selections from Rebel II that
consistently scored susceptible to stem rust in both con-
trolled greenhouse inoculations and field conditions in
1990, 1991, and 1992 did not respond to fungicide control
of stem rust with a seed yield response. Perhaps the lack of
measurable differences in seed yield of SRS Rebel II were
because stem rust was slow to develop and severity was
low.

In 1992 and 1994, stem rust developed by early-May. Seed
yield and 1000 seed weights were significantly larger for
three of five SRS selections when treated with propicona-
zole compared to the nontreated controls. In 1991 and
1993, when stem rust did not develop until mid- to late
June, seed yield and 1000 seed weight did not differ be-
tween treated and control plots for SRS selections. Such
year-to-year variation in occurrence and development of
stem rust makes timing fungicide applications complicated
and costly, because in some years fungicide treatment pro-
vides no benefit.

Seed yield among SRS and SRR selections treated with
propiconizole decreased each year (Figure 2 & 3). Al-

though stem rust reduced seed yield of the SRS selections
in nontreated controls, seed yield of SRR selections from
nontreated controls also decreased over time. Ranking
selections for seed yield from highest to lowest was gen-
erally similar each year, Forager>Kentucky 3 1>Rebel
II>Arid>Shortstop. Reasons for this decreasing seed yield
over time were not examined in this study. However, re-
moval of crop residue by close clipping and sweeping or
field burning has been shown to maintain seed yield by
eliminating older, non-reproductive tillers. Residue re-
moval creates a favorable microenvironment to enhance
tillering and floral initiation. Plants in this study were
close-clipped, but not swept nor burned.

Year-to-year variation in stem rust development empha-
sizes the need for developing stem rust resistant cultivars to
reduce dependency on fungicides for disease control and
stabilize production of tall fescue seed. Important ques-
tions remain concerning how the host, pathogen, environ-
ment, and time interact to alter disease development and
influence seed yield losses. Such information would be
useful in developing models to predict stem rust occurrence
and development.
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POTENTIAL DENITRIFICATION LOSSES
IN PERENNIAL RYEGRASS SEED

PRODUCTION

W.R. Horwath, L.F. Elliott, S.M GrfJIth,
J.1 Steiner and P.1 Wigington

A cultivated first-year perennial ryegrass field and a natural

grass riparian area, located on Dayton and Amity soils in
the Willamette Valley, OR, were sampled to determine
denitrification potentials.

This study is part of a larger study that examines hydro-
logical flow processes, fate of nutrients, and pesticide proc-
essing in riparian areas bordering grass seed fields. Soil
from each area was sampled bi-weekly from March 3 to
June 6, 1995. These samples were used to measure deni-
trification potential, nitrate, nitrite, ammonium, total or-
ganic carbon, soluble carbon, and microbial biomass.

Soil nitrate and nitrite levels were low in the grass seed
field and natural grass riparian area, while ammonium lev-
els were high. Grass seed field soil nitrate-N levels aver-
aged less than 1 ppm, while the natural grass riparian area
soil nitrate-N levels were well below field values. It is un-
known at this time the contribution of fertilizer-N from the

field to the grass riparian area. Denitrification in the grass
seed production field was 0.24 lb N per acre per day for the

top six inches of soil. In contrast, denitrification in the
unfertilized natural grass riparian area averaged 0.02 lb N
per acre per day. Denitrification potential was positively
correlated to soil NH4-N level in the grass seed field.

Grass seed field denitrification rates were associated, in

time, with spring N fertilizer application. Microbial

biomass was higher in the soil of the naturally vegetated

area while soluble carbon was higher in the grass seed
production soils. These results indicate adequate

microorganisms and carbon source are available for

denitrification to proceed.

In summary, these denitrification data indicated that in the
poorly drained soils of grass seed fields there was the po-
tential for N loss from fertilization of up to 24 lb N per acre
during a 100-day period. It is hypothesized that the priming

affect from N fertilization induced the observed high deni-

trification rates in the grass seed field. In contrast, the low

denitrification rate in the unfertilized natural grass riparian

area was probably associated with consumption of nitrate

by plants and soil microorganisms.



EFFECTS OF POST-HARVEST RESIDUE
MANAGEMENT ON KENTUCKY

BLUEGRASS SEED YIELD IN CENTRAL
OREGON

F.J. Crowe, D.D. Coats, NA. Farris, MK. Durette,
C.L. Yang and MD. Butler

The intermountain region of Idaho, Washington and Ore-
gon provides a stable supply of high quality Kentucky
bluegrass (Poa pratensis L.) seed. Early in the develop-
ment of Kentucky bluegrass (KBG) seed production sys-
tems, growers became aware of the importance of post-
harvest residue removal. Open field burning (OFB) was
adopted as the standard practice for post-harvest residue
removal, primarily for suppression or elimination of dis-
eases. In addition to disease control, however, post-harvest
OFB has been responsible for maintenance of high yield
and high quality seed production of KBG in the Pacific
Northwest. Previous studies strongly suggested that re-
moval of straw residue increases seed yields in KGB. Be-
cause of increased concern for the effects of burning on air
quality, alternative ways of removing post-harvest debris
are still being sought.

The primary focus for this study was to evaluate the most
advanced technology in post-harvest residue equipment.
As a result, we needed to identify to what extent residue
removal was desired. The most common practice of open
field burning (OFB) leaves the field absent of any non-
combustible debris and also eliminates debris around the
crown of the plant. This cleansing of the soil surface al-
lows maximum light penetration as well as allowing maxi-
mum efficiency for pesticide applications. Mechanical
residue removal can be accomplished by using various
methods. Each method varies in the amount and efficiency
of soil cleansing. New equipment used in this study in-
cluded a needle-nose wheel rake (NNR), which has stiff
tines to scratch the residue and thatch and remove debris
from around the crowns; and a redesigned close-clipping
and vacuuming machine (CC) both developed by Rear's
Manufacturing in Eugene, Oregon. The Grass Vac machine
enabled us to clip and vacuum remove the stubble to a 1
inch height. With NNR, the bulk of the residue is wind-
rowed, which is baled or otherwise disposed. Other
equipment tested included a conventional flail mower (FC),
a mulching flail (FM) and a propane flamer (PF). Propane
flaming was tested because it produced relatively little
smoke after vacuum sweep or wheel rake treatments. The
NNR was introduced into the study in 1994, and FM was
only introduced into the study in 1995.

Commercial grass seed fields in central Oregon normally
have a large portion of the crop residue removed as baled
straw, followed by OFB of stubble, propane burning or
both. Thus, a standard "field treatment" consisted of baling
followed by OFB (and followed by PF if necessary). This
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standard treatment was compared with several alternative
methods of stubble management as listed in Tables 1 and 2.

With new technology in available equipment, the objec-
tives of this study were to: 1) demonstrate different me-
chanical residue management practices; 2) determine the
effect of mechanical residue management treatments on
crop growth and development of KBG; and 3) compare the
mechanical treatments to OFB for their effects on seed
yield and seed quality. The overall project in central Ore-
gon included replicated field trials on commercial farms,
and replicated field trials in successive years at the Central
Oregon Agricultural Research Center (COARC).

Two paired on-farm sites were established (on separate but
nearby farms) in 1991 in central Oregon to evaluate the full
compliment of the latest technology for mechanical post-
harvest residue removal on KBG seed production. One
field was planted with an aggressive variety (highly rhi-
zomatous) and the other field with a non-aggressive variety
(less rhizomatous). Similarly, two more paired fields were
added in 1992 and in 1993 (for a total of six fields) for a
comparison over time. Beginning in 1994 the oldest two
fields from each year of planting were deleted. Thus, the
last harvest, on two fields, will be in 1996. This report
includes harvest data through 1995. Dates for harvest and
treatments are not shown here, but were conducted within a
day or so of the comparable commercial activity. Experi-
mental design on all fields was a randomized block design
with three or four replications. The treatment plot size was
100 x 22 ft.

Data were collected for vegetative tiller development, fer-
tile tiller development, seed yield, and seed quality. All
other management practices such as fertilizing, irrigating,
and pest control were done as the normal grower practices
for the individual fields. Harvest was completed with the
use of conventional equipment and sub-samples were col-
lected to obtain a percent clean out. Clean seed yield,
1,000 seed weight and percent germination were
determined.

in addition to the on-farm studies above, replicated field
trials were established at the Madras field of the COARC,
in an attempt to investigate residue management under
more conditions and in a more statistically-sound experi-
mental design than can be accomplished among diverse
growers' fields. Two varieties (aggressive and non-aggres-
sive) were planted side by side as split plots in three sepa-
rate plantings in 1992, 1993 and 1994. Treatments listed in
Table 2 were applied within three randomized blocks
within each variety, with plots sized similar to on-farm
trials. In this successive year planting project, post-harvest
residue treatments were applied each year to observe the
residue treatment effect on the age of stand. There were a
total of three successive plantings, each a year apart and the
data were (or will be) collected for two years after the last
planting. Both seed yield and seed quality will be observed
throughout this project. Harvesting was done with a 5 foot



plot swather followed by a Wintersteiger plot combine.
The samples were rethrashed and clean on a M2B Clipper
cleaner.

Plantings in the successive year planting trial were on
August 20, 1992, August 23, 1993, and August 23, 1994, at
the research center in Madras. Varieties include Abbey
(non-aggressive type) and Bristol (aggressive type). The
treatments were completed following baling the combine
run windrows. Residue management treatments were
completed between August 12-20 for each of 1993, 1994
and 1995.

On-Farm results: Significant differences in seed yield re-
sulted from the various management treatments. The high-
est yields consistently were produced where the residue
was removed completely either by mechanical means or by
burning. Bale-only treatment resulted in the least seed
yield as well as the lowest number of fertile tillers. Table 1
shows clean seed yields (lbs/acre) for 1992 through 1995.
When averaged over all test sites, seed yield and fertile
tiller numbers were highest with the open-field burning
treatment. In comparison, for plots in which residue was
removed by vacuum-sweep followed by propaning, vac-
uum-sweep alone, flail-only and bale-only, mean seed
yields were 85, 85, 79, and 67%, respectively, per two
fields in 1992; were 94, 90, 90, and 83%, respectively, per
four fields in 1993; were 94, 86, 80, and 75%, respectftilly,
per six fields in 1994, and were 80, 98, 97, and 87, respec-
tively, for four fields in 1995. Needle-nose wheel rake
treatments used on some fields in 1993, 1994, and 1995
resulted in mean seed yields within the range of other me-
chanical means of residue removal. (The mulching flail
was not used in on-farm trials.) In general, seed yields
declined with age of stand. Fertile tiller numbers followed
the same trend as seed yields. Thousand seed weight and
seed germination percentages were comparable among all
treatments for each field (P 0.05), and were unaffected by
residue management.

The overall yield averages summarized above mask differ-
ences observed among varieties and years with respect to
residue treatments. For second year harvest in 1992, the
aggressive variety showed a significant need for a more
complete residue removal, the non-aggressive variety a
little less so. Differences were inconsistent for the second
harvest years 1993 and 1994 for the non-aggressive varie-
ties (although some residue removal was required as indi-
cated by the low yields for the bale-only treatment) and
were absent for the aggressive varieties. For the third har-
vest years, greater residue removal was favored in 1993
and 1994 on both aggressive and non-aggressive varieties,
but B/OFB was not superior to some other treatments. For
the third harvest year in 1995, B/OFB may have suppressed
yields in the aggressive variety, although non-significantly,
and statistically, there were no significant differences
among any treatments for either aggressive or non-aggres-
sive varieties. For the fourth harvest years, there was a
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strong trend for greater residue removal for both aggressive
and non-aggressive varieties.

The general trend of fertile tiller numbers was the same as
seed yield. Fall and spring vegetative tiller numbers
showed no differences among treatments, with the excep-
tion that in the bale-only treatment there were fewer tillers
(data not shown). Seed quality was determined by observ-
ing germination percentage and by measuring 1,000 seed
weight. Seed quality was not affected by different residue
management treatments (data not shown).

Experiment station results: Averaged over the two variety
types, the highest yields were obtained by open field burn-
ing followed by the mechanical removal methods (Table
2). Second year data for 1994 showed unusually low yields
for the aggressive variety compared with the non-aggres-
sive variety. Such low yields may have masked some
treatment differences from appearing for the aggressive
variety. Yields for the aggressive variety were greatest for
the vacuum sweep plus propane treatment, and lowest for
the bale-only treatment. Yields for the non-aggressive va-
riety was greatest for open field burning. The other treat-
ments were intermediate and fairly consistent with each
other. No significant differences were found for mean seed
yields for second year harvest data for 1995, for either the
non-aggressive or aggressive variety. For the non-aggres-
sive variety, yield was highest for the open field burning
treatment, and lowest for bale-only. For the aggressive
variety, yields were highest for the conventional flail and
needle-nose rake. Third year harvest data for 1995 show a
yield depression for the bale-only treatment, but other
treatments yielding comparably, for both the non-aggres-
sive and aggressive variety. The mulching flail followed
by the needle-nose rake treatment yielded slightly better
than other treatments in 1995. Statistical interaction effects
have not yet been analyzed for (1) different ages of stand
within years, and (2) the same age of stand across years.
At this stage of the project, the field trial at the COARC
does not show as many yield differences as the on-farm
trials. This situation may change when fourth year data
begin to appear in 1996.

In general, mechanical removal performed much better in
our studies compared to bale-only treatment. Compared to
OFB, removal of residue with vacuum-sweep or vacuum-
sweep followed by propane flaming frequently were as
good or better, but were not as reliable as OFB. It is likely
that mechanical means of straw removal will elevate the
cost of production over the cost of open-field burning, both
by requiring additional equipment purchase and usage and
by depressing yield. For non-aggressive varieties, these
mechanical means of residue removal may prove adequate
to maintain yields for the second and third harvest years,
but not the fourth harvest year. For aggressive varieties,
OFB proved to be more consistent than other means of
residue removal, but not consistently so. Nevertheless, in
most years, OFB proved to be better than mechanical



means of residue removal, even for the second harvest the first year of use as a cheaper more efficient mechanical
year. The rake plus propane treatment showed promise in stubble removal technique.

Table 1. Cleaned-seed yields of non-aggressive (Abbey and Merit) and aggressive (Bristol and Rugby) Kentucky blue-
grass cultivars under residue-management treatments from on-farm trials in Central Oregon, 1992-1995.

Non-aggressive Aggressive Non-aggressive Aggressive Non-aggressive Aggressive
(Abbey) (Bristol) (Merit) (Rugby) (Abbey) (Bristol)

(lbs/acre)

Second harvest year 1992 1993 1994

B/OFB 1996 a 1262 a 1671 a 1066 a 943 a 824 a
B/CC/PF 1842 ab 983 b 1619 abc 962 a 919 ab 857 a
B/CC 2010 a 863 b 1684 ab 987 a 1078 a 836 a
B/FC 1676 b 915 b 1475 c 988 a 823 ab 839 a
BIFCINNR * 829 b 1529 abc 992 a 1003 a 958 a
B/FC/NNRJPF * * 1768 a * * *
B/NNRJPF * * * * 851 b 802 a
B/NNR * * * * * *

B 1752 b 570 c 1573 bc 912 a 890 ab 842 a

Third harvest year 1993 1994 1995

B/OFB 1170 a 978 a 1257 a 958 a 771 a 351 a
B/CC/PF 1009 ab 1003 a 1059 ab 922 a 647 a 536 a
B/CC 931 ab 860 ab 927 bcd 856 ab 625 a 580 a
B/FC 983 ab 919 ab 887 cd 699 ab 501 a 441 a
BIFC/NNR 1064 ab 848 ab 880 cd 843 ab * *

B/FC/NNRJPF * * * * * *

B/NNRJPF * * 1015 bc * 569 a 466 a
B/NNR * * * * 583a 564a
B 815 b 798 b 806 d 621 b * *

Fourth year harvest 1994 1995 1996

B/OFB 1133 a 831 a 809 a 763 ab
B/CC/PF 1021 ab 783 a 621 ab 802 a
B/CC 911 bc 604 b 609 ab 670 abc
B/FC 721 d 593 b 665 ab 856 abc
B/FC/NNR 814 cd 578 b 656 ab 563 bc

B/FC/NNR/PF * * * *

B/NNRJPF * * * *

B/NNR * * * *

B/FC/PF * * 619 ab *

B 793 cd 403 c 527 b 524 c

Each field independently analyzed. Means followed by the same letter were not statistically separable, P0.05.
Abbreviations: OFB = Open field bum; B = Bale; CC = crewcut (vacuum); PF = propane flame;
FC = flail - conventional; NNR = needle-nose rake.

*treatment not included in this trial
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Table 2. Cleaned-seed yields of non-aggressive (Abbey) and aggressive (Bristol) Kentucky bluegrass cultivars under
various residue management treatments for field trials at OSU-COARC, Madras, OR, in 1994 and 1995.

Non-aggressive Aggressive
(Abbey) (Bristol)

Each variety year combination was independently analyzed for this report; interactions of treatments, varieties, and years

were not yet analyzed. Means followed by the same letter were notstatistically separable, P0.05.

Abbreviations: OFB = Open field bum; B = Bale; CC crewcut (vacuum); PF = propane flame;

FC = flail - conventional; FM = flail - mulching; NNR = needle-nose rake.

RESIDUE MANAGEMENT AND
HERBICIDES IN KENTUCKY BLUEGRASS

SEED PRODUCTION

G. W. Mueller-Warrant, S.C. Rosato, S.D. Culver,
D.D. Coats, F.J. Crowe, TG. Chastain, W.C. Young III,

B.M Quebbeman, G.L. Kiemnec and G.H. Cook

Introduction
Political pressures to limit field burning raise questions of
what effects alternative methods of residue management
will have on Kentucky bluegrass seed production and on
weeds such as downy brome. Downy brome is a serious
weed throughout the intermountain region, and interferes
with Kentucky bluegrass seed production during both stand
establishment and maintenance, even with the use of field
burning. Indeed, downy brome is often the primary weed
forcing Kentucky bluegrass stands out of production, doing
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(lbs/acre)

Second harvest year 1994 1995

Non-aggressive
(Abbey)

Aggressive
(Bristol)

so in part by adding to the fuel load causing very hot fires
which "bum out" patches of the crop, increasing space
available for later weed invasion. Downy brome seed pos-
sesses a range of dormancy, thereby staggering its germi-
nation throughout the fall, winter, and spring. Its greatest
advantage over Kentucky bluegrass lies in its ability to
continue growing at near freezing temperatures during the

winter when the crop is dormant.

The purpose of this research was to observe the effects of
herbicide treatments on downy brome control and Ken-
tucky bluegrass seed production in three alternate methods

of residue management. Treatments were conducted
throughout the life of two stands, one at COARC in Ma-
dras, OR, and one on the Les Stolte farm east of LaGrande,
OR. Residue management treatments included field bum,

vacuum sweep, and bale/flail chop/rake. Herbicide treat-
ments included the registered materials Sinbar, Banvel,

Goal, and Lexone/Sencor (metribuzin), an experimental

B/OFB 803 a 180 a 1270 a 691 a

B/CCfPF 717 ab 215 a 1233 a 712 a

B/CC 562 b 185 a 1154 a 746 a

BIFC 714 ab 188 a 1236 a 829 a

B/NNR 717 ab 183 a 1164 a 937 a

BINNR/PF 676 ab 199 a 1163 a 732 a

B 691 ab 162 a 914 a 590 a

Third harvest year 1995 1996

B/OFB 1262 ab 1011 a
B/CC/PF 1252 ab 1047 a
B/CC 1267 ab 949 a
B/FC 1278 ab 880 a
B/FCINNR 1206 ab 921 a
B/FM!NNR 1278 ab 1043 a
B/FC/NNRJPF 1190 ab 1064 a
B/FMINNRIPF 1419 a 1086 a
B 1005 b 621 b



herbicide, Beacon, and a biological weed control agent,
Pseudomonasfiuorescens strain D7.

Materials and Methods
Both stands were planted in 1992, received no grass control
treatments while establishing, and produced their first seed
crops in 1993. Residue management treatments were im-
posed after each harvest from 1993 through 1995 to the
same mainplots, which were 60 ft. by 135 ft. in size. Vac-
uum sweep plots were baled and then cut to a 0.75-inch
stubble height with a Rear's "Grasshopper," sucking seed,
straw, and dirt off the ground. Bale/flail chop/rake plots
were baled, flail chopped to a 1.5-inch stubble height, and
then raked with a Rear's "Needle-nose" rake. Straw was
spread uniformly and then burned in the field burn plots.
Herbicides were applied at 26 GPA through a Rear's plot
sprayer equipped with an MT-3000 controller pulled be-
hind a Yamaha 4-wheeler to subplots 9 ft. wide by 60 ft.
long. Subplots were aligned in the direction of planting at
Madras, and at right angles to it at LaGrande. The same 15
herbicide treatments were applied in all three residue man-
agement mainplots, and four replications were used. Some
of the herbicide treatments varied between sites due to dif-
ferent weed emergence patterns, weather conditions, and
availability of supplies. Application timing was changed
somewhat between years, dropping the less effective spring
application to focus on applications in the fall. R- 11 at
0.25% was added to all treatments containing Beacon, in-
cluding Sinbar plus Beacon tank-mixes, while no surfac-
tants were used with any other treatment. Herbicide treat-
ments common to both years were applied to the same plot
locations to follow the buildup of downy brome popula-
tions over time. Plots were trimmed before harvest to 55 ft.
long at Madras and 40 ft. at LaGrande. Swath width was 5
ft., taken from the center of the 9 ft. wide plots.

Downy brome plants were counted in the central 324 ft2 of
each plot in both years at LaGrande and the first year at
Madras, and in 260 ft2 areas the second year at Madras.
Plots were swathed between midnight and 10 AM to
minimize seed shatter, combined with a Wintersteiger plot
combine when dry, and stored in polypropylene bags until
seed cleaning. Seed was rethreshed just before final
cleaning. Air screen cleaners were adjusted to produce
nearly pure, separate samples of Kentucky bluegrass and
downy brome seed from each plot. Data were analyzed as
split plot RCBs, and means were separated at the 5% level
of significance. Downy brome density was log trans-
formed for analysis of variance and means separation due
to the wide range in values (>100 fold) between treatments.
Raw, untransformed values are presented in the tables, al-
though the means were separated based on log transforma-
tion analysis. The same means separation would apply for
downy brome control as for downy brome density.
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Results and Discussion
Downy brome density in the untreated checks was low the
first year at LaGrande (0.053 plants per ft2), moderate the
first year at Madras and the second year at LaGrande
(0.847 and 0.477 plants per ft2), and high the second year at
Madras (4.096 plants per ft2). Sinbar applied in September
at 0.75 lbs ai/acre provided good control of downy brome
(from 89 to 97%), but caused significant visual crop injury,
especially the second year at Madras. Control from 2.0
lbs/acre Banvel was erratic, reaching 87% the first year at
Madras but none at LaGrande in either year. Sequential
application of Sinbar early followed by Banvel in mid to
late fall improved control slightly at Madras, but not at
LaGrande. Addition of 0.25 lbs/acre Goal to Banvel im-
proved control only once, the first year at LaGrande. Early
postemergence application of 0.75 lbs/acre Goal plus 0.5
lbs/acre Sinbar reduced crop injury compared to earlier
application of the full rate of Sinbar, but also reduced
downy brome control at Madras. Application of 0.25
lbs/acre Goal plus 0.38 lbs/acre metribuzin gave moder-
ately good control (82 to 89%) in three cases, but failed the
second year at Madras, when the application was delayed
until Dec. 21 by continuing high winds during several ear-
lier attempts to apply treatments.

Beacon applied in the fall provided moderately good con-
trol of downy brome with little crop injury. Split applica-
tion of Beacon (0.018 lbs/acre at both early postemergence
and mid-postemergence) improved control at both sites in
the second year compared to the full rate applied only at
mid-postemergence. Application of Beacon in the spring
was ineffective on downy brome, and was discontinued
after one year. Excellent control of downy brome was
achieved by combinations of Sinbar plus Beacon, even
exceeding that achieved by early Sinbar in several cases.
However, combinations of Sinbar plus Beacon interacted
rather strangely in crop tolerance. At LaGrande in the first
year, all tank-mixes or sequential applications of Sinbar
and Beacon caused considerably greater crop injury than
Sinbar alone. Little injury occurred at Madras the first year
from any treatments. In the second year at LaGrande, un-
like the first year, tank-mixes or sequential applications of
Sinbar plus Beacon caused no more crop injury than early
Sinbar by itself. In the second year at Madras, some com-
binations increased injury while others decreased it. Great-
est injury occurred when Sinbar applied in October was
followed by Beacon in December, whereas tank-mixes of
Sinbar plus Beacon reduced injury compared to Sinbar
alone or to Sinbar followed by Beacon. A possible expla-
nation for the safening effect of the tank-mixes might be
that the temporary injury caused by Beacon slowed down
crop growth and transpiration, thereby reducing the uptake
of Sinbar during the fall. Most of the injury symptoms
seen were consistent with those from Sinbar.



Response of crop seed yield to herbicides is a mixture of
direct effects (i.e., injury to the crop) and indirect effects
(e.g., changes in competition as weeds are weakened or
killed by the herbicide). As downy brome populations in-
crease, more of the treatments can be expected to outyield
the untreated checks, because the benefits from controlling
the weed will outweigh the injury from the chemicals.
Over the two years, only 33% of the treatments at La-
Grande, the less weedy site, yielded numerically more than
the untreated check, while 70% of them did so at Madras.
Similarly, when combined over the two sites, the number
of treatments numerically outyielding the checks increased
from 43% in 1993-94 to 62% in 1994-95. The full rate of
Sinbar applied early reduced Kentucky bluegrass seed yield
compared to the untreated check at Madras the first year,
but not at LaGrande in either year. In the second year at
Madras, Sinbar yield was virtually identical to the untreated
check, which yielded 260 lbs/acre less seed than the aver-
age of the five highest yielding treatments, a reduction of
28%. Sequential application of Banvel following Sinbar
reduced yields further at Madras, but not at LaGrande.
Sequential application of Beacon following Sinbar reduced
yield in all cases. Tank-mixing 0.0 18 lbs/acre Beacon plus
0.75 lbs/acre Sinbar on Oct. 17 followed by 0.0 18 lbs/acre
Beacon on Dec. 21 increased yield by 462 lbs/acre over
sequential full-rate Sinbar followed by full-rate Beacon at
Madras in the 1994-95 growing season. Split application
of half-rates of Sinbar plus Beacon (0.38+0.0 18 followed
by 0.38+0.018 lbs/acre) performed very well both years at
Madras, controlling 98-99% of the downy brome, and in-
creasing Kentucky bluegrass seed yield compared to the
untreated check in the second year. While this treatment
also controlled downy brome well at LaGrande, it did de-
press seed yield there. The LaGrande site was less well
fertilized and watered than the Madras site, producing a
shorter crop with less total dry matter. It appeared that a
shortage of water and nutrients limited the ability of Ken-
tucky bluegrass at LaGrande to respond favorably to the
removal of downy brome competition, and so the crop
failed to overcome the stunting caused by herbicides.
Treatments containing Beacon but not Sinbar were among
the highest yielding at Madras in both years and at La-
Grande in the first year. While the yield depression from
Beacon the second year at LaGrande might be a varietal
effect, it is more likely due to a shortage of nitrogen and
water needed to overcome the slight stunting that Beacon
often causes Kentucky bluegrass. Only one application of
Pseudomonas fluorescens strain D7 caused any obvious
symptoms on downy brome, the Feb. 7, 1995, application
which reduced downy brome stands by 32 to 48% and
shortened the weeds by 2 inches in the spring. However,
downy brome populations were still high enough to com-
pete severely with the crop, and none of the D7 treatments
increased Kentucky bluegrass seed yield significantly.
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Residue management had no significant effects at either
site on downy brome control in the first year or on Ken-
tucky bluegrass seed production in either year. In the sec-
ond year, downy brome control at Madras was better in
vacuum sweep than bale/flail/rake or field burn, while

control at LaGrande was better in field burn than
bale/flail/rake, with vacuum sweep being intermediate.

Downy brome populations are increasing in both tests, and
seeds scattered from neighboring plots will pose increas-
ingly severe tests of the ability of all treatments to control
this weed. Because of stand loss and yield reductions from
0.75 lbs/acre Sinbar, possibly due to accumulation of Sin-
bar in the soil, the maximum total rate of Sinbar applied per
year was reduced by 20% in the 1995-96 growing season at
both sites. This study will terminate with the 1996 harvest
at LaGrande, but will continue until at least 1997 at
Madras.



Table 1. Site Description and General Management Practices.

Location,
Variety, Post-harvest residue
Planting date Swathing and harvest dates management dates

Madras, July 1993 Aug. 16 (Aug. 5 burn)
Abbey, July 2 & July 19-20, 1994 July22
Aug. 92 July 6 & July 27-28, 1995 Aug. 7, 22, 25, 29: bale, flail, rake, vacuum (Sept. 6 burn)

LaGrande, July 93 Aug. 11-12
"Baron," July 17 & Aug. 2-3, 1994 Aug. 4-5
spring 1992 July 14 & Aug. 1-2, 1995 Aug. 2-3

Downy brome growth stages of time of treatment
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1993-94: Early application Mid-Postemerge Late Postemerge

Madras (9-29-93) (10-27-93) (3-8-94)
3-4 leaf 2-3 tillers frilly tillered

LaGrande (9-23-93) (10-28-93) (3-8-94)
none up 1 tiller fully tillered

1994-95: Pre-Emergence Early Postemerge Mid-Postemerge

Madras (9-13-94) (10-17-94) (12-21-94)
none up 2-3 leaf 5-10 tillers

LaGrande (9-14-94) (10-5-94) (11-16-94)
1 leaf 2-3 leaf 2-4 leaf



Table 2. Herbicide Main Effects on Kentucky Bluegrass Seed Yield, Injury, Downy Brome Density, and Control in 1993-94 Growing Season

Herbicide treatment - timing and rate (lbs ailacre)
Early application Mid-Postemergence Late-Postemerence
Madras LaGrande Madras LaGrande Madras LaGrande

9/29/93 9/23/93 10/27/93 10/28/93 3/8/94 3/8/94

Untreated check
Sinbar 0.75

Sinbar 0.75

Beacon 0.0 18

Sinbar 0.38 +
Beacon 0.18
Sinbar 0.75

Sinbar 0.75 +
Beacon 0.0 18

Banvel 2.0
Banvel 2.0
Goal 0.25 +
Banvel 2.0
Goal 0.75 +
SinbarO.5

Goal 0.25 +
Metribuzin 0.38

Beacon 0.03 5
Beacon 0.018
Beacon 0.018

Sinbar 0.75 +
Beacon 0.03 5
Sinbar 0.38 +
Beacon 0.0 18
Smbar 0.38 +
Beacon 0.18
Beacon 0.035
Beacon 0.0 18

Beacon 0.018
Beacon 0.035

Sinbar 0.38 +
Beacon 0.0 18

Sinbar 0.75 + Beacon 0.0 18

Beacon 0.018
Goal 0.25 +

Sinbar 0.5 + Beacon 0.035

Bluegrass seed yield
Madras LaGrande
7/2/94 7/17/94

704 cde 329 a 0.0 a 0.0 a
592 fg 323 a 3.8 c 12.2 de
661 def 332 a 0.0 a 0.1 a
499 h 308 abc 3.7 c 13.7 e
639 efg 337 a 0.0 a 0.3 a

720 b-e 316 ab 0.0 a 6.6 bc

765 abc 326 a 0.6 ab 13.8 e 0.151 cd 0.006 bc 82 89

800 ab 309 ab 0.0 a 8.0 cd
761 abc 0.0 a
726 bcd 341 a 0.0 a 5.2 bc
819 a 344 a 0.0 a 2.9 ab
829 a 270 cd 1.9 abc 30.2 g

749 abc 221 e 0.8 ab 30.7 g 0.146 cd 0.000 a 83 100

698 cde 2.8 bc

239 de 30.3 g
558 gh 7.8 d

280 bc 26.2 fg

280 bc 22.6 f

Crop injury rating
Madras LaGrande
4/27/94 4/28/94

Downy brome density Downy brome control
Madras LaGrande Madras LaGrande
4/26/94 4/28/94 4/26/94 4/28/94

0.847 e 0.053 ef 0 0

0.044 b 0.006 bc 95 89

0.112 cd 0.066 f 87 -25

0.006 a 0.007 ab 99 87

0.098 cd 0.034 e 88 36

0.092 c 0.012 c 89 77

0.154 cd 0.010 bc 82 81

0.230 cd 73

0.177 d 0.016 cd 79 70

0.600 e 0.033 de 29 38

0.096 cd 0.001 a 89 98

0.002 ab 96

0.023 ab 97

0.002 ab 96

0.003 ab 94

(lbs/acre) (% injury) (#/ft2) (% control)

0.020 ab 98



Table 3. Residue Management Effects on Kentucky Bluegrass Seed Yield, Injury, Downy Brome Density, and Control in 1993-94 Growing Season.

Bluegrass seed yield Crop injury rating Downy brome density Downy brome control
Post harvest Madras LaGrande Madras LaGrande Madras LaGrande Madras LaGrande
residue management 7/2/94 7/17/94 4/27/94 4/28/94 4/26/94 4/28/94 4/26/94 4/28/94

(lbs/acre) (% injury) (#/ft2) ---- (% control)

Vacuum sweep 646 a 307 a 1.8 a 12.4 a 0.132 a 0.016 a 84 70
Bale/flaillrake 699 a 320 a 1.8 a 12.0 a 0.265 a 0.021 a 69 60
Fieldburn 760 a 284 a 0.8 a 16.2 a 0.161 a 0.012 a 81 77

Table 5. Residue Management Effects on Kentucky Bluegrass Seed Yield, Injury, Downy Brome Density, and Control in 1994-95 Growing Season.

Bluegrass seed yield Crop injury rating Downy brome density Downy brome control
Post harvest Madras LaGrande Madras LaGrande Madras LaGrande Madras LaGrande
residue management 716/95 7/14/95 4/13/95 4/12/95 4/13/95 4/11/95 4/13/95 4/11/95

(lbs/acre) (% injury) (#/ft2) ---- (% control)

Vacuum sweep 812 a 424 a 18.2 a 4.9 a 0.746 a 0.201 ab 82 58
Bale/flail/rake 781 a 438 a 17.2 a 5.9 a 1.486 b 0.286 b 64 40
Field bum 702 a 474 a 22.4 a 4.2 a 1.617 b 0.103 a 61 78



Table 4. Herbicide Main Effects on Kentucky Bluegrass Seed Yield, Injury, Downy Brome Density, and Control in 1994-95 Growing Season.

Herbicide treatment - timing and rate (lbs ailacre)
Preemergence Early-Postemergence Mid-Postemergence Bluegrass seed yield Crop injury rating Downy brome density Downy brome control

Madras LaGrande Madras LaGrande Madras LaGrande Madras LaGrande Madras LaGrande Madras LaGrande Madras LaGrande

9/13/94 9/14/94 10/17/94 10/5/94 12/21/94 11/16/94 7/6/95 7/14/95 4/13/95 4/12/95 4/13/95 4/11/95 4/13/95 4/11/95

Untreated check
Sinbar 0.75

Sinbar 0.75

Goal 0.75 +
Sinbar0.5

(lbs/acre) ---- (% injury) (#/ft2) (% control)

671 de 495 bc 9.4 ab 0.0 a 4.096 j 0.477 i 0 0

659 e 518 abc 35.6 de 11.4 ef 0.122 c 0.029 a-d 97 94

Banvel2.0 772 b-e 444 cde 20.4 bc 1.3 ab 1.339 f-i 0.617 i 67 -29

Banvel2.0 473 f 481 bcd 46.8 ef 10.3 e 0.052 ab 0.064 cde 99 87

Goal 0.25 + 737 cde 508 bc 16.8 abc 0.7 ab 0.866 fgh 0.369 hi 79 23

Banvel 2.0
823 a-e 576 ab 20.1 bc 4.2 bc 0.576 e 0.064 def 86 87

GoalO.25+ 697 de 612 a 13.6 abc 2.7 abc 3.068 i 0.076 ef 25 84

Metribuzin 0 38
Beacon 0.035 883 abc 316 fg 20.0 bc 1.4 ab 0.746 ef 0.372 fg 82 22

Beacon 0.018 Beacon 0.018 1002 a 346 efg 10.0 ab 1.8 ab 0.237 d 0.040 b-e 94 92

Sinbar 0.75 + 963 a 382 efg 16.0 abc 6.3 cd 0.234 d 0.011 ab 94 98

Beacon 0.03 5
Sinbar0.38+ SinbarO.38+ 920 ab 391 def 21.9 bc 9.7 def 0.038 bc 0.008 a 99 98

Beacon 0.018 Beacon 0.0 18
Sinbar 0.75 Beacon 0.035 423 f 54.2 f 0.024 a 99

SinbarO.75 BeaconO.035 311 fg 8.6 de 0.017 abc 96

Sinbar 0.75 + Beacon 0.018 885 abc 288 g 23.8 cd 13.0 f 0.084 bc 0.007 a 98 99

Beacon 0.0 18
Banvel2.0 508 bc 2.1 ab 0.400 gh 16

D7 838 a-e 4.6 a 2.497 hij 39

D7 D7 D7 696 de 5.0 a 4.490 j -10

D7 + (2-7-95 D7) 847 a-d 4.6 a 1.299 efg 68

D7 D7 D7 + (2-7-95 D7) 718 cde 5.0 a 3.068 i 25



WATER USE OF BLUEGRASS SEED AND
ITS EFFECT ON YIELD

A.R. Mitchell andS.M GrfJIth

Abstract
Bluegrass water stress was studied in a preliminary
experiment with six irrigation levels. Biomass and seed
yield were very responsive to water stress. Yield
continued to increase for the highest irrigation treatment,
and was attributed to lesser soil water tension in the final
days after irrigation ceased. Bluegrass seed water use for
1995 was 12.6 inches, and was similar to the water use
estimates from the Bureau of Reclamation's AgriMet
weather network.

Introduction
Water allocation for agricultural use is a matter of
increasing concern in the arid Northwest. Because high
quality bluegrass seed is produced in arid regions on both
irrigated and rain-fed land, it is important to document
the crop water use of bluegrass to produce optimal seed
yield. It is also important to investigate the relationship
between yield and crop water use to better manage
irrigation. This study was initiated as part of a the
USDA-CSREES project "Grass Seed Cropping Systems
for a Sustainable Agriculture."

The overall objectives of the three-year study are:

Determine the crop water use of bluegrass seed for
aggressive and nonaggressive cultivars, and for
thermal and nonthermal residue management.

Determine the El/yield relationship for bluegrass
seed during the spring for aggressive and non-ag-
gressive cultivars.

Measure water stress response in bluegrass for ag-
gressive/non-aggressive cultivars through
differences in tillering, plant water potential, dry
matter, and seed yield.

Measure the soil nutrient status (P, K, C, and 5)
and the soil N and plant N uptake and partitioning
in the plantlsoil system under different irrigation
treatments.

To gain preliminary information about the yield response
to water, we applied six irrigation treatments to an estab-
lished stand of bluegrass 'Wildwood' at COARC. This
report will cover findings on soil moisture, yield, seed
yield, and water use.
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Methods
A line-source sprinkler experimental design (Hanks et
al., 1976) was used to apply six different irrigation rates
on an established stand of bluegrass 'Wildwood' at the
COARC. The rates ranged from no irrigation (level 1) to
a the highest irrigation at level 6. Three replications
were located at three corners of the 2-acre field.
Fertilizer and herbicide were applied uniformly at
standard rates. In April, prior to irrigation, soil samples
were taken for water content. At the same time,
Watermark soil moisture sensors were installed in each
plot at depths of 4-6 inches, 10-12 inches, and 16-18

inches. Readings were taken thrice weekly until harvest.
Irrigations were scheduled based on the measured soil
water depletion of the fifth irrigation level. Irrigation
was measured throughout the season for each plot with
catch cans that were raised to the height of the grass
canopy.

Harvest consisted of taking above-ground biomass, and
seed yield. Biomass was taken on June 29 from three 1-
ft2 areas, and the samples were used to determine the
number of fertile and non fertile tillers. Seed yield was
taken from a 1-rn2 area of each plot and thrashed at the
USDA-NFSPRC.
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Figure 1. Biornass as a function of water use,
Wildwood Bluegrass, Madras, Oregon, 1995.
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differences, but after June 21 there was a marked
difference in soil water potential between the two
treatments. These data suggest that the improved yield
of the highest irrigation treatment may have resulted
from less water stress in the final days of development.
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Figure 3. Soil water tension at the six-inch depth for
irrigation treatments IS and 16 of Wildwood
Bluegrass, Madras, Oregon, 1995.
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Figure 4. Cumulative water use of Wildwood
Bluegrass compared to AgriMet estimates,
Madras, Oregon, 1995.

The cumulative water use of Wildwood bluegrass is
shown in Figure 4 for all irrigation treatments. Also
shown are the AgriMet estimates of bluegrass water use
from a weather station with 400 m of the experimental
field. The differences between estimates by AgriMet and
treatment 6 in April and May are a result of the
calculation of water use that included the soil water
depletion as occurring during that time period. The
virtually identical results at the end of the season show
that AgriMet did a good job of estimating bluegrass
water use.

Water use, or evapotranspiration (ET), estimates for
bluegrass vary widely. Using central Oregon as an
example, the most recent OSU publication on water use
(Cuenca et al. 1992) listed the yearly median water use
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Figure 2. Seed yield as a function of water use, Wild-
wood Bluegrass, Madras, Oregon, 1995.

Results
One entire replicate was eliminated from the following
analyses because it received overland flow of irrigation
water from another location that compromised the
integrity of the plot. The bluegrass biomass and seed
yield responded to irrigation treatment at a highly
significant level (Table 1). The harvest index, or ratio of
seed yield to biomass, also responded to increasing
irrigation treatment. There was no difference in yield
components between irrigation treatments 3, 4, and 5 in
spite of the differences in calculated water use.
However, irrigation treatment 6 was significantly higher
in seed yield and harvest index. This will be explained
later.

Fertile and non-fertile tiller counts were not significantly
different for the irrigation treatments (data not shown),
however, the biomass of fertile tillers, when weighed
separately, was significantly greater for higher irrigation
treatments (Table 1).

The relationships between water use and yield are shown
in Figure 1 for biomass and Figure 2 for seed yield.
Linear regression was used to produce the equations
listed on the graphs. The 1995 data at Madras showed
that without irrigation, the 229 mm (9.0 inches) of
precipitation plus soil water depletion can produce low
levels of biomass, but not significant seed yield. The
maximum water use of 321 mm (12.6 inches) produced
an average seed yield of 161 g/m2 (1,436 lb/A). Any
stress below the maximum resulted in a severe yield
reduction. According to the linear relationship, a 1-inch
change in water use results in an 195-lb/A change in seed
yield!

There was a large yield response between irrigation
levels 5 and 6 although there was little difference in
water use (Table 1). The difference in soil matric
potential can be observed in time in Figure 3, where the
greater values indicate drier soil. There was no
difference throughout May until after the last irrigation
June 12. Rain on June 14 and 15 minimized the
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for grass seed as 35.9 inches, while the Bureau of
Reclamation's AgriMet system (USBOR, 1995)
calculated a seven-year average as 15.5 inches, and
Watts et al. (1968) listed 5.95 inches. The 1995 AgriMet
calculation was 14.9 inches. It appears that the AgriMet
calculations was the best estimate of water use available.

Future research will concentrate on the water use and
yield of aggressive and non-aggressive bluegrass. With
the information from the 1995 experiment, we will be in
a position to investigate irrigation in late June that
appears to influence yield. We have already established
an experimental plot of bluegrass cultivars Abbey and
Bristol that are aggressive and non-aggressive,
respectively. The design was a double line-source
sprinkler (Frenkel, et al., 1990) with room to conduct
nested experiments on nitrogen fertility and residue
removal. These factors will be tested in 1996, and 1997.
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(mm)

1 229
2 242
3 272
4 300
5 318
6 321

548 a
623 a

1010 b
1171 cb
1181 cb
1375 C

(g/m2)

'Water use is the sum of irrigation, precipitation, and change in soil water.
2

values followed by the same letter are not significantly different at the 0.05 level.
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(gIm2)

203 a
246 ab
496 bc
607 c
731 c
630 c

Irrigation Harvest Fertile Tiller
Treatment Water Use' Biomass Seed Yield Index TKN Biomass

Significance P<0.Ol P<0.0l P<0. 10 P<0.01 P<0.05

(%)

12 a 2.15 1.68 a
45 ab 7.05 1.16 bc
83 bc 8.42 1.14 bc

103 c 8.81 0.99 c
102 c 8.84 1.06 c
161 d 11.72 1.01 c



EVALUATION OF HERBICIDES FOR
CONTROL OF ROUGHSTALK
BLUEGRASS IN KENTUCKY

BLUEGRASS, 1994-1995

MD. Butler

Historically central Oregon has been an important Ken-
tucky bluegrass seed production area. In recent years,
however, roughstalk bluegrass production has increased
and currently accounts for over one-third of grass seed
grown in the area. Contamination of Kentucky bluegrass
seed with roughstalk bluegrass has become an increasingly
serious problem for the central Oregon grass seed industry.
Evaluation of herbicides for control of roughstalk bluegrass
in Kentucky bluegrass were initiated during the 1993-1994
season, and expanded during 1994-1995.

To evaluated herbicides for crop injury three trials were set
up in three commercial Kentucky bluegrass fields (cv.
Merit, Coventry, and Unique). To evaluate percent control
of established and seedling plants of roughstalk bluegrass,
three commercial fields of roughstalk bluegrass (cv. Saber,
Laser, and Cypress) were used. Eight herbicides were fall-
applied November 3 at all three roughstalk bluegrass fields,
and November 7 to fields of Coventry and Unique, and
November 22, 1994 to the Merit field. The ninth herbicide,
Horizon, was applied to all locations March 25, 1995.
Materials were applied at two rates in a grid pattern of 10 ft
x 10 ft plots with 100 plots per location. The low rate of
the nine herbicides was applied in strips across ten plots
and the high rate of the same herbicides was applied in
strips across ten plots perpendicular to the low rate
applications. Application was made using a CO2
pressurized, hand-held, boom sprayer at 40 psi and 20 gal/a
of water. A non-ionic surfactant, Spray BoosterS®, was
applied at 1 qt/100 gal in combination with all herbicides.

The Saber field was removed from production after
evaluation March 17, 1995 for control of established and
seedling roughstalk bluegrass plants. The other two
roughstalk bluegrass fields were evaluated March 28, 1995.
An evaluation of percent crop injury, based on reduction in
plant biomass, was made on the Kentucky bluegrass fields
March 29, 1995. Evaluation of the spring-applied Horizon
plots was conducted May 10, 1995. Pre-harvest
evaluations of percent reduction in seed set were conducted
on June 9 and 12, 1995. Visual assessment of treatments
showing the greatest roughstalk bluegrass control with the
least injury to established Kentucky Bluegrass were chosen
for statistical analysis. Data from these most promising of
the 100 herbicide combinations are shown in Table 1.
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The greatest injury to Kentucky bluegrass across cultivars
resulted from Assert at 1 V2 pt/a with 20 percent injury and
Sinbar at 11/4 lb/a with 18 percent injury. Assert at 11/2 pt/a
produced 10 to 12 percent injury in combination with other
materials, while Beacon at 1 '/8 ozia produced 10 percent
injury. Coventry and Unique appeared to be more sensitive
to Beacon, while Merit showed increased injury from Sin-

bar, Nortron and Banvel, Evaluation of phytotoxicity on
May 10 following the spring application of Horizon re-
vealed up to 30 percent damage to Kentucky bluegrass.
Pre-harvest evaluation of seed set indicated reductions
from Horizon in all three cultivars, up to 90 percent for
Merit, 60 percent for Coventry, and 85 percent for Unique.

Eighty-nine percent of roughstalk bluegrass plants were
controlled with Sinbar at 1¼ lb/a, while Sinbar plus Diuron
combinations provided 79 to 83 percent control. Saber was
controlled at 70-98 percent with combinations of Sinbar at

lb/a, while Laser appeared to be more resistant with
generally a lesser degree of control from either Sinbar at 3/4

lb/a or Diuron at 2 lb/a. The best combination was Diuron
plus Sinbar with 85 percent control. The greatest promise
for control of Cypress was Sinbar, Diuron, Assert, and
Lexone in combination with other materials. Evaluation of
phytotoxicity May 10 following the spring application of
Horizon showed some damage to roughstalk bluegrass. Up
to 10 percent reduction in biomass was observed at I V2 pt/a,

with 15 to 20 percent control was provided at 2¼ pt/a for
both Laser and Cypress.

Seedling roughstalk bluegrass between the rows was 94
percent controlled with Sinbar at 1¼ lb/a or 92 percent
controlled with Sinbar plus Diuron combinations. Sinbar
in combination with Beacon or Goal provided 85 percent
control, while Sinbar in combination with Lexone gave 80
percent. As with established roughstalk plants, Sinbar at
either rate, and Diuron at 2 lb/a provided the most consis-
tent control across combinations. The only effective mate-
rial on Saber was Sinbar, while Beacon and Diuron pro-
vided consistent control above 80 percent on Laser (except
in combination with Banvel). Some control was also pro-
vided by Lexone and Sinbar. As with established plants,
Cypress was the most sensitive cultivar for seedling control
with Sinbar, Diuron, and Lexone being the most effective
materials.



Table 1. Percent control for selected fall-applied herbicides providing the best overall performance on established and
seedling roughstalk bluegrass and corresponding crop injury to Kentucky bluegrass evaluated March, 1995 near
Madras and Culver, Oregon.

Data are the average of three fields; Saber, Laser and Cypress.
2

Data are the average of three fields; Merit, Coventry and Unique.
'
Means in the same column with different letters are significantly different (P=0.05).

DEVELOPMENT OF CONTROL
PROGRAM FOR ERGOT IN KENTUCKY

BLUEGRASS SEED PRODUCTION

MD. Butler, Fl Crowe, D.D. Coats and S.C. Alderman

Ergot, caused by the fungus Claviceps purpurea, is an im-
portant flower-infecting pathogen in grass seed production
regions of the Pacific Northwest. Of the grass species
grown for seed in Oregon, Kentucky bluegrass is particu-
larly affected by ergot. Historically the disease has been
partially controlled by open-field burning.

During the 1995 season fungicides were evaluated for con-
trol of ergot in a 'Coventry' Kentucky bluegrass seed field
at Trail Crossing, near Culver, Oregon. Fungicide evalua-
tions were also conducted at a second field of 'Coventry'
located at the Central Oregon Agricultural Research Center
(COARC), Powell Butte site, which was inoculated with
ergot at 1 sclerotia/ft2 in 1993 and 1994 to insure an ade-
quate level of disease. Fusilazole (Dupont's Punch®),
progiconazole (Ciba's Tilt®), tebuconazole (Miles' Foli-
cur

fl)
and Best Sulfur Products' Orthorix® were evaluated

during the 1995 season, with an emphasis on Tilt since it is
currently registered for grass seed. Surfactants Sylgard 309
and Penaturf were evaluated individually as the second of
two applications following Tilt.

Materials were applied to 10 ft x 20 ft plots replicated four
times in a randomized complete block design with 8003
TwinJet nozzles on a 9 foot CO2 pressurized boom sprayer
at 40 psi and 30 gal/a water. Silicone surfactant, Sylgard
309, and spreader-sticker, R-56, were each applied at 1

pt/lOO gal in combination with all fungicide treatments

Roughstalk bluegrass control' Injury to
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except Orthorix, and one 4 fi oz/a Tilt treatment. Treat-
ments were applied at the Trail Crossing location on June 3
and June 16 and at the Powell Butte site on June 3 and June
13. The first treatments were applied at the initiation of
anthesis at Powell Butte and just prior to anthesis at Trail
Crossing.

One hundred panicles were collected from each plot on
June 13 at the Powell Butte location and July 14 at the
Trail Crossing site. Number of panicles with sclerotia and
total sclerotia per sample were determined for each plot.
Seed weight per sample and weight per 1,000 seed was
determined following standard separation procedures.
Analysis of variance was used to evaluate fungicide effect
on suppression of ergot at both locations.

Incidence of ergot at the Powell Butte site was quite high,
while the infection level at Trail Crossing was relatively
low. Comparison of the number of panicles with sclerotia
and the total number of scierotia per sample at the Powell
Butte site (Table 1) indicates a single application of Punch
provides the most effective control of ergot. A single
Punch application, both a single and double application of
Tilt at 8 ozla, and a double application of Tilt plus Or-
thorix statistically out-performed both single and double
applications of Orthorix and the nontreated plots. Due to
low incidence of ergot at the Trail Crossing location, there
were no significant differences between treatments when
comparing either panicles with sclerotia or total sclerotia
per 100 panicle sample (Table 2).

Seed weight per sample or weight per 1,000 seed were not
significantly different at either location, indicating no effect
of fungicide applications on seed size.

Material and rate seedlings established plants Kentucky bluegrass2

(%) (%)

SinbarO.5 lb+SinbarO.75lb 94 a3 89 a 18 a
Sinbar 0.5 lb + Diuron 2.0 lb 92 a 83 a 2 ab
Diuron 1.0 lb + Sinbar 0.75 lb 92 a 79 a 3 ab
Sinbar 0.5 lb + Beacon 0.75 oz 85 a 32 a 7 ab
Goal 10 oz + Sinbar 0.75 lb 85 a 68 a 5 ab
Smbar 0.5 lb + Lexone 5.33 oz 80 a 50 a Ob
Lexone 2.67 oz + Sinbar 0.75 lb 80 a 68 a 7 ab
Assert 0.75 lb + Sinbar 0.75 lb 75 a 68 a 3 ab



Table 1 Evaluation of fungicides applied for ergot control to 'Coventry Kentucky' bluegrass at the COARC Powell

Butte site in central Oregon on June 3 and June 13, 1995.

Fungicide Rate Panicles Total scierotia Weight 1000 seed

Treatment June 3 June 13 with scierotia per sample per sample weight

1 Application with Penaturf at 42 fi oz rather than standard surfactants.
2 Silgard applied at 32 fl oz per 100 gals.
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'Application with Penaturf at 42 fi oz rather than standard surfactants.
2 Silgard applied at 32 fi oz per 100 gals.

Means in the same column with different letters are significantly different (P=0.05).

Table 2. Evaluation of fungicides applied for ergot control to 'Coventry Kentucky' bluegrass in the Trail Crossing area

near Culver, Oregon on June 3 and June 16, 1995.

Fungicide Rate Panicles Total sclerotia Weight 1000 seed

Treatments June 3 June 16 with scierotia per sample per sample weight

(fl oz/a) (%) (no.) (g) (mg)

Punch2SE 28 1.3 1.3 3.03 291

Tilt 3.6E/Orthorix + Tilt 3.6E/Orthorix 4/64 4/64 1.0 1.3 3.03 273

Tilt 3.6E 4 1.8 3.3 3.44 291

Tilt 3.6E
41 4.0 8.5 3.38 306

Tilt 3.6E+Tilt 3.6E 4 4 1.8 2.0 3.01 296

Tilt 3.6E + Orthorix 4 64 2.3 3.8 2.96 295

Tilt 3.6E + Silgard 4 322 2.5 5.5 3.23 297

Tilt 3.6E + Penaturf 4 42 3.0 6.0 3.34 280

Tilt 3.6E 8 1.0 1.5 3.16 285

Tilt 3.6E + Tilt 3.6E 8 8 0.3 0.3 3.59 275

Folicur3.6F 4 1.0 2.8 3.53 285

Folicur3.6F 8 0.3 0.3 3.24 280

Orthorix 64 6.8 36 3.53 292

Orthorix + Orthorix 64 64 3.0 5.8 3.28 302

Untreated 5.0 10 3.48 296

LSD .05 NS NS NS NS

(fl ozia) (%) (no.) (g) (mg)

Punch25E 28 13 f3 23 d 4.47 a 334 a

Tilt 3.6E/Orthorix + Tilt 3.6E/Orthorix 4/64 4/64 34 cdef 89 cd 4.75 a 335 a

Tilt 3.6E 4 50 abcde 194 bcd 4.63 a 350 a

Tilt 3.6E
41 57 abc 221 abcd 4.63 a 344 a

Tilt 3.6E+Tilt 3.6E 4 4 43 bcde 152 bcd 4.37 a 344 a

Tilt 3.6E + Orthorix 4 64 45 bcde 145 bcd 4.71 a 337 a

Tilt 3.6E + Silgard 4 322 66 ab 282 abc 4.23 a 335 a

Tilt 3.6E + Penaturf 4 42 56 abcd 262 abc 4.40 a 324 a

Tilt 3.6E 8 33 def 89 cd 4.76 a 340 a

Tilt 3.6E + Tilt 3.6E 8 8 27 ef 72 cd 4.44 a 329 a

Folicur3.6F 4 49 abcde 172 bcd 4.67 a 338 a

Folicur3.6F 8 51 abcde 177 bcd 4.59 a 346 a

Orthorix 64 65 ab 348 ab 4.86 a 327 a

Orthorix + Orthorix 64 64 61 ab 325 ab 4.59 a 340 a

Untreated 71 a 415 a 4.85 a 327 a



ERGOT LEVEL EFFECT OF SEED STOCK
ON DISEASE INCIDENCE

MD. Butler, F.J. Crowe, D.D. Coats and S.C. Alderman

Ergot (Claviceps purpurea) is an important flower-infect-
ing pathogen which is particularly damaging to Kentucky
bluegrass seed production. The pathogen produces an
elongated, black sclerotia that replaces seed in infected
florets and causes a reduction in yield. These scierotia are
the primary means of survival and source of inoculum. In
the spring, during flowering, spores from the scierotia in-
fect the grass flower and produce secondary spores within
an exudate (honeydew) which can make harvest difficult.
Secondary spores may also infect by being splashed or
carried to new florets. The objective of this study was to
determine if there is a direct correlation between the num-
ber of sclerotia present in seed at planting and incidence of
the disease in following years.

'Coventry' Kentucky bluegrass seed was infested with 0,
0.1, 1, 4, 7, and 10 percent ergot sclerotia by weight. This
seed was planted September 21, 1994 in 10 ft x 10 ft plots
replicated 4 times at the Central Oregon Agricultural Re-
search Center, Powell Butte location. Plots were separated
by 10 foot borders planted with 'Stephens' wheat to pro-
vide isolation and prevent movement of secondary spores
by wind and insects between plots. One hundred panicle
samples were harvested from each plot on August 1, 1995.
Samples were evaluated for percent of panicles with scie-
rotia and total sclerotia per 100 panicle sample.

There were no differences in the number of sclerotia pres-
ent at harvest between the different levels of ergot-infested
seed at planting (Table 1). Possible explanations would
include the possibility that the 10 foot borders of wheat
may not have been sufficient to prevent cross contamina-
tion between plots, or alternately, spores could have come
from outside the trial area. With the plots being sprinkler-
irrigated twice a week prior to harvest, it appeared that a
moist, high-humidity microclimate developed in the pro-
tected pockets of grass surrounded by the three-foot high
wheat. This would have provided near optimum conditions
for ergot infection during flowering, and subsequent sec-
ondary infection.
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POTENTIAL ALTERNATIVES TO
FIELD BURNING IN THE

GRANDE RONDE VALLEY

T G. Chastain, G.L. Kiemnec, G.H. Cook, C.J Garbacik
and B. M Quebbeman

Introduction
Field burning of grass seed crop straw and stubble is an
important management tool in the Grande Ronde Valley.
However, health and aesthetic concerns associated with the
smoke produced by open-burning has prompted research to
fmd alternative residue management practices. This article
documents the findings of a three-year study funded by the
State Department of Agriculture to identify potential alter-
natives to open-field burning of Kentucky bluegrass and
Chewings fescue seed crops in the Grande Ronde Valley.

Procedure
The research was conducted in commercial seed production
fields of Abbey and Bristol Kentucky bluegrass, and Bar-
nica Chewings fescue. Residue management strategies
examined at each of the on-farm sites included: (i) removal
of straw by baling (Bale), (ii) baling, flailing with a rotary
scythe, followed by residue removal with a needle-nose
rake (Rake), (iii) baling, followed by removal of the resi-
due by vacuum-sweeper (Vacuum), (iv) flail-chopping
straw and stubble three times with no removal (Flail 3X),
and (v) open-field burning (Burn). Residue management
operations were conducted in 1992, 1993, and 1994 after
the first, second, and third seed harvests in each field, re-
spectively. Straw remaining in the field and the height of
stubble after nonthermal treatment was measured.

Table 1. Effect of sowing various levels of ergot-in-
fested seed on incidence of the disease at the
Central Oregon Agricultural Research Center,
Powell Butte location, during 1994-1995.

Percent
infestation Panicles Sclerotia
of sown with per
seed sclerotia sample

(%) (number)

0 40 801
0.1 38 931

46 1125
4 44 1030
7 52 1110
10 38 876

LSD .05 NS NS



Fall regrowth characteristics were measured on samples
taken in October 1992, 1993, and 1994. Fertile and spring
vegetative tiller numbers were also determined at each site.
Plots were harvested with the growers' swathers and com-
bines. Weigh wagons were used to determine the bulk seed
weight harvested from each plot. Clean seed yield was
calculated from percent cleanout values obtained from the
bulk seed and from seed laboratory purity results. Seed
germination and purity values were determined by the OSU
Seed Laboratory.

Baling is the primary straw removal method in clean
nonthermal management of grass seed crops. The Rake
treatment removed more than half the straw remaining after
baling. Vacuum was the most effective treatment for re-
moving straw and reducing stubble height Since field
burning of straw and stubble is known to return nutrients to
the soil, some concern has been expressed that clean
nonthermal management systems may tend to remove nu-
trients from the field with the straw. To counter this re-
moval, some growers have shown interest in nonthermal
management with no removal (i.e., Flail 3X). We com-
pared soil tests drawn from Vacuum- and Flail 3X-treated
plots and found that straw removal caused only minor re-
ductions in pH and potassium levels in the upper six inches
of the soil profile. Nevertheless, it is important to point out
that at no time during the study were any of the nutrients
tested reduced below critical levels by straw removal.

Fall Regrowth and Plant Development
Regrowth of Kentucky bluegrass in fall was affected by
residue management in each of the three years of our study.
Treatments that produced the most thorough residue re-
moval and stubble height reduction (Rake, Vacuum, Burn)
consistently produced the shortest fall tiller height, whereas
tillers were taller in Flail 3X (stubble height reduced, no
straw removal) and Bale (no stubble reduction, 75% straw
removal) treatments (Table 1).

Abbey
Treatment 1992 1993

Flail 3X
Bale
Rake
Vacuum
Burn
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During the early years of our study, we noted that
nonthermal management often reduced the number of large
tillers present compared with burning (Table 2). The num-
ber of large tillers in the population was generally related to
the thoroughness of straw and stubble removal among
nonthermal treatments. However, an interesting reversal of
these trends became evident in fall 1993 and was decidedly
different in fall 1994 than we had observed initially in fall
1992. Our first conclusion led us to believe that burning
had apparently reduced large tiller number in both Abbey
and Bristol Kentucky bluegrass in 1995. Yet when we ex-
amined how the Kentucky bluegrass tiller populations had
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Table 1. Effect of residue management alternatives on fall tiller height in Kentucky bluegrass.

1994 1992

(cm)

13b' 15c 12b 14c
12b lOb 16c lOb
9a 7a 8a 7a
8a 7a 7a 8ab
9a 7a 8a 7a

FLAIL 3X
BALE

o RAKE
E VACUUM

BURN

Figure 1. Influence of residue management practices on
fall tiller populations in Bristol Kentucky
bluegrass.

Bristol
1993 1994

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

15 d
9c
5a
5a
7b

10 b
10 b
8a
8a
7a

1993 1994
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Table 2 Impact of residue management alternatives on number of large (2mm diameter) fall tillers in Kentucky
bluegrass.

Abbey Bristol
Treatment 1992 1993 1994 1992 1993 1994

(% of burn)

Flail3X 65 ab1 35 a 183 ab 43 a 86 a 264 b
Bale 64 a 89 b 171 ab 48 a 97 a 237 b
Rake 115 c 99 b 255 bc 78 b 156 bc 236 b
Vacuum 108 c 101 b 299 c 92 b 168 c 315 b
Bum 100 c 100 b 100 a 100 b 100 ab 100 a

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

Table 3. Leaf development responses to alternative residue management in Kentucky Bluegrass.

Abbey Bristol
Treatment 1992 1993 1994 1992 1993 1994

(leaf number per tiller)

Flail3X 2.3 ab' 1.7 a 2.9 2.1 2.5 ab 3.2
Bale 1.9 a 2.3 b 2.7 2.2 3.0 b 3.1
Rake 2.8 c 2.4 b 2.7 2.3 2.1 a 3.3
Vacuum 2.7 bc 2.1 b 2.7 2.3 2.5 ab 3.0
Burn 2.3 ab 2.4 b 2.6 2.2 2.5 ab 3.0

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

Table 4. Effect of residue management alternatives on fertile tiller percentage in spring tiller populations of Kentucky
bluegrass.

Abbey Bristol
Treatment 1993 1994 1995 1993 1994 1995

(%)

Flail3X 14 6 a' 6 a 18 a 14 a 22 a
Bale 28 20 b 13 a 30 b 17 a 28 ab
Rake 31 28 b 28 b 32 b 30 bc 41 bc
Vacuum 29 25 b 29 b 39 b 37 c 38 bc
Burn 28 25 b 29 b 42 b 26 b 49 C

'Means in columns followed by the same letter are not significantly different by Fisher's protected LSD values (P 0.05).
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changed over the years, it became clear to us that burning
does not reduce tiller number. Rather, it is maintained by
burning at a nearly constant level over time (Figure 1). In-
stead, we found that tiller number had increased as the
stands aged when the crop was managed by nonthermal
methods. This increase in tiller number was likely due to
greater rhizome production in nonthermal management
treatments, which has been documented by other investiga-
tors in Kentucky bluegrass. The rhizomes establish
daughter plants that, in turn, produce the additional tillers
recorded in our samples.

Leaf development in fall-fonned tillers of Kentucky blue-
grass was not consistently affected by the presence or ab-
sence of burning nor was leaf development influenced by
the thoroughness of straw and stubble removal among
nonthermal treatments (Table 3).

The regrowth of Chewings fescue after residue manage-
ment exhibited different responses than we had observed
for Kentucky bluegrass. As we had found in Kentucky
bluegrass, tiller height was typically greatest when Chew-
ings fescue was managed with Flail 3X, but other treat-
ments did not have a consistent effect on tiller height.
Tiller number was not affected by residue management in
Chewings fescue. Unlike Kentucky bluegrass, Chewings
fescue is not a rhizome-forming species so it is expected
that tiller populations would respond differently to residue
management practices. Nevertheless, the number of aerial
tillers in the population was reduced in proportion to the
thoroughness of stubble and straw removal. Aerial tillers
accounted for more than 20% of the total tiller population
in Bale and Flail 3X treatments in fall 1993, whereas no
aerial tillers were found when the crop was burned.

Spring Tiller Production
Producing Kentucky bluegrass without straw removal (Flail
3X) consistently caused low fertile tiller numbers in the
following spring (Table 4). Management by baling without
additional straw removal by a secondary method (Rake or
Vacuum) or stubble height reduction often resulted in
fewer fertile tillers than in the burn treatment. We found
that the Rake and Vacuum treatments had fertile tiller pro-
duction that was equivalent to burning. The number of
spring vegetative tillers produced by Kentucky bluegrass
was reduced by burning in 1993 and 1995, but not in 1994.

Fertile tiller production in Chewings fescue was not af-
fected by residue management practices in 1993, but fertile
tiller numbers were reduced without straw removal (Flail
3X) in 1994 and 1995 (Table 5). Burning produced the
greatest number of fertile tillers in 1994 and 1995. Incon-
sistent effects of residue management on spring vegetative
tiller numbers were noted in Chewings fescue.
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Table 5. Residue management impacts on fertile tiller
percentage in spring tiller populations of Bar-
nica Chewings fescue.

Flail 3X
Bale
Rake
Vacuum
Burn

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

Table 6. Effect of residue management on Kentucky
bluegrass and Chewings fescue seed yield in
the Grande Ronde Valley.

(lb/A)

1993 Flail3X 836 a' 431 a 801 a
Bale 1100 b 600 b 931 ab
Rake 1242 b 642 bc 965 b
Vacuum 1170 b 627 bc 1032 b
Burn 1224 b 674 c 1021 b

1994 Flail3X 245 a 226 a 335 a
Bale 490 b 356 b 599 b
Rake 766 c 452 c 639 bc
Vacuum 661 c 442 c 745 c
Burn 749 c 434 bc 749 c

1995 Flail 3X 637 a 500 a 285 a
Bale 968 b 667 c 629 b
Rake 1200 c 623 bc 652 b
Vacuum 1163 c 611 b 698 b
Burn 959 b 615 b 839 b

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

Seed Yield and Seed Quality
Rake and Vacuum treatments produced Kentucky bluegrass
seed yields that were equivalent to field burning (Table 6).
To attain seed yields that were not different from the burn
treatment, our Rake and Vacuum treatments had to remove
at least 90% of the straw and stubble height was reduced to

Treatment 1993 1994 1995

Kentucky Chewings
bluegrass fescue

Year Treatment Abbey Bristol Barnica

(%)

53 7 a' 10 a
38 20 b 19 ab
45 22 bc 23 b
45 28 bc 18 ab
30 32 c 34 c



less than two inches. Removal of straw by baling withou
further reduction in stubble height (Bale) did not aiway
produce seed yields that were equivalent to burning. Whe
no straw was removed (Flail 3X), we consistently foun
major reductions in Kentucky bluegrass seed yield.

The poorest seed yields in Chewings fescue were observe
in the Flail 3X treatment, whereas Rake and Vacuum
treatments produced yields that were not different from
burning (Table 6). Although not statistically different, the
Rake treatment tended to produce lower yields than the
Burn treatment.

Seed germination was not reduced by nonthermal man-
agement anytime during our study in Kentucky bluegrass.
Germination was not affected by residue management in
most instances in Chewings fescue. However, germination
was reduced by the Flail 3X treatment in Chewings fescue
in 1994. Seed purity was often reduced in the Flail 3X
treatment in both Kentucky bluegrass and Chewings fes-
cue. This reduction in purity was caused by an increase in
inert matter. No increases in weed seed, other crop seed, or
ergot were detected.

Conclusions and Recommendations
Our observations have led us to conclude that a sizable
portion of the seed yield potential in Kentucky bluegrass is
set in fall prior to the onset of conditions favoring vernali-
zation of the crop (low temperatures and short days in
winter). We believe that this component of the crops' yield
potential is largely a function of the quality of crop re-
growth in fall and that there is no "physiological shock"
associated with field burning. Field burning simply re-
moves stubble and straw that inhibit regrowth characteris-
tics, which otherwise would improve the chances for suc-
cessful induction of flowering. Factors such as heat and
drought, pests, insufficient nutrients, and others can indi-
vidually and collectively, influence the realization of the
seed yield potential during spring and summer months.

Our research has identified several regrowth characteristics
that may be associated with flowering and seed yield. For
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instance, large diameter tillers in fall were important early
indicators of seed yield, particularly in younger stands.
However, large tiller number alone did not account for the
variation in seed yield that we observed among treatments.
The height of Kentucky bluegrass tillers in fall was in-
versely related to the seed yield harvested in the following
season. In other words, tall tillers were indicative of poor
seed yields, whereas short tillers were indicative of good
seed yields. Other morphological and possibly, biochemi-
cal characteristics of quality regrowth in Kentucky blue-
grass still need to be identified.

We cannot recommend that growers use Flail 3X to man-
age post-harvest residues in Kentucky bluegrass and
Chewings fescue grown in the Grande Ronde Valley. Low
seed yields, higher seed cleaning costs, and the potential
for low seed quality all point to low profitability for grow-
ers managing straw without removal. Our work clearly
shows that seed yield and seed quality can be maintained in
Kentucky bluegrass and Chewings fescue without burning
if growers use management techniques (Rake or Vacuum)
that will remove most of the straw and reduce stubble
height. We feel that thorough removal of straw and reduc-
tion in stubble height is necessary to ensure optimum crop
regrowth in fall and to produce the highest seed yields
consistently.

Growers must use the most cost efficient means available
to attain the desired level of straw and stubble removal. At
present, field burning is the lowest cost method but the
availability and timeliness of burning are major concerns.
Research conducted in the Grande Ronde Valley has shown
that a 30-day delay in burning caused significant reductions
in Kentucky bluegrass seed yield. To avoid major yield
losses, nonthermal methods should be considered when
atmospheric conditions prevent a timely burn after harvest.
We believe that the results of our work provide the basis
for the future development of residue management strate-
gies that will both be cost effective and resource
conserving.



PRELIMINARY EVALUATIONS OF
PRIMISULFURON FOR DOWNY BROME

CONTROL IN EASTERN OREGON
KENTUCKY BLUEGRASS

SEED PRODUCTION

D.A. Ball and D.L. Walenta

Introduction
Previous evaluations from various industry and university
researchers have identified primisulfuron (Beacon®) as a
potential herbicide for control of certain grass weeds such
as quackgrass and downy brome in established Kentucky
bluegrass seed production fields. Further information is
needed on the effectiveness of this material under eastern
Oregon conditions for both established and newly seeded
stands. Two studies were initiated in eastern Oregon to
evaluate the potential uses of primisulfuron in Kentucky
bluegrass seed production. One study was established on a
commercial Kentucky bluegrass field near LaGrande, OR
to evaluate postemergence timings, and split applications of
primisulfuron for downy brome control, crop tolerance,
and germinability of harvested seed in established Ken-
tucky bluegrass grown for seed. A second study was initi-
ated near Athena, OR under center pivot irrigation to
evaluate primisulfuron efficacy and crop tolerance in

seedling Kentucky bluegrass.

Methods and Materials
The first experiment was established south of LaGrande,
OR in a forth year stand of Kentucky bluegrass var.
'Baron'. Fall applied postemergence (EPOST) treatments
were made on October 5, 1994 (air temp. 55°F, sky cloudy,
wind NE at 3 to 6 mph, relative humidity 65%, soil temp.
at 0 inch 72°F, 1 inch 67°F, 2 inch 63°F, 4 inch 59°F) to I
leaf downy brome and bluegrass with 4 inch regrowth.
Late fall postemergence (MPOST) treatments were made
on October 24 (air temp. 40°F, sky clear, wind calm, rela-
tive humidity 92%, soil temp. at 0 inch 62°F, 1 inch 58°F,
2 inch 52°F, 4 inch 50°F) to downy brome with 3 to 5 till-
ers and partially dormant bluegrass. Spring applied poste-
mergence (LPOST) treatments were made on February 28,
1995 (air temp. 35°F, sky clear, wind N at 3 to 4 mph,
relative humidity 65%, soil temp. at 0 inch 49°F, 1 inch
36°F, 2 inch 32°F, 4 inch 34°F) to fully tillered downy
brome 3 inch height, and dormant bluegrass. All treat-
ments were made with a hand-held CO2 sprayer delivering
15 gpa at 30 psi. Plots were 10 by 25 ft in size, in a ran-
domized complete block design with four replications. Soil
at the site was a loam with 39.4% sand, 41.8% silt, and
18.8% clay, 3% organic matter, 7.3 soil pH, and a CEC of
25.8 meq/lOOg. Evaluations of visual crop injury and
downy brome control were made on October 24, 1994,
February 28, 1995 and April 7, 1995. Plots were cut on
July 12, 1995 with a small plot swather, and harvested with
a plot combine on July 21, 1995. Seed samples were de-
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linted and cleaned prior to yield determination. Harvested
seed samples were processed for purity and percent germi-
nation by the O.S.U. Seed Laboratory, Corvallis.

The second study was established under center pivot irri-
gation, near Athena, OR on a seedling stand of Kentucky
bluegrass var. 'Barblue' seeded in August of 1995. EPOST
treatments were made on October 4, 1995 (air temp. 46°F,
sky clear, wind SW at 4 to 6 mph, relative humidity 94%,
soil temp. at 0 inch 46°F, 1 inch 45°F, 2 inch 46°F, 4 inch
50°F) to established downy brome with many tillers, and
seedling Kentucky bluegrass at 2 inch height with several
tillers and actively growing. MPOST treatments were
made on October 27 (air temp. 49°F, sky clear, wind SW at
3 to 8 mph, relative humidity 78%, soil temp. at 0 inch
59°F, 1 inch 53°F, 2 inch 47°F, 4 inch 45°F) to downy
brome with many tillers and partially dormant 2 to 3 inch
height bluegrass. All treatments were made with a hand-
held CO2 sprayer delivering 17 gpa at 30 psi. Plots were 8
by 30 ft in size, in an randomized complete block design,
with three replications. Soil at the site was an Athena silt
loam with 15.2% sand, 66.0% silt, and 18.5% clay, 2.6%
organic matter, 6.3 soil pH, and a CEC of 15.2 meq/lOOg.
Preliminary evaluations of visual crop injury and downy
brome control were made on February 12, 1996.

Results and Discussion
At the LaGrande site, on established Kentucky bluegrass,
primisulfuron applied at all rates and as split applications
provided very good to excellent control of downy brome
with no observed injury to established bluegrass (Table 1).
Split applications tended to provide slightly better downy
brome control, but not at a significantly improved level
from the single application. The tank-mix combination of
oxyfluorfen with primisuiftiron appeared to antagonize
downy brome control at the February 28th evaluation time.
The standard treatment of oxyfluorfen plus metribuzin
caused significant bluegrass injury particularly when ob-
served in the fall after application, however, this standard
treatment provided good control of downy brome. Clean
seed yield was not significantly affected by herbicide
treatment (Table 1), but there was substantially greater
contamination in the untreated check and in treatments
giving poor downy brome control. Contaminated seed re-
quired substantially more cleaning which increases clean-
ing expense, thereby reducing profitability of harvested
Kentucky bluegrass seed. Purity of harvested bluegrass was
improved by herbicide treatment (Table 2). The percent
weed seed, primarily downy brome, was reduced by pri-
misulfuron, and primisulfuron had no detrimental impact
on percent germination of harvested seed which resulted in
a higher proportion of pure live seed (PLS) than the stan-
dard herbicide treatments and the untreated control.

Results from the preliminary evaluation of downy brome
control and crop injury in seedling Kentucky bluegrass at
Athena were similar to that observed on established blue-
grass. Primisulfuron applied at all rates and as split appli-

cations provided very good to excellent control of downy



brome with no observed injury to seedling bluegrass (Table
3). The split application of primisulfuron tended to provide
better downy brome control than the single application, but
not at a significantly improved level.

Late spring evaluations, and assessment of grass seed
yields will provide information as to the acceptability of
the early primisulfuron injury observed in the seedling
bluegrass trial conducted in 1996. Primisulfuron is not
currently registered for general use in grass seed production
in Oregon, but labeling is currently being pursued. Further
studies on weed control, crop tolerance, soil persistence,
and potential for herbicide carry-over to rotational crops
are necessary before potential commercial uses can be
determined.

Table 3. Preliminary assessments of crop tolerance and
weed control in seedling Kentucky bluegrass.
Athena, OR, 1996.

February 12. 1996

OC=Oil concentrate (MorAct) at 1 qt/A.
R- 1 1=Non-ionic surfactant at 1 qt/l 00 gallon.
Primisulfuron applied as Beacon®.

Table 1. Kentucky bluegrass injury, downy brome control, and bluegrass seed yield from various postemergence pri-
misulfuron treatments. LaGrande, OR, 1995.

October 24
Treatment Rate Timing Injury Control

Primisulfuron + OC
Primisulfuron + OC
Primisulfuron + OC/
primisulfuron + OC

Primisulfuron + OC/
primisulfuron + OC

Oxyfluorfen +
primisulfiiron + OC

Oxyfluorfen +
metribuzin + R- 11

control

LSD (0.05)

0.0 18
0.036
0.018/
0.018
0.0 18/
0.018
0.25 +
0.018
0.25 +
0.375

EPOST 0 56
EPOST 0 56
EPOST/

MPOST 0 55

EPOST!
LPOST 0 64

EPOST 5 74

EPOST 39 66
0 0

3 15

February 28
Injury Control

0 84
0 83

0 100

0 87

0 54

5 81

0 0

2 17

April 7
Injury Control

0 86
o 89

o 99

2 99

1 79

9 81

0 0

4 25

OC=Oil concentrate (MorAct) at 1 qt/A.
R-1 l=Non-ionic surfactant at 1 qt/100 gallon.
Primisulfuron applied as Beacon®, oxyfluorfen applied as Goal®, metribuzin applied as Lexone® DF.
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Yield
Clean

(lb/A)

544
520

571

553

445

480
390

NS

Treatment Rate Timing
Crop
injury

Downy
brome
control

(oz product/A) (%)

Primisulfuron + OC .375 EPOST 0 87
Primisulfuron + OC .500 EPOST 0 90
Primisulfuron + OC .750 EPOST 0 95
Primisulfuron + OC .375 MPOST 0 72
Primisulfuron + OC .500 MPOST 0 75
Primisulfuron + OC .750 MPOST 0 82

Primisulfuron + OC! .375/ EPOST!
primisulfuron + OC .375 MPOST 0 98

Control 0 0

LSD (0.05) ns 9

(%)(lb ai/A)



Table 2. Purity analysis of Kentucky bluegrass seed yield. LaGrande, OR, 1995.

Primisulfuron + OC
Primisulfuron + OC
Primisulfuron + OC/
primisulfuron + OC

Primisulfuron + OCt
primisulfuron + OC

Oxyfluorfen +
primisulfuron + OC

Oxyfluorfen +
metribuzin + R- 11

control

LSD (0.10)

0.018 EPOST 92.5 6.0

0.036 EPOST 93.8 5.1

0.0.18/ EPOST/
0.018 MPOST 93.7 6.3

0.018/ EPOST/
0.018 LPOST 93.9 5.6

0.25 +
0.018 EPOST 86.5 5.0

0.25 +
.0375 EPOST 80.0 4.3

82.0 2.4

7.8 1.7

BROTE=Downy brome
Genn=r% germination
PLS=% pure live seed = (% purity x % germination) x 100.
Primisulfuron applied as Beacon®, oxyfluorfen applied as Goal®, metribuzin applied as Lexone® DF.

EFFECT OF FIELD BURNING ON A
NATIVE RED FESCUE ECOTYPE

TR. Flessner, D.C. Darns and MT. Kruskamp

Introduction
The effect of field burning on the vigor, seed yield, and
stand longevity on select native red fescue (Festuca rubra
var. unknown) ecotypes is unknown. Field burning de-
creases the incidence of certain diseases and insect pests
and reduces weed seed populations in various grass seed
crops; field burning may affect seed production of red fes-
cue sources. The objective of this experiment was to de-
termine the effect of propane flaming on seed production of
a native ecotype of a red fescue.

Methods and Materials
An existing seed production stand of red fescue, accession
number 9028822, established at the Corvallis Plant Mate-
rials Center, Oregon, in May, 1988 was chosen for this
experiment. Experimental design was a completely ran-
dom design with four replications. Each replication or plot
measured 60' by 20'. Propane-burning was applied after
harvest in early September 1991 and again in 1992. The
general procedure for propane burning was as follows:

Following seed harvest of lots, all remaining crop and seed
residue was bailed and removed, and the stubble was
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mowed to a 2-3" height with a rotary mower. These op-
erations left behind a clipped stubble that was not sufficient
for open field burning. Therefore, open-field burning was
simulated using a Rear's Manufacturing Company propane
field-flamer to sanitize plots. The flamer (burning pro-
pane) ignited the stubble remaining after removal of the
straw. Adjustable height of hover shields and burner bars
maintained even heat distribution over the entire flamer
width. Complete sanitation was accomplished by using the
propane burner to achieve a temperature and duration of
flame similar to that of open burn conditions. One pass
with the propane burner best simulated open-field burning;
the burner was pulled across the plots at about 1.5 mph.

Plots were visually scored for plant vigor, seed production,
and crop density in the first year using a scale of 1-9. Plots
were subsampled in July 1992 and July 1993 for biomass
(forage) and seed yield determinations. Univariate analysis
of variance (ANOVA) was performed on each these pa-
rameters, for each year; means were separated at the 0.05

level of probability.

All other routine management practices were uniformly
applied to the plots. These include, but are not limited to,
fertilization (40-50 lb N/acre were applied each fall and 50-
100 lb N plus 15 lb sulfur per acre were applied each

spring), broadleaf weed control (2,4-D plus Banvel), and

post-harvest residue removal. Soil type was moderately
well drained Woodbum silt loam.

Downy

Treatment Rate Timing Purity Inert Weed brome Germination PLS

(lb ai/A) (%) (no./gram) (%)

1 5 88 81.7

1 4 88 82.5

0 0 87 82.0

0.5 2 88 82.9

8 35 89 76.9

16 66 91 72.5

19 76 90 73.6

9 38 NS 6.6



Results and Discussion
Propane burning in 1991 increased plant vigor and seed
production in 1992 (Table 1). However, propane-burning
did not affect stand density, but did reduce stand biomass.
In 1993, propane-burning (in 1992) increased both biomass
and seed production (Table 1). These results are consistent
with those observed in creeping red fescue and chewings
fescue seed production fields (Youngberg, 1980).

Table 1. Effect of propane burning on mean stand characteristics and seed production of native red fescue at the Corval-
lis Plant Materials Center, Oregon, in 1992 and 1993.

'Scale 1-9 (1=best, 9=worst), July 1992.
2Paired means denoted by different letters are different at alpha0.05.

SEED YIELD RESPONSE OF BLUE
WILDRYE TO BURNING WITH A

PROPANE FLAMER

D.C. Darns, W. C. Young 111 and MT. Kruskamp

Introduction
Blue wildiye (Elymus glaucus Buckl.) is indigenous to the
Pacific Northwest USA and is being produced commer-
cially on a small scale for revegetation and other special
purpose plantings. However, little infonnation is available
on seed production technology, including post-harvest resi-
due management. Field burning for sanitation and residue
removal is a traditional practice for many species of intro-
duced grasses, but its effect on seed production of blue
wildrye is unknown. In order to evaluate thermal and
nonthermal treatments, two experiments were conducted to
compare the seed yield response of blue wildrye to simu-
lated open field burning (propane flaming) versus me-
chanical residue removal (baling and/or mowing).

Methods and Materials
Experiment 1. Three stands of blue wildrye [accessions
9019633 ('Arlington'), 9019643 and 9019678] at the Plant

Visual evaluations'
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Until other residue management methods are tested, it is
apparent that propane-burning increases seed yields at least
for one source of native red fescue and should be
recommended over a bale-and-mow method.

Literature Cited
Youngberg, H. 1980. Techniques of seed production in

Oregon. p. 203-2 13. In P.D. Hebblethwaite (ed.) Seed
production. Butterworths, London.

Materials Center (PMC), Corvallis, Oregon, were utilized
for the study. Fields were established in May 1986
(Arlington) and April 1987. All fields were treated uni-
formly, including 12 inch row spacing, fertilization (20-50
lb N/a in the fall and 100 lb N/a split applied in the spring,
and broadleaf weed control using 2,4-D and dicamba. Ex-
perimental design was a randomized completed block, with
the three accessions representing the three blocks. Four
treatments were applied: (1) bale and burn, (2) bale and
mow, (3) bale, mow and burn, and (4) bale only (control).
Each plot measured 18 feet wide by 200 feet long.

Following seed harvest of the research plots (early July
1988), all remaining crop and seed residue was baled and
removed within one week. The operation leaves behind a
standing stubble of 9-12 inches. In addition, plots specified
as "mow" treatments were clipped to a height of 2-3 inches
using a rotary mower immediately after baling. In either
case, the amount of residue remaining is insufficient to
allow for open burning. Therefore, open-field burning was
simulated using a Rear's Mfg. Co. propane field flamer to
sanitize plots. The flamer (burning propane) ignites the
stubble remaining after removal of the straw. Adjustable
height of hover shields and burner bars maintains even heat
distribution over the entire flamer width. Complete sanita-

Stand Seed Crop Total Seed
Year Treatment vigor production density biomass yield

1991 Burned 5a2 433b

1991 Unburned 7b 733a 100b

1992 Burned 300a

1992 Unburned 100b

(1-9) (lb/A)



tion is accomplished (simulated open field burn) by using
the propane burner to achieve a temperature and duration
of flame similar to that of open burn conditions. According
to previous experiments, simulation of open field burning
is best accomplished with a single pass of a tractor-pulled
propane flamer at about 1.5 mph. Thermal treatments for
this experiment were completed September 13, 1988.

All plots were sampled for seed yield at maturity and
visually scored for "injury" on June 22, 1989. Three, 10
square foot subsamples were collected per plot. One-way
analysis of variance was performed on both variables and
means separated by Fisher's Protected LSD test.

Experiment 2. An existing stand of Arlington blue wildrye,
established in September 1988 at the Corvallis PMC, was
used for the study. Management practices were the same as
described for experiment 1. All plots were harvested for
seed in June 1992 and the standing stubble baled and then
mowed to a height of 2-3 inches immediately thereafter.
Experimental design consisted of completely randomized
plots with four replications. Two treatments were applied,
burned and unburned; plots measured 18 feet wide by 60
feet long. The burn treatment was applied on September 8,
1992. The unburned plots constituted the control. Open
field burning was simulated using the same propane flamer
described above, except ground speed was faster (4-5
mph).

At maturity, total above ground plant biomass was deter-
mined by a single clipping of all above ground foliage and
culms at a height of 1 inch within three 13.3 square foot
subsamples per plot. Seed yield was measured by hand
harvesting three, 10 square foot sample areas within each
plot (July 1993). One-way analysis of variance was per-
formed on both variables and the means were compared
with a two-tailed T-test.

Results and Discussion
In experiment 1, burning of blue wildrye had no significant
effect on seed yield when compared to nonthermal treat-
ments (Table 1). However, there was a significant differ-
ence in visual stand "injury" in the spring proceding har-
vest. Lower ratings were a reflection of crown damage and
whole plant mortality in both burned treatments. Little if
any "injury" was observed in unburned plots, yet seed
yields were not affected. This suggests that even though
burned plots had greater injury (for example, lower stand
populations due to higher mortality) seed production may
have been compensated for by other components of yield
such as higher numbers of fertile tillers per plant, fertile
florets per spike, seed weight, etc.

In terms of seed yield, the results of experiment 2 were
comparable, with no significant difference found between
burned and unburned treatments. There was no difference
in above ground biomass either (Table 2).

70

Treatment

bale and burn
bale (control)
bale, mow and burn
bale and mow

1 Visual evaluations; scale 1-9 (1 =best, 9=worst).
2 in columns followed by the same letter are not
significantly different by Fisher's protected LSD values
(P=0.05).

Table 2. Seed yield and biomass of blue wildrye in re-
sponse to a thermal versus a nonthermal resi-
due removal treatment. Experiment 2, 1993.

Seed yield

(lb/A)

593 a2
574 a
563 a
479 a

(lbs/A)

Stand injury'

(1-9)

5.7 a
2.3 b
5.7 a
2.7 b

For both experiments, field burning occurred approxi-
mately two months after harvest. Minor plant recovery was
observed prior to flaming, especially in the first experi-
ment, which could have affected results. Any improvement
in seed yield from burning may have been diminished by
potential crop damage. Additional studies of blue wildrye
are required to determine the effect that timing of the
burning after harvest may have on the total as well as indi-
vidual components of seed yield. However, until more in-
formation is known, burning of blue wildrye to increase
seed production is not recommended.

OPTIMAL FORAGE REMOVAL TIME
FOR RED CLOVER SEED PRODUCTION

if. Steiner, J.A. Leffel, G.A. Gingrich and
S. Aldrich-Markham

A significant portion of the USA certified red clover seed
crop is produced in western Oregon and Washington.
However, even larger amounts of uncertified common cul-
tivars are produced in this same western region as well as
Illinois, Indiana, Missouri, Ohio, Wisconsin, and central

bale and mow 411 3100
bale, mow and burn 354 3596

NS NS

Table 1. Seed yield and stand "injury" of blue wildrye
in response to thermal and nonthermal residue
removal treatments. Experiment 1, 1989.

Treatment Seed yield Plant biomass



Canada. Little is known about the optimal cultural practices
required to produce consistent amounts of high quality
seeds yearly under varying environmental conditions.
Many factors such as the amount and distribution of rain-
fall and the genetic background of the cultivar can affect
seed yield. This research has defined how these major fac-
tors affect the response of red clover to the time of forage
removal in the spring before the seed crop is produced. All
red clover seed fields require the removal of the forage that
grows in early-spring, so optimization of forage removal
time can maximize profit to the grower for this fixed-cost
practice. This study was conducted to determine the effects
of time of forage removal on seed production of red clover
grown under a range of common environmental conditions
found in western Oregon and to determine whether any
crop growth or environmental indicators could be identified
to describe the time for optimal forage removal.

Twelve different experimental locations per year were es-
tablished in 1990 and 1991 in commercial red clover seed
production fields throughout a six-county area in the Wil-
lamette Valley. The twenty-four fields ranged in location
from Sauvie Island in the north to Corvallis in the south.
The experimental locations were arranged by geographic
similarity into seven groups, and ambient air temperatures
estimated from the weather station located geographically
nearest to each site. Heat units were calculated, using the
average of the daily high and low temperatures minus a
base temperature of 500 F, for the time from preflowering
until forage removal for each treatment. Seasonal average
accumulated heat units were based on the averages of these
parameters from the seven geographic groupings. Forage
was removed once per treatment over a period of seven
weeks from early-May to late-June. The time that the farm-
ers removed the forage crop from their fields was also re-
corded to make estimates of the economic impact of forage
removal timing.

Based on this study, the time of commercial forage removal
in 1990 was from one to six weeks after the optimal time
for eight of the twelve locations (67% of the fields). In
1991, four of the twelve sites (33% of the fields) had for-
age removed from three weeks before to two weeks after
the optimum. The average seed yield losses for all locations
due to non-optimal forage removal were 86 and 53 lb/acre
in 1990 and 1991, respectively. The range of seed yield
losses for individual farmer's field that had forage removed
at the improper time were from 87 to 155 lb/acre in 1990
and 53 to 169 lb/acre in 1991. Since all red clover seed
fields grown in western Oregon must have the forage re-
moved in spring to produce suitable seed yields, this fixed
production cost can greatly influence net income to the
seed grower. At $0.75/lb and assuming similar fixed costs
for forage removal regardless of time of removal, the loss
in net revenue to the commercial seed growers who re-
moved the forage at a time other than the estimated opti-
mum ranged from $76.62 to $148.55/acre. These are sub-
stantial economic losses.
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The results from this study suggest that red clover seed
yields in western Oregon depend on a relationship between
time of forage removal and an optimum number of accu-
mulated HUs in early spring (Figure 1). The 360 HU (50 °F
base temperature) average optimal forage removal time is
not exact, but should be adjusted by estimating the relative
productivity of the specific site. If the site is believed to be
relatively low yielding (especially if the root are heavily
infested with root rot disease), then forage removal time
should be advanced relative to the HU optimum. If the site
is believed to be relatively high yielding, then forage re-
moval time should be delayed (Figure 2). Consideration
should be given to differences in yearly rainfall. The fields
grown in 1991 received significantly greater amounts of
precipitation in June than in 1990, so the 1991 fields
benefited more from delayed forage removal. Fields grown
in 1992 were subjected to a drought in spring and summer,
so all fields benefited from early forage removal (results
not shown).
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Figure 1. The relationship between accumulated heat
units (base 500 F) at forage removal time and
red clover seed yield in 1990 and 1991.



The genetic background of the cultivar may affect the seed
yield response to time of forage removal. The average seed
yield productivity of fields of named improved cultivars
did not interact with the time of forage removal (Figure 3).
However, Oregon-adapted common ecotypes did, so the
general productivity of each seed field should be consid-
ered when deciding to remove the forage crop.

Specific crop indicators still need to be identified to predict
average location productivity before the time of forage
removal. Preferably, the best time for this would be in the
fall so the farmer could determine whether a field should be
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Figure 2. The effect of early-may and late-June forage removal time on red clover grown at twelve different fields in
1990 and 1991 that range in average field seed yield at each location.
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left in production for the next year or to change crops. This
research is probably not applicable to irrigated regions of
eastern Oregon and Washington.

For a more detailed report of this research see: J.J. Ste-
iner, .J.A. Leffel, G. Gingrich, and S. Aldrich-Markham.
1995. Red Clover Seed Production: III. Effect of forage
removal time under varied environments. Crop Science
35:1667-1675; or write to Jeffrey Steiner, National Forage
Seed Production Research Center, USDA-ARS, 3450 SW
Campus Way, Corvallis, OR 97331.
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I I

CHANGES IN RYEGRASS SEEDLING
ROOT FLUORESCENCE DURING THREE

GENERATIONS OF SEED INCREASE

Di. Floyd and R.E. Barker

Introduction
Since its discovery as a phenotypic marker, the seedling
root fluorescence trait in ryegrass has been used to separate
Italian ryegrass from perennial ryegrass (Genter, 1929).
Generally, seedling roots of Italian ryegrass, growing on
white filter paper, secrete an alkaloid (annuloline) that
fluoresces under ultraviolet light. Similar cultured
seedlings of perennial ryegrass do not. However, fluores-
cent perennial ryegrass lines exist as well as non-fluores-
cent Italian ryegrass (Nyquist, 1963; Nitzsche, 1963; Ok-
ora, 1995).

The trait has introgressed between the two species and
plant breeders determine fluorescence levels of new rye-
grass cultivars before they enter seed certification. Breed-
ers began documenting inherent fluorescence levels for
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Figure 3. The effect of early-May and late-June forage removal time on red clover seed yield of Oregon-adapted common
ecotypes and named diploid cultivars from 24 fields grown in 1990 and 1991.

new and existing ryegrass cultivars in 1991. By August
1995, fluorescence values of eighty-three perennial rye-
grass cultivars and seven Italian ryegrasses were docu-
mented (USDA, 1995).

This study was initiated in 1991 to obtain information that
would assist breeders in documenting fluorescence levels in
developed cultivars. Our objectives were: 1) to determine
if fluorescence expression of a cultivar remains stable
through generations of seed increase, and 2) to determine if
the environment of seed increase affects fluorescence ex-
pression of ryegrass cultivars.

Materials and Methods
Four ryegrass populations were assembled (Table 1). Per-
ennial ryegrass source material was derived from progeny
plants of crosses between the cultivar Palmer and rust resis-
tant clones collected from St. Louis, MO and Washington,
D.C. Italian ryegrass source material was derived from the
two cultivars Gulf and Marshall, and variety not stated
(VNS) diploid annual ryegrass accessions. Potential paren-
tal material was evaluated in a greenhouse at Tangent, OR
during Spring 1991. Characters observed were time of
heading, vegetative leaf vernation, presence or absence of



floral awns, and glume length (Nittler and Kenny, 1972;
Tutm et al., 1980). Parents were placed into each of four
populations based on simultaneous heading times and/or
similar vegetative and generative morphology (Table 1).
Population 1 had ten parental clones and population 2 had
nine. They were phenotypically perennial ryegrass with
one and two parents being fluorescent variants in the two
populations, respectively. Population 3 represented an
intermediate phenotype between perennial and Italian
ryegrass. It was composed of ten parents; seven of which
were fluorescent types. Population 4 was composed of six
parents possessing Italian ryegrass phenotype; five parents
being non-fluorescent variants.

Six ramets of each parent were transplanted in randomized
complete block (RCB) designs at experiment stations of
Oregon State University at Aurora, Corvallis, and Madras.
The experimental plots for the two western Oregon loca-
tions were established in November 1991. The plots in
Central Oregon (Madras) were established in April 1992.
Seed was harvested from each population at each location
in June/July 1992. For the next two succeeding seasons,
direct seeded rows were established in RCB experimental
designs at the western Oregon locations. Seed of each
population was increased separately and in isolation from
each other either by pollen barrier or distance in the field.
Progressive generations of increase at Madras continued to
be established by transplanted seedlings. At all locations,
representative seed from the Syn 1 (1992) harvest was
sown for the 1993 generation and seed from the Syn 2
(1993) harvest was sown for the Syn 3 (1994) generation.
Cereal grains were used each year as a pollination barrier
between populations at the western Oregon sites. A mini-
mum of 70 m physical distance was used each year at
Madras. Plots at Madras were irrigated weekly to maintain
plant turgor and overall vigor. Supplemental irrigation was
not necessary for the western Oregon sites.

As seed from each generation was harvested, it was hand
threshed, cleaned, weighed, and placed in cold storage.
Germination and fluorescence tests were conducted on
samples representing all populations for each location for
each of three years of increase. Each seed test was con-
ducted twice beginning on September 15, 1994. Seed tests
were conducted following the Association of Official Seed
Analysts (AOSA) guidelines (AOSA, 1994). Data were
analyzed using the GLM procedure (SAS Institute, 1994).
The statistical model considered populations, generations,
and locations as fixed effects.

Results and Discussion
Fluorescence level varied with generation and location of
increase for each of the populations (Figure 1). Differences
among populations were expected since they were pur-
posely assembled with different base levels of fluores-
cence. Except for population 3, fluorescence levels were
highest from seed produced at Corvallis.
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There was significant location by generation interaction
among populations for fluorescence expression (Figure 1).
Fluorescence of seed produced at Corvallis increased over
three generations in each of the four populations. Seed
produced at Aurora and Madras showed no significant
change in fluorescence levels over generations. Rumball
(1970) in New Zealand monitored fluorescence expression
through seven generations of seed increase. He cited
nearly a one percent per generation increase in fluorescence
for a ryegrass cultivar.

It is not clear why location of increase has such a large im-
pact on fluorescence level. A possibility may be pollen
contamination from a concentration of commercial seed
production fields of Italian ryegrass in southern Willamette
Valley. This contamination source may be higher than
realized. It may also be that some locations provide a
greater selection advantage for fluorescing genotypes in a
population. Further research is needed to document these
concerns. Future studies should accurately monitor differ-
ences in climatological factors, especially weather condi-
tions during flowering and seed maturation.

In general, commercial seed production of ryegrass does
not exhibit such pronounced genotype X location (GxL)
effects. Initial fluorescence values for cultivars, however,
are usually lower for perennial ryegrass compared with the
perennial ryegrass populations of this study. An accurate
survey needs to be conducted among commercial cultivars
sown at different locations from common seed stock
sources to provide further information on GxL effects.

Conclusions
1. Seedling root fluorescence level in ryegrass is

strongly affected by the location where seed is pro-
duced, and the generation of seed increase.

2. The large genotype X environment interaction (GxE)
reported here must be thoroughly examined. Further
research is needed to determine:

Potential pollen contamination effects in rye-
grass seed production.
The possible selection advantage of fluorescent
genotypes in ryegrass populations.

3. Additional data collected from the present study will
be analyzed to help clarify questions related to GxE.
These include:

Stand densities, mature plant height, and an-
thesis dates for each population X location
combination.
Overall seed yield and 1000-seed weight for
each population.
An assessment of soil type, structure, and
available nutrient differences for each location.

4. Our results add evidence to help understand varia-
tions in the seedling root fluorescence test. Fluores-
cence used as a trait to characterize ryegrass cultivars
is questioned.
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1 Leaf vemation was visually scored on expanding vegetative leaves: F=folded, R=rolled, Iintermediate
2 Heading date was determined when one spike of the parental plant was emerged from boot.

3 Glume length was subjectively evaluated relative to the total spikelet length.
* Half-sib family lines dropped from further increase from each population of all locations due to poor seed production in

1992.
** Additional half-sib lines discarded from each population at Madras due to poor seed production in 1992.

Table 1. Parental description of four ryegrass populations.

Parental Leaf Fluorescence Greenhouse Presence Glume

designation vernation expression heading date of awns length

Population 1 (Constructed population base fluorescence 10.00%)

94-1 F May 23 no long

99-1 F May20 no long

l237** F June 1 no long

142-2 I + May 22 yes medium

152-1 F May20 no long

155-6 F May 23 no long

16015* F May 24 no long

171-5 F May 20 no long

176-2 F May24 no long

179-8 F June 1 no long

Population 2 (Constructed population base fluorescence = 22.22%)
942** F + May 28 no long
944* F - June 1 no long

123-3 F + May28 no long

152-8 F May 31 no long

155-2 F - May25 no long

160-4 F May22 no long

168-5 F May28 no long

176-1 F May28 no long

179-2 F June 1 no long

Population 3 (Constructed population base fluorescence 70.00%)

R + May 23 yes short

268* I + May 15 yes short

34-2 F - May21 no long

43-2 I + May 14 yes short

59-5 I + May 13 yes short

106-4 I May 12 yes medium

106-13 R May 13 yes long

112-9 I + May 13 yes medium

12614* R + May28 yes medium

14210** F + May20 yes long

Population 4 (Constructed population base fluorescence = 16.67%)
228 F + May 28 yes long

4867 R May 13 yes short

4948 R May 31 yes short

5149 R May 31 yes medium

5182 R May 29 yes short

5304 R May 31 yes short



Figure 1. Seedling root fluorescence levels for four populations of ryegrass with seed increased for three generations at
Corvallis, Aurora, and Madras, Oregon. Vertical bars are ± standard deviation of the mean.

THE USE OF RAPDs TO DIFFERENTIATE
ANNUAL AND PERENNIAL RYEGRASS

MB. McDonald, J. Zhang, and P.M Sweeney

Annual (Lolium multflorum) and perennial (L. perenne)
ryegrass are two important turf grasses grown in the Pacific
Northwest. They are produced and marketed as synthetic
varieties (i.e., each seed can be a unique genotype).
Moreover, because they are different species, they should
not interbreed although this has been reported to occur in
the literature (Payne et al., 1980). Breeders (and particu-
larly seed technologists) have few morphological traits to
distinguish between these crops. The most useful of these
has been the fluorescence test in which the roots of annual
ryegrass seedlings fluoresce under ultraviolet light while
those of perennial ryegrass do not. While this trait has
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historically been used to differentiate annual and perennial
ryegrass species and varieties, recent perennial ryegrass
variety releases have been described with an increasing
incidence of fluorescent seedlings. This has created a
problem in accurately determining the genetic heritage of
the seed marketed to the consumer. For example, are the
fluorescing seedlings in the annual ryegrass variety truly
annual ryegrass or are they a mixture of annual and peren-
nial ryegrass? Has there been genetic recombination in the
field where annual genotypes have been inadvertently in-
troduced into perennial ryegrass varieties? Or, has the
fluorescing gene alone been introduced into perennial rye-
grass making the use of the fluorescence test obsolete? To
further compound these difficulties in interpretation, recent
studies have indicated that environmental conditions during
seed maturation or seedling germination may influence the
intensity of fluorescence.
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We (McDonald et al., 1994) have recently adapted a mo-
lecular biology technique called RAPDs (Randomly Am
plified Polymorphic DNA) for use in seed testing. This
powerful genetic test takes small quantities of DNA (as
found in individual seeds) and amplifies them to the level
where they are resolved electrophoretically on an agarose
gel (McDonald et al., 1995). When differing banding pat-
terns occur, the samples differ genetically as found, for
example, with soybean (Zhang et al., 1996). Our labora-
tory was aware of the "annuality" problem and requested
and was provided seed samples of annual and perennial
ryegrass species to determine whether RAPDs could be
employed as a more sensitive test to differentiate these
species. It must be emphasized that these results are pre-
liminary and, for the most part; have not been repeated.

Four seed lots were obtained. Two were different annual
ryegrass varieties: one was a diploid and the other a
tetraploid. Both were 100% fluorescent. The third lot was
a perennial ryegrass variety with 0% fluorescence and the
fourth was an intermediate ryegrass variety with 91%
fluorescence.

Can RAPDs Identify Annual and Perennial Ryegrass
Varieties?
Initial studies utilized bulk (10 seeds ground together) seed
samples for each of the four varieties. Three bulk samples
were evaluated for each variety. The purpose of this test
was to determine whether 10 seeds provided a unique fin-
gerprint for each variety and whether replicates of 10 seed
samples provided repeatable results. We used only one
primer to make this determination. The results showed that
banding patterns were different for each variety (Figure 1).
However, we also found that replicated bulk samples dis-
played differing banding patterns within a variety. This is
probably due to a high level of heterogeneity within the
synthetic population.

Lane# 1 2 3 4 5 6 7 8 910111213

Figure 1. DNA polymorphisms from primer 01 among
four ryegrass varieties using a bulk of 10 seeds
replicated three times. Lanes 1-3, diploid an-
nual ryegrass; 4-6, intermediate ryegrass; 7-9,
tetraploid annual ryegrass; 10-12, perennial
ryegrass, 13 control.
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How Genetically Diverse are Individual Seeds In Peren-
nial Ryegrass?
To confirm the premise that synthetic perennial ryegrass
varieties possess a high incidence of heterogeneity, single
seeds were examined for RAPD polymorphisms. The re-
sults showed that each seed displayed a differing RAPD
fingerprint confirming that the seeds are genetically diverse
(Figure 2). Such a heterogeneous population would con-
tribute to the unique banding patterns found in our bulked
samples (Figure 1). They also make fmding a unique ge-
netic marker for annual and perennial ryegrass species
more complex.

Lane# 1 2 3 4 5 6 7 8 91011121314

Figure 2. DNA polymorphisms from primer 262 among
individual seeds of perennial ryegrass. Lane 1,
DNA ladder; 2-13, individual perennial rye-
grass seeds; 14, control.

We repeated these studies using four other primers on in-
dividual seeds and seedlings of the four varieties with
similar results and conclusions (data not presented). The
data can be summarized as:

The differing banding patterns for each seed docu-
ment that these varieties are heterogeneous (each
seed is genetically unique). This is attributed to the
production of synthetic varieties. The important
point is that RAPDs clearly confirmed this genetic
heterogeneity. The unfortunate point is that we were
not able to attribute a specific band(s) to either the
annual or perennial ryegrass types with the primers
used here. Remember that this is a limited study.
Over 700 primers exist commercially and should be
screened before a firm conclusion can be made that
this technology is not useful.

Because each individual seed possessed a differing
banding pattern, a composite sample (bulk of 10
seeds) might provide a common banding pattern rep-
resentative of the variety. This did not occur in our
preliminary study. It may be that 10 seeds is not a
sufficiently large sample to represent the population.
Future studies should consider using a bulk sample
much larger than 10 seeds to ensure a representative
seed lot sample. This would enable any common ge-



netic heritage among a larger population of indi-
viduals to be expressed.

We conclude that more needs to be known concerning the
traits that differentiate annual and perennial ryegrass spe-
cies. While seed technologists have traditionally utilized
the fluorescence test as an effective means of differentiat-
ing these species, this uniqueness is now in doubt. There
may be other morphological traits that can be linked to
annuality or perenniality. Based on our findings, we now
believe that it is unlikely that a RAPD marker specific to
the fluorescence or annuality trait will be easily detected.
Screening a number of primers and increasing the sample
size would be first steps in subsequent studies. In addition,
the earlier studies of Ferguson and Grabe (1986) and Payne
et al. (1980) should not be forgotten. It seems that repeat-
ing this work might be a valuable adjunct to solving this
important problem.
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RAPD ANALYSIS OF DRY
TURFGRASS SEED

P.M Sweeney, R. C. Golembiewski, and TK. Danneberger

The need for improved methods of variety identification of
turfgrass species is increasing due to the large number of
varieties released each year. Recent advances in technol-
ogy have shown that amplification of DNA using single
arbitrary primers generates an almost infinite number of
polymorphisms (Williams et al., 1990; Caetano-Anolles
et al., 1991). Random amplified polymorphic DNA
(RAPD) markers &nd other markers generated using arbi-
trary primers have been used to distinguish varieties of
Zoysia japonica (Steud.) (Caetano-Anolles et al., 1991),
centipedegrass [Eremochloa ophiuroides (Munro.) Hack.]
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(Weaver Ct al., 1995), and perennial ryegrass (Lolium per-
enne L.) (Sweeney and Danneberger, 1994) and should
prove useful for identifiing varieties in other turfgrass
species.

Unlike most agronomic species, which are sold as uniform
pure line varieties or hybrids, most cool season turfgrass
species are marketed as synthetic varieties. Hence, turfgrass
varieties are often composed of a large number of unique,
but related, genotypes, and differences between some va-
rieties may be due solely to gene frequencies. Therefore, it
may be necessary to analyze single seeds and determine
frequencies of RAPD markers to distinguish these varieties.
As a result, the ability to extract DNA from a single seed
may be an important factor in variety identification
procedures.

In previous studies, DNA from leaf tissue was used for
amplification. The requirement of using leaf tissue hinders
the use of RAPD analysis in a routine seed testing labora-
tory since the time required to grow plant tissue may ex-
ceed 7 days. A procedure for extracting DNA from dry
seed for amplification with arbitrary primers has been re-
ported for several species (McDonald et al. 1994), but cur-
rently, amplification of turfgrass seed DNA has not been
tested. The objectives of our study were to determine 1) if
the McDonald et al. (1994) amplification procedure was
suitable for turfgrass seed and 2) if DNA extracted from a
single turfgrass seed could be amplified.

One gram samples of common bermudagrass (Cynodon
daclylon (L.) Pers.) , 'Koket' and 'Banner' chewings fes-
cue (Festuca rubra ssp. commutata Gaud.), Poa annua,
'Supra' Poa supina, 'Cobra' creeping bentgrass (Agrostis
stolonfera L. var. palustris (Huds.) Farw.), 'America' and
'Bronco' Kentucky bluegrass (Poa pratensis L.),
'Caravelle' and 'Accolade' perennial ryegrass, and 'Arid'
and 'Finelawn 1' tall fescue (F. arundinacea Schreb.) were
scarified for 2 minutes then transferred to a vacuum blower
for 2 mm to remove remaining chaff. For each scarified
sample, DNA was extracted from a 20 mg bulk sample and
a single seed following a modified Edwards et al. (1991)
procedure. Briefly, ground dry seed was mixed with a
buffer (200 mM Tris-HC1, 290 mM NaCI, 25 mM EDTA,
0.5% SDS, pH 7.5), samples were centrifuged, and
isopropanol was added to precipitate DNA from the super-
natant. The resulting pellet, isolated by certification, was
dried in a vacuum desiccator then suspended in Tris EDTA
(TE) [10 mM Tris-HC1, pH 7.5, 1 mM EDTA].

Estimates of DNA concentrations of extracts from the bulk
samples were made using a TKO 100 Mini Fluorometer
(Hoefer Scientific Instruments, San Francisco, CA) and
ranged from 6 to 31 .tg ml- 1. Bulk DNA extractions were
diluted with TE to 2 to 5 ig ml' for amplification. Concen-
trations of DNA extracts from single seeds were too low to
quantify, so 1 .t1 extract was used for the amplification.

A protocol similar to the RAPD technique (Williams et al.,
1990) was used to amplify DNA (Sweeney and Danne-



berger, 1994). The 25 .tl amplification reaction mixture
contained 20 mM Tris-HC1, pH 8.3, 50 mM KC1, 3.0 mM
MgC12, 0.2 tM primer (GGGAGAGGGA), 0.2 mM each
dATP, dGTP, dCTP, and dTTP, 1.0 unit Taq DNA Po-
lymerase (GIBCO BRL, Grand Island, NY), and up to 5 ng
DNA template. Control samples containing all the reagents
of the amplification mix except DNA template were in-
cluded in the experiments. A drop of Sigma (St. Louis,
MO) DNAse-free mineral oil was placed over each reaction
to prevent volatilization. After 3 miii at 94C, amplification
was performed in a Thermal Cycler (Perkin-Elmer, Nor-
walk, CT) programmed for 40 cycles of 1 mm at 94C, I
mm at 40C, and 1 mm at 72C. A 15 mm extension period
at 72C followed the amplification. Amplification was re-
peated for each extraction.

Gels containing 1.5% agarose, 0.4 mg U1 ethidium bro-
mide and TBE (89 mM Tris-borate, 89 mM boric acid, and
2 mM EDTA) were used to separate amplification prod-
ucts. Four microliter loading dye [0.25% bromophenol
blue, 40% (w/v) sucrose in H20 (Sambrook et al. 1989)]
was added to each amplification reaction. Samples were
vortexed, then centrifuged to separate the amplification
reaction mixtures from the overlay of mineral oil. After
pipetting 15 1il from under the mineral oil and loading it
onto the gel, electrophoresis was conducted at 3.4 V/cm for
1.5 h. Amplification products were detected under ultravio-
let light and photographed.

In all species evaluated, DNA extracted from both bulk and
single seed samples was successfully amplified (Figure 1).
Amplification was identical for replicate samples of each
extraction. Turfgrass DNA extracted from single dry seeds
and bulk samples was suitable for amplification. Although
the strength of the amplification fragments varied among
species, the single primer tested gave reproducible results
for all species evaluated. With an almost infinite number
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Figure 1. RAPD banding patterns of DNA extracted
from dry single seeds (A) and bulk samples (B)
of bermudagrass (Lane 1), Koket (Lane 2) and
Banner (Lanes 3) fine fescue, Poa annua (Lane
4), Poa supina (Lane 5), creeping bentgrass
(Lane 6), Caravelle (Lane 7) and Accolade
(Lane 8) perennial ryegrass, Arid (Lane 9) and
Finelawn 1 (Lane 10) tall fescue, and Bronco
(Lane 11) and America (Lane 12) Kentucky
bluegrass. (s = 100 bp size marker.)

of primers available, fmding primers that produce obvious
bands to identif' varieties should be possible for most
turfgrass species. The success amplifying DNA extracted
from both bulk and single seed samples of turfgrass should
have practical application for cultivar identification in seed
testing laboratories.
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RESTRICTION AMPLIFICATION
FRAGMENT LENGTH POLYMORPHISMS

(RAFLP) IN PERENNIAL RYEGRASS

P.M Sweeney and TK Danneberger

In the past, isozymes have been widely used to evaluate
perennial ryegrass (Lolium perenne L.) genetics (Kennedy
et al., 1985, Ostergaard et al., 1985). Although most
isozyme markers are known to be co-dominant, their use in
genetic studies is limited by the number of isozyme sys-
tems available. A new genetic marker system, random
amplified polymorphic DNA (RAPD) (Williams et al.,
1990) generates an almost infinite number of RAPD mark-
ers, but the dominant gene action exhibited by RAPD
markers limits their use in genetic studies. Restriction
fragment length polymorphisms (RFLP) are co-dominant
markers and may be useful in some instances, but since
RAFLP require large amounts of plant tissue, their useful-
ness when only small amounts of tissue from individual
plants are available is limited.

The restriction digestion of arbitrarily primed amplification
fragments has been suggested as a way to generate co-
dominant markers (Grattapaglia et al., 1992). The diges-
tion should produce a distinct phenotype for each genotype
at a polymorphic locus. The probable products of digestion
are 1) homozygous undigested: the original fragment, 2)
homozygous digested: two smaller fragments, but the
original fragment missing, and 3) heterozygous digested:
both the original undigested fragment and the two smaller
digested fragments present.

These restriction amplification fragment length polymor-
phisms (RAFLP) markers would be similar to RFLP mark-
ers, since they would be co-dominant and detect changes in
restriction sites. In addition, they would have many the
attributes of RAPD markers (small tissue requirements,
fast, inexpensive, no previous knowledge of DNA
sequences).

The ability to produce co-dominant markers increases the
value of amplified markers in genetic studies of perennial
ryegrass, but the feasibility of generating these markers has
not been evaluated. The objective of this study was to de-
termine the suitability of RAFLP as genetic markers for
perennial ryegrass by detennining the number of polymor-
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phic restriction sites within DNA fragments amplified us-
ing arbitrary primers.

Ten day old seedlings of 'Accolade' perennial ryegrass
were transferred to individual pots. Leaf tissue (5 cm) from
13 week old plants was harvested and placed at -20 C until
DNA was extracted. DNA was extracted using a modified
Edwards et al. (1991) procedure. Estimates of DNA con-
centrations and dilutions were made as described by
Sweeney and Danneberger (1994).

A protocol similar to the RAPD technique (Williams et al.
1990) was used to amplify DNA (Sweeney and Danne-
berger, 1995). From a set of 200 decamers supplied by Dr.
J.E. Carlson, University of British Columbia, 180 were
screened for use as primers. Control samples containing all
the reagents of the amplification mix except of DNA tem-
plate were included in the experiments.

After amplification, 12 t1 of each reaction was transferred
to a fresh microfuge tube and 3 units of a restriction en-
zyme were added. Digestions were incubated for at least 3
hr at temperatures recommended by the manufacturer
(Hind III, Kpn I, Pst I at 37C, Apa I and Sma I at 30C).
Digestion and amplification products were separated on
agarose gels and visualized as previously described
(Sweeney and Danneberger, 1995).

Polymorphic restriction loci were identified by evaluating
the digestion products of amplification fragments from 12
perennial ryegrass individuals. Amplification and digestion
procedures were repeated for polymorphic restriction loci.

Eighty-eight primers that produced distinct fragments were
used with five restriction enzymes (Hind III, Kpn I, Pst I,
Apa I and Sma I) whose activity in the amplification buffer
was identical to their activity in recommended buffers (data
not shown). Sixty-four restriction loci were identified.
Fourteen of these restriction loci were polymorphic among
the twelve individuals we evaluated, and hence identified
as RAFLP markers.

Figure 1 shows the amplification and Apa I digestion prod-
ucts of primer 215. A 1200 base pair (bp) amplification
fragment digested in individual nine, was not digested in
the other individuals, suggesting that an Apa I restriction
loci within the fragment was polymorphic. An example of
an individual heterozygous for a restriction loci is illus-
trated in Figure 2. A 1800 bp amplification fragment that
is digested in other individuals is only partially digested in
individual five. As expected, the original undigested frag-
ment (1800 bp) as well a smaller fragment resulting from
Pst I digestion is present in individual five. Figure 3 shows
the digestion of a 600 bp amplification fragment in 6 of 7
individuals, but it is not digested in individual 5. Replica-
tion of amplification and restriction digestion produced
identical results for these and the eleven other RAFLP
markers we identified.

We have vernalized plants of the perennial ryegrass geno-
types that were used to identify RAFLP markers. When



these plants flower, crosses will be made and progeny
tested. Those RAFLP markers that exhibit Mendelian ge-
netic (segregate 1:2:1) and co-dominance should be useful
for genetic studies. Since RAFLP markers can be used for
direct estimates of gene frequencies, they will be especially
useful in monitoring gene flow between populations and
identifying genetic shifts in cultivars and populations, and
in verifying the success of crosses.
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Figure 1. Pairs of Apa I digested (right) and undigested (left) amplification products of primer 715 or nine individual
perennial ryegrass samples.
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Figure 2. Pairs of Pst I digested (right) and undigested (left) amplification products of primer 717 for nine individual
perennial ryegrass samples. X = Lambda DNA; Pst I = X DNA digested by Pst I, used as a size marker and to
verify Pst I digestion.

bp s i 2 3 4 5 6 7

1500-

600--

Figure 3. Pairs of Hind III digested (right) and undigested (left) amplification products of primer 250 for seven individual
perennial ryegrass samples. (s = 100 base pair ladder used as size marker.)
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