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CAUTION

If pesticides are handled, applied, or disposed of improperly, they may be
injuricus to humans, domestic animals, desirable plants, pollinating insects,
fish or other wildlife, and may contaminate water supplies. Use pesticides
only when needed and handle thetn with care. Follow the directions and heed
all precautions on the container lahbel. .
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| EFFECT ‘OF ANNUAL APPLICATIONS °
OF DIURON ON SEED YIELDS i
OF PERENNIAL GRASSES IN OREGON

By Wisniau O. Les, rescarch agronvmisi, Crops Research
Divisien, Agriculturel Research Service

‘-‘}r"';':"‘; PR o -

INTRODUCTIGN

Western Oregon is one of the major grass-seed producing areas of the
United Btates {zable 3. The climate, designated as a mild, subcosastal
type characterized hy moist, open winters, cool dry summers, and a long
growing season is especially well suited to the produetion of high quality
sced of many of the important cool season Zrass species,

The same climatie conditions that favor grass seed production also
favor the growth and tlevelopment of a wide array of winter annual grass
and broadleal weeds,  Weeds that are especially troublesome in perennial
grass seed crops include annual ryegrass (Lolium multiflorum Lam.),
annual bluegrass (Hog annna L.), ratfail fescus (Festuca myuros L.), soft
chess, hairy chess, and ripgut brome (Bromus spp.), and dogfennel
L Anthemis eofula 1.y, If not controlled, these weeds compete with the
seed eraps, cause drastic veductions in seed vield, and produce seeds that
are difficult and somelimes impossible to remove from the crop seeds,
Profitable seed production in western Oregon is dependent on satisfactory
woed confrol,

Tance bo--Comparison of Oregon’s grass seed production with that of the
entive {“niled States, 1964

) Seed prodaction Percentage of
Crap o United States
| production grown
Oregon f United States . in Oregon
Aeres ! HAcres
Chewings fescue. ... ... __ 16,000 { 16,000 100
Creeping red feseue_ .. ____. 8,500 i 8,600 99
Ryegrass: ) i
Annual and perennial ... ____ 143,000 143,000 100
Bentgrass ... ... .._. 3,000 ¢ 26,600 98
Merion bluegrass__ oo _._ .. 1,300 11,3¢0 38
Mther Kentucky bluegrass ... 8,000 ...
Orchardgrass ... ... 4,000 48,000 8
Alta tall feseue. .. . __...._-_--E 10, 500 N G
! f
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Weed control by mechanical or hand methods is very difficult. The
winter annual weeds germinate when the fall rains begin, grow during the
wet winter months, and mature seed early in the spring. Cultivation
during this period merely transplants the weeds. If hand labor is used,
the weeds must be gathered up and hauled from the field to prevent
re-establishment. A few specialty grass crops for which herbicidal
methods of weed control have not been developed have heen raised in
western Oregon. Costs for hand labor to control weeds it: these crops have
ranged from about $200 to $1,200 per acre. Few grass seed crops can be
raised profitably with such expenses.

For these reasons considerable ernphasis has been placed on the develop-
ment of chemical methods of weed control that will selectively remove
winter annusal weeds from grass seed crops without interfering with grass
seed yields or with seed quality.

Much of the early work conducted in western Oregon on selective weed
conirol in grass seed crops was done by Freed, Warrer, and Leach, who
reported in 1951 (4) ! that 24-dichlorophenoxyacetic acid (2,4-Dj}, 2,
4, b-trichlorophenoxyacetic acid (2, 4, 5-T), and the alkanclamine salt
of dinitro-o-sec-butylphenol (DNBP) could be used in grass seed crops
for selective control of broadleaf weeds. At that time Freed and Bierman
reported (3) that isopropyl N-phenylearbamate (IPC) showed promise for
control of winter annual grasses in established perennial grasses. In 1952,
Treed, Bayer, and Furtick (2) published results comparing the application
of isopropyl N-phenylcarbamate (IPC) and isopropyl &-(3-chlorophenyl)
carbsmate (CIPC) to Alts tall fescue, Chewings feseue, and creeping red
fescue for selective grass control. They reporied that both IFC and
CIPC eould be used to control annual grass weeds in perennial grass
seed crops if certain precautions were followed.

In an experiment near Corvallis, Oregon in 1954, Furtick and Chileote
(6) found that under western Oregon conditions, 3-(3,4-dichlorophenyl)-
1,1-dimethylurea (diuron) could be used fo selectively remove both
annusl grasses and broadleaf weeds from established stands of Rainier
creeping red fescue, Alta tall fescue, and Merion bluegrass without ex-
cessive crop injury. In 1956 these workers (5) reported that diuron also
showed promise for winter annual weed econtrol in seedling-yesr stands
of ereeping red fescue, Alta tall fescue, and Merion bluegrass.

In the early 1850’s TPC and CIPC were recommended by the Oregon
Agricultural Experiment Station for control of grass weeds in perennial
grass sced fields, In 1956, diuron was recommended by this station for
control of both annual grass and broadleaf weeds in certain grass seed
crops. However, in addition to the crops on which diuron was recom-
mended in 1956, there were several major grass species and numerous

! Ttalic nutmnbers in pareniheses refer {0 Literature Cited, p. 22.
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varieties of species being grown in western Oregon on which diuron had
never been tested. The application of diuron to grass breeding nurseries
at Oregon State University showed that certain grasses exhibited varietal
differences in tolerance to diuron. Thus, it was felt that additional work
was needed before recommendations for use of diuron could be extended
to include those species and varicties that had never been subjected to
freatment with diruocn.

The first part of this report consists of a description and evaluation of -
six experiments initiated at Corvallis, Oregon in 1957 to provide additional
information on the tolerance of grass species and varieties to diuron. The
objectives of thesc initial experiments were as follows:

L. To determine the relative tolerance of six major perennial grass
species grown in western Oregon to diuron.

2. To determine whether or not different varieties of a given grass
species differ in thelr tolerance to diuron.

3. To compare several rates of applying diuron on esch species and
each variety to establish tolerance limits within which weeds would be
controlled but seed ylelds and quality would not be affected.

4. To determine whether or not several annual appleations of diuron
resitt In herbicide accumulations in the soil that may ultimately reach
levels that are toxic to the grass plants.

The second part of this report consists of a description and evaluation
of three additional studies conducted on soil samples from certain treated
plots of the original six experiments. The purpose of these secondary
tests was to determine whether or not several annual applications of
diuron result in herbicide accumulations in the soil that are toxie to crop
speeies that follow grass-seed cyops in the rotation. :

TOLERANCE STUDY
Materials and Methods

The six experiments included in the tolerance study were conducted at
the Hyslop Agronomy Farm, about 5 miles northeast of Corvallis,
Oregon. Seil and climatic conditions at this location are similar to con-
ditions under which much of the grass seed is produced in western Oregon.
The soils are not typical for perennial ryegrass, which is generally grown
on heavier, poorly drained soil. The soil at this location is elassified as a
Willamette silt loam. Average annual precipitation is about 38 inches
per year, most of it falling as rain during the period from October through
April.  Little rainfall occurs during the summer months.

DIURON ON SEED YIELDS OF PERENNIAL GRASSES 3
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Grasses used in these experiments were planted during Nay, 1957.
The speeies and varieties were as follows;

Experiment  J—pevennial rvegrass (Lollum perenne L.): Cregon
perennial, 8-23, and H-1. The H-1 is a long-lived annual varviety rather
than a true perennial.

Experiment 2—eolonial bentgrass {Agrostis tenuds Sibth.): Highland
and Astorig; creeping bentgrass (dgrosiis palustris Huds): Penncross and
Scaside.

Experiment 3—lescues: ereeping red (Festuca rubra L. y—Pennlavwn and
Rainter; Chewings (Festuea rubra var. commudata Gaud.).

Experiment {—tall fescue (Festuca arundinacea Schreb.y: Alta, Gosr,
31, Ky-59gi-32, and New Zesland.

Experiment d—Kentueky bluegrass (Puo pratensis 1.): Merion,
Common Kentucky, Delta, Park (93), Newport, Washington State strain
{not released), and Troy.

Experiment G—orchardgrass {Daclylis glomeraia L.): Akaroa, Potomae,
Danish commercial, 8-37, domestic commercial, Latar, and S-143.

The ryegrass and benfgrass varieties were seeded in rows § inches
apart and the other grasses were sceded in rows 36 inches apart. During
the summers of 1957 and 1458 while the grasses were becoming established,
weeds were controlled by cultivation between the 36-inch rows, by 24-D
sprays, and by hand labor.

A split plot design was used for these experiments. Vor the creeping
red foscue, tall fescue, orchardgrass, and bluegrass varieties, each main
plot was 17 feet by 36 feet and included twelve rows of a single variety.
Each main plot was divided into four suhplots, cach of which was 9 feet
by 17 feet and included three rows of grass 17 feel long.  Tor the ryegrass
and benigrass varietics, cach main plot was 17 feet by 24 feet and each
subplot was & feet hy 17 feet and ineluded 12 rows of grass. In all ex-
periments cach treatment was replicated four times.

Diuron was applied 1o each subplot at rates of 0, 2, 3, or 4 pounds per
acre of active ingredient each vear for 3 to 5 consecutive years. The 2-,
3-. and <4-pound rates of application are high enough to control most
winter annual weeds in western Oregon. The treatments were started
October 20, 1938, and subsequent applications were made each year
hetween the 16th and 24th of Octolier. Applications were made in 40
gallons of water per acre.

Beginning in July 1930 and continuing for the duration of the experi-
meats, the center row of cach subplol of grasses planted in 36-inch rows
or a strip 3% inches wide in grasses planted in G-inch widths was harvested
as a seed-yicld sample. The yicld samples were bagged, dried;, and
threshed in a small plob thresher. The seed was eleaned with eommercial
cleaning equipment specinlly adapted for cleaning small lots of seed.
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After harvest, most of the crop residue was removed from the plot
areas with a flail-type forage harvester. The areas were then burned with
a commercial propane weed burner fo consume any crop residue left by
the forage chopper and thereby control discases,

Jach September, before start of the fall rains, a {ractor-mounted
rotary tiller was run between the rows on all grasses planted in 36-inch
rows. The tiler worked a strip 18 inches wide to a depth of about 2
inches.  This tillage was to maintain the grasses in rows to facilitate
treatment and harvest,

Results and Discussion
Percennial Byegrass Varielies

‘The influcnee of three annual spplications of diuran on the seed yields
of several perennial ryvegrass varieties is shown iu table 2. The three
ryegrass varieties compared in this experiment showed marked differences
in their response to ditron.  $-23 ryegrass showed considerable tolerance
to dinron. The average seed yield of this variety for the three years in
which yield delerminations were made did not differ significantly from
that of the untreated cheek at any rate of application. At the 2- and
S-pound rates, yields were somewhat higher than that of the untreated
cheek although not significantly bigher at the 5-percent level of proba-
bility. At the d-pound rate rather severe injury and loss of stand oceurred
after the third freatment. Figures 1 and 2 show the differential response
of H o1 and 8 23 ryegrass varietios to diuron,

Frovre L Effeet of one 1-pound-per-ucre diuron appiication (Oct. 1958) on growth
of perennial ryegenss vardetios April 1939 growth of H-! ryegeass (eft) and S-23
ryegrass {right).
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Thast o A
T oty
3 }ﬂfﬂ"
Fiat we 2 Eleet ol vne dinron appliedion Ot 1955 o geos ot pevenpiad syegeis-
varietiew A 1938 geawth <o Foarcmronnd B rvegrnss: ket 3 poands

per aere dnteons right 3 poeds peer ere dmron, PBoekgromd BO28 evedrass:
It 3 pounds per cece dineon; rigks untreatel chock,

Oregon perennial evedrass wond FE T rvesgrass were njured mueh more
seriontsly byodivron than wax 220 vveemes. With Tew exeepiinnzs, seed
viekls wore lower, wt all vales of applicavion, than the vield of the -
treated cheeh. When the B-vear averupe vields of these two varieties are
votsidered, dinron an all rmres of application eaized signifivant rodoetions
i seedd viekd as compared o the nntroated cheek.

A fourth diveon application was made i othe fall of 196100 Alter this
application, Oregon perennial rvegrass and 1| pvegrass were eliminated
from all treated plots and 323 rvegrass was eliminated with the -f-pound
rade of applieation. At the 2= wd S-ponnd mtes of application, 8 23
rvegrass abso showed much more mjury from the (861 trentment than had
appeared in earlier vears.  [njuvy that oeeurred Tollowing the Tourth
applieation of divron may indicate an acemmulation of divron st toxwe
Ievels in the =oil,  In the =ummer of 1962, soed vields were noi imeasured
~ipee the untroaled cheeks wore the only platz which produced seed in
aantitios sufficient o haevest, Por this reson, the exporimoent was
eiscontinued wt this Gme.

These rosultz bdieate that while ¥ 23 rvegeass showed considerable
toferanee to dinvan, the other virieties wepe severely injured. The possi-

bittly of damage (o sensidve varieties and tie mited safety margin on
S 2 dicates o high degree of basawd i using divion on perennial rve-

Lrass,
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Tavw 2o Perenndal riegrass seed yields after annual trealments with
diuron at several rates

A — - B T T U T [T —

! i Beed yiclds in- Avernpe
Yardely £ Diwron e om0 seed
,inppli(':tliun 1 : sk,
: CAmH 1960 | 1961 195961
! .
‘ L faere Lb.fuere | Lb facre . b facre | Lb fucee
Oregon perenninl oo _ : {t 1,447 711 L1y nox
] 20 1,207 074 01 747°
; 3100 1,150 03 131 721*
: 1 010 717 341 656+
—— B e
LI S 0 773 537 340 553
.» 2 782 | 210 323 471
3 s03 ! 15 306 648
: 4 672, 677 ! 176 508
T D 0 920 | (94 395 670
: 2, 021 | 184 i 303*
! 31 309 4 0 103*
. A 7l 0 0 2q*

PTRuren appdied: Oct. 21, 1958; Oct. 16, 1959; nnd Oct,, 20, 1960
*Yiell signifieantly different from that of untrealed cheek, LSD @ .05 within o
viriely = 125 . seed fuero.

Recognition of the Tact that perennisl ryegrass varieties differ in their
response fo dinron is very helpful in explaining the erratic control of
perenninl ryegrass in other grass species with divron.  Perennial ryegrass
is frequently aoweed problem whire orchurdgrass, {all fescue, ereeping red
fescue, and bluegrass wre raised Tor seed on fields previously used for
ryegrass seed protluetion,  In the past it has been very difficult to explain
why diuron las controlled ryegrass under some conditions and failed
completely in other instanees,  Results of this experiment make it possible
to expluin the differences in control of percunial ryegrass by diuron where
different, varielies have been grown and make it possible to predict the
possiblity of seclectively controlling perennial ryegrass in ather grass
gpecies.  Sueh information makes it possible to avoid problems that arise
when other perenninl grasses are planted for sced production on fickls
that have previeusly been used for producing 823 perennial ryegrass
seed.
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Benlgruss Varieties

The cffects of four annuat applications of diuron on henigrass varictics
are shown in table 3. The use of diuron at rates up {o 4 pounds per acre
appear safe for Highland bentgrass—seed yields were equal to or greater
than from the untreated check in nearly all instances. The average seed
yield from soil treated at the 3-pound-per-acre rate was significantly
higher than from the check.

The use of diuron at rates up to 4 pounds per acre is probably safe for
Astoria bentgrass. However, the data show that yields will probably be
slightly lower than from the untreated check. Use of diuron in Astoria
bentgrass could be justified only if weeds with inseparable seeds were
present, which would reduce the quality of the crop seed. In view of the
limited tolerance of Astoria bentgrass to diuron, new varieties of colonial

TapLE 3.—Colonial and creeping bentgrass seed yields after four annunl
treatments with diuron al several rafes

Diuron Seed yields in— Avernge
Variety applica- seed
tion 1 yields,

1860 1961 1962 1963 1960-63

Lb.jacre | Lb.fucre | Lb.Jacre | Lb.facre | Lb.facre Lb. facre

Highland____ 0 335 214 401 251 300
2 335 217 440 270 316
3 380 227 455 311 343+

B 384 190 416 258 a2

Astoria..___. 0 358 132 224 175 222
2 270 108 219 129 182*

3 335 127 237 162 214

4 329 110 218 146 201

Seaside. _____ 0 248 111 195 104 165
2 244 113 193 70 135
3 166 103 45 56 3+
4 155 8BS 83 24 B7*

Penneross. - - 0 240 120 136 a5 138
2 323 127 92 35 144
3 207 78 33 0 80*
4 198 o2 1] 33 i+

1 Digron npphied: Oct. 16, 1959; Oet. 20, 1960; Oct. 19, 1961; and Oct. 24, 1962,
*Vield significantly different from that of untreated check., LSD @ .05 within a
variety =34 Ib. seed/acre.
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hentgrass should be evaluated to determine their tolerance to diuron
Liefore recommendations for use are made.

The use of diuron ai 2 pounds per acre did not adversely affect seed
yields of Seaside and Penncross bentgrass when applied for 3 and 2 years,
respectively. Tlowever, wheu additional applications were made yield
reduction oceurred. At rates of 3 or 4 pounds per acre diuron appears to
be (oo injurious fo use on Seaside or Penncross bentgrass.

Creeping Red and Chewings Fescue Varieties

When the creeping red fescue varieties, Rainier or Pennlawn, or
Chewings lescue were treated with diuron, a trend toward lower seod
yields swas noted (table 4} Average seed yield far all rates of application
was generally below that of the untreated check. While the seed yiolds
were not significantly lower than that of the check, they do suggest that
injury was occurring. At the 2-pound rate the yields were about equal

TasLe b --Creeping red and Chewings fescue seed yields afier five annual
fresiiments with divron at several rates

Dinron Beed yields in— Averupe
Variely i appliean- @ . secd
v tion ! i yields,

: 1060 # 1962 1465943 3

3

‘ L acre .€ L. facre

: 01 1,016
i

Lb.facre | Lb.Jocre | Lb.facre | Lb.facre
1,023 802 531 843

. 1,042
o 904

021 &0 720 836
835 440 458 733

Pennkawn_ - - ! 112 LO% 517 176 451
i : 612 oob 304 287 462

i ! a0 &2 367 195 398

(34 376 157 137 326

j
|
_[
|
028 | o2 821 595 820
i
l

Chewings. . 66:1 412 575 248 475
! - 53l 550 462 281 P
! : 393 375 330 224 381
| .

i

536 328 212 148 306

! Diuvon applicd: Oct. 21, 1958; Oct. 16, 1959; Oct. 20, 1960; Oct. 19, 1961; and Oct.
21, 1062.

?Secd yield determinations nol made in 1981, An accidental overtreatment with
2, 4~12 in the spring of 1961 reduced seed yields.

¥ No evidence of significant differences in seed produetion at the .05 level of proba-~
bility.
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to those of the checks. However, at the 3- or 4-pound rates sizeable
vield reductions occurred in most instances,

These results show that creeping red and Chewings fescue varieties
have a limited tolerance to diuron. If the rate of application does not
exceed 2 pounds per acre, diuron can be used in these grasses without
noticeable injury and seed yiclds will probably approximate those of
untreated arens. However, if higher rates of application are used, yield
reductions may occur,

Tall Fescue Varieties

The influence of divron upon the seed yields of five tall fescue varieties
is shown in table 5. In most instances seed yields after treatment with
divron were as high as or higher than those on the untreated check.
When the seed vields for 5 years were averagad, only Alta and Goar,
treated at 4 pounds per acre, showed seed ylelds lower than that of the
check. These yvields were only a few pounds per acre lower than those on
untreated plot and thus are of little consecuence. Sced yields were
significantly higher than that of the check where diuron was applied to
EKY-59g1-32 at 2 or 4 pounds per acre or to New Zealand at 2 or 3 pounds
per acre.

The tall fescue varieties compared have considerable tolerance to diuron
and exhibit a wide margin of safety. Since satisfactory weed control can
usually be attained with rates of 2 {0 3 pounds per acre, there is no need
to apply diuron at higher rates. However, if it were applied at higher
rates, due to faulty spray equipment or miscaleulation, there would be little
injury unless the rate of application exceeded the recommended rate by
a sizeable margin.

Bluegrass Varieties

When diuron was applied to seven bluegrass varieties, striking seed
vield Increases ocourred (table §). When the seed yield dafa for 5 years
were averaged, six of the seven bluegrass varieties showed significant seed
yield increases at all rates of application. In the case of the seventh
variety, seed yields were higher than that of the check for all rates of
application, but the yield was significantly higher than that of the check
only at the 2-pound rate.

The maximum seed yield of four of the seven varietics oceurred at the
3-pound-per-acre rate, of one variety at the 4-pound rate, and of two
varieties at the 2-pound rate of application. None of the bluegrass
varieties included in this experiment showed any noticeable diuron injury
during the duration of this experiment. The fact that most of the blue-
grass varieties maintained a high level of seed production at the end of
the experiment wfter application of as much as 20 pounds of diuron per
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TaBLE 5.—Tall fescue seed yields after five annual trealments with diuron
al several ralgs

Diuron Beed yields in-— ’ Average
Variety applica- ) seed
tien 1 yields,
1850 1960 1961 lag2 1663 195863
Lb.facre | Lb.facre| Lb. facre| Lb. facre | Lb. facre | Lb. facre| Lb./acre
Alte_ ... 0| 1,514 961 T41 TS 689 500
2 1,008 1,059 880 1,037 830 | . 965
3 1,097 1,087 B2 923 864 a61
4| 1,010 978 762 B83 B26 892
Coaro oo . 01 1,014 843 04 633 53¢ 705
2| 1,087 824 526 700 603 748
3 1,068 781 490 699 871 722
4 1,031 772 150 564 600 683
| DC ) S 0l 1,145 1,268 | 1,075 723 697 082
2 1,057 1,361 1,107 871 920 1,065
3 1,086 1,254 1,007 711 740 959
+ 1,004 1,260 1,083 838 763 990
Ky-59 gl-32. ol 1,010 1,370 852 689 570 902
2 L,092 | 1,606 886 748 45 1,035,
3 1,024 1,481 BE68 649 866 978
4 1,197 1,552 850 841 899 1,068+
New 0 1,072 1,243 741 542 387 797
Zenland, 30 1,261 | 1,506 | 1,045 825 620 1,045*
3 1,201 1,175 1,012 715 831 g47"
i 804 1,042 990 692 661 838

! Diuron applied: Oct. 21, 1058; Oct. 16, 1959; Oct. 20, 1960; Oct, 19, 1961; and
Oct. 24, 1962.

*Yicld signifirantly different from that of the untreated check. ILSD @& .05 within a
variety =85 1b. seed/rere,

acre over a 5-year period illustrates the wide tolerance of the bluegrass
to «iuren.

Figure 3 shows the need for herbicide applications in bluegrass seed
fields.

Orchardgruss Varieties

The influence of diuron on the seed yields of seven orchardgrass
varieties is shown in table 7. When the yield dats for 5 years were
averaged, six of the seven varieties showed seed yields significantly
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TasLy 6.-—Bluegrass seed yields after five unnual breaimints with deuron
al several rales

Biatron Seed yields in— Average
Vuriety upplivn- seed
tion ¢ yields,

1959 194640 1961 1662 1963 195963

Lb.facre | Lb.facre\ Lb.facre! Lb. facre Lb. facre | Lb. facre| Lb.jacre

Merion_ ... 0 80 181 195 449 48 195
2 69 452 218 450 100 258*
3 68 539 429 418 115 314
4 54 523 208 488 123 207+

Kentueky .. 0 141 257 303 530 163 207
2 152 481 483 715 280 422>
3 166 596 487 609 159 504
4 132 737 402 523 180 395+

Delin____._. 0 121 255 | 417 I' 843 197 36T
2 91 340 396 { 1,005 328 bid*
3 119 631 353 1,070 34 as7*
4 76 673 390 954 284 al16*

Park {95). .. 0 154 281 472 604 196 359
2 Tdd 624 8 918 208 488*
3 132 568 634 997 270 524~
4 178 713 586 859 171 501>

Newport-___ 0 270 470 474 1,002 313 306
2 238 | 1,027 615 | 1,431 439 760*
3 200 1,038 0335 1,295 428 717
4 176 1,034 ol 1,182 305 666

Washington 0 164 251 302 194 b1l 193
State_.__. 2 200 148 297 941 139 325
3 211 612 486 384 159 370+
4 217 878 323 483 146 409*

Troy ooz 1} 119 402 326 617 244 342
2 70 471 481 705 342 414*

3 a1 475 387 632 251 373

4 a6 5343 419 552 255 373

1 Diuren applied: Oct.

Oct. 24, 1962,

21, 1958; Oct. 16, 19539; Oct. 20, 1960; Oct. 19, 1961; and

*Yield significantly different from that of the untrented check. 18D @ .05 within
a variety =49 Lb. seed /facre.
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troown 3 Bleen s one sharon applieninen Ot 15N o weed grontdy o Moerjon

P TR Y L AL (T TN PURR Lot untretmd cheek slurws nnnunl evegeoss;
potet dhoren appdied b pare of 3 poosds pee nere,

bigher thas that ol the untrenied vhieck an the 2-pound-per-acre rate of
application. There was no bedieation thay any rate of application re-
A} thee vield s compared to that of the oatreated cheek.

These remtilts ~how that arehinredemess is also tolernnt o divron, Whtle
#om et s toleso as blucerdss, the marnan of safefy is suflicient {o
incdiente vhat this herbieide ean he used 2t 2 1o 5 pounds per acre on all
Lorsetnes te=died A i hout unsdue mpry or vield redaeion.,

TOXIC RESIDUE STUDY

Snwee divran has Been found 1o be sn ceonomiend and effective herbieide
for controlbng winter ananal weeds in ceriin pereaninl grass seed ficlkds
e woestern Ovegon, this bertdeide has galned widespread use in recent
viars. A= <howa dn eavlier seetions of this budletin, repeated annusl
applicanon~ dul nor adversely alfeet seed vields of ol {eseue. orchard-
wrss, blmarmess, and eofoninl bentgrass variedies. Tl question arises,
B v er. st (o s hether or not repeated anmal applicatons resull in soil
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TasLe 7—Orchardgrass seed yields after fire annual treatments with
diuron at several rates

Diuron i Heed vields in— Averuge
aeed

vields,

: wpplica- _
P tian ! ' ! ]

Variety

| : .-
I | ; i

' Lb. Jacre Lb‘/ucrciLb./acre!Lb./rzcre[Lb./ucre!Lb./acm L, facre
854 bliii] 325 l 671 456 682

i
i
I
1959 ' 1060 §1961 1062 P 1950-63

Akaroa_ __._
832 550 760 706 i 192 668
847 ! 578 941 - 730 . 590 737
681, 53L1  8I7TP 70 A0 674

LI 2 ]

1,102 ; 580 736 716 1 406 f27
1,080 : 696 963 [ 1,077 0 664 596+
1,082 0 491 826 864 616 776"

805 1 443 7210 702 488 670

Potcmmc--_-!

= O

Danish 12 G537
419 781+
o86 T4L*
484 700

795 528 . 6871 763
B4, 657 863 4D
8181 37 8§70 857
920, 622 TOD | 082

— WS

=

726 | osTe 433! 200 4866
902 [ ;6407 300 301 369+
st | 581 313 360 A33*
808 ; 2D 347, 383 509

—

1,018 706 | 463 610
959 s3] 675 689

Commereial . E
| .

017 [ 43 679 522 b1
—
il

Bl I =]

024 715 { 550 638

652 205 247 430
716 14 540 3820 43) 525*
GGG - 33 AL 430, 325 459
013 379 578, 418 333 468

2 T e

b, 254 ¢ i1y 508 j 290 568
1,052 483 101 688 | 350 T3
1,050 476 880 ¢ 304 494 681*

|

= Wiy D

1,069 480 839 504 435 65+
| i i

! Diuron applied: Oct. 21, 1858; Oct, 16, 1959; Oct. 20, 1960; Oct. 19, 1961; and
Qct. 24, 1962,

*Yield significantly different from that of the untreated eheck. LS @ .05 within a
variety =63 [h. seed facre.
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accumulations that may be injurious to crops following perennial grasses
tn the rotation.

Studies reported by Cowart {7} and by Hill, McGohen, Baker, Finnerty,
and Bingeman (7) have shown that diuron is broken down quite rapidly
by soil microorganisms when applied to soils at rates of 1 to 2 pounds
per acre. These studies show that most of the herbicide disappeared
within -4 to 8 months after treatment and that there was little tendency
for carryover from one year to the next, They concluded that under
conditions Tavorable for microbial activity the accumulation in the soil
was of no practical significanee.

The problem of diuron residues from repeated application at rates of
3 and 4+ pounds per acre had not been studied, and there was the possibility
of residual accumulation under Oregon’s climatic conditions. Thus the
following study was conducted.

Materials and Methods

During September of 1961, 1962, aud 1963, soil samples were collected
at several depths from plots used in the previously discussed experiments.
On each sampling date one set of samples was drawn from an orchard-
grass plot, one from a bluegruss plot, and one from a tall fescue plot.
The samples were collected before the field was tilled each September and
about 11 months after the last previous treatment. The 1961 sample
had been subjected to three previous annual applications, the 1962
sample to four previous treatments, and the 1963 sample to five previous
treatments.  Sufficient soil was collected at each depth to fill a No. 10
can. The soil was taken into the greenhouse and a bioassay was conducted
to determine whether or not diuron was present as a residue from pre-
vious treatments in concentrations toxic to plant growth. The test
plants were: in 1961—spring barley and crimson clover; in 1962—spring
barley, erimson clover, winter flax, and annual ryegrass; and in 1965—
spring barley, winter flax, and annual ryegrass. The sampling depth
varied from year to year.

Results and Discussion

The results of the bicassays conducted on samples collected in 1961
amd 1962 are shown in tables 8 and 9. The effects of diuron restdues on
spring barley grown on soil samples collected at different depths in 1963
after five annual diuron applications are shown in figures 4 to 7. Winter
flax and annual ryegrass are also present {in ihe untreated check and in
those pots where injury was not severe} but are difficult to distinguish
from the barley.
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Cl'liECK 2 o/ 3ib/A 4 1b/a
e II‘;‘" 0~— 0.5~ 0°—0.5" 0" — 05"

Frusrre b Test speeies grown on <oil eallectid o the 0= (o Te-inely depth,. Diaron
residue~ Trom all rare- of appliention severely ijured erop.

UNTREATED DIURON DIYRON DIURON

CHECK 2tbjA 4tb/a

0.5"— 1"

JIb/A

0= fy” — 0.5 1"

Frovie 3. Test ~peeies grown an =ail collected st the Yo Lo I-inel depth,  Diuron
remicdues in this aver of =) appears less Lhan thoee in the D= ta Yi-inch layer (see fg, 4).
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fi
UNTREATED DIURON DIURON DIURON
CHECK l 2Ibja 3ib/A 4ibja
0"_"' llz” ]"_2:' ln__zu 'ﬂ___zu

Frovie i e spevies geowvn oo ~of] eollected at ohie 1- (o 2-ineh depth. Only divron
residie Tronm the lpatad-per-aere mte of application severely injured crop.

1901 Bioassay

Asshownin table 8, the muomber of barley plants that germinated and
beenme esiatdished in the treated =oil was not influenced by the eate of
application of dinron ar by the depth from which (he soil on which they
were wrown was eoliceted, Flowever, the height, of The plants was alTected
v hoth of these factors,

The beight of harley was reduced when barley was grown on soil
colleeted wi 1the 0- ta 2-ineh level from a plot to which diuron had been
appliced st the rde ol 5 or L pounds per aere. When the soil was colleefod
atadepth ol 2o Lor to 8 ineches, barley growth was not alfected at any
pe of divrvor application. Thus, even though 42 inches of water had
fallen between the thine application began and the time the soil saunples
were collected, dinron was present af 2 conerntration injurious to harley
growlh oniy when (he barlexy was grown on soil fromy the 0- 1o 2-ineh
depil

Crimson elover appears fo be more sensitive to diuron (than bharley.
When divron was applicd at 3 or § poitnds por acre, crimson clover was
chminied from =oil samples callected al the 8- 1o 2-ineh level, AL the
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.'{ 1
SEWRY 7
il #.

UNTREATED DIURON DIURON
CHECK 3ib/A 41bjA
4 .
0“"“' l[zu' 2:!__ ‘u 2“-—- ‘“

Fearne 7.- Test species grown on soil collected at the 2+ o danch depth, Littie
indication of divron residue, regacdioss of rate of applieation.

Z-pound rate, some plants survived. The erimson clover survived on
plots treated at these same rates whean the soil on which 1 was grown was
colleeted alb the 2- (o 4- or 4- to 8-inch levels.

When height of erimson clover i considered, a similar relation exists.
Ieven though the erimson clover was eliminated from soil samples treated
at the 3- and -pound-por-acre rates and colleeted at the 8- to 2-inch
depth, planis growing in soil collectod al 2- to t- or 4- to S-inch depths
exhibited iittle injury from divron.  These data show that diuron residues
were preseal at the soll surlaee o concentrations that were toxic to plant
growth alter three previous annual treatments with diuron at 3 or 4
pounds per acre.

1962 Bivassay

Resulis of the bionassay conducted on soil samples coliected in 1962
are shown in table 8. Since it was found that most of the dinven remained
at the 0- fo 2-inch soil level in the 1061 samples, this 0- to 2-inch depth
was divided into three levels in 1962 so that the area of accumudation
within this upper 2-ineh soil layer could be more precisely located.
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Tabre 8.—Number and height of planis t grown in sotl previously treated
with diuron ?

NO DIUROXY

Number of plants 3 Height of plants
Depth of
aoil sample
Barley Crimson ¢lover Barley Crimson clover
[rches Inches Inches
-2 .. ] i3 13.1 4.9
P T 9 7 15.7 3.2
B oo 8 1] 15.9 4.7
PIVROXN AT RATLE OF 2 POUNDS/ACRE/YEAR
T
I _ 81 5 .5 3.7
21 . . 93 8 15.6 5.2
48 1 8 i 6 15. 1 4.2
DIURON AT RATE OF 3 POUNDS/ACRE/YEAR
: |
02 ' a9 O E 0.2 0.0
L S 81 & 15.3 5.2
8 ]' 8 5 13.8 4.3
DITRON AT RATE OF 4 POUNDS/ACRE/YEAR
} H
. S | 6 { 8 6.4 0.0
RS S r 8 : bS] 15.3 2.2
A= i aaas i 81 5 13.8 4.3
: !

L Average of three samples,

? Diuron applied: Cet, 21, 1958; Oct. 16, 1959; and Cct. 20, 1960. Soil samples
collected Sept. 1961.

¥ Ten seeds of each test species planted.

Spring barley, crimson clover, winter flax, and annual ryegrass were
planted in soil collected in 1962 whercas only spring barley and crimson
clover were included in the cartier assay.

As in the earlier test, injury was most severe to plants grown on soil
collected near the soil surface. All crops at all rates of application of
diuron showed injury when grown on soil from the 0- to 14-inch level.
Even at the 2-pound-per-acre rate, injury was severe to all test species
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TanLe 9.—Height of planis ! grown on soil previously trealed with divron ®
ns influenced by rate of appiication of divron and depth from which svil was

laken
HANNCHEXN BARLEY

Height, of plants * grown on soil trented for

Bepth of
soil sample

4 years with diuron st the annual rate of—

2 lb./aere | 3 b facre

+ 1b. /nere

|
i
i
1

Inches  ©  [nches
17.¢
16.i
16,
15.1 ! _
14,40 13.7 §

Trnches

i
|
|
{
‘ 0 Ih./ncre

ANNUATL RYE(GRASS

;!

|
|

' Inchey

PR RN

WINTER TFLAX

CRIMBOXN CLOVER

I Avernge of three sumples.

2 Boil previously treated with diuren in October of 1958-61.

Sept. 1962,
¥ Average of the five tallest plants in each pot.

Soil satnples colleeted
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except barley, which showed ouly slight injury. At the 3- and 4-pound
rates, all test species except barley were eliminated.

Injury was moderate to severe to plants grown on soil from the 14- to
I-inch depth. At the 2-pound rate of diuron application, barley escaped
injury while all other species showed moderate injury. At the 3- and
4-pound rates, all species were severely injured or eliminated when grown
on goil from this depth.

When grown on soil from the i- to 2-inch depth, barley and ryegrass
showed no injury af the 2-pound rate of diuron application, while flax
and crimson elover showed moderate to severe injury. At the 3- and
4-pound rates, injury ranged from slight to severe with all test species.

On soil from the 2- to 4- and 4- to 8-inch depths, none of the test
speeles showed injury at Lhe 2- or 3-pound rate. Ryegrass and erimson
clover showed some injury at the d-pound rate.

These rosults show that diuron romains in the soil in concentrations
toxie fo plant growth for a considerable period of time after repeated
annual applieations. Ay the rate of application increases, the residue
also inereases,  [ven under the high rainfall of western Oregon, the
herbicide rvestdue was coneentrated in the upper 2 inches of the soil
surface, with the greatest aecumulation at the O~ to 14-tneh level.

The results from these studies point out the problem of toxie residues
that may asecumulate after several annual applhicatious of diuron. Injury
to subsequent erops may be avoided by:

1. Rotating available herbicides to prevent a harmful buildup of
diwron in the soil,

2. Huarrowing pgrass seed fields after burning to spread carbon and
unburned crop residue (which inactivate diuron) so that weeds can be
controlled with lower raies of application.

3. Avoiding the use of diuron in perennial grass seed fields when it is
anticipated that the field may be plowed.

4. Plowing as deep as possible to distribute the herbicide residue
throughout the soil profile, thereby diluting it.

3. Planting 2 crop exhibiting the same tolerance to diuron as the pre-
ceding sced crops, when Lhis herbicide has been used.

SUMMARY AND CONCLUSIONS

Six experiments conducted in western Oregon compared the effect of
several annual applications of diuron at rates of 0, 2, 3, and 4 pounds
active ingredient upon the seed vields of several varieties of each of
seven species of perennial grasses.

Thnder the soil and climatic conditions existing in western Oregon, the
seven bluegrass varieties, seven orchardgrass varieties, and five tall
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fescue varieties compared in this test showed ennsiderable tolerance to
five annual applications of diuron at rates of up to 4 pounds active
ingredient per acre. On the hasis of the wide safety margin exhibited by
these species, it is probable that diuron could be used on additional
varieties of these species without undue injury.

The colonial hentgrass, Highland, also showed considerable tolerance
to diuron, but & second variety, Astoria, showed only moderate tolerance.
Both creeping bentgrass varieties included in this study were severely
injured by diuron at all rates of application.

The creeping red fescue and Chewings fescue varieties included in this
study showed only fair tolerance to diuron. When 2 pounds per acre of
diuren were applied to the soil, yields approximated that of the untreated
check. At rates of 3 or 4 pounds per acre the yiclds were somewhat lower
than that of the check.

While the ryegrass varieties showed differential tolerance to diuren,
even the most tolerant variety showed severe injury after several repeated
annual applications. Thus it is doubtful that divron could he used for
weed control in perennial ryegrass seed fields unless additional research
produces a method of use safer than those evaluated here.

Bioassays of soils collected from plots following three, four, or five
annual applications of diuron at 2, 3, or 4 pounds per acre showed thas
at all rates of application, diuron residue was present 11 months after
the last previous application. Even though approximately 40 inches of
water had fallen between the time of sampling and the last previous
application, most of the diuron residue remaited in the upper 2 inches of
soil. The greatest accumulation was found at the 0- to 14-inch depth.
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