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Distribution, Growth Habits, and
Control of German Velvetgrass in

Western Oregon
WILLIAM O. LEE

INTRODUCTION
German velvetgrass (Holcus mollis L.) is an extremely vigorous,

rhizomatous, perennial grass that was introduced into the United
States about 1900. The competitive ability of this plant and the difficulty
in removing its seed from the seed of bentgrass (Agrostis spp.), Ken-
tucky bluegrass (Poa pratensis L.), and chewings fescue (Festuca
rubra L.) result in substantial financial losses withina three-county
area in Oregon.

German velvetgrass seldom invades fields which are cultivated at
frequent intervals. However, this species frequently becomes estab-
lished when fields located within infested areas are shifted to the pro-
duction of perennial grass seed, pasture, or hay, where tillage is not
practiced for several years. Once German velvetgrass is established,
it fills the upper layer of the soil with an almost solid mat of rhizomes.
When these fields are returned to the production of cultivated crops, re-
growth from this rhizome mass severely hinders or prevents crop
production.

The objectives of this study were to learn more about the present
distribution, growth habits, and response of this plant to environmental
influences when growing under western Oregon conditions, and to
utilize this information in developing more economical and effective
methods of control.'

LITERATURE REVIEW
German velvetgrass, also known as creeping velvetgrass, creeping

fog, or creeping softgrass, is an extremely competitive, rhizomatous
perennial grass. Some believe that this species was introduced from
Europe as a contaminant in crop seed. Others believe it was present
in straw used as packing material in imported goods. First mention
of its occurrence in the United States was made by Hitchcock (8) in
1915. He stated, "This species, not previously reported from the United

'This is a report on the current status of research on German velvetgrass
and its control This bulletin does not contain weed control recommendations nor
does it imply that the herbicide uses discussed have been registered. All uses of
pesticides must be registered by appropriate state and federal agencies before
their recommendation and use.



)cing quite similar in appearance tb

is l..), which is widely distributed
i, 9). The two species can easily be
rig their root systems (2). German

while common velvett;rass has no;,

States, has been sent to the U. S. National Herbarium from Eureka,
California, by Mr. Joseph P. Tracy." In 1935, Hitchcock (9) re-
ported that German velvetgrass had been found in Washington, Ore-
iron, California; Lewis County, New York; Camden, New Jersey; and
Delaware County, Pennsylvania, and appeared to be spreading rapidly.

Ovington and Scurfield (17) give an excellent description of this

species. The foliage is described as I
common velvetgrass (Holcus lanatu
throughout the Pacific Northwest
differentiated, however, by examinil
velvetgrass is distinctly rhizomatouw
rhizomes. German velvetgrass also can be distinguished from common
velvetgrass by its light green color; reduced hairiness; flower panicles,
which are smaller and narrower; and by the awn of the second floret,
which is bent but not hooked, as is the case with common velvetgrass.

German velvetgrass has long been regarded as a serious pest in
agricultural land. Mann and Barnes (15) refer to the writings of Sin-
clair, which were published in 1824. As related by these authors (15),
Sinclair studied grasses in the area near Bedfordshire, England. He
wrote the following concerning German velvetgrass. "The roots, when
once in possession of the soil, can hardly be expelled without great
labour and expense. It is the true couch of light, sandy soils." A num-

ber of other authors, (5, 14, 22, 24) also point to the undesirable
growth habits and competitive abilities of this plant.

German velvetgrass occurs as a native species throughout the
British Isles and Europe (17). It has been found in all British and

Irish vice counties except Haddington. It occurs throughout Europe,
except in the extreme north and southeastern portions. The northern-
most limit is 62 degrees north in Norway. It is found as far east as the
Carpathian Mountains in Europe and to about 47 degrees east in
Russia.

In regions where this plant occurs as a native species, it is usually

found in woodlots, recently felled woodlands, thickets, or hedgerows.
When such sites are disturbed, German velvetgrass spreads very rap-
idly and can suppress or eliminate most other vegetation (19). It grows
best on moist, well-drained, friable loam soils that are derived from
mixtures of clay and sands and have a pH from 3.75 to 5.29. It can
thrive on soils too poor for quackgrass (Agropyron repens (L.) Beauv.)

or other perennial grasses (21). Its European distribution indicates it

is unable to endure prolonged and severe drought or frost, possibly
because its rhizomes grow primarily near the soil surface.

Under conditions prevailing in the British Isles and Europe, re-
production by seed is considered of minor importance. Inflorescences

are frequently attacked by the fungus (Dilophosphora alopecuri) (16)
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and fail to emerge. Studies showed that of the seed produced, less than
Sic were viable (111). The chromosome number within this species also
influences seed production. Jones (10) found that the chromosome
number varied (2n - 28, 35, 42, 49) and the number had a distinct
influence upon seed production. As stated by Jones, "It appears that
the dominant position in the (Holcus nru/Iis L.) complex is occupied by
an effectively sterile pentaploid of hybrid origin." Thus, both disease
and genetic make-up of this plant act to limit seed production in areas
where it occurs as a native species.

Mann and Barnes (15) observed the rhizomes and fibrous roots
of German velvetgrass 10 months after rhizomes had been planted in
the soil. These plant parts produced 2.1 tons of dry matter per acre in
this -short period. Jowett and Scurfielrl (11) observed the rhizomes and
shoots of German vclvetgrass growing under several different environ-
mental conditions. The number of shoots varied from 391 to 1,000, and
fresh weight varied from .12 to .44 pounds per square yard, Ovington
(16) found that up to 205 inches of rhizomes were formed in an area

15.6 by 15.6 inches) during a period of one year. Forward growth by
a given rhizome seldom continued for more than 1.5 years. The average
rate of advance by individual rhizomes was about 4.7 inches per year.

Environmental conditions appear to influence rooting habits ofthis species. Armstrong 0 ) observed that when German velvetgrass
grew- beneath trees or hedges where the suit was very shallow or very
dry, it became stoloniferous. Ovington and Scurfield (17) found that
rhizomes were confined to the litter layer when growing under trees
where conditions were less severe,These same workers (17) found
that in arable soils, the rhizomes occurred in the upper 4 inches of soil.
Mann and Barnes (15) found the rhizomes to depths of 8 inches in
cultivated soils.

While most weeds have some desirable features, none have been
recognized in German velvetgrass. Flint ( /) wrote that it had no value.
Greenall (6) found it useless in pastures since the foliage was not rel-
ished by livestock and had little feed value if it was eaten. Wvllie (24)
reported that it did not recover rapidly after grazing and was thus a
poor yielder. The low, coarse growth of this species is unsightly in
lawns (5, 20).

A survey was conducted in western Oregon to pinpoint the Ger-
man velvetgrass infestation within the state and to determine whether
or not the infested areas fit into a pattern with respect to cropping pro-
grams, soils, or other environmental conditions. This information might
be useful in forecasting future encroachment by this pest.

S

DISTRIBUTION IN WESTERN OREGON



Materials and methods. As part of the survey, county agents in

western Oregon were visited. With their help, known areas of infesta-
tion were sketched on county maps. Field-inspection reports and seed-
laboratory reports from the Oregon State University Seed Certifica-
tion Office also were reviewed. Whenever German velvetgrass was
reported on either a field- or seed-inspection report, the seed producer's
name and the held location were recorded. Inspections were then made

had been included in the mapping.
To determine if all infested areas had been located, considerable

time was spent during the winter and spring in driving over roads in
counties ,here infestations occurred. German velvetgrass can he
spotted easily in bentgrass and chewings fescue seed field; during the
winter and spring by its light yellow-green color and patchy growth
habit, contrasted against the uniform (lark green color of the seed

Results and discussion. This survey showed that German vel-

vetgrass now occurs primarily in the bentgrass and chewings fescue
seed-producing area which lies along the west foothills of the Cascade
Mountains in Clackamas, .Marion. and Linn counties. The infestations
occur almost exclusively on four closely related soil hypes::\iken, Yolk,
Cascade. and Olympic, which are referred to locally as "red hill soils."
While the known infestation is small and is confined to localized areas.
these four soil types occupy more than 600,000 acres on foothill areas
of both the Coast and Cascade Ranges bordering the \\'illanlette Val-
ley. Wherever these soils occur, they should be considered as potential
sites for the spread of this pest. Small infestations also were found on
several of the well-drained soils in bottomlands of the \V illamette
Valley. Since German velvctgrass can survive in the \Villamette Val-
ley. it may become a serious problem there if its spread is not halted.

Materials and methods. A field experiment was started April 10.
1959, near Scio, Oregon, to evaluate seed production of German velvet-

grass following treatment with ammonium sulfate at rates of 0. 40. 80.

and 120 pounds of nitrogen per acre. Each treatment was replicated
Live times on plots 9 by 33 feet. A strip 3.3 by 25 feet was harvested
from each plot :august 21, 1959, for determining seed yields.

to confirm the presence of German velvetgrass. Surrounding areas
also were observed to make certain that the entire area of infestation

fields.
After the infested areas were definitely established, they were

superimposed upon soil survey maps of the respective counties.

GROWTH HABITS

Seed Production in Western Oregon
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Four 100-seed samples were drawn from the yield sample from
each fertilizer rate to evaluate seed germination. The seeds were placed
on moist filter paper in petri dishes and germinated in a lighted germi-
nation chamber at an alternating temperature of 15 to 25 C. Counts
were made each week until all seeds had either germinated or molded.

Results and discussion. Seed yield and germination data are
shown in Table 1. German velvetgrass produced large amounts of
viable seed under western Oregon conditions. Seed production was in-
creased significantly by nitrogen fertilization at all rates of application.
All seed samples germinated relatively well. Germination was not influ-
enced by the application of nitrogen fertilizer.

threshed, and cleaned to prevent
hundred seeds were placed in 3 by
mesh plastic screen sewed with nN
permitted the passage of water, gas
particles but confined the seeds for

7

Table 1 SEED YIELD AND GERMINATION OF GERMAN VELVETGRASS AS INFLU-
ENCED BY NITROGEN FERTILIZATION

Nitrogen Seed production' Percent germination'
lbs./A lbs./A %

0 87 74
40 166 70
80 327 70

120 410 74

LSD at .05 level of probability = 46 pounds per acre
' Average of five replications.
Average of four replications.

Longevity of Buried Seed

As shown in the previous experiment, German velvetgrass pro-
duced large quantities of viable seed when grown under western Ore-
gon conditions. Counts indicated approximately two million German
velvetgrass seed per pound. Thus, the number of seed produced in the
previous experiment varied from 174 million to 820 million per acre.
Under cropping practices followed in this area, much of the German
velvetgrass seed shatters and falls to the ground.

Materials and methods. An experiment was started October 29,
1959, to determine the length of time German velvetgrass seed re-
mains viable in the soil when buried at depths of 1, 4, or 8 inches.
During August 1959, German velvetgrass seed was harvested by hand,

mechanical injury to the seed. One
3 inch envelopes made of 44 by 44
,Ion thread. The fine mesh screen
;es, microorganisms, and small soil
recovery at the end of the exposure

period.



On October 29. 1959, the envelopes were buried in a Willamette
silt loam soil at the Hyslop Agronomy Farm near Corvallis, at depths
of 1, 4, or 8 inches. Sufficient envelopes were placed in the soil to pro-
vide four replications at each depth on each recovery date. At the time
of burial, germination of the seed Was 79c/'C' -

Seed samples were removed from the soil on May 6. 1960; May
15, 1961; May 10, 1962; May 3, 1963: April 28, 1964: May 12, 1966;
and May 27. 1968. The intact seeds were recovered and placed on moist

filter paper in petri dishes. Germination was carried out in a lighted
germination chamber with a fluctuating temperature of 15 to 25 C.
Counts were continued until all seed had germinated or disintegrated.

Results and discussion. Germination dropped very rapidly at
all depths during the first six months after burial (Figure 1). Germi-
nation of seed buried 1 inch deep for 2.5 years dropped below 1% and
remained at lcc or less through 1968. After being buried at depths of
4 or 8 inches for 8.5 years, 2 and 100 of the seed were still viable.

seed on a field, viable seed will remain in the soil for several years.
Tillage brings viable seed to the soil surface where conditions favor
germination. Thus, in fields where established German velvetgrass is

eliminated by cultivation or herbicides, reestablishment from seed in
the soil must be prevented to obtain lasting control. This is particularly
important if the field is returned to the production of perennial grass

These results show that once German velvetgrass has produced

80

60

40

20

8 inch
4 inch

I inch

1960 1961 1962 1963 1964 1965 1966 1968

Year

Figure 1. Percentage of German velvetgrass seed germination after burial in
the soil for varying periods of time at depths of 1, 4, or 8 inches.
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seed, hay, or pasture. Plants originating from seed in the soil can be
controlled with herbicides (13).

Seedling Emergence and Establishment

Materials and Methods. Experiments were started in the green-
house April 9, 1960, and in a cold frame outside the greenhouse April
29, 1960, to determine the depth from which German velvetgrass seed-
lings could emerge and become established. In each study, 9-inch clay
pots were partially filled with soil. One hundred seeds were placed on
the soil surface and covered with I to 2 inches of soil. The pots in the
greenhouse were watered to keep the soil moist. The pots in the cold
frame received only natural precipitation until early June and then
were watered the remainder of the summer. Counts were made at
weekly intervals until May 26 in the greenhouse study and until June 3
in the cold frame. The pots were held for an additional 12 weeks in the
greenhouse and 9 weeks in the cold frame. The pots were examined
before disposal to determine whether or not further emergence had oc-
curred. Each depth of planting was replicated twice in the greenhouse
study and six times in the cold frame. An Olympic silty clay loam col-
lected near Sublimity, Oregon, was used in these experiments.

Results and discussion. The number of seedlings which
emerged from the different depths is shown in Table 2. Seedlings
emerged and became established equally well from depths of J, 4i or 1
inches. A marked reduction in emergence occurred when the seeds were
planted at 1 or 11 inches. No seedlings emerged in either experiment
when planted at depths of 1,1 or 2 inches. The rapidity of emergence
was influenced by depth of burial. After the tests were discontinued,
an attempt was made to recover the seed from those pots in which the

Table 2. AVERAGE NUMBER OF GERMAN VELVETGRASS SEEDLINGS WHICH
EMERGED AND SURVIVED FROM SEED BURIED AT SEVERAL DEPTHS

Depth of
Average number of seedlings established'

planting Greenhouse Cold frame

inches

27 33
4 13 34

25 30
1 13 22
11 2 3
11 0 0
2 0 0

1 One hundred seeds were planted April 9, 1960, in the greenhouse and April 29, 1960,
in the cold frame. Germination of the seed lot at the time of planting was 72%.

2 The 11-inch planting depth was not included in the greenhouse study



planting depth was 1 inch or more. A few of the seeds which were
found had germinated, but the sprout had failed to reach the surface.
Most of the seeds recovered, however, were intact, indicating that the
seed had become dormant or lacked some requirement for germination.

Seedlings of German velvetgrass do not appear to emerge and
become established from depths greater than 1,1 inches. Therefore,
when returning a field to a perennial crop, reestablishment from seeds
in the soil might be prevented as follows : (1) create conditions favor-
able for germination; (2) kill the emerged plants with a nonresidual
herbicide such as 1,1'-dimethyl-4,4'-bipyridinium salt (paraquat) ; and
(3) when germination is complete, plant the crop without further till-
age. In this manner, viable seed in the surface soil could be depleted or
at least reduced to a very low level. Without tillage to bring more seed
to the surface, viable seed at greater depths would not offer a threat to
crop production.

Influence of Temperature and Light on Seed Germination

Materials and methods. An experiment was started April 4,
1963, in the seed laboratory at Oregon State University to determine
the influence of temperature and light upon the germination of German
velvetgrass seed. German velvetgrass seeds were placed on moist filter
paper in petri dishes. One hundred seeds were placed in each dish. The
dishes were placed in five germination chambers at temperatures of:
5 C constant, 15 C constant, 20 C constant, 15 to 25 C alternating, and
20 to 30 C alternating. Many grass-seed germination tests are carried
out at 15 to 25 C alternating temperature with light. Therefore, this
temperature was considered as a standard for comparison. Four
germination chambers were lighted.

Whenever possible, germination was conducted both in the dark and
in the light at a given temperature. For the dark treatment, the petri
dishes were wrapped with a double layer of aluminum foil. Each treat-
ment was replicated four times. Observations were continued until all
seed had germinated or had molded or disintegrated.

Results and discussion. Temperature markedly influenced both
the number of seeds that germinated and the rapidity of germination
(Table 3). Maximum germination occurred at the 15 C constant tem-
perature. The next highest germination occurred at the 5 C constant
temperature. Germination at the other temperature levels was some-
what lower. If we use the 15 to 25 C alternating temperature as a
standard, germination at the 15 C and at the 5 C levels was significantly
higher than the standard.

The rate of germination was slowest at the 5 C temperature. At the
15 C constant temperature, the rate of germination was somewhat



5 C constant in light ..........

5 C constant in dart:....... .-..

15 C constant in dark ............

20 C constant in light .... _......

20 C constant in dark ............

15 to 25 C alternating in 0 0 0 57
light' 1 l (1

15 to 25 C alternating in
0

0 0 p
60 1

51 2 0 0 0 0 0 53

2
0 (1 0

LSD at .05 level for total germination of a given temperature an

Average of four replications. One hundred seals used for each sa
-Treatment used as a standard for comparison.

Table 3 INFLUENCE OF TEMPERATURE AND LIGHT UPON GERMINATION OF GERMAN VELVETGRASS SEED

Number of seeds germinating each week'

Temperature and April April April April May May May Total

light treatments 11 17 24 30 7 17 24 germination

0 0 24 38 5 4 1 72

0 0 32 33 3 2 1 71

0 77 3 0 0 0 0 80

54 2 0 0 0 0 0 56

54 2 1 0 0 0 0 57

dark
61

20 to 30 C alternating in
light .

20 to 30 C alternating in
dark _..----------------------- --.... 52 1 0

d light treatment = 12 seeds germinating.
mple. Seeds were placed in the germination chamber April 4, 1963

55
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established plants have been eradicated are likely to be infested with
viable seed. Therefore, in a long-term control program, seedlings must
be killed before they become rhizomatous. The following study was
conducted to determine at what size or stage of development German
velvetgrass seedlings become rhizomatous.

Materials and methods. On February 23, 1962, German velvet--
grass seeds were planted in No. 10 cans filled with Olympic silty clay
loam soil collected near Sublimity, Oregon. Three seeds were planted in
each can. The cans were placed in the greenhouse under conditions fa-
vorable for germination. After emergence, two of the three plants were
removed. Once .each week, four cans were selected at random and. the:

Results and discussion. The first rhizome was Toured on April
6, 38 days after emergence (Figure it. The remaining plants initiated
rhizomes within a few days after the first rhizome was found. At the
time rhizome initiation occurred, the plants were approximately .S'
inches tall, had approximately 50 leaves, and a well developed, fibrous
.root system (Figures 2 and 3). After the initial rhizome appeared on
a plant, others developed very rapidly. Each new rhizome grew horizon-
tally until it was about 1.5 inches in length and then turned upward to
form a new shoot. Soon after the new shoot reached the surface, a
rhizome initiated at the base of the shoot, and the process was re-
peated. Within a few weeks, the Bins Were filled with rhizomes and

faster than at 5 C, but slower than at the other temperature levels. At
the 20 C constant, 15 to 25 C alternating, or 20 to 30 C alternating tem-
peratures, there was little difference in rapidity of germination.

Total germination or rapidity of germination of German velvet-
grass was not influenced by light at any of the temperature levels.

The fact that seeds of this species show the highest percentage
germination at cool temperatures suggests that maximum germination
probably would occur during the late fall or very early spring under
western Oregon conditions.

Rhizome Development on Seedling Plants

The seedlings of most rhizomatous perennial grasses are easy to
kill before rhizomes form. After rhizomes develop, they become in-
creasingly difficult to destroy since regeneration can occur from each
node along the rhizome, as well as from the central crown. Fields where

seedlings were removed and observed to determine whether rhizomes
had begun to form.

shoots covered the area above the soil surface.
German velvetgrass seedlings also were observed in fields where

established stands had been killed by cultivation. Under field con-



Figure 2. German velvetgrass plants at the time the first rhizome was begin-

ning to form. The plant was grown in the greenhouse and the photo was made
38 days after the seedling emerged.

Figure 3. German velvetgrass plant at the time the first two rhizomes were
beginning to form. The plant was grown in the greenhouse and the photo was

made 45 days after the seedling emerged.



ditions, the plants were usually about 3 to 4 inches high at the time of
rhizome initiation. The crowns were well stooled, the fibrous root sys-
tems were well developed, and the plants had 40 or more leaves. Thus,
German velvetgrass seedlings do not become rhizomatous until the
plants are well established.

Vertical Distribution of Rhizomes

Materials and methods. The distribution of German velvetgrass
rhizomes was observed in numerous fields in both Linn and Marion
counties to determine what factors influence rhizome distribution. In-
fested fields were selected at random and holes were dug to observe the
distribution of rhizomes in the soil profile.

Results and discussion. The depth of rhizomes varied from 3 to
12 inches, with most fields having rhizomes at depths from 5 to 6
inches (Table 4). In most fields a layer of undecomposed organic mat-

Table 4. GERMAN VELVETGRASS RHIZOME DEPTH AT SEVERAL LOCATIONS IN
WESTERN OREGON

Field no. and No of Rhizome Extent of
location observations Crop depth infestation

inches
Linn County
1 NE Scio ...................... 1 Creeping red fescue 55 5 ft. in diam.

2 Creeping red fescue 5.5 15 ft. in diam.
2 NE Scio ...................... 1 Bentgrass 40 2 ft. in diam.

2 Bentgrass 3.0 5 ft. in diam.
3 NE Scio ...................... 1 Bentgrass 9.0 Solid

2 Bentgrass 12.0 Solid

Marion County
4 Lyons-Stayton Rd.... 1 Bentgrass 55 Solid

2 Bentgrass 5.5 Solid
5 Lyons-Stayton Rd...._ 1 Creeping red fescue 9.0 Solid

2 Creeping red fescue 8.5 Solid
6 Lyons-Stayton Rd. 1 Creeping red fescue 9.0 Solid

2 Creeping red fescue 90 Solid
7 Lyons-Stayton 1 Bentgrass 50 Solid

2 Bentgrass 4.0 Solid
8 NE Sublimity 1 Bentgrass 4.0 Solid

2 Bentgrass 4.0 Solid
9 NE Sublimity 1 Creeping red fescue 7.0 Solid

2 Creeping red fescue 4.0 Solid
10 NE Sublimity 1 Bentgrass 60 Solid

2 Bentgrass 5.5 Solid
11 NE Sublimity 1 Bentgrass 6.0 Solid

2 Bentgrass 6.0 Solid



Figure 4. An undisturbed soil column in a field heavily infested with German
velvetgrass. Note that the rhizomes are uniformly distributed throughout the
upper 9 inches of soil but do not penetrate below the 9-inch depth. The field
had previously been plowed to a depth of 9 inches and the plow layer was

filled with fibrous roots and rhizomes.

ter from the previous crop or charcoal from burned stubble showed the
depth to which the soil had been tilled. Wherever these marking sub-
stances were found, they also marked the depth of rhizome penetration.
The rhizomes never penetrated below this depth, but were well distrib-
uted above it. Thus, it appeared that the rhizomes grew throughout
that portion of the soil profile loosened by the tillage operation, but did
not penetrate below this level (Figure 4).

Several workers (3, 12, 18) have observed that quackgrass rhi-
zomes were distributed throughout the plow layer in cultivated fields.
However, if allowed to form a sod, the rhizomes eventually became
concentrated in the upper 3 to 4 inches and died out at greater depths.
This was not observed with German velvetgrass. Even in older fields
which had become solid stands, rhizomes were still abundant to the
depth of the previous tillage.

Dry Weight of Fibrous Roots and Rhizomes

Materials and methods. Five holes were dug in a portion of a
Highland bentgrass seed field which was thoroughly infested with

15



Figure 5. The mat of fibrous roots and rhizomes present in the soil column
shown in Figure 4, after the soil had been removed.

German velvetgrass. In the center of each hole, a soil column one foot
square was left undisturbed (Figure 4). The intact soil column was
removed from the hole and placed on a coarse mesh screen where all
soil was carefully washed from the roots (Figure 5). The fibrous roots
and rhizomes were separated by hand and dried in an electric oven at a
temperature of 100 F.

Results and discussion. The dry weights of the fibrous roots and
rhizomes averaged 5,184 and 14,392 pounds per acre respectively
(Table 5). Figures 6 and 7 show German velvetgrass rhizomes which
were dragged to the soil surface by cultivation.

Sample
no.

this./A

Rhizomes

ths./A

Total dry weight

1 ---------------------------------- 4,260 14,260

2 ---------------------------------- 5,872 15,322

3 --------------------------------- 5,469 15,210

4 ---------------------------------- 4,989 13,872

5 --------------------------------- 5,330 13,296
5,184 14,392

16

Table 5 DRY WEIGHT OF FIBROUS ROOTS AND RHIZOMES OF
GERMAN VELVETGRASS

Dry matter

Fibrous roots

lbs /A
18,520
21,194
20,697
18,861
18,626
19,576
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Figure 6. German velvetgrass rhizomes dragged to the soil surface by cultiva-
tion. Winter rains have washed the soil from the rhizomes.

Figure 7. Close-up view of the field shown in Figure 6. Note mass of rhizomes



Materials and methods. On April 8, 1958, observations were
started on 20 German velvetgrass patches located on a farm near Scio,
Oregon. Two permanent stakes were driven into each patch, and the
diameter of the patch was measured. The diameter of each patch was
measured again across the same two stakes on April 9, 1959. April 14,

cylinders which were 6.5 inches in diameter and 14 inches deep. The
rhizome sections were 1, 2, 4, or 8 inches long and planting depths were
1, 2, 4, 8, or 12 inches. A piece of muslin was fastened over one end of
the cylinder to contain the soil, but permit drainage of water. The con-
tainers were filled with soil collected from the area of infestation. Two

Rate of Spread in Highland Bentgrass

1960, and April 4, 1961.
Ten of the patches were located in a well-established stand of

Highland bentgrass with a dense sod. The other 10 patches were lo-
cated in a field which had been fallowed and replanted to Highland
bentgrass the year before. The bentgrass was well established but had
not yet developed a dense sod.

Results and discussion. Results of this study are shown in
Tables 6 and 7. All patches showed a continual increase in diameter
over the three-year observational period. The patches located in the
old bentgrass field increased 3.9 feet in diameter over the three-year
period, or at the rate of 1.3 feet per year. Thus, the invasion front
pushed forward at an average rate of nearly 0.7 feet per year.

The new stand of Highland bentgrass offered less competition.
The average increase in diameter was 5.9 feet over the three-year
period, or approximately 2.0 feet per year. Under the less competitive
conditions, the invasion front moved forward an average of 1 foot per
year.

The German velvetgrass became very dense just behind the inva-
sion front. As the stand thickened, the bentgrass was subdued or elim-
inated.

Influence of Rhizome Length and Depth of Burial

Several research workers (7, 18) have reported that the ability of
rhizomes of perennial grasses to sprout, emerge, and become estab-
lished was influenced by rhizome length and depth of burial. An experi-
ment, started March 13, 1963, was designed to evaluate the response
of German velvetgrass rhizomes to these factors.

Materials and methods. Rhizome sections were placed in metal

rhizomes of a given length were placed at a single depth in each con-
tainer. The containers were buried in the soil at the Hyslop Agronomy
Farm located near Corvallis, Oregon.
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Table 6. RATE OF SPREAD FOR GERMAN VELVETGRASS IN AN OLD, WELL-
ESTABLISHED SEED FIELD OF HIGHLAND BENTGRASS WITH A DENSE SOD

Diameter of infested area
Average

Patch Original Three-year annual
no. 1958 1959 1960 1961 increase increase

ft. ft. ft. ft. ft. ft.
1 17.4 19.8 20.6 21.0 3.6 1.2
2 5.2 7.1 8.5 9.7 4.5 1.5
3 7.3 8.2 9.1 9.8 2.5 .8
4 12.9 14.2 15.3 17.1 4.2 1.4
5 4.3 5.4 7.2 8.3 4.0 1.3
6 15.7 16.6 17.2 19.2 3.5 1.2
7 9.3 10.4 12.0 13.1 3.8 1.3
8 6.3 7.7 8.9 9.7 3.4 1.1
9 25.7 283 29.5 30.2 4 5 1.5

10 19.3 21.4 23.3 24.7 5.4 1.8
Average 3.9 1.3

Table 7. RATE OF SPREAD FOR GERMAN VELVETGRASS IN A NEWLY ESTAB-
LISHED SEED FIELD OF HIGHLAND BENTGRASS WITH A SPARSE SOD

Diameter of infested area
Average

Patch Original Three-year annual
no. 1958 1959 1960 1961 increase increase

ft. ft. ft. ft. ft. ft.
1 4.3 5.3 7.4 19.8 5.5 1.8
2 5.2 7.3 9.5 11.9 6.5 2.2
3 3.4 5.4 8.1 9.9 6.5 2.2
4 2.5 4.5 5.8 7.9 5.4 1.8
5 2.6 4.3 6.1 7.7 5.1 1.7
6 3.7 6.2 8.3 10.2 6.5 2.2
7 7.4 9.3 12.3 14.1 6.7 2.2
8 6.2 7.3 9.2 11.4 5.2 1.7
9 3.3 5.2 7.1 9.2 5.9 2.0

10 2.4 3.7 5.4 8.1 5.7 1.9
Average 5.9 2.0

The top of each can was about 0.5 inch above the soil surface. The
containers were buried so that temperatures at the different depths
would approximate those occurring naturally in the soil. Rainfall was
the only source of moisture. Each treatment was replicated four times.

On June 4, 1963, the cylinders were removed from the field. The
soil was washed from the plants and the original rhizomes and subse-
quent regrowth were observed.



Results and discussion. Rhizome length did not appear to influ-
ence the percentage of nodes which sprouted (Table 8). Likewise, little
relationship was found between rhizome length and ability to produce
emerged sprouts.

The depth at which rhizomes were buried was much more im-
portant than rhizome length in influencing the ability of nodes to sprout
and to produce emerged sprouts. When the rhizomes were buried 2
inches deep, an average of 530Jo of the nodes sprouted. At depths of 4,
8, and 12 inches, the average percentage of nodes which sprouted was
36, 27, and 10%, respectively.

A similar relationship was found between the depth at which
rhizomes were buried and the number of nodes that produced emerged
sprouts. When the rhizomes were buried at the 2-inch depth, 42% of
the sprouting nodes produced emerged sprouts. At the 4-, 8-, and 12-
inch depths, 22, 2.9, and 0.4% of the sprouting nodes produced emerged

Table 8. INFLUENCE OF RHIZOME LENGTH AND DEPTH OF BURYING UPON THE
ABILITY OF GERMAN VELVETGRASS TO SPROUT, EMERGE, AND ESTABLISH PLANTS

Percent

Avg. Avg. no. Percent
nodes

Avg. no. of producing
Depth of
burying

inches

Rhizome
length

inches

no. of
nodes

of nodes
sprouting

of nodes
sprouting

emerged
sprouts

emerged
sprouts

2 1 2.5 12 52 1 1 45

2 2 4.6 2.2 49 1.6 35

2 4 8.8 5.5 62 4.1 47

2 8 17.3 7.6 49 7.0 40

Avg. 8.3 4.1 53 4.1 42

4 1 2.6 1.0 40 0.6 23

4 2 3.6 1.4 36 0.9 25

4 4 8.8 3.0 33 19 22

4 8 176 60 35 3.4 19

Avg. 8.2 2.9 36 1.7 22

8 1 24 11 46 00 0

8 2 5.3 1 1 20 0.4 8

8 4 8.9 09 22 03 3

8 8 17.5 3.5 20 1.0 1

Avg. 8.5 1.7 27 0.4 3

12 1 3.0 0.1 6 0.0 0

12 2 4.8 10 21 0.0 0

12 4 8.8 0.4 5 0.1 1

12 8 14.5 2.3 15 0.1 1

12 12 28.5 0.2 1 0.0 0

Avg. 12.1 .8 10 0.0 0
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sprouts. When German velvetgrass rhizomes were buried at 8 inches or
deeper, very few sprouts reached the soil surface.

Effect of Drying Upon Rhizomes

Tillage, which drags the rhizomes of perennial grasses to the soil
surface and exposes them to the drying action of the sun and air, is the
most widely recommended method of controlling rhizomatous perennial
grasses. Considerable research in the laboratory and field (7, 12, 18,
23) has been reported on the influence of drying upon the ability of
quackgrass rhizomes to survive. Since the rhizomes of German velvet-
grass are similar in size, appearance, and growth habits to those of
quackgrass, an experiment was conducted in the laboratory and green-
house to compare the response to drying of the two species.

Materials and methods. Sections of rhizomes 4 inches long were
placed in an electric oven. Twenty sections of each species were ex-
posed to drying from 15 minutes to 43 hours. At the end of each ex-
posure period, 10 sections of each species were removed from the oven
and planted to a depth of 1.5 inches in flats. The flats were moved into
the greenhouse where conditions were kept favorable for growth. The
remaining 10 sections for each exposure period were used for making
moisture determinations. Temperature within the oven was varied from
93 to 104 F during the exposure period, since soil temperatures of this
magnitude frequently occur at the soil surface during the summer.

At the end of 30 days, the rhizome sections were removed from the
flats to determine the number of rhizomes and nodes which had
sprouted (Table 9).

Results and discussion. Exposure to drying for periods of up to
four hours with moisture losses of 33% for velvetgrass or 48% for
quackgrass reduced the sprouting of German velvetgrass rhizomes
slightly but had no effect on quackgrass. Extending the exposure period
to 16 hours, with an accompanying moisture loss of 66% for German
velvetgrass and 59% for quackgrass, drastically reduced sprouting in
both species. When the rhizomes were dried for 24 hours, none of the
quackgrass rhizomes and only one German velvetgrass rhizome
sprouted. No rhizomes sprouted when the exposure was 43 hours. Lit-
tle additional moisture loss occurred when the drying period was ex-
tended beyond 16 hours. Thus, German velvetgrass and quackgrass
rhizomes responded similarly to drying.

These results indicate that tillage, which drags rhizomes to the
soil surface where they are exposed to drying, would probably be just
as effective in controlling German velvetgrass as it is in the control of
other rhizomatous species.
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Table 9. INFLUENCE OF DRYING UPON THE SPROUTING OF RHIZOMES OF QUACK-

GRASS AND GERMAN VELVETGRASS

Percent
Percent Rhizomes No. of nodes nodes

Exposure moisture showing Total no. which which
time loss growth nodes sprouted sprouted

German velvetgrass

0 minutes ----- ... 0 10 85 43 50

15 minutes -------- 5 10 91 38 41

30 minutes ........ 12 10 96 29 30

1 hour ............ 21 10 91 33 36

2 hours ------------ 27 10 83 17 20

4 hours _........... 33 9 96 28 29

16 hours ____.___.._ 66 1 75 1 1

24 hours ------------ 60 1 83 1 1

43 hours ............ 67 0

Quack grass

78 0 0

0 minutes -------- 0 10 57 21 36

15 minutes ........ 15 10 62 23 37

30 minutes -------- 24 10 82 27 32

1 hour _ .._____.. 28 10 70 22 31

2 hours ------------ 47 8 87 36 41

4 hours ----..._--.. 48 9 78 22 28

16 hours ............ 59 5 63 7 11

24 hours ____.___.... 66 0 55 0 0

43 hours ------------ 68 0 49 0 0

Effect of Freezing Upon Rhizomes

Materials and methods. In a study designed to evaluate the re-
sponse of German velvetgrass rhizomes to freezing, rhizome sections
4 inches long were placed in the freezing compartment of a refrigerator.
During the exposure period the temperature was maintained at 15, 20,

or 25 F. At the end of each exposure period 10 rhizome sections were
removed.

As soon as all rhizomes had been exposed to a given cold treatment,
they were planted to a depth of 1 inch in greenhouse flats. The flats

were kept in the greenhouse under conditions favorable for growth.
The rhizomes were left undisturbed until they sprouted or until they
began to turn dark and were attacked by molds, indicating they were no
longer capable of sprouting. The rhizomes were then removed from the
flats and the number of sprouted nodes counted.

Results and discussion. No nodes sprouted when German vel-
vetgrass rhizomes were held at 15 F for 1 to 48 hours (Table 10).
Twenty nodes sprouted on rhizomes exposed to a temperature of 20 F

22



Table 10. GERMAN VELVETGRASS RHIZOME NODES SPROUTING AFTER EXPOSURE
TO TEMPERATURE OF 15, 20, OR 25° F FOR VARYING PERIODS OF TIME

25 ° F'
15° F' 20° F'

T t l d S t d P t

Exposure
period

hours

o noa es prou e

Sprouted nodes per per 10 nodes per
10 sections sections 10 sections

ercen

nodes

sprouting

0 20 51 53
2 0 0 36 56
3------------------ 0 0 36 53

4 --------------- 0 0 44 50
5------------------ 0 0 38 55
6 0 2 37 49
7 0 0 26 35
8 0 1 25 37
9 0 0 36 48

10 .. 0 0 45 61
11 --------------------- 0 0 37 57
12 --------- -------------- 0 0 37 52
14 - --------------------- 0 0 34 39
16 ---.. - 0 0 31 50
18 ------ --- 0 0 44 59
20 0 0 40 63
22 --- -------------------- 0 0 36 53
24 -------... 0 0 43 51
28 ----------------------- 0 0 33 48
32------------------------ 0 0 22 31
36 ----------------- ---- - 0 0 34 48
40 ----------------------- 0 0 29 31
48 ------------------------ 0 0 31 43
Untreated ---------- 33 33 34 54

I Observations made 57 days after the rhizomes were planted in the flats.
z Observations made 63 days after planting.
a Observations made 36 days after planting.

for only 1 hour. However, when the exposure period was two hours or
longer, only three nodes sprouted. At 25 F, a high percentage of the
nodes sprouted, and shoots emerged at all exposure periods.

Thus, German velvetgrass rhizomes appear sensitive to cold tem-
peratures. The critical temperature is between 20 and 25 F, depending
on the length of exposure. When rhizomes are exposed as shown in
Figures 6 and 7, temperatures in the teens or lower may result in a high
rhizome mortality.

CONTROL STUDIES

Intensive cultivation, the method used at present to control large-
area infestations of German velvetgrass, has been only partially effec-
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tive. In fields with wet spots, or in years when considerable summer
rainfall occurs, this method is not satisfactory. Even under dry condi-
tions, two to four years of intensive cultivation are required to reduce
the stand of this weed sufficiently to permit a return to crop production.
The cost of labor, fuel, and machinery, coupled with the loss of crop
production during the control period, makes this a very expensive
method of control. If the spread of this species is to be stopped and
existing infestations controlled or eradicated, cheaper and more effec-
tive methods of control are needed.

Experiment (1961-1963)

Materials and methods. A field experiment was started at Sub-
limity, Oregon, April 24, 1961, to evaluate the response of German
velvetgrass to combinations of herbicides, tillage, and cropping. The
experiment was located in a field having a solid stand of German vel-
vetgrass. Soil, rainfall, and cropping practices at Sublimity are typical
of those where German velvetgrass is now a problem. The herbicide
treatments were 2,2 dichioropropionic acid (dalapon), a mixture of
4-amino-1,2,4-triazole (amitrole) plus ammonium thiocyanate applied
to the undisturbed foliage, and ethyl N, N-dipropylthiocarbamate
(EPTC) applied as a pre-plant, soil-incorporated treatment (Table 11).
The amitrole plus ammonium thiocyanate and the dalapon treatments
were applied April 24 to foliage 3 to 4 inches high. The grass was left un-
disturbed until May 15, at which time the entire experimental area was
worked to a depth of 4 inches by making three passes over the field
with a tractor-mounted rotary tiller. The tiller chopped the rhizomes
into small pieces and incorporated them with the surface soil as a rough
seedbed was prepared. EPTC was applied and incorporated immedi-
ately with the rotary tiller. Alfalfa and field corn were planted May 20
and 23, respectively. After the crops were planted, the field was left
undisturbed for the remainder of the growing season.

In 1962 and 1963, the experimental area was plowed in the spring
except where alfalfa was growing. About mid-May, a rough seedbed
was prepared with a powered rotary tiller. EPTC was applied and incor-
porated with the rotary tiller. All herbicides, rates, dates of application,
and crops for the period 1961-1963 are shown in Table 11. Fertilizer
and lime were applied as needed during the experimental period.

Results and discussion. Observations made December 4, 1963,
showed that German velvetgrass was eliminated where EPTC was ap-
plied for three consecutive years and corn planted each year. Repeated
applications at the lower rates were as effective as higher rates in elim-
inating the German velvetgrass. German velvetgrass also was elimi-
nated where amitrole plus ammonium thiocyanate was applied in 1961
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Retreatnlent (1962)'

Herbicide
or tillage Rate Crop

r)alapon + EPTC
1)alalton

Anlitrole + ammoni
thiocyanate -f EP

Amitrole + amnioni
thioc_yanate

E PTC
11"I 'T c

llalaltott + EPTC
EPTC
Untreated

Untreated

Unt rented

n

f)alal'on and amttroic pms ammuutum ..._.-

immediately with a rotary tiller 5/19/!1. Corn and alfalfa planted Mar'
I{I'TC applied and incorporated 5/15/a2.
EI'TC applied and incorporated 5/15/6i.
Plots tilled with a rotary filter on May 17, July 17, and September 25
n.. .,t.,. r.... 1 wirh rl'T(' the German vet vtt eras< was only ' to I in

4 77' 3

1;

./-,,:.+

Table 11 INFLUENCE OF HERBICIDES, RATES OF APPLICATION, AND CROPS UPON THE SURVIVAL OF GERMAN VELVETGRASS (1961-1963)

German velvetgrass

Original treatment (1961)1 Retreatment (1963)' shoots per three square meters

Herbicide(s) Rate Crop Herbicide Rate Crop 9/28/61 1/8/63 12/4/63

lbs/A Ts /A ths/A

10+4 Corn EPTC 2 Corn EPTC 2 Corn 585 3 0

10 Corn EPTC 3 Corn EPTC 3 Corn 67 9 3

um
TC 4+3 Corn EPTC 4 Corn EPTC Corn

um

0

4 Corn EPTC 3 Corn EPTC 3 Corn 84 3 0

6 Corn EPTC 6 Corn EPTC 6 Corn 595 3 0

Corn Untreated .. Corn Untreated Corn 665 177 48

10+6 Alfalfa Untreated .. Alfalfa Untreated - Alfalfa 0 3 24

Alfalfa Untreated . Alfalfa Untreated Alfalfa 0 3 9

...... ...... None Tillage, Winter
EPTC' 3 wheat Wheat 120

.......... None Tillage' .. Winter
wheat Wheat 62 702

----------- None Untreated Corn Untreated Corn 385 356 324

German was 3 to 4 inches high EPTC applied and incorpo-

rated
20-23.

z

a
, 1962. Winter wheat planted 10/18/62.
ch high and did not compete with the crop plants. Regrowth on the check

and on plots treated with dalapon or amitrole plus ammonium thiocyanate was 6 to 12 inches high and the crop plants were severely retarded.



and the plots were re-treated with EPTC in 1962 and 1963. On plots
treated with dalapon alone in 1961 and re-treated with EPTC in 1962
and 1963, a few shoots remained.

When EPTC was applied only once and corn was planted each
year for several years, the German velvetgrass stand was reduced con-
siderably following the EPTC application, but recovered in subsequent
years. Several annual applications were required to attain eradication.

German velvetgrass was controlled through the end of the first
growing season where EPTC was applied at 6 pounds per acre alone or
in combination with dalapon at 10 pounds per acre and the area was
seeded to alfalfa. Since these herbicides did not completely control
German velvetgrass when corn was planted following treatment, it ap-
pears that alfalfa offered considerable competition to the German vel-
vetgrass and was effective in preventing its re-establishment during the
first growing season. In subsequent years, German velvetgrass became
re-established in the alfalfa plots. It increased very slowly, however,
indicating that alfalfa offers considerable competition to this pest.

The emergence of German velvetgrass appeared to be enhanced on
plots which were fallowed and planted to wheat in the fall. The wheat
was nearly eliminated by German velvetgrass competition. Winter
wheat was a poor competitor against this pest and offered little promise
as a crop in a control program, even when preceded by an EPTC ap-
lication.

Experiment (1962-1964)

A second experiment was started at Sublimity, Oregon, in 1962
to further evaluate combinations of EPTC and corn, red clover, crim-
son clover, or winter flax for control of German velvetgrass. These
four crops are tolerant to EPTC and can be grown in this area.

Materials and methods. During February of 1962, the experi-
mental area was plowed to a depth of 6 to 7 inches. The field was left
undisturbed until May 17. On this date a rotary tiller was used to pre-
pare a rough seedbed and incorporate EPTC on those plots to be
seeded to corn or red clover. Plots to be seeded to crimson clover or
winter flax were tilled twice during the summer with a rotary tiller.
EPTC was applied and incorporated with the tiller on October 5. The
crimson clover and flax were seeded on October 18.

In 1963, the plots to be planted to corn were plowed April 14. A
seedbed was prepared with a rotary tiller on May 15. EPTC was ap-
plied on this date and incorporated with a rotary tiller. Corn was
planted May 29.

On those plots where crimson clover or winter flax were planted
during October 1962, the crop residue was removed soon after seed



Results and discussion. EPIC, applied in May 1962 at either
3 or 5 pounds per acre, effectively controlled German velvetgra;s in
plots planted to corn or red clover. On January 8, 1963, the rate of 5
pounds per acre was only slightly more effective than the rate of 3
pound: per acre. The number of velvetgrass shoots in the untreated
red clover plots was much lower than in the corn plots, indicating; that
red clover was a better competitor against German velvetgrass.

Table 12. EFFECT OF Two RATES OF EPTC AND FOUR CROPS UPON THE SUR-

VIVAL. OF GERMAN VELVETGRASS (1962-1964)

No. German velvetgrass shoots
per two square meters

EPTC' Rate 1/8/63 4/6/64

Original treatments 5/17/62
(Retreated 5/15/63)

EPTC-corn ___.-__-.__

Ts./A

3 2 4

EPTC-corn --------------------- 5 10 0

Untreated-corn 239 178

Treatments made 5/17/62
(No retreatment)

EPTC-red clover _______ ____________ 3 8 2

EPTC-red clover -------------------- 5 8 0

Untreated-red clover ______________ .... 36 80

Treatments made 10/2/62
(Retreated 10/5/63)

EPTC-crimson clover __________ 3 6 0

EPTC-crimson clover . _--___..-_ 5 4 0

Untreated-crimson clover ------ .. 55 8

EPTC-winter flax .. ---------------- 3 8 0

EPTC-winter flax --- -------------- 5 5 0

Untreated-winter flax ------------ 38 14

' Applied in 40 gallons of water per acre.
2 Average of four replications.

maturity. On August 19, 1963, the plots were reworked with a rotary
tiller. EPTC was applied and incorporated September 19, 1963. Crim-
son clover and winter flax were planted October 5, 1963. Crops, rates
and dates of applying EPTC, and German velvetgrass survival are
shown in Table 12.

EPTC was also very effective in controlling German velvetgrass
when applied in the fall and followed by crimson clover or winter flax.
By April 6, 1964, German velvetgrass was eliminated where EPTC had
been applied at 5 pounds per acre for two consecutive years on plots



In 1964, the stand of German velvetgrass in the untreated area
planted to crimson clover (Jr winter flax was reduced considerably as
compared to the stand in the untreated corn or red clover area. The re-
ductiort of German velvetgrass in these crops was probably due par-
tially to the dry tillage on August 19, 1963. Roth of these crops used all
available soil moisture by the time the seed matured, thus creating
conditions favorable for destroying the surviving weed plants by sum-
nier tillage.

We conducted a study on German velvetgrass (Holcus mollis L.),
a rhizomatous perennial grass recently introduced into the United
States, to learn more about its distribution, growth habits, and control
in western Oregon. This species is found primarily on four closely re-
lated soil types: Aiken, Polk, Cascade, and Olympic. referred to locally
as "red hill soils." These soils are found along the foothills surround-
ing the Willamette Valley. While known infestations occur primarily
in Linn, Marion, and Clackamas counties, this species presents a threat
to a much larger area.

Although German velvetgrass produces only limited amounts of
seed when growing in the British Isles or Europe, it is a prolific seed
producer in conditions of western Oregon. Nitrogen fertilizer stimu-
lated seed production. The seeds, which are quite similar in size and
shale to Kentucky bluegrass, can remain viable in the soil for a number
of Years. The longevity of the buried seed increased with increasing
depth of burial. Germination was influenced by temperature, but not by
light. In this study, a temperature of 15 C resulted in maximum ger-
mination. German velvetgrass seedlings emerged and became estab-
lished from depths to 1.25 inches. Emergence from greater depths did
not occur.

Rhizomes began to form after seedlings were well stooled, 3 to 4
inches high, and had 40 or more leaves. Once rhizome formation began,
it proceeded very rapidly. The soil profile became filled with an almost
slid mat of rhizomes extending down to the depth of previous tillage.
Rhizomes did not penetrate the soil below the disturbed zone. Average
dry weight of German velvetgrass fibrous roots and rhizomes from
a heavily infested held was 5,184 and 14,392 pounds per acre, respec-
tively. German velvetgrass was able to invade a heavy hentgrass soil,
and the invasion front moved forward at about 0.7 to 1.0 foot per year.
The German velvetgrass stand thickened rapidly behind the invasion
front: it subdued or eliminated the bentgrass.

which were tilled and planted to corn, crimson clover, or winter flax
each year. The rate of 3 pounds per acre was slightly less effective.

SUMMARY
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When German velvetgrass rhizomes were buried in the soil at
several depths, no relationship was found between rhizome length and

ability to produce emerged sprouts. Depth of burying was much more
important. Both the ability of nodes to sprout and to produce emerged

sprouts were reduced as planting depth increased. Exposing rhizomes
to temperatures of 93 to 104 F for 16 hours or 20 F or below for one
hour resulted in the complete death of most rhizomes.

Combinations of herbicides and crops were compared for control

of German velvetgrass. The most effective herbicide was ethyl N,N-
dipropylthiocarbamate (EPTC) at rates from 2 to 6 pounds per acre.
When used in combination with crops such as alfalfa, field corn, crim-

son clover, winter flax, or red clover, EPTC reduced stands of German

velvetgrass dramatically. When two or three repeat annual applica-
tions of EPTC were made, eradication usually was obtained. Combi-
nations of EPTC and winter annual crops such as crimson clover or
winter flax which permitted dry tillage during part of the summer of-
fered the greatest potential for eradication of this pest.

Even though established stands of German velvetgrass are eradi-

cated by means of herbicides, tillage, and cropping, control will be tem-
porary unless additional steps are taken to prevent re-infestation from
seeds present in the soil.

LITERATURE CITED
1. Armstrong, S. F. 1937. British Grasses and Their Employment in Agricul-

ture, 3rd ed. Cambridge: Cambridge University Press.
2. Burr, Sydney, and Dorothy M. Turner. 1933. British Economic Grasses,

Their Identification by Leaf Anatomy. London: Edward Arnold.
3. Evans, S. A. 1957. Couch and its control. Jour. of the Ministry of Agri-

culture, 64:298-301.
4. Flint, Charles L. 1903. Grasses and Forage Plants, rev. ed. Boston: Lee

Shepard.
5. Gilkey, H. M. Weeds of the Pacific Northwest. Corvallis: Oregon

ican Jour. of Botany, 2:304.
9. Hitchcock, A. S. 1950. Manual of the Grasses of the United States, 2nd ed.

(U. S. Dept. of Agriculture, Misc. Pub. 200.)

10. Jones, Keith. 1958. Cytotaxonomic studies in Holcus. The New Phytol-
ogist, 57:191-210.



it. jowett, U. H., and G. Scurfield. 1949. Statistical investigations into the
distribution of Holcus mollis L. andDischampsia flexuosa. Jour. of Ecology,
37:68-81.

12. Kephart, L. W. 1931. Quackgrass. U. S. Dept. of Agriculture, Farmers
Bull. 1307.

13. Lee, William O. 1965. Herbicides in seedbed preparation for the estab-
lishment of grass seed fields. Weeds, 13(4):293-297.

14. Malden, W. J. 1924. Grassland Farming, Pastures, and Leys. London:
Ernest Benn Ltd.

15. Mann, H. H., and T. W. Barnes. 1947. The competition between barley
and certain weeds under controlled conditions. II. Competition with
Holcus mollis. The Annals of Applied Biology, 32:252-267.

16. Ovington, J. D. 1953. Study of invasion by Holcus mollis. Jour. of Ecol-
ogy, 41:35-52.

17. Ovington, J. D., and G. Scurfield. 1956. Biological flora of the British
Isles, Holcus mollis L. Jour. of Ecology, 44:272-280.

18. Raleigh, S. M., T. R. Flanogan, and Collins Veatch. Life history studies as
related to weed control in the northeast. 1962. Rhode Island Agric. Expt.
Sta. Bull. 365.

19. Richardson, J. H. 1958. Effect of temperature on the growth of plants on
pit heaps. Jour. of Ecology, 46:537-546.

20. Robbins, W. W., Margaret K. Bellue, and Walter S. Ball. 1951. Weeds of
California, rev. ed. Sacramento: Calif. Dept. of Agriculture.

21. Saxby, S. H. 1940. Grasses and clovers of New Zealand. New Zealand
Jour. of Agriculture, 60:22.

22 Shaw, Thomas. 1910. Grasses and How to Grow Them. St. Paul: Webb.
23. Warren, Rex. Quackgrass. 1957. Oregon State College. Cooperative Ex-

tension Bull. 734.
24. Wyllie, Fenton E. 1948. Some notes on Holcus mollis. The Annals of

Applied Biology, 35:290.


