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Abstract.--Eight herbicides (registered for simlar uses in the US.)
were extensively evaluated at the Forest Regeneration Center, Cklahonma

Forestry Division, Wshington, Cklahoma,

for weed control on first year

seedl ing nursery beds. Phytotoxicity eval uations of dcpa, napropam de,

oxyfluorfen, diphenanid, bifenox,

oxadi azon, trifluralin and pronetryn

on 19 different conifer and hardwood speci es are presented.

Addi tional key words: Enide® Treflan® Dacthal ® Caparol® Devrinol®

Modown®, Coal ® and Ronstar®

I NTRODUCTI ON

The USDA Forest Service devel oped a nunber of
nursery herbicide projects in the United States out
of a recognition of the potential benefits of
her bi ci dal control of weeds in nursery seedbeds.
This paper will concentrate on projects conducted
at the Forest Regeneration Center, Cklahoma
Forestry Division. Washi ngton, Gkl ahoma. The
Ckl ahorma tree nursery was part of the follow ng
proj ects. The cooperative western nursery
herbicide project, initiated in 1976, with
cooperation anong state, private and federal
nurseries, Forest Service Research, State and
Private Forestry, National Forest Systens, and
State University of New York out of Syracuse.
Twenty-eight nurseries in 12 states were invol ved
inthis effort which was broken down into three
segments, each of three-year duration: the Pacific
Coast started in 1976 (Stewart 1977, Oaston et al.
1980, Oaston and Abrahanson 1984), the
I nternountai n-Great Basin in 1977 (Ryker and
Abr ahamson 1980), and the Great Plains in 1978
(Abrahanmson 1981, Abrahanson and Burns 1979) which
the Okl ahona Nursery was a part of. In 1979 the
Northeastern (NE) Area started an eastern nursery
her bi cide project in five states cooperating with
Purdue University and State University of New York
(SUNY) at Syracuse (Holt and Abrahanmson 1980). In
1981 the NE Area expanded the eastern nursery
her bi ci de project to the Geat Lakes area with
eight nurseries (state, federal and private) in
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three Lake States cooperating with SUNY (Abrahanson
and Jares 1984).

During 1982, after the Great Plains segnment of
the cooperative western nursery herbicide project
was conpl et ed, Ckl ahoma State (Abrahanson 1983)
sponsored a nursery herbicide project of their own
in cooperation with SUNY to hel p the nursery expand
on the herbicide studies using different
herbi ci des, tree species and sowing tinmes. This
study has continued on a yearly basis through 1987-
88.

What is inportant in these projects is that
all studies have simlar objectives and
nmet hodol ogi es and that infornmation devel oped from
one region or study project is supportive of that
fromother regions. In all these studies the
obj ectives were to identify prom sing herbicides,
devel op data for product registration, and
denonstrate safe and effective weed control
practices for nursery seed beds.

METHODS

The nursery herbicide screening and
denonstration projects were initiated as part of a
three-year study. During the first year of the
three-year study up to ten herbicides (eight of
which are represented in Table 1) were screened on
two to four major species of spring- and/or fall -
sown coni fers and/or hardwoods dependi ng on the
year involved in the study.

Treatnents were applied to three- or six-foot
long plots in four-foot wi de nursery beds with a
one-foot untreated buffer between plots. Al
treatnents were installed in a random zed bl ock
design with three replications per species.

Her bi ci des were applied with a nodified Hudson®



Table 1. Herbicides, rates,

and application timngs used in the Nursery Herbicide Studies

Conducted by SUNY at the Ckl ahoma Forest Regeneration Center.

Application Timng

Her bi ci de For mul ati on Manuf act ur er (I'b ailA) Inc! or Ps? P93 Ps + Pg4
D phenam d Eni de 50W 90 W Nor - Am 4.0 X X X
Trifluralin Treflan 4EC El anco 0.75 X - -
DCPA Dact hal W75 SBS Bi ot ech 10.5 X X X
Prometryn Caparol 80W Ci ba- Gei gy 1.0 X X X
Napr opani de Devri nol 50W Stauffer 1.5/3.0 X X X
Bi f enox Mowdown 80W 4F  Rhone- Poul enc 3.0 X X X
Oxyf | uorfen Goal 2E; 1.6E Rhom & Haas 0.5 X X X
Oxadi azon Ronstar G Rhone- Poul enc 1.0 X X X
Napr opani de Tank M x 1.0+3.0 X X X
& Bi f enox

1Pre—seeding incorporation: incorporated into top 2 inches of soil inmmediately before seeding

2Post—seeding: broadcast applied to soil immediately after seeding.

3Pbst-gernination: broadcast applied to soil 4 to 5 weeks after seedling energence

4Post—seeding pl us post -germnation: two separate applications at the full recormended rate

type pressure hand sprayer, or a nodified AZ pl ot
pressuri zed sprayer equi pped with check val ves and
four flat fan 8001 nozzles operated at 20 psi in a
water carrier at a volune equivalent to 85 ppa (100
m/three-foot plot). Ganular formlations were
ocul arly applied froma hand shaker uniformy over
t he pl ot

Pre-seeding incorporated treatnents were
applied no nore than one day before seeding and
incorporated into the top two inches of soil using
a garden rake. Post-seeding treatnments (Ps) were
applied within two days after seeding, except on
the fall -sown species which were applied any tine
after fall seeding but before mul ching. Post-
germnation treatments (Pg) were applied four to
six weeks after seedling energence, except on the
fall-sown species which were applied in the spring
after seedlings had energed

Her bi ci dal damage to conifers/ hardwoods at
the end of the first growi ng season was eval uat ed
using a ten-point rating scale (0O is conplete kill,
10 is no effect) proposed by Anderson (1963).

Hei ght of nine randomy sel ected seedlings and
nunber of seedlings per foot in three randomy
selected rows in each plot were al so nmeasured to
determ ne chemnical effects on germnation, seedling
growt h and survival

The objectives of the second-year studies were
to evaluate the phytotoxicity and weed contro
effectiveness of three to four herbicides screened
fromthe first-year study to be non-phytotoxic to
the speci es tested and have reasonabl e weed contro
of weeds present at that nursery. Phytotoxicity
was eval uated by using herbicidal danage ratings
(Anderson 1963), seedling survival (nunber/foot)
and height growth (cn). Dosages of 1X, 2X, and 1X

+ 1X of these herbicides were applied post-seeding
and/ or post-germ nation using three- or six-foot
long plots in four-foot wide beds with a one-foot
untreated buffer between plots. Al treatnents

were installed using a randoni zed bl ock design with
three replications per species. Herbicide
treatments were applied by small pressurized
sprayer or hand shaker as was done the first year
of these studies

During the Great Plains part of the Gkl ahona
studi es, weed control effectiveness of the best
treatments were eval uated under operational use
usi ng nursery application equi pnent on 100- f oot
test plots. The herbicides were eval uated for weed
control under operational use at the 1X rate of
application applied post-seeding al ong, or post-
seedi ng and post -gernination. Phytotoxicity
rating, survival and hei ght neasurenents were al so
recorded fromthese operational plots

RESULTS AND DI SCUSSI ON

Earlier results fromthe Cklahoma nursery
studi es has been reported in a simlar manner
(Abrahanson 1984, 1986). Phytotoxicity data from

all kl ahoma studies through 1987 is presented in
Tabl es 2-12, listed by herbicides tested under

each species. The tables are summaries of all the
phytotoxicity studies and indicate; 1) those fall-

and/ or spring-sown seedlings where the herbicide
has been safely applied at rates indicated w thout
stunting or germnation reduction (x); 2)

her bi ci des that appear to be promising at rates

i ndi cat ed, but because of possible phytotoxic
problems inplied in some of our studies, these
shoul d be thoroughly tested before using at your
nursery (0); 3) herbicides that should not be used



at rates indicated because of severe phytotoxic
damage (-). One herbicide that should be

el aborated on is napropam de. Napropam de is used
at the lower rate (1.5 | bs ai per acre) when the
nursery soil has below 1 percent organic matter,
ot herwi se the higher rate (3.0 The ai per acre) is
normal |y used. Napropamide is safe to use post-
seedi ng on nost spring sown conifer species tested,
but caused severe stunting when applied post-
seeding to fall-sown conifer species in the Lake
Stat es study. Napropam de applied post-gernination
to both spring- and fall-sown conifers caused no
phyt ot oxi c probl ens.

Weed control expressed in terns of hand-
weedi ng tine, or "how rmuch tine can herbicides save
you versus hand- weedi ng" is one of the nost
i nportant aspects of these studies. In the G eat
Pl ai ns study (Abrahanson 1981) on spring-sown
speci es the post -seeding applications were as
effective as the post-seeding plus post-germnation
applications for total season weed control. The
Forest Regeneration Center in Cklahoma is an
exanpl e (Abrahanmson 1983) of the type of savings in
time and noney that can be expected fromthese
her bi ci des when used in forest tree nurseries.

Hand weeding time at the Cklahona Forest
Regeneration Center during 1981 was reduced by an
average of 80 percent for all herbicides applied
only in the spring (Ps) while those applied in both
the spring and a second application five to six
weeks later (Ps + PS) reduced hand weeding tinme by
an average of 87 percent. Based on m ni mrum wage of
$3.35 per hour, this would ambunt to an average
gross saving of $4,600 per acre of seedbed (w thout
figuring in cost of herbicide or application costs)
weeded six times with a nean weeding time of 283
man hours per acre untreated seedbeds at Nornman
(Abr ahanmson 1983).

SUMVARY

There have been nunerous trials, studies and
tests of various herbicides at many different
nurseries that have denonstrated the safe and
effective use of dcpa, napropani de, oxyfluorfen,

di phenam d, bifenox, oxadiazon, trifluralin, and
prometryn on various conifer and/or hardwood first
year seedling nursery beds. These herbicides have
reduced the tine required to hand-weed nursery beds
by 80- 87 percent when applied at sow ng tine al one
or with a second application four to six weeks

| ater. Over $4,000-%$7,000 per acre of seedbed coul d
be saved by using these herbicides over hand-

weedi ng al one.

However, the safety and effectiveness of any
her bi ci de should be tested at each nursery before
operational use. These herbicide trials are urged
because there is a strong possibility of
differential results fromvaried interactions of
di fferent mxtures of tree and weed species, soil
and climatic factors, and cultural practices at
different nurseries. |If a particular herbicide has
never been used at your nursery, several years of
trials are advi sabl e because of variations in

ef fects caused by different weather conditions.
Trials should include "doubl e doses" to eval uate
the safety linits on crop seedlings and | eave an
untreated control to properly evaluate the effects
of the herbicide.
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TABLE 2: Phytotoxic effects of herbicides tested on first year

loblolly, shortleaf and Austrian pine nursery beds.
LOBLOLLY PI NE
Her bi ci de Spring Fal | Post - Post - Post - Seedi ng
Sown Sown Seedi ng Germination | & Germ nation
dcpa * X X X
napr opani de * X X X
oxyfl uorfen * X X X
di phenami d * X X X
bi f enox * o] X o]
trifluralin * X
napr opanmi de &
bi f enox * o] X o]
SHORTLEAF PI NE
Her bi ci de Spring Fal | Post - Post - Post - Seedi ng
Sown Sown Seedi ng Germination | & Germi nation
napr opani de * X
oxyfl uorfen * X
bi f enox * X
napr opam de &
bi f enox * X
AUSTRI AN PI NE
Her bi ci de Spring Fal | Post - Post - Post - Seedi ng
Sown Sown Seedi ng Germination & Germi nation
dcpa * X X X
napr opamni de * X X X
oxyfl uorfen * o] X o]
di phenani d * X X X
bi f enox * 0 X o]
trifluralin * X
napr opam de &
bi f enox * o] X o]

X = no phytotoxic effects at nurseries tested.
0 = sone phytotoxic effects at one or nore nurseries where tested
requires additional trials before operational use.

severe phytotoxic effects,

Do Not Use.



TABLE 3: Phytotoxic effects of herbicides tested on first year
ponder osa and Scotch pine nursery beds.

PONDERCSA PI NE

Her bi ci de

Spring
Sown

Fal |
Sown

Post -

Seedi ng

Post -
Cermination

Post - Seedi ng
& CGerm nation

TABLE 4: Phytotoxic effects of herbicides tested on first year

eastern red cedar,

and white cedar nursery beds.

EASTERN RED CEDAR

dcpa

napr opam de

oxyfluorfen

di phenam d

bi f enox

oxadi azon

trifluralin

napr opam de &
bi f enox

X X X X X X X

X X X X X X

X X X X X X

SCOTCH PI NE

Her bi ci de

Spring
Sown

Fal |
Sown

Post -
Seedi ng

Post -
Cernmination

Post - Seedi ng
& Germi nation

dcpa

napr opani de
oxyf | uorfen
di phenam d
bi f enox
oxadi azon
trifluralin
prometryn

X X X X X X X X

X X X X X X

X X X X X X

Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding | Germination | & Germ nation

dcpa * X X X
napr opam de * X X X
oxyfluorfen * X X X
di phenam d * X X X
bi f enox * o] X o]
oxadi azon * X X X
trifluralin * X
napr opam de &

bi f enox * o] X o]

VWH TE CEDAR
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding | Germination | & Germination

dcpa * o] X o]
napr opam de * o] X o]
oxyfluorfen * - X -
di phenam d * X X X
bi f enox * - X -
oxadi azon * X X X
trifluralin * X

X = no phytotoxic effects at nurseries tested.
o = sone phytotoxic effects at one or nore nurseries where tested

requi res additiona
= severe phytotoxic effects,

trials before operationa
Do Not

Use

use.

requi res additional
- = severe phytotoxic effects

no phytotoxic effects at nurseries tested
some phytotoxic effects at one or nore nurseries where tested
trials before operational
Do Not Use

use.



TABLE 5: Phytotoxic effects of herbicides tested on first year
bl ack wal nut, and pecan nursery beds.

BLACK WALNUT

Her bi ci de Spring | Fall Post - Post -
Sown Sown

Post - Seedi ng

TABLE 6: Phytotoxic effects of herbicides tested on
euonynus, and hackberry nursery beds.

first year

Seeding | Germnation | & Germ nation

dcpa * X X X
napr opam de * o] X o]
oxyfl uorfen * o] 0 o
di phenam d * X X X
bi f enox * X X X
oxadi azon * X X X
trifluralin * X
PECAN
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng

Sown Sown

Seeding | Germnation | & Germ nation

dcpa * X X X
napr opam de * X X X
bi f enox * X 0 0
pronetryn * X o] o]
napr opam de &

bi f enox * X 0 0

no phytotoxic effects at nurseries tested.

requires additional trials before operational use.
- = severe phytotoxic effects, Do Not Use.

some phytotoxic effects at one or nore nurseries where tested

EUONYMUS
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding | Gernmination | & Germination
dcpa * X X X
napr opam de X X X
di phenam d * o]
oxadi azon * X
bi f enox * o]
pronetryn * 0
napr opam de &
bi f enox * o]
HACKBERRY
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding [ Gernmination | & Germination
dcpa * _ -
napr opam de * X
di phenani d * o] X o]
oxadi azon * X
x = no phytotoxic effects at nurseries tested.

0 = some phytotoxic effects at one or nore nurseries where tested

requi res additional

trials before operational

- = severe phytotoxic effects, Do Not Use.

use.



TABLE 7: Phytotoxic effects of herbicides tested on first year

| acebark el m and sycanore nursery beds.

LACEBARK ELM

TABLE 8: Phytotoxic effects of herbicides tested on first year

Her bi ci de Spring| Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding [ Gernination | & Germ nation
dcpa * o] X
napr opani de * o] X o]
oxyf | uorfen * - -
di phenam d * - o] -
bi f enox * - o] -
oxadi azon * X
prometryn * - - -
trifluralin * o]
napr opanm de &
bi f enox * - o] -
SYCAMORE
Her bi ci de Spring| Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding [ Germination | & Germ nation
dcpa * - X -
napr opam de * o] X o]
oxyfluorfen * - -
di phenam d * o} X o
bi f enox * - o] -
oxadi azon * X
pronetryn * - - -
trifluralin * o]
napr opam de &
bi f enox * - o] -

X
(o]

requires additional
severe phytotoxic effects,

= no phytotoxic effects at nurseries tested.
= sonme phytotoxic effects at one or nore nurseries where tested
trials before operational
Do Not Use.

use.

redbud, catal pa, and silver nmaple nursery beds.
REDBUD
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown Seeding | Germnation | & Germ nation
dcpa * X X X
napr opam de * - X -
di phenam d * X
bi f enox * o] o] o]
oxadi azon * X
prometryn * X
trifluralin * o]
napr opam de &
bi f enox * o]
CATALPA
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown Seeding | Germnation | & Germi nation
dcpa * X
napr opam de * X X X
di phenam d * X
oxadi azon * X
prometryn * X
trifluralin * -
S| LVER MAPLE
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding | Germination [ & Germination
dcpa * - X -
napr opam de * X X X
oxyfluorfen * - -
di phenam d * - 0 -
bi f enox * - o] -
oxadi azon * X
prometryn * X - -
trifluralin * -
napr opam de &
bi f enox * - o] -
X = no phytotoxic effects at nurseries tested.
o0 = sone phytotoxic effects at one or nore nurseries where tested

requires additional
severe phytotoxic effects,

trials before operational

Use.

Do Not

use.



TABLE 9: Phytotoxic effects of herbicides tested on first year

green ash, Russian olive,

and bl ack | ocust nursery beds.

TABLE 10: Phytotoxic effects of herbicides tested on first year

bal dcypress,

and osage- orange nursery beds.

BALDCYPRESS
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding | Germnation | & Germi nation
dcpa * X X X
napr opam de * X X X
bi f enox * X o] o]
oxadi azon * X
pronetryn * o]
trifluralin * X
napr opam de &
bi f enox * o
OSAGE- ORANCE
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding [ Germination | & Germ nation

dcpa * X X X
napr opam de * 0 X o}
bi f enox * o] o o]
oxadi azon * X
pronetryn * X
trifluralin * o]
napr opam de &

bi f enox * o]

GREEN ASH
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding [ Gernmination | & Germination
dcpa * X X X
napr opam de * X X X
di phenam d * X X X
bi f enox * o] o) o]
pronetryn * X
oxadi azon * X
trifluralin * o]
napr opam de
bi f enox * - o] -
RUSSI AN OLI VE
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding [ Gernmination | & Germination
dcpa * X X X
napr opani de * X X X
di phenam d * X X X
bi f enox * - X -
trifluralin * X
napr opanm de
bi f enox * - X -
BLACK LOCUST
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding [ Germination | & Germi nation
dcpa * X
napr opam de * X X X
bi f enox * o] o] o]
pronetryn * o}
oxadi azon * X
trifluralin * -
napr opanm de &
bi f enox * o]

X
(o]

requires additional
- = severe phytotoxic effects,

no phytotoxic effects at nurseries tested.
some phytotoxic effects at one or nore nurseries where tested
trials before operational
Do Not Use.

use.

X = no phytotoxic effects at nurseries tested.
0 = sone phytotoxic effects at one or nore nurseries where tested

requi res additional
= severe phytotoxic effects, Do Not Use.

trials before operational

use.



TABLE 11: Phytotoxic effects of herbicides tested on first year

mul berry, and autumm ol ive nursery beds.

TABLE 12: Nursery sunmmary of tree species and herbicides utilized
in the Geat Plains and Northern United States nursery herbicide
studies from 1978 to 1987.

MULBERRY
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding | Germination | & Germi nation

dcpa * o] X o]
napr opam de * - X -
bi f enox * - o)
oxadi azon * X
pronmetryn * -
trifluralin * X
napr opam de &

bi f enox * o

AUTUW OLI VE
Her bi ci de Spring | Fall Post - Post - Post - Seedi ng
Sown Sown | Seeding | Germination | & Germnation

dcpa * X X X
napr opam de * X X X
bi f enox * X X X
oxadi azon * X
pronetryn * X
trifluralin * X
napr opam de &

bi f enox * X

Nur sery Speci es Sown Her bi ci des
( Oaner shi p) St udi ed FI'S Test ed
Ckl ahona For est Austrian Pine S DCPA
Regeneration Center Loblolly Pine S bifenox
[ Norman Nursery] Shortl eaf Pine S oxyfluorfen
(State of East. Red Cedar F trifluralin
k!l ahomm) Bl ack Locust S di phenanm d
Sycanor e S napropani de
Lacebark El m S napropani de + bifenox
Hackberry F oxadi azon
Euonynus F pronetryn
Russian Qivel F butralinl
Silver Maple S chl oranbenl
Mul berry S chloroxuronl
Pecan F
Cat al pa S
Redbud S
Autum 0l vel S
Geen Ashl S
Bal dcypr ess ! S
1 S

Csage- or ange

x
I

requi res additional
= severe phytotoxic effects,

no phytotoxic effects at nurseries tested.
sonme phytotoxic effects at one or nore nurseries where tested
trials before operational

Do Not Use.

use.

1 Tested only one year or |ess.



