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Background information 

Chemicals used for killing weeds or interrupting plant 
growth are commonly referred to as herbicides: a useful tool 
for preparing planting sites and releasing crop trees from 
vegetative competition. Herbicides are effective and safe 
when used according to instructions on the label. 

Prior to herbicide selection, the problem weed species 
should be determined. The herbicide label provides informa
tion on weeds that are controlled and specifies appropriate 
application methods, herbicide rates, and when to apply. The 
herbicide label should always be read carefully before apply· 
ing any herbicide. It is illegal to use a herbicide at a higher rate 
or for a purpose other than labeled. 

It is also important to become familiar with the appropriate 
application technique. Herbicides can be broadcast, banded, 
or spotted to the site, injected directly into undesirable hard· 
wood trees, or applied as a spray to the lower stem. The 
appropriate application method will depend on the age and 
type of vegetation needing control, the type of herbicide 
used, and the age and species of the crop tree. 

Spot applications of herbicides often are made with hand 
sprayers to control individual weeds in a forest plantation or 
to control weeds within a specified radius of each crop tree. 
Spot applications use less herbicide than broadcast or band 
applications but take more labor to apply. 

Band applications are made over rows of seedlings with 
hand sprayers or with mechanized equipment at variable 
widths. Less herbicide is needed (probably at less cost) in a 
band rather than a broadcast application. 

Broadcast applications over large acreage need to be 
done by motorized ground equipment or aircraft. Broadcast 
applications are usually necessary for control of multi-layered 
woody competition. Aerial application of foliar-active herbi
cides is necessary for control of weed trees beyond the reach 
of ground equipment. 

• Alvin A. Alm is a silviculturist and Richard D. Iverson, a forest weed control 
specialist, both with the College of Forestry, Department of Forest Re
sources, University of Minnesota. 
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Basal spray applications, injection, and stump treatment 
are used to control individual stems or clumps of woody 
species. Basal sprays are applied to the bottom 12 to 15 
inches of the hardwood stem. Injections are made by apply· 
ing the herbicide in cut surfaces around the trunk or by us!ng 
special tools. Stump sprouting can be controlled by treating 
the cut surface with a selected herbicide. This can be done at 
any time of year while a foliar application is limited to the 
growing season. 

TERMS AND DEFINITIONS 

The following definitions are for terms likely to be encoun
tered on herbicide labels or in discussions about them: 
acid equivalent (a.e.) = the amount of active ingredient 

expressed in terms of the parent acid. 
active ingredient (a.i.) = the chemical compound identified 

on the label in a herbicide formulation that is responsible 
for the killing of or disruption of plant tissue. 

adjuvant = any additive that activates a herbicide or that 
facilitates or modifies characteristics of herbicide formula
tions or spray solutions. Examples of herbicide adjuvants 
include surface-active agents (surfactants), anti-foam 
materials, and anti-drift materials. 

backflash = herbicide kill that results from root contact of 
trees within the treated area. Desirable trees can be killed 
accidentally so care must be taken when desirable trees 
are near those being treated. 

contact herbicides = kill only the portion of the plant they 
contact, while translocated herbicides are taken up by 
the plant and then moved into the stem and roots. Most 
herbicides are the translocated type. 

formulation = how the active herbicide ingredients are pack· 
aged. Herbicides are available in both liquid and dry 
formulations. 

frill application = cutting continuous slits around a tree and 
filling them with chemical. 

LD50 value= the single dose of a chemical required to ki!l 5_0 
percent of the test animals when given orally. This is 
expressed in milligrams (mg) of chemical per kilogram 
(kg) of bodyweight of the test animal. Remember that the 



higher the LD50 value the less toxic the chemical; for 
example, Velpar® Lhasa relatively low toxicity level with 
an LD50 of 7,500. 

non-selective herbicide = chemicals that will kill or suppress 
plant life regardless of species. 

restricted-use pesticide = a pesticide which can be sold to 
and applied only by certified applicators or persons under 
their direct supervision. Every pesticide label must state 
use: either general use or restricted use. 

selective herbicide = a chemical that will kill or suppress 
some plants but not others; for example, 2, 4-D will kill 
most woody shrubs but not grasses. Herbicides used for 
release are selective, meaning they will not kill most conif
ers if used according to label instructions. 

soil-applied herbicide = herbicides that are taken up by target 
weeds primarily through the root system. Soil texture, 
percent organic matter, and soil pH are factors which 
determine application rate and effectiveness of soil
applied herbicides. 

volatility = a compound is volatile when it evaporates or 
vaporizes when exposed to air; it is important to read the 
label instructions since some herbicide formulations 
should not be sprayed in hot weather. 

Calibration of equipment 

Herbicide equipment must be calibrated to insure applica
tion of the prescribed rate of chemical. Lower dosages than 
label recommendations may not adequately control weeds 
and higher dosages than label recommendations could 
damage crop trees and unnecessarily increase application 
costs. The amount of herbicide product needed and a 
method for calibrating equipment are explained in the follow
ing sections. 

• Mixing liquid herbicides: 
To determine the number of gallons of herbicide to mix 
with water for spraying an acre: 

gallon of herbicide= lb/acre of a.i. recommended 

lb of a.i. gal 

Example: If the recommendation is 2.5 pounds a.i. per 
acre and the herbicide contains 4 pounds a.i., then the 
gallons/ acre needed of herbicide= 

25 
= .625 gallon = 5 pints 
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• Mixing wettable powders: 
To determine the amount of wettable powder to mix with 
water or the amount of granules to apply to an acre: 

lb/acre = lb/acre of a.i. x 100 

% a.i. in formulation 

Example: If the recommendation is 5 pounds a.i./acre 
and the herbicide contains 80% a.i., then the pounds 
/ acre of herbicide to use = 5 

100 
_ 

6 25 -- x - . pounds. 
80 

Calibrating a sprayer 

The first step in sprayer calibration is to determine the 
amount of spray delivered by the sprayer to a known area. 
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One way to do this is to fill the sprayer with a known volume of 
water, spray an area of known size, then measure the amount 
of water needed to refill the sprayer. Another way is to fill the 
sprayer with a volume of water, spray it on an area in the 
same mannerthat you would apply herbicide, then measure 
how much area the spray covered. 

• After this determination, use the following formula: 
amount of herbicide needed = recommended herbi
cide rate (pounds/acre) x acreage covered with known 
volume of water. 

Example: if the spray covers .0125/acre with 1 gallon of 
liquid and the recommended herbicide application rate is 
3 pounds/acre (48 ounces/acre) then: 

amount of herbicide needed = (48 ounces/acre) x 
(.0125) = .6 ounces. In this example, .6 ounces of 
herbicide should be mixed with each gallon of water. 

Example: if the sprayer covers 1.1 acre with 10 gallons of 
water and the recommended application rate is 2 pounds 
/acre then: 

amount of herbicide needed= (32 ounces/acre)x(l .1 
acre)= 35.2 ounces= 2.2 pounds/IO gallons of water 
or .22 pound (7 ounces)/gallon of water. 

If narrow strips or swaths (bands) are being sprayed, 
the following formula can be used to calculate how 
many feet must be covered with a given swath width to 
cover an acre: 

feet= 43,560 square feet/acre 

width of swath in feet 

Example: a 6.foot wide band would require 7,260 feet 
of coverage for an entire acre. 

When calibrating equipment, size and type of nozzle, and 
speed of walking or driving will determine rate of herbicide 
delivery. Sprayers must be recalibrated if nozzles are changed 
or if speed is varied. 

Useful units of measure 

1 acre = 43,560 square feet 
1 mile= 5,280 feet 
1 pound = 16 ounces 
1 gallon = 4 quarts = 8 pints = 128 liquid ounces 

Herbicides labeled both for site preparation and 
release 
( can be sprayed safely over conifers other than larches if 
directions are followed - table 1 ). 

2,4-D: sold under a variety of brand names such as 
ESTERON® 99C, WEEDONE® LV4 and WEED RHAP®; 
used for control of woody species such as aspen, hazel, 
willow, and alder; recommended rate of 1 to 3 quarts/acre; 
applied to foliage in mid-summer after conifers have set 
overwintering buds; not effective for grass control. The 2,4-D 
product FORMULA 40® can also be used in undiluted form 
for tree injection; effective on hard to kill species such as oak, 
elm, hickory, ash, and maple; can be used any season, but is 
least effective during winter months and spring sap flow. 

2, 4-0+2, 4-DP: brand name is WEEDONE® 170; similar to 
2, 4-D but is more effective on hard-to-kill shrubs such as oak. 

Qlyphosate: sold as ROUNDUP®; is less selective than the 
compounds just discussed because it will kill woody species, 
grasses and an assortment of broad-leaved weeds; recom· 



mended rate is 1 ½ to 2 quarts/ acre; should be sprayed late in 
growing season after conifer growth has ended to avoid 
damage to conifers; can be used effectively for site prepara
tion if sprayed when target species are in full leaf; there is no 
residual effect so areas can be planted about seven days after 
application. 

Hexazinone: brand names are VELPAR® L, PRONONE® 
10G, PRONONE® 5G, and GRANVAL®; these formulations 
kill a wide range of plants including woody shrubs, grasses 
and broad-leaved weeds; the liquid (VELPAR® L) should be 
broadcast sprayed or spot sprayed early in the growing sea
son at the rate of 1 to 2 gallons/acre; PRONONE® 10G, 
PRONONE® 5G and GRANVAL® are granular products 
used at rates varying from 5 to 40 pounds/ acre depending 
on soil texture and age of crop trees for release; they should 
be applied before or during the period of active growth of 
brush species; these formulations have a residual effect last
ing more than one season; label should be checked for which 
species these herbicides can be used on without damage 
since species such as jack pine and white pine can be 
severely damaged; rainfall is necessary to effectively move 
these products into the soil to be absorbed by the root 
system. 

Triclopyr: sold under the brand name GARLON® 4; a foliar 
herbicide effective on a wide range of hardwoods including 
ash and oak and broadleaf weeds but not most grasses or 
sedge; the recommended application rate for release is 1 ½ to 
3 quarts/acre; depending on application rate used, planting 
should be delayed one or two months after application; for 
release, application should be in late summer or early fall 
during full leaf but prior to leaf coloration; conifers should 
have set overwintering buds; rates should be decreased for 
jack pine; this product can be used undiluted or mixed with 
oil, or oil and water for basal stem application. 

Simazine: brand name PRINCEP®; this is a pre-emergent 
herbicide that will kill grasses and other weeds if applied early 
in the season before growth begins; used at rates ranging 
from 2½ to 5 pounds/acre; formulations are wettable 
powder, liquid or granular; can be sprayed over conifer seed· 
lings at least three years old. 

Sulfometuron methyl: or OUST® as of October 1984 has 
only an experimental use permit for forestry purposes. A 
label for forestry use is expected in 1985. It is a dispersible 
granule used on non-cropland areas for control of annual 
and perennial grasses and broadleaf weeds; it can be applied 
pre-emergent or post-emergent at rates ranging from 2 to 8 
ounces/ acre depending on target species and desired resid
ual effect. 

Herbicides used for site preparation (should not be 
sprayed over crop trees - table 2). 

Amitrole + Simazine: brand name is AMIZINE®, this is a 
combination pre-emergent and post-emergent herbicide 
that kills a variety of grasses and non-woody plants; can be 
applied after growth begins; recommended rate is 7 pounds 
/ acre; directed spray should be kept away from crop trees. 

Picloram + 2, 4-D: sold as TORDON® 101; used as a broad
cast, foliar spray; will kill a variety of shrubs and hardwood 
and conifer trees as well as a number of broad leaf weeds, but 
not effective on grasses; applied at rates varying from 1 to 4 
gallons/ acre; has a relatively long residual effect in the soil so 
planting of conifers should be delayed until 8 to 9 months 
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after application; TORDON® RTU and TORDON® 101 R can 
be effectively used on individual large hardwood stems by 
injection or used for treatment of cut surfaces. 

Picloram: sold as TORDON® K, this product can be tank 
mixed with a number of other herbicides to increase effec
tiveness for site preparation. 

Labels and additional information on all these herbicides can 
be obtained from the following addresses: 

ESTERON® 99C, FORMULA 40®, WEED RHAP® 
Vertac Chemical Corporation 
5100 Poplar, Suite 2414 
Memphis, TN 38137 

WEEDONE®LV4,WEEDONE® 170 
Union Carbide Corporation 
T.W. Alexander Drive 
P.O. Box 12014 
Research Triangle Park, NC 27709 

ROUNDUP® 
Monsanto Agricultural Products Company 
800 N. Lindbergh Boulevard 
St. Louis, MO 63167 

VELPAR® L, OUST® 
E.L. duPont de Nemours and Company 
Biochemicals Department 
Wilmington, DE 19898 

PRONONE® 1 0G, PRO NONE® 5G 
PRO-SERVE, Inc. 
400 E. Brooks Road 
Memphis, TN 38116 

TORDON® RTU, TORDON® 101, TORDON® K, GAR
LON® 4 

The Dow Chemical Company 
P.O. Box 1706 
Midland, Ml 48640 

PRINCEP® 
CIBA-GEIGY Corporation 
Agricultural Division 
P.O. Box 11422 
Greensboro, NC 27409 

GRANVAL® 
HABCO, Inc. 
1418-5th St. So. 
Hopkins, MN 55343 

These lists are not all inclusive. The herbicides included 
are those most frequently used for weed control in Minnesota 
forest situations. None of the herbicides listed should be 
used without thoroughly reading the label. Herbicide use 
often brings on controversy regarding safety. Most of the 
problems relate to misuse or misinformation or both. 

If questions in the use of herbicides arise, a knowledgeable 
person should be contacted, such as an ag-chemical or 
industrial chemical representative, through the local dealer 
selling the chemical. 

An excellent reference for information on herbicides 
including use and toxicology is Herbicide Handbook of the 
Weed Science Society of America, 5th edition 1983. It is 
available from: Weed Science Society of America, 309 W. 
Clark Street, Champaign, IL 61820. 
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Table 1. Herbicides most commonly used for site preparation and release 

Important 
Chemica11 Brand names1 Crop trees target weeds2 Rate per acre Application time Application methods 

2,4-D Esteron® 99C jack pine, alder, aspen, 1 to 3 qt-release mid-July (after broadcast, 
Weedone® LV-4 red pine, birch, hazel, 3 to 4 qt-site conifers set buds) tree injection 
Weed Rhap® white spruce, willow preparation 

black spruce 

2,4-D Weedone® 170 jack pine, similar to 2 to 4 qt-release mid-July (after broadcast, 
+ red pine, 2,4-D but is conifers set buds) tree injection 

2,4-DP white pine, more effective 4 qt-site 
scots pine, on oaks preparation 
black spruce, 
white spruce 

Glyphosate Roundup® pine species aspen, cherry 1 ½ to 2 qt-release fall-for shrubs, after broadcast, tree 
except hazel, certain conifers have set bud but be- injection, spot to 
E. white, forbs fore first killing frost; spring - avoid conifers if 
spruce species, and perennial 3 to 4 qt-site preparation before buds swell on conifers applied in spring 
fir species grasses such as unless they are protected for herbaceous weed 

quack grass and grass control 

Hexazinone Velpar® L balsam fir, aspen, birch, 1 to 2 gal Velpar® L for red pine early in the growing broadcast, spot, 
Pronone® IOG red pine, raspberries, release (2 to 4 lb a.i.) season near conifer injection 
Pronone® 5G black spruce, oaks, pin cherry budbreak until early 

\.]1 Granval® white spruce certain forbs ½ to 1 gal Velpar® L for release of summer 
and perennial other conifer crop trees, (1 to 2 lbs. 
grasses such a.i.); 1 to 3 gal Valpar® for site 
as quackgrass preparation (2 to 6 lb. a.i.) 

Triclopyr Garlon® 4 spruce species, aspen, birch, 1 ½ to 3 qt-release late summer or early fall broadcast, basal 
balsam fir, maple, cherry, after conifers have formed bark treatment 
red pine, willow, oak, 4 to 8 qt-site preparation over-wintering buds for 
jack pine hazel, rubus sp. release, when plants are 

and certain actively growing for site 
broadleaf weeds preparation 

Simazine Princep® black walnut, controls a 2 to 4 lbs a.i. depending on soil weed growth should be broadcast, spot 
( several differ- balsam fir, broad range of texture for control of annual weeds removed before appli· 
ent formulations red pine, annual weeds in new plantations (amount cation, apply before 
including white pine, and grasses of 80W needed would be between weeds emerge 
Caliber® 90 scotch pine, when used at 2½ and 5 lbs product) 
Princep® 4G white spruce selective 
Princep® 4L rates 
Princep® 80W) 

Sulfometuron Oust® label for Lake annual and peren- 2 to 8 oz dependent early pre-emergence or post· broadcast, spot 
methyl States Conifers nial grasses and on new label emergence to weeds in the spring 

expected in 1985 broadleaf weeds and either after or before planting 

I. Read labels for detailed information on each product. 
2. List is not all inclusive. 
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Table 2. Herbicides most commonly used only for site preparation 

Important 
ChemicaP Brand names1 target weeds2 Rate per acre Application time Application methods 

Amitrole Amizine® will kill a variety of 7 lbs spring or early broadcast if no trees are planted, otherwise 
+ annual and perennial summer use a directed spray to avoid contact with 

Simazine weeds and grasses stem and foliage of crop trees 

Picloram Tordon® RTU alder, aspen, birch, Tordon® RTU } 1 ml undiluted to any season for RTU and 101 R are applied 
+ Tordon® 101R cherry, maple, oak Tordon® 101R a tree per injec- RTU and 101 R, to frills or stumps or 

2,4-D Tordon® 101 and other tree tion or spray or during growing they are injected, 
species, rubus paint freshly cut season for 1 01 Tordon® 101 can be broad-
species 

Tordon® 101} 
stumps cast or applied as above 
1 to 4 gal 

Picloram Tordon® K3 oak, willow, aspen ¼ to 4 qt during growing broadcast 
season 

1. Read labels for detailed recommendations on each product. 
2. List is not all inclusive. 
3. Tordon K is usually mixed with other herbicides such as Esteron 99 to provide broader spectrum woody plant control. Tordon Kand Tordon 101 are classified as restricted use pesticides. 

The information given in this publication is for educational purposes only. Reference to commercial products or trade names is made with the understanding that no discrimination is intended and no 
endorsement by the Minnesota Agricultural Extension Service is implied. 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture, PatrickJ. Borich, Dean and 
Director of Agricultural Extension Service, University of Minnesota, St. Paul, Minnesota 55108. The University of Minnesota, including the Agricultural Extension Service, is committed to the policy that all 
persons shall have equal access to its programs, facilities, and employment without regard to race, religion, color, sex, national origin, handicap, age, or veteran status. 
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