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Abstract:

Leafy Spurge (Euphorbia esula L.) and spotted knapweed (Centaurea maculosa Lam.) are introduced
perennial weeds infesting over 1.1 million hectares of range and pastureland in Montana. In an effort to
stop the spread of these weeds, a statewide weed education program was expanded in 1983; and
research was initiated on the biology and control of spotted knapweed in Montana.

The educational program utilized newsletters, demonstration plots, field tours, and a ransom program
to increase awareness and disseminate information on leafy spurge and spotted knapweed. Herbicide
demonstration plots and field tours provided information on weed identification, control, and sprayer
calibration. A ransom program was initiated in Sweetgrass County, Montana in 1984. The program led
to increased public awareness and control of existing spotted knapweed infestations. The effectiveness
of the weed education program was evaluated by surveying landowners in four counties. Results of the
survey indicated that landowners attending tours were more aware of the weed problem than those that
did not attend tours. The number of landowners utilizing weed control practices was also greater
among tour participants.

The effect of low rates of picloram (4-amino-3,5,6-tri-chloropicolinic acid) and picloram in
combination with 2,4-D ((2,4-dichlorophenoxy)acetic acid) on controlling spotted knapweed was
evaluated at two locations in Montana. All rates of picloram significantly reduced spotted knapweed
density compared to the control. The persistence of picloram in the soil determines the length of control
of spotted knapweed. The reduction of spotted knapweed density resulted in forage increases of 200 to
770 percent.

Differential tolerance to 2,4-D was observed in spotted knapweed in field experiments conducted at
two locations in Montana. When plants from both locations were grown under identical condidtions in
the field, there was no difference in response to 2,4-D. Laboratory studies indicate that uptake and
translocation of 14C 2,4-D was the same in both strains of spotted knapweed. The observed tolerance
to 2,4-D in the initial field studies appears to be the result of differences in plant vigor.

The longevity of viability of spotted knapweed seed in the soil was studied from 1982 through 1984.
Results of the seed burial study showed that less than 50 percent of the seed had germinated two years
after burial. In field studies, about 65 seed per 0.5 m2 remained viable in soil 26 months after seed
production was stopped.
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ABSTRACT

Leafy Spurge (Euphorbia esula L.) and spotted knapweed (Centaurea
maculosa Lam.) are introduced perennial weeds infesting over 1.1
million hectares of range and pastureland in Montana. In an effort to
stop the spread of these weeds, a statewide weed education program was
expanded in 1983; and research was initiated on the biology and control
of spotted knapweed in Montana,

The educational program utilized newsletters, demonstration plots,
field tours, and a ransom program to increase awareness and disseminate
information on leafy spurge and spotted = knapweed. Herbicide
demonstration plots and field +tours provided information on weed
identification, control, and sprayer calibration. A ransom program was
initiated in Sweetgrass County, Montana in 1984. The program led to
increased public awareness and control of existing spotted knapweed
infestations. The effectiveness of the weed education program was '
evaluated by surveying landowners in four counties. Results of the
survey indicated that landowners attending tours were more aware of the
weed problem than those that did not attend tours. The number of
landowners utilizing weed control practices was also greater among tour
participants.

The effect of low rates of picloram (4=-amino=-3,5,6~tri-
chloropicolinic acid) and picloram in combination with 2,4-D ((2,4-
dichlorophenoxy)acetic acid) on controlling spotted knapweed was
evaluated at two locations in Montana. All rates of picloram
significantly reduced spotted knapweed density compared to the control.
The persistance of picloram in the soil determines +the 1length of
control of spotted knapweed. The reduction of spotted knapweed density
resulted in forage increases of 200 to 770 percent.

Differential +tolerance to 2,4-D was observed in spotted knapweed
in field experiments conducted at two locations in Montana. When
plants from both locations were grown under identical condidtions in
the field, ‘there was no difference in response to 2,4-D. Laboratory
studies dindicate that ﬁptake and translocation of 14C 2,4-D was the
same 1in both strains of spotted knapweed. The observed tolerance to
2,4-D in the initial field studies appears to be the result of
differences in plant vigor..

The longevity of viability of spotted knapweed seed in the soil
was studied from 1982 through 1984. Results of the seed burial study
showed that less than 50 percent of the seed had germinated two years
after burial. In field studies, about 65 seed per 0.5 m2 remained
viable in soil 26 months after seed production was stopped.
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' PREFACE

Weeds are becoming a major threat to the productivity of rangeland
in Montana. The two most troublesome weeds include leafy spurge

(Euphorbia esula L.) and spotted knapweed (Centaurea maculosa Lam.).

Both weeds have a major impact on cattle carrying capacity of
rgngeland. Leafy spurge and spotted knapweed reduce the carrying
capacity by up to 75 and 90 percent respectively (Alley et al., 1984;
Chicoine, 1984). - The cost to the cattle industry in Montana is
approximately $5.9 million in lost forage production (Frenqh anq Lacey,
1983; Reilly and‘Kaufman,,1979%

The followiné thesis examines the use of an educational and
research program on leafy spurge and spotted knépweed. Thé ma jor
emphasis of the thesis work iﬁcluded:

(1) A public education program was expanded in j983 in an effort
to increase awareness and control of ieafy spurge and spotted knapweed.
The effectiveness of the program waé evaluated.

(2) Chemical control of spotted knapweed with 2,4-D and picloram

.was evaluated in an effort to determine the optimum herbicide rate

necessary to control spotted knapweed.

(3) The longevity of viability of spotted knapweed seed in soil

has not beén determined. Studies were continued to determine the
leﬁgth of time spotted knapweed seeds remain viable in soil under

natural and‘buried’conditions.
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PUBLIC EDUCATION PROGRAM




CHAPTER 1

"LITERATURE REVIEW

Introduction

Leafy spurge (Euphorbia esula L.) and spotted knapweed (Centaurea

maculosa) are the two most trbublesome range weeds 1in Montana. Leafy
spurge currently infests over 221,632 ha of‘rangeland in the state
(Noble et al., 1979) and can reduce cattle carry%ng capacity 50 to 75
percent (Alley et al.,1984). The extensive root system and
vegetative buds of leafy spurge make it difficult to eradicate by
chemical, cultural or mechanical means (Dunn, 1979; McIntyre, 1972).

Spotted knapweed currently occuples about 890,000 ha of rangeland

in Montana (Harris and Cranston, 1979), and an additional 13.8 million
ha are susceptible to spotted kﬁapweed invasion  (Bucher, 1984). The
-weed reduces carrying capacity by as much as 90 percent on severely
infested sites and can spread rapidly because it contains an
allelopathic chemical which inhibits the growth of competing plant

species (Flecther and Renney, 1963).

Factors which lead to an increase of weeds on range land are: 1)

the. inability of ranchers to correctly identify noxious weeds and 2)
ignorance of the potential threat the invading plants pose to livestock
production (Barreto and Fay, 1983). In addition, many ranchers in
Montana do not have experience with. herbicide application. The key to

controlling both leafy spurge and spotted knapweed is to educate
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landowners +to the importance of.early detection of invasion and

subsequent treatment.

»

Extension Techniques

Effective educational programs help bridge the gap " between
agricultural producers and research reéults (Myren, 1964; Bradfield,
1966). The information presented must meet the needs and interests of
all classes of producers from innovators to late adopters and laggards
(Bohlen et al., 1962).

Audio -Visual Technigues

Mass media techniques, such as radio and television, are useful for
reaching large numbers of people about agricultural concerns (Dale,
19543 Kelsey and Hearne, 1963; Awa and Van Crowder Jr., 1978). These

techniques are suited +to dincreasing overall public awareness of

agriculture (Coleman et al., 1962), as well as broviding specific .

information +to agricultural producers (Brown and Collin§; 1978;
Rockwell, 1984). Changes in marketing, planting, and harvesting
strategies have been attributed to specific pradio and ‘television
programs (Kroetz and Cole, 1978; Rockwell, 1984).

Computers are useful educational tools. There are simplified
compute? programs which- make current technical informétion readily
available to county extension agents and agricultural producers (Chase,
1984; Harrison and Rades, 1974; Paisley, 1983). These programs provide
easy access to current information on marketing, weather, and
production teohnology. Computer-based videotext informétion delivery
systems are suitable for problem-solving and decision-making tasks with

specific information requirements (Paisley, 1983).
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Cpmputer programs have been developed which simulate agricultural
situations (Amend, 1985). Some of these programs have been used to

educate adults and young people about the value of agriculture.

Demonstration Plpts and Group Meetings

Field Demonstration plots are effective +tools +to show new
agricultural practices since visual comparisons of various treatments
can be made easily (Barreto and Fay, 1983; Cunningham and Simeral,
19773 Witt, 1968). To be most effective, demonstration plots should
be established at numerous 1écations since environmental conditions can
effect results.

Group meefings such as symposiums, workshops, -seminars, field
tours, or formal classés offer an. opportunity for farmers and ranchers
to discuss specific problems with research and extension personnel
(Barreto and Fay, 1983). Involving local producers incréases inferest
and acceptance of. new techniques (Witt, 1968). The quaﬁtity and quality

of publicity that precedes a program has a major impact on the size of

the audience (Barreto and Fay, 1983; Cunningham and Simeral, 1977;-

Bradfield, 1966).

.Written Communication

Bulletiné, flyers, newéietterg, and circulars are an effective way
to create interest; publicize events and dispense information
(Bradfield; 19663 Myren, 1964; Awa and Van Crowder, 1978). To be
effective, the written matérial must be concise and meet the néeds and

interests of the reader (Kelsey and Hearne, 1963; Reisbeck, 1980).
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' Printed media appears to be more effective than audio-visual
communication for reaching specific audiences (Awa and Van Crowder,
1978). Bulletins, short pamphlets and newsletters were more effective
than television and radio in reaching iow income families (Awa; 1974 ).
‘Dairy farmers.in New York state fanked printed media higher than radio,
television wor interpersonal visits as the most effective -ektension
communication effort (Awa and Vén Crowder Jr., {978).

Newslettefs are a preferred form of written communication if
concise, well written and pertinen£ (Brown and Collins, 1978; Kelsey
and 'Hearne, 1963; Reisbeck, 1980; Harshman, 1981). Important
articles 1in newsletters should be headlined to gain the attention of

the reader (Harshman, 1981; Reisbeck, 1980).

Evaluation of Delivery Systems

Mailed questionnaires have become a popular method for collecting
survey data. Not only are they cheaper than interpersonal surveys, but
recent improvements in procedures for conducting mail surveys suggest
that limitations of this method (such as low résponse rates and
dependence on short questionnaires) can be overcome (Dillman, 1978).

The mail questionnaire must be well designed to obtain answers
from survey participants. The content of the survey, rather than the
length, paper color, or amount of personalization, appears to determine
response vrate (Dillman, 1978). Follow-up letters to mailed surveys
have been used effectivelly to increase responée' rates (Kanuk and
Berenson; 1975) .

The reffectiveneés of various communication ,channéls for
transferring agricﬁltural information has been meaéured by surveying

5
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agricuitural producers and researchers (Adams and Parkhurst, 1984; Awa
and Van Crowder Jr., 1978). Thése surveys indicated fhat farming
strategies would be improved if the most efficient delivery system was
selected (Adams and Parkhurst, 1984).
The effectivéness of a given communication method varies

according to the size of an individual farmer's production unit (Adams

and Parkhurst, 1984). In addition, the means of communication which is '

most effective is dependent upon the type of subject matter being-

delivered (Brown and Collins, 1978)l For example, the primary source
of production information for largé commercial farms is the Cooperative
Extension Service and the university system. Radio was the most
effective media for business and management information (Brown and
Collins, 1978). Farm magazines were the-most importanf source of
agricultural information for farmers in Nébraska (Jaeger and
Reifschneider,1965; Adams and Parkhurst, 1984). However, those farming
large aéreages in Nebraska rated farm jgurnals higher than those
managing smaller acreage (Adams and .Parkhurst, 1984).

Income level also affects communication channel effectiveness.
Bulletins, flyers and newslette?s were more effective than audio-visual
media for low income families (Awa, 1974) . Experiment station
bulletins wgre‘rated higher as infopmation‘cﬁannéls for thoée in the

middle and upper income levels (Adams and Parkhurst, 1984).
Summary

Spotted knapweed and leafy spurge are the most troublesome range

weeds in Montana. The key to controlling both weeds is to educate
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landowners so that early identification and control of pioneer
infestations occurs.
A variety of techniques should be utilized\to educate landowners.
Audio-visual techniques iﬁcludihg radio.and television will increasé
public awareness of the problem. Field tours and demonstration plots

will permit landowners tco view and record the results of various

practices and permit attendees to interact with researchers and

extension personnel. Newsletters, extension bulletins and circulars
can provide interested persons .with accurate information about specific
problems. Mail surveys can be utilized to obtain information aBout
the effecti§eness of various communication techniques. Utilizing the
most effective communiction methods can save money by allowing

educators to key in on specific audiences.




CHAPTER 2

EXTENSION TECHNIQUES

Abstract

An on-going statewide weed education program was expanded in 1983. .

The objectives of the program were to continue the leafy spurge
awareness effort starﬁed in 1980, and initiate a similar effort on
spotted knapweed.. Newsletters, herbicide demonstration plots{~field
“tours and a ransdm program wére techniques utilized to meet the
objectives. Leafy spurge and spotted knapweed newsletters brovided
information on Eurrent reseérch programs and research results‘to
agricultural producers, researchers, and extension specialists. Field
plots were established at twenty-two locations. to demonstrate herbicide
efficacy. Field tours were held in twenty-six locations. The fours
included information on the biology and control of leafy spurge and
spotted knapweed, herbicide efficacy, and sprayer calibration. 'A
ransom program on spotted knapweed Qas initiatea in Stillwater County,
Montana. The ransom program led to increased awarenesé of spotted
knapweed, control of existing knapweed infestationé, and compilatioﬁ
of a map delineating existing spotted knapweed infestations. The
overall educatioﬂ program incfeased public awareness of leafy spurge
and spotted knapweed, established long-term demonstration plots, and

served as the catalyst for several localized weed action projects.
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Introduction

Leafy spurge and spotted knapweed are major threats to the

productivity of range and pastureland in Montana. The key to

controlling both weeds is early detection and treatment. Thus, in

1983, an educational program was initiated to help decrease the rate

of spread of leafy spurge and spotted knapweed in the state. The

“overall objective was to increase public awareness of spotted knapweed

and leafy spurge. Specifically, the leafy spurge newsletter was
continued and a newsletter on spotted knapweed was initiated, a ransom
program was started, demonstration plots were established, and field
tours were conducted. | |
Communication techniques must be effective to ‘tranfer
technological advances to agricultural producers. Newsletters are a
preferred form of written communication if they are concise and relate
to the needs and interests of the receiver (4wa,1974, Brown, f978,
Kelsey, 1963, and Reisbeck 1980. Barreto (1982) utilized a newsletter
to increase public awaréness, coordinate research'and provide
information to people interested in leafy spurge éontrol.-
. Demonstration piots are an effective educational tool (Cunningham
and Simeral, 1977), if the practices being demonstratéd provide

practical solutions to local problems (Kelsey and Hearne, 1963). This

allows agricultural producers to view and record the results of various

treatments under local environmental conditions (Witt, 1968). Field
tours held at demonstration sites provide an informal setting where
farmers and ranchers can discuss production'problems‘with.extension

specialists and researchers (Barreto .and Fay, 1983). However, field
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tours must be carefully planned to meet the needs and interests of
producers (Kelsey and Hearne, 1963) and be well advertised to be

effective (Cunningham and Simeral, 1977).

Materials and Methods

Newsletters

Leafy Spurge Newsletter: Publication of the Leafy Spurge

Newsletter was continued on a quarterly basis. The general format and
methodology for printing the newsletfer was described by Barreto
(1982).

"Knapweed Update: A letter was sent to researchers and extension

specialists in Idaho, Washington, Oregon, Montana, British Columbia,-

and Alberta in September, 1983 to determine if there was a need for a
newsletter about the knapweeds. These specialists provided suggestions
for +the format of the newsletter and names of extension agents,
researchers, politicians, weed supervisoré, énd agricultural prodﬁcers
for the initial mailing list. A mailing list was stored on a computer
disk and wupdated monthly as requests for the newslétter were receivedf
The'art work for the letterhead and return address was developed and
a silkscreen of the drawiné was produced by the photographic
department at Montana State University. The 1ett§rhead and return
éddress was printed by the Multilith Department.
Researchers and extensibn specialists.ﬁefe cdntacted'for
contributions qne month pfior to printing the newsletters. The
articles were sﬁmmarized, typed, and sent to the Multilith Department

for printing onto the letterhead paper.
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Dexﬁonstration Plots and Field Tours

Herbicide treatments were applied to spotted knapweed or leafy

spurge at twenty two sites in June, 1983 and 1984 (Figure 1). Site

locations were selected by éoun‘ty extension agents, weed supefvisor,s
and chemical company representatives. The sites were easily
accessible and located near population centers when bossible.
Picioram, (4—an.1‘ino—3,5‘,6—'Erichldropicolinic acid), dicamba (3,6~
dichloro=-o-anisic acid) and 2,4-D [(2,4~dichlorophenoxy) acetic acid]
were applied to plots at eéch site. The treatments were not
replicated. Individual plot size varied from 6.6 X 26.6 meters to 6.6

X 36.3 meters. The herbicide rates and application tin{ing were

)

recommended by weed specialists at Montana State University, chemical

company representatives, and county extension agents. Retreatinents were
made on a portion of the plots in 1984. A detaiied -description of
herbicide ‘demon.stration plots at each location is shown iﬁ Appendix B.
Twenty six field tours were held in 1983 and 1984 (Figure 1). Eighteen
of tk_le' tours were held at herbicide demonstration loécations establi.‘;%hed
in 1983 and 1984. The remainder of’ {ihe tours were held at locations
which conta‘ined experimental plots that were previously established
(Barreto, 1982). ’

Local landowners, county extension agents, weed supervisors, and

state and federal employees he,lpéd plan and execute the.educational-

program.. This integrated approach helped improve public relations

and increased the overall effectiveness of the program.
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Infdrmation on the biology and distribution of both leafy spurge
and spotted knapweed was presented at each tour. The educational
programs emphasized: '1) Aﬁ update and facts on bioiogical qontrol; 2)
leafy spurge control with sheep; 3) economics of various control
measures; 4) herbicide efficacy;rand‘5) current research progréms.
Sprayer éélibration of hand held and field sprayers was demonstrated at
tours held during 1984. Displays on county weed control equipment and
the latest innovations in herbicide appiicators for all terrain
vehicles (Maxwell et al., 1984) were showh at the tours. |

Radio programs, news articles, and fl&ers were utiiizea as
publicify for the tours..‘Grég Norfhcutt, editor for the Montana
Agpicultural Experiment Statibn, conducted the radio intéfviews and

coordinated news releases. County extension agents in several counties

handled the news releases. Flyers were made and sent to ten counties

holding weed tours. Picnic dinners or refreshments, and door prizes
were provided at each field tour by Dow Chemical Company.

Ransom Program

The concept of a ransom program on spotted knapweed and leafy
spurge wés discussed with county extension agents. The objectiveé of a
weed ransom program were to increése awareness of weeds among youth and
help map county weed infesfations. Young people participating in the
. program were encouraged to locate and report infestations of leafy
spurge and spotted knapweed to their county extension agent or weed
supervisor. Youth who reported new infestations, or infestations that
had not been denoted on the existing county weed map, were awaraed cash

incentives. Guidelines for the program were made by county personnel
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to best meet the needs of their respective county. The program was

supervised by the county extension agent and/or'weed supervisor.

Results and Discussion

Newsletters

Newsletters (Appehdix A) were designed to provide information to a
wide range of audiences. Information presented covered topics such as
herbicide applicators, alternative uses for weeds, weed migrations,
and biological, chemical and cultural control me thods.

Newsletters appeared to be an effective method of communication
between agricultural producers, researchers and extension personnel.
The number of subscriptions to the Leafy Spurge Newsletter increased
from 850 in October, 1981 (Barreto, 1982) to 1430 by October, j984.
Subscriptions to the Knapweed Update increased from-320 in October,
1983 to 793 in October, 1984 (Figure 2). The subscription list for
both newsletters were compiled by request only which indicates the
level of concern for spotted knapweed and leafy séurge.

There were less fequests for newsletters from fafmeps‘and
ranchers than from extension agents, weéd supervisors and federal
employees. However, since extension provides an éffective link between
agricultural producers and researchers (Awa and Van Crowder, 1978), the
newsletter benefited the agricultural community indirectly. The cost of
producing and mailing the newslettef is shown in Table 1. The total
cost of the newsletter would have been much higher if student labor and

bulk mailing rates had not been used.
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Table 1. The Cost of Publishing the Leafy Spurge News and
Knapweed Update from April 1983 to December 1984.

Cost
Item (4/83to12/84)
Leafy Spurge News (7 issues)
printing and paper $761.00
postage at $0.072/newsletter 655.00
labor 56.00
Knapweed Update (4 issues)

artwork 48.00
printing and paper 242.00
postage at $0.072/newsletter 170.00
labor 24.00

Total Cost 1956.00

Demonstration Plots and Field Tours

Herbicide demonstration plots were an effective technique for
evaluating the effectiveness of various herbicides for 1leafy spurge

and spotted knapweed control (Table 2 and 3). Picloram provided the

Table 2. Herbicides Used for Leafy Spurge Demonstration Plots in
Fourteen Locations in Montana.

Rate
Herbicide kg/ ha
picloram 0.57*
picloram 1.14%
picloram 2.24
dicamba 2.24%
2,4-D 2.24%

* Indicates rates that were retreated on 1/2 of the plot in 1984
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Table 3. Herbicides Used for Spotted Knapweed Demonstration Plots in
Eight Locations in Montana.

Rate
Herbicide kg/ha
picloram + 0.14
2,4-D 2.24
picloram 0.14
picloram 0.28
dicamba 1.14%
2,4-D 2.24%

* Indicates rates that were retreated on 1/2 of the plot in 1984.

most effective control of both leafy spurge and spotted knapweed
however, percent control varied according to location (Table 4 and 5).
These differences were probably caused by variations in soil and/or
climatic conditions. Results indicate the importance of establishing

plots in a number of locations around the state.

Table 4. Percent Leafy Spurge Control With Various Herbicides at
Selected Counties in Montana 12 Months After Application.

Percent Leafy Spurge Control

Rate County Location’ Mean2
Herbicide kg/ha Pet. Powell Custer Fallon Dawson X
picloram 0.57 40 95 45 70 95 69 b
picloram 1.14 87 S8 95 95 100 95 ¢
picloram 2.24 99 100 99 99 100 9S ¢
dicamba 2.24 25 60 10 10 25 26 a
2,4-D 2.24 30 55 15 15 25 28 a

1 Petroleum county is abbreviated as Pet.

2 Means followed by the same letter are not statistically different at
the 5% level as determined by the LSD test of significance.
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Table 5. Percent Spotfed Knapweed Control With Various Herbicides at
Selected Counties in Montana 12 Months After Application.

Percent Spotted Knapweed Control

2

Rate County Location’ Mean
Herbicide kg/ha Fergus Musselshell Meagher Silver Bow X
picloram = 0.28 100 100 100 100 100 b
picloram + 0.14
2,4-D 2.24 95 ' S5 S0 95 94 b
picloram 0.14 95 93 90 85 93 b
dicamba 1.14 20 45 35 25 31 a

2,4=D 2.24 “15 30 25 20 22 a

1 Musselshell county is abbreviated as Mussel. and Silver Bow county is
abbreviated as S.B. )

2 Means followed by the same letter are not statistically different at
the 5% level as determined by the LSD test of significance.

Attendance at the field tours increased more than two fold from
1980 to 1984. Barreto and Fay (1983) réported an average of 28 persons
per tour in 1980 and 1981. The average attandence per tour increased
to 57 during 1983 and 1984 (Table 6). These results suggest that: 1)
Agricultural producers viewed the field tours as effective educational
tools; 2) An integfated approach which involved extension agents,
local landowners, weed districts, and federal and state employees
during the planning stage for tours increased interest and
participation at field tours, and 3) It takes time to increase the
awareness level for problems such as knapweed and leafy spurge. This
was evident by the increased attendance at each of the five counties

where repeat tours were held (Table 7).
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Table 6. The Number of People Attending Spotted Knapweed and Leafy
Spurge Tours During 1983 and 1984.

1983 Tours

Location Attendance
Park 42
Roosevelt 120
Valley 45
Wheatland 30
Fallon 60
Fergus 29
Jefferson 30
Sanders 60
Missoula 70
Silver Eow 30
Gallatin 120
Carter 110
Petroleum 41
Total 783
1984 Tours
Location Attendance
Musselshell 45
Petroleum 43
Garfield 50
Roosevelt 120
Valley 40
Fergus 30
Cascade 70
Park 20
Meagher 50
Bozeman 35
Fallon S0
Sweetgrass 100
Silver Bow 25
Total 718
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Table 7. The Number of People Attending Weed Tours Held in 1980/198ﬁ
Compared to the Attendance at Weed Tours Held at the Same
Locations in 1983/1984.

‘Attendance

Date of Tour

Location - 1980/1981 ' 1983/1984

Carter . 6 110
Fallon - 6 - 60
Missoula 30 70
Park 25 42
Roosevelt ] 53 120

‘Several factors were important in determining the attendance and
success of a weed tour: 1) Attendance was greatest at tours that were
well advertised. Radio tapes, news articles, and flyers should be sent
to counties at least ten days in advance of the tours. 2) Attendgnce
was greatest at late afterncon and evening tours, and lowest at ﬁorning
sessions. 3) The date of the tour must not conflict with planting or
harvesting seasons. 4) Tour sites should be easily accessible and

located near population centers.

Ransom Program

The concept of a weed ransom program was rejected by all but one
county because of lack of funding.A The extension agent and weed
supervisor in Stillwater County established a fansom program on spotte@
knapweed in June, 1984. They designed a ransom program where youth
were paid $5.00 for reporting an infestation and én additional $50.00
if the infestation was controlled by the landowner. County spray

equipment was available free of charge to landowners participating with
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youth in the program whic¢h aided control efforts on.the knapweed
infestations.

The ransom program in Stillwater County was very successful.
Approximately 65 people were directly invoived with the weed control
effort as a result of the program. Participants included 14 young
people, in addition to parents, agricultural producers, and sfate and
federal employees. Thirty-four spotted knapweed infestations were
located.and recorded on the county weed map which created an accurate
base ﬁap for the county.

The program was very economical for the county. Total cost of
implementing the program in 5984 was $1170.00. However, by utilizing
youth, rather than county employees to map and control inféstations,
© the program‘aétually saved the county weed confrol budget an estimated
$4500.00.. There will also be long—term financial benefits achieved
through the education and involvement of youth in the weed control
effort. Overall results of the program were: 1) An accurate map
of spotted knapweed infestations was developed 2) The level of weed
awareness weed and control increased, and 3) The cost of weed control
to the county decreaséd. Six additional counties ﬁlan to adopt a

similar program in Montana in 1985.
. Summary

Effective communication techniques are important when
. 1 ,
transferring research results to agricultural producers., Extension

techniques such as 'field tours and demonstration plots can be utilized

effectively at the county level. Newsletters were an effective method
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for‘coordinating region-wide programs and provide current research
information to educators. Innovative fechniques such as a weed ransom
program are an effective way to increase weed awareness and control
especially among youth groups. These activities must be integrated
with researchers and county , state, and federal entities to enhance

the overall effectiveness of the program.

ih
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CHAPTER 3
PROGRAM EVALUATION
Abstract

A questionnaire was developed to evaluate the effectiveness of the
weed education progfam. Three hundred and twenty que§tioﬁn;ires were
mailed to pfoducers that did and did not attend wéed tours in four
counties. Sixty eight percent of the surveys were refurned. There
was a higher degree of ﬁeed awareness among tour participants than
among noﬁ—tour participants. The survey also provided information on
various control methods currently being used for spotted knapweed and
leafy spurge, major sources of weed information, reasons why weeds

were not being controlled, and educational and research needs of

producers in Montana.

Introduction

Educational brograms must be evaluated to determine their
effectiveness in communicating information. Programs can then be
modified to best fit the'needs of the agricultural community in an
efficient and economic manner.

Mail surveys are a common method for gaining information from
producers on the effectiveness of various communication techniques.
Brown and Collins (1978) surveyed 1639 farmers to determine their

priorities of need for various categories of information, and the
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channels of communication they were using to obtain that information.
Adams and Parkhurst (1984) sampled 2000 farmers in Nebraska to
determine the importance of several communication channels. Jaeger and
Reifschneider (1965), surveyed 2000 farmers to determine their sources
of information. Results of these studies suggest that well degigned
surveys are an effective method for assessing various communication
techniques.

. The objective of this survey was to determine_the effectiveness of
communication techniqués utilized in the weed education program.
Additional informatién was obtained oﬂ landowners perception of weed

control practices, herbicide use, and research and extension needs.

Materials and Methods

Four representative counties that Held weed tours in 1983 were
selected for the survey (Figure 3). Leafy spurge tours were held in
Gallatin and Carfer county while spotted knapweed toufs were held in
Sanders and Missoula county. Although information pertaining fo the
identification and biologf of both weeds was presented at each tour,
information regarding leafy spurge was stressed in Gallatin and Carter
coﬁnty, and spotted knapweed was stressed in Sanders and Miésoula
county.

A survey questionnaire was déveloped in October, 1983 (Appendix,
C). County extension agents from the four counties and agricul ture
education specialists at Montana State University reviewed and edited a
sample gquestionnaire. The questionnaire could be completed by a

respondent in less than 12'minutesﬂ
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The questionnaire was five pages long inéluding a cover letter
explaining the survey. The return address and postage permit nu;ber
were printed on the back of the questionnaire to facilitate mailing.
All questionnaires were marked with an identification number =so
responses could be grouped by county and tour attandence. A cover
letter printed on Montana State University letterhead éccompanied each
questi;nnaire and explained the purpose of the survey.

Producers that attended each tour were mailed a questionnaire and
cover letter. County agents within the four counties then selected an
equal number of.landowners that had not attended the weed tour. These
people were selected from county ownership maps and/or extensianmailing
lists and owned land near known épotted knapweed or leafy spurge infes~
tations. A survey questionnaire and cover letter was also mailed to
this group.

In January, 1984, 320 questionnaires were mailed. A followup
letter and questionnaire were mailed to producers'thgt had nqt
responded to the initial mailing after three wegks. The final deadline
for receipt qf the questionnaires was March 1, 1984. |

Responses to the survey were assigned numerical values and
entered into the computer with the partiéipants identificatioﬁ number.

Specific questions were analyzed using Chi Sguare analysis.

Results and Discussion’ .

Sixty-eight percent of the questionnaires were returned. There
was no difference in percent return between landowners that did and

did not attend weed tours.

I




27

Weed Awareness

Weed awareness was significantly higher for tour participants than
among non participants (Table 8). This suggests field tours

increased public awareness of leafy spurge and spotted knapweed.

Table 8. Percent of Landowners Who Were Able to Recognize That Leafy
Spurge or Spotted Knapweed Were Serious Problems on Their

Property. . -
Landowners Landowners Not
Plant Species Attending -Tour Attending Tour
‘ % %
Leafy Spurge2 100a 55b
Spotted Knapweed _ Q4a 65b

1 Data based on information collected from 210 questionnaires
returned by Montana landowners during January, 1984. About one-half
of +the respondents did attend a weed tour in 1983, while the
remainder did not attend a weed tour in 1983,

2 Percentages in the same row followed by the same 1letter not
significantly different at the .005 level.

Weed Control .

SurVey participants were asked to indicate which control methods
they used for spotted knapweed and/or leafy spurge. Thifty percent of
the respondents had infestations of leafy spurge. Herbicides were the
most important method of control for both groups of landowners (Table
9). However, more tour participants used herbicides for leafy spurge
control than non-tour participants. About fifteen percent of all
respondents were utilizing some method of control other than those

‘'listed on the questionnaire. The other methods included sheep (6%),




- 28
planting competitive grasses (1.5%), and spraying with diesel fuel
(1.5%). This suggests that landowners attending the field tours
considered leafy spurge to be a problem and were more likely to

attempt to control it than those that did not attend tours.

Table 9: Treatment Methods Used by Landowners for Leafy Spurge Control
in Four Montana Counties.

Control Landowners Landowners Not
Method Attending Tour? Attending Tour
% %
Mechanical 4.8 : 23.8
Biological 0.0 - 4.7
Herbicides® 95.1a 66.6b
Other ‘ 9.7 4.7
None _ 2.4 23.8

1 Data based on information collected from 210 questionnaires
returned by Montana landowners. About one-half of the respondents
attended a weed tour in 1983.

2 Total percentage does not equal 100 because several respondents used
more than one treatment method. ‘

5 Percentages in the same row followed by the same letter are not
significantly different at the .005 level. Percentages not followed by
a letter indicate numbers that were too small for Chi Square analysis.

Spotted knapheed was listed as a ptoblem by 44% of the respondents.
There was no difference in the control methods used for spotted
knapweed by producers that did and did not attend weed tours (Table
10). Herbicides were the most commonly used method of control.

The lack of difference in spotted knapweed control between tour
participants and those who dia not attend tours may be a reflection‘of

the length of time the knapweed awareness program has been in effect.

The intensive leafy spurge effort was initiated in 1980, however the .
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spotted knapweed program began in 1983. It may take several years
before landowners are willing to adopt sound weed management practices.
The lag period associated with adoption of new ideas has been well

documented (Bohlen et.al., ﬁ962).

.Table 10. Treatment Methods Used by Landowners in Four Montana

Counties for Spotted Knapweed Control:

Control Landowners Landouwners Not
Method Attending Tours® Attending Tours
% %
Mechanical? 25.5a 36.9a
Biological 19.1 28.3
Herbicides ‘ 57.0a 54.0a
Other 12.7 19.6
None . 19.7 21.7

1 Data based on information collected' from 210 questionnaires returned
by Montana landowners. About one-half of the respondents attended a
weed tour in 1983. :

2 Total percentage does not equal 100 because several respondents
listed two sources of information as being the most important.

5 Percentages in the same row followed by the same .letter are not

significantly different at the .005 level. Percentages not followed by

a letter were too small for Chi Square analysis.

Survey participants were asked to rank five reasons for not
controlling weeds in DMontana. Four possible reasons were listed on
the survey questionnaire. Room for a fifth measure was provided to

permit respondents to list other choices. There was no difference in

response between landowners that did and did not attend weed tours.

Lack of available information was ranked as the most important reason

for not controlling weeds (Table 11). This suggests that the weed
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control effort would be improved if either more weed control

information was available, or improved methods for distributing the

information to landowners was adopted.

Other reasons listed by landowners as important for not
controlling weeds included: High cost of herbicides (10%), apathy (8%),
lack of awareness of the weed problem (5.5%), lack of céoperation
between landowners (3.5%),»énd unacceptable results frém prior attempts

to control weeds (2.5%).

Table 11. The Relative Importance of Four Listed Reasons for not
Controlling Weeds as Rated by Landowners in Four
Montana Counties.

% of total responses
indicating that the -
reason was most

Reasons for not controlling weeds important
Lack of information 41
Value of Land too Low 27
Lack of Application Equipment 19
Fear of Herbicides : 15
Other 22

-1 Data based on information collected from 210 questionnaires returned
by landowners during January, 1984. About one-~half of the respondents
attended a weed tour in 1983. '

2 Total percentage .does not equal 100 because several respondents
listed more than one reason.

Information Sources

Survey participants were asked to rank seven common sources of

i

- information pertaining to weeds according to their value to the

landowner (Table 12). There was no difference in source of information
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between those that did and did not attend weed tours. The coopefative'
extension service was chosen as the most important source of weed
information by fifty-two percent of the respondents. Montana State
Unviersity was ranked second by 25 percent of those responding to the
survey. This suggests that .personel within the cooperative extension
service and researchers at Méntana State University shéuld work
together in presenting technical information. Radio or television was
ranked as most important Ey only four percent of respondents. Othe;
sources of weed information included weed.supervisoré(5%),fedefal
agencies (4%), and personal trial and error (2%).

Thére is undoubtedly some bias in the results. since half of
the survey participants attended tours sponsored by the Cooperative
Extension Service and Montana State University. - Also, some
participants that had not attended weed tours were receiving

information from the Cooperative Extension Service.

Table 12. The Major Source of Weed Information for Landowners in
Four Montana Counties.

‘Source of Information % of Landowners
Cooperative Extension Service ) he
Montana State University ‘ 25
Neighbor . 11
Agricultural Business : ' 10
Periodicals - 9
Newsletters 5
Radio or Television ‘ 4

1 Data based on information collected from 210 questionnaires

- returned by Montana landowners during January, 1984. About one-
half of the respondents did attend a weed tour in 1983, while the’

remainder did not attend a weed tour in 1983, .
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Farm Jjournals were a less important source of information in this

survey (Table 12) than they were in Nebraska (Adams and Parkhurst,
19843 Jéeger and Reifschneider 1965). The sources of information
listed in this questionnaire included farm magazines with periodicals
which may have caused some confusion among survey participants.
Responses may have been different if farm magazines had beeﬁ listed
separately.

Extension Strategies

Survey participants were asked to list strategies that the
Cooperative Extension Service should utilize to improve weed control
practices (Table 13). Sixty-nine percent of the resﬁondents.thought
that mqre educational programs such as tours and seminars should be
conducted. This indicates that survey participants found tours ana
meetings to be an effective commuhication‘technique. This conclusion
is supported by aﬁ earlier survey conducted in Gallatin County
(Crandell, Petroff, anq Wolfe; 1983) Other strategies included
publicizing weed problems in newspapers and magazines, establishing
weed newslettefs, providihg a consultation service, aﬁd‘focusing weed
coﬁtrol efforts on landowners with small acreages.

Research Needs

Survey participants were asked to list in order of importance what
weed research should be conducted at Montana State University (Table
14). Sixty-two percent of the survey participants responded to this

question. Research on biological control was ranked as the most

. important area by 43% of the respondents. Twenty seven percent would

like to see more research on control of perennial weeds such as leafy
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spurge, spotted knapweed and Canada thistle (Cirsium arvense) while 26

percent wanted more research conducted on herbicides. Research on weed
physiology and alternative uses for weeds was ranked as most important

by 2% of the respondents.

Table 13. The Most Important Strategies the Extension Service Should
Utilize to Improve Weed Control Practices, as Perceived by
Landowners in Four Counties.! : :

Extension Strategies % of Landowners 2
Conduct Tours and Seminars ' _ 69
Publicize Weed Problems 15
Publish Newsletter : . . 10
Provide Consultation S
Focus Education on Landowner with

Small Acreage : 5

1 Data based on information collected from 210 questionnaires
returned by landowners during January, 1984. About one-half of
the respondents attended a weed tour in 1983, while the remainder
did not attend a weed tour in 1983, '

2 Total percentage does. not equal 100 because several respondents
listed two strategies as being the most important.

Table 14. The Areas of Weed Research Needed at Montana State
University as Perceived by Landowners in Four Montana

Counties.
Research Needs ‘ Landowners (%)
Biological Control 43
Perennial Weed Control 27
New Herbicides ‘ - 26
Weed Physiology - 2
Alternative Uses for Weeds 2

1" Data based on.information collected from 130 responses from 210
questionnaires returned by Montana landowners during January, 1984.
About one-half of the respondents attended a weed tour in 1983.
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Summary

It appears that the weed education program has been successful in
Montana. Landowners that attended weed tours were more aware of the
leafy spurge and spotted knapweed problems than those that did not
attend. Also, attempfs to control leafy spurge were significantly
greater among tour participants than‘among non-participants.

The cooperative extension service Waé listed as the mosf important
source of weed information by 52% of the respondents. The second most
important source of information was Montana State University.
Respondents felt that if more information on weed identification and
control was available it Wouid improve weed control practices. Wged
tours and seminars were listed as important strafegiés for transferring
weed information. <Other important strategies inciuded publiéizing weed
problems in newspapers and magazines, and publishing weed newsletters.
Educators should utilize a range of communication technique; to develop

a-sound weed education program.
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PART IT.

BIOLOGY AND CONTROL

OF SPOTTED KNAPWEED
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CHAPTER 4
LITERATURE REVIEW

Introduction

Spotted knapweed‘(Centauréa macﬁlosa Lam.) is‘the most

\ troublesome rangeland weed in western'Montana (IPM Committee Meeting,

1981). The aggressive growth habit and lack of natural enemies has
allowed spotted knapweed to spread rapidly. -

Spotted knapweed was introduced to‘North America in 1893 in
alfalfa seed from Asia Minor-Turkmenistan (Groh, 1940). Spotted
knapweed was reported in Ravalli County, Montana‘bf 1920 (Forcella and
Harvey, 1980). The weed currently infests an estimated 800,000
hectares in the state.(Maddox, i979) and has been collected in every
county. Approximately 35.8 millioh hectares of grazeable woodland and
rangeland in Montana a;e suscepfible to spotted knapweed invasion
(Bucher, 1984). —

Sﬁottéd knapweed is a biennial or short-lived perennial herbaceoﬁs
plant that:reproduces from seed. It has numerous ascending branches,
30-100 cm high} each bearing a single seed head (Moore:and Frankton,
1974). The leaves are alternate, aﬁd much divided. The upper 1eéVes
are linear in éhape. Eaéh flower head has bracts that are marked with
fine vertical streaks and,fipped with a black fringe (Watson and
Renney, 1974). The flowers are tubular anq range in colop from pufple

to white. Spotted knapweed is a tetraploid with n=18 chromosomes
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seed, vegetative shoots can emerge from 2.5 to 7.5’cm from the mother
plant. These shoots form rosettes which remain attached to the mother
planf (Watson and Renney, 1974).

Spotted knapweed reproduces aggressively by seed. The number of
viable seed produced per plant is directly related to the amount of
available moisture (Schirmann, 1981). Individual spotted knapweed
plants produce from 436 to 25,263 seeds under dryland and irrigated
conditions respectively (Watson and Renney, 1974). The number of seeds
produced per square meter ranges from 7000 to 90,000 (Schirman, 1984).
Story (1976) estimated that spotted knapweed plants produce an average
of 1000 seeds per plant in Montana. Seed dispersal beéins two to
three weeks after flowering. When movement of the étem occurs, the
achenes are expelled with a flicking action from the heaq. Seeds may
land up to one meter from the parent plant (Watson & Renney, 1974).

. Spotted knapweed seeds'germinate over a broad range of
environmental conditions. Watson and Renney (1974) found that
continuous light significantly reduced germination.of.épotted knapweed
after six days. Optimum germination temperature was 10C to 28 C but
germination occurred at. temperatures from 7 C to 34 C.

The longevity of spotted knapweed seed viability has not beeﬁ
determined. However, preliminary work by Shirman (1984) and Chicoine
(1984) indicates that buried spotted knapweed seed remain viable in the
s0il for more than five years. |

Spotted knapweed is well adapted to a wide range of environmental
conditions. The weed has been observéd-at‘altitudes ranging from 30 m

to over 2700 m (Watson and Renney, 1974; Chicoine, 1984) and in annual
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precipitation zones which receive less than 25.4 cm and more than 200
cm annually (Chicoine, 1984).

Spotted knapweed readily colonizes soils with a wide range of
chemical and physical properties. The degree of soil disturbance
rather than specific soil properties determines the density potential
of spotted knapweed (Watson and Renney, 1974). Although open habitats
are preferred by spotted knapweed, (Watson and Renney, 1974) it will
invade disturbed forest soils which have an intermittent canopy cover
(personal observation).

Spotted knapweed produces an allelochemical which helps the plant
maintain stand densities (Fletcher and Renney, 1963). Preliminary
studies have tentatively identified the allelochemical as cnicin
(Kelsey, 1984) (Figure 4). The highest concentration of cnicin is

found in the leaves (Fletcher and Renney, 1963).

OH

OH

Figure 4. The Structure of Cnicin (from Kelsey, 1985).
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Effect of Spotted Knapweed on Forage Production

The dense, spiny canopy of spotted knapweed reduces the
availabiiity of desirable forage species (Watson-and Renne&, 1574).
Although spotted knapweed is rarely utilized for forage, the rosettes
of spotted knapweed have some nutritive value. The protein content of
spotted knapweed plants.harvesfed in late May in Montana range from 9
to 18 percent dépending on the site.” Spotted knapweed mowed in_late
spriﬁg has also been found to prdduce a good quality silage with over
19 percent protein (Kelsey, 1985, personal communication). However,.as
the plant reaches. maturity, the nutritional value decreases and fiber
content increases (Kelsey, 1985, personal communication; Fletcher and
Renney, 19635. Recéntly, Cox (1983) reported that sheep readily
consume spotted knapweed in a pasture setting. This interesting
finding merits further research to devise methods of sheep manaéement
as a control method.

The competitive nature of the -knapweeds has been well documented.
Watson and Renney (1974) found that knapweed invasion on a good

condition bluebunch wheatgrass (Agropyron spicatum) - rough fescue

(Festuca scabrella) rangeland in Canada reduced forage production 87.5

percent, from 896 kg/ha to 112 kg/ha. Similar results were reported in
Idaho and Montana where spotted knapweed reduced perennial grass
production from 80 to 90 percent .(Wattenbarger et al., 1980; Chicoine,

1984).

Crested wheatgrass (Agropyron cristatum) and Russian wild rye

(Elymus junceus) have been 'shown to compete with spotted knapweed and

diffuse knapweed (Centaurea diffusa). There are also unsubstantiated
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reports that sheép fescue (Festuéa ovina) occurs in association with

spotted knapweed (John Lacey, 1985, personal communication). The
degree of knapweed suppression by grasses will vary according to the
grass species and the climatic regime. Myers and Berube (1983)

resampled plots established in 1967 to determine the effectiveness of

crested wheatgrass. and Russian wildrye in preventing reinfestation of

diffuse knapweed. Results in 1978 (11 years following treatment) showed
diffuse knapweed densities were high in non-~seeded plots, moderate in
Russian wild rye plots and very loﬁ in crested wheatgrass plots at one
location., However, diffuse knapweed had completely reinvaded a similar
experimental site in a higher rainfall 'zone. The ability of crested
wheatgrasé to utilize soil moisture early ;n‘the spring apperantly
depletes £helsoil moisture reserves which are critiéai for seedling
establishment of diffuse knapweed (Hubbard, 1975; Myers and Berube,
1983).

CattleAcarrying capacity is.reduced as spotted knapweed replaces
more desirable forage species. Cranston (1984) estimafed sto;king rate
losses due to spotted knapweed were approximately $1.5 million annually
in British Columbia. The annual forage loss.caused by spotted knapweed
in Méntana is estimated to be $4.5 million (French and Lacey, 1983).
Range livestock income could be reduced by $155.7 million annually.if

all vulnerable range and grazeable woodland in Montana was infested

(Bucher, 1984).

Effect of Picloram on Controlling Spotted Knapweed
Picloram (4-~amino-3,5,6~trichloropicolinic acid) and 2,4-D ([2,4-

dichlorophenoxy]acetic acid) have been used extensively for spotted

e
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knapweed control on range and pastureland. These are selective
-herbicides which control broadleaf weeds with little damage to grass
species. Picloram is the most effective herbicide for gontrolling
spotted knapweed .and provides from one to five years of complete
control (Cranston, 1984; Chicoine, 1984). Liquid formulations of
picléram are more effective than comparable rates of fhe granular
formations (Wattenbar:ger et al., 1980). Renr;ey an(i Hughes (1969) found
that picloram applied at 0.42 to 0.56 kg/ha provided optimum control of
Centaurea spécies. Picloram‘at 0.28 1o 1.12 kg/ha provided 100 percent
control of spotted knapweed one year following herbicide application
(Wattenbarger et al., 1980). The addition of 2.24 kg/ha of 2,4-D to
0.28{ kg/ha of picloram did not improve spotted knapweed control over
0.28 kg/ha .of picloram alone (Chicoine, 1984).

The persistence and rate of picloram in soil determines the
length of control for many weed species. The residual p‘eriodiof
activity o.f picloram varies considerably at different locations.
Goring et al.: (1965) reported that decomposition of piéloram applied at
rates ranging from 1.57 to 4.7 kg/ha in four states ranged from 78 to
100 percent after two years. Keys and Friesen (1968) measured the
residual activity of picloram three years after application on four
soils in western Canada. The amount of picloram remaining in the soil
was 10 percent of the original concen£ration after two years, and six
percent after three years. Picloram residues were most often
concentrated in the upper 15.2 cm of soil., Scifres et al.‘ (1971)

:reported that picloram (0.28 kg/ha) dissipated within one year, and
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usually within 90 days when applied to semiarid rangeland in west
Texas.

Variation in the residual activity of pic;oram Jis attributea to
differences in soil properties, ele&ation, climate, an& initial
herbicide concentrations. Picloram is more persistent in clay or
sandy loam than sandy textured soils (Herr et al. 1966; Merkel et al.,
1967). The rapid dissipation in 1ight‘textur¢d séils may be due to
leaching (Burnside et al., 1971 ; Merkei et al., 1967) since'tﬂe
percent clay fraction had no significant ipfluence on the rate of
picloram decomposition (Youngson et al., 1967). Picloram decomposition

rates are increased as soil organic matter content and temperature

'increases (Hunter and Stobbe, 15723 Youngson et dl.; 1967; Grover,

19683 Merkie et al., 1967). The rate of decomposition - decreases with
increasing depth in the soil profilg (Hunter and Stobbe, 1972), and
decreasing levels of soil moisture (Youngson et al., 1967). |
Ultraviolet light decomposes picloram on plant and soil surfaces
(Hall et al., 1968; lMerkle et al., 1967). Photolytic degradation of

picloram is greatest at high elevations since solar radiation increases

with altitude (Johnson and Martin, 1983). Once in the so0il, picloram -

is protected from photo-decomposition.

The rate of.picloram dissipation is also related to initial
herbicide concentration. Hunter and Stobbe (1972) determined that the
percent of picloram degraded was greater. at lower doses. This
indicates that a 1lag period occurs in picloram degradation when high

concentrations are applied (Grover, 1567).
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Spotted Knapweed Response 1o 2,4-D

Spotted knapweed control with 2,4-D ((2,4-dichloro-phenoxy )acetic
acid) is extremely variable. Chicoine (1984) found that the percent
control of spotted knapweed after one year with 2.24 kg/ha of 2,4-D
amnine ranged from 21 to'106 percent at two locations. Results in Idaho
were similar with spotted\knapweed control ranging from 30 to 84
percent with 1.12 kg/ha of'é,4-D (Belles et al., 1978; Wattenbarger et
al., 1980). Cranston (1984) reported that effective control of
seedlings was obtained with 2,4-D, however, rosette plants recovered
from the herbicide. Retreatment of 2,4-D is necessary to gain
acceptable levels of control of mature spotted knapweed plants (Maddox,
1979). Variation in control of spotted kﬁapweed with 2,4-D may be due
to environmental conditions or differences in tolerance within the
species.

Differential tolerance to 2,4-D within weed species has long been
recognized. McCall (1954) and Hilton (1957) identified two strains of

Commelina diffusa having differential tolerance to 2,4-D as early as

1950, One strain was easily controlled with 2,4~D at 1.12 kg/ha while
5.6 kg/ha were required to control the other. Whitworth (1964)
reported differences in response to 2,4-D by strains of field bindweed

(Convolvulus arvensis). Sexsmith (1964) found differences among 12

strains of whitetop (Cardaria chalepensis) in response to 2,4-D. There

have also been reports of variation in sensitivity to 2,4-D within

collections of kochia (Kochia scoparia) (Bell et al., 1972).
Differential response to a herbicide within a species often

depends on factors that influence the amount of herbicide. reaching the
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phytotoxic site of action. This includés differences in uptake,

translocation, and metabolism of the herbicide. The uptake of a

herbicide can be influenced by growth habit, cuticle composition and:

thickness, or leaf surface pubescence. Hodgson (1973) reported that

variation in cuticle thickness among Canada thistle (Cirsium arvense)

ecotypes modified their response to 2,4-D. Hull (1964) reported an
inverse correlation between cuticle thickness and activity of 2y4-D.
Increasing thickness of isolated cuticle within a species has been

shown to reduce 2,4-D penetration (Skoss, 1955). Norris (1974)

reported that the quality and quantity of wax were more important than

thickness in determining penetration of 2,4-D.

Translocation of 2,4-D is mostly symplastic with transport of ‘thé
herbicide to active metabolic sites. Lack of phloem transport is an
important mechanism in detel;mining differential sensitivity to 2,4-D
among plant species (Jenson, 1982).

Metabolism of 2,4-D to an inactive form is another factor
regulating sensitivity to a herbicide. Detoxification of 2,4-D can
occur by: (1) side-chain decarboxylation, (2) sugar conjugation, (3)
conjugation with glutamine and’ aspartate, and (4) ring hydroxylation
(Mullison, 1982) (Figure 5).

Luckwill and Lloyd-Jones (1960) found that the ability to
decarboxylate 2,4-D varied w’idely between varieties of apples (P_y;'E
decarboxylate 59 percent of absorbed 94C 2,4”-D compared to only 2
percent in a sensitive variety. However, inherent tolerance to 2,4-D

appears to be more complex than decarboxylation alone. Luckwill and
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Lloyd-Jones (1960) showed data from 17 species in which there was no

association between tolerance and decarboxylation of 2,4-D.
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Figure 5. Summary of 2,4-D Metabolism by Plants (from Feung et al.,
1978) .

Whitworth and Muzik (1967) reported that differential response
within field bindweed was not related to differences in leaf
morphology, plant vigor, or adsorption and translocation of the
herbicide. The differential response appeared to be through
deactivation of 2,4-D within cells of the tolerant tissue by binding to
nonactive sites. Adsorption to nonactive sites has also been proposed

as the mechanism of tolerance within wild carrot (Daucus carota)

(Whitehead and Switzer, 1963).
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In general, it appears that differential response to 2,4-D within

a plant species is based more on internal physiological factors rather
than morphological characteristics. Rapid herbicide metabolism and its
effect on transiocation are often implicated when tolerance within a
species is noted. The degree of tolerance within a species appears to

be heritable (Jensen, 1982).
Summary

Spotted knapweed is an aggressive, introduced weed that has

invaded over 800,000 hectares of grazeable woodland and rangeland in -

Montana. About 13.8 million hectares are highly susceptible to
invasion by spotted knapweed in the state.

Spotted knapweed is well adapted and reproduces effectlvely by
seed. Individual plants can produce from 436 to 25 263 seeds under
dryland and irrigated conditions respectively. While the exact period
of longevity of viability of spotted knapweed seed in the soil has not
been determined, it has been found to exceed five years.

Spotted knapweed can establish and thrive under a wide raﬁge of
environmental conditions. Once established, spotted knapweed spreads
rapidly. The presence of an allelopathic chemical within the leaves of
spotted knapweed suppresses the growth of surrounding vegetation.
Grass productionvcan be teduced 80 to 90 percent by invasion of spetted
knapweed.

Picloram is the most effective herbicide for controlling spotted
knapweed. One application of 0.28 kg/ha of picloram can control

spotted knapweed for one to five years. The persistence of picloram in
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soil determines the length of control of a a given weed species. The
residual activity of picloram ﬁill vary according to temperature,
rainfall, soil properties such as percent clay and organic matter,
elevation, and initial rate of hérbicide applied.

Spotted knapweed control with 2,4-D is extremely variable.
Variation in control between‘sites may be due to environmental
differences,6 or inherent tolerance within strains of spotted knapweed.
Morphological and physioldgical differences within a species can

influence uptake, translocation, and metabolism of the herbicide
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CHBAPTER 5

THE EFFECT OF REDUCED RATES OF PICLORAM
ON THE LONGEVITY OF CONTROL OF SPOTTED KNAPWEED

Abstract

Spotted knapweed (Centaurea maculosa Lam.) control with picloram

and picloram/2,4~D combinations was measured at two locations in

Montana. Picloram was applied at rates ranging from 0.07 to 0.28 kg/ha

alone and in combination with 2.24 kg/ha of 2,4-D. Results showed that:

.all rates of picloram significantly reduced mature and seedling spotted
knapweed densities 26 months following herbicide application. The
addition of 2,4-D to 0.07 kg/ha of picloram significantly reduced

spotted knapweed density when compared to 0.07 kg/ha of picloram

applied alone. Forage production increased 200 to 770 percent in

response to the reduction in spotted knapweed density. Soil biocassays
clearly indicated that persistence of. picloram in soil is an important

factor in maintaining long-term control of spotted knapweed.

Introduction

Spotted knapweed (Centaurea maculosa Lam.) is a short lived

perennial weed which infests more than 800,000 ha of range and

pastureland in Montana (Maddox, 1979). The plant reproduces by seed

and spreads rapidly due to an allelopathic effect on surrounding

vegetation (Fletcher and Renney, 1963). Carrying capacity can. be
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reduced 80 to 90 percent by invasion of spotted knapwéed (Chicoine,
1984; Watson and Renney, 1974% |

Herbicides are the most effective means of control;ing spotted
knapweed. Picloram at 0.28 kg/hé has been shown to provide from one to
five years of control of spotfed knapweed (Chicoine, 1984; Crénston,
1984). It has been suggested that the length of controllis dependent
either on picloram fesidues remaining in the soil or from competition
from associated species (Chicoine, 1984; Harris and Cranston,. 1979).

Length of control from picloram rates below 0.28 kg/ha has not
been determined. The optimum rate of herbicide needed to control this
weed must be determined because of ecological and economic éoncerns
for rangeland.

The objectives of this study were: (1) To determine the obtimum
herbicide rate of picloram and picloram/2,4-D combinations needed to
control spotted knapweed, (2) to measure the growth response of
associated vegetation after removal of spotted knapweed, and (3) to
measure the persistence of low rates of picloram under pangeland

conditions in Montana.

Materials and Methods

Picloram Rate Study

Field trials were established in June, 1982 by Timothy K.
Chicoine, former research assistant, Plant and Soil Science Department,

Montana State University. Three sites were originally selected for the

study however, the site near Stevensville, Montana was destroyed by

building construction in 1983. The 'site characteristics of the

'remaining two locations are described.
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Site 1 was located near Ovando, Montana on the Blackfoot—

Clearwater Game Refuge. The study -was established on gently roliing

foothills characterized by a grassland community type. The site was

dominated by timothy (Phleum pratense); -smooth bromegrass (Bromus

inergig), and Kéntucky bluegrass (Poa pratensis). The dominant forb.

_was spotted knapweed. A detailed description of the plant community is

shown.in Appendix D (Table 35D; The site had been:cultivated in 1954
and seeded to timothy. There was no grazing use on the study location
by either domestic animals or wildlife during the two yeér‘study period
(Dan Neal, 1985, personal communication).

The elevation at the study site was 1837 m and average annual
precipitation during the two year sfudy period was 40 cm (Appendix D,
Table 36). The soils were classified as 1qamy—ske1etal, nixed, frigid

Typic Haplustols (Appendix D, Table 38).

Site 2 was located approiimately 15 miles south of Harlowton,

Montana on a floodplain. The site consisted of a grassland vegetation

community dominated by western wheatgrass (Agropyron smithii), Kentucky

bluegrass (Poa pratensis), needle-and-thread (Stipa comata), and blue

grama (Bouteloua gracilis). Spotted knapweed was the dominant forb. A

detailed description of thé plant community is shown in Appendix D

(Table735). The study area was located within a 245 hectare pasture

' that was stocked each year with 700 animal units from November through

Ma&. Although supplemental feed was provided, the area received heavy
grazing pressure during the early spring months (Bill Jones, 1985,

personal communication).
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The elevation atlthe site was 2047 m and average annual
precipitation was 37 cm during the study period (Appendix D, Table 36).
The soil was cléssified as a ioamy—skeletal, mixed, frigid Ustic
Torrifluvent (Appendix D, Table 39). The thickness of the surface spif
layer ranged from 5 to 20 cm.

Trials were arranged in a split block design with three
replications pef treatment. Picloram was the main plot treatment and
was applied at rates of 0.0, 0.07, 0.1, 0.14, 0.21, 0.22, 0.25, and
O.Zé kg a.i./ha. The subplot treatmgnt was 2,4~D applied at the rate
of 2.24 kg a.i./ha. Further details concerning the plot design and
herbicide application were described by Chicoine (1984).

Mature and seedliﬁg spotted knapweed density counts and biomass
measurements were taken in'July, 1984. Two quarter meter square frames
were placed at random locations within each subplot. Mature énq
seedling spotted knapweed density counts were made in each frame.
Vegetation within the frame was clipped at ground level and the current
years growth separated iﬁto perennial grasses, annual grasses, forbs,
shrubs, - and spottgd knapweed. The vegetation was oven dried at 50 C
for 48 hours to determiﬁe dry weight. The number of other forb species
present in each treatment was determined in June, 1984. Three 0.09
- square meter frames were randomly placed within each subplot and the
" number of forb species recorded.

Data collected may have been biased by earlier field techniques
since plots clipped in 1982 and 1983 were not permaﬁently marked or

located along established transects. Although an attempt was made to

avoid these areas while collecting 1984 density and biomass
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The amount of picloram remaininé in the soil was determined by

' bioassay. In preparation for the biocassay, 300 grams of soil from each

picloram tréatment and the untreated control was placed in 10 cm
diametér’bj 7 cm deep styrofoam cups. Field beans {(Phaseolus
vulgaris) and spotted knapweed were used.as ‘biocassay indicator plants.
Five beans and 10 spotted knapweed seeds‘were placed in each pot. The
pots were arranged as a randomized complete block design with three
replications per treatment. There were two pots in each replication
which served as subsamples.

~Plants were grown in the greenhouse at 16 C night and 21 C day
temperatures. Supplemental fluorescent light wés provided to extend
the photoperiod to 16 hours per day. Pots were weighed three times per
week and water added to maintain'soil moisture at field capacity.
After one week, the plants were thinned to three beans and five spotted
knapweed per pot and grown for an additional three weeks. Thg beans
were harvested one ménth.after planting and oven dried at 50 C for 48
hours. Dry weights of the first two true leaves were measured.

Spotted knapweed seedlings were grown for an additional month,

harvested, and the oven dry weight of the seedlings was averaged for

each pot. The experiment was conducted twice.

Standard reference curves were prepared using untreated soil from.

both locations. To détermine the amount of picloram necessary.to
construct the standards, it was assumed that 7.6 cm of soil from an
area of one hectare weighed‘h1 million kg. From this assumption , a
0.28 kg/ha application of picloram was equivalent to approximately 256

ppbw.
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Standards were prepared by adding 300 grams of untreated soil to
styrofoam pots. Solutions of picloram were added to the untreated soil
at concentrations of 0, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, and 256
parts per billion by weight (épbw). The herbicide was allowed to
equilibrate in the soil for one week before planfing. Field beans
and spotted knapweed were used -as bioas?aY' plants and grown under
the same conditions as described above for the field sam;ies.

_Simple linear regression analysis, Y = a + bx (where a= Y
intercept and b= slope), was used to analyze the effect of picloram
concentrations (independent variable, X) on the weight of the bean
leaves (dependent variable, Y) (Figure 5). The regression was used to
determine the amount of picloram remaining in the field samples. An
analysis of variance was used to test for differences between

treatments.

Results and Discussion

Picloram Rate Study

All rates of picioram and picloram/2,4~D combinations
significantly reduced mature and seedling spotted knapweed density 26
months after herbicide application (Table 15 and'16). Picioram'alone
at rates from 0.14 to 0.28 kg/ha continued to provide 100 percent
control of mature spotted knapweed 26 months following herbicide
application. Complete controi of mature spotted knapweed plants was
ﬁot obtained at picloram rates below 0.14 kg/ha alone or in combination
with 2,4-D. :

Mature spotted knapweed densities decreased from 35.7 plants in

1982 to 9.0 plants per quarter meter square in 1984 on plots treated
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Figure 6. The Standard Curve Used for the Picloram Bioassay.

1 Points on the Regression Indicate the Dry Weight of Bean Leaves as a
Percent of the Control for each Picloram Concentration.
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