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Abstract:

Leafy spurge (Euphorbia esula L.) is an introduced perennial weed infesting one half million acres in
Montana. Once established, leafy spurge is difficult to eradicate due to its deep extensive root system.
Three approaches to the leafy spurge problem were utilized.

A statewide education program utilizing articles, newsletters and field tours was initiated in an effort to
make more people aware of the leafy spurge problem. A ten part series of articles covering the history,
biology, control and research of leafy spurge was sent to Montana newspapers. Twenty newspapers
printed some or all of the articles. The articles resulted in requests from producers for additional
information and copies of the complete series.

A quarterly leafy spurge newsletter was initiated in 1980. The newsletter included research results and
updates from five universities and the Biological Control Laboratory in California. The newsletter was
mailed to county agents, weed district supervisors, county commissioners, legislators, research
personnel, chemical company representatives, farmers and ranchers. The mailing list for the newsletter
numbered over 850 in October, 1981.

Eighteen field tours were conducted in 1980 and 1981. The tour sites utilized demonstration plots
showing chemical control of leafy spurge using picloram (4-amino-3,5, 6-trichloropicolinic acid),
dicamba (3,6-dichloro-o-anisic acid) and 2,4-D [(2,4-dichloro-phenoxy) acetic acid]. Displays and
discussions covering statewide infestations, leafy spurge biology, biological control and new chemical
application methods were included in the field tour. Two hundred and forty people attended the 1980
tours and over 300 attended the 1981 tours.

Leafy spurge was examined as a possible source of hydrocarbons. Twelve strains of leafy spurge were
harvested three times or as many times as regrowth allowed during the 1980 growing season. A
benzene:hexane mixture was used to extract hydrocarbons. No statistical differences were observed
among strains for June, August and October harvests. Four ecotypes contained high amounts of
hydrocarbon when harvested in July. Several ecotypes contained more than two percent hydrocarbons
on a plant dry weight basis. Fertilizer did not improve hydrocarbon content.

Native and introduced grass species were grown in soil taken from two leafy spurge infestations to
determine whether leafy spurge root exudates have allelopathic properties. There was no difference in
the rate of emergence of the grass species in the infested and check soils. No differences were observed
in the growth rate of the species grown in each soil. Four species showed weight differences between
the Missoula infested and check soil one month after planting, however, there were no weight
differences two months after planting. Plant dry weight of Alopecurus arundinaceus was lower in
Missoula infested soil than in check soil two months after planting. Plant dry weight of Bromus
inermus was lower when grown in Vaughn infested soil one month after planting.
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ABSTRACT

" Leafy spurge (Euphorbia esula 1..) is an introduced perennial weed infesting one half
million acres in Montana. Once established, leafy spurge is difficult to eradicate due to its
deep extensive root system Three approaches to the leafy spurge problem were utilized.

A statewide educatlon program utilizing articles, newsletters and field tours was init-
iated in an effort to make more people aware of the leafy spurge problem. A ten part series
of articles covering the history, biology, control and research of leafy spurge was sent to
Montana newspapers. Twenty newspapers printed some or all of the articles. The articles -
resulted in requests from producers for additional information and copies of the complete
series. '

A quarterly leafy spurge newsletter was initiated in 1980. The newsletter included
research results and updates from five universities and the Biological Control Laboratory in
California. The newsletter was mailed to county agents, weed district supervisors, county
commissioners, legislators, research personnel, chemical company representatives, farmers
and ranchers. The mailing list for the newsletter numbered over 850 in October, 1981.

Eighteen field tours were conducted in 1980 and 1981. The tour sites utilized
demonstration plots showing chemical control of leafy spurge using picloram (4-amino-3,5,
6-trichloropicolinic acid), dicamba (3,6-dichloro-o-anisic acid) and 2, 4-D [(2, 4-d1ch.loro-
phenoxy) acetic acid]. Displays and discussions covering statewide infestations, leafy
spurge biology, biological control and new_chemical application methods were included: in
the field tour. Two hundred and forty people attended the 1980 tours and over 300 at-
tended the 1981 tours.

Leafy spurge was examined as a pos51ble source of hydrocarbons. Twelve strains of .
leafy spurge were harvested three times or as many times as regrowth allowed during the

1980 growing season. A benzene:hexane mixture was used to extract hydrocarbons. No  ~

statistical differences were observed among strains for June, August and October harvests.
Four ecotypes contained high amounts of hydrocarbon when harvested in July. Several
ecotypes contained. more than two percent hydrocarbons on a plant dry weight basis.
Fertilizer did not nnprove hydrocarbon content

Native and introduced grass species were grown in soil taken from two leafy spurge
infestations to determine whether leafy spurge root exudates have allelopathic properties.
There ‘was no difference in the rate of emergence of the grass species in the infested and
check soils. No differences were observed in the growth rate of the species grown in each
‘soil. Four species showed weight differences between the Missoula infested and check soil
- oné month after planting, however, there were no weight differences two months after-
plantlng Plant dry weight of Alopecurus arundinaceus was lower in Missoula infested soil
than in check soil two months after planting. Plant dry weight of Bromus inermus was
lower when grown in Vaughn 1nfested soil on¢ month after planting.




INTRODUCTION

. Leafy spurge (Euphorbié esﬁld L.) is a noxious peréﬁﬁia.l weed which pfobzibly origi-
nated in the Caucasus region .of Russia (Croizat, 1945). ,If wéé ﬁrst coﬂet;tgd in the United
States in Massachusetts in 1827 (Britton, 1921). It was found as far west as Michigan in
1881 (Dunn, 1979). A dis;cribution map produced by Hanson and Rudd (1933) showed
limited infestations of spurge és far south . as Colora&o, and the h_eéviest ihfestatioris in
North Dakota, eastern South Dakofa and Minnesota. An .updated' infestation map (Dunn,
1975) showed leafy spurge i'n'festatibns were centered in qu'tana,.North Dakota; Sm.ith
Dakota, and Wyoming. The weed had not sbread southward since the' Hanson and Rudd
(1933) survey. Noble et al. (1979) reported that m@re than 2.3 million_ acres in the United
S‘tatﬁs are currently infest_éd ‘with leafy spurgé.ABy 1970 leafy spurge was pregent in évery '
province in Canada except Newfoundland (Harris and Alex, 1971). |

The spread of leafy spurge is attributed to ifs efficient reproduction by seed’and
.vegetative buds (Bakke, 1936). Vegetative root buds are‘fouhd as dcép as ten feet below -
the soil surface and shoots a.re capable of emerging from as deep as three feet (Selleck et al.,
1962). Buds from root.tissue ten feet deep can produce shoéts when brought to the soil _
“surface (Raju et al., 1964). Bakke (1936) and Selleck et él. (1962) aftribufe the persistence |
of leafy spurge to its deep, extensive root syétem which accumulates a large carbohydrate
reserve. | .

Reproduction by Seéd is al; efficient process since a leafy spurge plant can‘produ‘ce'
' several hundred seed per year (Muen.scher, 1930). Seeds are normally produced in a three-
lobed capsule. At méturity the -_seeds‘ dehicé and can be brojected as far gs.ﬁfteen feet

(Bakke, 1936). - .
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Leafy spurge seeds are spread by hay, machmery and waterways. Animals aid seed
dispersal (Selleck, 1962)

The extensive root system and vegetative buds make it difficult to eradicete leafy
spurge by chemical, cultural or mechanical means (Dunn, 1979; Mclniyre; 1972). Several
chemicals are available to control topgrowth but none eradicate the plant. Biological/ con-
trol ﬁas been aftempted with two insects, the spurge hawkmoth, Hyles .euphorbiae, and a
root mining moth, Chamaesphecia tenthredin-informis. Neither insect was successful. A
root boring beetle, Oberea erythrocephala, is being evaluated in the ﬁefd for its potential
as a biological control agent on leafy spurge. |

The following thesis examines three aspects of leafy sperge:

(1) In an effort to-create an awareness of the leafy spurge problem and the possibili-
ties for control, an education prograrh was started in the state of Montana. The educationr ’
prpgi‘atn was carried out over a two year beriod and constitutes the fn.ajor empflasis of the
thesis work.

(2) The latex of certaiﬁ members of the Euphorbiaceae family has been studied as a
source of hydrocarbons to replace some petroleum products (Calvm, 1979b; Coffey andl
Halloran, 1979) Distinct ecotypes of leafy spurge exist (Barreto et al., 1980) $0 it is pos-
sible that hlgh latex-bearing strams of spurge exxst Since leafy spurge is a perennial with
excellent regrowth capacity, it might be possible to obtain several hydrocarbon harvests
per season. |

' (3) There is evidence to suggest that some Euphorbia species exude toxic substances
into soil that inhibit growth of nitrifying bacf:eria (Rice, 1974). Studies have shown that

leafy spﬁrge extracts will inhibit sehsitiye indicatof plants (Steenhagen and Zimdahl, 1979;
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LeTourneau et al., 1956). Leéfy spurge is often found in areas which were formerly pro-
ductive grassland. The third portion of the thesis was an investigation of the allelopathic

potential of leafy spurge against native and introduced grass species.




PARTI

A LEAFY SPURGE AWARENESS PROGRAM




CHAPTER ONE
LITERATURE REVIEW: AGRICULTURAL COMMUNICATION

.Communicatio.n is the process of imparting or exchanging information (Bradﬁeld;
1966). Kelsey (1963) further defined communicatien as “the process of transferﬁng an
idea, skill or aptitude from one person to another accurately and satisfactorily. Satisfaetion
is achieved when the‘communicator gets the attention, interest, decision and actions of i:he
- audience.”

Mass communicatiens are used in agrieﬁlture to aid in‘ bridging the gap hetWeeh
farmers and research which enhances agncultural development (Myren, 1964; Bradfield,
1966) Mass commumcatlon techmques multlply contacts with farmers, help change habits -
of farmers, and transmit a mood of change (Myren, 1964). [The emphasis is-the author’s.]

Bradfield (1966) cautions that the communicator should know beforehand what
type of change is des1red in order to present the matenal correctly How ‘much the aud1-'
ence learns is affected by the confidence they have in the communicator and the communi-
cator’s attitude. The inforghation fransfened should be interesting to the r;eople participat- |

ing, understood by _the audience and useful to those learning (Morgan, 1976; Mager, 1968).

Communication Studies’

National and international organizations have recognized that communication is a
'necessary: part of _agricuiture, and that methods of communication can be improved. In
- 1953 the Kellogg F qunda_tion funded the Naﬁenal Project in Agricultural Cothuhications
“to study, sthnu;afe and abply communicatien rese‘areh and knowledge to the field of agri--

cultural communications” (Michigan State University). The first interamerican research '
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symposium on the role of communications in agricultural development was held i;l Mexico
City in 1962 (Myren, 1964). The symposium participants identified key research areas
which identiﬁéd guidelines. for action programs.

Agﬁcultural producers need an increasing amount of knowledge as agrictilture tech-
nology becomes more advanced (Jensen et al., 1964). 'fraini_ng and education programs are
necessary to keep producers current on new p;odﬁcts' and techniques (Bender et al., 1972),
The Cooperative E)'ctension Service has been an integral part of the search for new and
innovative methods to reaph the public with educational material siﬁce 1914 (Trent ahd
Kinlaw, 1979). A méjo_r thrust of the Extension Service has involved adult education pro-
grams which offer a dissemjnation technique for presenting the newest farming practices
and information. Adult education is uniquely bene_aficial since it can respond to the
demandé made by people involved with changiné technologies (Jensen et al., 1964). The
goals for an instructional prdgram for adulté need to be clearly defined at the onset so that

there is a. basis for selecting materials, content or instructional methods (Mager, 1962).

Communication Methods

Agricultural communication is accoﬁlplishéd through é'five step diffusion ﬁrocesé.
Awareness of an idea initiates the process. Interest,‘evaluation, trial and adoption of the
new idea complete the process. People are inﬁueﬁéed to begin the process alnd make
chaﬂges in proportion to the number of different teaching methods with which they cdme .
into contact. Contacts can be made via radio, newsﬁaper, bulletins, meefings or demon-
strations (Kelsey, 1963; Bender et al., 1972). . |

Operators of large commercial family falrms héve identified agricultural media

including farm publications, newspapers, radio :a'nd'television as important sources of infor-




7' .
mation (Brown and Collins, 1978). The audience and the fesponse desired will detérmine

the method of communication used (Bradfield, 1966).

Audio-Visual Commﬁnication

.~ Radio ﬁrét came to be_ of ' general intérest in the 1920s. Programs were initially very
' general since one station covered a statewide aréé. Today, the ;adio approach can be more
local since most towns have a radio station (Kelsey, 1963). Radio is an inexpeﬁsive ﬁeans
to reach a large number of people that wc;uld not. be contacted otherwise (Dale, 19‘5_4;
Kelsey, 1963). |

Television altered the use of radio as a means of communication in agriculture
(Kelsey, 1963). Radio is currenfly used as method of stimulating the listener to think and

then foﬁow through. Radio supports other rﬁethods of communication and has ‘the advant- _
age of being.easily changed as cpnditions change (Bradfield, 1966).

Television is a tool of agricultural com.munication in the home and classroom. North
Carolina ag:icﬁltﬁral educators first used television in 1966 t6 present- 30 minute lessons to
" adult eciuc_ation classes (Boone, 1968). Teachers were available to prepare the class for the
lesson, localize the information and help with individual questions. A si'milar, program was
used in Virginia with ten weekly lessons on farm management (Jewell and Oliver, 1968).

Agricultural extension agents in Ohio used a TV program “The ‘Crop Game” for four
years and gained a wide audience flor teaching new farming practices (Koetz and Coie,
1978). The program covered areas relating to tillage, weed control, marketing, fefti]ity
and crop management. One-half of the estimated 10,000 viewers indicated changes in fm-

ing practices as a result of the. program. -




Written Communication

Whefher tﬁe coﬁmunication is through journal articles, bulletins, ci;culars or mimeo- ,
_graphs, it I:nust be clear and pfecise s§ the réadér kno.ws,exactly what the writer is sairingf
(Fuccillo, 1980).' The communicator_.must undéféténd the audience; readers may be intelli-
gent but not be technically informed.

Written information comes in a vaﬁety of forms. Circulars, newspapers, flyers and
bulletins can all work'in. separate ways to_ create interest, publicize events and dispense -
information (Bradfield, 1966; Myren, 19645. Magazines have an advantage in that they will
often be saved 'fdr"future réference (Myren, 1964). Néwsletters rank high on the most-
preferred list of writtén _communications when they aré well-written and‘pertiné.nt to the
' prbblems of the receiv.er (Kelsey., 1963; Reisbegk, 1980; Brown and Col]in§, 1978).
| Agricultﬁral communication reaches out to other means of Written informatiph. The
Public Health Service, Soil Conservation Society of America and the Environmental Pro-
tection Agency have successfﬁlly used comic books to portray poison c‘ontrpi, pesticide
safety and enviroﬁrhental improvement. The United ‘Staites Department of Agriculture and
the Wisconsin Extension Service have‘used' cartoon series to teach soil fértility and food
prevention‘ (Trent and Kinlaw, 1979).

‘Many authors stress thaf the communicator should understand the audience (Fucillo,
1980; Kelsey, 1963; Bradfield, 1966; Morgan et al., 1976). Awa (1974) demonstrated that
in using fnass media to help the pooi', the message sent was undérstodd best by the sender
and 'nc')t by the poor. Jo;eph Pulitzer aptly stated the facts when he said, “Put it before

e ‘them briefly so they will read it, cleariy so they will understand if, fofcibly_so they will
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appreciate it, picturesquely so they will remember it and above all, accurately so they will

be guided by its light” (Kelsey, 1963).-

Group Meetings

Field demonstration or result demonstration sites for new agricultural practices and
products can be effective communication tools (Cunningham ancl Simeral 1977). The site
should be in an area where the practrces demonstrated offer a practlcal solutron to a com-
mon problem (Kelsey, 1963) In some areas the farmers participate in observmg and record-

mg data and the programs continue year after year (Witt, 1968) Part of thé success of '
| farm tours or demonstratlon s1tes depends’on planning ahead, a good locat1on, a respected -
cooperator and medra coverage before the tour or field day (Cunningham and Simeral,
1977;Bradfield, 1966).

Group meetings can. be in the form of conferences; workshops, serhinars, lectures,
formal classes or open discussion. The amount of information transt'erred will. depend on
the commuuicator, the. type of information and _the audience (Morgan, 1976; Kelsey, -

' 1963) o

Commun1cat10n transfer, wrltten or oral, can be remforced and clarified by vrsual
aids (Bradfield, 1966). These may include drawings or photographs with written material
or real objects aud models at meetings or <lemonstration‘s. |

One of '_the newest‘ agricultural communication. tools is the computer (Harrison,
| 1974). Currently, Montana, North and South Dakota, Wyoming, Nebraska and Minnesota

are making computer programs available through county agents to help farmers make corn-
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plox management decisions (Kresge, 1981). Clarity, reliability and accessibility are impor-

tant to the program users (Harrison, 1974).

_ Communication Survey

Brown and Collins (1978) surveyed farmers in the U.S. to determine the edl_xcational
needs of large scale family farmé and current sources of information. Suggestions from the
survey ranged from returning to the old techniques of personal visits from county agents to
experimenting with the latest electroriic and computer devices.

The survey indicated that the source for agricultural information_ depended on the
type of information oeing sought. Radio was the most popular source for market infor-
mation, farm magazines provided new product information and universities and extension
services were listed as the most nnportant source for mformatlon on product technology

Brown and Collins (1978) pointed out that agnbusmessmen felt that the Extension
Service and agribusiness firms.should combine efforts to reach a larger audience with
greater efficioncy.

In closing, the survey indicated that innovative programs need to be developed that

will meet the needs of young farmers.




 CHAPTER TWO -
LEAFY SPURGE ARTICLES

Abstract

| A ten pért. series of ‘newspap‘er articles covering the history, b.iqlogy, control and
research of leafy spui'ge was written and sént to Montana daily and wéek}y newspapers in :
!980. The series was printea either partially 6r in iheir entirety in 20 newspapers. After
’_che articles Began, requests frpm producers Wefe received for additional leafy spurge infor-
mation, missed articles and copies of the dompléte ser?és. In 1981, the arficlés wére sent
out again to 'ﬁewspapers that agreed to rgprint them and were niadé available to ,other :

states and agencies for their use.

.'Introduction

Newspapers have a Wide audience and few h_duseﬁoids éo without at least one. When-
attempting to reach a large population, information can be _easily dissemiﬂated by the use
of newspapers. In an agricultural state like Montana, sgctions of newspapers are written

specifically for farmers and ranchers. Problems pertinent to a local area can be addressed.

Materials and Methods

A ten part series of articles on leafy spurge was written in éarly 1980. The seﬁes
included the history of ieafy spurge, seéd production,. flowering, roots? 'bioilogi.cal,'chemi-‘
cal aﬁd gultural .control, e_conomic‘ impact of the weed, leafy spurge research énd taxon-
omy of the plaﬁt. : o

An 'appropriate logo (Figure 1) was selected for accompanying the articles to aid in

their identification and continuity. The logo was drawn and lettered by the Montana State
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Figure 1. Logo for leafy spurge newspaper articles.
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University Art Services. Photographic plates of the logo were made in sufficient quantity.
to send one to each newspaper in Montana. |

Preceding eacl1 article was a brief description of the leafy spurge problen1 and the
number of Montana acres involved. Concluding each article was a listing of the writer’s
name and address for thoselpeople interested in obtaining additional leafy spurge infor- |
mation or for those mterested in being placed on the leafy spurge newsletter mailing list.
| The articles were sent out on a bi-weekly basis to- 82 da11y and weekly papers m
| Montana The initial artlcle was accompamed by an mtroductory letter mformmg the
newspaper editor of the leafy spurge problem 1n the state and requesting his assistance
by printing the articles. All artlcles were sent to the newspaper through the Montana Agn-
cultural Expernnent Station News and Pubhcatlon Office.

One year after the original articles were printed, the complete series was rewritten
‘and sent to Montana papers that agreed to print them. The articles were also made avail-
able to other states and agencies by use of an announcement to that effect in the April

1981 issue of the Leafy Spurge Newsletter.

Results and Discussion l

The logo \uas widely used by the newspapers printing the articles.!
Twenty-one of the 82 newspapers printed- the series either -partially or in its entirety
' (Table 1). Of those newspapers carrying the series, the _large majority were in areas of the’
state where leafy spurge is a problem. | | '

Various responses were received from readers of the articles. Several requests were

made for additional information on control of leafy spurge or for the complete series. The

articles contributed appronim'ate'ly 30 names to the leafy spurge newsletter mailing list.

! Appendix A.
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Table 1. Newspéperé printing some or all of the leafy spurge articles

Newspaper . - Town
. Miles City Star . _‘Miles City, MT
Winnett Times S Winnett, MT
Judith Basin Press ' Stanford, MT
Ravalli Republic : - Hamilton, MT _
The Madisonian Virginia City, MT
~ Silver Star Post Deer Lodge, MT

Glacier Reporter - . Browning, MT
River Press - ‘Fort Benton, MT
Laurel Outlook ' Laurel, MT
Tribune Examiner Dillon, MT

" Times Clarion - Harlowton, MT
Meagher County News - White Sulphur Sprmgs, MT
‘Phillips County News Malta, MT
Glasgow Courier : Glasgow, MT
Big Timber Pioneer ' Big Timber, MT
Montana Farmer Stockman Statewide
Fairfield Times . - Fairfield, MT
.Roundup Record Trzbune Roundup, MT
Ranger Review Glendive, MT
Forsyth Independent ‘ Forsyth, MT

Prairie Star Statewide

Oﬁe editor whose pubHcatic;n did not pririt the series stated that the articles needed
to be written iﬁ more 'speciﬁc local terms. dther edifors selected certain articles theil felt
were more important or that fit into the layout of their newspaper.

+ Several county agents and weed dlStrlCt superv1sors requested an article series. They
felt their county newspapers would be more likely to print an artlcle if it was presented to
them from someone w1th1n the county. '

The newspaper articles provided the background on leafy spurge and were the ﬁrst.

step in the awareness program.




CHAPTER THREE .
LEAFY SPURGE NEWSLETTER

Abstract

‘ A leafy spurge newslettgr was initiated on a quarterly basis in Aﬁril, 1980. The news-
letter inclﬁded leafy spurge research results and updates from five universities, progress
.-reports on.biological cor'1t¥ol ~of leafy spurgé émd sufnma;ies of leat;y spﬁrge conferences.
Legﬁslati\}e actioil concerning leafy spurge was included in the newsletter. Thé newsletter
was. mailed 'to'county agents, weed district supervisors, county commissioners, legislators, .
research personnel, chemical company representatives, farmers and ranchers. The mailiné

list for the newsletter numbered over 850 in October, 1981.

Introduction

Agricultﬁral newsletters are a convenient meaﬁs for communiéation between uni-
versity agronomists and producers. The reader is given a brief summary of new findings,
remedies for problems, and upcoming events. A number of spepiﬁc problemé such as. cfop

- varieties, weed control or harvesting can be address:ed ata givgﬁ season 6f the year.
Nevs;sle;tters‘ are usually pﬂﬁted seve;al 'times. a year so inforfnation caﬁ be updated as
needed. }The' infqrmatibﬂ caﬂ reach a large number of people in a short period of time.
Newsletters aire not meant to replace research reports or farm magazines but rather

to present a summary of available information.

Mate1_°ia1s and Methods

The first issue of the leafy_ spurge newsletter was printed in April 1980.-A' letterhead

was designed by Montana State University Art Services (Figure 2). The picture from the
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. lettertiead was used as part of the return address on the backside of the second page of the
newsletter (Figure 3), ‘

Infom_xation éontaéts were developg& at each of four universities ofher than Mon- '
tana State Uhiversit&. Research'pers'onnel working with iéafy spurge at Ndrth Dakota State
University, South Dakota State University, University 'c')f Nebraska and University of .
Wyoming were contacted for details regarding current research programs on leafy spurge
research results. Personnel from the United States Department of Agriculture Biological
Control Laboratory in Albany, Ca]ifomia, were contacted for _‘ﬁpdates on new insect
releases for biological control of leafy spurge. United States Forest Servicg personnel in
Montana and South Dakota were contacted for leafy spurge information. ' |

All university, state and federal égency contacts were notified one month prjof to
the printing deadline to submit information or rese_afch results for the newsletter. Contacts
who had not submitted articles by the deadline were tele'pﬁoned in ‘order to solicit late
submissions.

News iterﬁs rece'ivgd were rewritten in'one or two paragraphs. The itéms were com-
piled by state and put together_ in newsletter form. The newﬁetter was typed 01-1 plain
white paper and was reprintéd on letterl_lead sheefs by multilith procesé.

The leafy spurge newsletter mailing list was initially develop_ed frém a list of persons
attending two leaf$f spurge symposia held_'in 1979. County agents, weed distriét supervisors,
county commissioners and legislators were added to the mailing list. Names of bersons
attending the 1980 and 1981 léafy spﬁrge tburs were placed on the newsletter mailing lisfc, |
The entire mailing list waé placed on computer cards for pﬁnting address labels.

All newsletters with the except of .thoée mailed overseas were méiled bulk postage.
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- "'7 'fu?
¥, Leafy Spurge News
y Y

MONTANA STATE UNIVERSITY
BOZEMAN, MONTANA 59717

o
(? /}:\)’9 ! 7 i\? PLANT & SOIL SCIENCE DEPARTMENT

Figure 2. Letterhead for leafy spurge newsletter.

PLANT & SOIL SCIENCE DEPARTMENT
MONTANA STATE UNIVERSITY
BOZEMAN, MONTANA 59717

Figure 3. Return address for leafy spurge newsletter.
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The ieafy spurge newéletter was printed on a quarterly basis beginning in April, 1980.

Results and Discussibn

| The newsletter? -was; received favbi'ably. This was indicated not only by comments

from persons' recefvix_xg the newsietter but also by continual additions to the. mailing list.

The Apﬁl, 1980 issue ;avas mailed to 240 people m five states. The October 1981 issue was '
maiied to 850 people in 14 sfates and f(')ur'foreig'n countﬁes. .

The newsletter reported new leafy spufge research projects ranging from sheep feed-
ing‘ tﬁals at Montana State' Uni\.rersity to herbicidé root kills at University of Wyoming.
Weed legislation invblviné_ 1eéfy spurée in Moﬁtana and Nérth i)akotai resulted in articles
in the newsletter.

| The h;awsletter serves a purpose in providing én update on research to scientists at
other universities. Farmers, ranchers, coﬁnty agénts',h'legislators and weed distri_ct personnel
‘in the state 6f Montana are becoming inforined ébout leafy spurge re;earch being con-
ducted at Montana Stéte University and are aware that researc’:h i§ an on-going process.

The famer/rancher population reached by the newsletter is ‘li.mited to Montana. _ -
Researchers at tHe' cohtributing un_iversities were made aware that tﬁe’y were welcome to
submit names for the méjljng list. Very féw namés were receiv‘e(i. In May 1982 the news-
A létter will be headquarter'gd at one of the other cooperatir_lg universities. It is hoped that -

'~ this move will help add more names of the ranchers in that state to the mailing list.

. 2 Appendix B. -




~ CHAPTER FOUR
LEAFY SPURGE FIELD TOURS

Abstract

Leafy spurge field tours were held at eight locations in 1980 and ten locatidns.in'
1981 The maJonty of the tour sites had demonstratlon plots showmg chemical control of
'leafy spurge using picloram (4-ammo-3 5 6-tr1chlorop1cohn1c a01d), dicamba (3 6-dichloro-
o-anisic ac1d) and 2,4-D[(2,4-dlchloro-phenoxy) acetic acid]. Displays and discussions
covering the statewide -infestations, leafy spurgé'biol‘og'y, biological contrc')l and new'chém-
ical application methods were included in the field tour Two hundred and forty people

-attended the 1980 tours and over 300 attended the 1981 tours.

~ Introduction

L 'IField' tours in agricultural communities offer an on-the-site link between re;search
and the producer. The topic of the field tour is bas;ed on the needs and interests of tﬁose in

the area (Kelsey, 1963). | |
| Produéers attend tours to gain knowledge about their problem. It is the responsibil—'
ity of .tour personnel to,sa-tisfy that negci and learn from the producer’s experiences.
The tburs must be. car_efully plaﬁned. The 6bjectivé of the touf must be evaluated
and’ sufﬁéiénf pre-plaﬁning conducted to meet the objective (Morgan, 1976). Cooperating
~ farmers ahd county agents must be contacted well ip advance to set up.the,' location and
plot sites. Immediately prior to the tour, publicity announcements need to be made, using _
as mény different news niedia as possible (Cﬁnningham and Simel{al, 1977;:Bradfield,'

1966).
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~ Field tours offer an c;pportun'ity for farmers and ranchers té come fogethe'r and ais-
cuss common proialgms. The tour becomes a social gathering -for producers inl an area.
' Refreshfnents may be benefigﬁial in these sitﬁations_, to allow an informal intermingling of

a producers and university personnel (Morgan, 1976).

Materials and Methods

Field tours. In October, 1979, demonstration plots showing chemical control -of
leafy spurge were put out in Judith Basin, C.a.scade and Missoula counties_in Montana for -
field tours in June, 1980. In September, 1980, plots were put out in Park, Philiipé, Powder
River, Fergus and Deer Lodge couﬁties for ‘use as tour sites in June, 1981. Site selection
" was based .on cqunty agent or county weed district supervisor regomméndatiqns. Onlyl
" picloram and dicamba were applied in 1979. In 1980, picloramA, dicamba and 2;4-D were -
applied' (Table 2). _Toqr sites where the Wﬁter. did not apply treatments wére in areés-
treated by Exfension or Weed District personnel (Table 3). |
| Displays were construcfed to show .statéwide leafy spurge infe}stations, the biblogy :
of the leafy spurgé plant, Biological control and derhonstration' models of the rope Wick .
and roller appli'catérs. The displayé were construc’ted'in a rﬁanner so they could_ be easily
set tip and taken down in the field. . .

Bumper s;tiqkers were designed and printed by Colofwérld'of Montana, 'szenian,'
Montana (Figure 4). These were disseminated at the tours as an awareness tool.

_Pubiicity for the tours was coordinated b)ll Greg Northcﬁtt, editor fof the Montana .

Agricultural Experiment Station. Radio announcements were tapéd and sent to the radio
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Table 2. Chemicals applied for leafy spurge control at eight demonstration locations

2,4-D

4E

‘ Rates of application
County Herbicide " Formulation kg/ha
Judith Basin’ picloram . 5G - 2.24
: dicamba . 5G 8.96
Cascade picloram 2E 56, 1.12,2.24, 3.36
' dicamba 4E 4.48,6.72, 8.96
Missoula picloram 2E 56,1.12,2.24,3.36
dicamba 4E 4.48,6.72,8.96
Paik picloram 2F 56, 1.12, 2.24
s picloram’ 2G 1.12,2.24
. "dicamba 4E 4.48,6.72
dicamba 5G 4.48,6.72 -
24D 4E 2,24
Powder River picloram - 2E 1.12,2.24
picloram 2G 1.12,2.24
dicamba. 4E 4.48,6.72
dicamba 5G 448,672 '
24D 4E 2.24
Fergus picloram - 2B - 1.12,2.24 - ¢
- picloram 2G . 1.12,2.24
dicamba 4E 4.48,6.72
* dicamba - 5G .4.48,6.72
24D 4E 2.24
Phillips picloram 2R 1:.12,2.24
picloram 2G 1.12,2.24
dicamba 4E 4.48,6.72 -
dicamba 5G 4.48,6.72
24D 4E, 2.24
Deer Lodge picloram 2E .56,1.12,2.24
o picloram 2G 1.12,2.24
dicamba 4F 4.48,6.72
dicamba 5G 4.48,6.72.
- 2.24
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Table 3. Herbicides were applied at 10 tour locations by Cooperative Extension or weed
district personnel - . .

County . .  Herbicide _Demonstration Location ' . Applicator
Carter ' ' Fix Farm ; ' M. Jackson
' Ekalaka, MT = MSU Ext. Weed Spec.
Fallon. Rugg Ranch - - M. Jackson ‘
Plevna, MT ‘ .Ext. Weed Spec.
Yellowstone Morledge Ranch M. Jackson - |
: Billings, MT : . Ex_t. Weed Spec.
Blaine - " Bob Sharples o . Blaine Co. Weed District
Chinook, MT S
Hill | Robert Davey Gregg Carlson
-Havre, MT - S Hill Co. Ext. Agent
Lake . Several _ , Ranch owners
Silver Bow ' ~ Several , ~ Silver Bow Co. Weed District
Sheridan . ' Den Hedges - : Sheridan Co. Wee& District
: ' _Plentywood, MT :
Roosevelt Berry Bros. Roger Ashley
. Bainville, MT ‘ Roosevelt Co. Ext. Agent

Sillwater . Several o : Stillwater Co. Weed District

. 'st‘at.ion nearest the tour site se\‘reral weeks before the tour. Newspaper releases ;egardiﬁg
| the tours were sent to the county agents for distribution.

Het dogs, beer and pop were available at each tour_l to provide refreshments and act
as a’m' icebreaker..

Funding for the tfaveli expe'ﬁses end 'refreshments 'was ob’tained. from i).qw Chemieal

 Conipany in 1980 and Dow and Velsicol Chemical companies in 1981




HONK IF YOU HATE
LEAFY SPURGE

MONTANA STATE UNIVERSITY

e e )

Figure 4. Bumper sticker utilized in leafy spurge field tours.
(Reduced from original 7.6 cm by 38.1 cm.)

€C




. 24
Table 4. Attendance at 1980 and 1981 leafy spurge field tours

. : ; Number of . -
Year -7 County persons in attendance
1980 - ‘
: " Carter ' .6
Fallon S 6
Yellowstone - ' 15
Judith Basin ' o 50
Hill- R S 70
Cascade ' _ 33
Blaine S 20
Missoula o ) 40
1981 : ' _ S
Lake _ : o 25
Park ‘ - .. 25
- Silver Bow ' ' 30
- Hilk S e 70
Phillips - 27
Sheridan . : 20
Roosevelt - _ 53 -
Stillwater o 18
Powder River , , 14
- - Judith Basin : 400 -
total I - : 922

In addition to the funding, Dow and Velsicol Chemical companies donafed'.he"rbi-'

cides which were giyeri away‘as door prizes at the tours.

Slide-tape sets." As a follow-up for the ﬁeld tours, leafy spurge slide-‘ta_ipe sets were
made available a_lt a rﬁinimum price to county agents and vocational agriculture instructors.
A narrafive on the biology and control of léafy spurge was recorded on cassette t;pe _and
re'prddﬁced in ciuantity by fhe Modern Lapguages ,Departmeht,Montana State Un‘ivérsity. "

The 'tape a'ccomp‘énied‘ twenty-one slides shéviring leafy sburge plant stages, root systems
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and various means of controlling the .weed.. A Riker mount containing & leafy spurge

plant and seeds was also made available at minimum cost.

Results and Dlscussron

Field tours. The 1980 tours were. completed in June, 1980. The 1981 tours were
held in June, 1981. There were additional requests for tours in 1981 from county .agents
and county weed distr_ict personnel. Fergus and bee'r Lodge county tours were cancelled
because of poor‘weather conditions. The euthor set up ancl manned e leafy spurgelbooth at
the Deer Lodge county-f‘air in place of 5 field tour. | |

The tours were enthusiastically received by the county agents and 'producers. Atten-
dance exceeded ongmal expectations (Table 4) Tours were held in both 1980 and 1981 in
Judith Basm and 'Hill counties due to county agent requests The 1981 Judith Basm leafy
spurge tour was part ofa statewrde Weed Farr

Picloram applied at a rate of 1.12 kg/ha or 2.24 kg/ha provided the best control of
leafy spurge one year after applichtion with the least amount of grass injury ('l‘able 5).
Because of the cost of the 2.24 kg/ha treatmenti" , many ranchers decreased the rate of
picloram applied to .56 kg/ha, added 2,4-D and treeted every year. When examining~ the
control by the various chemicals, it was stressed that the roots were not killed and refreat-
. ments would l)e necessary'. |

| The producers were & valuable source of information They suggested numerous
practices which were workrng for them Several ranchers at the tour in Stﬂlwater County

had. obtarned excellent topgrowth control of leafy spurge by grazmg sheep The pastures -

3 Chemical cost of 2.24 kg/ha of plclorsm is currently ‘$90.00.




Table 5. Percent topgrowth control of Euphorbia -esula in six tour locations. 0 = no
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control; 100 = complete control

)

County
1980 1981
Rate _ Judith - : Powder
Chemical kg/ha Formulation <Cascade Basin Missoula Park  River Phillips
_picloram .56 2EC 60* 62 - 175 _
picloram 1.12 2EC 90 91 95 95- 100
picloram 224 ©  2EC 100* 100 . 97 98 . 99 100
picloram 3.36 2EC 100* 99 :
picloram .56 2G 10 : : :
picloram 1.12 . 2G 45 85 85 95
picloram 2.24 = 2G 85 93 .90 95
picloram 3.36 2G 95 '
dicamba 4.48 4EC 70% 75 85 20 - 90
dicamba 6.72 4EC 80* _ 80 94 70 85
dicamba 8.96 4EC 90* 100* 88 o
dicamba 4.48 5G 10 98 60 50
- dicamba  6.72 5G . 50 98 70 60
dicamba - 8.96 5G 70 :
2,4-D 2.24 4EC 20 0

0

*Grass injury greater than 50%.

were in good condition, however, the ranchers noted that spurge would return if sheep

" grazing was terminated.

A common statement made by ranchers was that they would not object to the

" price of picloram if one application would éontrol the weed. Since retreatments are neces- |

sary for leaf‘y spurge céntrol, most ranchers feel they cannot’ afford to use picloram on

grazing land because of its low rate of annual return.

Many ranchers commented that a use should be found for the weed since it gfows so

well in Montana. Ranchers whose land adjdined state land said it would take cooperative
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efforts from the ran_ehers, the state and railroads before the problem could be brought -
under control. |

Some older ranchers stafed that leafy spurge was first introduced to their area by |
- threshers and hay from infested areas. |

The leafy spurge tours were helpful in that some people who did not recognize the
plant before the tour left with an awareness of the weed and the problems it can cause
once it becomes established. Frequently, ranchers who would not 1dent1fy leafy spurge
before the tour took plants home so they could alert the1r nelghbors to the 1dent1ty and
threat of leafy spurge.

The tours demonstrated side-by-side comparisons of chemical control, gave a review
of leafy spurge research and effered encouragement that universities are studying the weed

and control methods. -

Slide-fape sets. Twenty;two leafy spurge slide tape sets and 28 Riker mounts of the
weed were sent to county agents and vocati_onal agricult_ural irnstructors. Although
materials were ordered by some county agents who had hosted leafy spurge tours in 1980
or 1981, many were requested by county agents or instructors in whose county a tour was
not held.

The slides, tapes and plant mounts allowed the information to reach a large number
of people around the state .with a minimum amount of time, travel and money.- The edu-
cational materials provi'ded a continuity of the awareness program even when Montana

State University personnel were not available to present a program. - o




CHAPTER FIVE
- SUMMARY
Leafy spurge'ih'fests over one half million acres in Montana and continués to spread..
The weed is most easily contrélled when infestations aré small. An education program was .
initiated in Montana in 1980 to aid. in identification of anﬂ knowledge about the weed.
Newspaper articles, leafy spurge newsletters, summer toufs and slide sets were util-
ized to provide needed information on a troublesome wged problem. The education
program created a greater awareness of leafy spurge and the possibilities for contré)l. The
articles, tours and slidé sets reached a large nuﬁber of peopie and delivered basic infor-
mation about the weed and the leafy spurge néwslettc;,r _is continuing to update. tﬁat infor-
mation. Legislative action on leafy spurge has occurred as a result of the increased aware- _
ness of the problexﬁ. |
| The education and awareness program is not completed. Many people still neea to
become informed about the weed. The ideas and background mateﬁd_have been di|ssemi-
nated and local county agenﬁs and weed district personnel can continue the program. Areas -
utilized as demonstration piots éan be retreated and used again or county personnel caﬁ set
up their own treated areas. Local weed authorities can draw on information provided in

the education program to improve or add to their existing weed programs.




PART II

HYDROCARBON EXTRACTIONS




CHAPTER SIX
LITERATURE REVIEW: PLANT PRODUCTION OF HYDROCARBONS

Historical Research

_ The extraction of natural rubber from the rubber tree (Hevea brasiliensis) is a famil- |
iar form of hydrocarbon extraction. During the nineteenth century rubber was tapped
from scattered trees in the Amazon jungle. From 1910 until 1940 most natural rubber
came from rubber plantitions m M;alaysia (Calvin, 1977).

The blockades ggainst Germany during World War I stimulated unsuccéssful_ atfen'lpts
to synthesize rﬁbbei’ '(Polhamus, 1967). United Stafes, British and German écientists suc-
cessfully develope;d an economical syntl'leticé rubber :frofn petroleum during World War II
(Caivin, 1977). By the e;ld of World War II natural rubber could no longer compete econ-
omically with synthetic rubber. .

As a result of the German rubi)er shortage during World War I, Thomas Edison
examined thousands of plants that could be grown in the United States as a domestic
source of rubber (Polhamus, 1967). Edison reported. that plants in the genus Euphorbia
contained high amounts of lafex. |

Buehrer and Benson (1945) reported tﬁe results of numerous studies that examined
rubber conte'nt of native American plants. They restricted their investigation to plants
indigenous to the southwestern United States. Minshall (1957) used a similar procedure to :

study the rubber content of plants found in Canada

Current Research

The oil shortages of the past decade prompted scientists to examine plénts not only

~ for natural rubber content but also for other petroleum-like prodﬁcts (Calvin, 1974, 1976“,
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1977, 1979a, .-l979b'; Coffey and Halloran, 1979; Gartside, 1977; Nielsen et ai., 1977,
Sachs et al.,: 1981). Niéhimura ét al. (1977) point out rhat carbohydrates from sugar cane '
are converted to alcohols and then to olefins. Olefins are routinely produced at present by
cracking crude petroleum products. Approximately ten percent of fossil hydrocarbons are ».
cracked down to ethylene and used for the production of synthetic fibers and plastics.
Calvin (19790) feels that short-chained piant hydrocarbons could be used instead of fossil
fuel for fiber and plastic prodnction. '

Several authors (Buchanan et al., 1-9738a; 'i978b; Buchanan, 1978; Calvin, 1977;
Gartside, 1975) suggest that egricultural production of hydrocarbons may be compati‘ble
with a need for increaseri food and fiber prodncfion if the entire plant could be harvested .

for hydrocarbons, fiber, protein and carbohydrates.

| I;otentiai Sources of Plant Mnterial
Over 2,000 plant species produce hydrocarbons (Calvin, 1976). Plants in the
Eupnorbiaceae and Asclepiadaceae families contain hydrocarbons similar to those found in
crude oil (Coffey and Halloran, 1979; Buchanan.et al., 1978a). Ir is presently economically
feasible to extract plant-denved hydrocarbons if they constitute two percent or more of
the plant’s dry weight (Buchanan et al 1978a; Polhamus, 1967 Buehrer and Benson,
1945; M1nsha11 1957). Coffey and Halloran (1979) stated that Euphorbia tirucalli, B | .
' Iactea and E. lathyrzs may have potential for hydrocarbon production. |
Several species of Euphorbia were planted for hydrocarbon productlon in southern

California (Calvin, 1979b). A Japanese firm planted E. tirucalli and estn_nated that five to

'ren barrels of oil! could be produced per vaere per year. Calvin (1979b) estimated that E. |

! Oil refers to fats, fatty acids, resins, terpenes and hydrocarbons.




)athyris édﬁld produce eighf to twelve percent (;f the plant dry weight in oil which wbuld
'yield ten to twenty barrels of oil per acre per year. '

Sglecti(;ﬁ and‘g'ene.tic ‘improvement may 'improve the.yield of -h_ydrocarbon's‘(Bu-
chanan et ai.,‘ 19785; Calvin, 1979b; Coffey %md Halloran, i979). Strains_of Pa;'theniurﬁ' ’
argentatum contain diffef,rent amounté of latex hydrocarbons (Coffey and Halloran, 1979).
Economic préssures can inﬁugnce agronomy anﬁ planf breeding. Rubber yiélds increased
from an average of 224 kg/ha in 1945 to over.2é40 kg/ha by 1965 (Calviﬁ, 1977). The
chemical ébmposition of plant h)}dfocarbons could also be manipulated. Coffey and Hal-'
loran (1979) -fOUI.'ld distinct ciﬁalitative differences in hydr'ocarbons among Euphorbia
speciés. |

Agronomic and eda’phic;, factors inﬂﬁence hydrocarbon content;“ Hydroc&bdn levels
of Parthenium argentatum were regulated by annual rainfall, growth tempé‘rature and time
of harirgst (Coffey and Halloran, 1979). Altemétively, Buehrer and Benson (1945) feel that
climate and soil conditions are of lesser importance in determining rubber coﬁtent than
planf genus aﬁd age of the plant at the time. of analysis. |

Buchanan et al. (1'978b‘) evaluated 100 plant species frém 13 families and 60 genera
for hydrocarbons, fiber; protein and carbohydrates. Several species‘in tfye family Labiatae
contained more than ohe percent rubber. Se'veral Compositae, Cacalia dtriplicifolia,-Soli—
dago graminifolia and S. riéida contain significant amounts of crude rubber. These findings
were supported by Eaison (Polhamus, 1967). Euphoibia dentata and E. heteraphylla 'cbn-

tain high oil percentage.
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Buchanan et al. (1978) found oils and hydroc#rbons distribt;ted throuéhout the
plant. Variations in whole plant oils may be due to growing conditions, soil fertility,
disease ;'md insec.t infestations. |

Euphorbia lathyris.‘is a potential source of hydrocarbons (C.offey and Halloran,
1979; Calyin, 1979b). Sachs et al. (1981) studied irrigation and fertilization effects on hy-
drocarbon &ield. Although their irrigated plots prodﬁced more dry matter than non-irrigated
plots, the percentage of rosin was greater in non-irrigated plants because of a greater pro-
portion of leaf to stem d1"y' wei.ght. I;ittle or no response was noted to additional nitrogen.

In this same study, problems were éncountéred with seedling emergence and crop
establishment, pathdgens, and plant drying. Early expe‘ctations were that Euphorbia
lathyris éould be established ‘and grown without irrigation. This is unlikely. According to
'Sachs-et al. .(1981), the economic potential of E. lathyris for hydrocarbon production is
low. Genetic improvement may be difficult since no differences weré observed in hydro-

carbon content among the _germplasm tested.

" EBxtraction Procedures

The determination of hydrocarbon content in most plants is usually carried out by
an acetone extraction to rgrﬁove resins, fat, saponifiable oils, sugars, coloring matter
and essential oils. This is followed by a benzene extraction that removes the hydrocarbon
substance (Buehrer and Bensdn, 1945 ; Buchanan, 1978a; Buchanan, 1978; Minshall, 1957,
 Polhamus, 1967). | C
A survey of the methods: used for hydrocarbon extraction found that sz‘lmple~ size

varied _from'two grams (Bﬁehrer and Benson, 1945) to greater than 500 grams (Buchahan
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et al.,, 1978). Plant samples were air dried and cdarsely ground before storing. Samples
were finely ground prior to the extraction (Buchanan et al., 1978).
Buehrer and Benson (1 945) recommend air drying plant material out of direc? sun-
light since ultraviolet light _tends to destroy the rubber substance. Drying the plant rﬁaterial
in a vacuum ow;en also resulted in partial decomposition of the ru‘bber substance.

Extraction periods rahge from six '(Minshall, 1957) to 24 hours using a Soxhlet appa-

' ratus (Buchanan et al., 1978a). The extraction time, sample size and particl_e_ size of the

materials may affect the final results of an extraction (Buehrer and Benson; 1945).




»

CHAPTER SEVEN
HYDROCARBON CONTENT OF LEAFY SPURGE "

Abstra‘ct'_

Twelvé strains of leafy spurge were harvested fhfee times or as many timeé.as re-
growth allowed during the 1980 growing season. The topgrowth was drigd, ground and
extracted’ with acétone and benzéne:hexane t.o-. deteﬁnine hydrocarbon content. The ex-
tra'cted hydrocarbons were ékpressed as a percent of plant dry weight.

No statistical differences were obsell'fred.among strains for J une, August and October
harvests. Four ecotypes contained higher amounts of hydrocarbon than the rest when
harvested in July. Several :ecotypes contained more than two percent ﬁydrocarbons on a
piant dry weight basis. Additional research is x'leeded to completély assess the potential of ‘

- leafy spurge as a source of ﬁydrocarbons.

Introdﬁctién

Hydrocarbons and seed oils have the potential to supply chemicals similar to those
preseﬁtly derived from 'c1\'ude petroleum oil. Green plants utilize solar energy to produce a
wide variety of products that are competitive with synthetic petrochemicals. Collectively
referred to as hydrocarbons, they include isqprene polymers, waxes and térpénoids.

Leafy spurge (Euphorbia esula) is a well-established perennial.plant in tﬁe north-
central United. States and Canada. Since no diseases or insects attack l_eafy spurge .this.'
would not pose a threat to production in North Arherica. ‘The plant does not need to be
estaﬁh‘shed each year-, has excellent regrowth bote'ntial after cutting, and contains hydro-

* carbons. The following study was conducted to measure the hydrocarbor_l content of
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, several ecotypes of leafy spurge and to measure the potential of the plant for hydrocarbon

production.

Materials and Methods

An existing collection of Eitphorbia esula from twelve locations was used as the
source of plant material‘ in this study. Epotybes were identified according to céllection
location: Lethbridge, Saskatchewan, Colorado, Wyomiﬁg, Idaho, South Dakota, North
Dakota 1, North Dakota II, Missoula MT, Moccasin MT, Bozeman MT and Antelope MT.
Plants we-re.established in 17.8 cm diame‘tér by 90 cm longimetal cans which were placed
in conérete pipe sunk intf) the ground on 1.2m centers: The plants were established in
1962 at the Agriculturél Expe'rimenf Station, Bozeman. The plants were placed on a

randpmized complete block design. There were three replications.

Harvest dates. Plants weré harvested‘-J une 18, July 15 or August 1, 1980, at threg-
" stages of plant growih: bloom, seed set and post seed dispersal, respectively. Regfowth was
harvestéd six weeks after the initial harvest. Plants were air dried and ground with a Wiley.-
mill to pass through a 20-mesh screen. The saxﬁples were finely groﬁnd and oven driéd gt
30°C immediafely. before extraction.

A 85 m] Soxhlet apparatus equipped with 90 by 33 mm Schleic_her and Schuell
extraction thimbles was used in the extraction process. Each sample was weighed, extracted '
for 24 hous with'acetone,.dried, reweighed and-gxtracted for 24 hours with a 2:3 (V:V)
: b.enzene:hexane mixture. Sampleé were dried and weighed after the benzene:hexane
" extraction. The difference in weight before and after the benzene extraction was taken to.

be the weight of the hydrocarbons.
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Effect of fertilizer. The effee't of nitfrogen fertilizer on hydrocarbon content was

measured on three ecotypes. Ammonium nitrate fertilizer (67 kg/ha) was eurface applied.
July 5, 1980.. Plants were harvested July 15 or' August and October (two harvests) and .

* analyzed fer_' hydrocarbons as'described above.

Results and Discuission

All ecotypes were not represented in the first harvest because of drying problems
encountered with harvested material. The ecotypes did not produce regrthh at the same

rate and all ecotyp'e‘s' were not harvested at all cuttings.

Harvest dates. The Jurle and August harvests showed no statistical differen_cres’ 1n
hydrecarboh contént among ecotypes (Tables 6 and 8).

The'July harvest 'of Wyoming, Missoula andA Bozeman ecotypes contained higher
levels of hydrocarbens (Table 7). Each ecotype had one replication with an ekception-
ally }righ hydrocarbon 'content which may account for tlre difference. Ecotypes from Leth-
Bridge, Saskatchewan and North Dakota I produced statistically less hydrocarbon than eco-
types from Missoula; Wyoming or Bozeman.

Only ecotypes froxr1 Lethbridge and Wyonﬁng had sufficient regrowth to harvest in
October (Table 9). Those plants had been previously harvested in July. Hydrocarbon con-
tent of those ecotypes was statistical'ly different but neither reached the two percent level
(Table 9). | |

Four ecotypes produced greater amounts of hydrocarbon with a first cutting in J uly
than with a first cutting in June. Only the Saskatchewan ecotype produced a hrgher

percentage of hydrocarbon in June (Table 10).




Table 6. Percent hydrocarbon in Euphorbia esula ecotypes harvested June 18, 1980.
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Ecotype % hydrocarbon
Saskatchewan . 1.97
Colorado A2
Idaho .14
South Dakota 47
Antelope 17

2.02

"LSD (.05)

_ Table 7. Perceni hydrocarbon in Euphorbia esula ecotypes haryested July, 15, 1980.:

Ecotype % hydrocarbon
Lethbridge 40
Saskatchewan .60
Colorado 1.12
Wyoming 2.27T
Idaho : 1.56
South Dakota 73
North Dakota 1 .38
North Dakota II .88
Missoula 2.18
Moccasin 73
Bozeman 1.96
Antelope 1.24

'LSD (.05) 1.58

Table '8'. Percent ‘hyc'lrocarbon 'in Euphorbia esula ecotypes harvested August 1, 1980.

~ Ecotype %.hydrocarbon
Lethbridge 1.22
Wyoming 42
North Dakota 1 24
North Dakota II .60
Moccasin 1.36
LSD (.05) 1.20
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" Table 9. Percent hydrocarbon in Euphorbia esula ecotypes harvested in October, 1980.

Ecotype % hydrocarbon -
Lethbridge : ’ 1.10
. Wyoming - A5
LSD (.05) o a5

Table 10. Percent hydrocarbon in Euphorbza esula ecotypes harvested in June and July, ‘
1980, for the ﬁrst time. . .

Ecotype Month of harvest . % hydrocarbon

Saskatchewan June R 1.97 .
Saskatchewan July ' : - 40
- Colorado B - June 12

Colorado ' : July - U 1.12
Idaho ' June - .14
Idaho N July ' . 1.56-
South Dakota . - June ' . : 47
South Dakota L - Tuly : .73
Antelope . . June o 17
Antelope : ~ July 1.24
LSD (.05) : j 1.71

Effects of fertilizer. No statistical differences were measured between hydrocarbon

content of fertilized and unfertﬂtzed ecotypes (Table lvl).
Several problems are inherent in this study The plants had been in the cens for 18

' years. Euphorbta esula roots are extenswe in a field 31tuat10n the confined roots of the ex-

perimental plants may have hindered the regrowth abilities ol these plunlq Sonie |)lunts

demonstrated vigorous regrowth while others produced only one or two shoots after cutting. _
Euphorbia esu_l_a seed capsutes can project seed as fat as four meters. Since the cans

were placed on 12m centers, seed from one ecotype could have easﬂy contaminated an
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Table 11. Percent hydroparbons in fe;tiliied and non-fertilized ecotypes of Euphorbia
esula harvested in August, 1980. '

Ecotype " Fertilizer added -% hydrocarbons
Lethbridge - no . ' 2.65
Lethbridge ' yes 133
Wyoming = - no . 3.21
Wyoming , o yes h . 42
Moccasin . no .89
Moccasin : ' ' yes T 1.36

LSD (.05) o 2.85

adjoining can. Contamihati;)n rﬁay explain the variation betwéen replications.

The sample size gsed in the extractionlcan markedly change the outcome. Some eco-
types prodpcéd less‘ than two. grams of dried plant material. Small samples did not grind
‘well and had largef particles than ten gram szimples. Samples with large particles consistently
gave higher hydrocarbon percentages. Buehrer and Benson (1945)- note that if the aéetone
extraction is incomplete, results from the .ben_zene extraction will be high. Resins and
5enzen§-solu51e compounds normally extracted by acetone remain in the éample ana are
. extracted by ‘the benzene, giving excessive estimates for hydrocarbon content. This is evi-
dent in the Saskatchewan ecotype at the June hawest, the Missoula ecotype at the July
harvest and the unfertiliz.ed. Lethbridge ecotype at the August harvest where the dried
samples in one replication were 1.7 g, 1.2 g and 0.26 g, respectively, .

Results from extraction of plant material from the unfertilized ecotype from
Wyoming ipdicate it contained 3.21 percent hydrocarbons, considerably higher than th_e
41 percent plant dry weighf reported by Minshall ( 1_957) for leafy spurge. This numbqf

should be accepted cautiously becduse of a large variation between réplications.
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' Ecotypes of leafy spurge cannot be recommended as a potential source of hydro-
carbons. Results obtained in this study were unreliable due to the inconsistency of the

replications and the uncertain identification of plant material.




CHAPTER EIGHT
SUMMARY

Euphorbia species may have potential as sources of hydrocarbons which could
replace crude petroleum products in the proctuction of 'synthetic fibers and plastics. Some
of the Euphorbia species being studied are anhuals and problems have been ehcoun‘tered
ih establishing the plants. E"uphorbia esula is a perenhial and 1s already established on.
miﬁiohs of acres in northcentrat United States and Canada. Ih thls study, twelveecotypes '
of E. esula were hirvested arrd hydrocarbons were extracted in an effort to find ecotypes
which contained at least two percent of the plant dry weight 'as.hydrocarbons. None of the
twelve ecotypes contaihed'high levels of hydrocarbon.

Several ecotypes appeared to have at least’ two percent hydrocarbons but the data
were not sufficiently consistent to recommend Edphorbia esula as a possible hydrocarbon

| source. Additional data needs to be collected t‘rom properly i’d‘entified‘ ecotypes. ‘ |

Euphorbia .esula was originally examined partially because-of its regrowth abilities.
Extensive regrowth was not observed in this study possibly because of physical root mh1-
bition. Studies are needed of E. esula regrowth in a field situation where root growth is
notinhibited. |

.The use.of“ a limited mount of fertilizer dtd not appear to change the hydrocarborr
content of the plant Heav1er apphcatlons of fertilizer and 1rngat10n may improve the hy—

. .drocarbon content of Euphorbza esula.

Before Euphorbia esula becomes a potential source of 'hydrocarbohs, increased hy- .

drocarbon yields muist be realized. Agronomic research m the areas of olsnt breeding and

fertility may aid in increasing the hydrocarbon content.




PARTIII ,

ALLELOPATHIC ACTIVITY OF Euphorbia esula L.




CHAPTER NINE
LITERATURE REVIEW: ALLELOPATHY

. Introducti.on— .

Allelopathy is defined by Muller (1969) to be “the release by one plént ofa chemi--_
cal compound into .tl.le environment which inhibits the g;owth of another plant.” Rice
(1974) further defines allelopathy to be “aﬁy direct or indirect hmﬁful effects by one
plant,. inpluding microorganisms, on aﬁother through the production 'of' chelhicél com- |
pounds released into thg enviromnént.” Allelopathy and competition are two forms of
" interference which is defined to be all forms of reactions by one planf that ar(;, deleterious
tb another (Muller, 196_9). Whittaker (1970) states that allelopathy is “not a pécularity of
a few plants but rather a widesprea& and- normal, though inconspiquous, phenomenon of
natural communities.” | ., _

. In order to qstabﬁsh that allelopathy exists, two conditibns are important (Mpller,-
-1971). It ml'lst' first be determined that the plaﬁt contains an inhibitory compbund,_ and
that there is a mech'aniérﬁ by which the phytotbxin can be released from the plant, tran§
" ported in the er'xvironm'ent and ‘accumula‘lted in the area of the inhibited plant. Second, the
relative weight of all pertinent physical factors mﬁst be determined in order to rulé out
competition. | /

Muller (1971) cites Plenck for the first suggestion of chemical interactionsbetween
. plants in 1795. Borner (19605 credits DcCaﬁdolle (1832) with the original theory of plants
. releasing toxic substances.
f‘Soil_ sickness” was sometimes used to describe soil when it ‘wa's no longer produc-

tive (Woods, 1960). Woods (1960) states Pantanelli (1926) attributed soil sickness to pe
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‘the' result of root excretions f)reventing the deﬁelopment of soil micreorganisms. Schreiner
and Sullivan (1909) demonstrated unfavorable Soil conditions may be ceused by organic
substances arising through .crop growth. |
| A publication iay Molisch (1937) hﬁﬁated' a series of 'studies coﬁcerﬁing plant’intei‘-
actions (Borner, 1960); Since fhat time, a‘llel"oi)'athy has been shown to alter the stmctdre, -
fuﬁdtioh and diversity of planfc communities (Muliéf, .19‘69;Whittaker, 1970; del Moral and
' Cate‘s. 1971) Pheneﬁlena-pfevioesly considered to.be due to competition for light, mois- -
ture or nutrients may have to be reconsidered with a recogmtxon of possible allelopathic

effects (Muller, 1 97 D.

Occurrence of Allelopathy |

Allelopath1c effects are widespread in both agncultural and wild spec1es (thttaker
" and Feeney, 1971) Crop plants from the genera Avena, Tritzcum Secale, Hordeum
Bromus and Brassica are known to release tox1c substances from roots (Putnam and Duke :
1974). - | |

By usmg a spht root technique Buchholtz (1971) found that Agropyron repens
mﬂuenced the accumulatlon and utilization of mineral nutnents by corn (Zea mays) by

_ unpamng the adsorptlve capacity of corn roots. Gabor and Veatch (198 l) 1solated a phyto-

toxin from A. repens rhizomes that inhibited seedling growth of corn. Ahlgren and -

Aamodt (1939) determined that .adjommg.roc_)ts may have an effect on the development '
and aciiv‘i.ty of otﬁef roots. ‘. |

" In natural comm'unities allelopathy may regulate the d‘ensity and distribut.ion‘ of
" plant species '(Puinam arici Duke, 1974), the vegetation pattern or piant succession '(W.hit.-.

takerand Feeney, 1971; Einhellig aﬁd Rasmussen, 1973 ;Rice, 1974);
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Rice (1971) studied the four stages in old field succession aﬁd the plént interactions
that determine why each stage replaced the other. Hé fou1_1d that several first stage plants
produced inhibitory compounds which rapidly eliminated the major portion of first stage
- plants but did not inhibit stage two plants. Hg also determined that pioneer species v;/hic‘;h
require very little nitrogen plgodﬁce inhibitors of the nitrogen-fixing and nit;ifying bacteria
. and thereby slc')w the rat'e'o'f. succession. _ |
' Whittaker (1971) feels that invading plant species can influence 'th_e rate of plant suc-
. cession by the use of allelochemicals. Bonner (1950) nofed that Encelia farinosa and Arte-
'mes'ia absir;thium showed true inh'ibi”tio.n un_dér 'fi_eld conditions. This may indicate that
association or non-association of different species may be the result of specific ,c.ompo_u_nds
being released. | |
Newman and Rovira (1975) obtained stroné correlaitions when theS/ compared fhe
field vegetation patfems with l;lboratory reéujlts. They conclﬁded that auto-inhibitory

exudates are a key process in the control of species diversity in grassland.

Mechanisms of Allelopathy .

‘Germinatioh inhibitors are found in nearly a]l plant parts (Evanari, 1949). Release :
routes for allelééhemiés inclﬁde rainwash and. fog drop from leaf surfaces, volat.ilizatibn
" from leaves, .exc.retion '.orlexlidation from roots and dec'ay of above and/or below-ground
plant parts (Whitte;lt‘er and Fegn_ey, 1 971), |

Allelopathic chemicals have been _collecfed after washing leaves of Artemesia absin- .
thium (Bode, 1939 -from Bonnei',l 1950; Beﬁﬁett and Bohner, 1953). Other allelopathic
'_ compounds were found in litter of the same plant. Bell and Muller (1973) leéched water

soluble toxins from dead. stalks and leaves of Brassica nigra.
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Toxic substances are produced by excreti6n§ from roots or underground stems
(Bonner, 1946; Bonner, 1950; Putnam and Duke, 1974) or from decaying plaht- residues
(Bode, i939 from ﬁonner, 1950;Benedict, 1941). |
l Einhellig and Rasmussen (1973) postulated .that many allelochemicals are water
soluble which would facilitate their release into the environment from fresh leaves. Woods
(1960) cautioﬂs against. the use of ﬁqueous plant extracts because many of fhe toxins in
such a solution would not be present under normal growing conditions.

: Alle}opatﬁig effects have i)een observed from fresh and dead tissue. Dilutions. 'of
‘aqueous e.xtracts‘ from the fresh leaf tissue of Rumex crispus inhibited Amaranthus retro-
ﬂexus, grain sorghum (Sorghum vulgare) and field corn (Einhellig and Rasmussen, 1973).
Undiluted roof extracts of three perennials, Cynodon dactylon, Cyperus rotundus and
Sorghum héléperise reduced root length in barley ({{ordeurri vulgare), Brassica nigra and
wheat (Trfticum ae.s;tivum) (Friedman and Horowitz, 1970). e

Friédman and Horowitz (1970) stated that perennial plants may be toxic during
decay because they may cause temporary inhibition of growth in nearby plants. They
found that leéves or rhizomes of Sorghum halépense decaying in soil inhibited germination
and seedling developm'ent of weed spécies planted in the soil. Volatﬂe and water soluble
‘toxins. from Eucalybtus camaldulensis li_tter were found to inhibit growth in the lab and
greenﬁouse. This wés thought to be the reason for a lack of annual herbs around the plbt
when litter accumulated in the field (del Moral and Muller, 1970).

Othér perennials have displayed al]elopéthic effects. Hanawalt (1971) found inverse
correlations between the amount of plant litter and \;s/eed seedling number in an area domi-

nated by Arctostaphylos glauca and A. glandulosa var. zacaensis. Environmental factors
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- were mled éut as a cause fc;r differential growth. Fresh leaf litter was ﬁloi'e toxic than par- '
' tially- decayed litter. Toxins were no longer present nine weeks after so‘il was taken from
the field to the greenhouse. I' ‘ |
Rice (1974) noted that deCandolle (1832) first observed that thistles injure oats in
the field. DeCandolle also saw flax injured by euphorbe (Euphorbia spp.) and Scabosia spp.
‘Rye plants (Lolium spp.) injured wheat. Reports of allelopathy iﬁ these plants‘ have been
supported by later work. Stachon and Zimdahl (1980) f_ound that the addition of Canada
| thistle (Cirsium arvense) litter, 'gro‘und roots and grdund foliage to 'the,soil reduced growth
of Amaranthus retroﬂe;cus an& Setaria viridus. Rice (1974) stated that éllélochemicals L
“from E. supina may inhibit growth of pioneer weeds and speed their elimination from the. .
ﬁrst stage of plant succession in abandoned flelds Euphorbia corollata also inhibits ﬁrst
- stage succession plants
‘Frank and Dechoetz (1980) found that phytotoxins from dwarf splkerush (Eleo-
charis coloradoensis) reduced growth of American pondweed (Potamogeton nodosus) and
sago pondweed (P. pectinatus). |
| Annual plants have been shown to have allelopathic effects. Decomposing pl_ants of
timothy: (Phleym pratensé), corn (Zea mays), rye‘(Secale céreale) and tobacco (Nicotiqna
tobacumj produced substances that inhibited respiration, germination and growth of

tobacco seedlings (Patrick and K.oc;h, 195 8_').

Alleldpathic Compounds

Rov1ra (1971) 1dent1fied a wide range of compounds that were exuded from intact

_roots including sugars amino ac1ds peptldes, enzymes, organic a01ds nucle0t1des, and
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fungal stimulants. Root exudation is affected'by blant species, plant age, temperature,
light,Aplant nutrients and soil moisture. ' |
'Rovira .(1965) as cited by Foy (1971) lists four references which present major evi-
dence for root exudation of organic molecules:
| 1. Knudson (1920) provided conclusive evidence that peas and maize _release specific
organic substances from roots. | -

2. Lyon and Wilson (1921) measured organic nit;ogen released from major roots
under stenle conditions. . '

3. Cranner (1922) detected phosphatides from roots of both seedhngs and mature
plants. o _

4. O’Brien and Prentice (1930) demonstrated biological specificity of \plant exudates.

Numerous toxic substances have been found in intact plants. Hydrolyzable tannins -
. were 1solated from extracts of Euphorbza supina after it was found to affect mtnfymg
bacteria (Rice, 1969). Cmeole and camphor were found in toxic amounts in the air above
Salvia leucophylla and Artemesia californica. The characteristic bare zones around these
shrubs was shown to be a result of these terpenes which are bound by the soil (Muller,
1971). Muller (1971) demonstrated that volatile terpenes from Salvta mellifera and Lepa-
chinia calycina inhibited growth of numerous other plant species . ”

Many substances are released from the roots lnto' the soil, often as a result of cleath
and decay (Whittaker, 1970). Chemicals responslble for allelopathic effects are- often
secondary plant substances such as phenols, terpenes and alkaloids.

" Jugalone (5-hydroxy-l 4-naphthoqu1none) occurs as hydroxy jugalone in all plant

parts of black walnut (Juglans mgra) “After release from the leaves and dead tissue it is
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converted to its toxic form (Davis, 1928; Whittaker, 1:970). The inhibition oi; germination- .
and growth as a result of alleiochemical release by Encelia farinosa is partially attributed to a
3-acetyl-6-methoxy benzaldehyﬂe,(Gray and Bonner, 1948). Went (1970) found tr;ms—'“
cinnamic acid to be the.main' inhibitor utilized by guayule (Parthenium argentatum).
Euphorbia corallata was shown to produce gallic and tannic acids (Rice, 1974).

Borer (1971) found phlorizen in high conceﬁtrations in established apple Malus
spp.) plantings, however, the concentration was not high enou.gh' to cause toxic reacti_ons.

Patterson (1981) examined ten compounds in the laboratory and found that t-‘einna‘-" .
" miic, caffeic, p-coumaric, ferﬁlic, gallic, vanillic and S-sulfosalicylic acids reduced plant
growth. Uncertainty exists as to wﬁether the eonceniration of these allelopathic com- -
- pounds in the field ever reached the levels uéed in laboratory work. Long&erm e_ffects in
the field may differ radically from short-term laboratory effects.

Plants have devised protective systerﬁs to avoid internal autotoxicity.. Protective . |
mechanisms include the synthesis and accumulation of inactive polymers.such as tannins,
the secretion of inactive compounds which become toxic after release such as jugalone,
cellular segregation euch as the storage of calcium oxalate crystals, ée;;aration in the cell by‘

| compartmentalization of the inactive toxin and the activating enzyme (Whitte}cer, 1‘97Al),
Seeds of Eucalyptus camaléulensis are not sensitive to the toxihs' produeed by the p_arent .

plant (del Moral and Muller_, 1970).

Factors Affectmg Allelopathy

Toxms can be leached in the soil. Rice (1969) cites Blum and Rice ( 1969) as havmg SR ‘i ' |: :

discovered that tannic acid from the leaves of Rhus copallina leached 75 cm into the s011

profile. Small amounts of tannic acid reduced nodulation of béan (Phaseolus vulgarzs) ‘
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plants. Bonner (1950) fdund that Encelia farjinosa leaves_ may retain thetr-toacfc proper‘-
ties for a year or more after faﬁing and the toxin may be leached into the soil.

Soil texture affects toxin concentration. Del Moral and Mutler,(l970) found that
toxins from Eucalyptus ‘camaldeulensis affected the surrounding grassland only after being
adsorbed by the soil colloids since the toxins failed to inhibit other plant spectes grown in
sand. Allelopathic compounds can interact with soil and be selectively adsorbed (del Moral
and Muller, 1970),

Autotoxicity.'e)fists between guayale roots if pi_ant roots becomep‘ot-lA)ound (Bon-
.ner, 19_50). .Benedict (1941) demonstrated dead bromegrass (Bromus spp.)'root.; fnhibited |
. growth of bromegrass pia_,nts. Putnam and dee'(l974) discovered that cucumber (Cu-
cumis sativus) accessions a'rtd cultivars differ greatly -in their ability to cdntrol weed
growth. ' | . .

Bonner (l97t) euggests the deﬁnitio‘n of allelbpathy be expanded to include the
influence of the products ‘of' soil microorganisms since .they can convert inactive com-
pounds secreted from plant residues tnto phytetoxic substances.

Borner (1971) studied the effects of root secretions of weeds among cultivated'
plants in water culture. ' |

Stachon and Zimdahl (1980) found that ethanollc extracts of Canada thlstle (Cir-
sium arvense) produced toxic effects on test species but dried plant res1dues had no effect
Some studies show mlcrobes are respons1ble for an increase or decreas¢ in allelopathic
effects (Bonner, 1950). Patnck and Koch (1958) determined .that initial microbial brea_k-

down of plant tissue produced a toxin and later aided in decomposition of the plant tissue.
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Allelopathic Activity of Euphorbia esula

Allelopathic extra_(’;ts‘ of Euphorbia e‘zs;tla hav? béen demonstrated. LeTourneau and
Heggeness (1?5 7) used an aquedus extract of E. esula foliage to inhibit root grO\'Jvth of Trit-
icum aestivum. The same extract caused shorfeniﬂg and discoloration of ‘Alaska’ pea
(Pisum sativum) roots. On a dry weight basis, fresh extracts were found to be more inhibi- -
tory than -extracts of dried ground material. Euphorbia esula leaf extracts were more
inhibitory than stem extracts (LeTourneau et al 1956; Selleck, 1972). Extracts from' -
young spurge plants were more inhibitory than extracts from older plants (LeTourneau
et al., 1956). |

Selleck (1972) found tﬁat leaf and stem exiracts from leafy spurge.i';ihibited germi-
nation of wheat, Bromus inermus, Brassica kaber and Agropyron cristatum. Root extracts
depressed germinatio_x.l and coleoptile elongation of all the species listed above except
wheat. Extracts of soil in close association with leafy spurgel ro'ots inhibited radicle eldng-
ation of wheat and-Bro‘}ﬁus iner.'mus. _ L

Steenhagen and Zimdahl (1979) demonstrated that dried, grouhd leafy spurge added ‘_
to the soil wquld inhibit growth of tomato (Lycopersicon esculentum) and crabgrass
(Digitarié sanguinalis), Their results suggeét that toxin levels in soil may bé t06 low to-
inhibit growth of competing species when the leafy spurge litter is r'emoyed. |

Newman and Rovira (11975) stated that toxic‘compoundé are found in man}; plahts
but cautior_led that labofatgry results are not always relevant to the field situation.

“Indicator species are sometimes chosen for convenience rather than ecological sig-

nificance. Del Moral and Cates (1971) agree that subsequent work with pofential allelo-. .
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pathic species should utilize native species which are routinely influenced by the suspected

allelochemic plant.




CHAPTER TEN

ALLELOPATHIC SOIL RESIDUES OF LEAFY SPURGE

"~ Abstract

Soil was collected from two leafy spurge infested areas near Missoula and Vaughn,
Montana. Soil from a nearby nén—infested area served as the control. TWelve grass species
were grown in the soils in the greenhouse to détgrmtne if plant growth was inﬂﬁencéd by
allelbpathic compounds.

| There was no difference in the rate of emergence of the grass species in the infested
and check soils. In addition, there was no difference in growth rate of the species igrown in’
each soil. | | |

Four species‘showed weight differences when grown in the infested and check soil .
from Miséoula one month after planting; however, there were no weight differences two |
months after planting. Plant dry weight of Alopecurus arundinaceus was lower in Mtssoula
infested soil than in check soil two months after planting. Plant dry weight of Bromus

inermus was lower when grown in Vaughn infested soil one month after blanting.,

. Introduction

Allelopathy may regulate the distribution of plant species or plant succession

(Einhellig and Rasmussen, 1973; Putnam and Duke, 1974 Rice,- 1974) The followmg

_ research was conducted to determine if leafy spurge utilizes allelopathy asa major stra-

tegic dev1ce since there is evidence to suggest that related species (Euphorbia supina and
E. cordllata) inhiBit pioneer ‘weeds in the first stage of plant succession in abandonegl

fields (Rice, 1974).
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In addition, suspected allelochemicals from leaf;y_ spurge inhibited root growth of
wheat, Bromus inermus, Brassica kaber and Agropyron cristatum (LeTouméau and Hegge-
ness, 1957; Selleck, 1972). Steenhagen and Zimdahl (1979) inhibited gr’owth of tomato
and Digitaria sanguinalis by addition of leafy spurge residues to soil. 4 .

Several authors (del Moral and Cates 1971 ; Newman and Roﬁra, 1965) have empha-
sized fhe following 'poi'nts: (1) plants may contai'n. toxic substances, however, these sub-
sfanqes are not always utilized in the field situation, and (2) studies xlelated to allelopathy
need to qtilize native speciés which are found iri‘associ'ati‘on with the suspected aile;lopathic
plant. | |

The following study ﬁsed twelve native and introduced grass species commonly

found in areas infested with leafy spurge.

Materials and Methods

Soil was excavated under dense stands of leafy spurge in October, 1979, at Missoula
and Vaughn, Montana. An equal quantity of soil was collected fron; an uninfested area
within 30 m of the infested soil at each location. Soil was sieved to remove debris and
plant méte;‘ial and stored in.plaétic bags at ~4°C to await greenhouse testing. Soil pH,
organic matter, phosphorus, pdtassiﬁm, salt hazard and texture were‘determined (Table 12).

Seed of 12 vgrass ‘species.' was obtained from the Bridger Plant Center, Bridger, Mon—n

tana (Table 13). .

Plant height comparisons. Soil from infested and uninfested sites in Missoula as

well as greenhouse potting soil (peat:sand:Huffine silt loam, 1:1:3 v/v/v) was placed in"

3.8 cm diameter by 21 cm long containers. Four seeds of Agropyron spicatum, A. frachy-




. Téble 12. Soil properties of greenhouse, Missoula infested and Missoula check soils. -

Missoula check 7.1 5.0

) Organic matter P K Salt

Soil rH "% ppm ppm - hazard
‘Greenhouse 7.6 . 5.6 392 724 1.0
Missoula infested = 7.1 5.8 95 785 0.4
104 587 0.7

Table 13. Twelve grass species grown in infested and uninfested soils from Missoula and

Vaughn, Montana.

Genus and species

" Common name

- Native species
" Agropyron smithii
A. trachycaulum
A. spicatum
A. dasystachum
Calomovilfa longifolia
Stipa viridula
Elymus cinereus

Introduced species
Agropyron cristatum
Elymus junceus
Elymus angustus
Alopecurus arundinaceus
Bromus inermus

western wheatgrass
slender wheatgrass
bluebunch wheatgrass
thickspike wheatgrass
prairie sandreed
green needlegrass -
basin wildrye

Fairway crested wheatgrass

- Russian wildrye

‘Altai’ wildrye
creeping foxtail
smooth brome
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caulum,.A. smititii, Elymus junceus, E. angustus, E. cinereus, Alopecurus arundinaceus or
Bromus inermus were planted in each container. After planting the soil surface in each
container was covered with 0.5 cm sand to reduce evaporation. There were three repli-
Ieations per treatment. |

The cohtainers were placed in a germination chamber set at an alternating 15-25°C
temperature. After 10 days they were placed in a growth chamber set to operate at a con-
stant 22°C with 12 hours of light (22 Klux) per 24 hour period. Each contamer recewed

10 ml water every-other day Plant height was measured every other day for one month.

Plant weight 'comparisons. Soil from infested and uninfested sites from Missoula

and Vaughn was placed in 13.5 cm by 21.5 cm by 9.0 cm deep flats. Twenty seeds of a
species were planted 0.7 cm deep in'rows 13 cm long. There were 4 species planted in each
flat. There were three replications per treatment. The flats were maintained in the green-
house without supplemental light with a temperature range of 18 to 25°C. Flats were
watered as needed. - -

The number of emerged seedlings vyas ceuhted daily and the speed of emer'gerlée.
was -calculated. One month after planting half of the plants in each flat were cut at the soil
surfaee, oven dried for three days at 38°C and weighed. Two months after planting the

remaining plants were cut, dried and weighed.

Results and Discussion .

Plant height comparison. There were plant height differences for four plant species

in two soils.on one or more days. Agropyron smithii and Elymus cinereus produced more

growth in greenhouse soil than in the check or infested soils from Missoula (Figures 5 and
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6). The greenhousg soil was slightly different in some soil properties which may'explain dif-
ferences in plant growth. Agropyron tréchycaulum showed differences in érowth on three
dates'among the soils tested (Figure 7). Elymus junceus was taller when grown in infested
soil on three days (Figure 8).. There were no differences in the g;owth curves of the other .
' specieé tested.! _ |
Two differencc§ were noted in growth -betweer_l soils using fegress'ioﬂ ana'lysis'(Table ,
| 14). Two: épecies had signiﬁcaﬁt differences between slopes of the reéression lines. The
regression ﬁne of Agropyr"on spicatum in the check soﬂ had less of a slope than the infested
or greenhouse soils (Figure 9). The regression line of Elymus jﬁnceus in greéﬁhousé soil had
a steeper slope than either of the other two soils (Figure 10). All other‘species showed sim-
Ailar regression lines for the three soils.?'
Sinﬁlai‘ slopes 6f the regression lines indicate no differences in rate of growth arﬁong
- the three ‘soils. Dry weight. acc_ﬁmulation for each species was the same iﬁ all soils. This
would imply that no growth inhibitors were present in tﬁe infested soil to slow the gl'bwth ‘
rate. |
The mean plant h&ight of Elymus cinereus and Elymus angustus was lower when

grown in uninfested soil compared to the infested or greenhouse soils (Table 15).

Plant weight comparison. Speed-of emergence was determined f)y the following

equation: (Wiesner, 1981).

no. of planfs emerged + no. of plants emerged

day 1 - day 2 -
no. of plants emerged _ eed f- )
day 5 speed of emergence
. Appendix C. |

2 Appendix D. .
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Table 14. Test for equality of slopes of three soil regression lines for each grass species. .

Test result

Species ' p-value
Agropyron spicatum - .008 **
A. trachycaulum : : .181 NS
A. smithii - 887 NS
Elymus junceus - : ' 011 *
E. cinereus ‘ 258 NS
E. angustus : 923 NS
Bromus inermus ‘ : 4 .083 NS -
Alopecurus arundinaceus .096 NS
* = 05 significance
** = (1 significance
NS = not significant

Table 15.. Mean height for each grass species after one month of growth i 1n the Mlssoula
check, Missoula infested and greenhouse soils.

Mean height (mm)%
Grass speciesb- _
Soil Agsm  Alar Agtr  Elju Agsp Brin Elci Elan
Greenhouse 92.7a 38.1a 89.8a 60.9a 98.9a 60.12 82.3a 134.8a
Check . 784a 29.3a 87.8a 48.3a 92.5a. 80.8a. 50.6b 78.7b.
Infested 92.3a 32.3a 76.7a . 64.5a 104.9a 66.2a 8l1.6a 92.9a,b

9Means within each column followed by the same letter are not statlstlcally different at
the 5% level as determined by LSD test.

b Agsm = Agropyron spicatum . Agsp = Agropyron spz‘catum
Alar = Alopecurus arundinaceus "~ Brin = Bromus inermus
Agtr = Agropyron trachycaulum . Elci = Elymus cinereus
Elju = Elymus junceus Elan = Elymus angustus
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No grass species showed differences in the speed of emergence between the Missoula

check and infested soils (Table 16).

Table 16. Speed of emergence index number of twelve grass species grown in Mlssoula
~ check and infested soils.

. Grass species? _ .
Soil Calo Agsm Agcr Stvi Elci  Elan »Alar Agda Agsp Brin Elju Agtr
Check ~ 91 5.35. 488 1.79 475 7.69 7.57 892 894 10.30 4.57 7.52

Infested 2.37 5.84 220 1.82 6.61 5.83 630 862 8.01 9.69 557 699

LSD 1.77 3.00 3.12 1.16-4.27 4.81 336 439 1.81 231 862 5.15
(.05) ‘ e o

Calomovilfa longifolia ' Alar = Alopecurus arundinaceus

4Calo =
Agsm = Agropyron smithii . Agda = Agropyron dasystachum
Agcr = Agropyron cristatum .. Agsp = Agropyron spicatum
Stvi = Stipa viridula , Brin = Bromus inermus
Eici = Elymus cinereus Elju = Elymus junceus
Elan = Elymus angustus : Agtr = Agropyron ;rachycaulum

There were plant weight differences one month after plﬁnting for four species
planted in soil from Missoula (Table 17). Calomovilfa longifolia, Agropyron spicatum,
Elymus junceus and A. trachycaulum produced more plant tissue when grown in unin-
fested soils. Two months after plgnting there was no longer a weight difference among the
foﬁr species in the two soils. Alopecurus arundinaceus had a lower plant weight in infested
.soil two months after plantmg

Only Bromus inermus produced less growth in the infested soil from Vaughn one
month after plantmg (Table 18). No significant differences in plant weight were detected
' at the time of ’Fhe second cutting. | -

' The_ plant weight of -Alqpecurus arﬁndinaceus wés three-fold ﬁigher two months

after planting When'grown in uninfested soil from Vaughn. Although not stafisfically dif-




Table 17. Weight of grass species grown in Missoula check and infested soil one and two months after planting.

Grass species?

Soil Calo Agsm Ager Stvi Elci Elan Alar Agda  Agsp Brin Elju Agtr
T e mg/plt-=<----- '
One Month _
Check 180 31.3 393 120 . 227 31.7 6.0 28.0 28.7 26.7 16.0 44.0
Infested 5.7 - 21.7 27.7 7.3 16.0 26.7 33 24.0 23.0 187 11.7 18.0
LSD 5% 7.69 13.45 13.45 5.08 21.06 16.06 291 22.89 a3 - 1.92 1546 o
- - =
Two Months ) :
Check  25.7 117.0 204.3 .48.0 75.0 88.3 31.0 128.7 121.7 142.7 . 45.7 213.7
Infested 26.7 95.0 230.0 55.7 61.0 78.0 9.7 99.7 108.7 105.3 - 32.3 111.0
LSD 5% 89.26 50.73 164.69 186.60 16.54 114.23

50.69 124.81

QCalo = Calomovilfa longifolia
Agsm = Agropyron smithii
Agcr = Agropyron cristatum

Stvi = Stipa viridula
Elci. Elymus cinereus
Elan Elymus angustus

81.35 18.97 223.59 99.65

Alar = Alopecurus arundinaceus
Agda = Agropyron dasystichum
Agsp = Agropyron spicatum

Brin = Bromus inermus

Elju = Elymus junceus

Agtr = Agropyron trachycaulum




Table 18. Wéight of grass species grown in Vaughn check and infested soil one and two months after planting.

Grass species?

Soil.  Calo Agsm  Ager  Stvi  Elei  Elan  Alar Agda Agsp. Brin  Elju  Agtr
T - /oIt - |
One Month . ’ ' :
Check 3.7 353 23.7 11.7 21.0 207 1.7 28.3 29.0 14.0 6.3 24.0
Infested 8.0 21.0 13.7 7.3 11.3 13.3 40 24.7 16.3 113 8.7 20.0
LSD 5% 11.20 61.68 30.22 13.68 22.27 25.38 3.79 13.68 13.68 143 5.17 9.94 &
Two Months L o : :
Check 343 1133 127.0 393 70.3 54.7 73.3 993 = 82.0 723 243 1170
Infested 35.3 99.0 36.3 38.0 46.0 60.3 243 53.7 63.0 145. 187 104.0
. LSD 5% 24.47 98.64 14751 77.23 2825 11.20 169.97 62.08 94.96 269.7 10.34 - 131.95
- 4Calo = Calomovilfa longifolia' Alar = Alopecurus arundinaceus
Agsm = Agropyron smithii Agda = Agropyron dasystachum

Agcr = Agropyron cristatum
Stvi = Stipa viridula

Elci = Elymus cinereus
Elan = Elymus angustus

- Agsp = Agropyron spicatum

Brin = Bromus inermus
Elju = Elymus jurceus
Agtr = Agropyron trachycaulum
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ferent, this treﬁd does cbrrglate with the differences observed when the same planf was’
grown in sbil from Missoula.

Confirmation trials wére establi;shed with three of the four grasses which showed
weight differences one mon_th aft;ar planting when grown in soil from Missoula (Table i9).

There were no differences in plant weights at either time of cutting in the confirmation

© trial.

- Table 19. Weight of three grass species grown for a second t1me in Missoula soﬂ one month
.and two months after planting.

Grass species?
Soil Agsp - . - Agtr : . Elju
------- mg/plt-------
One Month oo ‘ o :
Check 35.0 - 38.0 13.0
Infested 30.0 34.0 - 13.5
LSD (.05) . 1622 101.7 572
Two Months | _ |
Check ‘ 69.3 56.3 : 59.0
Infested T 727 78.5 _ 43.5
LSD (.05) 15.6 33.7 22.8

@ Agsp = Agropyron spicatum, Agir = Agropyron trachycaulum, Elju = Elymus junceus.

The Weight differences in AlopecéMs arundinaceus between the infested an& unin-
fested soils from Missoula were not evident until the time of the second cutting. If the ob-.
s_erved,differ_ences were caused by an allelochemical in soil, thé tokin must not be readily
- broken down aftér eight weeks in a éeenhouse experiment. No other differences ap-
peared among the other species two months after planting. It is unlikely that the observed

difference in plant growth was caused by a toxin released by leafy spurge since the growth
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of Alopecurus arundinaceus was not reduced when the plant was grown in soil from
Vaughn The growth reduction of this plant in infested soil ‘from Mlssoula must have been
a result of an unknown vanable

Selleck (1974) observed allelopathrc responses from s011 extracts by usmg. soil
directly associated with leafy spurge roots. The soil from Missoula and Vaughn was sieved
to remove plant debris. Since growth of four species was reduced in infested-soil at the
first cutting, a toxin may have been present initially, but wrthout continuous release from
leafy spurge roots the- allelopathic effects were not maintained. Under field condltlonsl '
root and .fohar debris would be present in soil or on the soil surface. Steenhagen and
Zimdahl (1979) observed inhihition of tomato and Digitarid sanguihalts only when leafy
'spurge litter was incorporated in the soil. - |

The time of year of soil collection may have affected the results If leafy spurge
produces an allelopathic toxin it may not have been present in sufﬁcjent quantity in Octo-

ber to produce growth inhibition of the grass species tested. . ’

i




CHAPTER ELEVEN
SUMMARY

Leafy spurge infests_ grazing land and will become the dominate vegetation over
time. Several Euphorbia species exhibit allelopathic effects on plant speciés in old field
succession. Thisl study examined possible alle}opafhjc soil residues from leafy spurge and
their effect on grass species. '

~ Soil was excavated .f'r'om' a dense stand of leafy spurge and from an uninfested ar(;,a
several meters away.. Twelve- grass speciés were grown in each soilj Plant height and dry
matter accumulation were measured. | ' |

Several-'grass.species spowed decreaséd grox;vth when grown in leafy spurge infested
soil from one location. The effect on growth was noi: consistent between infested scl>ils
" from ﬁvo locations. Confirmation trials did not suppbrt the initial ciata. If leafy spurge
prqduces allelopathic substances they do nbt remain in the soil at effective concentrations
Qhen plant debﬁs is removed.

Results from this study indicate that soil from a dense stand of leafy spurge does not
.c-c;ntain toxins in sufficient quantities to inhibit growth of native or intr,o‘duced. gfg'ss
species whén grbwn under éreenhouse and growth chfamber cqnditi';ns.

" Further studies in a ébﬁtrolled situation .are needed. Native and introduced. grass“
species _should be observed when grown in association .with intact leafy spurge roots.
Growth of fhese species should also be monitored. when‘natural' litter is present. These
studies may ﬁﬁcate which species'would be useful in reseeding areas where leafy spurge is

. controlled.

VL
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SUMMARY

Leafy spurge ié a serious weed problem in Montana, infesting over one half million
acres. 'A three part program developed an education'proéram on leafy spl#ge, analyzed
the hydrocarﬁon of the weed and examined the anelopéthjc soil residues of leafy spurge.
The e'ducationl .program utilized newspaper a;ticles, a leafy spurge newsletfer, sum-
mer field tours and slide sets to increase awareness and knowledge éf leafy spurge. The
- articles, .summer tours and slide sets provided background information and the n‘ews—l
letters continue to update the informétion. Many peqple are still unéware of le;lfs" spurge,
the threat it presents and control méthodé._County agents and local weed personnel need .
to continue the program fhrough utilizatioﬁ of the chemical controi demonstration sites
and incorporation of the educational materials into_their existing programs.
- Annual Euphorbia species have beén éxamined as possible sources of hyd'rocarb'ons.
'In this study, 12 ecotypes of a perennial species, Euphorbia esula, were grown and har-
vested. SambleS'were haﬁlested ‘on three dgtes during the growing season and extra‘ctéd.
for hydrocarb'ons. 'No ecotybes producéd exceptionally high levels of hy‘drocarb.onls.. -
Lea_fy spurge regrowth was a problem. Extensive regrowth after éutting_ was
expected but did not occur possibly due to_réstfictgd rdot- growth. Low rates of fertilizer
did not increase hydrocarbon content. Effects of heavier applications of fertiﬁzer and 111'1-
gation on hydrqcarboﬁ content need td be researched. Additional research in plant breed-
“ing and soil fertility is needed to determine if leafy spurge has potential as a source of
hydrocarbons. A
Infestatioﬁs of leafg'z sél}rge tend to dominate vegetatic_in on grazing laﬁd.'Théj effect

of p'ossiblg allelopathic soil residues from leafy spurge on grass species was studied.
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Soil was excavated from a) dense stand bf leafy spurge and from an uninlfess'ted area.
several meters away. Natjve and introduced grass spécies were grown in.the soils. Piant
height and dry matter accumulation was measured. o

Several grass species showed décrease& 'plant dry matter when grown in infested soil..
This effect was inconsistent béfween infested soils from two locations. 'I'hé‘- results from
~.confirmation trials did not agfee’ with résults from the original experiment.

Results from this study indicate that soil froﬁ a dense stand of leafy spurge does not
contain toxins in sufficient quantities to inhibit growth of certain grass §peciés when grown
under greénhouse or growth chamber conditions.

Leafy spurge research needs to be continued. Mechanisms of root bud'activity‘negd

'to be understo,;)d in order to éontrol plant.grdwth. Less expensive means of control must "
be found before leafy spurge acreage will c.iecreallse. Even though research has not develo-ped
a perfect control, an education program on- lga.tfy spurge should not be de-emphasized.
People need to be aware of the weed, why‘ it spreads, and controls presently a;'aﬂable.
While research is being continued, education of the public about leafy spurge is_ essential.

A wide array of personnel and media are available to disseminate information. Teié,- .
visioﬁ, radio, slides, newspapérs and special ‘publications can be utilized By teachers,
county agents, vocational agriculture instructors and weed district persc;nnel tO"disberse
information. Unless people are aware of leafy spurge, its problems and 61igoing research,

they will not initiate-a control program.
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