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Three ecotypes of field bindweed from differing climatic regions

were morphologically different when grown under the same environmental

conditions. Differences occurred in maximum vine length; number of

vines per plant; and number of leaves, flower buds, flowers, and seed

pods on the longest vine. Seed yield per plant was also different.

A decimal code (Arabic numerals) for indexing the growth stages

of field bindweed (Convolvulus arvensis L.) was developed. The seven

principal growth stages are germination, seedling development,

established plant regrowth, vegetative growth, floral period,

senescence, and dormancy. Secondary growth stages are used to

describe subdivisions of the principal stages. The floral period

was considered most important for herbicide application to foliage.

Secondary growth stages of the floral period were defined by the

percentage of floral structures on the longest vine that were

developing seed pods. Decimal code values can be applied to different

ecotypes of field bindweed.



Uptake and translocation of 14C-glyphosate D-(phosphonomethyl)

glycinej did not differ in the three bindweed ecotypes grown under

three temperature regimes. More
14
C was moved basipetally in 48 h

from two treated leaves midway up a vegetative bindweed vine than

was moved acropetally. Treated leaves contained from 20 to 52% of

the total labeled material applied. During the 48-h period prior to

sectioning plants, 3 to 1010 of the total applied label moved into

plant parts that were not treated. The remainder of the applied

radioactivity was found in a distilled water wash from the treated

bindweed leaves.

Application of glyphosate (3.4 kg ae/ha) to undisturbed field

bindweed under field conditions was most effective when treatment was

made during the middle or late stages of the floral period (decimal

code 53-58).

Herbicide treatments following tillage were most effective when

bindweed regrowth had developed to the floral period. Application of

3.4 kg ae/ha of an alkanolamine salt of 2,4-D [(2,4-dichlorophenoxy)

acetic acid] after tillage was as effective at two of the three

locations as glyphosate, and did not require a post-treatment tillage..

Glyphosate applied at the floral period on untilled bindweed reduced

stands as much as glyphosate or 2,4-D combined with tillage.

In field studies, air and soil temperature, relative humidity,

and plant water potential were not effective indicators of maximum

bindweed susceptibility to glyphosate. Good control was obtained

at different temperatures and humidity, although humidity was always

more than 50%. Plant water potential was extremely variable in a



single location. This variability was attributed to differences in

rooting depth of bindweed plants and may account for erratic bindweed

control.

Cayphosate applied when seed pods had developed on half the

floral structures of the longest vine (decimal code 55) reduced seed

yield of three ecotypes of field bindweed by 55 to 87%. As much as

85% of the seed produced from treated plants was dead compared to

24% from untreated plants.

Field bindweed plants treated with 3.4 kg/ha of glyphosate at

growth stage 55 and then clipped 1 month later did not produce

measurable regrowth during the treatment year.
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FIELD BINDWEED: A GROWTH STAGE INDEXING
SYSTEM AND ITS RELATION TO CONTROL

WITH GLYPHOSATE

INTRODUCTION

Field bindweed (Convolvulus arvensis L.) is a native of Europe

but is well distributed throughout the middle latitudes of the world.

Long recognized by agriculturalists as a noxious weed, significant

efforts have been made to describe field bindweed and to develop

effective methods for control. Many of the recommendations for control

of this pest refer to a specific stage of growth in the life cycle of

field bindweed plants. Glyphosate EN-(phosphonomethyl)glycine] has been

shown to be herbicidally active against field bindweed; however, control

efforts with glyphosate have been erratic in the western United States.

The glyphosate label recommends application of the compound to

field bindweed when the plant is in "full bloom." Although much has

been written to describe the growth of bindweed, a practical system of

growth indexing for the plant does not exist. A major objective of

this research was to define specific stages of growth in field bindweed

using easily seen morphological characteristics. The results from this

effort are reported in Chapter 1, A Decimal Code for the Growth Stages

of Field Bindweed. All chapters in this thesis are prepared in the

format of a manuscript for Weed Science. The indexing system does not

attempt to examine the physiology of plants being observed but is used

to describe similar growth stages across geographical areas and among

ecotypes of the species.
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Chapter 2 reports research conducted to define differences that

may occur in uptake and translocation of 14
C-glyphosate in three

ecotypes of field bindweed. If an ecotype response to glyphosate

could be described, it could help explain the erratic results in the

control of field bindweed using glyphosate.

Using the newly developed indexing system, field applications

of glyphosate were made to bindweed plants at different stages of

growth. The objective of this study was to define more precisely

the proper stage of growth for optimum control of bindweed. A

technique for evaluating field bindweed control using a root bioassay

method was examined. Field bindweed seed production and viability

following treatment with glyphosate was evaluated. Regrowth ability

of different ecotypes after treatment with glyphosate at the same stage

of growth was also studied. The results of these studies are reported

in Chapter 3.
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LITERATURE REVIEW

Field Bindweed

Convolvulus arvensis L. is native to Europe and Western Asia but

is widely distributed around the world. It represents a serious weed

problem in Europe, Western Asia, Canada, and the United States but does

not occur as a serious weedy species outside the temperate regions of

the world (37, 41). Numerous descriptive common names have been

assigned to this plant which is known as cornbind, creeper, creeping

Charlie, creeping Jennie, European bindweed, European morning glory,

field bindweed, field morning glory, orchard morning glory, Russian

creeper, small-flowered morning glory, and small morning glory

(6, 7, 31, 42). The common name accepted by the Weed Science Society of

America is field bindweed and will be used throughout this research.

Kiesselbach et al. (41) reported that field bindweed was intro-

duced into the United States along the Atlantic seaboard. Virginia

first reported the weed in 1739, Pennsylvania in 1812, Massachusetts

in 1814, and Maine in 1824. The completion of the railroad coincided

with a rapid spread of the weed to the west. Kansas reported field

bindweed in 1877, Wisconsin in 1882, Ohio in 1885, Missouri in 1886,

Nebraska in 1888, and Iowa in 1889. By 1900, all of the western

states had been infested. In 1955 (36), field bindweed was found in

every county in Idaho. Bindweed occurs in all but the southeastern

states where the climate does not favor its growth and development (31).

Field. bindweed is a creeping perennial that can spread annually

in an increasing circle tc infest areas previously free of the weed
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(7,31). The primary root is a taproot from which lateral branch

roots grow for 50 to 100 am before turning downward (41). The lateral

spread of bindweed is accomplished primarily through the development

of the vigorous lateral root system. Numerous lateral roots are

produced during a season but many die and are replaced annually. Some

lateral roots, however, persist as permanent branches of the root system

and facilitate the spread of the plant. New shoots can arise from

rhizomes that have developed from adventitious buds on the root (40).

Lateral roots have been measured growing as much as 20 mm per

day under sterile conditions in the laboratory. New shoots develop (in

vitro) from true endogenous buds that originate in the pericycle,

usually opposite the protoxylem points of the primary vascular tissues

of the main root axis (65). Stem tissue produced below the soil

surface in this manner is a rhizome. Rhizomes of bindweed may be

produced a few centimeters to 60 cm below the soil surface (65),

although bindweed roots have been found at depths exceeding 9 m (31).

Lateral roots can develop on rhizomes, and if the rhizome should be

separated from the main root, it can survive by itself (40).

Dexter (20) found that roots of field bindweed are killed when ex-

posed to temperatures of -8 C or below, but one-third of the test roots

survived -6 C. Roots and rhizomes of bindweed increase in hardiness

during the fall and display true frost hardiness during the winter. If

the ground is frozen, however, bindweed roots in the upper soil profile

(the portion that is frozen) are severely injured or killed. Bindweed

regrowth begins in the spring when daytime temperatures near 14 C and

lows at night are not below 2 C. Under good conditions, small sections
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of bindweed roots can give rise to new plants. Best (9) found new

shoots appearing 290 cm away from the site of transplanting a 5-cm

root section, 15 months after planting.

Field bindweed shoots are herbaceous vines that can grow on

objects or crops (Latin convolvere, to twine) as well as grow prostrate

on the ground. Vine length ranges from 45 to more than 180 cm. Mature

plants vary greatly because of hereditary differences and in response

to habitat which results in differences in leaf size and shape. Vines

and leaves often contain milky juice. Leaves are alternate and are

usually sagittate (41). If a developed bindweed vine is stimulated

by some external factor, new lateral shoots can develop in the leaf

axil (40).

The stem is pubescent and heavily cutinized and is difficult to

wet. The leaf epidermis is rough (like cobblestone) and has thin-

walled cells that are not heavily cutinized. Stomata are present on

both upper and lower leaf surfaces with a majority found on the dorsal

side (40). Stem and leaf growth is retarded by temperatures from

-1 to -7 C but they are not killed until temperatures go below this

threshold (46).

Bindweed plants that are not disturbed during development may

begin to flower in June, peak in late June and early July, and decline

in August (41). A peduncle bearing from one to three flowers develops

in the axil of the leaf. Flowers are less than 2.5 cm in diameter

and are funnel-shaped with five stamens, one pistil with a two-celled

ovary generally with four ovules, and a yellow honey gland located

at the base of the pistil. Corolla color ranges from white to pink
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(3, 31, 36, 41). Two small scale-like bracts are born on each flower

stalk about 1 to 3 cm below the flower (31). Other flower buds

arise in the axil of the bract and the flower stalk. Each flower,

first, second, or third, has its own pair of bracts. Mechanical

injury to the plant may delay flowering or stop it altogether.

Under normal conditions, bindweed flowers open early in the day

and close shortly after noon. If conditions are cloudy, bindweed

plants may respond differently (10, 31). Flowers only open once and

if they were not pollinated during the period when they were open, the

flower fails to set seed. Seed production is variable and difficult

to predict, although it has been shown that disturbed plants produce

less seed than undisturbed plants. Seed yield is favored by dry sunny

weather and high temperatures (10). Higgins and Seely (36) have

estimated that in a pure stand of bindweed, 22 million seeds per acre

can be produced annually.

The anatomy of field bindweed seed was studied by Sripleng and

Smith (61). There are four or six anatropous ovules, two in each

locule. A single archesporial cell is produced in each ovule, but

some doubt exists regarding the development of parietal cells. Bind-

weed seeds vary in shape, depending upon the number of seeds born in

each capsule. If four seeds are produced, each has two flat sides and

a convex shape for the third side. If more or less than four seeds

are developed, the shape is modified so that all can fit into the

rounded capsule (41).

Brown and Porter (10) tested bindweed seed from Belguim and

found it to be 6 Z% viable after storage at room temperature for 50
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years. Other bindweed seeds stored for 5 years in fresh water were 59%

sound (not decomposed) when examined (11). The hard-seed mechanism in

field bindweed was studied by Callihan (12). He reported that the

impermeable nature of bindweed seed is controlled by a hygroscopic

counter-palisade layer of cells on either side of a fissure found in

the hilum. The fissure opens or closes in relation to the external

relative humidity and thus regulates the germination of the seed.

After imbibition was completed, germination occurred in 2 days. A

technique for overcoming the hard-seed mechanism of field bindweed by

acid scarification has been reported (3, 10, 22) as well as a defini-

tion of normally germinated seed (62).

Seedling bindweed plants have characteristic heart- shaped

cotyledons and develop into a small plant with several 10- to 15-cm

vines by the time they are 6 weeks old (41). Higgins and Seely (36)

found that bindweed seedlings were able to behave like perennial plants

by the time they were 6 weeks old. Once a seedling plant has reached

the perennial status, there is no difference between it and new plants

developing from established root systems. Seedling plants appear

frequently and Wiese and Rea (73) have estimated a density of 226 to

258 bindweed seeds per square meter in an area of bindweed infestation.

They have concluded that five seeds per year could germinate, thus

allowing for a seed reserve in the soil for 40 to 50 years.

Field bindweed competes for water, light, and nutrients (47) and

can reduce grain and forage yields where not controlled (48). The

competitive ability of bindweed is attributed to its enormous root

system and ability to spread vegetatively as well as by seed. When
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flax seed was germinated in extracts from bindweed plants, shoot

development was only slightly affected, but root length was reduced

(35). This allelopathic characteristic adds one more factor which

may help explain the competitive nature of field bindweed.

Control of Field Bindweed

Field bindweed was recognized as a weedy pest in the United States

shortly after its introduction into the country. The aggressive nature

of the plant and its ability to reduce crop yields resulted in the

accumulation of a vast amount of knowledge for the control of this

weed. This discussion of control efforts considers early recommenda-

tions, both cultural and chemical, up to the current time. Emphasis

is placed on 2,4-D [(2,4-dichlorophenoxy)acetic acid] in the discussion

of chemical control.

Barnum (7) reported in 1923 that cutting the bindweed plant off

below the soil surface was recommended by all previous researchers.

Control according to Barnum was usually obtained within 1 year, if

cultivations were thorough and timed so that no green leaves were ever

allowed to appear. This was one of the earliest recommendations of

carbohydrate starvation for the control of field bindweed. Other

recommendations utilized the same principle, although timing varied.

Bakke (6) in 1930 suggested frequent tillages to kill all new sprouts.

By 1935 (42), the recommendation had changed to allow 5 days growth

above the surface before the next tillage was needed. The time inter-

val between tillages continued to increase and in 1943, cultivation

every 3 weeks or 8 days after re-emergence was recommended during the

second and third year of treatment (31). This recommendation was
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still used in 1955 (72) and has carried over to the present (24).

Timing of cultivation has probably maintained its stable position

since the early 1940's as a result of research conducted by Frazier (25)

in 1943. He reported that on the average it takes 6 days for a bindweed

shoot to emerge after tillage. According to his calculations, culti-

vation every 14 days destroyed one-fifth more readily available

carbohydrates and more than doubled the loss of protein nitrogen in

shoots and rhizomes as compared to a cultivation every 7 days. This

foundation was used to develop more refined, cultural techniques.

Bindweed, it is reported, should be cultivated at a depth of 10 to 15 cm

every 2 weeks for 2 to 3 months until the bindweed is weakened and does

not regrow as rapidly, then tilled at intervals of 3 weeks (47, 48).

Using only sweep cultivation at 10 or 15 days after emergence, 99 to

100% control can be obtained if used over a 5-year period (73).

Techniques for reducing bindweed stands, other than cultivation,

included chemical weed control (72), competitive crops (19), hoeing

(48), pasturing with hogs and with sheep (6, 7), smothering with

organic matter, and combinations of competitive crops, chemicals,

and cultivations (47). Kiesselbach et al. (41) reported that no

competitive crop has been found which will destroy bindweed due to

competition. Hoeing was reported to be effective if a conscientious

program was followed (31). Pasturing with hogs and with sheep, as

well as smothering, were ineffective (7).

Soil sterilant chemicals were effective but could not be used

on land that was to be cropped (6, 7, 24, 42). The discovery of

2,4-D and its ability to be used selectively in some crops allowed
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for the development of a new kind of research for the control of

field bindweed.

Frequently repeated applications of 2,4-D to field bindweed

without regard for crop tolerance gave 98% control over. a 5-year

period (73). When perennial grasses were used as competitive crops,

no reduction in stand of field bindweed was observed. When a single

application of 2,4-D was added to the grass rotation, bindweed stands

were reduced by 90% (19). In the normal production of winter wheat

there was a 52% reduction in bindweed stand during a 5-year period.

When 2,4-D was added in the spring to this wheat cropping system, 99%

of the bindweed was controlled during the same 5-year period (73).

The combination approach was proving to be the best method for control.

After combinations of tillage, chemicals, and competitive crops

were shown to be effective in reducing field bindweed densities,

efforts were made to improve the previous control. Phillips (4.6)

concluded that precipitation was probably the most important factor

that influenced bindweed control. Wiese and Rea (74) determined that

2,4-D, any formulation, was the most effective phenoxy herbicide for

bindweed control when applied under good growing conditions. Good

growing conditions were defined as cm of available moisture in the

soil profile and bindweed vines 15 to 25 cm long.

Carbohydrate movement to the roots with an accompanying transport

of 2,4-D to the roots was the explanation for good control under good

growing conditions. Carbohydrate levels in the leaves are high and

low in the roots when bindweed vines are 15 to 25 cm long. The

optimum application time for foliar-applied herbicides to field
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bindweed has varied from researcher to researcher, but the concept

of movement of herbicidal chemicals to the roots with the carbohydrates

has persisted.

As research efforts in field bindweed control increased, other

factors besides those that are environmental became important.

Whitworth (70) reported that field bindweed plants from the United

States and Canada demonstrated differences in their response to 2,4-D.

These differences were attributed to inherent differences in plant

physiology. Observations of external morphology was not an effective

technique in distinguishing susceptible and resistant bindweed eco-

types. Even when morphology was different, e.g. differences in

pubescence or number of stomata, it played no role in the plant response

to 2,4-D. Largest differences were found to be on the cellular level

(71). Plant age did influence susceptibility to 2,4-D and the transport

of 2,4-D to roots followed a classical source-sink pattern (1, 2).

The appearance of morphological (40) and physiological (45) differences

between different populations of the same species supports the occur-

rence of true ecotypes of field bindweed (16, 28, 3L, 68).

Chemical control of field bindweed has centered primarily on the

use of 2,4-D as a herbicide. This is not to imply that other chemical

agents are not available or effective in the control of bindweed.

The herbicide 2,4-D, however, represents a compound that is influenced

by numerous factors when used to control field bindweed, and as such,

closely approximates the numerous responses seen when glyphosate is

used against bindweed.

The control of field bindweed seedlings can be accomplished with
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tillage (64) or 2,4-D. Cultivation any time up to 6 weeks after germi-

nation is effective in bindweed control because new plants from seed do

not begin to act like perennials until that time (36). Seedlings are

susceptible to 2,4-D and can be controlled easily if application is

made before the plant can exercise its perennial nature (1, 19, 31, 46,

47, 72). The control of seedling plants is essential since areas of

heavy infestation may have a seed reserve in the soil sufficient to

last 40 or 50 years, even if another seed is never produced in that

area (73).

Kiesselbach et al. (41) observed that bindweed spreads by (1) seeds,

(2) root fragments carried by farm and road implements, (3) transfer of

infested soil adhering to roots of plants as nursery stock, and (4)

natural spread from root extension at the margin of the infested

area. Methods have been discussed to curtail the natural spread of

bindweed once an area is infested, but only careful management can

protect weed-free areas from field bindweed. The use of weed-free

seed, clean farm machinery, and clean nursery stock are control methods

not to be rivaled. Fischer et al. (24) have summarized these concepts

when they said that effective bindweed control or eradication will

not be found in a bottle or bag, but can only be the result of applying

successful control measures. These measures include repeated cultiva-

tions, competitive cropping, and herbicidal chemicals such as fumigants,

soil-persistent herbicides, subsurface layered herbicides, and foliar-

applied herbicides. One of the most promising new herbicides for the

control of field bindweed is glyphosate [N-(phosphonomethyl)glycinel

a product of Monsanto Chemical Company.



13

Glyphosate

Glyphosate is a wide spectrum herbicide with the ability to

translocate and kill plants. It is formulated as an isopropylamine

salt and contains 0.36 kg/L of the parent acid in the formulation.

When placed in the soil, the compound was found to be non-herbicidal

(5).

Baird et al. (5) reported the acute oral LD
50

on mixed-sex rats

to be 9800 mg/kg. The compound is generally non-volatile and is

soluble in water up to about 10 g/L. Inactivation as a herbicide in

mineral soils is so great that there should be no problem in seeding

following treatment, regardless of the time interval between treatment

and seeding. Glyphosate has been shown to be stable in sunlight, to

be non-leachable in soil, to have a low propensity for runoff, and to

have minimal effect on the microflora (51). The ability to trans-

locate makes this herbicide effective against perennials as well as

annuals.

The inactivation of glyphosate in the soil was examined by Rieck

et al. (49) who concluded that adsorption in the soil was not the

total answer. Addition of some adsorptive materials to the spray

solution did not reduce glyphosate toxicity as did others. Sprankle

et al. (57) postulated that phosphorus may compete with glyphosate for

binding sites in the soil. Adsorption of glyphosate was shown to be

a rapid equilibrium reaction when a sandy loam soil removed a portion

of the applied glyphosate from the soil solution within the first hour

of contact and no further removal occurred with time. In a sand

culture, glyphosate was available to the roots and was absorbed, but
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was unavailable in a clay loam or muck soil (60). Up to 45% of the

glyphosate applied to a sandy clay loam soil was degraded within 28

days, suggesting metabolism by soil microbes after initial inactiva-

tion by adsorption (59). Complete and relatively rapid degradation

of glyphosate occurs in soil and water microbiologically and not

chemically. The only significant metabolite of glyphosate, amino-

methylphosphonic acid, also undergoes rapid degradation in the soil

(51). The adsorption of glyphosate was decreased when pH was increased,

and mobility of the compound in the soil phase was influenced (59,

60). It has been proposed by Hance (30) that the mechanism of

glyphosate adsorption in the soil is similar to that of orthophosphate.

Hance concludes that the low activity of glyphosate in the soil is

a combination of moderate adsorption and low intrinsic toxicity when

applied to the roots.

Since glyphosate is used exclusively as a foliage-applied

herbicide, factors which might influence its activity on the foliage

are important. Davis and Fawcett (15) found uptake of glyphosate in

quackgrass and alfalfa to be increased after a frost. Alfalfa and

quackgrass were least sensitive to glyphosate when growing under

moisture stress. Soil moisture, however, did not influence glyphosate

activity when temperature and relative humidity were high in cotton

and purple nutsedge (75). Translocation of glyphosate was increased

at high humidity in alfalfa, quackgrass (15), and purple nutsedge

(13), and injury to soybeans was greatest at high humidity across

all temperatures tested (44). High humidity also increased absorption

and translocation of glyphosate in Canada thistle and leafy spurge
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(27). Glyphosate combined with high temperatures caused more injury

to soybeans (44), cotton and purple nutsedge (75), and bermudagrass

(39), at high humidity. Optimum environmental conditions for good

glyphosate activity appear to be high temperature (30 to 35 C), high

relative humidity (approaching 100%), adequate light (>10% of treated

plant not shaded), and perhaps good soil moisture (plant water potential

no greater than -8 bars).

Only small amounts of the total glyphosate applied ever moves

within the plant (53, 55, 76), although that which does enter the plant

is apparently moved in the phloem in the same direction as carbohydrates

moving to a physiological sink (14, 23, 50). Shading of purple nutsedge

plants reduced control with glyphosate (21). Seed treatment with

glyphosate did not affect germination (8).

Specific plant responses to glyphosate have also been studied.

Jaworski (38) has shown that N-(phosphonomethyl)glycine appears to

inhibit the aromatic amino acid biosynthetic pathway in Lemna gibba.

Differences in the ability of plants to synthesize amino acids were

observed 2 days following foliar application of glyphosate (29). The

greatest concentration of free amino acids in field bindweed occurred

at noon, regardless of dayiength (77), which could influence time of

glyphosate application. The compound is stable in plants and does

not break down rapidly to metabolites (79). Transpiration in treated

plants is reduced (56) and respiration and photosynthesis are not

affected until at least 3 days after treatment (58).

In research, comparing 2,4-D and glyphosate, field bindweed took

up less glyphosate than 2,4-D (26) with the greatest amount of
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glyphosate moving to the apex cf foliage and roots (53). Only about

4% of the glyphosate applied was translocated (53), and water-soluble

extracts showed essentially no metabolism of the compound 30 days

after treatment (54). In the field, control of bindweed with 2 kg/ha

of 2,4-D was equal to 8 kg/ha of glyphosate 1 year after application

(18). Timing of application is critical to obtain long-term control

with glyphosate or 2,4-D (17). If time of application (stage of

growth) and proper environmental conditions could be defined, control

of field bindweed would be increased.

Growth Stage Indexing

Indexing plant growth into different stages is not a new idea.

All people associated with growing plants, consciously or uncon-

sciously, categorize plant growth. When the seasons change, the

corresponding growth stages are considered. Spring represents new

life after a quiet winter, and with the returning leaves, isn't "the

beginning" stage of growth brought to mind? What of fall? Doesn't

the cooling of the air and the approaching harvest imply crop maturity?

Is this not indexing growth stages in the broadest sense?

Specific efforts have been made in some species to apply descrip-

tions of growth and corresponding numerals to represent those descrip-

tions. Growth stage index systems are available for corn (32),

sorghum (69), soybeans (33), and cereal grains (78). These systems

all use Arabic numerals to identify specific stages of growth.

An understanding of the biology of the species under considera-

tion is essential in order to develop a practical system of indexing.
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Zadoks et al. (78) have developed an indexing system for cereals that

can serve as a format for other systems. The growth stages defined

for field bindweed are patterned after the logic presented by Zadoks

et al. for developing a system. The same numeral system used in cereals

to describe the different stages has been applied to field bindweed.

The practical use of an indexing system should be considered so

that it can benefit the greatest number of people. The most widely

known system of cereal grain identification was that of Feekes,

illustrated by Large in 1954 (43). With the illustration, Feekes'

scale became valuable to all who could read as well as those who could

not. The same approach has been taken with the Zadoks et al. (78)

scale which was published in 1974 and illustrated later by Tottman

and Makepeace (66) for easier use. Tottman (67) reported in 1977 a

modification or addition to the scale that further refines the system.

A practical system will be one that can stand the test of time and be

modified if the need arises.

Each of the indexing systems discussed to this point has been

for a crop plant. The value of a system in crops is clear to patholo-

gists, entomologists, and agronomists who must recommend the use of

fertilizers, pesticides, irrigation, planting, and harvesting dates.

The ability to refer to specific stages of growth and act accordingly

for increased crop yield is invaluable to the agriculturalist.

Understanding the life cycle of a weed in relation to its control

is also important. Timing of agronomic practices is critical for

maximum crop yield and it is also important to utilize the proper

approach at the correct time to obtain good weed control. One of
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the objectives of this thesis has been to define a system for measuring

the growth stages in field bindweed.

It is hoped that the index for field bindweed will serve as a

foundation for cultural and chemical recommendations. If this proves

to be the case, phrases such as: spray when regrowth is 20 to 30 cm

long (36); treat when bindweed vines are 15 to 25 cm long (74);

allow the weed to come to bud or early bloom before spraying (63);

when bindweed is in the bud to bloom stage (4); or, bindweed can be

successfully treated with 2,4-D any time it is growing (48); will

be replaced by descriptive numerals understood by researchers and

growers alike. Ultimately, it is hoped that this system will prove

to be a benefit to the great number of people who are striving to

make proper and timely efforts in the control of field bindweed.
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CHAPTER 1

A Decimal Code for the Growth Stages

of Field Bindweed (Convolvulus arvensis)

Abstract. Field. bindweed (Convolvulus arvensis L.) is an introduced

perennial weed. Control efforts for field bindweed have been

suggested according to stage of growth although no indexing system is

available to describe growth stages. Three ecotypes of field bindweed

were found to differ in number of vines and seed yield per plant.

Length, number of leaves, flower buds, flowers, and seed pods per

longest vine were also different when grown under similar environ-

mental conditions. A decimal code system using Arabic numerals defined

seven principal growth stages of field bindweed which are germination,

seedling development, established plant regrowth, vegetative growth,

floral period, senescence, and dormancy. Each principal stage is

subdivided into 10 secondary growth stages. Illustrations of

difficult-to-recognize stages of growth are provided. The decimal

code system is specific for field bindweed and applies to aboveground

field bindweed characteristics.

Additional index words. Ecotypes.

INTRODUCTION

Field bindweed is a native of Europe but is well distributed

throughout the world. It is a serious problem in Europe, Western Asia,

Canada, and the United States, but is generally not considered a major

weed outside the temperate zone (37). Within the United States, field

bindweed first appeared on the eastern seaboard in Virginia in 1739.
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By 1877, the weed was reported in Kansas and by 1900, all of the

western states had been infested (41). Research circulars discussing

the control of field bindweed in the western United States appeared

in the early 1900's (6, 7).

With the introduction of non-soil sterilant herbicides as a method

of bindweed control, herbicide rate and timing of application became

more important for acceptable weed control. Phillips (46) in 1961

recommended application of 2,4-D [(2,4-dichlorophenoxy)acetic acid] at

the bud stage for maximum bindweed control. More recently, the 1978

herbicide label for glyphosate [N-(phosphonomethyl)glycine] has

defined proper application time for field bindweed as at or beyond full

bloom.
1

The value of statements regarding the stages of growth of

field bindweed (an indeterminate plant) is dubious since interpreta-

tion may vary greatly.

The widespread use of growth stages to define periods of develop-

ment during the life cycle of field bindweed has not been coordinated.

The most extensive work done on the anatomy of field bindweed was

conducted in 1931 (40) but did not establish any criteria for defining

the stages that occur during growth and development. The objective

of this research was to develop a growth stage indexing system for

field bindweed based on the most easily observable plant parts.

MATERIALS AND MEMODS

Three locations in Oregon were selected as collection sites for

1
1978 label for Roundup herbicide, a registered trademark of Monsanto

Company, Agricultural. Products, St. Louis, MO 63166.
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field bindweed roots (Table 1.1). Randomly selected root segments

were removed from Madras on April 19, 1977; Philomath on April 22,

1977; and Medford on May 28, 1977. Enough roots were taken from the

upper 25 cm at each location to plant individual root segments 5 to

7 cm long of each ecotype into a greenhouse soil mix in 10 by 10 by

10 am plastic pots. Roots were watered by subirrigation and held in

the greenhouse under natural light conditions. Greenhouse tempera-

tures were 24 C day (12 h) and 16 C night (12 h) which approximate

the average daily temperatures (maximum and minimum) during June,

July, and August, when bindweed growth at all locations is rapid.

All transplanted material remained in the greenhouse until new shoots

with two to three leaves had developed from the root segment.

Table 1.1. Field bindweed root collection data.

Location

Avg. daily temperature C
Annual Soil Bindweed growing Bindweed dormant
precipi- texture season period
tation April - Oct. Nov.- Mar.

(min) Max. Min. Max. Min.

Madras
(fallow ground)

260 sand 23 5 15 2

Medford
(waste area)

525 clay 25 8 10 0

Philomath
(fallow ground)

1010 clay 22
loam

8 10 2

Hyslop Farm
(field bindweed
nursery)

1010 Woodburn 22
silt loan

8 10 2
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On May 9, 1977, 36 plants from Madras and 36 plants from Philomath

were transplanted into a Woodburn silt loam soil at the Hyslop Agro-

nomy Farm near Corvallis. Thirty-six Medford plants were transplanted

on June 13, 1977. Each plant was transplanted in a 10 by 10 by 10 cm

soil plug, taken from the plastic greenhouse pots. During the period

of bindweed establishment in the spring of 1977, some supplemental

watering on a per-plant basis was done as a result of the unseasonably

dry conditions. No additional irrigation was necessary. During

August 1977, test plants from each ecotype were thinned to a total

of 10 plants, spaced no closer than 2 m apart.

Normal precipitation for the trial area is 1010 mm annually.

Average daily temperatures are reported in Table 1.1.

Weekly observations of plant growth and development were conducted

during the growing seasons of 1977 and 1978. Control of other weed

species in the plot area was accomplished by overspraying the entire

trial area with 0.4 kg/ha paraquat (1,1'-dimethy1-4,4'-bipyridinium

ion) which was tank-mixed with 1.1 kg/ha simazine E2-chloro-4,6-

bis(ethylamino)-s-triazine]. Bindweed plants were covered with

protective material during the maintenance treatment. Hoeing the

trial area weekly controlled weeds missed by the chemical control

technique and stopped the development of new shoots arising from

lateral roots.

Six factors were measured weekly in each ecotype in an effort to

define different stages of growth (Table 1.2; Appendix Table 1). All

measurements and counts of leaves, buds, flowers, and seed pods were

completed on the longest vine of the test plant.
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Table 1.2. Bindweed growth factors evaluated to define growth stages.

Factor Description of factor

1 Number of vines > 10 cm /plant

2 Longest vine (cm)/plant

3 Number of expanded leaves/longest vine

4 Number of flower buds/longest vine

5 Number of flowers/longest vine

6 Number of seed pods/longest vine

RESULTS AND DISCUSSION

Observations of field bindweed development under similar environ-

mental conditions demonstrated that all three ecotypes responded

similarly during their growth cycle. These measurements did not show

the magnitude of the response to be the same but only that certain of

the characteristics measured occurred at approximately the same time

in each ecotype. Figure 1.1 characterizes the differences in vine

development between ecotypes and emphasizes that the greatest number

of vines occurred on each ecotype during September. Each point on

the curve is the average of 20 observations over a 2 year period. A

typical standard deviation for this curve is 17 vines. The decline in

vine numbers seen after September is attributed to senescence of some

vines followed by necrosis and subsequent loss of the vine from the

crown. All of the parameters examined showed a similar decrease in

the fall as a result of senescence prior to winter dormancy.
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Vine length in all ecotypes increased until September and then

declined as older, longer vines were lost. The longest vine measured

after this time was a younger, less mature vine that had not senesced

(Figure 1.2, each point on the curve is an average of 20 observations,

typical standard deviation 28 cm).

The number of leaves per longest vine on the plant followed vine

length quite closely but peaked in August (average of 20 observations

per ecotype at each date). Senescence of older leaves and subsequent

leaf loss occurred more rapidly than vine loss and led to an earlier

peak in leaf number than in vine length (Figure 1.3, typical standard

deviation 10 leaves).

Vine number, vine length, and leaf number each followed the same

general curve in the three ecotypes but quantitatively, the ecotype

response was Madras > Philomath > Medford. When an examination of

floral parts was conducted, responses were similar, but again total

number differed between ecotypes. Madras plants consistently had more

flower buds, flowers, and seed pods (based on 20 observations per

ecotype over a 2 year period) than Medford and Philomath plants which

were similar (Figure 1.4) . Typical standard deviations Were 4.7

flower buds, 0.8 flowers, and 11.3 seed pods for each ecotype response

curve. Flower buds and flowers peaked in July and seed pods peaked

in August.

At the Hyslop Agronomy Farm, the Madras ecotype cf field bindweed

was the most aggressive as measured by the above. The ecotype native

to the general area, Philomath, was more aggressive during vegetative

growth than the Medford type but was very similar during floral
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production. Medford was least aggressive when vegetative, but still

produced about as many floral parts as Philomath. Seed yield from a

single plant of each ecotype again showed quantitative differences

with Madras> Medford> Philomath (Figure 1.5).

In the development of a suitable growth stage indexing system,

certain general principles must be considered. Zadoks et al. (78)

list 10 factors they considered important of a cereal index for inter-

national application. Nine of the general factors for cereals apply

to field bindweed and are summarized as follows:

1. Growth stages must be easily recognized in the field by

observers with little technical training and without specialized

equipment.

2. Growth stages must be graded in the order of their ontogenetic

appearance.

3. No more than 10 principal growth stages should be used for

rough application of the index.

4. Principal growth stages should be defined by symbols (numbers

0 to 9) for computer reference and to cross language barriers.

5. More detail of the principal growth stages is supplied by

subdividing these stages into secondary growth stages.

6. Secondary growth stages should be defined by symbols for the

same reasons that the principal growth stages are described by

symbols.

7. The principal growth stages are defined by a single-digit code

and the principal plus secondary stages are indicated by a

two-digit code.
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8. The index should have application in all areas of the world.

9. Each stage of growth should be well illustrated to have

universal application.

The tenth suggested factor is that the cereal system have appli-

cation to all small grain cereals. The field bindweed system is

unique to Convolvulus arvensis L. and may not apply to any other

bindweeds, although the general concepts may be valid.

The objective of this research has been to develop an acceptable

indexing system for field bindweed that complies with the requirements

established by Zadoks et al. (78). The format used in the decimal

code for cereals has been followed as closely as possible in order

to maintain uniformity in index systems across different species.

The principal growth stages of field bindweed are defined using

a 1-digit code. Seven principal stages are defined, leaving three

stages for possible future refinement of the system (Table 1.3).

Table 1.3. A decimal code for the growth stages of field bindweed.

Principal growth stages

1-digit code Description

0

1

2

3

4

5

6

7

8

9

Germination

Seedling development

Established plant regrowth

Vegetative growth

Floral period

Senescence

Dormancy
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When describing the principal growth stages of field bindweed

it is essential to remember that overlap may occur at the border-

line when changing from one stage to another. The principal growth

stages of field bindweed, categorized in Table 1.3, usually occur

in the order listed. However, there is no guarantee that it has

to occur that way in all cases. Bindweed is not an easy plant to

work with because of considerable natural variability and indeter-

minate growth habit. As a perennial plant, bindweed may never go

through germination and seedling development if new growth occurs

from established roots. Vegetative growth is preceded in all cases by

seedling development (decimal code 10-19) or established plant re-

growth (decimal code 20-29) but never by both. Entrance into a

stage of senescence does not mandate that dormancy follows even though

that would be a normal response. Phillips (46) has reported that

temperatures below -7 C kill aboveground plant parts; however, if

summer rainfall is low, vines may die and regrow in the fall, unless

dry conditions persist and no fall regrowth occurs. Field and experi-

mental observations have shown that senescing field bindweed may

undergo another period of vegetative growth before becoming dormant if

the environmental conditions are right. New vegetative growth may or

may not undergo another period of senescence before going dormant in

response to freezing temperatures. Stages for germination and

seedling growth have been included to cover development of bindweed

growth from seed.

The secondary growth stages of field bindweed use numerical symbols

to define specified parts of the principal growth stages. These
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secondary numbers are combined with the principal growth stage numbers

to yield a 2-digit code. As with the principal stages, some of the

secondary stages are left blank. Numerals have been assigned to a

blank in these areas in the eventuality that a descriptive stage can

be classified (Table 1.4). The decimal code is not mutually exclusive

and, in fact, a single plant may be described most effectively if more

than one 2-digit code value is applied. It is possible for a plant to

be in the late stages of the floral period (decimal code 58) and also

be recognized as senescing (decimal code 71). The advantage of the

decimal system is that is allows for combinations of the code to most

adequately describe the bindweed plant. Descriptions of the 2-digit

code are self-explanatory through vegetative growth; however, some

explanation is required for the floral period and the senescing stages.

The subdivisions of the floral period are determined by the

percentage of seed pods on the longest vine in comparison to the total

floral parts. Field bindweed flower buds are born at the nodes in

the leaf axil. As flower parts develop, the peduncle elongates and

two bracts which subtend the flower are clearly visible. At flowering,

the pedicel above the bracts has elongated until it is 1 to 3 cm

long and may be as long as, or exceed, the length of the peduncle

below the bracts.

The bud, flower, or seed pod born on this pedical, i.e. subtended

by one pair of bracts, is the first floral part. It is this floral

part that is counted to determine the percent seed of the index system.

Using the first buds, flowers, and seeds, a. floral formula can be used

to determine percent seed in the selection of the correct 2-digit code.
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Table 1.4. A decimal code for the growth stages of field bindweed.

Secondary Growth Stages

2-digit
code Description

2-digit
code Description

Germination

00 Dry seed
01 Imbibition begins
02 ---
03 Imbibition complete
04
05 Seed coat broken
06 Radicle emerged
07 Elongation of hypocotyl
08
09 Cotyledons at the soil

surface

Seedling Development Established Plant Regrowth

10 Cotyledons emerged from
soil

20 Folded new leaves emerging
from soil

11 Cotyledons fully expanded 21 First leaf unfolded
12 Folded first leaf visible 22 Second leaf unfolded

between cotyledons 23 Third leaf unfolded
13 First leaf unfolded 24 Fourth leaf unfolded
14 Second leaf unfolded 25 Fifth leaf unfolded
15 Third leaf unfolded 26 Sixth leaf unfolded
16 Fourth leaf unfolded 27
17 Fifth leaf unfolded 28
18 29
19 Sixth leaf unfolded

Depending on
plant origin z

2-digit
code Description

Vegetative Growth

30 Vegetative vines with > 6 leaves unfolded

31
32 Leaf buds in leaf axil

33
34 First leaf unfolded in leaf axil

35
36 Second leaf unfolded in leaf axil

37

38

39

Third leaf unfolded in leaf axil
Lateral vine in leaf axil with > 3
leaves unfolded



Table 1.4 continued

2-digit
code Description

40-49

Floral Period

50 First flower bud to 9% seed pods
51 10-19% seed pods
52 20-29% seed pods
53 30-39% seed pods
54 40-49% seed pods
55 50-59% seed pods
56 60-69% seed pods
57 70-79% seed pods
58 80-89% seed pods
59 90-1001 seed pods

60-69

Senescence

70 Appearance of last flower to 9%
necrosis

71 10-19% necrosis
72 20-29% necrosis

73 30-39% necrosis
74 40-49% necrosis

75 50-59% necrosis
76 60-69% necrosis

77 70-79% necrosis
78 80-89% necrosis
79 90-99% necrosis

80-89

Dormancy

90 No live plant parts above soil
surface, 1001 necrosis

91-99

35
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The floral formula is defined as follows:

x 100 = % seed

Where S = the number of nodes on the longest vine that are producing

or have produced primary seed pods; and T = the total number of

active nodes on the longest vine that are producing buds, flowers,

or seed pods.

The production of more than one bud, flower, or seed, can occur

on field bindweed at each flowering node and must not be confused

with the first floral parts in calculating percent seed. The second

bud is born between the pedicel and the subtending flower bracts of

the first bud and develops its own peduncle, pedicel, and pair of

flower bracts. Third buds are born between the pedicel and bract

of the second bud, and so on. The critical factor for determining

the first bud is the pair of subtending bracts. When evaluation is

made for percent seed, only the first floral parts, those parts

subtended by only a single pair of bracts, are counted (Figure 1.6).

The senescing stage of growth begins after the floral period has

ended, i.e., when the last flower, first, second, or third, has

opened. In response to temperature and daylength, bindweed plants

begin to show necrosis as degeneration occurs in preparation for

winter dormancy. The subdivisions of the senescing stage are based

on a visual estimate of the total plant. The appropriate 2-digit

code value is determined by estimating the portion of the total plant

that is necrotic and matching that value to the appropriate code

figure. When the plant in question has reached 100% necrosis and

no live tissue can be seen above the soil surface, the bindweed
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Figure 1.6. Characteristic stages of field bindweed development.

Figure Description Decimn7 code

1 Seedling bindweed; cotyledons expanded 11

2 Seedling bindweed; folded leaf visible between
cotyledons 12

3 Seedling bindweed; second leaf unfolded 14

4 Established plant regrowth; folded new leaves
emerging from soil 20

5 Established plant regrowth; first leaf unfolded 21

6 Established plant regrowth; third leaf unfolded 23

7 Established plant regrowth; fourth leaf folded 24

8 Established plant regrowth or seedling bindweed;
sixth leaf unfolded

9 Bindweed flower bud with subtending bracts (a)

10 Solitary bindweed flower in leaf axil

11 Mature seed capsule (b) with associated bracts

12 Second flower born in leaf axil (c) and second
pair of bracts (d); disarticulation of mature
capsule from first flower above bracts (e).

13 Maturing seed capsule of the first flower (f);
second flower born in axil of bracts and pedicel
(g); and a third flower bud born in bracts of
the second flower (h)

14 Distribution of floral parts on a bindweed vine
for calculation of floral period growth stage.
Three flower buds (1); three flowers (j); and
one seed pod (k). 1/7 x 100 = 144 51

19 or 26
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has entered the last stage of growth, dormancy.

The practical application of an easily used index system for

field bindweed centers on the control of the weed. Control efforts

can be initiated and timed according to weed growth stage. Perhaps

the greatest immediate benefit that could be realized from an indexing

system is in chemical control of field bindweed. In the past,

chemical control has focused on the floral period for the time of

control. Use of the 2-digit code would allow researchers and agri-

culturalists to speak of specific growth stages and refer to those

stages across different locations. An examination of the percent

seed of the three test ecotypes suggests that under similar environ-

ments, the relative stage of growth is the same for all three, even

though actual numbers of plant parts may differ (Figure 1.7). Each

point on the curve represents 60 observations, 10 for each of three

ecotypes from 2 consecutive years (typical standard deviation 39%).

Perhaps the floral period can be used to define percent seed values

across different locations with varying environmental conditions.

Changes in the environment may shift the curve to the right or the

left, effectively changing the date of application but making no

difference in herbicide treatment based on growth stage.

It is hoped that this decimal code system for field bindweed

will provide useful information for those who are concerned with the

control of field bindweed. Screening studies used to determine

optimum stage of growth (now easily defined) when maximum bindweed

control is achieved on a local basis, could describe the best control

effort available.
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Illustration of the various stages of growth is useful for

universal application of the system (Figure 1.6). Many factors still

remain unclear regarding the growth of field bindweed and an effective

way of reporting that growth. Not the least of these factors is

the validity of this system to bindweed after clipping. If clipping

should occur at ground level, then new vine development will fit

nicely into the indexing system. When, however, the vine has been

clipped at some distance above the soil surface and a segment of

actively growing vine is left, new vine growth usually occurs in

the axil of a remaining leaf. It is not known if the indexing system

can be used directly on the new vine or if modifications to the

system will have to be made. All research conducted on field bindweed

in this study was done on field bindweed that was not clipped or

tilled in any way during the observation period.
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CHAPTER 2

Uptake and Translocation of
14
C-glyphosate in

Three Ecotypes of Field Bindweed (Convolvulus arvensis)

Abstract. Two centrally located leaves on vines of three ecotypes

of field bindweed (Convolvulus arvensis L.) were treated with 14
C-

glyphosate [N-(phosphonomethyl)glycine] to determine if there were

differences in uptake and translocation. Test plants grown under

three different temperature regimes were not different in their

ability to take up and distribute labeled glyphosate. During a 48

hour test period no more than 10% of the
14
C applied as glyphosate

was moved out of the treated leaves to other plant parts. More

14
C-glyphosate moved basipetally than acropetally from treated leaves.

Additional index words. Acropetally, basipetally, temperature.

INTRODUCTION

The response of field bindweed to control efforts has not been

consistent. Variability in response has been attributed to stage of

growth (1, 7, 15, 36, 47, 48), variable growing conditions (74), and

ecotypes differences in susceptibility (70, 71). The control of

field bindweed using glyphosate has interested many researchers.

The ability of glyphosate to be readily translocated in plants (5)

makes it exceptionally applicable for control of perennial weeds.

Timing of application is critical and movement of glyphosate is

believed to occur with carbohydrate movement in the plant (50).

Although translocation of glyphosate is considered to be rapid,
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the amount of glyphosate that actually enters a plant is quite small

(53, 55). Optimum control of field bindweed has occurred when plants

were not stressed for moisture (24) and when maximum carbohydrate was

being transported to the root (50). All ether factors being equal,

ecotype differences in susceptibility to glyphosate may explain the

erratic control of field bindweed.

An ecotype is a product of the genotype plus the habitat (pre-

vailing environment). Ecotypes represent different populations within

a species and are characterized by different morphological or physiolo-

gical traits. These differences may be adaptive mechanisms for ecotype

survival in the locale where it grows (16, 34). These populations or

ecotypes are interfertile with other members of the species (68) but

are prevented from free gene exchange by ecological barriers (28). The

results from Chapter 1 demonstrated morphological differences in field

bindweed plants and helped identify them as ecotypes of Convolvulus

arvensis L. The objective of this study was to examine uptake and

translocation of
14

C-glyphosate in three ecotypes of field bindweed.

MATERIALS AND METHODS

Roots of field bindweed were removed by random sampling from a

specific site in three climatically different locations within the

state of Oregon. Each location varied in annual precipitation and

temperature extremes (Table 2.1). Root collections were made in April

and May of 1977 and root segments from each ecotype (5 to 7 cm in

length) were transplanted 15 cm deep in round 30 by 20 cm deep fiber-

board pots. Where shoots had developed on roots, all new growth was
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Table 2.1. Environmental conditions of locations where bindweed
ecotypes were located.

Avg. daily temperature C
Bindweed growing Bindweed dormant

Location Annual precip. season period
(mm) April - Oct. Nov.- Mar.

Max. Min. Max. Min.

Madras 260 23 5 15 2

Medford 525 25 8 10 0

Philomath 1010 22 8 10 2

removed so that a single root segment was planted. The soil was a

greenhouse mix (loam mixed with peat moss) and all transplanted roots

were maintained in a greenhouse at 24 C for the daylight hours and 13

C at night. Natural lighting was used. Overhead irrigation and a

modified Hoagland's solution were used as needed to meet moisture

and nutritional needs of the plants.

One month prior to herbicide treatment, test plants were placed in

environmental chambers set to imitate the average summer temperature in

Madras, Medford, and Philomath. Each chamber was equipped with incan-

descent and fluorescent lights, yielding approximately 6.5 klux. Day-

length was established in all three chambers at 16 h light and 8 h

darkness. Growth chamber temperature settings were 25 C day and 7 C

night, Madras; 27 C day and 9 C night, Medford; and 24 C day and 9 C

night, Philomath. Three plants of each ecotype were placed in each

growth chamber.

After plants had grown for approximately 30 days in their

respective growth chambers, they were removed and treated with 3.4
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kg/ha of glyphosate using a greenhouse track-mounted sprayer. An

80015-E nozzle tip was used at 2.0 kg/cm2 pressure, calibrated to

deliver 190 L/ha. Prior to herbicide treatment a lanolin ring was

placed on the center two leaves of each vine. Vine length ranged

from 30 to 117 cm (i = 61.5 cm) and root length from 30 to 135 can

= 67.4 cm). There were 27 leaves (range 15 to 45) on each vine, 13

leaves (range 6 to 22) above and 12 leaves (range 7 to 21) below the

two treated leaves. All leaves appeared to be functional. Plant

vines were supported on bamboo stakes.

After the herbicide had dried, 10 pl (0.2 uCi) of a 14C-methyl

glyphosate solution (specific activity 1.95 mCi/mmole) was applied to

each plant. Approximately 5 pl of the labeled compound was applied to

each of the leaves with a lanolin ring. The
14
C-glyphosate was formu-

lated in isopropylamine and water but did not contain the surfactant

found in commercial formulations of glyphosate. The dilution factor

with water gave an approximate rate of 3.4 kg/ha/plant applied with a

microsyringe. Immediately after application of the radioactive material,

all plants were irrigated and returned to their respective growth

chambers. Irrigation was used prior to and during the treatment

period to reduce the possibility of moisture stress in treated plants.

Treated plants were sectioned into eight subsamples 48 h after

herbicide treatment. Each vine was divided into two equal (by length)

sections above the treated leaves, two sections below the treated

leaves, and the treated leaves. Roots were recovered and divided into

two approximately equal sections (by length), distal and proximal.

The treated leaves were washed for 1 minute with gentle agitation in
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distilled water to yield an aqueous wash sample. Each test plant

yielded eight subsamples which were analyzed for 14C.

All subsamples were oxidized in a Packard Model 306 oxidizer,

including the combustion of 0.5 ml of the aqueous wash. Radioassay

was reported as percentage of total counts in each plant. Eighty-seven

percent of all values fell between 500 CDM and 193,000 cpm after a

10 minute counting period. Counts did not have a normal distribution

and were transformed to arcsin values (Appendix Table 2).

RESULTS AND DISCUSSION

No differences were measureable between subsections above and

below treated leaves and in the roots. Subsamples from these areas

were combined to yield five total samples, above and below treated

leaves, treated leaves, roots, and the aqueous wash. The distribution

14
C applied as 14C-glyphosate was found to be significantly greater

in the treated leaves than other plant parts in all ecotypes under

all environments. There were no differences between other plant parts

within a single ecotype, nor were there differences among any of the

plant parts when compared across ecotypes (Table 2.2). Although

susceptible and resistant ecotypes of field bindweed to 2,4-D have

been reported (70, 71), the ecotypes selected for this study were

obtained by virtue of their habitat and no prior knowledge of herbicide

sensitivity was presumed. It should not be concluded that these

ecotypes are not differentially sensitive to glyphosate at all stages

of growth. Under the conditions of this study, the ecotypes of bind-

weed from Madras, Medford, and Philomath were found to be similar in
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Table 2.2. Distribution of counts from labeled glyphosate in three
ecotypes of field bindweed under varying environmental conditions.

Plant part

Madras growth chamber - 25 C day, 7 C night

Madras

Ecotype
(Arcsin)

Medford Philomath

Experiment I

Above trt lvs 4.9 4.5 5.4

Trt lvs 26.3 28.2 34.4

Below trt lvs 5.2 7.0 6.6

Roots 9.1 10.1 7.8

LSD = 3.5 differences between plant parts for
"-) same ecotype.

LSD ,, = 5.5 differences between plant parts for
' '' different ecotypes.

Experiment II

Above trt lvs 4.2 4.4 8.5

Trt lvs 36.1 37.4 39.9

Below trt lvs 4.6 9.5 5.6

Roots 9.1 13.2 11.1

Aqueous wash

LSD = 6.8 differences between plant parts for
' '' same ecotype.

LSD = 7.3 differences between plant parts for
- ) different ecotypes.

Experiment I

60.8 58.1
N.S.

Aqueous wash 51.7
N.S.

Experiment II

46.7

53.5

45.7
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Table 2.2 continued

Plant part

Medford growth chamber - 27 C day, 9 C night

Ecotype

Madras
(Arcsin)

Medford Philomath

Experiment I

Above trt lvs 5.7 6.1 4.6

Trt lvs 28.9 30.1 37.0

Below trt lye 4.0 7.8 6.1

Roots 12.3 13.3 10.0

LSD
.05

= 9.2 differences between plant parts for
same ecotype.

LSD = 12.4 differences between plant parts for
different ecotypes.

Experiment II

Above trt lvs 4.5 4.8 8.1

Trt lvs 29.8 30.9 38.0

Below trt lvs 4.5 8.6 6.7

Roots 7.0 10.5 11.6

LSD
.05

= 11.5 differences between plant parts for
same ecotypes.

LSD
.05

= 10.9 differences between plant parts for
different ecotypes.

Aqueous wash 58.8
N.S.

Experiment I

53.9

Experiment II

Aqueous wash 58.2 54.9

N.S.

50.1

47.5
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Table 2.2 continued

Plant part

Philomath growth chamber - 24 C day, 9 C night

Ecotype

Madras
(Aresin)

Medford Philomath

Experiment I

Above trt lvs 4.8 5.9 6.3

Trt lvs 38.5 39.1 42.8

Below trt lvs 5.5 6.8 8.2

Roots 10.1 14.0 9.7

LSD
.05

= 12.0 differences between plant parts for
same ecotype.

LSD
05

= 11.7 differences between plant parts for
.

different ecotypes.

Experiment II

Above trt lvs 4.0 2.6 1.9

Trt lvs 39.2 33.6 46.3

Below trt lvs 6.3 7.7 6.3

Roots 10.6 10.6 10.8

LSD
05

= 12.1 differences between plant parts for
same ecotype.

LSD
.05

= 12.1 differences between plant parts for
different ecotypes.

Experiment I

Aqueous wash 48.6 45.8 43.4
N.S.

Experiment II

Aqueous wash 47.5 53.0 40.4

N.S.



Table 2.3. Percentage of total 14
C applied as

found in plant parts of field bindweed other
and aqueous wash, 48 h after treatment.

50

14
C-glyphosate that was

than the treated leaves

Ecotype % of total dpm found in parts other than treated leaves

Experiment I

Madras Growth Chamber

xExperiment II

Madras 4.1 3.7 3.9

Medford 5.5 10.1 7.8

Philomath 4.2 7.6 5.9

Medford Growth Chamber

Madras 3.5 2.9 3.2

Medford 9.3 6.6 8.0

Philomath 4.8 7.6 6.2

Philomath Growth Chamber

Madras 4.8 5.2 5.0

Medford 8.4 5.3 6.9

Philomath 6.6 5.7 6.2
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their ability to distribute glyphosate within the plant at a vegetative

stage of growth (stages 31 to 37 on the decimal scale).

Uptake of
14
C-glyphosate was not different among ecotypes under

the environmental conditions tested. Of the total labeled glyphosate

applied, only 2.9 to 10.1%, had moved from the treated leaf during

the 48 h prior to clipping (Table 2.3). This corresponds with results

of other researchers who have found that small quantities of glyphosate

entered treated field bindweed plants (26, 53). Treated leaves con-

tained as little as 20% of the total 114C-glyphosate applied up to 52%

of the total. The simple wash technique employed in this study may not

have adequately washed all the dried glyphosate from leaf surfaces.

Since no differences were found between treated leaves or wash samples

from the ecotypes tested; available evidence suggests no differences

in uptake.

More of the
14

C that entered test plants moved basipetally than

acropetally (able 2.2). Vegetatively-growing field bindweed plants

were probably exporting carbohydrate from the stem and moving that

carbohydrate (along with the glyphosate (50)) downward toward the

roots as well as toward the shoot apex.

Differences in susceptibility of field bindweed eoctypes to

glyphosate may exist; however, under the conditions of this study,

there were no differences in uptake and translocation of
14
C-glyphosate

in the three ecotypes. Small amounts of labeled compound actually

entered the plant in a 48-h period and the major movement of that

material was basipetal.
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CHAPTER 3

Response of Field Bindweed (Convolvulus arvensis) to

Tillage, Glyphosate, and 2,4-D, Alone and in Combinations

Abstract. Reduction in plant density was greatest in three ecotypes

of field bindweed (Convolvulus arvensis L.) when an application of

3.4 kg/ha of glyphosate EN-(phosphonomethyl)glycinej was made during

the middle or late stages of the floral period. Tillage every three

weeks was no better than glyphosate alone. Combinations of tillage

with glyphosate or an alkanolamine salt of 2,4-D [(2,4-dichlorophenoxy)

acetic acid] gave good control only when bindweed was allowed to

regrow to at least the early stages of the floral period before

herbicide application. Air and soil temperature, relative humidity,

and plant water potential varied at herbicide treatment time and were

not effective as predictors of bindweed control. A winter bioassay

of roots from treated plots was ineffective in estimating bindweed

control for the following season. Individual plants of three bindweed

ecotypes produced less seed when treated with 3.4 kg/ha glyphosate

at growth stage 55 than untreated check plants. Seed viability was

reduced after glyphosate treatment. Regrowth from bindweed plants

clipped at the soil surface 1 month after treatment with 3.4 kg/ha

glyphosate was negligible during the treatment year.

Additional index words. Ecotype, seed, water potential.

INTRODUCTION

Field bindweed is an introduced perennial weed (37, 41) which
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can be of economic importance in cropping areas (47). The plant can

regenerate from root segments (9) or seed, and can produce large

quantities of seed (36). Lateral root development is extensive.

Persistent lateral roots can give rise to new shoots which leads to

expansion in an ever-increasing circle (40).

Cultural techniques, such as severing bindweed plants below the

soil surface, to deplete the supply of stored food in the roots

without allowing the plant to recuperate, facilitate control (6, 7).

Timing of cultivation has been discussed by many workers but differ-

ences of opinion still occur (6, 31, 42, 48).

Chemical control of field bindweed introduced a new era of

recommendations. Regarding applications of sodium arsenite to bind-

weed; Barnum (7) wrote: "Investigators seem to agree on one

condition only, which is that plants must be mature, preferably in

full bloom or in seed, for the spray to be effective on the roots."

Bakke (6) recommended treatment at full bloom, but Kiesselbach et

al. (41) said that there was no time of application that was better

than another as long as there was enough soil moisture to keep the

sodium arsenite in the soil solution. In Texas, Wiese et al. (73)

recommended applications of 2,4-D when bindweed runners were 15 to

25 cm long and growing vigorously. Phillips and Timmons (48)

reported that bindweed could be successfully treated with 2,4-D any

time that it was actively growing.

Ultimately, field bindweed control practices have settled on a

combination of cultural and chemical control methods. Some cultiva-

tions were replaced by 2,4-D (46) and annual applications of 2,4-D
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control (52).

More recently Fischer et al. (24) reported that glyphosate was

effective against field bindweed, especially when plants were vig-

orously growing and in bloom. The 1977 Monsanto Chemical Bulletin,

"Field Bindweed. How to control it with Roundup herbicide" states:

"For best results, apply Roundup in late summer and fall. Apply when

field bindweed is actively growing and at or beyond full bloom."

The objective of this research was to determine the optimum

stage of growth, using the index system described in Chapter 1, for

treatment of field bindweed with glyphosate. Comparisons were made

with control from 2,4-D, tillage, and combinations. The effect of

glyphosate on seed production and viability was also studied.

MATERIALS AND METHODS

Three locations within the state of Oregon with severe infesta-

tions of field bindweed were selected as trial sites. The first

location was near Madras, Oregon in fallow sandy soil of a dryland

wheat producing area with an average annual precipitation of 260 mm.

The second location was near Medford, Oregon in a waste area with

heavy clay soil. This area receives an average of 525 mm precipita-

tion annually. The third location was near Philomath, Oregon in a

1010-mm rainfall area on a heavy clay loam soil of an abandoned

garden area. All locations had no previous history of herbicide

applications.

Similar trials were established in each location and included
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20 treatments with four replications in a randomized complete block

design. Herbicide applications were made with a compressed-air

bicycle-wheel plot sprayer using 8002 nozzle tips at 2 kg/cm2

pressure, calibrated to deliver 235 L/La. All herbicide applications

were made in 1977, beginning in May and repeated every third week

until November, for a total of 10 application dates. Determination

of growth stage at application dates was done by selecting 10 of the

largest plants in the plots to be treated and averaging their

respective stages of growth. An estimate of plant water potential of

treated plants was made at each application date using a Scholander-

type pressure chamber. Tillage operations were completed using a

tractor-mounted rototiller adjusted to till to a depth of 10 cm.

Herbicide application data are reported in Table 3.2.

Within the trial area, plot size was established at 2.5 by 6

m. Counts of field bindweed plants were made at the beginning of

the experiment and at each time of application (Appendix Table 3).

The counting area was standardized for each plot by using a 1- by

4-m quadrat with chains at each corner which could be attached to

the corner stakes of the plot to center the quadrat in the same area

for each count. Final stand counts were made during June of 1978.

An attempt to predict field bindweed control from 1977 applica-

tions of glyphosate and tillage was made by using a root bioassay

technique. Ten treatments at each of the test locations were selected

for bioassay study. A soil core from two random positions within

each plot area was taken to a depth of 45 cm. Each core was appro-

ximately 15 cm in diameter and was taken with a "clam - shell" post-hole
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digger. The soil taken from each core was searched for roots and all

roots recovered were transplanted into a greenhouse soil mix in round

30- by 20-cm deep fiberboard pots. The greenhouse was maintained

at 24 C under natural lighting. Roots were transplanted to the

greenhouse from Philomath, Medford, and Madras on 8, 9, and 11

February, 1978, respectively. Fresh weight of roots was recorded

prior to transplanting (Appendix Table 4). Oven-dried weights of

regrowth were made on April 15, 1978 (Appendix Table 5).

The production of seed by field bindweed ecotypes was studied

at the Hyslop Agronomy Farm near Corvallis. Roots of the three

ecotypes were transplanted at Hyslop Farm into a Woodburn silt loam

soil and allowed to develop under identical environmental conditions.

Roots transplanted in the spring of 1977 were allowed to develop

undisturbed until 1978, when four plants from each ecotype were

treated with 3.4 kg/ha glyphosate. Application of glyphosate was made

after the soil surrounding treated and untreated plants had been covered

with clear plastic and a hole cut in the center to allw4 the plant to

protrude. The plastic was supported at its extremities by vertical

25 to 30 cm stakes, thus forming a box, open on the top, each box

containing a bindweed plant. On July 13, 1978, when field bindweed

plants of the Medford and Philomath ecotype had developing seed pods at

50% of the nodes producing flower parts on the longest vine (decimal

code 55 using the floral formula of Chapter 1), they were treated

with glyphosate using a backpack CO
2

sprayer. When Madras plants

reached the same stage of growth on July 25, 1978, they were treated.

Check and treated plants were harvested from Philomath and
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Medford on August 10 and Madras on August 22, 1978. All treated

plants were necrotic. Plants were cut off at ground level, placed

in cloth sacks, and dried at 27 C for 6 days. Then the seed was

hand-threshed and separated on a vibrating screen. Seed numbers per

plant were recorded as well as seed weight from each plant (Appendix

Table 6).

Regrowth ability after treatment with glyphosate of all ecotypes

of field bindweed at the Hyslop nursery was measured against clipped

checks. Bindweed plants that were clipped at ground level during

seed harvest were used for the regrowth study. Observations were

made weekly. Vine length was used to compare regrowth from treated

and untreated plants (Appendix Table 7).

Seed germination studies on harvested bindweed seed were

initiated on September 22, 1978. All seed were placed on blotter

paper in germination boxes in an environmental chamber calibrated

for 16 h darkness at 20 C and 8 h light at 30 C. Distilled water

was added as needed to keep blotters wet until first counts were

made on October 6, 1978. After first counts hard seed were treated

in concentrated H
2
SO
4 for 45 minutes and then rinsed in running tap

water for 30 minutes. All scarified seed were dried and treated

with captan [cis-N-((Trichloromethyl)thio)-4-cyclohexene-1,2-

dicarboximidej, then replaced in environmental chambers for 2 weeks

until final counts on October 20, 1978. Percent hard, normal,

abnormal, and dead seed were recorded (Appendix Table 8).
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RESULTS AND DISCUSSION

Glyphosate alone. The greatest reduction in density of field

bindweed plants that were not tilled occurred from glyphosate treatments

in the late stages of the floral period. This was most evident in

Madras where best control was obtained as bindweed plants moved from

growth stage 58 to 59 (Table 3.1).

Control of bindweed in Medford was not as well defined. The

Medford ecotype entered the floral period rapidly and within 6

weeks had peaked to growth stage 59. Application of glyphosate at

stage 53 reduced bindweed stands, but an application at stage 57 or

58 may have given even better control. Excellent control was obtained

in Medford on October 21, 1977, when regrowth after seed production

was vegetative, growth stage A. This vegetative response was only

observed in Medford where the bindweed ecotype developed very rapidly

and senesced earlier than the other ecotypes. Treatment on October

21 was on new regrowth that never reached the floral stage before it

was killed by frost. New growth occurring this late in the season

when temperatures are colder and daylength is reduced, may act as a

strong source which could account for the good control seen at this

timing.

Control of the Philomath ecotype with glyphosate was best at

stage 55. Neither Philomath nor Madras ecotypes desiccate and regrow

during a single season as quickly as Medford. When vegetative

regrowth did not occur in the fall, optimum time for glyphosate

application occurred only once during the growing season.

Several researchers (13, 39, 44, 75) have suggested that the
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Table 3.1. Field bindweed control one year after herbicide application.

Treatment number and description* Date - 1977
Tillage Herbicide

1 glyphosate

2 glyphosate

3 glyphosate

4 glyphosate

5 glyphosate

6 glyphosate

7 glyphosate

8 glyphosate

9 glyphosate

10 glyphosate

11 tillage

12 tillage + glyphosate

13 tillage + 2,4-D

14 tillage + glyphosate

15 tillage + glyphosate

16 tillage + glyphosate + tillage

17 tillage + glyphosate

18 tillage + glyphosate + tillage

19 tillage + glyphosate
(1.7 kg/ha glyphosate + 0.3%
wetting agent)

20 Check

May 9,27; June 17;
July 8,29; Aug 19;
Sep 9,30; Oct 21;
Nov 11

May 9,27; June 17;
July 8

May 9,27; June 17;
July 8

May 9,27; June 17;
July 8,29; Aug 19

May 27; July 8

May 27; July 8;
Sep 9

May 27; July 8;
Aug 19

May 27; July 8;
Aug 19; Oct 21

May 27; July 8;
Aug 19

* Herbicide rate 3.4 kg ae/ha unless stated otherwise

May 9

May 27

June 17

June 8

July 29

Aug 19

Sep 9

Sep 30

Oct 21

Nov 11

Aug 19

Aug 19

Sep 30

Aug 19

Aug 19

Sep 30

Sep 30

Sep 30
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Table 3.1 continued

Treatment
number

4 bindweed plants/m2 increase
or decrease (-) from pre-
treatment counts

Decimal code growth stage
value at time of application

Madras Medford Philomath Madras Medford Phflomath

1 10.0 -- 32

2 4.5 -4.0 14.2 50 50 50

3 2.0 -9.5 11.8 50 53 50

4 0.0 -8.o -10.5 55 59 52

5 -1.7 3.3 -13.7 55 59 55

6 2.8 8.2 -5.5 57 59 58

7 -7.2 11.o -3.5 58 59 59

8 -7.5 8.3 0.8 59 59 5o

9 -3.8 -14.0 4.5 59 34 34

10 -0.3 3.5 5.5 59 34 59

11 -1.0 -6.0 0.7 30 30 30

12 1.3 -18.2 -24.0 52 56 34

13 -5.5 -17.7 -7.o 51 54 5o

14 6.3 1.0 2.8 50 39 39

15 2.5 -10.2 -17.3 53 57 50

16 -5.5 -12.0 -22.2 55 52 50

17 7.2 -18.8 3.0 39 39 39

18 4.0 0.8 1.5 39 39 39

19 9.5 9.o 6.0 34 34 39

20 2.0 5.3 9.3

LSD
.05

6.3 14.2 10.3

LSD
.01

8.4 18.9 13.7
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activity of glyphosate is increased under conditions of high relative

humidity and high temperature. Also, when treated plants are not

stressed for water, activity of glyphosate is believed to be improved

(24). During field applications of glyphosate to bindweed, lant

water potential was measured at each application date.

Estimates of the water status of a patch of bindweed plants

obtained by sampling random plants may not give a true indication

of the moisture condition of plants in the trial area. Pressure

readings when control of bindweed was best in this study ranged from

-2.8 to -17.9 bars (Table 3.2). The most negative water potential

measured during the treatment period was -34.5 bars and the least

negative was -1.7 bars.

Field bindweed plants in a single location may not be under

the same water stress at any given time. Differential rooting depth

of plants could result in shallow-rooted plants being stressed for

water sooner than neighboring plants with greater depth of rooting.

If moisture stress does play a role in bindweed control, then

differential stress may help to explain erratic weed control results.

Air temperatures, soil temperatures (top 5 cm), and relative

humidity did not appear to play a definable role in bindweed control.

When bindweed control at different locations was best, temperature

and humidity were not the same, although relative humidity was

always greater than 50,%.

Combination treatments. An application of 2,4-D, preceded by

three tillage operations (treatment 13, Table 3.1) and followed by a

6-week allowance for regrowth before application, reduced stands at



Table 3.2. Field bindweed herbicide application data.*

Location

Application
date

Madras Medford
Air
temp

Soil
temp

Avg plant water Range of plant Air
RH potential water potential temp

Soil
temp RH

Avg plant water Range of plant
potential water potential

1977

9 May

C

10

C

5 cm

19

% bars C

5 cm

-

%

-42 -15.1

High Low
C

- -

bars
High Low

-32.8 -8.3 - -

27 May 11 12 56 -8.6 -14.8 -3.1 9 11 87 -8.6 -12.8 -2.8
17 June 21 28 32 -10.6 -15.5 -2.1 16 22 74 -7.3 -11.0 -2.8
8 July 21 33 40 -5.5 -9.7 -3.1 21 29 55 -8.0 -13.4 -5.2
29 July 23 32 35 -7.0 -9.0 -5.2 8 19 68 -9.0 -12.1 -1.7
19 Aug 24 28 52 -8.5 -14.8 -5.5 17 21 60 -10.3 -15.5 -3.1
9 Sep 17 17 62 -13.8 -34.5 -4.1 7 17 86 -4.8 -20.7 -2.1
30 Sep 14 18 50 -9.2 -17.9 -3.1 16 18 82 -9.0 -16.2 -3.4
21 Oct 17 23 34 -12.8 -23.4 -6.6 12 13 74 -10.7 -16.2 -3.8
11 Nov 4 6 70 -12.7 -21.0 -8.6 9 11 80 -11.1 -21.0 -4.1

Philoma th

9 May - -

27 May 17 21 63 -9.6 -14.5 -5.5
17 June 11 17 76 -6.2 -9.3 -4.1
8 July 13 16 82 -6.3 -9.7 -4.5
29 July 24 26 69 -8.0 -15.2 -2.8
19 Aug 22 21 90 -7.2 -12.4 -2.8
9 Sep 8 13 94 -4.6 -7.2 -2.8
30 Sep 21 22 62 -13.7 -19.3 -8.3
21 Oct 19 20 62 -11.7 -16.9 -3.8 ON

11 Nov t3 11 54 -11.6 -17.2 -6.6 m

* All application data reported were obtained at the time of herbicide application
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all locations tested. The only other treatment where stand reductions

occurred in all ecotypes was glyphosate preceded by the same tillage

operations as in the 2,4-D treatment, plus an additional tillage three

weeks after application (treatment 16, Table 3.1).

Application of either 2,4-D or glyphosate reduced the bindweed

stand only if plants had developed to the floral period before appli-

cation. The only exception was the Medford ecotype which was reduced

even when vegetative regrowth after tillage was treated. The response

was erratic, and treatment of regrowth on the same date and at the

same vegetative stage of growth resulted in a decrease (treatment 17,

Table 3.1) in one case and an increase (treatment 14, Table 3.1) in

another. More consistent results following tillage were obtained

when glyphosate was applied only after floral development had begun

on regrowth.

A single herbicide application of glyphosate reduced stands of

field bindweed when application was made at the appropriate stage

of growth. If tillage for carbohydrate starvation is also used, then

2,4-D may be as effective as glyphosate.

Root bioassay study. Weights of roots recovered at the time of

bioassay were not affected by treatment at Madras or Medford. Some

differences did exist in amounts of Philomath roots but the differences

were not effective in predicting the control which was seen in the

field in the following spring. Dry weights of regrowth of roots from

treated plots were not different from untreated plots. This bioassay

test was found to be unacceptable as a technique for predicting
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actual bindweed control expected in the field the growing season

following herbicide applications. This system may help predict

control if the distribution of roots based on size, quantity, and

depth within the area to be sampled was known.

Seed production and viability of field bindweed seeds. Under

the conditions of the experiment seed yield from a single untreated

plant of each ecotype can be ranked Madras> Medford > Philomath.

Application of glyphosate to each field bindweed ecotype when in

growth stage 55 reduced seed yield and the pattern of yield differences

between ecotypes remained the same (Table 3.3).

After application of glyphosatelflower buds already present

did not blossom. Reduction in total seed yield per plant was greater

than 50% in every ecotype even though application was made when 5C

of the buds had flowered. Flowers which had opened only a short

time prior to herbicide treatment may have been impeded from forming

seed.

Harvested seed was tested to determine viability. More hard

seed was obtained from untreated plants than from treated plants from

the Medford and Philcmath ecotypes. Treated and untreated Madras

seed had a similar hard seed percentage. The greatest difference

between treated and untreated seed was in the amount of dead seed.

Glyphosate reduced seed viability in all ecotypes (Table 3.4).

When germination did occur, most of the seedlings from untreated

and treated seed were normal, except in the Madras ecotype where

almost half of the developing seedlings from treated plants were
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Table 3.3. Average seed yield per plant from untreated and plants of
field bindweed treated at decimal growth code 55 with 3.4 kg/ha
glyphosate.

Ecotype
Seed yield -- seeds/plant

Untreated Treated

Madras 299 136

Medford 244 31

Philomath 138 24

Table 3.4. Germination response of field bindweed seed from plants
treated with glyphosate and those not treated.

Untreated Treated
% Hard Germination - % % Hard Germination - %

Ecotype seed Normal Abnormal Dead seed Normal Abnormal Dead

Madras 82 84 1 15 79 6 47 47

Medford 77 76 0 24 7 15 0 85

Philomath 78 85 1 14 21 23 2 75
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abnormal. Abnormal seedlings developed a normal pair of cotyledons

and hypocotyl but did not have any root development. Abnormal seedlings

would not be expected to survive in the field.

When glyphosate application to field bindweed was delayed until

seed pods were developing on bindweed plants (growth stage 55),

optimum control was obtained. Seed production from bindweed plants

after treatment with glyphosate was reduced by 55 to 87%. Seed that

was produced ranged from 47 to 85% dead seed and viable seed produced

up to 47% abnormal seedlings. In summary, seed production of field

bindweed was not eliminated after glyphosate application but was

reduced dramatically. Much of the seed produced on glyphosate treated

plants was not viable or produced abnormal seedlings.

Regrowth from treated plants. Field bindweed plants treated with

3.4 kg/ha glyphosate and then clipped after 1 month were compared to

mature untreated plants clipped at the same date. Regrowth occurred

on all ecotypes where no glyphosate had been applied. Plants treated

with glyphosate did not produce any measurable vines during the

duration of the experiment in 1978. With cold weather and frost, all

vines eventually died back to the crown (Figure 3.1). Each ecotype

line in Figure 3.1 is an average of four test plants with a typical

standard deviation of 8.8 cm for each point. The treated plant line

is an average of 12 plants, four from each ecotype.

Regrowth of the bindweed ecotypes occurred at different rates,

but total length was approximately equal before frost stopped growth.

The application of glyphosate to test plants at growth stage 55 gave

excellent control of field bindweed during the treatment year.
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Figure 3.1. Regrowth ability of treated and untreated plants of field

bindweed clipped at ground level 1 month after treatment with 3.4 kg/ha

glyphosate.
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Appendix Table 1. Growth parameters of three ecotypes of field bindweed developing under the same environment

Date

Ilunib-7737-er-ielnes
,, 10 cm /plant

Longest vine
cm/plant

Number of expanded
leavef/longest vine

Mad. Hied. Phil.

Number of flower
buds/longest vine

Ecotype__
W14. Med. Phil.

Number of flowers/
longest vine

Mad. Ned. Phil.

Number of seed pods/
longest vine

Mad. Med. Phil.Mad. 3iir. Phil.* Mad. Med. Phil.

1977

t."-Y-9 0 0 16.0 - 12.2 7.2 - 7.1 0 1.1 0 0 0 0
Mav 14 0 0 16.7 - 13.0 7.1 - 7.5 0 0.9 0 0 0 0
May 21 0 - 0 17.2 - 13.7 7.9 - 8.8 0 1.0 0 - 0.1 0 - 0

June 10 1.9 1.3 1.3 19.1 15.5 19.1 13.1 10.1 13.1 0 2.1 0.5 0 0.2 0.2 0 0 0.3
June 22 5.7 1.4 4.2 22.5 15.8 25.4 11.9 8.9 14.1 1.1 0.7 1.7 0 0.5 0 0 0.7 1.2
June 27 7.5 1.5 6.6 29.2 15.8 32.2 13.4 8.9 17.0 5.2 0.4 4.8 0 0.6 0.2 0 1.2 0.1

July 4 10.7 1.7 10.3 40.3 16.8 38.5 17.2 9.7 20.1 10.4 0.5 6.3 0.1 0.1 0.7 0 1.9 0.7
July 12 13.9 2.3 13.3 52.8 19.8 44.2 21.7 14.7 23.2 13.9 0.8 7.8 0.3 0.1 0.2 0.5 1.6 2.0
July 18 13.9 2.7 14.3 57.8 21.8 47.1 25.7 14.9 24.5 14.1 1.2 6.8 1.9 0.1 0.7 3.1 1.4 3.2
July 25 16.1 3.7 17.3 66.9 23.1 49.5 28.3 14.7 26.3 12.2 1.9 4.8 1.1 0.1 1.0 9.7 .1.0 7.0

Aug. 1 19.8 5.2 17.0 78.7 27.3 51.8 35.4 17.3 27.7 12.2 4.1 3.5 1.1 0.3 0.5 16.3 0.5 9.7
Aug. 8 19.1 6.3 14.) 80.2 32.9 56.1 38.0 20.4 31.4 5.5 3.5 2.8 0.6 0.4 0.2 24.8 2.3 11.5
Aug. 15 20.5 8.5 17.4 81.2 34.7 57.1 38.4 22.3 33.6 0.7 2.7 1.0 0 0.8 0.1 29.4 4.8 14.4
Aug. 22 21.8 9.0 19.1 81.5 34.7 56.2 41.0 24.1 32.6 0.5 2.2 0.7 0.2 0.8 0.3 30.9 7.9 13.9
Aug. 30 23.4 10.4 23.7 79.5 41.7 58.0 40.1 25.7 36.8 0.1 4.1 1.4 0.1 0.3 0.2 28.6 5.4 14.6

Sep. 5 29.2 12.1 27.4 82.5 51.5 63.0 37.6 27.7 38.8 2.0 6.2 2.8 0.4 0.6 0.5 28.1 4.8 12.6
Sep. 12 37.7 14.6 29.1 83.5 58.2 66.3 44.2 30.0 38.0 1.8 2.4 2.5 0.4 0.7 0.5 30.3 7.9 11.3
Sep. 19 35.9 15.2 30.9 84.2 59.3 68.4 45.0 30.6 34.6 0.4 0.8 0.8 0.5 0.5 0.6 28.0 8.4 5.9
Sep. 20 36.3 15.7 28.0 83.8 60.6 66.5 45.7 32.7 37.6 0.2 0.1 0.2 0.1 0 0.3 29.2 8.7 11.7

Oct. 4 33.4 11.5 26.4 81.9 55.6 62.2 40.7 26.2 32.5 0.1 0 1.2 0.2 0 0.3 22.9 6.2 6.6
Oct. 10 30.2 11.3 23.8 84.0 56.9 65.2 41.7 28.0 32.9 0.1 0 1.4 0 0 0.3 24.9 6.0 7.4

Oct. 17 32.4 8.6 28.1 82.8 48.7 59.1 32.5 24.4 30.3 0 0 0 0 0 0 28.2 4.0 6.3
Oct. 24 29.8 8.9 20.8 77.8 46.9 48.3 18.5 18.8 20.8 0 0 0 0 0 0 17.6 3.7 2.3
Oct. 31 33.2 7.7 23.7 83.2 45.5 56.0 15.0 19.1 23.3 0 0 0 0 0 0 23.6 5.0 5.6

Nov. 7 32.4 7.7 20.9 83.0 45.1 52.2 13.3 16.4 19.6 0 0 0 0 0 0 24.3 4.3 4.0
Nov. 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dec. 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1978
Jan. 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jan. 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Feb. 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Feb. 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mar. 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mar. 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mar. 27 0 0.1 0 6.1 2.3 4.7 4.1 1.4 2.8 0 0 0 0 0 0 0 0 0

Apr. 3 0.9 0.1 0.3 8.7 3.7 6.6 4.9 1.7 4.2 0 0 0 0 0 0 0 0 0
Apr. 10 2.1 0.4 0.7 11.9 6.6 9.5 5.9 3.2 6.1 0 0 0 0 0 0 0 0 0
Apr. 17 3.6 0.5 1.5 14.7 8.9 13.2 7.3 5.0 8.2 0 0 0 0 0 0 0 0 0
Apr. 24 5.2 0.9 2.0 17.4 10.1 15.4 8.8 5.7 10.3 0 0 0 0 0 0 0 0 0

(Continued on next page)



Appendix Table 1 (continued)

Number of vines
> 10 cm/plant

Longest vine
cm/plant

Number of expanded
leaves/longest vine

Number of flower
buds/longest vine

Ecot pe

Number of flowers/
longest vine

Number of seed pods/
longest vine

Date Ma. Med. Phil.** Mad. Med. Phil. Mad. Med. Phil. Mad. Med. Phil. Had Med. Phil. Mad. Med. Phil.

May 1 7.4 2.7 2.6 23.9 15.6 19.2 10.4 7.9 11.0 0 0 0 0 0 0 0 0
May 8 10.0 4.2 4.6 32.6 22.9 24.6 14.1 11.4 14.2 0 0 0 0 0 0 0 0
May 15 12.2 4.8 5.7 37.9 29.8 26.8 16.8 14.1 15.5 0 0 0 0 0 0 0 0
May 22 18.3 6.9 9.6 50.7 41.6 39.4 20.0 17.6 20.5 0.8 1.8 0 0 0 0 0 0
May 29 20.0 6.6 10.3 55.9 48.2 42.2 22.0 18.5 20.3 .2 0.6 1.5 0 0 0 0 0 0

June 5 30.0 8.1 12.3 75.2 60.4 57.2 26.0 19.8 21.3 4.1 4.5 3.5 0 0 0 0 0 0
June 12 35.3 11.6 14.2 79.5 69.8 65.9 25.6 22.4 23.6 10.5 8.6 7.5 0.1 0.4 0 0 0 0
June 19 41.4 13.4 20.1 90.8 78.1 72.6 30.2 24.8 26.8 14.3 11.5 9.3 0.7 1.2 0.6 0.5 1.1 0.6
June 26 45.6 14.6 19.7 107.0 88.4 81.8 33.1 26.1 28.8 16.4 12.1 10.5 1.5 1.7 1.3 3.6 5.2 2.9

July 3 49.3 15.6 27.1 118.8 91.3 86.9 37.3 27.2 31.5 14.8 10.5 10.9 2.5 1.7 1.5 10.1 9.0 6.2
July 10 50.5 15.9 29.4 133.4 97.7 95.8 40.6 29.6 34.0 15.6 8.4 7.5 2.1 2.3 1.8 15.8 12.0 11.0
July 17 55.6 15.8 34.6 139.4 97.9 95.1 46.4 33.7 36.1 11.0 6.5 7.0 2.8 2.3 1.3 24.0 18.7 11.7
July 24 66.9 18.1 33.5 141.0 102.4 100.4 49.1 31.3 37.3 5.2 2.7 2.8 2.1 0.6 0.9 33.0 24.7 17.5
July 31 73.0 18.8 33.9 142.2 106.2 98.5 41.0 36.3 36.9 0.7 1.1 0.3 0.1 0.2 0.2 37.5 26.4 20.1

Aug. 9 79.2 23.8 31.2 140.3 114.0 96.3 46.0 42.3 38.8 0 0.2 0 0 0 0 39.2 32.5 19.5
Aug. 16 73.3 11.5 22.0 138.2 75.5 75.0 46.0 40.0 32.5 0 2.0 0 0 0 0 39.0 22.0 20.0
Aug. 21 78.0 12.5 21.5 138.5 76.0 76.0 47.0 40.0 30.5 0 3.0 0 0 0 0 38.2 21.0 19.5
Aug. 28 98.0 14.0 26.0 147.0 77.0 77.0 47.5 39.5 32.5 0 1.5 1.5 0 0 0 38.5 21.5 19.5

Sep. 5 89.5 13.0 25.5 146.5 75.0 81.5 48.5 32.5 36.5 0 0 4.5 0 0 0 39.5 19.5 14.0
Sep. 11 87.0 15.0 27.5 147.5 76.5 85.0 46.5 36.5 37.5 0 0 3.0 0 0 0 38.5 23.0 16.5
Sep. 18 96.0 16.5 29.0 147.0 76.5 84.0 48.0 40.5 33.0 0 0 1.0 0 0 0 38.5 19.5 5.0
Sep. 25 95.0 12.0 27.0. 142.0 74.5 83.5 0 0 0 0 0 0 0 0 0 0 0 0

Oct. 2 88.0 12.5 22.5 108.5 73.5 67.5 0 0 0 0 0 0 0 0 0 0 0 0
Oct. 9 93.5 14.5 25.0 123.5 76.0 12.5 0 0 0 0 0 0 0 0 0 0 0 0
Oct. 16 72.5 13.5 24.5 120.0 76.5 67.0 0 0 0 0 0 0 0 0 0 0 0 0
Oct. 23 72.0 12.0 21.0 115.5 74.0 66.5 0 0 0 0 0 0 0 0 0 0 0 0
Oct. 30 60.0 10.5 19.0 118.0 71.5 59.0 0 0 0 0 0 0 0 0 0 0 0 0

Nov. 7 61.0 8.0 20.5 119.5 69.5 50.5 0 0 0 0 0 0 0 0 0 0 0 0
Nov. 13 59.5 8.5 19.5 115.0 68.5 55.5 0 0 0 0 0 0 0 0 0 0 0 0
Nov. 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dec. 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Each value is an average of 10 field bindweed plants.

*Mad = Madras ecotype; Med = Medford ecotype; Phil - Philomath ecotype.
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Appendix Table 2. Distribution of
14
C (dpm) applied as

14
C-

glyphosate applied to field bindweed and transformed values.

Sample

Madras ecotype
% dpm transformed values

x

Madras growth chamber - 25 C day, 7 C night
Experiment 1

Above trt lvs 1.0 0.6 0.6 0.7 5.7 4.4 4.4 4.9
Trt lvs 15.9 20.9 22.4 19.7 23.5 27.2 28.3 26.3
Below trt lvs 0.4 1.1 1.1 0.8 3.6 6.0 6.o 5.2
Roots 1.6 3.o 3.0 2.5 7.3 10.0 10.0 9.1
Wash 81.1 74.4 73.0 76.2 64.2 59.6 58.7 60.8

Experiment 2
Above trt lvs 0.2 0.9 0.6 0.6 2.6 5.4 4.4 4.2
Trt lvs 24.6 34.1 46.1 34.9 29.7 35.7 42.8 36.1
Below trt lvs 0.5 1.1 0.4 0.7 4.1 6.o 3.6 4.6
Roots 2.3 3.8 1.6 2.6 8.7 11.2 7.3 9.1
Wash 72.4 60.3 51.4 61.4 58.3 50.9 45.8 51.7

Medford growth chamber - 27 C day, 9 C night
Experiment 1

Above trt lvs 0.5 1.2 1.4 1.0 4.1 6.3 6.8 5.7
Trt lvs 16.7 31.6 22.6 23.6 24.1 34.2 28.4 28.9
Below trt lvs 0.5 0.3 0.7 0.5 4.1 3.1 4.8 4.0
Roots 2.1 12.2 2.0 5.4 8.3 20.4 8.1 12.3
Wash 80.2 65.1 73.3 72.9 63.6 53.8 58.9 58.8

Experiment 2
Above trt lvs 1.0 0.5 0.4 0.6 5.7 4.1 3.6 4.5
Trt lvs 21.0 21.5 32.1 24.9 27.3 27.6 34.5 29.8
Below trt lvs 0.5 1.7 0.1 0.8 4.1 7.5 1.8 4.5
Roots 2.0 2.2 0.6 1.6 8.1 8.5 4.4 7.0
Wash 75.6 74.1 66.8 72.2 60.4 59.4 54.8 58.2

Philomath growth chamber - 24 C day, 9 C night
Eheriment 1

Above trt lvs 0.3 1.0 0.9 0.7 3.1 5.7 5.4 4.8
Trt lvs 29.1 58.2 30.1 39.1 32.7 49.7 33.3 38.5
Below trt lvs 0.8 0.9 1.1 0.9 5.1 5.4 6.0 5.5
Roots 2.6 4.3 2.5 3.1 9.3 12.0 9.1 10.1

Wash 67.2 35.6 65.5 56.1 55.1 36.6 54.0 48.6

Experiment 2
Above trt lvs 0.2 0.9 0.5 0.5 2.6 5.4 4.1 4.0

Trt lvs 16.0 61.9 45.0 41.0 23.6 51.9 42.1 39.2

Below trt lvs 0.5 1.9 1.4 1.3 4.1 7.9 6.8 6.3

Roots 2.7 4.6 3.0 3.4 9.5 12.4 10.0 10.6

Wash 80.6 30.7 50.2 53.8 63.9 33.7 45.1 47.5
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Appendix Table 2 (continued)

% dpm
Sample

Medford ecotype
transformed values

Madras growth chamber - 25 C day, 7 C night
Experiment 1

0.5 0.6 0.8 0.6 4.1 4.4 5.1
17.3 26.9 23.3 22.5 24.6 31.2 28.9
0.9 0.9 3.0 1.6 5.4 5.4 10.0
2.7 1.3 6.1 3.4 9.5 6.6 14.3

78.6 70.3 67.o 72.0 62.4 57.0 55.0

Above trt lvs
Trt lvs
Below trt lvs
Roots
Wash

Above trt lvs
Trt lvs
Below trt lvs
Roots
Wash

Above trt
Trt lvs
Below trt
Roots
Wash

0.5
26.3

3.3
3.2

66.8

Experiment 2
0.4 0.9 0.6

42.7 42.3 37.1
0.9 4.7 3.0
1.2 15.3 6.5

54.8 36.9 52.8

Medford growth chamber - 27 C
Experiment 1

lvs 1.4 1.1 0.9 1.1 6.8 6.0 5.4 6.1
49.0 13.6 17.0 26.5 44.4 21.6 24.4

lvs 2.4 0.9 2.4 1.9 8.9 5.4 8.9
11.8 1.3 5.3 6.1 20.1 6.6 13.3
35.4 83.o 74.3 64.2 36.5 65.7 59.5

4.1 3.6 5.4
30.9 40.8 40.6
10.5 5.4 12.5
10.3 6.3 23.o
54.8 47.8 37.4

day, 9 C night

4.5
28.2
7.0

10.1
58.1

4.4

37.4
9.5
13.2
46.7

Above trt lvs
Trt lvs
Below trt lvs
Roots
Wash

30.1
7.8
13.3

53.9

Experiment 2
0.5 1.6 0.3 0.8 4.1 7.3 3.1 4.8
12.7 39.7 29.1 27.2 20.9 39.1 32.7 30.9
1.2 1.8 4.2 2.4 6.3 7.7 11.8 8.6
2.1 1.9 6.9 3.6 8.3 7.9 15.2 10.5

83.6 55.1 60.0 66.2 66.1 47.9 50.8 54.9

Philomath

Above trt lvs 1.5
Trt lvs 58.5
Below trt lvs 1.1
Roots 4.5
Wash 34.5

Above trt lvs 0.2
Trt lvs 35.7
Below trt lvs 2.0

Roots 2.7

Wash 59.5

growth chamber - 24 C day, 9 C night
Experiment 1

1.0 0.7 1.1 7.o 5.7 4.8 5.9
35.5 26.4 40.1 49.9 36.6 30.9 39.1
1.3 1.9 1.4 6.o 6.6 7.9 6.8

5.5 7.7 5.9 12.3 13.6 16.1 14.o

56.7 63.3 51.5 36.0 48.9 52.7 45.8

Experiment 2
0.2 0.2 0.2 2.6 2.6 2.6 2.6

42.7 15.5 31.3 36.7 40.8 23.2 33.6
1.9 1.5 1.8 8.1 7.9 7.0 7.7
3.5 4.0 3.4 9.5 10.8 11.5 10.6

51.8 78.8 63.4 50.5 46.o 62.6 53.0
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Appendix Table 2 (continued)

% dpm
Sample

Philomath ecotype
transformed values

Madras growth chamber - 25 C day, 7 C night
Experiment 1

Above trt lvs 0.9 1.0 0.8 0.9 5.4 5.7 5.1 5.4
Trt lvs 35.0 27.8 33.2 32.0 36.3 31.8 35.2 34.4
Below trt lvs 0.9 1.8 1.3 1.3 5.4 7.7 6.6 6.6
Roots 0.8 1.7 3.5 2.0 5.1 7.5 10.8 7.8
Wash 62.5 67.7 61.2 63.8 52.2 55.4 53.0 53.5

Experiment 2
Above trt lvs 0.3 1.6 6.7 2.9 3.1 7.3 15.0 8.5
Trt lvs 26.0 47.2 51.0 41.4 30.7 43.4 45.6 39.9
Below trt lvs 0.7 0.9 1.3 1.0 4.8 5.4 6.6 5.6
Roots 2.1 3.4 6.0 3.8 8.3 10.6 14.2 11.1
Wash 70.9 47.0 35.1 51.0 57.4 43.3 36.3 45.7

Medford growth chamber - 27 C day, 9 C night
Experiment 1

Above trt 1 vs 0.6 0.4 1.0 0.7 4.4 3.6 5.7 4.6
Trt lvs 28.8 43.0 37.4 36.4 32.5 41.0 37.7 37.0
Below trt 1 vs 1.3 0.6 1.6 1.2 6.6 4.4 7.3 6.1
Roots 2.8 2.3 4.0 3.0 9.6 8.7 11.5 10.0
Wash 66.5 53.8 56.0 58.8 54.6 47.2 48.5 50.1

Experiment 2
Above trt lvs 1.1 1.5 3.7 2.1 6.0 7.0 11.1 8.1
Trt lvs 19.3 54.0 42.3 38.5 26.1 47.3 40.6 38.0
Below trt lvs 1.1 1.1 1.9 1.4 6.0 6.0 7.9 6.7
Roots 2.3 5.6 4.5 4.1 8.7 13.7 12.3 11.6
Wash 76.2 37.8 47.6 53.9 60.8 37.9 43.6 47.5

Philomath growth chamber - 24 C day, 9 C night
Experiment 1

Above trt lvs 1.4 0.9 1.4 1.2 6.8 5.4 6.8 6.3
Trt lvs 46.8 55.3 36.5 46.2 43.2 48.0 37.2 42.8
Below trt lvs 3.0 1.0 2.4 2.1 10.0 5.7 8.9 8.2
Roots 3.5 0.7 5.4 3.2 10.8 4.8 13.4 9.7
Wash 45.2 42.1 54.4 47.2 42.3 40.5 47.5 43.4

Experiment 2
Above trt lvs 0.0 0.2 0.3 0.2 0.0 2.6 3.1 1.9
Trt lvs 51.6 41.5 63.6 52.2 45.9 40.1 52.9 46.3
Below trt lvs 0.5 2.6 0.9 1.3 4.1 9.3 5.4 6.3
Roots 2.8 9.1 0.8 4.2 9.6 17.6 5.1 10.8

Wash 45.1 46.6 34.5 42.1 42.2 43.1 36.0 40.4
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Appendix Table 3. Field bindweed density (plants/m2) at treatment
time (1977) and June 1978.

Madras ecotype

Treatment*
1977 1978

b
-7c
a

R
a b

1 5 6 7 6 6.o 23 15 9 17 16.o 10.0
2 7 8 7 3 6.3 19 9 11 4 10.8 4.5
3 2 11 9 4 6.5 12 8 11 3 8.5 2.0
4 3 7 8 2 5.0 2 9 6 3 5.0 0.0
5 5 14 10 11 10.0 2 14 9 8 8.3 - 1.7
6 15 6 6 5 8.o 18 20 4 1 10.8 2.8
7 18 9 12 13 13.o 8 6 3 6 5.8 - 7.2
8 15 13 6 15 12.3 7 9 2 1 4.8 - 7.5
9 11 3 lo 9 8.3 5 8 2 3 4.5 - 3.8

10 2 19 6 4 7.8 3 14 7 6 7.5 - 0.3
11 1 8 6 3 4.5 1 5 6 2 3.5 - 1.0
12 6 17 3 14 10.0 4 14 3 24 11.3 1.3
13 9 4 11 12 9.o 4 1 4 5 3.5 5.5
14 3 1 0 0 1.o 8 18 1 2 7.3 6.3
15 5 22 13 15 13.8 7 21 14 23 16.3 2.5
16 12 13 9 9 10.8 7 4 3 7 5.3 - 5.5
17 8 1 5 5 4.8 19 9 10 10 12.0 7.2
18 4 3 5 4 4.o 11 5 6 10 8.o 4.o
19 8 2 4 1 3.8 12 17 15 9 13.3 9.5
20 2 12 3 8 6.3 3 16 5 9 8.3 2.0

*For treatment description, see Table 2.1 LSD
.05

6.3
LSD

.01
8.4
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Appendix Table 3 (continued)

Medford ecotype

Treatment
1977 1978

kb-7(a.
51
a k

b

1* 22 12 24 17 18.8 13 14 18 11 14.0 - 4.8
2 27 16 4 18 16.3 7 20 0 22 12.3 - 4.0
3 24 9 10 5 12.0 3 1 4 2 2.5 - 9.5
4 17 14 9 8 12.0 2 5 6 3 4.0 - 8.0
5 10 8 4 14 9.0 8 12 8 21 12.3 3.3
6 9 13 2 11 8.8 14 26 11 17 17.0 8.2
7 9 13 7 11 10.0 25 25 5 29 21.0 11.0
8 3 8 6 11 7.0 22 19 1 19 15.3 8.3
9 15 8 39 16 19.5 11 7 1 3 5.5 -14.0

10 7 16 14 15 13.0 12 16 6 32 16.5 3.5
11 21 14 17 23 18.8 10 12 12 17 12.8 - 6.0
12 18 29 30 13 22.5 3 3 5 6 4.3 -18.2
13 26 18 31 21 24.0 8 3 9 5 6.3 -17.7
14 12 9 11 2 8.5 5 16 2 15 9.5 1.0
15 31 24 22 9 21.5 7 15 14 9 11.3 -10.2
16 21 14 24 22 20.3 1 13 10 9 8.3 -12.0
17 11 5 42 37 23.8 9 10 1 0 5.0 -18.8
18 2 9 8 17 9.0 13 13 2 11 9.8 0.8
19 3 6 5 2 4.0 25 10 11 6 13.0 9.0
20 20 33 15 10 19.5 29 32 27 11 24.8 5.3

*Not treated in 1977 LSD
.05

14.2

LSD
.01

18.9
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Appendix Table 3 (continued)

Philomath ecotype

Tteatment
1977 1978

b
3-c

a
R
a b

1* 7 11 8 7 8.3 11 20 12 10 13.3 5.0
2 4 7 8 16 8.8 17 23 18 34 23.0 14.2
3 8 8 10 12 9.5 23 17 21 24 21.3 11.8
4 21 11 24 27 20.8 5 8 9 19 10.3 -10.5
5 20 24 11 23 19.5 5 11 2 5 5.8 -13.7
6 20 16 13 25 18.5 10 21 6 15 13.0 - 5.5
7 22 14 18 10 16.0 12 22 11 5 12.5 - 3.5
8 10 14 10 10 11.0 13 8 11 15 11.8 0.8
9 11 27 2 4 11.0 8 22 9 23 15.5 4.5
10 12 19 3 18 13.0 6 18 22 28 18.5 5.5
11 5 3 8 19 8.8 4 4 6 24 9.5 0.7
12 34 38 25 31 32.0 5 2 13 12 8.0 -24.0
13 15 40 19 20 23.5 9 17 17 23 16.5 - 7.o
14 2 3 7 12 6.0 10 1 5 19 8.8 2.8
15 38 35 27 31 32.8 16 10 12 22 15.5 -17.3
16 37 21 26 32 29.0 7 1 4 15 6.8 -22.2
17 0 1 19 10 7.5 2 20 5 15 10.5 3.0
18 0 12 16 13 10.3 3 2 16 26 11.8 1.5
19 0 0 12 11 5.8 1 10 15 21 11.8 6.0
20 5 2 5 12 6.0 15 23 3 20 15.3 9.3

*Not treated in 1977 LSD
.05

10.3

LSD
.01

13.7
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Appendix Table 4. Fresh weight* of field bindweed roots for bioassay.

Treatment**

Madras ecotype
February 1978

g x

Medford ecotype
February 1978

g

3 3.5 7.5 0.8 0.6 3.1 4.2 2.3 1.8 8.1 4.1
4 0.0 1.0 2.3 2.5 1.5 3.7 6.0 1.0 3.7 3.6
5 0.7 2.0 7.3 2.6 3.1 0.4 5.3 4.8 8.9 4.7
8 6.2 5.5 7.1 3.5 5.6 10.1 7.4 4.3 8.8 7.6

11 0.1 5.1 2.6 0.9 2.2 0.3 0.9 2.6 6.7 2.6
12 0.5 3.2 1.1 5.0 2.5 4.0 7.9 6.5 1.2 4.9
13 0.0 1.6 1.6 1.5 1.2 0.6 1.9 1.2 2.9 1.6
15 0.7 2.1 0.5 9.5 3.2 13.6 7.1 9.3 0.8 7.7
16 1.8 1.4 1.6 3.8 2.1 2.7 8.9 6.0 23.5 10.3
20 0.3 7.8 2.4 0.8 2.8 4.7 25.7 8.8 0.8 10.0

F = 1.4 N.S. F = 1.3 N.S.

Philomath ecotype
February 1978

Treatment g x

3 16.9 10.6 6.7 13.0 11.8
4 12.5 0.0 2.7 14.4 7.4

5 6.7 19.0 1.8 4.5 8.0
8 11.8 38.2 12.0 18.0 20.0
11 4.6 4.1 4.4 10.2 5.8
12 6.1 13.5 8.7 2.4 7.6
13 4.1 16.0 14.8 7.9 10.7
15 13.8 7.8 9.2 14.8 11.4
16 9.9 0.0 4.5 28.2 10.6
20 37.6 22.8 20.1 22.2 25.7

LSD
.05

=15.4

* Each value is the average of two subsamples per plot
**See Table 2.1 for treatment description



Appendix Table 5. Oven-dry weight of regrowth from bioassay root samples*
April 15, 1978

Treatment**
Madras ecotype Medford ecotype

3 0.2045 0.4153 0.0039 0.0 0.1560 0.0021 0.0 0.0011 0.0029 0.0015
4 0.0 0.0983 0.0 0.1612 0.0648 0.0589 0.0277 0.0 0.0067 0.0233
5 0.0 0.4406 0.2234 0.0899 0.1885 0.0 0.0386 0.0629 0.1586 0.0650
8

11

0.1540
0.0

0.1225
0.0046

0.0537
0.3820

0.1451
0.0

0.1188
0.0973

0.8391
0.0

0.0024
0.0

0.0
0.0114

0.2190
0.0

0)..=

12 0.1641 0.0877 0.0 0.2093 0.1153 0.0213 0.0056 0.0211 0.0462 0.0235
13 0.0 0.1895 0.0 0.0450 0.0586 0.0034 0.0049 0.0 0.0723 0.0202
15 0.0 0.1463 0.0 0.8681 0.2536 0.1416 0.3000 0.5878 0.0232 0.2631
16 0.0806 0.0239 0.0232 0.1442 0.0680 0.0609 0.3006 0.1086 0.0548 0.1312
20 0.0 0.7142 0.2357 0.0153 0.2413 0.3092 1.3403 0.5273 0.0 0.5442

F= 0.7 N.S. F = 5.8 N.S.

Philomath ecotype
Treatment

3 0.0576 0.0810 0.2468 0.1840 0.1423
4 0.0 0.0 0.0 0.1839 0.0460
5 0.0054 0.0072 0.0 0.0 0.0031
8 0.0067 0.0395 0.3693 0.1990 0.1536

11 0.0 0.0 0.3653 0.0730 0.1096
12 0.0 0.0584 0.0457 0.0095 0.0283
13 0.0 0.1081 0.4359 0.1976 0.1854
15 0.0 0.0250 0.1868 0.3176 0.1323
16 0.0 0.0 0.0 0.5171 0.1293
20 0.1668 0.1.520 0.1016 0.5138 0.2335

F = 1.6
*Each value is an average of two subsamples
**See Table 2.1 for treatment description

N.S.
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Appendix Table 6. Seed yield from three ecotypes of field bindweed
plants treated at growth stage 55 with 3.4 kg/ha glyphosate and
untreated plants.

Ecotype
Seed/plant

Treated Untreated

Madras 75 192 81 196 136 242 233 287 432 299 P 4 0.01

Medford 13 61 19 29 31 246 336 105 288 244 p < 0.01

Philomath 16 30 37 11 24 50 159 305 36 138 p < 0.05

Seed weight (g)/plant

Madras 1.0 2.6 0.9 2.5 1.8 2.8 2.9 3.9 6.0 3.9 p< 0.05

Medford 0.0 0.4 0.1 0.2 0.2 3.8 5.9 1.2 4.2 3.8 p< 0.01

Philomath 0.1 0.2 0.2 0.0 0.1 0.5 1.9 3.2 0.4 1.5 p<0.05



Appendix Table 7. Vine regrowth* from three ecotypes of field bindweed after treatment with 3.4 kg/ha
glyphosate at growth stage 55 in July 1978.

Evaluation
date
1978

Madras ecotype
vine length cm

Medford ecotype
vine length cm

Philomath ecotype
vine length cm

Treated**
7

Untreated
7

Treated
7

Untreated
3c

Treated Untreated
7 )7

Aug 16 - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0

Aug 21 - - - - - - 0 0 4 6 9 5 0 3 6 6 4 5

Aug 28 0 5 3 3 0 3 0 0 16 15 17 12 0 9 13 17 10 12

Sep 5 0 22 6 17 11 14 0 18 38 22 38 29 0 21 26 32 22 25

Sep 11 0 26 8 21 15 18 0 20 43 23 42 32 0 27 30 36 26 30

Sep 18 0 28 10 24 22 21 0 22 44 0 43 27 0 22 35 42 28 32

Sep 25 0 29 14 28 26 24 0 22 24 0 43 22 0 22 37 47 28 34

Oct 2 0 29 18 30 31 27 0 22 26 0 43 23 0 0 37 50 29 29

oct 9 0 31 23 33 33 30 0 12 30 0 40 21 0 0 39 51 20 28

Oct 16 0 30 26 34 35 31 0 12 31 0 42 21 0 0 40 52 21 28

Oct 23 0 30 25 34 35 31 0 12 31 0 42 21 0 0 39 52 21 28

Oct 30 0 30 25 34 36 31 0 11 31 0 37 20 0 0 37 42 22 25

Nov 7 0 30 26 34 36 32 0 9 13 0 0 6 0 0 39 43 20 26

Nov 13 0 32 24 35 33 31 0 10 12 0 0 6 0 0 39 42 0 20

Nov 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

co

*Measurement made on the longest vine per plant co

**No regrowth occurred on any treated plant; a mean of zero is reported for treated plants of all ecotypes
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Appendix Table 8. Percent hard, normal, abnormal, and dead seed of
field bindweed from untreated plants and plants treated at growth
stage 55 with 3.4 kg/ha glyphosate.

Madras ecotype Medford ecotype Philomath ecotype
Treated Untreated Treated Untreated Treated Untreated

% hard seed 79 67 0 95 44 86

83 88 5 73 30 81

63 85 21 66 0 82

91 88 0 73 9 61

7 79 N.S. 82 7 77 21 78

Germination %

Normal 8 67 23 96 50 88

11 92 18 78 7 75

2 87 21 50 27 79

4 89 0 81 9 97

6 84 15 76 23 85

Abnormal 49 3 0 0 6 0

63 0 0 0 3 0

35 1 0 0 0 3

39 0 0 0 0 0

y 47 1 0 0 2 1

Dead 43 30 77 4 44 12

25 8 82 22 90 25

63 12 79 50 73 18

58 10 100 19 91 3

7 47 15 85 24 75 14
p<0.01


