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IjSTRODUCTIOJT

There are several species of perennial weed grasses, indigenous 

to the United Kingdom, capable of constituting- a deleterious 

influence on crop yield by virtue of their characteristic rapid 

vegetative method of propagation. The most important of these is 

Agropyron repens (couch grass, twitch, wrack or quickens). The 

remaining perennial weed grasses are of lesser agricultural import

ance in the East of Scotland and are not considered in this 

dissertation. The literature on A. repens is extensive as is 

merited by its great economic importance not only in agriculture in 

Britain but in every other temperate region of the world.

Bart 1
TAXOHOEIC CHARACTERISTICS

Agropyron repens (L) Beauv. is a rhizomatous, perennial grass, 

predominantly a plant of temperate climates (Buchholtz 1962; Palmer 

1956; Palmer and Sagar 1963). The plant has finely pointed laminae 

which are flat, up to 13 mm wide, 6-30 mm long; glabrous below, with 

scattered hairs above and without prominent ribs. The sheaths are 

rounded at the back with pronounced clasping auricles at the apex. 

Ligules are short (1 mm) and membranous. The inflorescence is a 

straight and erect spike, loose to compact, 5-30 cm long and hair

less (Palmer and Sagar 1963). A clonal collection at the Weed 

Research Organization has allowed for observation of type (private 

communication). Habits of growth vary from an erect posture asso

ciated with the southern regions of the United Kingdom to very 

prostrate in the north of Europe (Palmer and Sagar 1963). Seasonal 

variations in growth and flowering also characterise clonal sources. 

Other important variable features include the length and breadth of 

the laminae, with smooth or densely hairy upper surfaces; resistance
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of the individuals to mildew infection and colour of the laminae and 

inflorescences (Chancellor 1968; Palmer and Sagar 1963). Recent 

work by Turner (1968) on four strains showed differences in their 

ability to synthesise carbohydrate. Haddad and Sagar (1968) and 

Holly and Chancellor (i960) also found differences in their suscepti

bility to herbicides.

HABITAT

A. repens is distributed throughout the British Isles. It is 

widespread in open situations but less frequent in shade. The plant 

colonizes itself in pure stands particularly where it is left 

undisturbed (Palmer and Sagar 1963). This gregarious habit is a 

consequence of its prolific powers of vegetative spread by rhizomes. 

Brenchley (1920) records the presence of the species in the United 

Kingdom on all types of soil. A recent N.A.A.S. survey (Anon 1968) 

estimated more than 3,000,000 acres of arable land in England to be 

infested with A. repens, and Erskine (1968) believes it to be the 

most pressing grass weed problem in the cereal growing areas of the 

East of Scotland.

Buchholtz (1962) records A. repens as a major grass weed in 

America and Canada, and Bylterud (1958) and Hdkansson (1968) report 

it to be the most pernicious weed in arable farming in Scandinavia. 

In Finland almost 50^ of the arable acreage is infested and more 

than 70,000 acres are fallowed annually (Hantanen and Lallukka 1968).

MORPHOLOGY AND PROPAGATION

In undisturbed stands of A. repens horizontal rhizomatous 

spread occurs in the soil to a depth of about four inches given 

suitable growth conditions (Buchholtz 1962; Cussans 1968; Hay 1962).
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In the autumn the aerial shoots suffer senescence. The apices of 

the rhizomes then undergo a morphological transformation and erect 

into further aerial shoots (Palmer 1954) • However, this change can 

be made to take place at any time of the year by disturbance of the 

plant, (Cussans 1968; Palmer and Sagar 1963), provided conditions 

are favourable for growth. Frequent soil disturbance may restrict 

rhizome growth and encourage the development of axillary buds, 

hitherto dormant, into aerial shoots (Lowe and Buchholtz 1952; Fail 

1956; Proctor i960). Palmer (1954) observed that as the terminal 

buds of the rhizomes erect they undergo transition and develop as 

orthotropic aerial shoots. These aerial shoots produce two to three 

leaves and overwinter (Palmer 1958)« in ike spring the aerial 

shoots form three primary tillers, only two of which grow vigorously 

in an undisturbed stand (Palmer 1954) • open situations however, 

many more tillers may develop (Palmer and Sagar 1963). No viable 

buds are associated with the nodes of the aerial shoot proximal to 

the three tillers (Palmer 1958; Sharman 1947)«

A transition zone exists between the axillary buds which form 

tillers and those which develop into rhizomes. There are generally 

four axillary buds which produce rhizomes when the main shoot is at 

the six to eight leaf stage of growth and active photosynthesis is 

taking place (Palmer and Sagar 1963). Plants grown from seeds 

behave in a similar way (Palmer and Sagar 1963; Williams 1968). 

Axillary buds develop on each node along the primary rhizomes. Some 

of the buds may grow out to form secondary rhizomes in July, and 

these can in turn produce more lateral rhizomes; branches amounting 

in total to about 50 in a single growing season (Palmer 1954)« 

When, however, the terminal bud of a rhizome is destroyed, a few of
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the axillary buds can develop into rhizomes during' any stage of the 

growing season (Palmer 195$) • Where a rhizome is severed from the 

parent plant and its carbohydrate supply is cut off, the terminal 

bud erects and becomes an aerial shoot producing tillers and 

rhizomes anew (Palmer and Sagar 1963). Chancellor (1968), working 

with seven and fifteen node pieces of second year rhizomes without 

apices^found that each of the axillary buds made initial growth 

until such time as one of the developing buds grew sufficiently to 

become the dominant shoot and, in so doing- suppressed further 

growth of the other buds. A supply of available nitrogen in the 

nutrient solution did not stimulate growth. He did not recognise 

any pattern of bud growth which distinguished the dominant bud.

In Britain, active growth of the aerial shoots begins in March 

or April. Generally after five new leaves have been formed in the 

spring the shoot apex initiates an inflorescence in mid-April 

(Palmer 19585 Sharman 1947), and the inflorescence emerges in mid

summer (Godley 1951? Williams 1968). Only the primary shoot 

initiates an inflorescence in densely populated stands, but in 

clumps, that is, in open communities where extensive subtillering of 

the primary tillers occurs.,the primary and secondary tillers may 

develop inflorescences (Palmer and Sagar 1963).

PHYSIOLOGY

Palmer and Sagar (1963) state that the production of new 

rhizomes is dependent upon a sufficiency of light falling on the 

leaves of A. repens. Production is also enhanced by the nutrient 

status of the soil (Buchholtz 1962). In a warm greenhouse under an 

18-hours photoperiod Palmer (195$) found that active rhizome
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formation occurs during the winter thus suggesting that there is no 

innate winter dormancy occurring in A, regens, The three critical factors 

controlling the production of rhizomes are light intensity, temper

ature and soil moisture level (Palmer 1958; Wareing 1964)«

In flat situations where the soil is not over compacted the 

rhizomes begin to grow initially in a downward direction at angles 

in the range of 5-10° to the horizontal and later adopt a horizontal 

position. In compact soils, however, the rhizomes grow more nearly 

horizontal (Palmer and Sagar 1963). The plant has no physiological 

mechanism whereby the rhizome apex can regulate its depth below the 

soil surface although there may be a mechanism preventing the apex 

from emerging into the atmosphere where the soil surface is inclined 

(Palmer 1953)«

Many theories have been put forward to explain the horizontal 

growth of rhizomes (Clapham 1945, Palmer 1956J • bight must be a 

factor because the rhizome apices become erect if the plants are 

shaded. Clapham considers that there is a balance between a natural 

tendency for the shoots to grow upward and the opposite tendency to 

grow away from light, while Palmer suggests that sunlight, on reach

ing the parent shoot causes it to manufacture a substance which is 

transmitted to the growing point for regulating the direction of 

growth.

Hhizomes seldom grow downwards to great depths except when put 

there by cultivations (Cussans 1968). The buried rhizomes are 

usually severed from the parent plant thus reducing further growth 

primarily owing' to carbohydrate starvation. Hhizomes can remain 

viable when buried for up to three years in the United Kingdom 

(Sagar i960). This is not the case in America where they die within 

one or two years (Buchholtz 1962). The regeneration of rhizome buds
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from depth depends on the carbohydrate reserves in the rhizomes and 

the soil type. In general at depths greater than four inches in 

heavy soils the rate of shoot emergence lessens (Chancellor 1964; 

Hfikansson 1968; Turner 1966; Vengris 1962).

Where the soil is undisturbed and there exists a well estab

lished pure stand of A. repens, the soil layer immediately below the 

four inches stratum from the surface may become densely populated 

with rhizomes of different ages constituting a "mat" (Clapham 1945, 

Palmer 1956» Tildesley 1931).

The production of rhizomes varies with environment and the 

nutrient status of the soil. In open communities the plant forms a 

clump during the first growing season. This is caused by extensive 

subtillering- of the primary tillers; one plant may give rise to as 

many as 150 rhizomes or rhizome branches in the first year (Palmer 

and Sagar 1963). Under such conditions a rhizome can attain a 

length of 1 metre before the apex erects in the autumn, but such an 

occurrence is rare and only found in fertile areas. Rhizome lengths 

of less than 5$ cm are most common. Sagar (1961) records individual 

rhizome lengths of up to 2 metres produced in a single growing 

season where the plant is free from competition. During July, these 

primary rhizomes normally produce secondary and lateral rhizomes 

from axillary buds (Palmer and Sagar 1963).

In a closed community, clump formation does not occur. Instead, 

the plant consists of a primary shoot with two or three main tillers 

and from two to four rhizomes (Palmer 1956). The rhizomes of such 

plants do not usually exceed 50 cm in length, and often are less 

than 20 cm. These rhizomes produce lateral rhizomes much less abun

dantly than the rhizomes associated with clump plants. Each rhizome 

bears along its length, at intervals of about 0.5 - 6.0 cm, scale
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leaves with buds in their axils. Initially, the scale leaf is 

strong and pointed to penetrate the substratum and to protect the 

delicate growing point and developing bud.

Fail (1-954) estimated a length of 80 miles of rhizomes of 

A. repens per acre in a heavily infested field; Hay (1962) calcu

lated this to be in the order of 2.5 million buds per acre, or about 

520 buds per sq. yard. Proctor (i960) records 800 inches of rhizomes 

per sq. ft. and about 2.5 tons of dry matter per acre. Buchholtz 

(1962), Johnson (1958), Meyer (1961) and Shirman and Buchholtz (i960) 

found 6,000 lb (2.7 tons) of dry rhizome per acre in heavily infested 

fields. This mass of rhizome is contained in the upper four inches 

of soil (Banks 1968; Buchholtz 1962; Cussans 1968; Perin 1962). 

Taking 5>000 lb of dry rhizome per acre, a calculation suggests 

about 130 ft of rhizome per sq. ft. Assuming on average the nodes 

are one inch apart on the rhizomes, then there can be 1,500 buds per 

sq. ft. of infested soil. Buchholtz (1962) quotes that stands of 

A. repens seldom exceed 150 shoots per sq. ft. From the above 

figure of 1,500 buds per sq. ft. and the emergence of I50 shoots per 

sq. ft., it is apparent that only 10$ of the buds may emerge, the 

other 90$ remaining inactive until the circumstances are favourable 

for their development.

This large reserve of dormant buds is a major factor in the 

spread and continual growth of the plant as whenever the existing 

shoots are destroyed some of the dormant buds will be activated to 

give fresh growth.

DORMANCY

The rapid invasion of A. repens into arable land and the diffi

culty of restricting the grass weed from spreading' are partly a
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reflection of its ability to exhibit dormancy, thus maintaining a 

reserve of viable buds. A fresh supply of aerial shoots emerge only 

after the existing dominant ones have been destroyed.

Rhizome buds may be considered dormant when they fail to grow 

or develop in an environment where light, temperature and moisture 

conditions are favourable for this process. Two forms of dormancy 

are exhibited by the rhizome buds of A. repens viz. "innate” and 

"imposed”: in the former case, dormancy occurs naturally, whereas 

in the latter, dormancy is brought about by factors in the 

environment. It is also necessary to distinguish between dormancy 

induced by the apical bud (apical dominance) or caused by a physio

logical condition where isolated buds remain dormant even when the 

apical bud is absent.

The rhizomes of A. repens do not appear to show innate winter 

dormancy, as they are capable of growing actively in the winter if 

given supplementary illumination and heat in the greenhouse (Raimer 

1958)« However, imposed dormancy can occur as indicated by 

Buchholtz (1962) and Hay (1962). In America, high temperature 

appears to cause a form of "summer dormancy" of the buds or "late 

spring dormancy" as it is referred to.

The optimum temperature range for bud activity and shoot growth 

was demonstrated by Meyer and Buchholtz (i960) to be from 15 to 25°C. 

Temperatures above 3C°C reduced bud activity sharply, while tempera

tures of 5°8 and lower did not favour bud development, although as 

soon as the temperature rose bud growth occurred immediately. 

Buchholtz (1962) in Wisconsin suggested that the growth habit of 

A. repens would lead it to be more aggressive in sites at higher 

altitudes where summer temperature is lower and maximum bud growth 

and carbohydrate synthesis occur because of high light intensity
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under American conditions. Palmer and Sagar (1963) mentioned that 

there is no confirmation of the occurrence of "summer dormancy" under 

British conditions.

Environmental factors which influence the activity of buds are 

the concentrations of carbon dioxide and oxygen in the soil. Meyer 

(1961) found that a concentration of the former above 10?t and an 

oxygen level of below 1% would be required to affect bud develop

ment. These conditions are not commonly encountered in arable fields.

Johnson (195$) demonstrated that seasonal dormancy was related 

to the level of nitrogen in the rhizome tissue. While working on 

rhizome materials collected from the field in late May he found that 

the level of bud activity was from 0 - 10^. In June however, the 

activity gradually returned and by early autumn it was relatively 

high. This seasonal trend was apparent on all stands of A. repens, 

but more so on old, well-established infestations. Analysis of 

rhizomes collected at intervals during the year showed that the 

lowest level of nitrogen was associated with minimum bud activity in 

the spring. Applications of readily available nitrogen such as 

nitrate, ammonium and amino groups markedly improved bud activity. 

Similar results were obtained on a field scale in spite of some 

degree of dormancy enforced previously by low doses of dalapon (Meyer 

1961). This form of dormancy is related to an extremely high carbon: 

nitrogen ratio in the rhizome tissue, but does not appear to be of 

universal occurrence (Hay 1962).

Meyer (1961) referred to another type of dormancy which arose 

from apical dominance or correlative inhibition and it is probably 

of primary importance in Britain (Turner 1966). The inhibiting 

effect was most pronounced when the apical bud or a shoot was 

present; lateral buds usually remaining inactive throughout the
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entire life of the rhizomes. Where,however, the rhizomes are seg

mented each portion will exhibit growth (Chancellor 1966; Johnson and 

Buchholtz 19625 Turner 1966). The explanation of the functions of 

dormancy due to apical dominance is given in detail by Audus (1959)«

Yet another type of dormancy was shown by Meyer (1961) and Hay 

(1962) to be associated with compacted soils. Poor soil aeration is 

unlikely to be the main operative factor in this form of dormancy.

A. repens exhibits marked vegetative vernalization. Exposure of 

the rhizomes to low temperatures during' the preceding dormant period 

gives vigorous spring growth. This, together with "summer dormancy", 

could account for the absence of the plant in the tropics.

METHODS OF PROPAGATION

A. repens spreads by rhizomes, and by seeds (Buchholtz 1962; 

Helgeson 1957; Hughes 1966; Palmer and Sagar i960; Sanders 1954)« 

The principal source of spread is by the rhizome fragments (Hay 1962). 

Fragmentation and dispersal of the rhizome pieces are achieved by 

cultivation in the process of working the soil (Culpin I960; Evans 

1962; Hughes 1966; Sanders 1954). The rhizome buds hitherto dormant 

are thereby stimulated to grow (Chancellor 1966; Buchholtz 1962; Fail 

1956).

A single bud is capable of producing an aerial shoot which ultim

ately tillers and bears new rhizomes (Palmer and Sagar i960). This 

capacity to regenerate from rhizome buds greatly enhances the propa

gative ability of A. repens. Moreover this stimulus of rhizome seg

mentation can give rise to several growth cycles of the plant in a 

season. Again the buds remain viable for two to three years, and will 

propagate if brought to the sub-surface by cultivations (Sagar 1961).
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A. reoens has been described as self-sterile (Palmer and Sagar 

1963) infertile and rarely capable of setting' seed (Kornicke 1890). 

Beddows (1931) on the other hand records seed setting both in the 

glasshouse and in the field. In a few isolated cases the plant pro

duced seed in abundance (Beddows 1931). An explanation for the 

localised variation in seed production has been suggested by Palmer 

and Sagar (1963). Since the plant tends to be self-sterile, seed 

formation would be confined to the margins of the clone where pollen 

is received from neighbouring clones. Seed formation appears in 

addition, to be affected by climatic conditions (Palmer and Sagar 

1963).

Dissemination of A. repens seeds occurs in seed lots of cereals 

(Buchholtz 1962). Mature seeds are commonly harvested with hay and 

ultimately find their way back to the field in manure or bedding. 

The combine harvester is a major source of seed dispersal in cereal 

fields (Erskine 1968; Hughes 1966; Sanders 1954)« Ike viability of 

the seed of A. repens can be as high as that of cultivated oats 

(Buchholtz 1962), but viability depends partly on the method of 

storage as shown by Terasvuoyii (1929)» He found that seeds stored 

in corked glass containers have given 100^ germination after six 

years, whereas seeds stored for the same period in paper bags gave 

only 4% germination. Under normal dry storage conditions the germ

ination varied from 33 - 53^ over a 33 month period. When the seeds 

were stored immersed in water only 5^ of the seed was viable at the 

end of 3 months (Palmer and Sagar 1963). Freshly harvested seed of 

A. repens will not germinate at constant temperatures in the range 

of 5 - 30°C in either light or darkness, but up to 9$? germination 

results if the temperature fluctuates diurnally between 15 and 25°2 

(Sagar 1961). In American tests, seeds followed a similar pattern of
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germination (Bruns and Rasmussen 1958» Dahlberg 1916; and Everson 

1954).

Recent work by Williams (1968) confirmed that A. repens and 

probably Agrostis gigantea, in common with other grasses, required 

alternating temperatures for optimum germination. He found that the 

variability in the behaviour of seeds given the same temperature is 

of considerable interest: although a few A. repens seeds germinated 

after a week at a constant 20°C in the dark, some did not germinate 

until they had been treated for 5 weeks with alternating temperatures 

of 30°C and light (200 f.c.) for eight hours, and 20°C and dark for 

16 hours. Such variability could lead to a spread of the germination 

period in the field. Seeds may remain viable in the field from 3-5 

years (Hay 1961; Kemphart 1923). That seeds may be dormant for two 

to three years was suggested by Carder (1967); the work of Williams 

(1968)^ however, did not support this view.
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Part 2
CULTURAL METHODS OP PEREOIAL GSaSS WEED CONTROL

The primary aim of cultivations is to prepare a seedbed; weed 

control being a supplementary factor. The inter-row hoe is the only 

tool designed specifically for weed control (Sanders 1954)» and where 

it is used, crops are sown on wider rows to facilitate hoeing (Evans 

1962). In the process of seedbed preparation, however, weed control 

is accomplished by burial of the rhizomes of A» repens or by stimu

lation of the weed seeds and dormant buds to grow; these are destroyed 

by subsequent cultivations or desiccation by chemicals (Elliott i960; 

Evans 1968).

Under Canadian conditions the recommended method of perennial 

grass weed control is cultivations and summer fallow (Carder 1967). 

The procedure is for deep ploughing or one-way discing to be followed 

up by cultivations as soon as the grass shoots have reached two 

inches of aerial growth. The cultivations are repeated throughout 

the summer months, reliance beirg placed on the cultivator and harrow. 

The system is similar to that recommended by Fail (1956).

Bylterud (1958 and 1965) and others have investigated the merits 

of the bare-fallow system as against the use of herbicide treatment 

followed by a tolerant cultivated crop. By this latter approach the 

loss of a growing season is avoided. The conclusion arrived at was 

that bare-fallow was uneconomic to the farmer. The practice of a 

fallow system for weed control is described by Evans (1962) as an 

admission of failure. Homer, LeBaron and Fertig (1961) found that 

neither a fallow system nor ploughing depleted the carbohydrate con

tent of rhizomes to the same extent as did chemicals.

Frequent cultivations will break up the rhizomes and destroy 

emerging shoots but can be a means of vegetatively propagating the
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species if subsequent cultivations or chemical treatments are 

hindered by poor weather (Culpin i960). The consequences of repeated 

cultivations have been stressed by Crafts and Hobbins (1962). Con

tinuous operations may be deleterious to soil structure especially in 

wet situations; and repeated stirring' at a constant depth often 

results in the formation of an impervious layer or soil pan. On the 

other hand, repeated cultivations as demonstrated by Evans (1968) and 

Roebuck and Hughes (1968) with the chisel plough followed by a series 

of harrowings in the autumn and spring, can result in a substantial 

reduction of A. repens. In such cases destruction of the rhizome 

buds is mainly by exposure to drying winds.

PLOUGHING

Helgeson (195?) records that the oldest method of weed control 

was hand pulling which was followed by the primitive hoe. Such 

methods were superseded by the plough. Credit has been given to the 

plough as an excellent weed control tool because of its ability to 

invert the furrow and bury rubbish and weeds. Bates (1955) however, 

observed that its effectiveness is particularly obvious on the 

shallow rooted weeds. Nevertheless Evans (1962) and Jones (1966) 

have stated that ploughing is a means of drying blocks of soil in a 

fallow system, thus desiccating the rhizomes of A. repens contained 

therein.

Ploughing is a means of preparing a seedbed. In the case where 

a soil-acting herbicide is to be used Fryer and Evans (1968) recommend 

ploughing as a pre-requisite to the application of sodium 

trichloracetate. Sandford and Stovell (i960) demonstrated ploughing 

as beneficial in the reduction of a. repens after treatment with
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dalapon or aminotriazole. Hughes (1966 and 196?) suggested frag

mentation, desiccation and burial as a means of controlling A. repens. 

Presumably it was implied that initial fragmentation was by the 

rotary cultivator followed by successive harrowings to disturb and 

ncomb" the rhizomes to the surface so as to facilitate desiccation: 

the final burial being achieved by the plough. Evans (1962), 

Helgeson (1957)» Stoa (1930), and others have remarked on the use

fulness of the plough, but stress that its effectiveness depends on 

timely, thorough and persistent operations. Chancellor (1966), 

HHkansson (1968), Turner (1968a) and Vengris (1962) have shown that 

by increasing the burial depth of rhizome segments the ability of 

shoots to emerge progressively decreased. In this respect deep 

ploughing can be advantageous in the control of a. repens; and indeed 

Lockhart (1968) working in Edinburgh on various aspects of ploughing 

has shown deep ploughing to give significant reduction in numbers of 

shoots of couch.

However, from observations made by Sagar (1961), the buried 

rhizomes may remain viable for two to three years, and may consti

tute a means of re-infesting the ground by the action of subsequent 

cultivations (Cussans 1968; Evans 1962; Evans 1968), consequently 

gaining little final benefit. Ideally, deep ploughing should follow 

shallow ploughing to keep the rhizomes at depth. According to Evans 

(1962) the results of many experiments involved in deep ploughing 1

showed few positive advantages. In a recent barley trial using 

different cultivation methods and chemical treatments, Hoebuck and 

Hughes (1968) demonstrated the plough only treatments to give the 

poorest yield of cereal and the highest rhizome dry weight. Similar 

results were obtained by Elliott, Cox and Wilson (1966) in potato 

trials. However, it must be borne in mind that the plough was
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designed to prepare a seedbed and weed control is a supplementary 

factor. A recent survey conducted by Elliott and Cox (1968) on 80 

farms in the southern part of East Anglia indicated that the plough 

was not used primarily as a weed control tool.

ROTARY CULTIVATOR

The rotary cultivator is a tool capable of breaking soil 

particles and chopping up plant vegetation contained therein. As 

such, it is a well proven tool for the preparation of a fine seedbed. 

As Fail (1956) observed, it has great potential for fragmentation 

and hence control of subterranean organs, such as the rhizomes of 

perennial grass weed. This pioneer work was based on the principle 

that after rhizome fragmentation, the buds, hitherto dormant, are 

stimulated to grow allowing for subsequent cultivation or cultiva

tions to destroy the developing shoots (Roebuck and Hughes 1968). 

During the "encourage to grow and kill" process stored carbohydrates 

in the rhizome tissues are exhausted (Buchholtz 1962; Turner 1966) 

and the remaining' buds develop less vigorous shoots which may be 

suppressed by a smother crop.

In a test comparing the rotary cultivator with several herbicide 

treatments, Proctor (i960) found that a series of 3 - rotavations 

under suitable weather conditions gave a greater degree of reduction 

of A. repens shoots than the chemical only treatments, but a com

bination of chemical and cultivation treatments gave better results. 

These results were confirmed more recently by Carder (1965), 

HSkansson (1968) and Homer, LeBaron and Fertig (1961)•

The activity of volatile soil-acting herbicides such as EPTC and 

dichlobenil are greatly enhanced by immediate soil incorporation oy 

means of rotary cultivator (Bartlett and Jones 1968). TCAj. a
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non-volatile herbicide showed greater activity on grass weeds when 

incorporated into the soil has, in consequence, been given much 

attention in this direction. Holroyd (1964) in a comparison test 

with the rotary cultivator and harrows as soil incorporators has 

found the rotary cultivator to be much more efficient. In addition, 

the rotary cultivator is the only machine of its kind which can chop 

up the underground rhizomes,simultaneously eliminating dormancy 

induced by correlation inhibition (apical dominance) and soil com

paction (Meyer 196’1). It can be argued, on the other hand, that by 

leaving the soil in a loose state shoots of A. repens could emerge 

from greater depth ' of the loose soil. Sandford and Stovell

(i960), in their work on the persistence of aminotriazole, observed 

that the chemical disappeared faster on plots which were rotavated 

afterwards than on those which were ploughed.

The rotary cultivator nevertheless has certain distinct dis

advantages, the most important of which has been pointed out by 

Waterson, Crag and Joice (1964). Rotavating for couch control is a 

slow and costly operation and may require an almost entire growing- 

season to fulfil the series of operations necessary. The system is 

also dependent upon suitable weather conditions and soil types for 

success. Crafts and Robbins (1962) have emphasised that repeated 

cultivations can be detrimental to soil structure. To overcome the 

entire dependence upon weather conditions and the loss of a complete 

growing season, a modified system has been recommended by Elliott 

(1968) in which a chemical desiccant is used; for example, the 

application of low doses of paraquat to burn off the shoots when it 

is undesirable to carry out subsequent cultivations to achieve the 

same result.
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SODIUM THICHLOHACETATE (TCA)

Prior to 1939 high doses of sodium chlorate were often used in 

the autumn for the control of Agropyron repens. This treatment was 

superseded by the use of TCA at doses of 30 - 4O Ib/ac (Weed Control 

Handbook 1957). The treatment is combined with appropriate cul

tivations to afford a thorough mix of rhizomes and chemical. It is 

important for grass control that the herbicide be in direct contact 

with the rhizomes (Hayn 1964).

TCA is formulated commercially as the crystalline sodium salt of 

trichloracetic acid. Acetic acid and acetates are known to penetrate 

living cells rapidly. Trichloracetic acid has been used for many 

years in industry as a protein precipitant and hence an active kill

ing agent (Crafts et al 1962). TCA is absorbed through the foliage 

of A. repens (Blanchard 1954» Oregon Weed Control Handbook 1966), and 

through the roots (Anon 1949» Crafts and Hobbins 1962; Evans 1962; 

Halgeson 1957; Watson and More i960). The herbicide appears to act 

as an antimetabolite in the formation of coenzyme A (Oregon Weed Con

trol Handbook 1966). Wilkinson (1956) however, suggested that it may 

possibly serve as a growth regulating factor that lacks the stimulat

ing- action of an auxin. The former view seems to be more appropriate. 

Blanchard (1954) used C1^ labelled TCA to study the uptake, distri

bution and metabolism of the compound in corn and peas. Uptake by 

the roots resulted in thorough distribution of the tracer in all 

parts of the plants; no metabolite products were found. Uptake by 

the foliage of corn resulted in similar distribution, but a lower 

concentration of the compound entered the plant. TCA (C ^) was 

found to move from the treated leaf to roots, and a trace was found 

in the ambient culture solution. In a study of the effects of TCA on 

mineral nutrition of wheat plants, Hai and Hamner (1954) found that
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nitrogen uptake was appreciably increased whereas potassium content 

was greatly reduced, the reduction of potassium being correlated with 

the dosage of TCA. Both mineral uptake and mineral metabolism were 

affected. Pfeiffer (as quoted by Holly and kudus 1963) found that 

where TCA was used pre-emergence for the control of wild oats, and 

peas were sown afterwards, the pea plants suffered severe damage from 

dinoseb when applied as a post-emergence treatment for broad-leaf 

weed control. The TCA appeared to interfere with the wax formation 

on the leaves giving a greater retention of the spray and consequent 

damage.

The usefulness of sodium TGA as a soil acting herbicide against 

grass weeds was first reported in America by Barrons (1949)« He 

observed that doses of 80 - 100 Ib/ac gave 95^ reduction of rhizom- 

atous grasses, and that cultivations and adequate soil moisture were 

necessary ancilliaries for its activity. ■ Abel (1953) working later 

in Great Britain with a range of doses from 25 - 120 Ib/ac of a 70/ 

formulation in 100 gallons of water, found that only the higher 

doses of 100 and 120 Ib/ac gave good control when the treatment was 

carried out on unploughed ground; on land which was cultivated 

before application 80 Ib/ac and above gave excellent control. He 

records that some farmers were using two doses of 20 lb each in 100 

gallons of water, the treatments being made on cultivated land with 

further cultivations carried out after each application to incorpor

ate the chemical. The results obtained were in the order of 90/ kill. 

Hoad (1954) and 4ary (1954) confirmed that better control of A. 

repens was obtained when two doses of TCA were used instead of one 

only. Cultivations aimed at incorporating the herbicide enhanced its 

activity. Hood (1954) observed also that there was selectivity 

among the grass species; A. repens being much more susceptible to TCA
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than Agrostis gigantea. Osvald and Aberg (1954) found in Sweden that 

50 kg/ha (44.7 Ib/ac) did not affect turnip rape sown immediately 

after TCA treatment but 100 kg/ha (89.4 Ib/ac) had adverse effects on 

the crop.

Elliott, Cox and Wilson (1966) explained a lack of interest in 

the use of TCA in the U.K. as being due to the difficulty involved in 

the timing of cultivations in the autumn. The susceptibility of 

cereals to TCA may be another important factor which discouraged 

wider use. The potato crop can tolerate certain rates of TCA without 

any adverse effects on the tubers, while excellent control of the 

grass weeds was obtained (Elliott, Cox and Wilson 1966). However, 

Granstrom (i960) did find that there was a tendency for the tubers to 

be fewer and larger and suggested that this might probably be due to 

the inhibition of tuber initiation, while Bylterud (1965) found 

varietal differences to TCA susceptibility.

More recently, HSkansson (1968)^ on applying TCA at the very 

early stages of root and shoot development of A. repens, reported a 

greater degree of kill. He suggested that for practical control 

measures TCA may be used in the spring when plant growth is active, 

but such treatments must be followed by a resistant crop such as 

turnip or rape. This is in accord with the work of Arakevi and 

Dunham (1950) who found that better control of the grass weeds was 

obtained when TCA was present in solution at the time the weed seeds 

were germinating.

The persistence of TCA in the heavier soils has led to caution 

in its use. Recommendations for the use of TCA in cereals is to 

allow 12 weeks to elapse between application and drilling when the 

treatment is done in the autumn (Fryer and Evans 1968). Studies 

carried out by Loustalot, Ferrer and Delgado (1950) demonstrated that
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the time factor alone was not of great importance in the persistence 

of TCA in soils; temperature, soil moisture and texture were also 

important factors. Helgeson (1957) supported their evidence and 

included rainfall and the organic matter content of soils as being 

factors in determining the duration of toxicity. Granstrom (i960) 

found in addition that the degree of breakdown of TCA was greater in 

higher temperatures.

Water solubility and limited adsorption of soil colloids permit 

a ready mobility of TCA in soils. Movement of TCA in silty clay 

loam to a depth of 8 in. by the application of 1 in. of surface water 

was observed by Loustalot and Ferrer (1950). Hai and Homer (1953) 

studied the persistence of TCA in three soil types: sand, clay loam 

and organic soil in pots. The herbicide was applied at doses of 15, 

30 and 60 Ib/ac and a test crop (spring wheat) was sown 21, 42, 64 

and 108 days later. Injury was found to be closely correlated with 

dosage and damage to the plants was greatest where they had been sown 

21 days following soil treatment. With the 42 day treatment the TCA 

was entirely leached out of the sandy soil, while in the other two 

soils the growth of wheat plants was only slightly better than in the 

21 day culture; the organic soil showing some toxicity even at the 

end of the 108 day period. Granstrom (i960) and others have observed 

the rate of loss in toxicity of TCA to be much greater in sandy 

soils; this could be due to the ease with which water percolates 

through sand and in so doing leaches out the TCA.
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Part J

GREENHOUSE EXPERIMENTS

Physiological studies into the "behaviour of A, repens have not 

offered obvious control methods and information on the factors 

affecting root development of the species is scanty. Consequently 

a series of experiments was initiated to examine the shoot and root 

growth patterns of the rhizome buds.

Experiment 1

Growth studies of excised buds, buds with 
half-nodes, buds with complete nodes 

and buds with 20 mm of rhizomes

Buchholtz (1962) in America estimated that about 90^ of rhizome 

buds remain dormant in the soil. Fail (1956) and others have shown 

that fragmentation of the rhizome stimulated the dormant buds to grow. 

The effects of carbohydrate depletion in the rhizome fragment by 

such stimulation of growth have been described. Carbohydrate 

starvation has been achieved experimentally in four ways: 

(a) fragmentation of the rhizome into short pieces (Fail 1956), 

(b) defoliation of the aerial shoots at frequent intervals (Stoa, 

Sturlaugson and McColly 1930), (c) fertilisation with nitrogen 

(Dexter 193'fi) and (d) chemicals which increase respiratory activity 

(Shirman & Buchholtz i960). Nevertheless, the principle of carbo

hydrate starvation as a method of controlling couch has not been 

successful in the U.K. largely due to weather conditions in the 

growing season, the problems of timing in regard to defoliation 

techniques and residue problems after chemical application.
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PT, ATO 1 First and second year rhizomes 
showing the size of "buds

PLATS 2 Second year bud showing
bud-root initiation

- 23 -



MATERIALS AND METHODS

Experimental plant material in this and all other experiments 

was collected from a University farm. The mature rhizome material 

was selected for the observably well developed axillary buds (see 

plates 1 and 2). After washing, only those rhizomes supporting 

apparently healthy buds were select©! for the treatments. Thereafter 

buds were excised from these rhizomes taken at random. Buds were 

dissected out alone, with half-nodes, entire nodes and nodes with 

2-cm of rhizome. Immediately after dissection, the buds were placed 

on moist filter paper and covered to avoid desiccation.

Ten buds taken at random from each of the four cut samples 

were planted at 1 cm and 2 cm depth respectively in John Innes No.J 

compost contained in standard plastic pots.

There were four replicates for each treatment. The pots were 

laid out in randomised blocks in the greenhouse maintained at approxi

mately 20°C. Watering from the surface was done when necessary. An 

assessment of the developed shoots was made 12 weeks after planting.

This procedure was repeated at approximately monthly intervals 

over the period December, 1966 - April, 1967. Material for each 

experiment was collected from the same field.
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RESULTS

Table 1
The percentage emergence data were transformed 

to ARC SUT jr-----

Rhizome bud growth from different length of rhizomes 
(Mean shoot emergence)

Planting 
date

Depth 
(cm) Buds only Buds with 

half nodes

Buds with 
whole 
nodes

Buds with 
2-cm 

rhizome

S.E •
+ 6. 30

Dec« 
it

1966 
H

1
2

26.2
11.2

65.8
60.6

78.8
80.8

9O.O
80.8

Jan, 
n 1967

II
1

2
31.4

17.9
57.8

64.3
70.I

77.1
77.1

80.8

Feb. 
ti

1967 It
1

2
21.6

9.2
67.5

63.8
85.4

72.I
78.8

77.1

Mar. 
ti 1967

II
1

2
33.0

26.2
85.4

72.I
78.8

78.8
85.4

83.4

Apr. 
n 1967

II
1

2
22.7

I3.3
78.8

77.1
7O.4

85.4
90.0

90.0
S.I 1 2. 82

Mean 27.O 15.6
! 66.5

62.8
1 76.7

78.4
1 84.2

82.4
The results indicate a highly significant effect - the means 

increasing with the length of rhizome attached to the bud at planting.

The most interesting feature of the results was the poor 

emergence of the excised buds. Although those which survived eventually 

developed a strong rooting system, they were, nevertheless, slow to 

establish, late in initiating tillers and rhizomes and were much smaller 

in size in comparison with the plants from the other treatments. It can 

be inferred that carbohydrate reserves in the rhizome may be of import

ance in the production of vigorous growth but this effect in itself may 

be of little significance in relation to field control as only the bare 

buds showed poor emergence. As little as half of a node was sufficient 

to get the shoot emerged. Practically, therefore, the rhizome would 

require to be pulverised to achieve a state of division of the order 

allowing for poor emergence and no commercial machine does this at 

present.
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Recent competition studies carried out by Cussans (1968) in 

the spring have shown that barley seedlings can emerge earlier than 

A. repens thus reducing photosynthesis of the couch shoot through 

competition and shade effect. Unfortunately this competition is 

of short duration and varies according to cereal variety; ample 

opportunity being given subsequently to the couch plant to replenish 

its food reserves for the following season. Indeed Erskine (1968) 

has emphasised the unsuitability of certain short, stiff-strawed 

barley varieties, e.g, Golden Promise as a smother crop. In addition, 

farmers may apply a high rate of nitrogenous fertiliser to the stiff- 

strawed varieties thereby increasing the fertility of the soil and 

encouraging couch growth. Bandeen and Buchholtz (1967) estimated 

that over 50^ of the nitrogen applied to cereals can be taken up by 

couch.

Experiment 2

Studies in the behaviour of de-budded rhizomes 

Having established that the excised buds of A. repens were, 

to some extent, capable of growing and producing new rhizomes, it 

followed that an investigation into the behaviour of de-budded 

rhizomes was necessary.

Primary rhizome buds are produced initially at the base of the 

terminal shoot (Palmer 1958) while actual rhizome growth occurs at 

the apex of the developing rhizome. Hay (1962) referred to the 

inability of de-budded rhizomes to grow but did not give supporting 

evidence. Buchholtz (1962), Fail (1956), Turner (1968) and others
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have made reference to the rhizomes as food storage organs and as 

means of spreading the species. Rhizomes also act as hud carriers 

beneath the soil and communicating links between axillary buds 

regulating growth by correlation inhibition (apical dominance),

MATERIALS AM) METHOD

The rhizomes were collected, washed and after removal of the 

roots and leaf scales, they were de-budded with a sharp scalpel and 

graded for age and size. First- and second-year types were separated - 

the younger rhizomes being identified by their lack of colour and small 

buds (see plate 1).

Each age group was divided into two, four and eight node lengths. 

Three fragments from each sample were selected at random, washed twice 

in distilled water under sterile conditions and planted in White’s 

nutrient agar in petri dishes. There were two replicates per sample. 

The dishes were sealed off to avoid moisture loss and to prevent air 

pollution. They were then stored in a growth chamber maintained at 

20°C.
2

Other samples were planted one inch deep in 1 ft boxes in 

(a) John Innes Ko.3 compost and (b) sandy loam. The boxes were kept 

in a 20°G glasshouse. There were three replicates per treatment. 

Observations on root and bud development was made at weekly intervals 

with a final assessment six weeks after planting. The length of root 

growth was recorded.
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RESULTS

Table II

Mean root growth (young rhizomes only)

Treatment Samples

White’s nutrient agar

Sandy loam

John Innes No,3 compost

2 nodes 4 nodes 8 nodes

1.1 cm

0.7 cm

0,6 cm

2.J cm

1.8 CEI

3.2 cm

3.2 cm

2,1 cm

2.6 cm

The results indicated that the de-hudded rhizomes failed to 

initiate new buds and that the old rhizomes developed neither buds nor 

roots. Only the young rhizomes produced roots at their nodes. Moreover, 

although these roots may have supplied water and minerals to the 

rhizomes, no bud growth was evident indicating that buds are initiated 

at the growing point of the rhizome. Additionally, the growth 

regulators in White’s nutrient agar did not influence bud regeneration.

Microscopic examination of the material at the end of the 

experiment revealed that rotting had commenced on many of the rhizomes.

It would appear that all regeneration depends on the buds and 

that the rhizome itself i.e, the internode, is only a food storage, 

communicating and support organ.

Experiment 3

Studies in the development of roots end shoots from fifteen 
node lengths of rhizome with apices

According to Palmer (195$) most rhizomes erect at their growing 

points to form terminal shoots in the autumn while the majority of 

axillary buds remain dormant. Chancellor (1966 and 19$8), Turner (1966), 

Vengris (1962) and others have shown that the buds hitherto dormant
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PLATE 3

14 - days growth of shoots and roots on 15-node lengths of rhizomes 
with apices - growth in plastic "bags in the dark

-



could be induced to grow by fragmenting the rhizomes. More recently 

Chancellor (196?) found that on seven node pieces of second-year 

rhizomes, with no apices, bud growth occurred at each node. This 

growth continued until the third and, occas ionally the fourth shoot 

became dominant and checked further development.

Little work has been reported on the growth pattern of rhizomes 

with apices. The following experiment was designed to investigate the 

growth responses of 15 node rhizomes with apices.

MATERIAL AND METHODS

Rhizomes were collected and only the youngest ones which had 

apices were selected for uniformity of size. They were cleaned of 

debris, roots and leaf scales - the old rhizomes did not possess apical 

buds as they had already formed aerial shoots. The rhizomes were cut up 

into 15 node pieces and placed in water to avoid desiccation. Three 

pieces were chosen at random and threaded with cotton separately onto a 

sheet of dark filter paper one inch above each other in a horizontal 

position (see plate j). Finally, the filter papers containing the 

specimens were put into individual plastic bags and watered. There 

were four replicates.

The experiment was conducted in a dark growth chamber maintained 

at 20°C except when root and shoot measurements were taken. The plastic 

bags were placed in an erect position to allow for vertical growth by 

the plant material. A moist atmosphere was maintained by wetting the 

filter paper. Measurements of shoots (Table j) and roots, both bud (B) 

and rhizome node types (N) (Table 4), were made at several dates over 

21 days. Fig.l defines bud roots (b) from those derived from rhizome 

nodes (N).

V I
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There was a clear trend for the shoots nearer the apex to show most 

rapid growth. Apical dominance as a mechanism to suppress axillary bud 

growth did not operate as efficiently, however, as could be expected in 

other environmental conditions (reference cited). Similarly, total 

root growth was greatest near the apical shoot. Most of the buds and 

nodes produced new roots by the fourth day and by the seventh day root 

initiation was completed on all the shoots as exemplified in table 4. 

Both root and shoot growth continued until about the twelfth day, 

thereafter rate of growth slackened indicating the depletion of stored 

carbohydrate in the rhizomes. Although slight growth occurred after the 

second week it was not due to photosynthesis as the experiment was in 

darkness and the leaves were yellow. By the eighteenth day blackening of 

the rhizomes and eventual rotting of roots and shoots were in evidence.

Experiment 4

Studies in the development of roots and shoots on 
twelve node lengths of rhizomes with apices planted in 

soil

As apical dominance did not manifest itself as strongly as could 

be expected under conditions where the rhizomes were grown without soil 

and sunlight, the previous experiment was repeated to investigate the 

pattern of shoot and root growth under more normal growth conditions,

MATERIAL AND 1DTII0D

The rhizomes were collected and washed for removal of dirt and 

plant debris. After removing the roots and leaf scales, they were sorted 

out for uniformity of size and chopped into 12 node lengths with apices. 

Eight lengths were planted 1 inch deep in wooden boxes containing a 

sandy loam. The boxes were kept in the greenhouse exposed to sunlight 

and with a temperature of about 20°C. Coloured wire markers were used 

to indicate the position of each node in the box.
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The first shoot and root assessment was taken on the third day

from planting after carefully removing the rhizomes from the loose 

sandy soil and washing them. The rhizomes were re-planted and a final 

assessment made on the ninth day.

RESULTS

Average shoot and *root  growth of sample (mm)

* Total of bud and rhizome roots

Table 5

Number of nodes Apex

Shoot 
Growth 1 2 3 4 5 6 7 8 9 10 11 12

3-days 2.0 2.1 1.8 2.4 2.4 2.5 2.2 2.9 2.6 1.9 1.8 0.63

9-days 2.2 2.3 2.2 3.6 4.0 4.7 4.6 5.7 8.6 4.7 7.6 9.1

Ave.rage totalL length o: ? bud and rhizoKie roots

3-days 0 0 0 0 0 1.4 1.0 0.5 0 6 15.4 7.2

9-days 9 0 14.4 24.7 13.6 39.4 20.5 52.5 77 106.5 10.2 29.0

Experiment 5

Observations into the root and shoot growth 
pattern of eight node lengths of rhizomes 

without apices when planted in soil

The experimental procedure was similar to experiment 4

except that eight node lengths of rhizomes were used without

apices.
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RESULT

Table 6

Average shoot and *root  growth of the sample (mm)

* Total of bud and rhizome roots

1 Number of nodes

Shoot growth 1 2 3 4 5 6 7 8

3 - days 4.1 4.1 4.7 3.5 3.6 3.7 3.5 2.8

9 - days 26.5 24.4 28.0 28.0 21.7 19.2 11.4 7.6

Average total lengtl1 of btid and rhizome roots

3 - days 2.4 2.9 2.5 1.6 0 1.6 0 0.6

9 - days 80.0 73.0 75.0 105.0 34.0 83.O 52.0 42.0

The results of the two experiments show that apical dominance 

operated where the apices were present but was not pronounced where the 

apices were absent. The results of experiment 4 agreed with those 

gained earlier in that apical dominance was present, but not positional, 

in the sense that when growth rate at the apex increased the apical 

shoot did not become dominant to the extent of suppressing growth of 

the other shoots completely. Root development did not appear to have 

been influenced by shoot growth or the apical dominance factor.

DISCUSSION

Experiment 1 has shown that, in terms of rhizome bud emergence, 

the factor of carbohydrate starvation was effective and no doubt played 

a part in determining whether or not shoots could become established. 

The smaller the rhizome piece attached to the bud, the poorer the vigour 

of the plant, and the more easily it might be suppressed by a competitive 

crop or affected by a herbicide. Unfortunately, no machine in present 

use is capable of consistently fragmenting the rhizomes into small pieces.
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Experiment 2 showed that propagation is not possible without 

buds, and that rhizomes are merely supporting, inter-communicating and 

food storage organs for the buds.

Experiment 3 demonstrated that apical dominance operated, although 

in a manner which did not suppress growth completely in all the buds 

(see plate 3 and fig. 2). The apical dominance factor apparently

operated by reducing to some extent the rate of growth of the buds.

Experiment 4 confirmed that apical dominance operated when the 

apex was present,(fig.3j but, on the other hand, in its absence 

growth at each bud was almost the same as demonstrated by experiment 

5 (plate 4 and fig.4). From a control aspect, fragmentation and 

disturbance to destroy the growing point would obviously be a beneficial 

factor because it would stimulate the buds to grow. In addition, 

adequate chopping of rhizomes into small pieces would produce weaker 

plants which would be readily susceptible to chemical treatment and 

plant competition. Where a soil-acting herbicide may be used in 

conjunction with cultivations, it appears from the results that 

absorption would depend largely upon the chemical being placed in the 

vicinity of the developing root zone for a period of 3 - 7 days 

following the stimulus to grow given by the rhizome disturbance. The 

results of experiment 5 also suggests that fragmentation of the 

rhizome to very short pieces is not an essential criterion for stimu

lating root initiation at the buds and nodes. Field experiences and 

other work have shown that mechanical disturbance of the couch rhizomes 

during cultivations tended to stimulate any dormant and slowly growing 

buds to develop? more rapidly (see plates 6 and 7)•
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15-Node Length Rhizomes with Apices.

Pattern of 7-day Root and Shoot Growth in Plastic Bags
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8-node lengths 
of rhizomes 
without apex 
showing even 
growth of shoots 
- planted in 
soil

PLATE 4
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12-Node Length Rhizomes with Apices Planted in Soil

Pattern of 9-days Shoot and Root Growth
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 (mm

Fig* 3
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8-Nod.e Length Rhizomes without Apices Planted, in Soil

Pattern of 9-Day Root and Shoot Growth

$____________ © roots

G
ro

w
th

, in

Nodes'

Fig. 4
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A:

B:

Disturbed rhizome with four laterals 
buds throughout the rhizome length - 
Disturbed (single) rhizome with apex 

and apices showing growth of axillary 
kept in polythene bag.
showing growth of buds - in polythene.

PLATE 6
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Experiment 6

Herbicide Screening

There are numerous foliar and soil—acting herbicides marketed 

for the control of perennial grasses but they vary in effect, 

particularly in the north of the U.K. where climatic conditions are 

more extreme. Autumn is generally cold with negligible foliage growth 

fol]owing the removal of a cereal crop; consequently the usage and 

effectiveness of the foliar applied herbicides are limited. Soil

acting herbicides, on the other hand are laborious and time-consuming 

to apply at a time when weather conditions are poor. For these reasons 

it was considered useful to compare the behaviour of the more established 

herbicides under controlled environmental conditions.

MATERIALS AND M&THOD

Rhizomes were collected, cleaned, graded for uniformity o± size 

and finally chopped up into pieces containing single nodes. Twenty 
2 

pieces, taken at random, were planted 1 inch deep in 1 ft wooden 

boxes containing a sandy loamy soil.

The herbicides and doses used were:—

(a) TCA at 40 lb/ac commercial product

(b) sodium chlorate at 80 It t> u

(c) "Dowpon" at 15 It » tt

(d) dalapon at 15 tt it tt

(e) ”Weedazol-T. L.” at 2 gal/ac tt tl

(f) ’’eptam" at 3 pints/ac tt tt
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Each herbicide was used according to manufacturers’ recommendation 

as a soil-acting or foliar treatment. Each herbicide was applied onto 

(a) the soil surface and hand-mixed to a depth of about 3 in. before 

planting the buds and (b) the foliage when the shoots were about 

3-4 in. high - the buds having been planted in untreated soil. Prior 

to foliar application the soil surface was covered with fine saw-dust 

in an attempt to avoid contamination of the soil. Soon after treatment 

the saw-dust was removed with light air suction. There were three 

replicates per herbicide treatment. Watering was carried out from the 

surface when necessary. The greenhouse temperature was maintained at 

about 20°C and the boxes were exposed to daylight. An assessment of 

the surviving shoots was made eight weeks after planting.

RESULTS

Table 7

Herbicide Dose 
(commercial product)

Percentage reduction of shoots

Pre-emergence Post-emergence

Control 0 0 0

TCA 40 lb/ac 100 64

Eptam J pints/ac % 46

Weedazol-T.L. 2 gal/ac 78 100

Dowpon 15 lb/ac 48 98

dalapon 15 Ib/ac 52 94

sodium chlorate 80 Ib/ac 70 80
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The results demonstrated that each of the herbicides tested was 

effective against couch when used under controlled conditions. Clearly 

there were those which were more active in particular circumstances 

depending on their mode of action. TCA and eptam gave excellent control 

when incorporated into the soil whereas weedazol—T.L,, dowpon and dalapon 

gave good results when sprayed onto the foliage.
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Part 4

FIELD EXPERIMENTS 

INTRODUCTION

The potential for the rapid spread of couch in agricultural 

land is due primarily to its ability to propagate both by rhizome buds 

and seeds. The subterranean buds are well protected by the soil 

against hazardous weather conditions, mechanical or chemical treat

ments and the hooves of grazing animals. Erskine (1968), Hughes (1966) 

and others have pointed out that the selective chemical control of 

broad-leaved weeds has reduced the interspecific competition thereby 

facilitating the growth of the grass weeds. In addition, in the west of 

Scotland, Waterson, Craig and Joice (1964) concluded from their 

experiences up to that time with the available chemicals for couch 

control that none of them gave satisfactory kill to warrant field use.

Climatic conditions in the north of the U.K. do not favour 

foliage growth in the autumn after harvest to the same extent as in 

the south of England. Moreover the traditional summer fallow in 

association with mechanical and/or herbicidal treatment has become 

prohibitive because of economic reasons and the wet weather which 

restricts operations. For these reasons the couch problem is acute 

particularly in the North of the U.K.
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DENSE LIAT OF RHIZOMES IN THE TOP THREE INCHES OF SOIL

SALJPLE OF RHIZOME TAKEN AT KH2HNG HILL

PLATE 8
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Experiment 1

A comparison of two herbicides followed by two 
different crops in the control of couch

Several farmers in the eastern Border area of Scotland overcame 

their couch problems by,firstly, applying a herbicide to the foliage 

in the autumn? secondly, deep ploughing to about 10 in. 4-6 weeks 

after treatment? thirdly, cultivating the field in the spring and early 

summer to destroy surviving couch shoots and, fourthly,sowing out to 

a rape crop by mid-summer which was fed-off to sheep in the autumn. 

This experiment examines the merits of the system 

MATERIALS AND METHOD

The site was selected at Kimming Hill on one of the University 

Farms which had a serious infestation of couch (see plate 8). The 

soil type was a medium sandy loam. The herbicides and doses used were: 

(a) weedazol-T.L. at 1 and 2 gal/ac., (b) dowpon at 15 lb/ac. and 

(c) dowpon plus weedazol-T.L. at 8 lb + 1 gal/ac. JO gal of water 

were used per ac. The herbicides were applied on 12.10.66. and the 

area was deep ploughed to 10 in, on 17.12.66. Plot size was 100 yd x 

112 yd, with two replicates per treatment. Spring cultivations were 

carried out in the usual fashion and barley was sown across half of 

the treated area on 14.J.67. The remaining half of the area was 

rotary cultivated on three separate dates to destroy emerging couch 

shoots and rape was sown on 12.6,67. The barley was harvested on 

JO.9.67 while the rape was folded to sheep in October 1967.

Assessment of each plot was made by collecting four random 1 ft' 

quadrats of rhizomes to a depth of 10 in, before treatment and later 

on 10.1.68. The rhizomes were washed, dried in an oven at 100°0 and 

the dry weight recorded.
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RESULTS

Table 1

Means of rhizome dry weight - post—treatment 
as percentage of pre-treatment

Treatments barley 
crop reduction rape 

crop reduction

Control (cultivated) 78.9 20.1 1.8 98.2

dowpon 15.9 84.I 0 100

weedazol-T.L. (1 gal) 50.5 69.5 0 100

weedazol-T.L. (2 gal) 

dowpon + weedazol-T.L.

22.0 78.0 0 100

(8 lb + 1 gal)

S.E. of means

22.2

-5.25

77.8 0 100

In the barley crop the means differ significantly at p<0,01. 

Control V others - significant at p <^0,001. Dowpon V Weedazol-T.L. 

V mixture - non significant. Between weedazol levels: linear 

component - significant at pc 0,05.

The experiment demonstrated a complete kill of rhizomes in the 

rape sown area. Although the excellent control might be attributed 

to the three rotary cultivations in the spring as found by Fail (1956), 

it, nevertheless, confirms the merit of the given system under 

investigation. None of the herbicides gave satisfactory kill in the 

barley crop.

Experiment 2

A comparison of five herbicides in current use 
for the control of couch

The Edinburgh School of Agriculture laid out a couch control 

experiment on a field scale in collaboration with chemical manufacturers. 

The more widely used herbicides in the area were selected. Application 

rates and technical supervision were supplied by the chemical repre

sentatives. A spraying contractor applied the chemicals.
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MATERIALS AND METHODS

The site was selected at a commercial farm in East Lothian. It was 

cropped with barley for three consecutive years and had a very heavy 

infestation of couch. Soil type was medium to heavy clay. Plot size 

vras half acre with two replicates.

The chemicals and doses used were: (1) Weedazol-T.L. at 2 gal/ac., 

(2) dalapon at 15 lb/ac., (5) dowpon at 15 lb/ac., (4) sodium chlorate 

at 80 lb/ac., and (5) TCA at 40 Ib/ac. in two split applications. The 

materials were used as the commercial products. 3$ gal water/ac. 

were used in the application of the first four herbicides on the couch 

foliage in barley stubble and 100 gal/ac. were used for each TCA 

treatment on cultivated soil surfaces. The foliar and first TCA 

treatments were carried out on 15»9»66. Discing followed the TCA 

application to secure adequate mixing of chemical and soil. The 

foliage treatments and controls were deep ploughed to 9 in. on 19.10.66. 

The second TCA application was delayed until the 14.2.67. owing to 

prolonged wet weather. No mixing was possible. The seedbed was 

prepared and barley was sown on 8.4.67» Assessments were made prior to 

chemical treatments on 14.9»66. and after harvest on 6,9»67» In each 

case 30-1 quadrat shoot counts/plot were taken at random.
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Comparison of effectiveness of five different 
chemicals in killing couch.
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RESULTS

Table II

Effects of foliar apd soil-acting herbicides 
on couch. - mean of 30 fv quadrat shoot counts per plot

Treatments
Doses Ib/ac 
(commercial 

product)

Mean post
treatment as 
percentage 

of pre
treatment

Degree of 
shoot 

reduction (75)

Control (cultivated) 0 80.0 20

TCA 40 12.3 87.7

sodium chlorate 80 48.8 51.2

dowpon 15 35.6 64.4

dalapon 15 34.7 65.3

weedazol-T.L. 2 gal. 37.8 62.2

S.E. of means ¿7.2

Overall significance of differences p = nearly 0.01

Control V others - significant at p = 0.01

TCA V others - significant at p = 0.05

The remaining differences being non-signifleant.

The results showed TCA to give better shoot reduction than the 

other herbicides. 20 per cent reduction was actually given by 

ploughing only (see fig.5) indicating that a similar reduction might 

have been obtained on the other plots by cultivations. These results 

are in accordance with the findings of Waterson, Craig and Joice (1964).

The high degree of shoot reduction on the TCA plots was at the 

expense of the following barley crop. A poor braird was associated with 

TCA residue from the late, second application. Bare strips of ground on 

the headland and along the rows indicated overlapping - a rather 

inefficient application.
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The complications of split applications, pre- and post-cultivations 

and residue factors in the use of TCA, undoubtedly restricts its 

wider utility in agriculture.

The results from TGA were, however, encouraging and the problems 

associated with its use were related to methods of application rather 

than in regard to its efficiency as a couch killer.

A prototype "sprayer/incorporation" machine

The encouraging results given by TCA in the greenhouse and related 

field experiments led to the development of a machine which would spray 

and incorporate TCA into the soil simultaneously. It has been shown in 

previous experiments that thorough mixing of TCA with the soil was 

essential for efficient control of couch. Cussans (1968), Palmer and 

Sagar (1963) and others have concluded that undisturbed rhizomes 

congregate in the top 3~4 in. horizon of soil. On a per acre basis 

this layer would involve about 1,000,000 lb of soil, consequently 

giving rise to a major task in a mixing operation.

Preliminary field studies utilising a knapsack sprayer (see plate 

9) and a rotary cultivator combination to inject the chemical solution 

into the flying soil gave useful information. These results contributed 

to further work in collaboration with a commercial company who used a 

twin tractor device to spray at very high volumes and pressures into the 

flying soil. The experiences gained in these tests led to the con- 

struction of the prototype machine which sprayed and incorporated TCA 

simultaneously.
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INCORPORATION STUDIES UTILIZING A KNAPSACK

SPRAYER AND ROTARY CULTIVATOR

PLATE 9
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Construction and Operation

The simultaneous operation of spraying and rotavating was 

achieved by use of a Ford "selecto-speed” tractor with a sprayer unit 

and a 70 in. Howard ’’selectatilth" rotavator. Two metal 50 gal saddle 

tanks were mounted one on each side of the tractor engine on steel 

frames. The tanks had individual valves fitted to allow each to 

operate independently when mixing small quantities of herbicides. The 

sprayer unit was powered by a 1 horse-power Villiers petrol engine 

with a 1-g- in. Alcon centrifugal pump combination attached to the 

front of the tractor (plate 10), A metal boom with four K 80 fan 

type, brass tip, nozzles fitted 18 in. apart was situated slightly 

behind and above the rotary cultivator. A guard on the boom protected 

the nozzles from dirt and flying stones.

The blade speed of the rotary cultivator was set to give 

220 r.p.m. at a tillage depth of about 4 in. By raising the back 

flap, the TCA solution was sprayed into the flying soil thus giving a 

thorough mix. Spray pressure and agitation inside the tanks were 

controlled by the return flow valve; the return pipes having been 

terminated at the base of each tank so as to minimise frothing. 

Spray pressure at 35-38 p.s.i, has been shown in tests to give 

maximum penetration force without mist and delivered 100 gal in an 

hour (including tractor turning time). This gave a work output of 

about 1 ac/hour with a forward speed of 2.5 m.p.h.

- 55 -



FRONT AND SIDE VIEW OF PROTOTYPE MACHINE

PLATE 10
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PROTOTYPE MAOHIKE AT WORK
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Discussion

The principle of rotavation allowed the chopped soil and 

vegetation to he flung 3-4 ft. above ground level. The 4 in. depth 

of soil in suspension offered a porous canopy which facilitated spray 

penetration and gave a thorough mix. Moreover, the brief flotation 

period allowed for partial separation of the less dense vegetation and 

heavy soil particles; consequently exposing the rhizomes to the full 

effects of the spray. By the use of a high spray volume of 100 gal/ac 

at a pressure of 35-3$ p.s.i. the spray penetration was maximum with 

negligible spray drift and permitted work to be carried out in heavy 

winds.

TCA is very corrosive and the rust particles from the tanks caused 

frequent blocking of the nozzles.

SUMMER TREATMENTS

Experiment 1

A one-pass technique of applying TCA in 
the control of couch

The prototype machine was used to apply and mix TCA simultaneously. 

This experiment examines the effects of the technique in the control of 

couch.

MATERIALS AND METHOD

The field was selected at Langhill University farm. It had 

been uncropped for two years owing to building schedules and was only 

used for demonstrating farm implements to students. The occasional 

soil disturbances encouraged a dense stand of couch which consisted of 

about 9° per cent A. repens and 10 per cent A. gigantea. The soil 

type was a medium sandy loam. Plot size was 12 yd x 4 yd with 4 
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replicates in randomised blocks. TCA was applied at doses of 0, 20, 

30 & 40 lb in 100 gal water/ac onto a mature stand of couch which was 

about 2 ft 6 in, high. The treatment was made on 12,7*67.  Soil 

moisture content at the time of treatment was 12 per cent. Two
2

assessments were made by taking twenty 1 ft quadrat shoot counts per 

plot on 16.8,67. and 14.9*67.  respectively.

RESULTS

Table I

The data were transformed to ^/x +0.5 and actual 
and transformed values are shown. Transformed 

data and standard errors in brackets

Shoot counts on two flates after treatment 
meaKS of 20 ft quadrats/plot

I S.E. for comparison of rates and same date '
* S.E. for all other rate x date comparisons

Dose Ib/ac
Dates

Mean/plot Degree of 
reduction (,□)16.8.67. 14.9.67.

Rotary 
cultivation

TCA nil

398.3

(63.11)

426.5

(65.31)

412.30

(64.21)

0

20

30

40

I(±0,186?

12.90 
(3.59)

9.67 
(3.11)

7.32 
(2.71)

*±0.306)

12.84
(3.58)

8.98
(2.99)

8.32
(2.88)

(±0.131)

12.87
(3.58)

9.33
(3.05)

7.81
(2.79)

96.8

97.7

98.1

Mean 9.83
(3.136)

9.95
(3.15)

9.90 /(3.1/)
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The most striking outcome of the treatment was the high degree of

control even though there was thick surface vegetation which fouled the 

rotor blades. The results indicate that increasing the rate of TCA 

from 20 to 40 lb/ac only slightly further reduced the number of 

surviving shoots. There were no changes in response from one to the 

other of the assessment dates, other than could be accounted for by 

experimental error.

Experiment 2

The site was selected on a commercial farm (Biel Grange) in 

East Lothian, The field was previously cropped with barley and had a 

heavy infestation of couch. The cleaner area of the field was sown 

into turnips and a foul, couch infested, patch was left for the 

experiment, TCA was applied by the prototype machine at doses of 0, 

20, 25, 35 and 40 lb in 100 gal/ac. Soil type was a medium sandy loam 

and soil moisture content at the time of application was 11 per cent. 

Layout and plot size was similar to experiment 1. The surface vegetation 

at the time of treatment was about 2 ft. high. Application and assess- 
2 

ment dates were 10.8,67. and 28.9.67« respectively. Twenty 1 ft 

shoot counts were taken per plot.
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RESULTS

Table III

The data were transformed to ^/x +0,5 and detransformed. 
Transformed data and S.E, are shown in brackets.

The effects of four rates of TOA with split 
rolled and unrolled treatments

Kean numbers of shoots per plot on 29.8.67.

S.E, of means in body of table
S.E. for comparison at same rate QO.I31)
S.E. for other comparisons (-0.194)

Rate lb/ac Rolled Unrolled Mean
Degree of 
reduction 

(^)

Rotary 
cultivation 
only 91.5

(9.54)
114.5 

(10.70)

(S.E. - io.162)

101.75
(10.12)

0

(S.E. = ^0.066) (S.E. - io.170)

15 6,10 
(2.57)

5.50 
(2.00)

4.72
(2.28)

95

20 4.21
(2.17)

3.74 
(2.06)

3.96
(2.11)

96

30 1.25
(1.14)

0.46 
(0.98)

0.62
(1.06)

99

40 1.52
(1.42)

0.44
(0.97)

0.93
(1.20)

99

Mean 2.82
(1.84)

1.76
__________ (1.50)

2.26
(1.66)

The treatments were applied at 100, 150 or 200 gal/ac. As the 

statistical analysis showed no significant effect of volume rate, the 

results have been pooled in Table III.
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The results show that the effects due to rates of TCA from 15 to 

40 Ih/ac and between rolled and unrolled plots were significant. However, 

the lowest dose of TCA resulted in a mean 95 per cent reduction in 

shoot numbers and higher doses were as good or better. Although nothing 

significantly increased survival (as measured by shoot numbers) the 

differences were in reality very small and all treatments achieved a 

successful supression.

WINTER AND EARLY SPRING TREATMENTS

Experiment 1

A comparison of four herbicides applied in 
winter by the prototype machine

The herbicides selected for use had previously given a high 

degree of kill of couch in greenhouse tests,

MATERIALS AND METHOD

The experiment was carried out at Langhill Farm on an undisturbed 

stand of couch. Soil type was a medium sandy loam. Plot size was 

24 yd x 2 yd. There were five replicates in a randomised block design. 

The prototype machine was used to apply the herbicides and adjustments 

were made to give a working depth of 4 in. The chemicals and doses 

used were: (a) TCA at 0, 10, 20 and JO lb in 100 gal water/ac.

(b) dowpon at 0, 5, 10 and 15 lb in 100 gal water/ac.
(c) weedazol-T.L, at 0, 4, 8 and 16 pints in 100 gal 

water/ac,
(d) eptam at 0, 2, J and 4 pints in 100 gal water/ac. 

Soil moisture content at time of treatment was at field capacity. 

Application and assessment were made on 6,2.68, and 4.5.68, respectively, 
2

Twenty 1 ft shoot counts were recorded per plot.
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RESULTS

Table I

Effects of four herbicides on couch 
^ean number of shoots per 20 f'i?

Herbicides Doses Transformed 
mean/ft^

Actual 
mean/ft^

Degree of < 
reduction (^)

Control 
(Rotavated only) 0 5.657 32.000 0

TCA 10 lb/ac 3.069 9.419 70.6
n 20 11 2.548 6.493 80.0
n 30 n 2.379 5.659 82.4

Dowpon 5 lb/ac 2.216 4.911 84.7
11 10 11 2.206 4.867 84.9
11 15 II 2.183 4.765 85.2

Weedazol-T.L. 4 pt/ac 3.118 9.722 69.6
11 8 11 2.586 6.688 79.1
it 16 It 1.200 1.020 96.3

Eptam 2 pt/ac 2.418 5.847 81.7
It 3 11 2.198 4.832 84.9
11 4 11 I.856 3.445 89.3

Mean 2.323

S.E. ¿O.370

5.396

The results were not as good as from the summer and autumn treatments.

In practice herbicide application would not be undertaken in such 

adverse winter weather conditions. The wet soil and low temperature 

could have affected the uptake of TCA.
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Experiment 2

The effects of TCA and TCA with mixtures of 
Eptara and Weedazol-T.L. on couch

MATERIALS AND METHOD

The site was adjacent to experiment 1 of the winter series.

Soil type, plot size, replications, design and experimental procedure 

were similar to experiment 1. TCA and TCA/mixtures used were:-

(a) TCA at o, 10,, 20 and JO lb in 100 gal water/ac.
(b) TCA at 20 lb + Weedazol-T.L* at 2 pint in 100 gal water/;
(c) TCA at 10 lb + ti it at 4 tt It 11 11 11

(d) TCA at 5 lb + « ti at 8 tt II 11 11 II

(e) TCA at 20 lb + eptam at i II 11 11 11 11

(f) TCA at 10 lb + tt at 1 11 11 ti 11 11

(g) TCA at 5 lb + 11 at 2 11 11 11 11 11

The treatment wasa made on 9.2.68., under dry but cold weather
2

conditions. An assessment of twenty 1 ft shoot counts/plot were 

taken on 7.5*68.

RESULTS

Table II

The effects of TCA and TCA mixtures 
Mean number of shoots ner 20-1 ft2 quadrats

Herbicides Dose Ib/ac 
pt/ac

Transformed 
mean/ft^

Actual 
mean/ 
ft2

Degree of 
shoot 

reduction
Rotary cultivated

only 0 5.49 30.1 0

TCA 10 1.76 5.10 89.7
11 20 0.88 0.77 97.4It 30 0.67 0.45 98.5

TCA + Weedazol-T.L. 20+2 pint 0.64 0.41 98.6
11 11 10+4 pint 1.29 1.67 94.5
11 11 5+8 pint 1.18 1.40 95.4

TCA + Eptam 20 + -g- pint 0.94 0.88 96.9
11 11 10+1 pint 1.16 1.34 95.5Il II 5+2 pint 1.44 2.08 91.5

Mean 1.11 1.25
S.E. = io.1025
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The effects due to increased dose of TCA were significant. All 

the treatments apart from the 10 Ib/ac and less resulted in more than 

95 per cent shoot reduction and it is likely that the addition of 

weedazol-T.L. and eptam did not improve the degree of kill. The dry 

weather at the time of applying the herbicides could have influenced 

the degree of control.

Experiment 3

The effects of different doses of TCA on 
couch control

The experimental site was selected adjacent to that of the 

previous trial; soil type, plot size, replications, design and pro

cedure being similar to experiment 1 of the winter series. TCA was 

applied at doses of 0, 15, 25 and 35 lh in 100 gal water/ac. There 

were no pre-treatment cultivations and soil moisture was at field 

capacity. Application and assessment dates were 12.2.68. and 7.5,68.
2 

respectively. Twenty 1 ft shoot counts/plot were recorded.

RESULTS

Table III

The effects of 3 rates of TCA applied in 
dry weather conditions 
Mean numbers of shoots

Chemical Rate 
Ib/ac

Transformed 
mean/ft2

Actual„ 
mean/ft¿

Degree of 
reduction (^)

Rotary cultivation 0 5.417 29.55 0

TCA 
tt
ti

15
25
55

SE = ¿O.1244 
0.6575 
O.4247 
O.385O

0.45
0.18
0.15

98.5
99.4
99.5

Mean O.489O 0.24
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The results show that the reduction in shoot numbers given by

15 Ib/ac was almost as good as • 35 lb/ac and would indicate

that lower doses may be useful in cases where spring crops are likely 

to suffer from residues of TCA.

Experiment 4

The effects of TCA treatments before and 
after ploughing on couch

It has been shown in preliminary tests that less power is 

required by the tractor when rotary cultivation is carried out on 

ploughed loamy soil than on stubble.

TCA is very soluble and easily leached. Its downward movement 

with varying degrees of rainfall on different soil types has been 

investigated by Loustalot & Ferrier (1950) and leached TCA can be 

returned to the soil surface by inversion of the top soil layer. 

This approach would also bury surface rubbish. The effects of ploughing 

after TCA treatment have not, so far, been investigated and this 

experiment examines the outcome of the different treatments.

MATERIALS AND METHODS

The site was at Kimming Hill on a University farm. It was 

heavily infested with couch (see plate 8), Soil type was a medium 

sandy loam. TCA was applied at JO lb in 100 gal water/ac by the 

prototype machine on: (a) barley stubble treated and left;

(b) barley stubble treated and ploughed 9 in deep seven weeks after 

treatment and (c) barley stubble ploughed 9 in. deep before treat

ment. Controls were mechanically treated without TCA. Plot size 

was 100 yd x 12 yd with three replicates per treatment. Spring 

cultivations including disc and spring tine harrow were carried out and 
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barley drilled on 12.3.68. TCA was applied on 23.11.6?. An assess- 
2

ment of twenty 1 ft quadrat shoot counts was made after harvest on

1.10.68.

RESULTS

Table IV

Treatment mean expressed as per cent of 
corresponding control mean

Effect of pre- and post-ploughed TCA treatments 
Mean shoot counts per plot

There are no significant differences between treatments.

Control 
mean

Treatment 
mean

Treatment mean 
as $ of 

control mean

Degree of 
shoot 

reduction ($)

Ploughed & treated 22.40 4.13 18.4 81.6

Treated & ploughed 26.65 3.75 14.1 85.9

Treated & left 20.10 4.03 20.0 80.0

L.S.D. — 3.35 — —

The results based on the assessment of shoot counts showed that 

there was no significant differences between the pre- and post

ploughed treatments. Observations during crop growth did not reveal 

adverse residual effects on the barley.

Visual assessment on yield did not show differences between 

the ploughed and unploughed area.

Experiment 5

Effects of three doses of TCA on ploughed ground

A field previously cropped with barley at Biel Grange farm in 

East Lothian was ploughed 10 in. deep in September 196?. The site 

chosen within this field was heavily infested with couch. Soil type
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was a medium sandy loam with soil moisture at field capacity at the 

time of treatment. TCA at doses of 0, 20, 30 and 40 Ih/ac was applied 

in 100 gal water hy the prototype machine on 27.11.67. Plot size was 

half acre with two replicates. Barley was sown on 10.3.68, Assess

ment was made after barley harvest on 2.10.68. by taking 20 random 
2

1 ft shoot counts per plot.

RESULTS

Table V

Effects of TCA on ploughed ground 
Mean numbers of shoots per ft^

Pose Ib/ac Overall control 
mean

Treatment 
mean

Treatment mean 
as / of 

control mean
Pegree of , 

reduction (^)

20 26.85 4.93 18.3 81.7
30 26.85 4.48 16.7 83.3
40 26.85 3.40 12.7 87.3

L.S.P. — 3.8J —

There were no significant differences between the 20 lb and

40 Ib/ac doses. The high shoot numbers were not apparent on the 

treated plots before harvest. Neither crop growth nor yield suffered 

with the highest dose of TCA (40 Ib/ac), thus indicating the absence 

of residue.
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DISCUSSION

The most striking outcome of the simultaneous TCA application 

technique was the high degree of couch control obtained in the late 

summer, early autumn and early spring treatments with doses less than 

those normally recommended for TCA (Fryer and Evans, 1968). Every dose 

under trial gave better than 9$ per cent control as judged by shoot 

numbers. However, a weakness of the experimental technique lies in 

the time interval between treatment and assessment which was rather 

short. It could be that some of the buds escaped the full effect 

of the treatment and would emerge later. Nevertheless, the results 

were assessed two and three months respectively after the summer and 

early spring treatments and in practice this interval of time would 

allow for the crop plant to produce a smother effect.

The high degree of control obtained by the lowest dose (15 lb/ac), 

and the lowest volume rate (100 gal/ac) suggests that an even lower 

dose and volume may be effective with consequent economies in cost and 

effort. This, however, would depend on the density of infestation, the 

smother effect of the crop to follow together with soil type, time of 

application and rainfall at that time.

It is relevant to point out that consistent suppression of 

A. repens was obtained by this technique in the late summer experiments. 

However, in experiment 2 it was noted that most of the surviving 

shoots were A, gigantea - originally a minor constituent of the couch 

population. The reason for this greater resistance of A, gigantea may 

lie in its habit of growth, which tends to be rather clumped. During 

rotary cultivation the clumps are lifted bodily and the rhizomes 

perhaps did not receive as complete a coverage of TCA as those of
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kt repens. This might partly be the reason why A. gigantea is becoming 

the dominant grass weed in many areas of the U.K.

The experiments which were carried out in late autumn and winter 

particularly under wet conditions did not give as consistent a control 

as those carried out in the earlier and drier weather conditions.

The implication of these differences may be that the season and weather 

at the time of application can affect the outcome. TCA is very soluble 

and easily leached under conditions of excess precipitation. Moreover, 

plant growth is inhibited in cold weather and chemical uptake may be 

at a reduced rate. While therefore, low rates of TCA are obviously 

satisfactory on occassions and would be essential for avoidance of 

residue problems in a succeeding grain crop from a late winter 

application the results indicate that adverse weather conditions could 

reduce the degree of kill markedly in such a treatment.

Ploughing as a pre-treatment to the technique did not have any 

significant effect on control. The 40 Ib/ac dose was only slightly 

better than the 20 Ib/ac suggesting that 20 Ib/ac would be adequate 

for a mild infestation of couch, and JO Ib/ac for a heavily infested 

field. In areas of high rainfall and light sandy soils a higher dose 

of 40 Ib/ac would be satisfactory to compensate for losses due to rapid 

leaching.

Spring treatments followed by a root crop (swedes, turnips, 

sugar beet or potatoes) gave better couch control than the autumn 

treatments which followed spring cereals. Although the couch 

inflorescences were completely lacking in the treated TCA plots in 

cereals, undergrowth was present. The shoots however, were stunted
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and did not produce new rhizomes. These observations would suggest a 

rapid follow-up treatment with low doses of paraquat immediately after 

harvest to bum off the foliage and prevent photosynthesis and hence 

recovery of the already affected couch plant.
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