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SUMTARY

"This tﬁesis deals mainly with behavioural aspects of herbicides
in planfs'and soils, The herbicide asulam was the main chemical under
study élfhough other chemicals inclgding anitrole were employed in some
‘experiments.

The work was subdivided as foilows:

1, A consideration of the role of weeds in human affairs aend a review
of ﬁethods used in their control with emphasis on herbicide usage and factors:
affecting performance,

2, £In examination of factors influencing the rate and efficiency of
penetration of plant foliage by herbicides,

The findings can be summarised as follows:

a) An investigation by liéht and electron microscopy into the nature
and development of the leaf surface barrier in bracken revealed thatvthick
cuticlg developed on éxéosed plants while a thin cuticle developed on
glasshouse-grown plants.

b) Penetration of bracken fronds ty asulam was doubled and spray
retention wés improved by incorporating Tween 20 in the spray solution,

c) Peﬂetration of btracken fronds by emitrole was inflﬁenced ty rre-
sprajing conditions and the incorporation of adjuvants,

With regard to surfactants, Tween 20, Triton GR~-5, Triton X-1CO
and'Tergitol FPX improved penetration bj é ninimunm of 17% while Triton X-2405
decreased penetration, Other adjuvants viz ammonium selts, glycerol etc,
vere also included in the study,

d) Penetration of bean leaves by asulanm was shown to be much greater
under high tﬁan under low humidity conditions, Different surfactants (at
0.2% “/v behaved differently in that Tween 20, Triton GR-5, Tergitol IPX and
Triton X-67 significantly.increased penetration compared to the aguecus con-
trols (46,6, 42,6, 36,3 and 25.15 respectively), while Triton *-11£, Triton

X~-15 and Teepol produced a non-significant increase, Triton X-1CC a non-
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significant decrease and Triton X-405 a significant reduction (22.4%).
Glycerol enhanced penetration in the presence of fween 20 on all
occasions, .Urea both with and ﬁithout Tween 20 enhanced penetration, The
enhancement again was more progounced at high humidity,
Penetration‘in the presence of contact chemicals viz potassium
ethyl xanthéte and tributyl phosphate was erratic,

e) A preliminary field investigation where asulam spraying was carried
'out in September using two surfactants viz Tween 20 and sodium dodecyl

sulphosuccinate (2t 0,1 ¥/v) revealed no differences btetween treatments with
and without surfacﬁants. |

3« The behaviour of asulam in soils.

The findings can be summarised as follows:-

a) A comparative study on the adsorption of asulam,vasulox (commercial
formulation) and sulphanilamide ont; soils collected from unéer bracken
revealed that i) the chemicals were not adsorbed to any merked extent onto
the soilé and ii) charcoal resulting from the burning of bracken litter
increased (considerably) the adsorption capacity of the soils,

b) An investigation into the influence of activated charcoal added to
the soil revealed that.large‘quantities of asulam could be retained by the.
chﬁrcbél. Activated charcoal was shown to be very effective in removing
asulem from water (Freundlich constant K was of the order 2,6 x 104pg/g).

c) An investigation into the influence of soil depth, pH and composition
~on asulam adsorptiion indicated that the adsorption whicﬁ did take place de-
Creased with soil depth, was.negatively correlated with pH (¥ for 8 soils

;anged between -0,92 and -0.99) and was positively correlated with orgenic
ratter (v = 0.94).

| d) Asulem was shown to be highly.mobile in soils and the mobility was
influenced by pXH (increased with increase in pH). Field studies demonstrated
the possibility of upward movement,

e) Asulanm degradation under field and laboratory conditions revealed
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i) the possibility of both biological and non-biological routes for degrada-
tion and ii) conditions conducive to increased mic;obial activity e.g. high
oiganic maﬁter, warm temperature, moist soil and the addition of yeast
ext;act accelerated its degfadgtion. |

A bio-assay using maize ﬁlants also indicated fépid disappearance
"of asulam, A point to note was that in this system piant growth was stimu-
lated at lowér asulam concentrations,

4, In vitro studies on the influence of asulem and (breakdown product)
sulphanilamide on the properties of horseradish peroxidase,

The find;ngs can be surmarised as follows:-—

a) Both chemicals enhanced the oxidative destruction of 14A by the
enzyme,

b) No change in optical density at £74nm was observed when either
chemical was added to horseradish peroxidase Qith or without H202. Fowever
when PABA‘was added in the presence of HZOZ’ sulphanilamide brought about
a decrease ;n the change in optical density while fhe reverse was observed
with asulam. |

The significancé of the two reactions was discussed in the light of
some of the observations noted during the course of %he sfudy.

5. An assessment of biacken eradication methods with emphasis on
chemical control was made with reference to studies carried out here and allitd

work,
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CHAPTER I

BEHAVIOUR AND FATE OF HERBICIDES IN PLANTS AND SOIL IN RELATION TO

THETR PERFORMANCE .

This éhapter'is meant fo be an introduction to the subject
matter of this thesis, It deals with weeds; their definition and imp-
ortance in human affairs and methods of control, Some aspects of
herbicide behaviour in plénts and soil and the impact of the environ-
ment on herbicide performance are dealt with in a géneral way,

The fate of aniline-based herbicides in the soil and the

bracken problem are dealt with in this introduction under the heading of

specific problems,

4~ Veeds in relation to man:=-

1-1— Why we have weeds:- = : ‘

One of the basic objectives of agricultpral research is to
develop more efficient plants and more pioductive soils and to manage
thém at high productivity levelsf”’ The native vegetation in most
geographical areas in the world is not very efficient or economical as
a source of food for livestock and humans.“zsAs the human population has
.increased, it has béen necessary to replace the native vegetation with |
more productive, and mor.e economical plants for feed, food and fibre.zm’ piad
To.achieve this it is often necessary to disrupt the course of natural
plant succession and substitute crop plants, which are usually grown
as monoculturesf“’é‘fNo one plant species, crop or otherwise, can fully
exploit the resources of the habitat?‘s In arable land and ofher dis-
turbed arees, numerous ecological niches are initially unfilled, creating
enormous pressure for the invasion of'aggressive, unwanted species, These
unwanéed plant species are termed weeds?cgaﬁieft unattended cropland end . .

36‘2;565“

other disturbed habitats return by succession to stable.plant communities,



1=2= The importance of weeds in huren affairsi-
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As stated by Holm, . the role of weeds in huran affairs is quite

complex and their significance in the life of people across the world

is not fully appreciafed. The following poiﬁts show some of their roles

in human affairs, | |

4- Weeds compete with crops for light, nutrients, water and space?&zleeds,

like crops, vary in their competiti&e ability, but cheracteristically,

: they exhibit; when young, a rapidly spreading and deeply penetrating

root system which gives them an early advantage in ob%aining»water and

nutrients, Competition for space and light‘with conccmitant reduction

in photosynthesis leads to crop losses.zez | |
Bhan‘gj_glf” found that the yield of peanuts was significantly

reduced if the crop was not maintained weed free over the first 3 weeks,

Hamdouﬁubreported that weeds can drastically reduce the yield of cotton

if weeding is delayed beyond a critical period and when weeding was

completely neglected seed cotton yield reductions of the order of 63 and

88% were noted, Fowever different crops have different cfitical pericds

vhen they'should be kept weed free.’s

2= 'Mahy weeds such as quackgrassf" nutsedgé"etc. exude inhibitors from

their living or dead roots which further reduce crop growth, Vater

leachate§ from bracken fronds and shoots of other plants are known to

exe;t an inhibitory effect on the gefﬁination and growth of other species3°u

3= 1In dairy farming areas a serious problem is caused by weedé which give

an off-flavour to milk e.g, wild onion and wild garlic®*

| 4~ Serious illness or even death may result if cattle eat bracken,

horse tzil or horse nettle.‘Bu’”g -

5= Spiny weeds such as canada thistle interfere with harvesting, especially

. 2
in hand-harvested crops?‘ In sisal and cotton fields of South Africa,

_ _ 260
Mucuna coreacea, a legume, is a serious weed, The pcds are covered with




-3

hairs, which break off at maturity when disturbed, They cause a burning

sensation and irritate the skin3b°

6~ Unripe seeds and stems may Be harvested along with legumes or cereal
crops., The decay of these moisture containing plants causes an undesir-
able rise in temperature in the stored crop and may lead to spoilage.sbl

7- Weed seeds may increase the cost of cleaning, and some are extremely

difficult to remove from crop seeds.”’

8- Hay céntaining mature thick weed stems is less attractive toblive—

stock, Foliage of certain weeds such as bracken fern and various sedges

make the hay less palatable?‘l

+ .

9- Damage to machinery or clogging of harvest equipment may occur when
2.

~ substantial stands of perennial weeds or brush are out.>
10; Veeds may harbour pests and diseases e,g, dock plants can harbour
svafly which attacks fruit in orchards, The leaf hopper; wﬁich lives on
shepherd's purse carries a virus which causes curly top in sugar beet,
peans and tomafoes. The common barberry is an alternative host for‘wheat

¢2
rust.m’ 3

11~ Weeds of waterways cause enormous losses of water by evapotranspiration.15

In ifrigatién areas they reduce the stream flow, cause silt depositionzéo‘s‘z
and navigation is seriously limited by aquatic weeds in many regions,
Fishing, swimming and fecreation may be almost eliminated by weed infestation?‘a
42- Human health is affected by poisonous plants, especially those which cause
allergies e,g, johnsongrass, redroot pigweed etc?bs A number of weeds such

as corn cockle, darnel and certain species of Senecio produce seeds which

are poisonous when present in flour and bread, Many people in South‘
260, 294

Africa were killed by such poisoning
However, the common weeds are not unmitigated pests, In some ways
they can be beneficial, They reduce soil erosion on abandoned land, add

organic matter to the soil, provide food and cover for wildlife, yield
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useful drugs or delicacies, beautify the landscape and constitute a

potential source of domesticated plants?bs

2~ Veed control methodsi=

Weed control methods are classified as:i-

»i) Preventive methods which include procedures aimed at limiting
the spread and establishmenf of weeds?‘s

ii) Biological control, which employs natural enemies such as insects
and plaht diseases to controllweeds}‘s
ii4) Managerial‘methods which rely on a wi@g'range of cultural, grazing,
and conmpetitive practices to reduce weed populgtions and their effect on
land and water use?‘s
iv) Physical methods which include the full range of cultivations e.g.
machinery also handpulling, burning, smothering, and flooding?b’

y) Chemical methods which include the use of orgenic and inorganic
chemicals as foliar sprays, soil and water treatments, fumigants, and
stem applications, for selective and nonselective weed Qontrol?“

Of the above only the cbemical methods will be treated in detail
here as this is the subject of this thesis, |

2=-1 Chemical weed controli:-

Herbicides are chemicals that kill plants or inhibit their normal

52,365
p36%

growt Their means of doing this are diverse, In many casés the

mechanisms are unknown and are theoretically as numerous as the processes

. ) 157,365
essential to llfeﬁﬁ’ibjb

The phytotdxicity of these many chemicals varies from the destrudtion
of living membranes as brought about by oilsuh}7‘to complex interactions
with enzyme systemsf‘ These may best be exemplified by considering the
competition of dalapon with pantoate ard its inhibition of pantothenic
acid synthesis in microorganisms}sb39' and the blocking of oxygen release

during photosynthesis by urea, triazine and uracil herbicideng (see Ch,4)
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2=1-1 Advantapes of using herbicides:=-

Using herbicides in preference to other methods of weed control
may be advantageous for the following reasons:=
(1) Cost of weeding, always considered high, assumes new proportions

as labour becomes scarce and expensive, The crop becomes more important

o
to us, and new land is non-existentf"n

(2) In many countries primitive, simple and inefficient means of

handling weeds are still in vogue and are carried out often by women

and childrenf‘° The application of herbicides in developing countries is

essential in order to allow adequate time for the education of children

and to free women so that they can provide a higher standard of living in

o
the home.'b’zb

(3) Herbicides may be applied to weeds in row crops where cultivation

would be impossibleﬁ‘z’sbs

(4) Pre-emergence treatments with herbicides provide early season

yeed control, Weed competition during the early stages of crop growth is

5
-responsible for the greatest loss in yield.35;'" 7

(5) Residual herbicides applied to the soil will also provide control

in céses of delayed and/br periodic weed emergence."z

(6) Cultivation often injures the crop root system as well as the
foliage, The use 6f herbiciées reduces the need for tillage;
| (7) Herbicides reduce the destructive effects of tillage on soil
structure by decreasing the need for tillagefiﬂsssz‘z
(8) Erosion in orchards and other perennial crops can frequently be
prevenied by using a sod cover, kept in a state of reduced weed éompeti;

tiveness by herbicides3%%

(9) With many perennial weeds traditional methods of handweeding

227, 365, 506

and cultivating have not effectively controlled them, Rhizo-

matous or stoloniferous perennial weeds may be spread by tillage particu-
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larly under moist conditions where tillage could effectively increase
the population of individual plants by transplanting the cuttings.""""/zl’s
Though herbicides are powerful tools it would be wrong to
imply here that their use is free of problems, As pointed out by
- Professor Muzik3wthere is nothing magical about them, They will not
substitute for good husbandry, careful management or planning, They can
only reinforce them.>*® (see Ch, 5)
Everyone is cognizant of the shift from the broadleaf weed to
the gréss equiyalent that occurred with the introduction of the chloro-
phenoxy compounds.“’ Similar shifts in weed species have been rerorted

following the commercial use of DCPA and trifluralin in the Southern

Vestern U,S,A, where annual weeds such as Echinochloa colonum which are

readily controlled by these herbicides are being replaced by resistant

weeds e,8, Sisymbrium irio and Euphorbia glyptasperma34* Faced with such

a challenge scientists take it as a sign calling for the introduction of
new herbicides?”“ Even with relatively new herbicides such ecological
shifts have been reported e,g., asulam post-emergence treatment gave good
control of johnsongrass and allowed recolonisation of the area by Cyrodon
dactxlonf°§ The problem seems to be the logical outcome of the continuou§
use of one herbicide, Resistant weeds, being relieved of compefition take

Jo38  mhis problem was dealt with in the suger

over and become serious
cane plantations of Hawaii a decade ago by using herbicides in rotation."
In many situations mixtures of herbicides are used to broaden the spectrum
of weeds that can be controlled, |

In some situations the reduced soil disturbance accompanying the
use of herbicides, though it helps greatly in the control of annual weeds,:n7
may promote the development of herbiéide-resistant perennials?bs So

herbicide treaiment may need to be supplemented by tillage.Bss



2-1~2= Herbicide action:-

Herbicides exert their effects on plants by contact or systemic
action}‘s
2-1-2-1~ Contact herbicides:- They are most effective against annual

they kill the plant part(s) to which they are applied?‘s How-

weeds,3‘s

ever under certain environmental conditions (high air humidity, low soil
moisture and darkness) some contact herbicides may have a systemic action

e.g. paraquat and diquatv’ (see Ch, 5, 2-4-1),

2-1-2-2- Systemic herbicides:~ These are absorbed by plant roots and/br

shoots, They are then translocated to tissues that may be away from the

€s Although systemic.herbicides may be effective

point of application.3
agﬁinst all types of weeds, they are particularly advantageous against
established perennial weeds or in crop situations where continuous weed
control is needed in the early day§ of the crop.3‘s

2~1-3 Timing of herbicide application:=-

Timing of herbicide treatment is dependent on many factors
including the chemical nature of the-herbicide, its persistence, crop
tolerance, characteristics of the weed species, culfural practice employéd
and élimatic and soil conditions.z‘s |

Three categories of timing are recognised, pre~planting, pre-
emergence and post-emergence, Pre- and fost-emergence may be planned

with respect to either the crop or the weed, Pre-planting treatments are

before the crop is planted.sss

2~ Uptake of herbicides:-

Systemic herbicides are either applied to the rlant shoots or
to the soil, while contact herbicides are applied to the shoots only;z‘z’zss
To be successful a systemic herbicide must 1) enter the plant, 2) move

from point of entry by diffusion or other means through the plant,
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3) escape from detoxification mechanism(s) and 4) attack at the molecular
365
level some process vital to the plant (Fig. 1). Contact herbicides rmust

at least enter the leaf,””

1, Amount per unit area. : Application
Foliage Soil
2. Amount Retention by foliage Availability in the rocot zone
per plant. (or other sites of uptake)
Entry into shoot Entry into roof
Transport /
Vascular

(Phloen and xylem)
and
cell g? cell

3. Amount at site ‘ Site of action
of actione

Response of plant to chemical

Fig. 1 A herbicide may be blocked in its action at several possitle

ipoints (with modification see Ref, 361 )

2_1—- Foliar applied herbicides:-

3-1-1- Sprav retention := The amount of spray intercepted and retained

by the foliage is of primery importance as it détermines the dose of
herbicide available to’affect the plant whenever entry is rainly oy the
foliagefJﬁ:s? Plant form, leaf shape, leaf position, leaf surface and
leaf‘margins, greatly %nfluence the foliar interception, distribution and

retention of herbicides 4%

The nature of the leaf surfacé is critically importantfps'xost
leaves are covered with a hydrophobic layer of wax, Some leaves such as

those found on sugar beet are smooth and without visible surface stiructure,
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but others with a "bloom" have pronounced wax or cell pro{hsions:71 The
amount, chemical composition and especially the physical configuration of
the wax deposits on the leaf sﬁiface influence greatly the wettability cf
the surface (a crystalline or irregular form leads to repellency).“si
Other workers believe that the ieaf surface topography (which is governed
in part by the size and shape of the epidermalvcells, and the underlying

2§ :

i ; . 32
" veins) plays a role in spray retentlon.lngzsb, 2

All gradations occur
between almost complete repulsion of the droplets e.,g, peas and rany grasses,
to retention and spreading of all droplets on leaf surfaces of plants e,g.

cotton, Brassica alba or Cyperus rotundus.257; Retehtion can also be

proportionally low at high volume rate if the surface is so ieadily wetied
that the spray forms a continﬁous film and the excess runs off the leaf
margins,”7 At commonly used low and medium volume rates this seldom occurs.”y
However, when a surface active agent is used the wettability of the leaf
surface has to be taken into consideration (see Ch, 5, 2-4-2-1-3).
Wettability of leaf ;urfaces has been found to vary with the leaf
position on the plant, vAshworth and Lloyd,’ found that with cabbage the
youngest leaves at the stem apex and fhe oldest leaves at the base were
more wettablé than the middle large leaves, The upper surfaces of
cabbage leaves were of greater wettability than the lower surfaces and that
no sigﬁificant changes in wettability were observed with some plants gréwn :

under glasshouse conditions (see Ch, 2,A). The increase in wettability of

18, 257

older leaves was attributed to disappearance of the wax due to weathering

. Other workers using other plants reportéd increases in spray retention with

age due to changes in leaf posture and that lower surfaces were more wettable
157 '

~ than upper surfaces (see Ch, 1,B and Ch, 5, 2-4-2-1-1),

Leaf wettability has also beén reported to undergo diurnal fluct-

. . ' . I3, 173,329 ¥ :
vations and improve after raint?" " cook in this laboratory demonstrated

that the leaves of Phaseolus vulgaris become more wettable when subjected
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to high humidity levels,
The presence of hairs, coating the leaf surface may form a
protective layer on the leaf surface‘by preventing contact between the

spray droplets and the actual leaf surface e.,g, Salvinia auriculataju’257

It is however essential that the air gaps between the hairs should be

small and regularly spaced.257 If wide gaps occur the capillary pressure

1.71, as7?

restricting passage of water will be smal The nature of hairs is

also of prime importance e,g, while hairs on the leaf surfaces of Chenopodium

25
album and Salvinia auriculata tend to repel spray droplets, the oppositeyb’ 7

effect can occur in that a hairy leaf isrreadily wetted by a water spray.
The hairs themselves by forming a weak irregular mesh may be easily
wetted and the droplets readily penetrate through to make contact with

the leaf surface proper e.,g, Salvia argentea and African violet.'n’ 269

This diversity of behaviou£ of spray droplets on plant surfaceé .
may contribute very considerably towards selectivity of herbicidal sprays}57
In practice spray retention can be governed by:-

1) Regulating the droplet size'.:‘m8
(a) VWettable leaves can be satisfactorily treated by uéing
relatively large droplets.3z’

| ' (b) Unwettable or partially hydrophobic leaves are best wetted by

smgll droplets, Very small droplets particularly if they are blown more
or less horizontally, may approach a leaf or stem but fail 1o make contact
with it due to the boundary layer of still air over the leaf, The terminal
velocities of water droplets also fall away rapidly as they gecrease in
size below 150 um, The possibility of drift away from the target is so
great with small droplets that further reduction in droplet size to achieve
& higher dégree of retention is not uéually desirable.’z’

2) Using surface active égents : however the nature and concentration

2
of the surface active agents may be criticalfti,B 4
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3-1-2- ¥Foliar Penetration t=

The penetration of~fhe outer epidermal wall of plant foliage
. o
presents a serious problem in the case of foliar applied herbicides)th

- The 1lipid character of'the cuficular waxes znd the negative charge in the

~

cuticle make it a unique barrier for the penetration of hydrorhilic

18, 368 The general belief among weed scientists is that pene-

tration into the leaf is cuticular and sometimes stomatalfgzsiz

. compounds,
Eowever
many authors (see Ref,i! ) consiaer that the obstacle caused by the

cuticle is so serious that the uptake of hydrophilic compounds could only

be envisaged as stomatal,

3-1-2-1- Stomatal penetration :~ The following points were considered as

~indicative of stomatal penetration:=-

1) The observation that the uptake‘via the lower leaf surfaces is
almo;t always greater than via the upper surfaces which either have no
stomata or many fewer.w' |

2) Stomatal penetration of some herbicides and dyes has béen reported

138,153

by some workers, but two conditions were said to be necessary,

a) The stomata should be open.‘n’ 28
'b) The spray fluid should contain én efficient surfaée active agent
at a suitable concentrationﬂzt
‘Eany workers question the validity of the arguments based on the
above points and others discount stomatal entry for the following reasons:-
1) The ease of penetration of lower surfaces could te due both to
thinner cuticles and more numerous guard cells'ﬂ (see point 2), loreover

species differ as to which surface functions most in absorption.'37

2) Sargent and Blackman®” using Phaseolus vulgaris leaf discs and an

aqueous_solution of 2,4-D, showed that penetration was erhanced in the dark
by a wetting agent (Tween 20), but the effect is not prdpogtionally greater

in the day liéht vhen the stomata are open, They showed that there is a'
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direct relationship between the ease of penetration of a surface and the
number of stomata presept on that surface, but the relationship holds even
in the darkness when.the stomatal pores are closed, They concluded that
the pathway was through the guard cells and/or accessory cells and not
via stomatal pores, '

'3) Furmidge T 1113

observed that injury by surfactants to apple
and plum leaves bore little relation'tovthe distribution of stomata and
concluded fhat entry is principally other than stomatal;

4) HMolecules as large as streptomycin enter the apple leaf as readily
through the non-stomatous adaxial surface as through the stomatous abaxial
surface 2°7 |

5) Middleton and Sa.ndersonaw found that»8-hydroxyquinoline sulphate
vhich caused the stomata to close did notvaffect the uptake from solution
containing a surface active agent (Liésépol)._

6) The rate of uptake of 2,4-D is little affected by light below
1QOOf.c. even thougﬁ the stomata open at about 250 f.c.7’.

It is noteworthy that some of the observations cited atove are
based on work employing different plants, different chemicals and in all
cases differént surfactants, This increases the comﬁlexity of the situation
and makes it rather difficult to draw a safe conclusion regarding the
possible involvement of stomata in foliar penetration of chemicals for tHe
following reasons :-

i) The surfactantsAare said to promote stomatal penetration through

. their action on the surface tensionbof the spray fluid}nl"ﬂ'31’

It is
understandable that iow surface tension is needed. to secure entry into the
stomatal chamber, but for efficient penetration factors other than the

surface tension have to be taken into bdnéideratién viz the‘internal cuticle
lining éhe walls of the stomatal chamber, the nature and concentratior of

the surfactant (see,Ch. 2;D) and the possibility of herbicide-plant-surfactant

173

interactions,
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ii) Some of the chemicals used may have a specific action on the
plant e,g, 2,4-D may cause stomatal closure!bso chemicals like 2,4-D may
retard their uptake through stomata as closed stomata make the cuticle
barrier complete.'b’ 65

On the whole one can éonclude that if the right conditions are
satisfied (open stomata, low surface tension spray fluid and efficient
surfactant at optimum concentratiaﬁ'stomatal penetration would be expected
Ato occur,'due to the high huﬁidity prevailing inside the air space of
the 1eaf.’n This high humidity should assure the presence of the water
continuum very close to the cell surfaces and :so diffusion will be encour-
aged.'n However, no appreciable role for stomatal participation in foliar
. penetration under practical field conditions is expectéd for the following
reasons:-

i) The opening of stomata is variable under field conditions and it
may occur at an inconvénient time or for only short periods of the day,
QIOSed stomata make the cuticle barrier completef665

ii) Stomata are abundant on the abaxial surfaces of leaves of most
species, but are often sparse, if not absent on the adaxial surfaces which
usually receive by far the greatest quantities of spray materials.318

iii) Under many conditions, rapid drying of the spray solutions, may
provide very little time for stomatal penetration, This is particularly
true of application by aircraft, énd under the hot dry conditions found
122

in the regions of irrigation agriculture.

3=1=2-2- Cuticular penetration :-

The consensus of opinion now is thaf stomatal penetration of
aqueous solution is relatively unimportant and that the main route of entry
‘of both water and lipoid-soluﬁle material is provided by the cuticle.347
Historadioautographic studies also indicate that dalapon, 2,4-D and monuron

enter the foliage directly through the cuticle,zbs
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The question arises as to whether there are pores in the cuticle
serving as pathways of atsorption, DPores through the cuticle exist in

specialised areas e,g, the epidermal outer walls of gland cells of

. . ae . 18, 327
Drosophyllum lusitenicum, trichomes and hydathodes of Cicer,”” gland-

ular hairs of Mentha'F> 3%

and salt glands of Tamarix arhyvlla etc, But

there is no indication of & general occurrence of such openingsﬂgb31’

37, 177, 181,365
Some investigators' 7 197, 1%,

have reported the existence of
specialized areas where penetration proceeds at least more-rapidly than
through the neighbouring areas e,g, hydathods, lenticels, natural fissures,
insect punctures and other irperfections in the cuticle, glandular and
nonglandular trichomes, directly over veins, anticlinal epidermal walls,
guard cells and accessory cells,

Of interest here are the views of Robert gj.glfozconcerning the
cuticle of McIntosh apple leaves, They reported that these leaves are not
covered with a continuous layer of cuticle since they did not detect cutin
in cells covering the veins, Furthermore, they visualize the cuticle on
the outer epidermal walls befwéen veins as composed of pectinaceous sub-
staﬁces that meke up the ground matrix in which lamellze of cutin are
arranged parallel to the outer walls, |

Orgellaylhas stated that the cuticle may be characterized by an

imbricate arrangement of lipoid platelets cemented together by hydrophilic
pectinaceous materiéls. Thus an intercuticular penetration sﬁould be
possible for aqueous solutions, The same conclusion was reached by Boynton.‘”
. The inﬁolvement of pectinaceous materials in foliar penetration has been
dehonstrated by Palmiter gj_g;377using microchenical techniques,

Crafts“z suggébted that there are two routes by which exogenous
ﬁaterials may traverse the distance ffom the cuticle surface ihto the living
inner cells, a lipoid route and an aqueous pathway, The relative import-
aﬁce of either depends upon the potential of water in the plant (stressed or
saturated), the nature of the molecule applied (lipoid vs, water soluble) and

the .’(‘ormula'cion./6
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4- Factors influencing herbicide penetration :-

Foliar penetration of herbicides is influenced by plant fectors,

37,21 ‘s ,
the composition of the spray solution and ike

environmental factors:
methods_of applicationjs7 All constitute variables that should be con-
sidered in any experimentél approach, Fowever, it should be poinfed out

} that the relationshop of penetration and absofption to susceptibility

is not clear-cut.56 Several workers have reported a lack of correlation
between the herbicide absorbed or disappearing from the leaf surface and
species suséeptibility and beiween penetration and the inhibitory effect.shz,,
This is probably due to the fact that a series of barriers (any one of

which may 1imit herbicidal action) intervene between application of the
herbicide and its ultimate effect on the plantsbs(see sec, 6 and Ch, 5,
2-4-2-1-1), Under field conditions, however, any factor increasing herbi-
cidal retention, penetration,’énd absorption by weeds is likely to increase

lethality,2'9

o Plant factors :-

These encompass the plant cuticle, leaf morphology, water talarce,
and stage of growth, They'are dealt with in various parts of this thesis
and therefor; are not discussed here, For further details see sec, 3 and
Ch, 2 and Ch, 5,

4-2- Envirnmental factors :-

Herbicide penetration can be influenced by environmental conditions

€.8. light, humidity, rainfall ete, before, at, and after the time of

application J%2'% 296

o Before“éﬁblication:- At this time the environment influences:

a) ‘the size, form and habit of the shoots which intercept the spray drcp-

7, 425
tsq’

le and‘b) the develbpment and nature of the leaf surface barrier

including the cuticle J7r 295, 328

4-2-3- At and after spravingi= The effects of environmental factors at
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and after spraying on herbicidal penetration are discussed together with

particular reference to light, .temperature rainfall and humidity,

37, 219

4-2-3-1- Temperature:- Temperature, if not excessive,' promotes pene-

tration th:ough its effects on: a) physico—chemical processes - diffusion
and viscosity.";?’ has Prasad _e_1_;_._a_1_3u observed increased penetration of
dalapon at 43°C‘compared with 26°C. The difference was attributed to
increased diffusional movement, In fhis connection Framke'8l mentioned
that the temperature may exert its effect through an increase in the
ultraporosity of the cuticle,

b) physiological processes — through meta-
bolic control of certain steps in penetration processes and/or through
bringing about a steeper concentration gradient in the tissuestquSargent
and Blackman*® observed that at low temperatures entry of 2,4-D is reduced
in darkness and more markedly in light, They concluded that rates of
penetration in darkness are govefned largely by physical parameters but
those in light are limited by metabolic factors (see -a- above)

However the rate of drying of the spray droplets could nullify
the enhancing effect of temperature on penetrationfaoa This is claimed to
be one of the causes of the contrasting recommendations in the rates of
application of DNC between the Netherlands and England, When the temp-
erature exceeds ca, 18°¢ lowerArates are used in England and higher rates
6

in the Netherlands,>'®

' 4-2-3-2- Lisht:~ Light promotes penetration a) directly by stimulating

the opening of the.stomatgz?(see 3-1-2-1) and/or indirectly through its
effects on photosynthesis:37metabolic factors and/or through its effect on
permeability of the cytoplasm and active transport processes.76 Eowever
light reduces the activity of paraqua% and diquat if it follows irmediately
after treatment,?/ Diquat uptake by tomatoes is less under light conditions

than in the dark.7' Photodecomposition of the herbicide by light may decrease
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the quantity of the herbicide which is finally absorbed?ﬂ’m"

4-2-3-3~ Rainfall :-~ Rainfall could either enhance the penetration of

' 2l
herbicides or wash them off depending on 1) the quantity of rain involved 5,296

2) the time interval between spray application and when it occurs 214,236
3) the solubility characteristics of the herbicide”" and 4) the physical
nature of the‘ leaf sul':fa‘ce.)'g6

Thus it is conceivable that .the natural wetting of a leaf by dew
or rain éoﬁla either increase or decrease the qué.ntity of a herbicide which

317 found that

is finally absorbed (see Ch, 2, D-3-3), Linscot and Hagin
- simulated rainfall of 0,1, 0,5 and 2,0 in, applied to six crops in the
field right after treatment with 1,51b/écre of the dimethylamine salt of
2,4-DB resulted in an average herbicidal }oss from the foliage of 21, 60
and 93% respectively,

Removal of herbicides from leaf surfaces by rainwash is claimed
to be the reason forvusing much highei concentration of 2,4~D sodium salt
in Europe than in the U,S.A, (European rainfall, on average, is much higher
than the U.é.A. rainfall in the corresponding growing season.)n

- 4=2-3~4- Fumidity := Air Humidity_after spraying is most critica1.7l lany

if not all foliar applied herbicides penetrate more readily under high

hunidity conditions e.g. 2,4-D/*7  dalapon'?*'3%

pic'lcram,"23 xm"" 22 eté.
Humidity may exert its effect via a) persistence of liquid deﬁosits on leaves,
Penetration appears to cease with droplet desiccation.w'z”"% Eowever,

Middleton and Sanderson3w

and Cookm in this laboratory demonst;ated that
at high relative humidity the presence of large quantities of water is not
obligatory, b) affecting the plant water stress, stomatal opening, and
cuticular permeability,?»!3%

4-3~- Formulation:-

4-3-1- Structure of toxicent:-~ Various 2,4-D formulations gave increased

eff.ectiveness in the order Na salt, HH4 salt, amines and esters.l37 Pene-

tration is said to be a controlling factor in those changes.'37’ 238
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Recently Hee Que and Su‘t:herla.ndm3 have found that absorption of
long chain amine formulations (alkyi moieties larger than butyl are fairly
insoluble in water) sprayed in diesel oil as a carrier correlates well
with the quick atsorption of esters of increasing chain length, The
amine formulations of 2,4-D have several advantages over the ester form-
ulations a) they are more stable on s‘l:o:rage’?‘"3 b) they'are less volatile

43, 243 and c) the

and so present less enviromnmental contamination
ester formulations may exhibit limited translocation3® (see 6-2- 1i)).

4-3-2~ Spray additives:- The activity of a foliar applied herbicide can

often be changed without changing its moieculér structure.'37 This can
be achieved by using suitable additives.'37 Enhancement of penetration by
- these additives.may enable reductions to be maée in the recommended rates,
The resulting use of smaller amounts'of herbicide"b, 1) reduces the costﬂ"
2) may improve selectivity 3) recuccs long term soil effects 4) minimizes

120, 46!

environmental contaminations and 5) adjuvant-herbicide mixtures

are frequently more active than herbicides alone when applied in adverse
environmental conditions.333

4-3-2-1- Surfactants:~ The term surfactant is a general one and denotes

molecules with two opposing characteristics (lipophilic and hydrophilic).qy

In the'agricultural field the chemical categcries'of importance are noﬁiohic,

cationic.and anionic depending on the nature of the active species."7 .
Numerous studies have demonstrated that surfactants increase the

activity of herbicides on plants and in many instances they make the diff- ‘

erences between no- toxicity and effective weed control.““l For example

the addition Sk polyoxyethylene thioether surfactants to dalapon increased

34l

the control of johnsongrass, Ethoxylated nonionic surfactants increased

the activity of diuron on large crabgrass.3“° Biodegradable alkylpolyoxy
' ethyiene glycol -surfactants enhanced phytotoxicity of paraquat, dalapon -

u43 :
and amitrole to maize etc, The way(s) the surfactants exert their role
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' o . ; . X
is obscure.'3 Several authors proposed various explanations, Some of

these proposals will be discussed where relevant (see Ch, 2 ard Ch, 5).

' . 47 . .. 296 130 )
For further details see Behrems, Eull, Crafts and Foy and Scith

and Foy, 179

4-3-2-2- 0ils := Several workers have shcwn that oil or oil-in-water
35,37, 13!

emulsions are superior to water as a carrier for herdbicides,
Aya and Ries? repofted that paraffinic and naphthenic oils as edéitives
.to water enhance the activity of aéitrole on quackgrass, DBarrentine and
Warren37 reported that chlorpropham and terbacil showed enhanced activity
on giant foxtail end ivyleaf moming glory when applied in isoparaffiric
0ils rather than in water, Similar results were reported with other

3s, 13}

herbicides, The increased activity was attributed to enhenced

penetration trought about by oils in all cases,>?»3%s37

The enhanced penetration of herbicides by oils may be due to
1) the lower surface tension And higher wettability brought about by cils
leading to spreading of th; spray droplets and hence a greater surfece arezs

23,131

of contact between the spray and the leaf surface; 2) oils ray scften

or'solubilize the cutin layer;37 3) oils may modify the cuticle ard may
form a iipophilic pathway as proposed by Jansen,2% |
Water-in-oil (w/b) ermlsions significantly reduce the extent of
spray dri?t, and droplet shattering on impact with the plant surface
(viscous, less volatile and low surfacé tension spray fluid) during aefial
spraying whén ccmpared with the behaviour of conventional water-tzsed srrays
epplied in a similar manner!oy Eowever, when using.oils as solverts,
additives, or for Spray drift control, it should be remertered that the
active ingredient has %o penetrate into the plant tissue and not %o stay
in the forrmulating solvent, If the sélvent cannot penetrate the plani
cuticle; as is the case with sorme o0ils, its continued presence will tend to

hold back the active ingredient >?>
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4-3-2-3- Miscellaneous additives:~ Various other additives e,g, humectants,

satl‘as,u':”321"%l phosphate esters,“b‘ sugars}z? urealyv acids"’3 ete,,

have been shown to enhance foliar uptake of herbicides and will be discussed

in some detail in Ch, 2,

5-.Traﬁslocation of foliar—applied herbicides:—
Thére are two tissue systemé by which herbicide molecules maj
move rapidly in plants; the phloem and the xylemfrz Much evidence has
been accumulated to show that most of the export of herbicides from leaves
takés place via the phloem."u However, there ‘are exceptions, Some herb-
.icides e.g. substituted urea, uracils and triazines may penetrate the
cuticle and move in the apoplast with the water of transpiration but
they do notcommonly enter the phlbem and move with the food)""1'2w‘3b‘
.Under certain conditions movement of foliar applied herbicides may occur
in the xylemJ35% | .
1. By means of anjinduced backward water stream in the xylem}’g
2. Under speciél conditions of high humidity!ss
3) Heibicides with an extremely rapid toxic action may under.
£,3015F

certain prerequisites move from the leaves in the xylem e,g, diqua

5-1- Phloem transport :~ Herbicides that enter and move freely in the

symplast migrate to the phloem, and franslocate in the lumina of the sieve
tuﬁes in the assimilate stream alohg a source-to-sink route, In other
words, the nature of movement of the assimilate stream governs the rate

of herbicide transport (rapid or slﬁggish)}kﬁzz Evidence for this is the
common observation that compounds such as 2,4-D may move from a given leaf
wholly in a basipetal direction into the roots or wholly in an acropetal
direction into the upper leaves or shéot tips or in both directions to

122 . . . b
The direction of movement under these conditicns

Ib, 122, 67

root and shoot tips,

seems wholly determined by the pattern of food distribution,
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5=2= General pattern of assimilate distritution in plents:= The general

patiern of assimilate distribution in plants is that the lower leaves act
as a main source of assimilate for roots whereas the upper leaves perform

this function for the shoot apex, and leaves in an intermediate position

486 How

supply assimilate in either or both direétions. ever when consider-

ing the direction of novement of the assirilztes from_the leaf it should
‘be remerbered that 1) the plant is not a static organism and that the
position of the leaf relative to the shoot apex is continually changing
throughout developmentﬁgé 2) The pattern of aésimilate'movement from
any one leaf is dependent not only on the proximity of the leaf to the
growing regions, but also on the supply of assimilate from other leaves

t.”gé

on the shoo 3) the stage of developrment of the leaf is also cf prime

353,486

importance, Very young leaves obtzain carbohydrates required for their

growth from older 1eaves.351 Once such a leaf has become.phqtosynthetically
active, and at least partially self-sufficient, photosynthate is trans-
located from the 1eai;351 Leaves have been shown to be most active in
exporting assimilate after reaching their maximum size, The rate of export

subsequently declines with leaf.age.3527”36

5=3- Carbohviérate content as a guide to %imirz for weed ccontrol methods:-

From the foregoing discussion (5-1 and 5-2) it is ciear that the outflow
of assinilates from a leaf is dependent on factors within the leaf itself,
as well as on growth activity and assimilation in other parts of the plant,
The changes from vegetative growth to production of flowers and fruits or
of a rapidly developing storage organ will markedly alter the pattern of
assinilate distribution:”gé The cccurrence of such alterations in assim-
-ilates distribution should alweys be taken into consideration in weed
control for the following reascns:-

1) Some kerbicides e,g, chloropheroxy ccmpounds, dalapon and emo-1618

may accurulate in editle plant parts e,g seeds, particularly if the herbicides
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are applied during flowering or seed Setting,?‘sz’uﬂ’

2) Most perennial weeds possess the ability to regenerate from
underground organs?bl Yew shoots produced after a dormant period draw
their food éupply from the carbohydrate reserves in the storage organs?sz
later in the growing season repienishment of the food reserve occurs,

So invariably in perennial weeds the carbohydrate reserve passes through a

236, 337, 342,405 '
4,120,209, 235, 337, ®> fThe period of low carbohydrate content

low poin
is generally considered to be the time when plants are most susceptible to
injury;’s Researchers have found that S

a) The least amount of reérowth occurs when the top growth is removed
vhen the carbohydrate reserves in the plants are 10w.no,20L392,¢°5

b) Translocation of foliar applied herbicides to the underground
organs is at a maximum during the period of rapid build up of the carbo-
hydrate reserves after the initial drop in the early growth stages.qiﬂou’u’
Chemical control of established perennial weeds during the early growth
stages generally result in failure,'due to the lack of adequate trans-
location of the herbicide to the underground organs, Upwards translocation

towards the shoot tips may"occur.335

6~ Tactors influencing herbicide translocation and movementiw

6-1- Plant factors:-

Unfortunately no such clear cut behaviour (as mentioned above)

for assimilates or herbicides occurs in practice for the following reasons:-

3 . 2
i) The changes in the annual cycle of carbohydrate reserves in183Q7,35

perennial weeds is closely associated with the start of the growing seascn,

The beginning of the growing period is dependent upon climatic conditionsznqs

e.g. temperature, rainfall, and physiological processes within the plant.ahqs
The rapidity with which the food reserves are utilized depends on the growth

of the plant (stunted or vigorous) which in turn depends on climatic &nd



—23=

edaphic conditions.gs Thus variations in the time when low carbohydrate

reserves occur should be expected between sites,®7 Such fluctuations in
carbohydrate content is claimed to be one of the reasons for the erratic
results obtained with foliar applications of aalapon and other herbicides
used in johnsongrass control ané also for the non-effectiveness of

b2
cultivations in controlling many perennial weeds?szs So the use of

‘hérbicides or cultivation opeiations.should be timed éccording to the
developmenf of the weed and not by the calender,’

‘ ii) If the underéround organs of the perennial weed (roots, rhizomes
etec,) are not actively growing but simply storing starch with all buds in
a dormant state the herbicide may have little effect on the storage tissue-:
and the treatment may result in failure.'n Hullnlzobserved that inactive
rhizome buds in established;johnsongrass fail to accumulate assimilate or
dalapon, Similar observations have been reported with other perennial

75357

eeds ee Ch, 5, 2-4-2-1-3),

The efficiency of éontrol measures might be increased if the
vegetative buds could be chemically stimulated into active growth, or at
least into a physiologically receptive state, prior to application of a

53,172,352

herbicide, This requirement for effective systemic herbicidal

control was emphasized by Oyer?77 Chemical stimulation of dormant buds,
increased basipetal translocation of phloem-mobile herbicides and improved

perennial weed control have been reported by some workers,5313%% 358

(see
Ch‘ 5! 2-4-2‘1-3) .

6-2- Herbicide factors :-

1) The retention of the herbicide along theAtranslocation path

122, 15¢

results in deficient basipetal iranslocation, Differences in trans-

locatability have been reported for various phenoxyacetic acid formulations
(2,4-D and 2,4,5-T).369 The ester formulations have been reported to be less

translocatable than the acid or amine salts.séq The reduced translocatability
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of the ester probably resulis from a concentration effect in the treated
léaves due to greater absorption (see point 11).

Disregarding concentration effects due to high rates of absorp--
tion, little is known concerning the extent to which ester forumlations
influence the translocatability of herbicides, A few investigators have

demonstrated thaf estei formulations may te hydrolysed on the leaf surface

’ 1s
or in the plant following absorptionf’"ﬂb% 1 If ester hydrolysis is

' 53
complete or nearly so, a point still in doubt? then translocation of

4

- the herbicide will be in the acid form as proposed by Crafts’* Long-

chain alkyl esters do not partition readily into the water phase, and it

is doubtful whether extensive hydrolysis proceeds in the lipid phase.gb,

It would seem that only the amount of ester which partitions into the

agueous phase will be available for hydrolysis and transport.seq

ii) High toxicity may interfere with translocation and thus prevent
the herbidide from reaching the site of action, For example extremely

toxic foliar herbicides kill the phloem so quickly that translocation to

d.“g Effective use of phenoxy herbicides

is dependent upon maintaining live phloem cells?‘ Excessive rates of

active metabolic sites is prevente

applicafion Qf such herbicides can result in killing these cells and halt-
ing translocation to undergrdund parts."""7’31’"3"s Although above ground
parts may die, the plant swiftly resprouts?ss Use of such translocated

~ herbicides, therefore, requires low dosage of chemicals, Such behaviour
has been encountered in cnada thistle control with 2,4-D, Lcomissu'rep-
orted that treatments of canada thistle with 2,4-D at 1lb per acre, werei
ineffective, The recommended dosage was stepped up to as much‘as €1b per
acre with no improvement in control, However lower rates of applicatidns
1/4 to 1/? 1b per acre were qonsideraﬁly more effective than the massive

doses formerly recommended,

ii1) Norris and Freed> ' reported that translocatability of herbicides
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may be influenced by a specific plant-herticide interaction, Scme
workers have reported that movement of 2,4-D from treated leaves is greater
than that of 2,45-T in bean, cotfon; corn and potato plants, 3¢9 Cthers
have observed 2,4,5-T to be more mobile than 2,4-D in both wild and
cultivated cucumber plants.3uhu3g

iv) Some herbicides 2,3,6-TBA, !'H, dalapon, and possibly éthers
have an additional property that is important to their systeric effects
.on plants, These compounds are freely mobile in the mesophyll end phloen
and thus are 6onmon1y carried into the underground organs of veeds,!?*
Eowever these herbicides may leak from the phlcem into the xylem and move
acropetally in the transpiration stream (the same sort of tehaviour has

been reported with 2,£-D, 2,4,5-T &nd picloram Having reached

) Ly ,158, 424
the leaves the herbicides may 1) re-enter the symplast and repeat this
performance; that is, like phosphorus they may circulate in the plant,/*?
2) get trapped into very young leaves or older leaves e,g, ricloran and

156,424 e removal of 2,4-D from the lower plant parts and its acro-

2,4-D.
petal movement in the transpiration stream is considered by sore éuthors
to be an important obstacle to the basipetal translocation of this herti=-

£ Crafts and

cide and hence a contributing factor to its efficacy.‘s
Yamaguchi'3l proposed that the ability of a herbicide to leak from the
Phloem to the xylem is related to its ability to be exuded by roots, This

property imposes different problems with respect to 1) Weed control. TFits

t 1}1’found that jimsonweed (Datura stremonium) a 2,4-D resistent plant
transports 2,4-D to the basal tissues and roots and most of fhe 2,4-5
reaching the roots is 1ost into the surrounding media, 2) Pesticide resi-
dues, Sharra gﬁ_glﬁzuand Reid and Hurrtt%bqreported that picloram was
released into the soil following leaf.application to canada thisfle (Cirsium
erverse) ard red maple (Acer rubrum) erd 3) Untreated plants growirg gleng-

side, ray te adversely affected particularly if selectivity is tased solely"



-26=

on depth protection.'m"173

6;3- Environmental factors:-

The very nature of {ranslocation of phloem-mobile herbicides
(dependence on the pattern of food distribution) makes it liatle to te
influenced bty environmental variables e.g., light, temperature etc)zv
These variables exert their influence by:-

1) éffecting the production of the photosynthate, Photosynthesis is

the primary process that provides green plents with the solute resgporsitle

for the driving force of pressuré flow (the mechanism by which assirilates

2
: move).vl‘l 7, 181

¥

2) affecting source-sink relationships, Normal translccation reguires an
active source and an active sink.""7 |

3) affecting the ratio of basipetal/acropetal translocation in the
case of herbicides which leak from the phloem into the xylezuuuﬂs'
The effects of environmental factors on translocation ié corsidered

here with particular reference to water potential, tferperature arnd light,

i) Vater potential :- The water availability affects a) photosynthesis,'

and henge the provision of osmoticélly ective sdlute;'r? b) velocity and
concentration of the assimilate in the sieve-tube system and c¢) growth of
stems and roots and hence the activity of sinks)rz391

Conditions will be optimum for translocation in the presence of
ample water, Crafts'nb repor%ed that plernts in dry soil do not trznslocate
chemicals as readily as those in noist soil, However, under conditions
of scil moisture stress and high atmospheric humidity, it is possitle ihat
complete reversal of the transpiration streams night take place, resultirg

in the movement of the herbicide deep into the root‘system.wl

ii) Temperature :— Temperature, if not excessive, will increase the reta-
bolic activity &ard concomitantly translocation to the retabolic sir.ks.336

Cool air around the tops of Saccharum officirarum plants reduced transiert

appreciably, Cooling the roots reduced transport by 505 in 24h, end by
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4

82% in 80h)17 Pallas>’ reported an increazse in basipetal trarslocation

of 2,4-D in Phaséolus vulgaris with increase in temperzture between 20°

and BOOC. Fowever in the case of herbicides which leak from the phloenm irto

the xylem high temperafure r2y increase ecropetal traznslocation through its

uy, 159

effect on transpiration, Other factors which increase transpirziicn

rates e,g, low humidity and air rmovement will also increase acropetal
translocation unless the closing of stomata intervenes.""’zbs

iii) Tight :- Since liéht is required for the production of rhotosynthate,

adequate illumination of leaves, especially young ones, is critical as fer
as translocation of exogenous rmaterials is concerned.?®>  Translocation of
2,4,5-T is significantly reduced in plants treated in the dark ccrcpered

- to plants placea in the light at the time of treatmentfg Similer find-
ings have been reported by Rohrbaugh and Riceuo? with 2,4-D, llorecver,
they found that translocation from destarched leaves in the dark could be

restored by the addition of sugars to the foliage,

7J— Soil-avplied herbicides :-

Herbicides may reach the soil directly from pre-emergence sprey-

34,78, 98, 128, Iy, Y30

ing 45; or indirectly from post-emergence sprays (see
¢h, 3; 1). In both cases the herbicide ray bte absorbed by plants znd ray
exert a toxic action depending on the herbicide itself, the plant in
question and other factors (discussed below), This discussien is confined
rainly to pre-emergence herbicides (see 2-1-3 for defirition)

J=1- Pre-erergence herbicides s=-

With the discovery of inderson and Wblf’O and Anderson erd

Ahlgren"

of the pre-&mergence zction of 2,4-D, the era of Soil-borre
organic herbicides wes ushered in, Studies since that time have shown
that a greal number of water soluble compounds are rezdily ebsorted by

plant foots,'6

Like foliar applied herbicides, the effectiveness of soil-arvplied
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herbicides is governed by a chain of events, set in motion after the
1
application of the herbicide to the soi1?$%36(see Figs-1 and 2).

7-1-1 Root untaké and uoward transport :-

Comparative studies show that plant roots absdrb and accurulate
some herbicides very rapidly (é,4-D, picloram, monuron, simazine) and
others more slowly (MH, dalapon, amitrole).'b Movement of these chemicals
into roots and upward into the shéot.occurs to varying degrees, Subtstit-
utgd urea énd triazine compounds move into the xylem and upwards into the

transpiration stream very rapidly,'b amitrole, dalapon and ME move rore
b

slowly and 2,4-D and trifluralin may be retained in root cells.’ Eowever
there are certain exceptions, e.g. diuron (a substituted urea) accuruletes
in the lysigenous glands and trichomes in cotton (resis‘can‘c)."""7 Tre
susceptibility of sorghum and wheat to terbutryn (a triazine) correlates
well with its translocation, Terbﬁtryn accumulates in the root aﬁd stem
of sorghum (resistant) and little reaches the leaves (site of acticn),
vhile the reverse is true in the case of wheat (susceptible),'s?

Present evidence suggesté that herbicides enter the roots via

122,365

the same pathways and by similar mechanisms as inorganic ions, Eerb-

icides are taken up by both passive and active (requiring energy derived
from respiration and hence a carbohydrate substrate and oxygen) mechan-

isms.azz,un,zsu,zsb

o I I Passive.uptake:- Passive entraence is primarily along with
absorbed water, and herbicides may continue to move with.water throughout
the plant in the apoplast system}s6 Shone and WOodq§Zported that tre
movement of simazine in barley is largely a passive prdcess. Similer
behaviour has beeﬁ reported for linuron uptake in maize, soybean eand crab-

grass.s"3 The recent microradioautogiaphic studies of Strange and Rogersq#g

14

using 'C-diuron in cotton seem to support this,
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T=1-1-2-~ Lctive uptake :- Active uptzke involves the entrance into the

. . 121,365
protoplasm and movement via the symplast systen, " Accumulation of

herbicides in plant roots or shoots against a concentration gradient
(indicative of active uptake) ras been revorted by many workers and it has
365
been reduced by the use of metabolic inhititors e,g. uptake of monuron
337 363 !
by tomato root, TIBA by duckweed and diquat by elodea,

T=1-2- Shoot uptake -

VWork within the last decade has proved fhét sorme compounds may

be absorbed from the soil by coleortiles and young shoots as they push

: . [17% )
. upward through the soil following the germination of seeds.'6 Dawson

studying the response of bérnyardgrass (Echincchloa crusgalli) to soil-
applied ﬁPTC found that exposure of the roots did not lead to injury,
vhereas exposing the coleocptile did, Dawsonwéoncluded thet the leaf tissue_
of barnyardgrass is the main site of EPTC uptake and also the prime site cf
injury, EFowever, Appeleby gj.ggf;nd Yamaguchisﬂ obtained evidence of
root uptake of EPTC by several plants including barnyardgrass end they
demonstrated that there is no retention of EPTC by roots, Mévement takes
place from the roots to the shoot, but it is apparently inadequate or
occurs too late to cause damage; It seecs piobable as stated by Parker
that this low rate of movement could be associated with the lack of any
transpiration stream in the seedling prior to emergence, This assumption
(inadequate and/or late translocation froa the root to the shoot) seems to
bte surported by the finding of Friesen,gi_glffs'who dermonstrated that thke
herbicidal activity of 2,3-DCIT (Avadex) applied to the soil is pricerily
via the coleoptile rather than the root system of wild ozt (ézggg.ggzgg)
and wheat, They demons trated also thet the degree of activity was dis-
tinctly influenced by 1) the age of tke coleoptile when it czme in contazci
with the treated soil, 2) the ccncentration of the herticide in the trezted

soil, 3) the depth of the treated soil lzyer and 4) the length of tire thet
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the coleoptile was in contact with the treated soil, Fowever, the sit-
uation is not always so clear-cﬁt as differences between plants in.shoot
vs, root response té a givén herbicide occur, Colby'°6 using soybean
found that 10,1 Kg/ha chlorambén on the seed inhibited root and shoct
growth by 21% whereas the'samé rate applied 0,64 cn below the seed caused
a 545% inhibition, Kanke gj.glfgq on.the other hand found that chloramben

applied in the root zone of green foxtail (Setaria virdis) was only half

as effective in reducing dry weight as applying chloramben to the shoot
zone, The difference in response between these two plants may be due to
the difference in contact time between the apical meristem and the young
developing tissues with the tieated soil, The apical meristems and young
developing tissues will haveva brief contact period with the trezted soil
in the case of soybean (dicotyledenous) and a longer contact period in the

case of Seteria virdis (monocohﬂedenous).. However other possibilities

cannot be excluded (see Ref,380), Differences in susceptibility on the
basis of shoot vs, root exposure is not limited to dicotyledenous and
monocotyledenous blants. Ivany and Sweet179 in their studies on the res-
ponse of cudﬁrbits to certain analogs of chloramben found that response
diffeis between species and is partially éependent on which blant rart is
exposed to the herbicide (shoot or root).

[~3= Factors influencing field verforrance of herbicides t-

From the abbve review it seems that the shoots of seedlings ray .
be a major site of uptake of some herbicides, The roots may predominate in
the'case of others and some may enter plants by either tissue, Guidelines

méy be developed from such work for herbicidal usage under field conditions,
However it should be remembered that the field situation is ty far the

most complicated,

Weed control by soil-applied herbicides by its very nature - no
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direct contact between the toxicant and the target organism ; purely

| physical processes (diffusion and water flow) are relied upon to bring
about this contactzgs; is subjedt to variables of diverse origin and
complex nature, The relationship of dosage applied to the soil, 60sage
received by the plant and bioloéical response is more complex than the
corresponding relationship in most brancﬁes of toxicology?zs Not only are
weather dependent physical processes'important, but the relative position,

325,46%

eveness of distribution and availability of the herbicide at the

site(s) of uptake and the factors governing uptake are of paramount sig-
nificance in determining the success or failure-of a herbicidal fréatmentybg

T=3-1- lLoss of herbiéide from sphere of activity :-

‘Apart from some irreversible edsorption processes -~ not clearly
235 C '
established #_ the herbicide can be lost from the sphere of possible
activity in four ways :-

1) photodecomposition and evaporation from the soil surface,

21, 314, k6%

2) deep leaching (see Ch, 3,C)e

| 2352
3) biological and non-biological decompositione 35,258, 468

4) uptake by resistant plants??s’zg?
The latter point is not going to be discussed further,

J=3-1-1= loss from the soil surface:~ When a herbicide is sprayed onto

a dry soil surface without receiving subsequent incorporation into the soil
bY..cultivation, rainfall or overhead irrigation it may then be liablé to.
loss by :-

1) Photochemical decomposition ¢ It has been reported that some hérbicides
e.,8, triazines, substituted urea, phenoxyacetic acids, amiben, trifluralin
etc, undergo molecular changés when exposed to sunlight,'or~to specific
artificial light sources.qbg Many researchers (based on laboratory work)
agree that photodecomposition could be an important mechanism of herbicide

468

detoxication on soil under field conditions, However, Messersmith et g}_:;%
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Wright and W'arrensog have denonstrated that photodecomprosition of‘tri-
fluralin is a minor detoxication route under field conditions, This wes
attributed'to the possibility that the soil may present an uneven surface
which may alter the degree of direct radiation that an applied raterizl
nay receive and/br the degraded end products ray possess herbicidal activity,

2) Volatilization : Loss by volatilization is probadly nore signif-
icant than is generally realized.for'many surface-applied herbicides, This
is known to occur with many herbicides e.g., DNVEP, 2,4-D esters, EPTC, CIPC,
CDEC, CDAA and 4rifluralin25® |

The loss of herbicide vapour from the soil may have the double

disadvantagé'of undesired plant injury and loss of herbicide from the
regions of its intended activity;ubx Volatilization is affected by
1) soil temperature (soil temperature may be considerably higher than air
temperaturezsg); 2) soil moisture contehtqb’ (water moving upwerd as & liguid
to replace evaporated water may concentrate the herbicide at the soil-eir

238

interface - wick evaporetion, soil water also riay compete with the herti-

’ 258
cide for adsorption sites in the soil), 3) soil pH thkrough its effects

on adsorption of herbicide onto the soil or in cases where ion selection

68

rlays a role in herbicide volatilization e,.g. DHBP.” 4) the rature of

the herbicide formulation e,g, 2,4-D acid, alkalj metal salts or amine

formulations are less volatile, while the 2,4-D ester formulations (low

3,42

alkyl este;s) are more volatile and 5) the herticide carrier €4 e

technical grade EPTC applied to soil in water is more persistent than when

applied in kerosene."és

forr::ula.‘l:ions'.“"8

Volatilization may also te less from granular

Herbicides subjected to photochemical or volatility losses reed

: . .4 258,467 .
to be incorporated into the soil, X .Sometimes incorporation is desir-

able within an hour or so of spraying, The mexinum time interval perrissitle -
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between agpplication and incorporation depends on the chemical, its

formulation, the temperature and level of soil moisture."58 Generally

vwhen herbicides are incorporated into the soil, they are in soil con-

taining more moisture, less oxygen'and more carbon dioxide.uz%‘#bg The

vapours which form are subjected to no air movement and the temperature

of the soil below the surfac_:e varies less than that of the surface layer.qzq
In places of low or erratic‘rainfall or in places where furrow

irrigationvis adopted (see 7-3-1-2) soil incorporation may also be required

to obtain an optimum placement for the herbicide.”s#eg
In all cases the depth of incorporation should te great enough

to obtaiﬁ the maximum activity—selectivity possible from a plant

morphological-physiological standpoint and obtain enhanced activity due to

control over volatility, photﬁdecomposition and high temperzture effectszss

(see 7-3—1-2), yet it should be shallow enough fo minimize the soil dil-

ution effect (EPTC, CDEC and CDAA become less effective as they are '

incorporated deeper into the soil)!7 However in view of the variability.

of equipment from farm to farm and the attendant uneven distribution obtained

with some instruments as demonstrated by McWhortef and WOoten3u3 fé? disk

' méchines takén‘in conjunction with 1) the necessity for even distribution

of herbicides particularly those which have got localized soil action

e.g. mcpa?®® and 2) the possiblity of unfavourable effects obtained with

- mobile ﬁerbicides upon receipt of appreciable additional water (crop injury

a.nd/or loss of weed control)?éx meché.nical incorporation of herbicides is

likely to be fraught with an element of risk.

J=3=1-2~ leaching :~ The use of pre-emergence herbicides when ratural

rainfall is low and/or sporadic has not been uniformly successfulf? In
general the results have been erraticjz’343 Excellent weed control has
been obtained sometimes and complete lack of weed control at other times}7

It is likely that the desirability of rainfall after application is
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attributed at least in part to the movement by leaching of the herbicide

to the zone of herbicidal uptake by the germinating weed seedlings.”bg

However, the importance of post-application rain varies with each herbi-

cide and herbicide formulation due to differences in such factors as

weter selubility and ionic charée of the herbicideu’8 (ard hence adsorption

and mobility see Kirkham classification of pesticides refs.|59,296 )
Excess leaching may take the herbicide down to the roots of a crop

4es

relying pa:rtly on depth protection for safety, In some instances

leaching may occur so readily that the herbicide disappears beyond reach _
of most roots and may'be lost as far es biological effects are concerned,258
(see Ch, B,C). However herbicides vary in their leachability and they
may leach differently in different soils e,g. TCA, dalapon and chlorate ere
very readily leached in all s.eils;”8 2,3,6 TBA and CDAA are readily leached
in all but organic soils;ags dinoseb and dichloral urea are leached in
sandy soils but'not in loams or organic soils;’sx simazine and monuron are
'not readily leached in any soil;nsx neburon and chlorpropham are almost
completely resistant to leachlng. ’ \

The impact of these factors (leachability, rainfall and heibicide
physico—chemical properties) on actual field performance is test illustrated
by the contrasting results reported by Linscott et al.w’ with amiben
derivatives, In 1966 (low ralnfall) the ammonium salt, the acid, the anine
salt (all water soluble) and the hlgh rates of esters (methyl and butoxy-
ethyl) gave excellent weed control, ‘while the low rates of esters and the
amide salt (esters and amide being fairly water insoluble tend to stay on
the soil eurface) gave poor weed control, In 1967 (excessive raiﬁfall) the
amide and the esters gave excellent weed conirol, while the acid, ammoniun and
- amine salis gave poor weed control»due.to excessive leaching, For further.

 details see Ch, 3,C.).

1-3-1-3 Adsorrtion :- The extent of adsorption onto soils regulates the
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158,468
availability of herbicides in the soil, Experience with pre-
emergence herbicides = showed that the minimum dose required for effect-

. ive weed control differs from soil to soil?aoﬂigher rates of soil-applied
herbicides are needed on fine textured or high organic soils than on

- coarse -textured or low organic ﬁatter soils.lg; when the same dose is
ﬁsed regardless of soil type, there is a2 risk of crop injury in some soils

' 0
and insufficient herbicide for weed control in other soils.23 This

: , 230,25%, 468
difference is attributed at least in part to adsorption onto soil
(see Ch, 3, A and B), However, adsorption may be affected by a specific
interaction between a soil cohstituent (organic natter, clay content) and
individual Herbicides. Harris and Sheets230 in their study of the influence
of soii properties on édsorption and phytotoxicity of CIPC, diuron and
simazine found that CIPC was édsorbed the most, diuron intermediate and
simazine the least in some soils, In other soils (high in clay content) .
they found that simazine was adsorbed the most followed by CIPC and diuron/v
ip this order, Similar behaviour was reported by EHarris aﬁd warren23' and
Hilton and Yueniso fo: simazine and monuron on different soils, Holly;zsg
working with different herbicides and different soils showed that :-

1) With herbicides like TCA neither adsorption nor phytétoxicity is
affected by soil types

2) With herbicides like diuron and chlorpropham great variation occurs

in both adsorption and phytotoxicity with soil type,

I=3-1-4 Dedomposition t= A given pre-emergence herbicide should be avail-

able to weeds over a specified period determined mainly by the crop and/or
the weed in question (see 1—2), yet it nust not resist decay and must not
.pe;sist in the soil longer than one growing season to avoid prbblems due

to delayed action on gubsequent suscep%ible crops.zaq’IBS Unstable comp-
ounds will not be suitable in view of the expeéted lack of weed control

and compounds having long persistence are undesirable in view of the expected

injury to subsequent crops?gs
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Herbicides in the soil could be inactivated by biological or
hgn biological decompositionzs8 (see Ch, 3,D). Biological decomposition
is by far the most iméértant?s’The dependence of most herbicides on bio-
logical decomposition for inactivation mekes it rather difficplt to expect
most herbicides to show similar persistance and performence under diff-
e;ent climatic and edaphic conditions, This is illustirated by:-
1) Herbicides like amitrole and'dalapoﬁ are known to bé quite sus-

uosg “J-u-,“-i—;
ceptible to microbial breakdown,

Work carriéﬁ out by Day et al
showed that their decomposition in the soil is highly variable (their
decomposition being very rapid under conditians conducive.to incréased
microbial activity - see Ch, 3,D) and that fheir soil residues caused tree
damage in various localities in California, Tree injury resuliing from
dalapon (sodium salt) has been a limiting factor in its use for controlling
perennial grasses in citrus and avocado-orchardsjus

2) Crops sown more than 2 years after trifluralin, prometryne, atrazine
or diuron application suffered severe losses when sown‘according to instr-
ﬁctions on the labelled containers without paying attention to climatic or
edaphic conditions.218

3) As pointed out by Holly"s8 sometimes repeated application of a
herbicide to a éoil may result in & build up of a microbial population
capable of rapid detoxication of that particular herbicide, Therefore there
is a danger that 5 situation may arise whereby the same soil acting herb-
icide applied to the same area at too frequent intervals may not give

weed control for the expected period because of quicker breakdown (see 2-1-1),

J-4- The influence of envirommental factors on the herbicide-plant systensa

In several instances, extensive herbicidal damage to crops (which .
3t

are otherwise tolerant) from soil-applied herbicides has been reported.qglghiB%y

Usually the degree of injury seemed to be augmented by environmental ccrnd-

tions favouring vigorous seedling‘growth, such as high temperature and

42

3 . ’ ’
plentiful soil water supply (conditions which could lead to increased
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microbial activity)."68 On the other hand conditions which retard seed-
ling giowth e,8. low soil temperature and low soil moisture may lessen

the effecti&eness of a pré-emergencé treafment.qg' This suggested that
herbicide effectiveness should be evaluated not only in terms of the effect
of the envircnment on the herbiéide-soil system but also in terms of the
effects of the environment on the herbicide-plant system,

Most investigations have beén difected at isolating each environ- -
mental factor and studying its individual effect on phytotoxicity of herb-
cides, It is important that this should be done, but it is often forgotten
that the environment under practicai field conditions is a complex of
many different factors and interactions, Of all environmental factors
light, temperature and moisture appeaf to be‘the most impoftant.267 Though
the inter-relationship between these factors is so intimate (they play a
collective role in affecting the phy%otoxicvaction of herbicideslg7 ) the
division between them is necessafy for the convenience of presentation,
However it must be stressed that this division is rather arbitrary and
some overlap is inevitable, |

J=b4=1 Light := Light is essential for the effectiveness of herbicides

which act via photosynthesis e.g. substituted urea, triazines and the

3“ . .
bipyridylium herbicides (paraquat and diquat). ‘7'Apart from this, light
through its effect on the carbohydrate balance of plants may provide the

67
energy necessary for active uptake (see 7—1-1—2),2

J-4-2- Scil water content :- The effect of a change in soil water content
on herbicide concentration is clearly dependent on the magnitude of adsorp-
tion, Soil drying results in an increased concentration in soils with low

2)2,2

. . 35
- herbicide adsorption (depending on the water solubility of the

. 12 . _
herb101de).5 However, this increase in concentration does not meen thet
a herbicide will be more phytotoxic under dry conditions, Other fzctors

in plant-soil-water-herbicide systems may interact in such a way that the
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_opposite effect occurs.au' Upchurch"bq uner greenhouse conditions and
Sedgley and Boersmaul' under field conditions otserved that diuron is
more phytotoxic at high soil moisture contents, Geisstiitler gj_g;,'qq
observed a lower plant uptake from soil than from nutrient solution at the
same calculated solution concentrstion, thus indicating restricted herti-
cide tranéport in the soil, FEerbicide transport in the soil takes plaée |
by mass flow and/or moleculer diffusion, (Béth mass flovw and molecular
diffusion are expected to diminish with decreasing soil water content):ul
Additional effects of soil water stress ere :-

1) Passi&e uptake of herbicides ray decrease (uptake of’water cdecrezses
at high soil water tension),m"’u’}g also active uptake a2y be affected
through an indirect effect of water stress on some metatolic processes in
the plant™*'> (see 7-1-1-2),

2) Translocation.of the herbicide ray te reduced by restricted trans-
piration, 3%0, 413, 481

3) Soil water also éffects some plant physioloéical functions e, g,

13

photosynthesis (see 7-1-1-2 and 7-4-1-) and root permeability, Root.

permeability as influenced by soil water potential is claimed to bte one of

the possible reasons for the encountered reducticn of bromecil uptake by

plant roots at low soil weter contem‘.s.u'3

T=4<2— Tempersture := It has been demonstrated fhat kigh terperature results

in increased phytotoxicity of certain herbicides?é? Zurrside and Behrensgg

reported that increased soil termperature results in an increase in the

toxicity of simezine to maize, Schneider”ﬂ¥

cited otservations where
plents growing under ideal conditions were killed more rapidly by sirezine
than plants growing at.low temperzture, Vostral 53_51381 cbserved that
low soil temperature reduces the pre-émergence activity of scil-azplied
atrazine, They concluded thet low abscrpiion under lcw terperaiure ccrd-

itions is likely to reduce the effectiveness of pre-ecergence applicztion

of herbicides rade early in the spring; rarticularly &t high relative
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2
huridity, Similar observations were reported by Sheetsf g he found that
uptake and translocation of simazine ty ozt (susceptible) and cotiton

(Gossypium hirsutum) (resistant) were greater at higher temperature erd

low humidity conditions fevouring increzsed trarnspiration, Increase in
uptake and activity of soil-arplied herbicides with inciease in temperzture
may'be due to 1) increased transpiraﬁion“ig'2) increased metaboiic ectivity
}) increased desorption of the herbicide (adsorption processes are exo-
thermic)88 and 4) increaéed diffusion rate (both.in the soil and plent

yal
roots, )

If one considers that the susceptibility of planis to a herbdicide
is governed by concentration of the unchanzed herbicide which reaches the
active site (such a point seems to be supported by many observetions, see

‘ Ko7 uy7 443,449
Rogers and Funderburk, lMorelend and Hill?gé‘ Streng and Rogers, ~’ ’

42.! 206

Sedgley and Bo'ersma, and Good~ ), then the role of soii temperature
and soil moisture could be visualised as thought by Sedgley and Boers-a Ll
to arise from their influence on tﬁe rate of arrival éf the herbicide at tre
aétive site; Eowever, it must be borne in mind that the rate of zccuul-
ation of the toxic moiety relative to the threshold level of tke plent in
question rather than the rate éf arrival per se is the important factor in
determining the susceptibility of a plant to a given herticide, (The |
threshold level of a plant is not & constant property, it varies with the
physiological status of the plant ard the intrirsic phytotoxicity of the
herbicide).izg

Accunulation of a herbicide at the active site(s) deperds on :-

1) the availability of the herbicide in the zone of uptake (shoot cr rect),

This ié affected by several soil and envirormental factors (see.7-3).

2) several plents processes e,g, atsorrtion and translocation which zre

affected by environmental factors, . *
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3) the rate of increase in plant size (growth dilution) and rate and
pathway of metabolic change of the herbicide, These are also affected by
the environment, |

So it could te concluded from this revieﬁ‘(see 3 to 7) that
susbeptibiiity to a herbicide is not a constant property of a species but
varies with veriations in btoth environmental and intrinsic fzctors, %This
dependence of susceptibility on the énvironment is undouttedly resrornsible
for the encountered variations iﬁ herticide performance in different

s, 215,235 122, Iuu, 158, 306

seasons and in different localities,

k N

8~ Specific problems :-

The fate of aniline-tased herbicides in the soil and the bracgen
problem are treated briefly under this heading. Asulan (which could be
considered as an aniline-baséd herbicide) and bracken are subject matters
dealt with in this thesis,

8-1~ The fate of aniline-based herbicides :=

A substantial proportion of the currently used herbicides contain
unsubstituted or variously substituted anilinés, e.g. 2cylanilide, prenyl-
carbamafe and phenylurea, £Among the attractive features of some of trese
herbicides are their effectiveness, selectivity and biodegradability (see
ref, 38 )ﬂ " The proved or postulafed degradation pathway of these compounds

in soil involves the release of the corresponding aniline.ag

Plant
tissues (throush degradation of the herbicide) may te 2n additioral source
of aniline thzt may enter thevsoil.38

It was believed that the released anilines are then readily
metabolised by estatlished mechanisms, including ring hydroxylation and
cleavége to an aliphatic product that.would be further oxidized (see ref 40 5

40,59, 6o, 291

The work of Bartha and others proved this rotion to be

€rronsous, Instead trhey showed that some of the znilines released sre
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oxidized in soils via enzymic (soil peroxidases) reactions, that are
polymerising rather than degradativeuo (see Ch, 4, A-1), fThese reactions
lead to the formation of azobenzenes and/or to polymeric products of

higher complexity which have extended residual activity and largely unknown

biologicallactivity.bz Fowever, some azobenzene conpounds are known to
40 '

be'carcinogenic.zi’ Evidence now exists that some of these products

are formed in the soil under practical field conditions.lﬂ Previous

200 admitting their forration but under

reports dehying their formation,
unrealistic rates of applicationzlz could be due to 1) the complex nzture
of the transformation products énd their adsorption onto soil.éo Such
conditions could prevent the detection of some transformations, end prevent

6o

any quantitation of the results and 2) thevoccurrence of cémpetition

389

29 p)immer et al77 reported triazene formation in soil trested

reactions,
with 3,4-dichloroaniline, Tweedy<giﬁgl?bb reported quantitative conversion
of p-bromoéniline to acetanilide after an incubation period of 7 days, Both
acetylation and triazene formation are régarded as competition reactions
lessenihg the possibility of azobenzene formation.qu#ée
Moreover it should be borne in mind that transformations in soils
 are the resuit of the intefactions of a number of processes:

1) Soil characteristics have been recognised as important factors
in determining the quantitative relationships between metabolites of a
pesticide.38q

2) The microbial flora may determine the qualitative relationships
between metabolites of a pésticide.3’q

3) Susceptibility to transformation is dependent primerily on ihe
electron distribution in the molecule, Anilines become increasingly sus-
ceptible to enzymic transformations with increasing electron density &t the

amino group.60

8-2 The brzcken problem :=-

Species of the genus Pteridium and their varieties, hereirafter
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refered to by the common name of bracken, are unpalatable, poisonous
perennial ferns, with world wide distribution in humid and sub-humid

yo¥

regions, They are highly competitive with other vegetation because

of their tall growth habit under favourzble environment, shade tolerance
and deep massive rhizome systenulgs’uou' Recently it has béen demonstrated
that leachate from bracken fronds is inhibitory to the growth of many
grass seedlings.zou This éuggests tﬁat suppression of other plants by
bracken is hot due vholly to mere competition for water, mineral, food or
light, but at least in part to allelopathic substancels) which could be
leached from bracken fronds by rain.lou P '

Bracken dominates considerable areas of unimproved or degenerate
hill land throughout Britain, being particularly a problem on land

inaccessable to the plough.zle

In Scotland (where about 450,000 acres of
- pasture aré infested with brackenzgS) the spreading of bracken has been
encouraged by 1) the curtailment of cattle-grazing on the hill land in
favouf of sheep-rearing 70 2) the former use of bracken for thatching,
litter, alkali manufacture and other purposes is now virtually extinct7o’285
and 5) the decrease in fhe intensify of egriculture in the ubland afeas'
since the middle of the last century encouraged bracken to take ovef_the'
better drained land > (impeded drainage discourages brackén growth3w>).'
Before the advent of modern herbicides, cultural methods were the
oniy feasible means of control.”ou Since cultural control is often
impractical (see Ch.5), chemical means have received increasingly greater
iﬂ;estigation. By. the end of the 1950s the phenoxy aﬁd phenoxybutric
compounds had beeh screened in Britain by Conway'” and Conway and Forrest"s
with varying results, In the 1960 s other herbicides weré tested on bracken,
Most effective among newer compounds Qere picloram and dicamba.uou' Research

is still going on, on these chemicals.""7 Many other chemicals appeared

in the 1970s e.g. asulam and later glyphosate.zgs Eowever inconsistency
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in performance, at different sites, different years arnd the ability of
bracken to regenerate after treatment are common features assocciated with
some of these chemicals if not all of them.zgs The possitle reascns for

such behaviour are discussed in Ch, 2, and Ch, 9,
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CHAPTER II
This chapter deals with studies on A) The bracken frond surface
B) Penetration of bracken fronds by asulem C) Penetration of bracken fronds
by emitrole D) Penetration of bean 1eavés by asulah and E) A preliminery
field experiment on bracken control,

A-~ The bracken frond surface:-

A-1- Introduction :=-

It is commonly assumed by botanists thét plants originated in
water as simple unicellular organisms, a..nd that by specialization of many
sorts they have 4attainved their present compléxity of form and organisation.u-"
However only the acquirement of a cutinised surface erables then to grow
vﬁermanently in a terrestrial environment with foliar orgéns exposed to the
air,'*? This cutinised surface (the cuticle) provides a distinct barrier

28,433

to optimum herbicide penetration (see Ch.1, 3-1-2).,

‘The thickness and composition of the cuticle vary with the

plant species and with the envirormental conditions under which the
plant develops.353 It is most prominent on leaves and stems of xerophytié
plan1;s.353

Unlike many Pteridophytes which are restricted to damp, shady
habitats; Pteridium is also found in grassy places and open hill side vhere
conditions are usually relatively dry.”s7

Opinions as to whether the ability of bracken to occupy such

diverse ecological niches is accompanied and/or mede possible by changes
3%

in the plant cuticle, as is the case in many plants with similar powers;

are contradictory.57’31g Such modifications (if they occur) will be of
paramount importance in the control of bracken by foliar epplied herbicides
and could be respcnsible in part for ;ariations noticed in practice tetween
different sites and different years (see Ch.5).

This preliminary investigation set out to (a) compare cuticle -
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development on a glasshouse-grown plant and a field plant using iight
microscopy b) conpare sfomatal structure in exposed field plants after
and before a chloroform wash using electron microscopy and c) compare
variations in amount of cuticular waxes with 1) plant habitat 2) pinnae
age (on the szme frond) and 3) éinnules ege (on the szme pinna),

A-2- Experimental :-

a) Cuticle developmenf:- Bracken piﬁnae were collected from the field from
exposed isélated plants, Glasshousé—grown tracken samples were supplied

by Dr, C, Page of The Royal Boteznic Gardens, Edinburgh, Small pinnae
segments were fixed with 35 phosphate buffered-glutaraldehyde and postfixed
with 1% S-collidine buffered osmium tetraoxide at pH 7.4.' The tissues were
dehydrated in 70, 90 and 100 per cent acetone séries, followed by acetone
change (of 100% acetone for $h) and 2h in two changes of propylene oxide.
The material was embedded for 2h in 50/50 propylene oxide/Spurr's resin, r
followed by overnight infiltration in Spurr's resin, The samples were then
embedded flat in Spurr's resin polymerised overnight at 6o°c; sectioned and
viewed with a light microscope, |

b) Stomatal structure :- Small pinnae segments (one sample was given 10 sec
irmersion in chloroform) were dehyéfated in an acetone series (507 énd 100%)
followed by two changes of acetone (100%), air dried, coated on the lower
surface with gold (500 X) and viewed with a Cambridge S600 scanning electron
mic?oscope. v .

¢) Cuticular waxes :- The sanples were collected from the field in July,
Fronds with four fully expénded pinnae were selected for uniformity, The
method used for'extraction of cuticular waxes was adopted after Radler and
Horn}nB Two successive emersions in chloroform at room temperature (30 sec
each) with agitation were decided upon?after a preliminary trial (Teble 1),

A~3- Resnults and Discussion :-

a) In the exposed frond (Fig,1) the cuticle on the upper epidermis is

N
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Table 1 Extraction of cuticular waxes with chloroform, preliminary

experiment,

Fumber of immersion (30 sec Yield as per cent ("/w) of the total
jmmersion time) . extracted in 6 successive irmersiors

67.4
20,7
4.7
2.7
2.5
2,0

(o NG ) T ~ S & U\ B

considerably thicker and there is a well differentiated hypoderm, £
notable feature of the epidermal and hyﬁodermal cells is the variafion in
cell size and shape, A feature responsible perhaps for the observed rcugh-
ness of exposed field bracken frond surfaceé (the topogra;h& of the leaf
surfece is governed in part by the size and shape of the epidermal cells)}l?
~ The cuticle on .the lower epidermis is comparatively thinner,

In the case of the glasshouse-grown plant the cuticle cn the
upper epidermis is very thin‘and only & trace of cuticle is visible cn the
lower epidermis (Fig. 2 a and b),

The differences in cuticular thickness on glasshouse-grcown plant
end exposed field bracken show that bracken grown under glaéshouse or |
controlled environment conditions may differ in cuticle charzcteristics from
others of the same variety grown in the open, This findirg cerfirms tre

findings of Boodle57

etout 73 yezrs ago and provides an explanation of
surface roughness observed by him,
Because of the inhibited cuticle forration in glesshcuse-zrown

bracken it may well be asked whether such plants will give represerntztive

responses to herbicides formulated for field use (see Ch,5).
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1 A transverse section of a bracken pinna se
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b) Stomatal structure: The scanning electron microscope studies (Fig. 3

a and b) dermonstrated clearly‘the presence of a resinous or a fatty struc-
ture (could be iemoved by chloréform) within the substomatal chambers, The
presence of such a structure has been reported in various plants?‘%”m'“bu It
is conceivable as pointed out by Hullm” that such structures might not
influence gaseous diffusion greatly but that tﬁey might inhibit seriously
the penetration of pesticidé 'solutiﬁns or other liquids, particularly
those not.formulated with an oil or sﬁrfactant (See Ch,1, 3-1-2-1). More-
over the presehce of such a structure in bracken substomatal chambers may
explain the observation made by Tinklin and Bowlingyngho suggested the
existence of a mechanism of control over stomatal transpiration in bracken,

- Table 2 Variation in amount of cuticular wexes expressed on dry weight

per cent basise

Treatment Vax yield % Standard lean wax yield
deviation %
+

a) Variation with plant habitat.

Exposed bracken 0.6 0,6 0,6 0.0 ' 0.6
Bracken from under = 1,0 1,0 1,0 0,0 1.0
trees

Bracken from inside 1.1 1.1 14 0.0 RN
the canopy

b) -Variation with pinnaé age (pinnae numbered from top to botton)s

1 0.5 0,9 0,8 0.2 0.7
2 0.6 0,7 0.7 - 0.0 0.6
3 0.6 0.7 0.6 0,0 0.6
2 0.6 C.6 0.7 0.0 .6

¢) Variation with pinnule age.
Pinnae top ' 0,8 0,8 0,8 0.0 0.8
Pinnae base - 0,5 0.6 0,6 0.0 0.6

c), Cuticular waxes :~ The cuticular waxes expressed on dry weight per

cent basis shows that 1) exposed fronds contain less wax than their
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equivalents collected from under trees or fron inside the bracken cezrozy
(Table 2a); 2) the wex content of young pinnae‘is slightly tut rot siznifi-
cantly higher tkan fron their old equivalents (Table 2b) ard 3) the w=x
coﬁtent of pinnules fronm pinnze tors is greater than from their tzse
equivalents (Tatle 2c).
It is probable that cuticular waxes (cuticle is rot all waxsﬂ?n

exposed bracken and.old pinnae or pinnules are subjected to loss ty etrzsive
“action of rain, wind and dust on thke cutic1e328(see Ch,5, 2-£-2-1-1 ii), o=
by flaking or slocughing of the cuticle as the plant matures?psﬁcwever, it

is 2lso rossitle as rointed out by Kurt23°sthat an increase in plent dry

weight with ege ray te responsible for the otserved decreese in wex ;ield,

B~ Penetrstion of brecker fronds b asulem es influenced bt the ediditior of

surfectznts tn the srrav solution 2rd btv =Hi-

B-1- Introduction:e

Asulanm has shown promise as a rerbicide for the control cf treczen
when arplied to the foliage?"Hovever, in cemron wvith rany folier-srplied
herticides the erratic btehaviour of asulanm noted in the West of Scotland
and elsewhere erd attribufed to clinatic factors, could be czuseéd ty slcw
Penetrationpaz"(see Ch,1, 4-2-3-3), The Vest of Scotland teing & hish
rainfall area makes this aspect perticularly relevant (see Ch,1, 4-2-3-3)

.This investization set out to a2ssess (a) the effect of Tween 2C
on spray retention bty bracken fronds &nd (t) tre influerce of Tween 2C exd
PE of spray solution on peretration, =~s the nmorrholozy of the trecien
fronds will also have a2 teering on spray reiention (sece Cr.1, 3-1-1), it
vas decided to take this into consideration, Finnze vere therefore
divided into three distinct regioné : 1) the less~develcped, curled

top; 2) the flet well-developed ridéle section end 2) *he slishily
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curled base, Tween 20 was selected as it had previously been shown to
) 9,134,260,353

enhance sulphonamides uptake by plants (see D-3-1 A
phosphate buffer as the sodium salt was selected to cover the required
IE range (2 to 9).

B-2~ Fxperimental =

Asulam (methyl (4-aminobepzenesulphonyl) cérbamatg, technical
| ingredient 95.5% pure) was purchased from the National Physical Laborétory.
Asulox, the commercialvformulation containing 40% w/§ asulam as the
sodium salt, was supplied by May and Baker Ltd, Tween 20 (polyoxyethylene .
sorbitan monolaurate) vas obtained from'KochlLight Laboratories Ltd,

For spréy retention measurements a modification of the rethod of'

3as'used with bermudagrass, was employed, Pinnules frem

Day and Jordan}"
the top, middle and base of the pinnae were weighed, and water or altern-
atively Tween 20 solution (1.6%'w/;) was applied to the upper surfazce with
a syringe as en evenly distributéd film, Then the pinnuleé were susyended
from a balance hook and reweighed when dripping ceased, °

A1l penetration experiments were carried out in the field uncer
a metal framework (1.5'x i.S x 1,01 m) covered with polythene sheeting to
standardize the experimental conditions, However, some variability hed to
be tolerated in the field due fo a lack of control of such factors zs
temperature and humidity,

Penetration was determined, as for 2,4-D, by a method descrited
by Szzbo and Buchholtzﬁsqusulam (AOug) or Asulox, containing ﬁhé:sate
amount of active ingredient in a total volume of 0,2 ml was applied to
adjacent pinnules at the botton éf the third pinna from the baée of tre
frond (selected solely for uniformity) with a 1ml graduated cylindrical
pipette, These conditions were selected to give maximum coversge with no

run-off, Similar additions were carried out with different concentrziicns

of Tween 20 and or phosphete buffer solution, After 3h the treated riznules
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were waéhed with 26 ml of deionized water, Preliminary exercises had
confirﬁed that 1007 recovery of chemical was obtained by this washing
treatment provided the pinnule wés washed immediately after application,
Asulam concentrations were detérmined by the Bratton-larshall
reaction as described for asulém by Brocklesby and Muggleton,?§

B-3- Results and Discussion:-

B-3-1- Spray retention:- Although some variation is noted between individ-

‘ual samples the retention of water by bracken pinnules is shown to be very
poor in all cases examined (Table 1), This could be due at least in part
to the leaf surface topography of field bracken (see A), However, the
inclusion of surfactant (4,6¢% w/v) brings about a substantiai increase of
the order of 2-5 fold that of the water controls,

It is noteworthy that the mean water retention of the middle
section is greater than‘that of either the top or base equivalents, This
could be accounted for in terms of a flattef exposed surfece and possibly
less cuticle (see A), However, all three surfactant-treated pinnules retain
much more solution than the controls, a situation which could be interpreted
in terms of influence on spray solution as well as on leaf surface, Bearing
in mind the posture of the pinnae in the field one would expect the middle.
pinnules to play an even greater part in the overall interception and
retention of spray then is suggested by the figures (Table 1) (see Ch,1,

3-1-1)0

B=3-2- Asulem penetration:~ Vith regard to the penetfation of the chemical

a consicerable improvement, of the order of 1C0%, results on all occesions
vhen surfactaht is added and compared with control samples (Table 2).

For the cormercial formulation a penetrztion figure of 25,85
results with deioﬁized veter compared'with 53,15: when 0,08 surfactent is
incorporated.‘ The comparable figures for the pure asulam are 34J%€aﬁd €729

respectively,
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Table 2 Influence of surfactant cn penetration of asular, Aprlication
of 40 ug active ingredient to each of 5 pairs of pinnule es
(a) &sulox or (b) Lsulans

Surfectant Amount (ug) left on pinrule lean Standard Feretration

% (Y/v) ~surface - deviztion ¢

(a) tsulox .
0,60 30,8 29,4 29.£ 29.4-29.4 29,6 0.6 25.8
0.08 23,8 18,2 22.4 15,4 14,0 18,7 3.8 53,1
0.18 15,4 19,6 14,0 19.6 13.7 16.5 2.6 £8.8
0,26 19.6 14,0 19,6 19,6 14,0 17.4 2.7 56.6

(v) Asulam ' .
0,00 25,4 26,1 28,1 24,7 26,1 26,1 1.1 4.9
0.09 13,4 10,7 13,4 14,0 14,0 13,1 1.3 €7.2
0,17 1.4 12,0 14,0 10,7 13,6 12,7 1.4 68,2
0.25 12,0 11,4 12,0 12,7 11,4 11,9 .5 7.3

A point of some prectical significance derived from trese results
(Table 2) is the observation that an increase in the amount of surfectent
above a concentration of eround 0,15 (¥/v) only enharces the peretration
of asulam to a negligible extent, These figures suggest that corcentrations
of Tween 20 of the order of 0,1 will ccnsiderztly erhence the perfcrrerce
of asulam in the field,

“Table 3 indicetes that the presence of rhesphete tuffer, selected
to cover the pH range 2 to 9, depresses the penetration of the cheziceal,
Viith few exceptions the percentagevpenetration with rhosphate is rore than
105 less than the aqueous control without surfectent es givern in Tetle 2,
Eowever, the addition 9f Tween 2C to the rhosphate solution errsrcss pere-

- tration of ssulam compared to penetration from the rhosphete sclution witrout
Tween 20,
Tnlike the behavibur rredicted for week acidsﬁslthe X plars ro

effective role in penetretion of asuler in these exczerirents therety implying
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Table 3 Influence of pH on penetration of asulam, Application of 40 ug

active ingredient to each of 9 pairs of pinnules as_Asulox.

tmount (pg) left on pinnule

19.0

22,4

pH Mean  Standard Penetration
surface deviation ¢
+
(a) Phosphate tuffer (0.517) without surfactant
2,0 39.2 39.2 35.0 37.8 37.2 7.7 1.6 5.8
3.0 35,0 35,0 35,0 32,2 34,3 34,3 1.1 14,2
4,7 35.0 39,2 35,0 37.1 39,2 . 37.1 1.9 7.3
7.0 25,2 28,0 25,2 28,0 26,2 265 1.3 33.8
9.0 30.8 32,2 30.8 30,8 31,2 31,2 0.5 22,0
(b) Phosphate buffer (0,5M%) with 0,17 (¥/v) ‘surfactant
2,0 12,6 -14,0 14,0 12,6 12,6 13,2 0.7 67.0
3,0 24,0 19,6 19,6 16,8 12,6 17.9 3,0 55.3
4,5 12,6 15.4 22,4 19,6 21,0 18,2 3,6 54,5
7.0 21,0 14,0 . 16,8 14,0 14,0 16,0 2.7 60,0
9,0 22,4 26,6 21.0 21,0 23,6 22,9 2.1 - 42,8
(c) Phosphate buffer (0.125M%) without surfactant
2,0 36,4 35,0 35,0 35.0 35.0 35.3 0.6 11,8
3.0 35,0 36,4 35.0 33.6 30,4 34.1 2.0 14,8
4,5 30.8 35,0 35.0 35,0 E 36.4 34,4 1.9 13.9
7.0 35,0 35,0 35.0 35,0 35,0 35.0 0.0 12.5
9.0 35,0 35,0 28,0 35,0 30,8 32,8 2.9 18.1
(4) Phosphate tuffer (0.1251%) with 0,1 (V/v) surfoctant
2,0 11,2 14,0 14,0 11,2 14,0 12,9 1,4 67.8
3.6 19,6 11,2 19,6 16,8 11,2 15,7 3.8 €0.8
4,7 14,0 15,4 21,0 19,6 19,6 17.9 2.1 55.C
7.0 21,0 15,4 16,8 15,4 14,0 16,5 2.4 68,7
9.0 19,4 22,4 19,6 20,7 1,4 48,3

% vith respect to sodium in Na

phosphoric acid,

2hr0

4

adjusted to pH with SQ%(W/V)
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ﬁptake‘by an agueous route‘13 (see,Ch.1, 2-1-2-2), Fovever, changes in =
of the spray solution on the pinnule suxfzce due to the tuffering capacity
of the latter cannot be ruled out.gn,so’l

| The i.nfl.uencé of pho;phate, and presunebly other szlts, in reducing
penetration could help to e%plain the lower uptake of the cormercial form-
ulation in ccriperison to that of the sctive ingredient (Teble 2), Altﬁough

_ cf low concentration’. the rresence of s2lts or other substances within tlke
cermercial formulation (preliminary enzlysis of'asulox revealed the rreserce
cf traces of zn enionic surfece active agent .see Ch,3, 4-1 and D-3-1 this ot )
nay retard reretration, Salts rey corpete vith the herbicide for adsorpiicn
and/or ion excrange sites, Such reactions ere knowvn to take place when
Spray-droplets are drying out on a lezf surface?ﬁs FEowever deductions zmece
by comparison between the data in Tetle 2 and Tatle 3 needs further invesfi-
gation as the experiments were carried out on different daysland varialtles
e.g. terperature and humidity were not controlled (see D this Ch,), The
lovwer penetration at pE 9 with surfectent is roteworthy (Tatle 3),

In field trials Holroyd et _gf_l_a.“observed that heavy drizzle foll-
cwirg asulem gpplication led to poor tracxken control, but.asulam trestmenis
contaiﬁing C. 14’ (W/V) agral 9C vere ﬁot edversely affected, Soperuuuwho
rmade no reference to climatic conditioﬁs, found little difference tetween
tracken control with and without the addition of Shellestol (0C.C25) YA,
Possibl:,;', the renetration of asular:; wit}:oﬁt the addit.ion'of a surfactant,
though slow, will proceed satisfectcrily provided no rain immedi{itely folicws
the application, Zowever tﬁe rossibility that there is a specific Yerticide-
rlent-surfactant interacticnﬂ"iﬁcluding the hydrophilie-lipophilic-telerce
(FLE) of tre systezﬂts‘ carnot be dismissed et this stage without furiter

investigetion (see T-3-3 ard Sec, T this Ch.),
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'C~ Penetration of bracken fronds by amitrole as influenced bty pre-smrzving

'conditions, surfactants and other additives :-

C-1- Introduction :-

Conflicting reports have appeared in the literature on the use
of amitrole as a foliar applied herbicide for the control of bracken, Vork
in Scandinavia with amitrole yielded promising results.ql+ Cn the other hand,
’ findings in the UK. are contradictéry in that experirents cerried out in

, v 55
England and in the East of Scotland confirm the Scandinavian findings’bi’z

299
A (see Ch,.1,

vhile poor results were recorded in the VWest of Scotland|
| 4-2-3-1 and 4-2-3-3), The work of Holroyd gj.glfséeveaied that the toxicity
of activated amitrole cduld be eliminated by rain, It is therefore feasible
that, as for asulam,27 the erratic behaviour noted with amitrcle in the Vest
of Scotland could be due to slow penetration, |

Tis investigation set out to assess the effects of different
surfactants and other additives on the penetration under field conditions of
braéken pinnules by amitrole, where such variables as humidity, temperature
ete, were not controlled but were taken into account bty incorporating suitatle
blanks,

Tﬁe extreme sensitivity of the bracken plaﬁt to environmental
éonditions makés & field study rather than a glasshouse exercise ruch rore
57,270

relevant,

C-2- Experimental:-

Amitrole (3-amino-1,2,4-triazole) was obtained‘from Koch-Light
Laboratories, Tween 20 was as descrited before (see B—2). Triton X-4C5
(4-(1,1,3,3-tetramethylbutyl) phenoxy poiyethoxyethanol], 7Cﬁ V/v solutionl
in vater was obtained from Sigma London Chenical Co, Ltd,, end Tritoﬁ @-5
[di-(2-ethylhexyl) sodiosulphosuccina%e] 6C; a,i, in propen-2-ol-water
(1/1, v/%), Triton X-100 [iso-octylpbenoxy (polyethoxy) eirenol] 1CCY e,i.,
Tergitol IPX (alkylphenyl ether of rolyethylene glycol) 10CK a,i, frem |

.B.H.D. Ltd'
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All penetration experiments were performed in the field &s
previously described (see B-2)., Amitrole (40 pg 2.i,) in a total volume of
0,2 ml or'alternatively 0,02 nl vhen surfactants were used, was agrlied with
an Eppendorf pipette as discrete droplets to the upper surface of fhe pinnule,
Continuous films resulted when surfactants were included witk the exception
6f Triton X-405,

'The treated pinnules were washed as before (see B-2), Prelinminery
experimentslhaa confirmed that 100% recovery of.chemical was ontained by
this washing treatment provided the pinnule waé washed irmedieztely after -
application, . |

Amitrole concentrations were determined by the method of Shorherr

and Burke 43

- C~3- Results and Discussion =

C=3-1= Influence of surfactants on penetration -

The enhancement of penetration of amitrole in the.présence of
surfactants is quite obvious when cnmpered with aquéons controls run siculti-
aneously (Tabie 1), With a surfactent concentration of approximately 0,15
("/v) increases greater than 17% result with all surfactants tested with ke
exception of Triton X-405, This latter surfactant does not encourége szrezding
of the droplets on the pinnule surface at the concentrations used znd resulted
in a slight but significant reduction of 3,3% in tne anount of chericel
absorbed, If is notewortny that in this particnlar case the penetrztion 6£
émitnole from the aqneous control is £7,.5% compered with the'other exzrrles
tested which range between 0,0 and ?3.8ﬁ. Although some‘variation in ;eﬁef
tration takes plane there is no significant difference in tke values}cbéained
- at different concenfrations of indiﬁidual surfactants.

A point of intereét revealed ty this investigation is the wile
~variation vhich tekes plece in penetration of nmitrole from aqueons solution”
(0,0 - 47.5¢))., The values obtained underline the influence of tre exvivcn-

mental conditions at the time of spraying (see Che1, 4-2-3), 1In gereral tre
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most efficient penetration occurs wken heavy rain precedes the applicaticn
of the chemical while poor results ere recorded under dry conditiors, An
8% difference in moisture content is noted between fronds tszken st tre tire

of treatment of the above two samples,

Table 1 Influence of surfactants on penetration of amitrole, Application

40 pg active ingredient to each of four pairs of pinnules,

Surfactant Amount ug left on pinnule llean Standard Penetration

% (W/v) surface ' deV%@tion o
(a) Tween 20 .
0,00 31.5 31,5 31.5 31.5 31,5 0.0 - 23,8
0,10 21,0 23,6 26,2 23,6 23,6 2.6 40.9
0,20 21,0 21,0 21.0 21,0 21.0 0,0 47.5
0,30 26,3 21,0 26,3 26,3 - 25,0 2.3 37.5
0,10 + 0,5% | : '
NH, SCN 26,3 24,0 21,0 26,3 23,7 2.7 40,8
0.20 + 0,5%
IH,SCN 21,0 26,3 26,3 21,0 23,7 2.7 40,8
0.30 + 0,5%
NH,SCN 21,0 26,3 26,3 26,3 . 25,0° 2.3 37.5
(b) Triton X-114
0,00 31,5 36,8 36,8 36,8 35.5 2.3 11.3
0,03 26,3 26,3 26,3 26,3 26,3 0.0 34,3
0,06 21,0 21,0 21,0 21,0 21,0 0.0 £17,5
0.10 21,0 21,0 21,0 21.0 21,0 0.0 £7,5
0,03 + 0,5 ' '
1H , SCH 26,3 26,3 26,3 26,3 26,3 0.0 3,4
0,06 + 0.5 : A ‘
NH4SCN 21,0 21,0 21.0 21,0 21,0 0.C 47,5
0.10 + 0.5% : ‘
I, SCH 26,3 21,0 21,0 26,3 23.7 2.7 £0,8
0.C0 (leaf
surface
scratched) = 10,5 10,5 10.5 10,5 - 10,5 0,0 73.8

(¢) Triton X-100 _
0,00 40,0 20,0 4C,0 20,0 40,0 0.0 c.C
0,011 31,3 31,3 21,3 31,3 31,3 0,0 21,9
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Table 1 continued

Surfactant . Amount pg left on pinnule Mean Standard Penetgation

& (YN) surface deviztion ¢
0.11 26,3 26,3 26,3 26,3 26,3 0,0 34,4
0,22 26,3 26.3 26,3 26,3 26,3 0.0 34,2
0,11 + 259 L ’ |

glycerol 36.8 36,8 36.8 36,8 36,8 0.0 8.0
257 glycerol 40,0 40,0 40,0 40,0 40,0 0,0 0.C

(d) Triton GR-5 :
0.Co 31,5 31.5 36.8 36,8 34,2 2.7 14,5

0,02 21,0 26,3 26,3 26,3 25.0 2,3 37.5
0.C6 26,3 26,3 21.0 26,3 25.0 2.3 . 371.5
0,08 26,3 26,3 26,3 26,3 26.3 0.0 34,3

0,10 21,0 26,3 26,3 26,3 25.0 2,3 37.5

(e) Tergitol IPX N |
0,Co | 31,5 31.5 36,8 36,8 34,2 2,6 14,5

0,02 21,0 21.0 21.0 21,0 21,0 0.0 4.5
0.06 21,0 21,0 21,0 21,0 21,0 0.0 £7.5
0.08 26,3 26,3 26,3 26.3 26,3 0.0 34,3
0.10 21,0 26,3 26,3 26,3 25.0 2.3 37.5

(f) Triton X-405 . )
0,00 . 21,0 21,0 21,0 21,0 21,0 0.0 41,5

0,02 26,3 26,3 26.3 21,0 25,0 2.3 37.5
0,04 24,0 21,0 26,5 26.5 23,8 2.8 £0.9
0.C8 26,3 26,3 26,3 21,0 25,0 2,3 37.5
0.10 26,3 21,0 24,0 21,0 22.3 2,3 44,2
0,10 + 25% :

glycerol 40,0 40.0 40.C 40.0 40,0 0.0 0.0

vzsﬁ glycerol 36,8 36.8 36,8 36.8 36,8 0.C 8.1

The rate determining role of the pinnule surface for the pere-
tration of amitrole can best be illustrated by noting the sii-fold ircrease
vhich results (Tzble 1) vhen the upper surfezce of the Pinnule isvslightly

abrade¢ compared with control szmples, Similar results have teer reccrded .
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for propham33

These findings, coupled with the fact that amitrole is taken up
by the leaf via an aqueous route,'*3 indicate that a water continuum ié
essential for efficient penetrgtion of the leaf surface barrier, Presumably
surfactents help to increase penetration by estgblishing or raintaining
this water continuum, and bring ébout increased contact between cherical
and leaf surface and thereby encourage penetration by diffusion?z'and/or
through preferential absorption'siteé or fissures on the leaf surface"
(see Ch,1, 3-1-2-2 and A this Ch,).

C-3-2- Effect of amitrole concentration and fewetting,on penetration:—-

The percentage penetration is qnaffected by amifrole concentration
(Table 2) (similarvfindings were observed by Céok"’ in this laboratory).‘ fhis
would suggest that more chemiéal should be absorbed by the folizge as the
agueous droplets dr& out on the piﬁ;ule surface, However, if would appear

that the droplets dry out too quickly for this effect Yo be noted in practice,

Table 2 Influence of amitrole concentration on penetratione.

Concentration Amount (ug) left on pinnule Mean Standard Penetration

added (pg) . surface : deviation LS
80.0 | 630 68,3 67.8 68,3 66,9 . 2,2 16.4
160,0 1470 126.0 1260 141,8 135,2 9.4 15.5
240,0 199.5 204,8 204,8 189,0 199,5 6.5 16,9
288.0 236,23 241,5 241,5 241,5 240,0 2.3 16,7
80,0+0, 5% : X

HH4SCH 47,3 47,3 52,3 52,3 49,8 2,5 37.8
160,0+0, 55 _ : , :

TH, SCI¥ 105,0 110,3 110,3 110,3 109,0 2,3 31,9

Rewetting of the dried droﬁlets on a dry day brings about an
increase in penetration but only the first rewetting is significant (Table 3),

This behaviour can be accounted for in terms of lsck of contaect with the
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water continuum of the plant?;“ Similer observations hzve been regorted Ty

Sharra et al 3

Table 3 Effect of repeated rewetting on peretration.

Treatrent Arount (pg) left on pirnule surface Ilean Standsrd Fere-
: devietion traticea

* %
I-;o
‘re-weitting 59.4 3904 3608 390A 5607 39.4 : 3805 - 1.2 ) 308
'One
re-vetting 36,8 36,8 34,1 21,5 31.5 34,1 34,1 2,2 14,7
Two

‘re-vettings 29.4 34,7 29.9 29.9 24,7 34,7 32,2 . 2,5 19,5

- Three
re-vettings 31.5 27.3 31.5 31.5 29.9 29.9 30,3 1.5 24,2

C-3-3- Influence of hurectents on peretration:-

The incorporation of humectants into the amitrole soluticn in zn

. , 259
attempt to slow down the rate of drying reveels that both glycerol end

9

sorb:i.tol"3 either alone or in the presence of other add&ti&es cause signifi-
cant retardation compared to aqueous szrples (Table 1 and 4), Carbovaxsfyon.
the other hand gives similar results to the aqueous control (Tabtle L),

The retarding or the negligitle effects noted with these hurmectanis
and the pbor response rnay indicate that the limiting fzctor to peretrstion
coﬁcerns the leaf surface and tre plent veter continuum, Eowever, the
rossibility that the effects of humectants rzy bte influenced by the envir:cn-
rent? (see D-3-4) erd/or the Lurectants mey have a tendency to Eclé tack

the herticide and so ljimit its diffusion into the plent tissue,ng%l!uc

zrnot

te ruled out (see Ch,1, 4-3-2-2 &nd IJ-3-4= this Ch,),

C-2-4- Tnfiverce of g~mcrium triocvenzte cn nenetration:-

T~

Lrmonium thiocyenszte (p:AQCX) kes been used in zritrole formilziicrs

to increase its effectiveness and kes teen reported to influerce gbscrzticn
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and/br translocétion as well &s the metabolism of amitroler Fowever,
Fofdnw‘has noted an adverse effect of NH4SCN on the penetration of amitrole
and van der Zweepsw’found that it reduced the necrotic foliar toxicity of
amitrole, Vhenever NH4SCH is included in the spray soluwtion an erhancerent
of penetration résults compared with aqueous controls, With sorbitol the
amount of penetration (16.5¢) is greater than from sorbitol-water sclution
(8.1 but less than from the water control (24.557) (Teble 4), This latter
effect coﬁld be due to the retarding action of sorbitol, With surfactants,
penetration is similar to the results obtained with surfactants alore (Tzble 1)
possibly due to a 1evelling effect of the surfactants and/or the srrezding
brought about by the surfuctants might re;ult in lowering the concentrztion
of NH4SCN on the pinnule surface per unit area and s? reduces ité effect
(see D-3-6), |

The enhancement of penetration bf amitrole bty NHASCN is significant
and is nof due to a seving action as éuggested by Crav.ftsn'3 tut to en effect
on the pinnulé surface, HH4SCH has defoliant propertieé" end the use of sore
| defoliants to increase herbicidal penetration through their effects on the
leaf surface is not uncommon C> However, the synergistic effect of I, Sex
could be dué to physiological interaction with amitrole within the plart,
NHﬁSCN itself has herbicidal proper'c:i.es.’J A point of interest is thket NHésCN
will not, other conditiéns being favourable, slow down renetration and
increase leaching from the pinnules by rain, However, the effect of :HASCN
on amitrole translocation in bracken needs to be studied (see Ch,1, 6-2,
Ch,5 and C-3-5 this Ch,).

C=3-5~ Influence of ammonium sulvhate, ermonium thosvhate a2nd phestroric

acid on penetration:-

23

Armonium sulphate (NHA)2SOA is a cormon activator: the ectivity

being due to its buffering capacity.'23 Hovever armmonium salts in gereral
haye bteen shown to exhibit a synergistic interaction with herticides due to

other factors beside buffering capacity.”63’5°7
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(1-:114)2304 vhen tested here, exhibits no effect (Tzble &) while
NH,NO, enhances penetration, On the other hand phosphoric acid and
4773 _
phosphoric acid-HH4NO3 both have detrimental effects, These latter effects
could be attributed to rapid leaf injury66 (see D-3-6),

C-3-6- Influence of sucrose on nenetration :-

‘Although the differences recorded aré variable and not significant
the addition of sucrose does enhancé the peretration of amitrole (Table 4),
This finding is of some praétical significance as the translocation éf
herticides can be encouraged by sugars particularly when the receiving sites

61403 (see Cho1, 6-3 ii).

are not fhemselves ectively assimilating

From this study with bracken, if can be deduced that the pinnule
surface is the main barrier to penetration and that.the properties of this
barrier are very much influenced by the envirormental conditions (see Ch,1, 4
and A fhis Ch.)., For adequate performence high huﬁidity and the reintenerce
of zn efficient weter coﬁtinuum in the frond would eppear to be essential

requirements,

D- Penetration of bean leaves by asulam as influenced bv adiuvants and

humiditx:—

D=1- Introduction :-

Previous investigations (see B and C this Ch,) deal with renetretion
of bracken fronds by asulam and amitfole under field cenditions, This
investigation set out to assess the effect of dif%erent surfactants and
‘other additives and their interaction with humidity on ﬁenetration oy asulen
of been (Vicia fota var, laris Bead) foliage under growth room conéitions.]
Variation in temperature. (15 - 2500) has taken into eccount by inccrrorating
suitable tlanks, Bracken was not used in this stﬁdy due to its sensitivit&

57,270

to the environment (see 4 and C this Ch,), The bear plent wee selected

for quick growth and ease of handling,
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D-2-~ Fxperimental ¢~

‘Asulam, Tween 20, Triton X-405, Triton GR-5, Triton X-100 and
Tergitol NPX were as described before (see B and C this Ch.). Triton X-67
(polyoxyethylene ether of fatty alcohol), Triton X-114 [octylphenoxy (poly-
ethoxy) ethanol], Triton X-15 toctylphenoxy (polyethoxy) ethanol] were
obtained from Sigma London Chemical Co, Ltd, Teepol 610 (sodiun sélt of
a sec-alkyl sulphafe) 345% a.i. was obtained from B.D,H, Ltd,

.All penetration experiments were performed in a‘growth room
adjusted to a 16h day length, The plants were germinated in trays on
vermiculite and seedlings were selected on the basis of size and transplanted
into pots and grown on the szme growth medium, The plants were treated at
the three-leaf stage (2-3 weeks old), Thé chemical was placed on the second
leaf pair in a total volume of 0,02 ml/leaf using an Eppendorf pipette, The
solution was applied as discrete droplets randomly on the upper surface of
the leaf, The treated plants were either left exposed in the growth chamber
or covered with polythene bags for the duration of the experiment, The
former treatment was referred to as the low humidity level (LHL) end the
latter as the high humidity level (IHL), The enclosure of plants in poly-
thene bags would result in a number of changes in the atmospheric environment
,of the plant but the increase in relative humidity is considered to be the
major factor involved.qlu he relative humidity under bags was expectedAto
apﬁroach 1CO¢J03

For each treatment, a mininun of six and a maximum of ten leaves
were treated, The treated leaves were then washed with 10 ml deionized water,
Preliminary experiments confirmed that 1C0%. recovery of asulam wes possible
by this treatment provided it was performed inmediately after application,
Asulan concentration was determined aé previously described (see B-2),

D-3- Resuvlts and Discussion 3=

D=3-1-~ Influence of snrfectants on venetration:-

Cn the basis of the observed behaviour of water droplets transferred
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by pipette to a plant leaf surfaceu3b

it is noted that the leaf surface of
the bean plant, although not water repellent; does not show a high affinify
for water as judged by the non-spreading of the water droplets, Iorecver,
none of the surfaétanté used brings about spreading which is in marked
contrast to the results obtained with brzcken fronds where sprezading is
encouraged even at low (< 0.02!) surfactant concentrations?® (see C-3-1),
Such differences can be expleined in terms of differing affinities of leaf
surfaces for surfactantsqu
The inability of surfactah¥s to enhance spreadingAin.the case of
bean could heip 1o accouht for the slow rate;of perietration obtained comﬁéred
with bracken2%5% I77(see A).
| In spite of the non-spreading action of surfactaﬁts used here with
beans é differential response occurs (Table 1), Some surfactants viz Tween
20, Triton GR-5, Tergitol IPX and Triton X-67 bring about e significant
increase compared with the aqueous controls (46,6, 42,6, 26,3 end 25.1%
respectively) others; viz, Triton X-114, Triton X-15 and'Teepol, produce
a non—significaht increaée. A non-significant reduction with Tfiton X-100
and a significant reduction (22,4%) in tﬁe case of Triton X-405 are also
noted.“ |
| Of the surfactants which bring ebout a significant increase in
penetratién, leaf injury occurs with‘Triton GR-5 and Tergitol NPX, Triton
X-67 and Tween 20 on the other hand cause no visible injury to the leaf,
| Such variations when observed with other herbicidesﬁgshave been
attributed to a specific interaction tetween the surfactant, the herticide
- and the plant leaf surfaceft3’1?3
- Te enhancerent ofvasulam uptakevnoted here with Tween 20 can be
partly attributed to the possitility éf Iween 20 acting as & cosolvent for

asulam, thereby preventing molecular asscciation and aggregation, These

effects are khown to occur with both carbamates and sulphonamides.s"’19 A
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finer dispersion of product ﬁill thus be possiblesssand, as Tween 2C is
non-volatile, fecrystallisation of asulam on the leaf surface will be
prevented.zbb Such 5ehaviour is.said {t0 account for the increased potency of
sulf amerazine spraysz“" 353( see B-1),

D~3-2- Influence of humidity on penetration:-

When the penetration of asulam is assessed with and without the
addition of Tween 20 at both hiéh.ana low humidity levels uptake is always
greater at higher humidity, With no Surfactant,'differences between the

two humidity levels at 29 and £8h after treatment of 33.7 and 48,75 res-
. pectively are recorded (Tablé 2). In the presence of Tween 20 the compareable

figures are 72.5 and 69.4%. These figures demonstrate that humidity has a

profound effect upon the absorption of asulam,

‘Tablevz Influence of humidity and Tween 20 (0,2% w/v) on asulam penetration
~ Application rate, 22,2 ug asulam,

Time Amount (pg) left on leaf surface Mean Standard Penetration
(h) devigtion <

(a) Without Tween

20 plants held at low humidity level (LEL).

29 18,7 20.4 20,4 20,4 20,4 22,2 20,4 1.0 8.1
48 19,5 20.4 19.5 18,7 17.8 20.4  19.4 0.9 12,6
(b) Without Tween 20 plants held at high humidity level (EEL).

29 18,8 11,5 13,3 8,9 10,7 14.2 12,9 3.1 41,8
48 12,4 8,9 5.3 6.2 9,8 8,9 8.6 2.3 61.3
(c) With Tween 20 plants held at low humidity level (IEL)e

29 15,1 20.4 17,6 18.7 17.8 17.8 17.9 1.6 19.4
48 17,8 17.86 17.8 11.5 15,1 12.4 15,4 2,6 30,6
(d) With Tween 20 plants held at high humidity level (HFL)s

29. 5.3 5.3 1.8 1,8 1,8 1.8 3.0 1,6 91.9
48 0,0 0,0 00 0,0 0,0 00 0,0 0.0 100.0

The enhancement by high humidity may, as reported for other

herpicides,73’3ﬂ%3Q1 be due to the hydration of the cuticle, which will
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modify the permeability of this barrier to penetration and/or to modific-

. L 26, 63,392
ation of internal factors related to the water continuum of the plant

(see Ch.1,'3-1-2-2)?uIHants aré known to absorb water f;om the atmosphere
by negative transpiration which may modify the overall process of pene-
tration:?‘91 | .

The augmenting by Tween 20'of the humidity effect could, in
addition to its possible cosolvent réle, be due to its hygroscopic nature,
which will.encourage condensation to take place on the leaf surface at the .
site of deposition of the spray droplets, thereby maintaining a continuous

103,127 26,324

supply of asulam and establishing contact with the water continuum,

2
This will facilitate uptake by encouraging diffusion3 uand/or by reducing

£3

surface energy due to the presence of the surfactant?' Equally relevant is

the possibility particularly under high humidity conditions, of penetration
of the surfactant itself.zs3 Two obvious advantages could result : a) the

bulky surfactanf is claimed to encourage the swelling of the cuticle and

283,280

thereby increase the areaiof the hydrophilic channels, and b) as

- Tween 20 is a cosolvent its distribution may influence the uptake of asulam

in that penetration is a function of the equilibrium distribution ratio of

1b,233

the toxicant between the carrier and the leaf surface, This latter

point could help to explain the observations that penetration of certain

herbicides decreases or remains unaffected with rising surfactant concentra-

283,284, 11

tion after an initial increase, Work with Phaseolus vulgaris

(Table 3) shows that asulam uptake increases with increasing Tween 20

concentration (0,0 - 0,3%) and then falls again,

D-3-3- Influence of asulam concentration on penetration:-

; In the absence of surfactant the concentration of asulam has no
effect on penetration under high humiéity conditions (see C-3-2), %ith
Tween 20 present (penetration was always greater than with the corresponding

treatment without surfactant) 100% penetration occurs 48h after epplication
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for the lower concentration of asulam with a slight decrease at higher
concentrations (Tablé 4), These observations suggest that a) the effect

of Tween 20 on penetration will persist for somé tine b) diurnal changes

in humidity will affect asulam penetration c) the incidence of high humidity
which would be‘exbected to predominate duiing the night and early mdrninng
* will be more pronounced in»the presence of Tween 20, Improvemer.t in
performance of certain herbicides e.é. picloram and 2,4,5-T on Acacia

farnesiana and Rosa bracteata following evening application has been reportedﬁi'

and is atiributed to favourable changes in humidity and the water status of the
plant,é3 : ' v

D~3-4~ Influence of glvcerol on penetration:-

The use of glycerol with the spray solution containing Tween 20

results in ; significant enhancement of asulam at high humidity but only
a slight increase at low humidity compared to the control sarples containing
Tween 20 (Table 5), The differences in penetration»between'the two humidity
levelé in the presence of 0,5 and 1,0% glycerol are 55,2 and 6L,75 respect-
~ ively. The corresponding increases over the surfactant treatnment are 9,2
and 13,1% at low humidity and 35,2 and 48,6% at high humidity respectively,

| These figures suggest that the action of glycerol eand perkaps
humectants in gene;al is dependent on hunidity and good contect wifh the
~blant sur?ace made possible by the incorporated surfactant.l
It would thus appear that the'conflicting behaviour reported for

lo,21, 505 :
26,210,255 992 ould feasibly be

'sprays containing glycerol in tke literazture
accounted for in terms of variztions in kumidity and that glycerol action
cannot be considered to be solely resiricted to the slowing down of spray
drying, Other roles iﬁciuding en effect on leaf pe:neability'lg’zushaVe

been Suggested. Some of the adverse éffects of glycerol at low humidity

have been attributed to dehydration of the cuticle!®¥ arnd to its reraining _

on the leaf sﬁrface, thus retarding herbicidal penetration (see D-3-2), Tﬁe
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. fact that visual inspection of the leaf surface reveals that glycerol remains
only at low humidity and disappears at high humidity tends to support this
belief,

D-3-5- Influence of urea on penetration:-

Te addition of urea increases the penetration of asulam, At high
humidity level increases of 45,4 and 5,6 are brought about by 1,0% additions
of urea compared with aqueous and suffactant treated samples respectively,
The difference in the latter case is not significant [Table 6 (a)].

The incorporation of urea into the spray solution contaiﬁiﬁg Tween
20 bringsvabout'very efficient penetration under high humidity conditions,
viz, 82;9% compared with 56,2 for aqueous urea and 50,8% for Tween 20 at a
concentration of 0,2% [Table 6 (a)], |

The same ovefall pattern prevails at low humidity, “Differences in
uptake between the two humidity levels, from ureae solutions, with and without
Tween 20, of 67.0 and é6.0% respectively are recorded [Table 6 ()], Urea
concentrations ranging from 0.05 to 0.3% in 0,2% Tween 20 are similer to
surfactant controls at high humidif&. However higher concentirations of urea
- (0,60 - 2,00%) in presence of Tween 20 bring about significant increases
compared with surfactant controls (Table 7).

Of particular note is the influence of time on the penetration of
asulam from urea solution including Tween 20 (Fig, 1). There is a rapid
initial uptake followed by a levelling off after 12h, Uptake after 6h is
comparable in amount to that of the surfactant blank run for 3Ch, In the
presence of urea, penetration has increased by a further 25,7% 12h after
treatment, This pattern of uptake for asulam in‘the presencerf urea
parallels thatbréported for urea itself,

It would thus appear that cénditions thch'favour urea uptake, viz,

64 479

incorporation of Tween 20 and high humidity, will also favour asulam

uptake from urea solution, Urea is said to accelerate the uptake of cther
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chemicals by facilitated diffusion resulting from cherges in the cuticular
membranes.sﬁ? For urea to exert such an effect it will have ‘o penetrate,
therefore conditions favouring urea ?enetration would be expected to enhance
uptake, ‘This could help to explain some of the controversial results which

' ' e nae 31,50
have been reported when urea sdditions have been made to herbicidal sprays, 5

e
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Fig, 1 Influence of time on asulam penetration in the presence of urea
1% (¥/v) and Tween 20 (0,26: ¥/v) with plants held at high humidity

level, Application rate, 44,0 pug asulan,

D-3-6- Influence of contact cremiczls cn 2sulsm venetration:-

The incorporation of potassium ethyl xznthate in spray solutions
. with Tween 20 causes an initizl increase in uptake of esulam under high hum-
idity conditions followed by a decrease at higher xenthate concentratibné. .

Penetration at the 15 level of potassiun ethyl xanthate, is comparable to that
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ocecurring with Tweén'zo control (Table 8a), This reduced uptake could be
attributed to rapid injury to the leaf brought about by potassium ethyl
xanthate under high humidity conditions (leaf damage is readily observed
within 30 min of application of the chemical at the 1% level in the presence
~of Tween 20 at EHL),

The damage depends on humidity and the presence of Tween 20, Under
low humidity conditions a 4% solution 6f potassiun ethyl xanthate wifhout
Tﬁeen 20 causes no damage and the salt crystalliées on the leaf surface, On
.the other hand in the presence of Tween 20 serious dénage to the leaf occurs
under similar conditions, A potassium’ethyl xanthate concentration of 1%
in aqueous solution and 0,2% in fhe presence of Tween 20 cause comparable‘
damage under high humidity conditions,

With tributyl phésphate in'the présence of 0,2% Tween 20 at the
high humidity level the effec¥ on penetratidn is not coﬁsistent, less pronoun-
ced and hot significant at lower concentrations (0,00 - 0,50%), Eowever, at
higher concentrations (0,75 - 1,00%) the'effect on pénetration is significant
and leaf iﬁjury is visible, The ieaf injury which occurs at highér corncen-
trations (0,5 - 1.0%) is slow to develop and less severe than in the case of
the potassiuﬁ ethyl xanthate treatment (Table 8b),

The fact_that the leaf surface is the main barrier hampering the *
penetration of many foliar applied chenicals is well recognised!"ﬂy;siq
g}ight damage by.abraiding the leaf surface has been shown to increzse pere-

l;na’ 33

tration of many hérbicides. From a commercial point of view the use of

contact chemicals would appear to offer more promise.' However; when this

approach is adopted, difficulties are experienced in controlling the extent

(2

‘_of leaf injury” ?particularly when the effect of the ireatment is readily
influenced by environmental conditioné. The effect of the injury is rarticu-
larly pertinent with.systemic herbicides“‘z as their activity dependé on the
-physiological status of the leaf particularly if translocation follows the E
assimilétes”‘n (see Ch.1, 5).

Therefore chemicals which cause contact injury to the leaves nay
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- not be practical (see C-3-2), The inclusion of other additives such as
urea and glycerol may prove to be a more constructive approach when their
' roles‘in herbicide uptake are betteruunderstood.

To fgcilitate the selection of-optimum conditions for fhe uée of
an additive with a herbicide on a field scale logarithmic screening is
appropriate, This enables the extenf of leaf damage and herticidal behaviour
to be observed prior to the selection of herbicide-adjuvant levels, -

Finélly variability between different éroups of experiments was
detected, Generally such variation is attributed to plant age.z“> However,
it is felt in this investigation that tempera%ure differenqes may Lave

contributed to this variability,

E- Bracken control : a preliminary field trials

- E=1_Introduction:- :
During this investigation it was found that Tween 20 enhenced
asulam uptake by bracken (see B), Other,workers’élrgported that Agral 90
-improved bracken coﬁtrol when rain followed application, h
. A small non—replicated éxperiment was carried out with the object-
ives of assessing the effect of two surfaétants, Tween 20 and sodium dodecyl

sulphosuccinate (SDS) at 0,1% (V/v) on bracken control with asulam,

F-2~ Experimental:;

Asulox andvaeeh 20 were as described before (see B-2), Sodium
dodecyl sulphosuccinate was obtained from B.D,H, Lfd. ‘

The plots (4.5m x 4,5m) were laid out.at Carbeth, Stirlingshire
on September 15th, 1973 ana sprayed on the seme day, Asulox (4.5 Kg a.i,/ha)
was applied at a volume rate of 115L/ha using a knapsack sprayer,

E-3- Results and Discussion:-

~ The short term (1 year) control achieved is more or less the seme

in 21l treatments (ranges between 81 and 87%) (Table 1), This supports the
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surmise that penetration of asulam withouf the addition of surfactants'
will proceed satisfactorily.provided no rain follows application (see
B-3~2), Such was the case in this experiment where no rain was observed for

at least 3 days after application,

Table 1 Results of field'experiment': 4,5 Kg/ha asulam applied September
1973, Assessment August 1974 and September 1975,

Treatment August 1974 . September 1975
% Reduction in fronds % Reduction in fronds
number number
No surfactant ‘ _ 81 R 54 -
" " 80 ' ‘ 35.
0.1% (Y/v) Tween 20 - 81 50
" wo ' 87 . T 69
0,1% SDS | 80 50

However, the degree of control (short-term) is less, than reported

33‘”"“"“and regeneration is cqnsiderably greater than

in»thevliterature
reported 33&44% (1aple 1), This can be due to late application and/or to
some influence that is specific to this particular site, This matter is

discﬁssed in detail in Ch,.S5.
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CHAPTER IIT

ASULAM-SOIL TIWERACTIONS.

1- Introductions~

There are two-main avenueslﬁy which asulam can reach the soil:-
(a) Directly from pre-emergence sprays designed to control weed growth
in crops.313”’77'” o
(b) Indirectly, as spray drift, rainwash and the decomposition of

plant materials,‘from post-emergence treatments.' Such probiems ere encount-
ered with all agricultural chemicals applied to plants %02 The
situation will be aggravated when aerial application methods are adopted as
is the case with tracken, rarticularly Qith aqueous sprays where spray drift
and‘spray droplet shattering may come into playﬂ&”mn332’uzb The slow foliar
penetration which has been noted for ésulam, makes.the possibility of
rainwash of asulam deposits from the leaf surface and hence soil contanina-
' tion a distinct possibility, particularly in highlrainfall areas (see Ch.2,B).

These two aspects (a and b above) make a study of asulem-soil
interactions pertinent to a clearer understanding of the behaviour and fate
of this chemical in the énvironment. An understanding qf the behaviour and
fate of.peéticides (of which herbicides form a mejor éegment) in the envir-
onment is a prerequisite to their intelligent and economic use in controlling
target pests and minimising possible hazerds end environmental rollution
which could arise through their misuse,'3°

The studies which are described in this chapter deal meinly with
asulam adsorption,'movement and persistence in the soil., Though these
aspects are interrelated they are treated separately rainly for convenience
of presentation. Fowever it should te torne in mind that the overall tehaviour
. end féte of a herbicide in the soil is determined by the interactions of thése
factors with the total environment rather then with a singlé espect or

/60, 161,370

factor (ch.1).
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1-2- Collection and descrintion of soil samples:-

The use of asulam as a pre-emergence as well as & post-emergence
8,34, 77,78

herbicide implies that in practice asulem will come in contact with
an infinite number of soils of different composition and will be used urder
different climétic conditions #nd agricultural practices, Its sucéess as
a pre-emergence herbicide will be determined by its ability to function over
a fairly wide range of conditions wi¥h adequate reliability, Its impzct on‘
the environment (from pre-emergence as well as post-emergence applications)
will depend on the balance between the factors involved in its dissipation
and their interactions with the environment.’b Some of these factors e,g.
soil-type, temperature, moisture and pH were taken into account in the studies
described below, |

The soils used in these studies were divided into two groups
A according tb the nature of the vegetation on them,

1-2 a) Soils from under bracken:~ The major use of asulam in the United
330,331 '

Soils under bracken may have a deep

litter layer, and have a high ofganic matter content.ss{ If the litter is

-

burned they can contain carbon, The practice of burning is quite cormon

K;ngdom is for bracken control,

in this area and in certain countries e.g, New Zealand.'33° The effect of
oiganié matter on adsorption and phytotﬁxicity of herbicides is well docu-
mented in the literature.,”’ s, 25,33l 237,250,7-73}]81'0031 accunulaeting iﬁ soils
as a result of burning of woody plants is reported to increase the adsorption

capacity of soils for many herbicidesfubzuq and it has been used to protect

sensitive czéps.”lbz“bsu

The soil samples employed here were collected from under brecken
&t three sites in West-Central Scotland, Emphasis was pleced on the surface
layer (A horizon) which is generally ﬁigh in organic matter, However, one
sample from a B horizon wés also included for comparisoh.‘ Only hunified

material was included, all undecomposed plent material being discarded, Briel

descriptions of the soils used are as follows:



-88=

(1) a deep organic rich horizon of mull humus developed on a bank,
(2) A clearly defined B horizon from a freely drained acid brown
earth developed on basalf till,
(3) A fairly deep organic'rich mull, The A horizon from the same site
as 2 above,
"~ (4) A disturbed H horizon of a peaty.podzol developed on coarse sand,
The mor humus contained a high proportion of sénd.

1-2 b) Soils from under prass:=The soil samples chosen represent major soil

types prevailing in hill farming areas in Vest-Central Scotland (Darleith
Association)?soihough the soils in question are not covered by bracken at the
time of colleétion, infestafion by brackep of such soils is not uncommon.n’s
Soil samples were taken from different depths down the selected pfofiles to
facilitate the collection of samples of varying coﬁposition. Adsorption and
disappearance of asulam in such soiis (orgenic rich topsoils to mineral rich
subsoils) should cast some light on asulam performance in.different soils,

The variation of asulam adsorption with soil depth should also be reveQ}ed.
This is of practical interest, since the adsorption, availability, persié?éa@}{
and movement (upward or downward) of herbicides are known to be affected

by their location with respect fo soil depth
subseqhent interactions that a herbicide underéoés in subsoils are to some
exﬁent dictated by the surrounding envirorment which in itself is affected

to varying deérees by the subsoil composition.gzzw' 370, 413, 512 Soil descrip-
tions are as follows:=-

i) ‘Darleith series :- soil developed on till derived from calcareous

- sandstone lavas, They are shallow, freely drained, brown forest soils, Soil
samples were collected at regular intervals,-(gg. 2 in, segments) down the
profile to a depth of ca, 10 in,, whi;h is well below the B layer (soils

5 to 9),

ii) Dunlop series :=- soil developed on base rich material, inherently fertile,
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fine textured (well aggiegated) imperfectly drained brewn forest soil (soils
10 to 12),

Other adsortents viz,lhumic acid, clays, cation exchange resin,
éharcoal, cellulose ana ignited scils were used in attempts-to elucidate the

factors involved in asulam adsorption,

A: Adsorption of asulam, asulox, &nd salchanilemide onto soils collected

from under bracken and onto other zdsortentss-

A-1- Introduction s=

The nature of the formulation, the .type of salts formed by the

herbicide in the soil and the presence cf breakdown products are known to

29, s, 194, 22b, 303,430

affect herbicide adsorption onto soils. . asulox, the cormercial

formulation of asulam (used for bracken control) contains 405 (¥/v) asulam
as the sodium salt, Preliminary analysis of asulox revealed the presence

of traces of an anionic surface active esgent tested for by the method.of ~ ' \
1
321

o

Longwell and Maniece™ and sulphanilamide a breakdown proéuct of asulam or

a commercial impurity, which was demonstrated ty thin layer chromatqgraphy.’68

The adsorption of asulox, asulam and sulphanilamide onto bracken soils and
other adsorbents was investigated to assess the effect of these factors on
adsorption,

A-2- Experimental:-

* “Aswlam and asulox were as previously described (ch,2, B)., Sulph-
anilamide was purchased from liay and Baker Litd, and was recrystallized from
hot water.3‘“ Zeo-carb (SRC 16) E' form was purchased from Permutit Co.»Ltd.
and was pretreated with lM-FCl, washed with water till chloride free and dried

at 30°C over P undex reduced pressure, Norit A charcoal was dried simi-

2%
larly after several washes with hot witer,
The soil samples were wet sieved through & 2rm BS, sieve and finally

air-dried at 30°C in a force dréught oven, Different methods are used by

different workers for drying soils?am&v; The method adopted here is in
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common useln'and was adopted as a standard treatment, C,E,C, pH, sand,
s8ilt and clay were estimated by standard soil analytical procedures.zgo
The organic matter was estimated by the Walkley-Black method."’& Soil

analytical data is given in Table 1,

Table 1 Soils from under bracken, Analytical data.

Soil pH C.E.Ce % Sand % Silt % Clay % Organic % Loss cn

matter ignition
1 4,6 39.9 31.7 41,4 10,1 17.8 19.2
2 4,2- 40.0 36,7 36,5 12,5 14,3 17,1
3 4.1 33.0 3847 23,1 10,3 27.9 - 341
4 4,3 19.6 1.7 8.3 9.9 10.1 19.6

Adsofption, ﬁnless otherwise stated, Qas determined ty shaking
the following amounts of adsorbents - Zg'soil, 0.1g charcoal and cation
e#change resin with 16ml solutions of the appropriate chemical for 1€h &t
18°¢ an an end~over-end shaker and then filtered fhrough Vhatmen Mo, £2
filter paper, In the case of pre-treated soil, periodic hend shakirg was
employed and.the soil was treated with 5ml of buffer alone followed afler
40 min with S5ml of 5;6ug/hl asulam solution or alternatively with 5ml1 of
the asulam solution followed after 40 min with 5ml of buffer (sée Ref.lll]

The concentrations of.chemical used were selected after prelirirary
énalysis of each soil in turn (concent;ation range covered was 0.5 - 15.Cus/m1)
Higher concentrations were employed with carboh and cation exchange resin
due to their high adsorption capacities (range147£)-300£kgyhl for carbon an
30,0-600ug/m1 for ‘cation gxchange resin), |

A minimum of 5 concentrations were employed for each adso:beit. The
treatments were carried out in triplicate with the inclusion of a;;rop:iaté
‘blanks to cater for the possibility of interference from arcmatic conzcunis

including aromatic amines, The filtrates were further checked by t.l.c.u’x
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Asulam and sulphanilamide concentrations were determined by
the Bratton-Marshall reaction (see Ch,2,3B),

A-3- Results and Discussion:-

' The adsorption behaviour of sulphanilamide, asulam and asulox
onto soils and other adsorbents unless otherwise mentioned was compared
by means of the empirical Freundlich adsorption isotherm which may be

written as :=-

log = = log X + —~logc (see Ref, 224 )

=]

v

where is the amount of chemical adsorbed per unit mass of adsorbent

=511

when in equilibrium with a solution of concentration ¢; X and n are constants,
X

Figures 1 to 5 show the logarithmic plots of against ¢ for

m
each of the compounds used, The figures illusfrated here refer to soils

1 - 4, and cation exchange resin Fié. 5. The plot for asulam and cation
exchange resin has ﬁeén omitted as it is identical to that-obtained with
asulox,

The slopes (%) obtained when ail'four soils were tested with
sulphanilamide, asulau:;nd asulox vary, with two exceptions, between 0,8.
and 1,0 (Table 2), -Similar results have been reported for many herbi-
cides.zzu’su' ]Bryce‘3 when studying the adsofption of disulfoton onto
soil coﬁsidered a range of'%'values similar to those obtained here to
approximate unity, - |

However, values of %'less than unity (0,8 - 0.9) can as proposed
by Hancén%u be due to 1) an i;Lerent inability of part of the soil to adsord
the chemicals and/or 2) water competition and the ability of part of théu
soil to adsorb water more strongly. ?ovinvestigate this point in more

~detail one of the above soils (soil 1) was given a buffer pretreatment prior

to the addition of a concentrated solution of aswlam, Vhen the resuits |

expressed as the distribution coefficient Kg," where
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Kd = Amount adsorbed per unit weight of soil (ug/g)
- Concentration in solution at equilibrium (pg/ml)

o

are compared with those given a pretreatment with a concentrated solution
of asulam followed by the buffer [Fig. 6], it is evident that less chemical

is adsorbed below pH 6 onto the buffer pretreated soil, The difference is

Table 2 Adsorption of asulox, asulam and sulphanilamide onto soils,

charcoal and cation exchange resin,

Asulox Asulam ~ Sulphanile=ide
1 | 1 .. 1 .
Adsorbent n K n K n K

Soil 1 1,5 09 12 10 09 3.7
Soil 2 1.0 1.4 0.9 . 2.0 0.9 304
Soil 3 0.9 4,2 0.8 5.2 0.8 Te5
Soil 4 0.9 57 0.8 9.5 1.0 13.3
Charcoal 0.2 26,330,0 - - 0.6 26,120,0

Cation exchange 0.9 2,093;0 . 0.9 2,100,0 1.0 2,127.,0
resin

negligible 2t pH 6 and above but progressively increases on lowering the

303 suggested that under the slurry conditions

pH, In this connection, Lambert
employed for‘the determination of soil sorptioﬁ isotherms using high solvent
ratios, the water may be an‘effective competitor for sites on the orgénic
matter and that the sorption phenomena could be suitably described as a
replacement reaction, Thus the reduced adsorption noted with pretrezted
soil ét low pH (Fig. 6) could be due to the difficulty of repoving weter
alreédy present on the soil surface or else dﬁe to a diffusion controlled
adsorption.’n' The levelling dff of these differences et high p¥ cculd te
brought about by changes in the relative affinities of solute to solvent,

solvent to adsorbent and solute to adsorbent.30
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Fig.G E}fect of pH oﬁw;;;iém adsorﬁgion,after buffer (0) and asulam (O)M‘?“."

~ pretreatment, -

_ Changes in the hydrophilic—hydrophobic balance of asulam occur
with cﬁanging pH., This was illustrated by shaking 10ml of 6.8ug/ml asulam
dissolved in buffer solution with 10ml of n-octanol for 2h on an end-over-end
~ shaker (Table 3), iSuch behaviour can be predicted on the grounds that the
anionic species (asulam pKa 4.82)'wi11‘favour the aqueous pha:r« due to

hydrogen bonding with water.aqs

The changes in the hydrophilic-hydrophobic
balance and the repulsion of the anion by the predominantly negatively
charged soil colloids may be responsible for the observed decrease in asulam

adsorption with increase in pH;n' The net result will be that at high pH
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any differences noted between wet and dry soils disappear as only negligible
amounts of asulam are retained in any case,

A-3-1- Adsorption of asulam, asulox and sulphanilamide =

Adsorption onto soils follows the order sulphanilamide, asulam
énd asulox (Table'3). The rela%ively higher adsofption of sulphanilamide
can possibly be explained in tefms of its het positive charge below pH T7;
é.sulam has a net neg‘atiw‘re charge dowr; jho pH between 3,0and 3.9.1" .Although
more or leés the same patterh of adsorption was observed'fo: all three
chemicals with the cation exchange resin'(Table 2) the differences noted
between them need not be solely due to_chargef The possibility of differences
in the physicochemical properties of these chemicals influencing adsorption
cannot be ruled out." |

The reduced adsorptién noted for asulox compared to asulam (although
not always significant as indicated By the overlap on oecasion of confidence

_ [}
limits calculated after Snedecor and Cochran)“uu may be due to the greater

430

solubility of the commercial formulation, or the presence of the surface

active agentzla"zso or other additives which could act on the chemical,
or on the soil itself (surface active agents have been used to modify soil
wettability)lw thereby reduciné adsorption, However asulam and asulox are .
more or less adsorbed to the same extent by the cation exchanger (asulam .
has a slightly higher X value Table 2), It may be worth noting in this
connection that asulaﬁ is an ampholyte,

VWith regard to the role of the organic matter fraction in the
adsorption of asulox, asulam and sulphanilamide onto soils [soil 4 contains
charcoal so‘is omitted from the comparison (see A-3-2)] soil 3 with an
organic matter content of 27,9%¢ clearly exhibits the highest X values(Table 2),
- The situation yith regard to sodils 1 ané 2 is not so clear cut, Although
s0il 2 has marginally higher X values for asulox and asulam (1,4 2nd 2.0

ug/g) compared with soil 1 (0,9 and 1,0 ug/g) it has less organic matter

(14.3% compared with 17,8%), On the other hand for sulphanilamide the
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respective K ﬁalues follow the organic matter pattern in the three soils,

The anomalous behav1our noted for asulam and asulox could be due to diff- g3
u,1|5,11¥,3°7,l‘4551‘

erential involvement of the organic fractions present in the soil

(see B-3-2) and/or due to differences in pH between the soils involved

(Table 1) thereby bringing about differences in the extent of the ionisation.

AH = X + ; (see C-3)
The'iohisation of asulam (pKa 4,82) and its sodium salt (asulox) should be
affected in such a pH.range (4,2 to 4,6) while that for sulphanilamide (pKa
10.7) should not.zb This seems to be in liq? with what has been mentioned
above about their observed adsorption Behaviour onto soils 1 and 2,

A-3-2- Effect of charcoal on adsorptlon $-

Asulam, asulox and sulphanilamide exhibit their highest X values
with.soil 4 (Table 2) which has less organic matter than the other soils
used (Table 1), but it contains substantial quantltles of charcoal, the
presence of which can be accounted for by the practice of burning regularly
the vegetation cover, Organic matter determinations by the usual wet oxi-
dative'methods presumably do not account for the charcoal (vegetation charcoal)
content?ﬂq . A rough estimation of the carbon content was obtained ty igniting
the soil, The loss on ignition was 19.6%. Of this loss, the organic matter
accounts for 10,1% only, The significance of adsorption to charcoal was
confirmed by three separate experiments;- .

1. The adsorptiqn behaviour of sulphaniiamide and asulox onto charcoal
was assessed by means of the empirical Freundlich isotherm (see A-} end Tig,7).
The Freundlich Constants (K) for asulox and Sulphanllamide are 2,61 x104
and 2,63 x 10° ug/g and the' -values are 0,2 and 0,6 respectively (Table 2).
Such low'%'values have been observed in similar studies with other herbicides

and charcoal.sm

2, The effect of added charcoal (Norit A, 0,00 - 0,85 pg/g) on edscrption
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of asulam atto soil 2 was compared with asulam adsorption onto soil 4, Two
g samples were shaken with 10&1 buffer sqlution containing S.Oug/hl asulam
(see B-2)., The results were exbressed as the distribution coefficient Xd
(see A-3)., A plot of K4 against.pH (using the method of best fit) could be

expressed as a straight line in all cases (Fig. 8) fitting the formula :

Kd ; apH + B
Thé terms « and B are constants, It is evident from Fig, 8 (whiéh refers
specifically to soils 2 and 4 and soil 2 in the presence of O.Bsug/g added
charcoal) that 1) charcoal added .to the soil can affect adsorption of asulam
~ appreciably particularly at low pH, 2) Nori% A charcoal is more effiéient
for adsorbing asulam than bracken chércoal and 3) negligible adsorption occurs
at pH values of 5 a&d above,
| Adsorption also increases linearly with iﬁcrease in charcoal added
to the soil, This ié shown when'th; amount of added charcoal (pg/g) is

plotted against the corresponding B value (Fig 9).

Table 4 Effect of charcoal on asulam toxicity to maize, Growth medium

berlite. Asulam added as asulox (pre-emergence).

Treatment Flant iresh weight (g) DMean Standard % Reduction relative to
devigtion corresponding control

1) Growth medium without charcoal.
a) 3.2 3.2 3.4 . 3.2 0,1 -
b) 0.0 0,0 0,0 0,0 0,0 0.0 -

2) Growth medium + 2,5% charcoale.

a) 2.3 3.5 3,2 3,0 0.5 -
b) 2.0 2.5 2.1 - 2,2 0,2 26,7
a, Control.sample . b.. Treated sample

3. Asulox at 10,2mg a,i, added to 15g perlite arrests maize seedlings
emergence, The addition of charcoal to perlite 2,5% (¥/v) greatly redyces

this effect (Table 4),
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B- Adsorption of asulam onto soils as influenced by soil depth, soil

composition and pH:-

B-1- Introduction :—
| Studying asulam adsorption onto soils collected from different

depths down the soil profile was considered necessary for the following reasons:=-

1) As mentioned previously (1-2-b) such a study should reflect the
adsorption behaviour of asulam onto sbils of varying composition ranging from
organic rich soils to mineral rich soils,

2) The adsorption behaviour of asulam down the soil profile is of interest
when asulam is used as a pre-emefgence herbicide, where the locus end availa-
bility of the herbicide in relation to the zone of uptake by the plant ray be

1.15'1'1’237 Also as a soil contaminant where adsorption will

194
affect movement of the chemical and its dissipation;zb’z'u’

critica

.

B-2- Experimental te

"The soils used in this series of experiments, unless mentioned
'otherwise; were as described prévioﬁsly (1-2-b), For treéfments prior to
adsoiption’studies see A-2-, Scil analytical data is shown.in Table 1, Other
adsorbents were prepared as follows s~
1- Commercial samples of montmorillonite and kaolinite were sieved through
& 300 mesh BS sieve prior to usé for adsorption studies,
25 The humic acid fraction was isolated from a peaty soil by the method
of Hance.lza | .
The following buffers were used to maintain the slurry pE (range
2,0 to 5,6) KC1 - HC1, MNa acetate-acetic acid and NaZHPO4A- NaHzPO4. The
buffers were prepared from 0,2M stock solutions as described by Gomeri?os
Adsorption, unless otherwise mentioned, was studied by shaking
'2g air-dried soil with 10ml aliquots of 5,0ug/ml solution of asulenm et 16°¢ for
:16h‘on an end-ovei-end shzker, The rest of the procedure'was 2s described in

A-2,

In the case of humic acid, 0,5g samples were inserted into dialysis
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bags and suspended in 10ml of asulam solution (10,0pg/ml), A further 10ml

of the same solution wﬁs pléced outside the bag, The dialysis tubing was given

a hot water treatment prior to ﬁse, to minimise adsorption onto the dialysis ::
‘membrane. Controls were included to account for any asulam adscrption onto

the dialysis membranes or for the presence of interfering substances,

Table 1 Soils from under grass, Analytical data,

Soil PH C.E.C. % Sand % Silt % Clay % Organic
o : ’ metter
5 5.9 55,2 17,2 47.6, 13,8 21,4
6 6.1 50.0 18.8 44,7 20,0 16.8
7 59 219 . . 1T.2 . 3.7 28,5 16,6
8 5.7 27,4 - 19,6 44,7 25,2 10,5
9 5.7 . 30.6 27,9 20.4 43,9 7.8
10 - 52,1 = - 34,9 15.9
11 - 41,0 - - 23,0 4,5
12 - 35.4 - - 22,0 ' 2,2

Soils 10 to 12 were kindly supplied by Dr, H. Fuller ton

‘For the clay samﬁles, O.1g of air-dried material was shaken with
10ml aliquots of asulam solution (2.0ug/h1) as described before,
The results were expressed as the distribution coefficient Xd

(see A'B) .

All measurements were cerried out at least in triplicate, Approprﬂﬁé

blanks were included and the filtrates were checked by t.l.c.'68

B-3— Results and Discussion -

The adsorption of asulam, judged by Kd values, is inversely
correlated with pH, The correlation coefficients (7) for 8 soils range
between -0,99 and -0,92, all significant at p< 0,02 (Table 2), A plot of
Xd against pH could be expressed as a straight line in all 8 cases (Fig, 1

and 2) fitting the formula :=-
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Fig 1 Effect of soil depth on asulam adsorption, 0 = 2" (0), 2 - ¢" (e),
4 - 6" (A), 6 - 8" (4), 8 - 10" (o).
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Fig, 2 Adsorption of asulam onto discrete soil hOIlZOHS
and ZB3 (A)

A (0), 32g (o) :»
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E_-apH+B.

The terms « and. B are as described before (£-3-2),

Table 2 Effect of soil depth, composition and pE on asulam adsorptione

Soil Line forrula Correlation coefiicient pH where Xd = O
Kd = - (n®
5  -3.86 pH + 22,55 -0.98 5,54
6 -3,04 pH + 17,64 | -0,99 5.50
T  =-2.25 pH + 12,71 -0.99 5.65
8 -1,54 tH + 8.20 . =0,98 .32
9 -1,24 pH + 5,94 -0.96 479
10 -3,26 pH + 18,90 -0.97 5.80
1M1 -1,00 pH + 5,05 0.94 : 5.05
12 -0.97 rH + 4.50 -0,92 4,64

& A11 significant at p< 0,02

B-3-1~ Effect of so0il depth on adsorvtion :-

Adsorption as expressed by B velues tends to decrease with increese
in soil depth (Table 2). The B values range between 22,55 and 5,94 for
the surface and bottom samples respectively of the Darleith series (soils
5 to 9), The changes in the 8 values with soil depth are more pronounced .
.in the case of the discrete soil borlacns (Dunlop series soils 10 to 12),
B values of 18,9C, 5.05 and £,5C were ottained for the A o B g and ng )
horizonS'respectively (soils 10, 11 and 12), The pE at which negligible

adsorption occurs also decreases with soil depth,

E-3=2~ Effect of orzenic rmatter cn a24scrrtion -

Many herbicides have been shown to be more adsorted by topsoils
than by their respective subsoils. Such beraviour is attributed to the

3!3 S12
high organic ratter content cf the %opsoils, 2“‘

Correlation anzlysis
tetween B values, obtained as described sbove &nd orgsnic matter, C,E,C.,

and clay content, shows that 3 is highly correlated with the organic matter
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content (r = 0,94 significant at P 0,01), to a lesser extent with C,Z.C,

(r = 0,67 significant at P€0,1) and not at all with the clay content,

The relationship between organic matter and adsorption is best

illustrated by plotting % organic matter against p value (Fig, 3).

240

e — . ro———— Pp——b

- 20:0]

.- | 1 ¥ d T
40 B0 120 160 200 240
: % Organic matter -
. Fig, 3 Variation of B value with organic matter content of soil.
Soil 5 - 9 (0), Soil 10 - 12 (0),

!

4

Examination of Fig, 3 reveals that the relationship between ¢ orgenic
matter and B value is not perfectly linear, Such deviations from lineszri

could be expected if all the organic matter (as determined by the carben
-, 307,309

chemical analysis) does not participate in adsorption, and could te
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due to :-
1- Piling up of the organic matter, This is claimed to cause less
adsorption of herbicides in some organic soils by limiting the adsorting

als . .
The increase in asulan

surface per unit weight of the organic matter,
adsorption with increase in shaking vigour of the soil suspension (Table 3)
taken in conjunction with the non-significant adsorption onto the mineral

fraction (see B-3-3) seems to support this argument,

Table 3 Effect of shaking on asulam adsorption, Soil 6 was used, 2g
soil were shaken for 24h with 10ml (5.0ug/ml) asulam solution,

B

. Standexrd
. Treatment X4 value Mean  deviation
: +
Intermittent hand sheking, 0.8 0.6 0,6 0.7 0.1
Ehd-over-end shakere T1,3 1,1 1.1 1,2 " Cet
.Reciprocating shakere 1.8 1.8 1.5 1.7 . 0.1

Incfease in adsorption following vigorous shaking has been reported by sore
workers and ﬁs attributed io an increase in availability of adsorption
sites.xz '

2- Differences invadsorption could arise due to differences in the
stage of decomposition of the organic m:a.ttex:'.‘w3 Published evidence srows
. that during decdmposition of plent materials cellulose and hemicellulose
disappear and there is a progressive increase in the propcrtion of lignin

“e8 . Hancezlu

like materials, showed that diuron was strorngly edscrbed
by non-polar surfaces, but weakly taken up by cellulose'or chitin, Similer
evidence is shown here with asuleam, h%gh adsorption occurs onto huric acid
(Xd 50 1_10) but negative adsorption occurs onto cellulose (Tatle £), This

could be due to'preferential adsorption of water by cellulose,
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Table 4 Adsorption of asulam onto_éellulose powder; 0,25g cellulose

powder shaken with 1Cml aliquots of asulam solution,

Standard

Asulam concentration Kd value Mean deviation
(ng/m1) | +
1.6 2,4 =2,4 -2,4 -2.4 0.0
2,0 0,0 -1,9 -1.9 -1.3 0.9
2.4 1.6 1,6 -4,4  -=2,5 1,3
2.8 - =2,9 =2,9 -2.9 -2,9 0.0
3.2 0,07 -1,3 -1,3  -0.9 0.6
3.6 -4,0 -4,0 -4,0 -4.0 0.0
4.0 A9 9 1,9 -1.9 0.0.
6.0 -3 233 =33 - -2,6 0.9

800 "3.0 -300 _300 '_5.0 ooo

An additional source of deviation could, as pointed out by
Lambért,3°7 be due to unknown anomalous characteristics exhibited by the
soils in question,

3;5-3- Adsorption onto the mineral fractions-

B-3-3-1- Adsorption onto iemited soils :- Significant reductions in Xd

- values occur after igniting the soil at 800°C for 18h (Table 5), Percentage
reductions of the order 85 to 100 occur when adso?ption onto ignited soill
samples is compared to that onto the non-ignited controls, The size of
these reductions must be viewed with some caution, as the side effects of
ignition treafment on the mineral part of the soil have not been evaluated,
Nevertheless the magnitude of the reductions is such as to indicate that the
organic matter is éuantitatively the most important site for asulam adsorption,

B-3-~3-2- iAdsorntion onto commercial clays := The minor role of the minerél

fraction is confirmed by adsorption sudies employing commercial clay samples,
No adsorption occurs onto montmorillonite (Xd 0,0) and non-significant |

adsorption occurs onto kaolinite (Kg 0,26 1_0.27) from deionised water
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Table 5 Effect of igniting the soil on asulam adsorption.

Slurry Standard

Soil o Kd value . Mean deviation
4
1 a) 4,0 2,6 2,9 1,8 2,4 0.5
b) 4,0 0.3 0.2 0,0 C.2 0,1
2 a) 3.8 2.9 2.9 . 2.9 2.9 0,0
b) 3.8 0.5 0.5 0.3 0,4 0.1
4a) 3,9 8,7 8.8 8.8 8.8 . 0,0
b) 3.9 0.0 0,0 0.0 0.0 0.0
5a) 4.5 5.2 6.4 6,4 6.0 0.6
b) 4,0 0.5 0.3 0,0 ,0.3 0.2

‘a) soil not ignited © b) soil ignited

(pH 5.1 to 5,3), Similar adsorpticgn behaviour has been reported for 2,4-D
onto these two clays.#” Apparently thé dry clays adsorb water in preference
to asulam anion., The preferential adsorption of water and/or the lack of
contact with the clay particles due to the water film around the clay part-
icles 3  and the repulsion of asulam anion by the negatively qharged
ciay rarticles may be respbnsiblejfor the negligible adsorption encountered,
Héwever a sl.ight ‘positive adsorption onto montmo;cillonite vhich increases
with decrease in PH occurs (Table 6). Such beheviour has been reported by

|
some workers for other anionic herbicides.%’ns’u'q

Table 6 Adsorption of asulam onto monimorillonite as influenced by rH.

rH Xd value Mean Stagda?d
— deviation
s
3.2 0.6 0,6 0,6 0.6 0.0
3,6 0,2 ¢C.,2 0,2 0.2 0.0
6.6 0,2 0,0 00 04 0.1

7.3 -O.A 002 0.2 —0.3 001
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C- leachine of asulanmie

C~1- Intrcduction :-

In practice the leaching of herbicides is irportant because it

results in the placement of the herbicide at some point at which it may -

exhibit specific characteristics and/or lead to certain consequences.““

Movement out of the surface layer of the soil may result in diminished or

i, 3\8, 113, 468

. enhanced weed control or increased crop injury, Failure to

move from the surface may have specific consequences some of which may te

o3 ,Ub
230,303, 7(see General Introduction). Love-

favourable and some unfavourable
ment into deeper éoil horizons may be a fortunate occurrence due to the
removal of the herbicide from the root zone of susceptitle plants which are

to be grown subsequently or such movement may result in unfavourzble accumu—.
lation of the herbicide in the subsoil and/or contaninztion of the underground

water .2:,15,314, 1% 4

The main parameters influencing herbicide movement in tke soil are

1) Adsorptive relationships between the herbicide and the soil.uso

2) The solubility of the herbicide in water,$?h4¥
3) The amount of water passing through the soil#3°
4) ‘Chemiéai and biological transformations.zuw

A thorough knowledge of how herbicides leach in a soil can provide & besis
for regulafing their use and placement,¥6%

C=2- Exverimental :-

Glass columns of dimensions (2.5 cm i.d, x 15 cm) were filled with
50g air-dried soil (soil 1), After slow saturation with a btuffer solution

2 5C0,0ug asulen in e

from the bottem upwards to minimize channelling;as
total volume of 0,5ml were applied to the top surface of the soil leyer,
Each column was eluted with 1CCml acetate buffer at pE 5,0 and £,2 eand

ionic strength 0,01, prepared according to Coggins and Crafts.’o5 aliguots
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(5m1) were collected and asulam was estimated as previously described (see
Ch.2, B), The experiment was carried out in triplicate,

C-3 Results and Discussion:=

This experiment demonstrates that asulam is very mobile, Mobility,
as measured by the concentration maximum (Fig. 1) and the total amount
eluted in 100ml at the two pH levels (401,5ug and 317.5ug at pH 5,0 and 4,2

respectively), is affected by pH,
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Fig, 1 Leaching of asulam through soil columns at pH 5,0 (e—®) and 4.2 (0~0).
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The noted rzpid movement end response to rH are in lire with the adsorptioh
behaviour of asulam descrited in the previous sections of this chapter (A and
) B), These results indicate that like reny ionizabtle zcidic herbicides, the
equilibrium AH;ﬁ'K.+vE; wkere AN stands for undissociated asulam; will

influence the leachability of asulam and that fectors which influence this

equilibrium e,g, soil pH and the proton supplying power of the soil colloids
' ' 2, 440

will be of paramount-importance in deternining the mqﬁility of asﬁlam.
.This observation is particularly relevant with regard to bracken where the
average soil pH is 5,5 (range 3.6 to 7.6).7°° Tﬁis fector (sﬁil pH) taken
in conjunction with the electrophoretic behaviour of asulam (sée ref, 26 )
or the pKa value (4.82) indicates that asulam should te very mobile in soil
on the basis of the high water solubility of the cormercial formulatioﬁ end

159, 296, 440, 43

its anionic nature, The latter rroperty should dis-

courage attraction to the predcminantly negatively charged soil colloidsf'

It could be infered from the above discussion and the elution
pattern for asulam (ésulam eluted at the solvent front) that dowhward move=-
ment of water and the factors controlling it (e,g. soil permeability) will
be the ﬁoét critical factors regulsting asulam riobility in the practical soil
PH range, |
| | .As soils under bracken &re generally freely drained and have good
structure,35! substential quantities of asulem may find their Qay to subsoil
and/or drainage water, Héwéver, the rate oftfransforzation (chemical or
biologicél), may reduce tﬂe anount end the depth to which the chemical leaches

under practical field conditions.’**

D= Asnlam dexredztionse

D-1- Intrcduction:-

When a herticide reaches the soil some understanding is needed of

the factors which control its cegradation end/or transforretion, toth from the
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viewpoint of 1) weed control and 2) pollution and crop damzge, The latter
aspect is of particular importance in the case of highly mobile herticides

for the following reasons :-
i) The rate of t:ansformation (biological or non—biological) effects
herbicide mobility 2%
| ii) Herbicides which are moved to lower depths in the scil are potent-

ially more persistent than they would be if they remained in the torsoil and
) | R . ang, 232
they therefore constitute a pollution hazard,” ?

iii) Herbicides leached down a soil profile might exert undesireble
B
effects on susceptible crops when changes in soil moisture potential cause

the solution to rise towards the surface,''*

3l
Asulam by virtue of its high mobilityﬂ”3

8,3¢,77, 78

~and use both ;s a

'pre-emergence and a post-eﬁergence herbicide nay come in contact

with soils of different properties and different environmental conditicns

(see 1,2,b), Such variables (soil characteristics and envi?onmental conditions

‘dre known to affect the decomposition of herbicides.zm"231
The objectives of this series of experiments are therefore to study

the effect of different f;ctors viz, temperature, moisture, soil depth, soil

‘ cémpositiqn and various édditives, supplied to a subsoil and pure sznd on

asulam disappearance,

D-2- Experimental:-

"The soils used in these experiments were sieved as ﬁefore (see 4-2-)
but they were not - unless mentioned otherwise - air-dried. Asulzm or asulox
was added to the soil in a sealed container and mixed by hand, The recovery
factor and the uniformity of distribution were determined by extracting soil
samples and assaying the extracted asplam chemically, The treatmenis were
carried out at least in dﬁplicaté with the inclusion of aprropriste tlanks,
The extracts were further checked by t.l,c, (see A<2), The moisture ccntent

of each sample unless menticned otherwise was maintained by adjﬁsting the
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sample to constant weight every other day.

D=2-1- Effect of temmerature:-

(a) Incgbations were carriéd ocut under non-leaching conditions in 100ml
capécity bottles; each of which was restricted at the neck with a cotton
wool plug, The incubations were carried out at 5, 18 and 25°C. “Asulem
residues were éssayed 14 and 28 days after treatment. |

(b) The soil was treated and incubated at 25°C as above, Asulam residues
were asséyed 1, 2, 3, 4, and 6 days after treatment,

" D=2=2~ Effect of so0il moisture:=-

The soil was maintained at three different moisture levels viz 4,8%
(eir-dried soil), 22.8% and 42,6%, The soil was treated as above, The
bottles were kept in a closed container on the laboratory tench, The tempera-

ture was not controlled,

D-2-3- Effect of sodium azide treat;ent:-

| ‘The soil was treateé with asulox, 189,512/ a.i., mixed as above

and then divided into two equal samples (*/w). One soil sample received
sodium azide 130ug/g in deionized water, vhile the other sample received an
equal volume of deionized water only, vThe bottles were.kept in a closed glass
container on the laboratory bench as in D-2-2 aboﬁe.

D-2-4- Effect of soil depth in the field:-

Asulox (7.2rmg a.i,) was added to 9dg air-dried soil in a sealed
container and the moisture content adjusted to 1645 (w/h). After mixing as -
_above, the mixture was transferred to a column of dimension 0,75cm by 3Ocnm,
The column was then embedded firmly in undisturbed s§il after removing a core
of soil of similar diameter to the column, Three columns were recovered after
15 days and the columns of soil were divided into 5cm segments, The soil
in each segment was hand mixed and saﬁples (gg 2g) extracted and asulem

determined as described below (see D-2-9),
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D-2-5- Lsulzm persistence in scils collected from dovn a soil rrofile:-

The soils used in this study were soils 10, 11 and 12 collected
from the A,, Bog and Big horizoﬁs (see 1-2 b), The soils were treated with
asulam at 20.1ug/g and Qere incubated at BOOC. Asulen residues were assessed
5y 10 2nd 18 days after freatmegt.

D=2-6~ Influence of verious a2dditives:-

Soil 12 (see 1-2 b) was used in this experiment, fThe soil samples
were first incubated for 15 days in covered teakers with the following
additives:~

(2) glucose.
H K0,
(v) I¥H 4503

() NH4N03 + glucose.

(d) NHAIIO3 + glucose + yeast extract,
The samples were gerated daily, Deionised water wazs added daily to compen-
sate for evaporation, Asulem at 20.6ug/g vas added and mixed with the soil

as above, The soil samples were then incutzted at 3Q°C.

D-2-7- Influence of asulam concentrazticn:-

Soil 12 after mixing with 0,33% (¥/w) yeast extract and incutation
as above (D-2-6) was treated with asulan at 5,0, 10,0 and 20,0pg/s, The

soil samples were then treated as &atove (D-2-6).

D-2-8- Influence of soil-sand rnixtures:-

’Sand (acid washed) and soil (soil 10) were mixed in anying rrop-
ortions from 100% soil to 1C0O sand and then adjusted %o ég. 685 of field
capaci%y (the moisture content of the soil when collected from the field).,
Asulam at 11.0ug/g was added and tre soil sarples were mixed and then ircu-
bated at 20°C for 17 ddys,

D-2-9~ Txtrzction and esulem estiration:-

In the experirents descrited stove 2 slight rodification in the
extraction prbcedure ard a nodified rethod of asulam estiration were intre-

duced,
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i) Exveriments D-2-1- to D=2-4 :~ In these experiments soil 1 was

used (see 1;23); Asulam résidues were extracted with deionised water (May
and Baker Ltd,, privateléommunication). Soil samples (ca, 2g) were shaken
with 25ml water for 3h, Asulam was estimated as described previously (see
Ch.2, B). |

ii) Experiments D-2-5 to D-2-8 :~ In these experiments soils 10, 11

and 1? were.used (see 1-212). Soil samples'(gg. 10g) were shaken with 100ml
acetate buffér pH 5.6 (see Ref,20S) for 3h, Asulam in 10 to 25ml eliquots
was acidified.diazotised and coupled as previously described, The Bratton~
Marshall colour was then concehtrated by extraction into n-butancl frior

to spectrophotometric'determination. This modification was introduced to
increase the sensitivity of the procedure and to allow for the use of asulam
at low dose rates, It was used originally by some workers'°7 for the
determination of sulfadimethoxine in animal tissues, and was adopted here
'for asuiam estimation after a thorough investigation, The recovery fzctor
attained by both extraction procedures ranged between 70% and 1004,

D-2-9- Bio-assays-

D=2-9-1- Growth of maize:- Maize seeds.(S/bot) were germinated in a growth

room on perlite (negative adsorption of asulam onto perlite was roted), The
plants were supplied with nutrient solution and maintained at 25%C for 21
days employing a 16h day length, The shoots were harvested anq the dry weight ‘
measured, A rénge of asulam concentrétions were’applied to the growth mediun
prioi to germination,

D-2-9~2 Tetrazolium test :- Vhole root systems of maize seedlings from the

bio-assay were immersed in tetrazolium chloride prepared as described ty
Duffy"1 and the effect of asulam on root development and viability was
assessed by visual inspection of the intensity of the colour produced,

D-3- Results and Discussion:-

D-3~1- Effect of temperature:-

Degradation of asulam occurs in the soil at all three temperatﬁres
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adopted (Table 1), A% 25°C 16,65 and 2,65 remain after 14 and 28 days

of the 5°C treatment (31.3% after 28 days), Rapid disappeaiance of asulam
occurs at 25°C.

Table 1 Effect of temperature on asulam persistence, Asulam applied as
asulox at 80.0ug/g (on oven dry weight basis),

Temperature Amount of asulam Mean Standard % Persistence
o persisting . deviation
A (ne/e) _ *
5 a) 42,2 42,3 42,2 0,0 53.8
b) 24,8 25,2 - 25,0 0.2 31,3
18 a) 21,3 20,8 21,1 0.3 26,4
b) 6.1 6.3 6,2 0.1 7.6
25 a) 13,3 13,3 13,3 0.0 16,6
b) 2,0 2.1 2,4 0.1 2.6
| a) 14 days after treatment b) 28 days after treatment

There appears to be no leg phaée or at most a very short one, 24,2% of the

added asulam (80,Cpg/g) disappears in 24h (Table 2)

Table 2 Effect of time on asulem persistence, Asulam applied as asulox at
80,0ug/g (on oven dry weight basis), :

Time in days imount of asulam  lHean Standard % Persistence
persisting ‘deviation '
' (ve/e) *
1 61,7 58.8 61,4  60.6 1.3 75.8
2 46,9 44,3 44,6 45,3 | 1.2 56.6
3 43,4 42,1 41,3 42,3 0.9 52,2
4 36,2 36,2 35.4 35.9 0.4 - 44,9
6 30,9 29,1 30,6 30,2 0.8 37.8
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Hoﬁever, the rate éf disappearance decreeses Qith‘time as only 7.15% dis-
appears between the 4th and the 6£h day afﬁer treatment (Table 2), This
aecrease could possibly be due to formetion of irhibitory products. Such
behaviour is not uncommon‘and it points to the possibility of participation
of a biological route in asulaﬁ disé.ppearance,38 .(see D—}-3).

D-3-2- Effect of soil rmoisture:-

A slight disappearance of asulanm occurs from air-dried soil ca, .25
in 15 deys, Kowever, appreciable disappearance occurs at the other two
moisture levels as 67.1% and 61,2 asulam disappear at 22,8% and 42,65

roisture levels respectively (Table 3). .

Table 3 Effect of moisture on asulem persistence, Asulam aprlied as
asulox 80,0pg/g a.i. (on oven dry weight basis), Assessment

was made 15 days after treatment,

Moisture content Amount of asulem lean Sfandard s Persistence
(% v/w) persisting deviation -
‘ ‘ (ne/e) +
4,8% 74,7 74,8 75.3 T4.9 0.3 93.6
22,8 26,4 26,3 26,3 26,3 0,0 ' 32.9

42,6 31,4 29,5 32,1 31.0 1.1 38,8

& air dry soil

Many herbicides are reported fo disappear in moist soil and to persist at
low moisture levelsfm'Low noisture levels haye been held responsible for
carry-over probleﬁs noticed ﬁith hgrbicideé in the field and are said to te
one of the mény reasons associated with herbicide persistence in subsoilsfs&uss
Birck and‘Roadhouséygegovered 965 atrazine from air-dried soil 55 days

after treztment,

- D=3a3~ Effect of sodium gzide t=

Sodium ezide (compared to control without NaHB) curtails the disaprear-

ance of asulam significantly over the & week period studied (Table.4).
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However it does not prevent the disappearance of asulam completely, This
could be attributed to.two possibilities:

1. The sodium azide used wés not enough to sterilise the soil.completely
bearing in mind that the éoil has a high organic matter content and presum-

ably a high microbial activity., Generally microbial activity is said to

¢ 93

increase with increasing organic matter content, The encountered inter-

ference of Na.N3 with asulam residue estimation precludes the use of high

rates of NaNB.
2, That asulam disappearance is mediated by biological and non-

biological routes, /¥ )

D-3-4- Effect of soil depth :=

The assessment of the persistence of asulam in the soil columns
- taken from the field is complicated by the upward movement of water, The
moisture content at the start of the experiment was 16,6% while after 15 days

it ranged'from 26,2% at the top of the column to 35,7 at the base (Tatle 5a),

Table 5 Effect of s011 depth on asulam persistence, Asulam applied as
asulox 80,0ug/g (on oven dry weight basis),

Soil depth Soil moisture Amount of asulam Standard

in, content at  persisting Mean deviation % Per81stence
sampling time .  (ug/g) +
a) : :
0-2 26,2 43,8 41,1 45,2 43,4 1.7 54,3
2-4 27.1 41,1 50,6 49,3 47,0 4,2 - 58,8
4-6 31,7 46,9 46,2 46,9 41,7 0.3 58,4
6-8 35.6 33,5 36,7 36.8 35,7 1.5 £4,6
8-10 36,5 42,3 34,4 39.0 36,7 3.2 £8,3
10-12 35,7 19,3 16,0 21,8 19,0 2.4 23,8

b) Average persistence in the soil columns (ug/e)

So0il column
1 2 3
37.8 37.5 39.8 38,4 1.Q 48,0
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On the whole the effect onvasulam disappearance is comperable to that
produced in the laboratory at 5°C (Table 1 and 5b). Soil temperature
averaged 760 at the top of the column and 5°C at the tottom at the time of
sampling, The experiment was carried out in January 1974, Ihe.possibility
of upward movement is suggestea.by the concentration profile of asulanm in

2 indicates that upward

the soil columns (Table 5a). The work of Earris
capillary movement is very efficienf in rmoving herbicides and that even riror
.water novement by capillarity mey be important in the movement of Lerbicides,

D-3-5~ Asulam persistence in soils collec*ed down & soil profile:-

Rapid disappearance of asulem occurs in. the topsoil (scil10); 21,C%,
7.0% and 0,0% remain 5, 10 and 15 days after treatment., However a very slow

disappearance occurs in the Bzg and B3g samples (soils 11 and 12) (Table £€).

Table 6 Asulam persistence in different soil horizons, Asulan 20.1ug/g
(on oven dry weight basis).

Amount of asulam Standard
Soil horizon persisting lFean  deviation  $ Persistence
' (ne/e) + '
A, a) 4.2 4,2 4.4 A3 0,1 21,0
b) 1.4 1.6 1.3 1.4 0,1 7.0
c) 0.0 0,0 0.0 0.0 0.0 0.0
Bég‘ a) 16,2 15,9 17.4  16.5 0.6 82,1
- b), 16,4 14,9 17,0 16,1 0.9 80,1
c) 14,2 13,6 15,7 14,5 0,9 72,1
B, " a) 18,9 17.8 19,0 18,1 1,6 90,0
b) 19.3 17.8 19,0 18,9 0.6 9.
c) 14,5 17,3 18,8 16,9 1.8 84,0

a) Assessment made 5 days after treatzent
b) Assessment made 10 days after treatrent
c) Assessment made 18 days after treatment

Many herbicides are reported to undergo rapid disappezrance in tc;soils erd
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to persist longer in subsoils.”’zm'”o' “7, uej,g In the field low
temperature, low'oxygen and high carbon dioxide in the subsurface horizons
would be expected td furthei reduce their capacity to dissipate asulam,2'l
(see Ch,1, 7-3-1), | |

D-3-6~ Effect of various additives on asulam persistence:-

No appreciable disappearance of asulam occurs fronm the soil alore
(soil ®) or the soil in the presence of glucose or NH h03 or their ccmbin-
ation, However appréciable disappearance (26,7%) occurs when yeast extract

is added to the gluéose and IIH4NO3 combination (Table 7).
Table 7 Effect of various additives on asulam persistence, Asulam at
20.6pg/g (on oven dry weight basis), Assessment wes made 7 days

after treatment,

Treatment (Additive Amount of asulam lMean Standerd ¢ Persistence

expressed as % V/w) persisting deviation '
o (ne/e) +

soil - 18,7 22,0 19,5 20,1 1.4 97.6

Soil + 0.4 glucose 21,5 19,6 16,9 19.3 1.9 93.7

8011 + 0,1 NH4NO3 20,9 ‘20,2 20,6 20,6 0.3 1C0,0

Soil + 0,4 .glucose

+ 0,1 N, N0, 19.8 20,9 20,6 20,4 0.5 99.0

Soil + 0,4 glucose . : :

0.2 yeast extract .

D-3-7- Effect of asulam concentration:-

The disappearance of asulam appears to be affected by asulan
conceﬁtration in this treatment (B 3g * + 0,335 yeast extract), 56, C%, 47,055
and 26,05 of the added asulam (5,0, 10 0 and 20,0ug/g) diseppear 15 days
after treatment (Table 8), The effect of asulem concentration on.disappear-

ance could be taken as a further indication that soil microorganisms are
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involved in asulem dissipztion, The effect of yeast extract on asulanm

] persistence (see D-3-6 and D-3-7) tzken in coéjunction with the results of
Hill et 212*% with substituted urea and Woo§‘°’ with sulphanilenide (toth
workers used yeast ext?act) is further evidence for the involvement of

microorganisms in asulam disappearance,

Table 8 Effect of.aéulam concentration on asulem persistence, Yeast
extract 0,33% (w/h) was mixed with soil, Assessment of resicues

wvas made 7 days after treatment,

.

Asulam Amount of asulan 'Standard
concentration persisting lean deviation % Persistence

(ne/e) - (ne/e) - +

5,0 2,4 2,4 1.8 2.2 0.3 24,0
10,0 5.7 5.7 4,5 5¢3 0,6 53.C
20,0 . 14,4 16,7 13,2 14,8 1,5 - 74,0

D-3-8- Persistence of asulam in soil-szné mixtures -

No disappeerance of asulam cccurs in pure sand, however additicn
of fresh topsoil (soil 10) leads to considerable asulan disappearance 17

days after treatment (Table 9),

D-3-9- The bio-gssav exveriment:-

The maize tio-assay showé that at 25°C up to 16 ppm, esulen,
applied as asuiox, has no deleterious effects on the growth of raize plenis,
A slight reduction which is not statistically significant is rnoted in the
20 - 32 ppm range (Table 10), |

An aésessmegt of root viab%lity erployirng the tetrazoliun test
revezals severai gradations in colour of the root at 12,5, 25,0, 37.0 andv
50,0 ppm asulém. The primery rcots ere less coloured while the leterzl

roots are highly coloured, suggesting that asulam concentration is cecrezsing
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ﬁith time, thereby exerting less influence on root activity, The decrease
in asulam concentration may result from plant uptake and/or changes in
microbiallpopulation associated with plant roots, At the higher concentra-
tions employed feeblé colour development takes plece in the roots. In

addition root branching and shéot‘development are severely curtailed (Fig.1)

-Table 10 Effect of asulam on dry weight of maize shoots, Asulem applied

as asulox,

Asulam Dry weight of shoots Standard
concentration (g) Mean deviation % of control
in ppm, o +
1,0 0.27 0,27 0,31 0,28 0,02 108.9
2,0 0,28 0.26 0,28 0,27 - 0,01 05,0
4,0 0,33 0,35 0,31 0,33 0,02 126,9
8.0 0,30 0,37 0,25 0,31 0,05 119,2
12,0 0.26 0.24 0,30 0,27 0,02 103.8
16,0 0,22 0.28 0,30 0,26 0,03 °  100,0
20,0 0,20 0,23 0,23 0,22 0,01 84,8
24,0 0.24 0,26 0,25 0,25 0,01 96,2
28,0 0,24 0,25 0,23 0,24 0,01 92,3
32,0 0.23 0.18 0,18 0,20 0,02 76.9

Of interest is the stimulation of maize growth brought about by
loﬁ asulam concentrations (Table 10)._ Stimulation.of plant growth has been
observed with herbicides possessing growth regulating propertiesaoq'

(see Ch.4). The pxactical significahce of fhis finding is that low asulaﬁ
concentration (resulting from a slow pénetration, impaired translocation,
or removal of asulam from the zone of uptake) may result in growth stimu-
lation, Similer effects have been reborted with 2,4-D and some thio-

carbamate herbicides.3°¢
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Fig. 1 Effect of asulam, applied as asulox, on meize growth and development.

Treatment A B C D E F G H I J X

Asulox cone, 12,5 250 37.5 50.0 75.0 100,0 125.0 150,0 175.0 200 0,0
ppm a.1. ; ;

The following points could'be draﬁn from this series of experiments

(A to D) :- '
| 1) Neither-asulox, asulem nor sulphanilamide are adsorbed to any merked
extent by soils, '

AComparatively higher amounts of &sulam arevfixed by topsoils than
by subsoils, fhe adsorption which takes plcce is negatively éorrelatéd with
pH and it would appear that little asulam (if any) Qill be retained by soils
in the practical soil pH range, Adsorpiion onto soils will bé lessened if
the chemical is &pplied to a wet soil,

2) The presence of charcoal xesulfing either from burning bracken litter
or added to the soil increases the adsorption of asulam, This indicates tha
if the area of bracken to be sprayed has at soretime previously teen burned
to remove surface vegetation or the btracken litter (see Ch,Y), the residual
carbon present will increasé the adsorption caéacity of the soil for asulam
and this could be of practical significance in acidic soils,

3) Adsorption onto carbon (Worit &) is quite effective in removing high

concentrations of asulam (applied as asulox) from agueous solutions, This
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could provide a.very effective means of decontaminating water supplies in
cases of spray drift and/b: fron contaniration of drainzge or run-off water,
4) A high degradation rate occurs under conditions conducive to.increased
ﬁicrobial activity, Therefore it wogld eppear that fhe capacity of the
soil to degrade asulam rather than its cepecity to adsorb asulam is the
determining factor'in accounting for the overall behaviour of asulam in the
soil, EFEowever under conditions of high rainfall or overhead irrigation
asulam mey leach down to the subsoil, If the leaching is excessive it ﬁay
disappear beyond the reach of all roots and ray be lost as far as biological
effects are concerned, This‘will of course derend on the intensity and
frequency of precipitation, Such a possibility could explain at least in
part the short term pre-emergence activity of asulam observed in the fieid.77
However under dry conditions rarticularly in soils of low organic matter contet
e.,g8, some African soilszm’ slow degradétion of asulam may occur. the natural
welting-drying cycles which occ;r in the so0il rmay bring about a uniform
distribution of asulam as is the case with meny mobile herbicides, 2%4% fThere-
fore under these conditions asulan may exhibit adequate pre-emergence activity,
The low retention of asulzm by soil mey be advantageous in cases
where the organic netter is low, the soil has low permeability (high clay .
content)zu“‘ and'furroﬁ irrigafion is adopted, In such situations vertical
movement will be reduced and low rainfall after application would be expected
to activate asulem and reduce lateral rmqvement which tends to occur under
furrow irrigation and leads to unrelizble performence of pre-emergence herbi-
cides,3%*# Eowever, under such conditicns the possibility of run-off has

to be guarded against.z“u

370

5) 'This study in ggreement with others illustrates that rore than

one type of investigation is necessary if irsight is to be gained into the
corplete picture of scil-rerticide interzctions,
It may be worth nmenticning trat the essay fer. asulam used here and

34,78

also adopted ty others depends on the presence of a primary esrcmatic
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amino-group, In this study the identity of asulam was checked by t,l.c.
and the péssibility of interference from other soil constituents was
catered for by including t,l.c, énaiysié and by incorporating suitable
blanks, Under these conditions nb degradation products were detected,
| The degradation pathway of asulam in the soil should be a ratter

of‘cohcern in view of the recent work of Bartha end others on aniline-based

“herbicides (see Ch,1, 8~1; and Ch.4, A-1),
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CHAPTER IV

IN VITRO STUDIES ON THE INFLUENCE OF ASULAM AND RETATED CHRMICALS CN

THE_PROPFRTIES OF FORSERADISH PTROXIDASE »

1- Introduction :-

The eXpériments dealt with in this chapter stemmed from two
obéervations made during the course of this study, full accounts of which
ére given below, These observations suggested the possibility of inter-
action between asulam and peréxidase involving A-peroxidation and B-1AA-
oxidatién reactions, ' The influence of asulam on both activities was
"considered, Horseradish peroxidase was used in both investigations because

it is known to exhibit both activitiessg end has been used by many invest-
38, 40, b2, 252,320 ‘

- igators in similar studies, Though the two reactions have
much in common, they are treated separately mainly for convenience of
presentation,

A-1~ TInteraction between asulam, horseradish 5eroxidase and PABRA:~

Asulam disappears rapidly ;n soils with high organic matter contents,
at Qarm temperature and adequate soil moistufe. It persists almost un-
changed in pure sand and persists for some time in subsoil sémples. Rapid
disappearance is brought about by mixing the sand with fresh field topsoil
or by‘incubating the subsoil with yeast extrasct pfior to herbicide treatment
(Ch.3, D), Such behaviour is indicative of farticipation of microorganisms
in asulam disappeerancef”ah?zsm%owever as previously mentioned in the
General Introduction, the rapid disappeeranpe of many aniline-based herbi-
cides is found to result in the formaéion of polymers and complexes that

5%

have extended life and largely unknown biological properties, This trans-
, | o
formation occurs in two steps :=-
1. The release of the aniline moiety,

2, Oxidation of the free amino group released in the first step,

followed by a series of reactions leading to the formation of azobenzenes
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40

and/or polymeric derivatives, Peroxidzses which have a wide distri-

bution in nature énd occur in soil are irplicated in the second transform-
ation étep.gg 39, 62

| The molecular structure of asulenm suggests two possible ways
it could interact with peroxidése s '

1) it could behave as an aniline derivative with & free amino group
so a reaction resulting in the formation of an azobenzene derivative or
'polymeric raterials may occur,

2) - it ray behave as a sulphonamide type compound, in which case no
reaction with peroxidase would be expected, In addition inhibition.df the
oxidation of PABA by peroxidase may result?z?Horseradish peroxidase was
used in this study because it is regularly ﬁsed for studies of this type
and similar transformation products to those formed in soil have been
reported.“ |
A—2-.ﬁxneriﬁentalg,

The source and purity of &sulam &nd sulphanilamide were as

previously described (Ch,2 and 3), PARA was purchased fromB,DRH,Ltd, and
was recrystallized from hot wzter before use.sg# Crude frorseradish pef—
oxidase'(Rz. 0.3) was pﬁrchased fron Sigre London Cherical Co, Ltd, In |
all experiments unless mentioned otherwise 0,C4ll phosthate buffer (NaZHPCA-
Na52P04) at pE 6,0 was used, For studying the pH effect, the buffer systen
of Miller ‘a.nd Golderaufas modified by Coggins and Crafts,oswas used, The
final volume of the reaction mixture was adjusted to 3ml, The reactants
were 2llowed to equilibrate in a water tath &t 35°C for 10 min, The reaction
was carried out in a U,V, spectrophotoreter (Pye—Unicam_r.odel SP1800), The
cell temperature was kept at 35°C ty circulating water, The reaction was

- started by adding O.1ml of 9,68 x 1074 g/nl éf 295 (A7) h&drogen peroxide
solution freshly prerared every Sh., The reaction was followed by recording
the change in optical density with iime &t £74nm for 5 rin, The concentra-

tiorn of the protein in the firal solution wes 16 pg/ml. A PABA concentration
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“of 1,31 x 10-6 mole/hl in the final solution was used throughout this
experiment, |

Each treatment was carried out in triplicate., The optiﬁum
, reaction.conditions were selected from preliminary trials in which the
reagent concentrations and reaction temperatuie were varied, Conditions
which gave very fast or very slow reaction rates or led to reagent pre-

cipitation were avoided,

A<3- Results and Discussion:-

No measurable 6¥idation of asulam or sulphanilamide by the enzyme
systen occuré. This is in agreement with Lipmann's ﬁndings.'no Eowever,
asulam and sulphanilamide differ in their effects on the oxidation of PABA
by the enzyme system, Sulphanilamide gives fhe expected inhibition as
reported by Lipmann.3’° On the other hand the optical density in the pre-
sence of asulam shows ah increase,

A:}-i- The influence of asulam and sulnhaniiamide concentrationte

The increase in optical density is directly proportional to
‘asulam content at low concentrations, However, this relationship does not
hold at higher concentrations (Fig, 1). The inhibition caused by sulph-
aniIQmide increases with increase in concentration which is in agreement
3120
with Lipmann's findings (Fig. 1).

A-3-2- Effect of pH on the ontical density change:=

Of interest is the effect of pH.on the activation effect of asulam
and the inhitition effect of sulphanilamide, Iﬁcrease in pH is always
accompanied by an increase in optical density in the.presence of asulanm
compared to the control without asulam; Vhen pﬁ is'plotted against increase’
in optical density this follows closely the ionisation curve for asulam

L ' . R R L DD S | :
:é«obtained»by-theféquation“of*Albert’andfSerﬂantﬂégééxﬁgyégzgﬂ)éﬁguuh& et
' ’
% ionization = | 100
‘ 1 + antilog,, (pXa - pH)
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Fig, 1 Influence of asulam and sulphenilaride concentrztions on the
‘ oxidation of PABL by horserzdish peroxidase,
asulan (0—o0), -sulptarileride (e—e),
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(Fig. 2). Eowever for sulphanilamide the inhibitory effect is at a
minimum at pH 4,6 where.the enzyme is highly active, This inhibitéry
effect rises to a constant value between pH 5,0 and 6,6 and falls egain at’
. pH 7.6 where the enzyme is least active (Fig. 2).

: 553-3- Possible causes of the ihteraction:—

The éffect of asulam on PABA oxidation, as noted with many organic
eanions in similar situations, can be due to changes in the negative electro-
kinetic pofential of the substrate micelles brought ébout by the anionic
nature of the additivefus (asulam pKa 4,82; sulphanilamide pKav10.70). The
fall in the inhiﬁitory power of sulphanilamide with rise in fH can be.,g’stf
attributed to changes in the hydrophobicity of sulphanilamide agd/or changes
in the hydrophobic nature of the biﬁding sites of the enzyme, These changes
can aiter the binding affinities bétﬁeen splphanilamide and the enzyme,

In the preliminary experiments where H202 was limiting the final
optical density is the same irrespective of the amount of asulam present
(Fig. 3), 'theréby indicating that asulam in the enzyme system acts solely
as an activator, Howevei, the possibility that asulam does participate
in this reaction cannot be ruled out aitogether &t this stage as it is not
indoncéivable that the RNH. radicals which are knéwn polymerisation

62,485

initiators and are produced during the enzyme phase of PABA oxidation

could act on asulam directly,"

A-j;d—‘Effect of asulam ana sulrhanilamide combination:e
In the case of agulam end sulphanilamide combination (Table 1)

a slight non-significant decrease in opfical'density at fhe highest con-
centration of sulphanilamide and lowest concentration of asulam was noted,
At all other concentrations an increase in optical density was observed, The
effect of this combination is of interest deépite the fact that no detect-
able hydrolysis of asulam to -sulphanilsmide occured in the soil, FHowever,
traces of sulphanilamide were detected in the commercial formulation and in

2
plants treated with asulam ¥ (see Ch.3.).
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Fig., 3 Influence of asulam on the oxidation of PABA by horseradish
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Time in min.

Table 1 Influence of asulam and sulphanilamide combinztion on PABA

oxidation by horseradish peroxidase

concentration mole x 10-6/h1 Cptical density change Mean Standard
. : deviation
Asulam Sulrhanilamide +
0,00 0.00 21 21 23 21,7 0.9
1,25 5.00 20 - 21 20 20,3 0.5
2.50 3475 28 28 29 28,3 0.5
3075 2.50 35 40 38 37.7 201
5.00 1,25 46 46 45 45,7 0.5
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A=3-5- Possible biological sisnificance of the interaction:-

- The role of peroxidases in the soil, at present, is a matter
of some speCulation.s' Recent ieports on fungicidal, bacteriocidal and

W%, 300300 en up the possibility that

virucidal effects of peroxidases
they may be agents of microbial'antagonism." They detoxify some aromatic
compounds including many herbicides by polymerisation.s' Their possible

role in microbial ecology was highlighted by the interaction observed between

the two soil fungi Penicillium piscarium and Geotrichum candidum ( a per-~

oiidase producing organism) when propanil is added.‘l The two fungi together
b;ing about an efficienf degradation of propanil and the mycelial yield is
gréater than the control, without propanil, On the other hand propanil is
toxic to either fungus alohe." The anti-bacterial activity of peroxidases

3

has been reported to be enhanced by some anions e,g, halides, o8 It is not

known how exactly peroxidases perform this role, but one of -the possibilities
is that the antibacterial effect is mediated by oxidation of an intermediate
substance.39° The possibility that PABA » a known essential ﬁetabolite for

12,100

many bacteria and some fungi, and a hydrogen donof substrate for per-.

oxidases, may play a role in such an interaction cannot be ruled out at this
stage,

The récohpiliﬁtion of fhe asulam-peroxidase interaction with
1) the rapid disappearance of asulam under conditions favouring microbial
proliferation and 2) the'susceptibility and resistance in vitro of sore

‘ 30, 33|
fungi to as_ulam3 ’

needs further study, The importance of the asulam-
peroxidase interaction is evident when it is borne in mind that asulam is
incorporated into herbicidal mixtures for both pre-emergence and post-
emergence L application, Of particular interest is the mixture between

asulam and diuron,’ a substituted urea herbicide, Many herbicides of the

latter group are known to form azobenzenes and polymeric mixtures.
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Horseradish peroxidase has been used by many werkers for invest-

38, 40,51, 60, 62
2T Similar end products

igating herbicide transformafions in soil,
have been identified in._i_n. vivo studies and in 3‘_2._11_1_'5_1;9_ studies using
horseradish peroxidase or peroxidases isolated from the soil,

The diversity of oriéin of soil peroxidases from both micro-

¥ and the variation in substrate specificity among

organisms and plants,
peroxidases for their hydrogen donor substrates;ub'nake it rather difficult
.to draw firm conclusions from this series of experirents alone, llevertheless
fhe possibility is pointed out that herbicides may affect the activity of
peroxidases towards other substrates, These substrates can be present in
nature e,g,PABA or added ty mzn e,g. herbiqides. The effects of inter-
actions of the type studied here viz asulam-peroxidase have to be borne in
mind when herbicidal mixtures ere proposed particularly if one of the
components of the mixture or a breakdoﬁé product can form azobenzene or
polymeric'products. However furtker studies with asulam end a range of

peroxidaSes from different sources and different hydrogen donors should

hélp to clarify the situation and make firm predictions more feasible,

B-1- Interaction tetween asulap, horseradish veroxidese and 1AAz=-

This aspect of the study had its origin in the findings that
asulam at higher concentrations curtailed maize growth while at lower levels
stimulateé the growth of maize plants (Ch,3, D-3-9), !zny chenicals, in;-
luding some monohydric pher.ols,sgbsox:e herticidal triazines né, I54) 208, 385
(atrazine, emetryne ard simezire) ard celeic hydrazide?ogshéw similar
Eehaviour. This hes beeﬂ attributed to tke increase in activity of 14k~

115, 154, 208, 386, 35%.

oxidese brought about ty these chericals, Such an effect has

. . 6

been otserved toth in vitro ard in vivo for monchydric phenols3gland in
vivo for the trigzine derivatives."{ The effect due to mzleic hydrazide is
of interest btecause it hes Eeen the subject of investigations by many dis-

12,20, 313

tinguished scientists ard opinions are still divided, The following
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modes of action for maleic Lydrezide 5ave been suggested:

1. it acts es an antiauxip.‘2 This is suggested by its in vitro
stimulatory effect on 1£A-oxidase activity which is said to be similar to
the behaviour of certain monohydric pherols, The similarity betwéen maleic
hydrazide and monohydric phenols is said to be both in structure (maleic
hydrazide in solution exists only as the enol structure) and in biological

activity!l |

2, it acts es an entigitberellin.°

2,20

Conflicting evidence exists in
the literature on this point.l

-3, its action may be at a deeper nore general level; underlying all

growth processes and not at any site specific to one or other hormone.:20

Though the latter possitility cannot bte readily denied the comp-

lexity of factors governing the distribution and metabolism of 14A in

nts 56s/3%252, 383,357 7y

pla the perticipation of gibterellins in 1AA synthesis,

the distribution and variation in response of 1iA-oxidases in the same plent

148

and different species, coupled with other complications, (see B-B-})

might have rasked the in vivo effect of raleic hydrazide,

B-1-1— The role pleved by tre oxidztive destruction of 114 in plent frowth: -

The discovery that the oxidetive degradation of 1A4A plays a role

.253,360

in growth regulating functions of 1ia cenfirms the observation made

by early workers that an inverse relationship exists between the activity of

195, 3%3,3¢ :
5 ,, »3%7 The stinulatory and inhibitcry

1AA-oxidase and plent growth,
effects of 1iA in simple and in higher rore ccrplex species czn be traced

to a common biocherical origin which resides in the oxicdative destruction of
124, 360 |

B-1-2- The oxindcle pathvey of 1iA:-

An oxindole pathvay has teen fourd in plents and bacteria?so(Fig. 1).
Intact plants and peroxidsses of plent orizin es well as furgal peroxidases

oxidize 1iA to 3-hydroxymethyloxindole which in turn is readily dehydrated
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Fig 1 The Oxindole pathway of 3-indoleacetic acid metabolism

(see ref,360)
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to 3-methy1eneoxiﬁdole af'physiological pH?bo This non-enzymic reaction

is accelei'ated ih .solutions of comperatle ionic strength to that found in
biological s;,fstems.!'(’,o 3-Iuethy1e.neoxindole reacts rapidly with sulphydryl

groups iﬁciuding sulphydryl enzymes.Beo' Hie The biological activity of
3-methyleneoxindole in higher plents and microorganisms is attributed to this

_ reaction.3"° 3-lietkyleneoxindole like other sulphydryl reagents is capatle .
of relezsing regulatory enzymes from sensitivity to feed tack control?dk32ZzeQ#n
.and thus has the potential for accelerating metabolism at relatively low
concentrations and inhibitirg at high concentrations?bo Such paired effects
60

are frequently observed in nature with the perent compound 1AA.3

B=1=3~ Tetoxification of 23-rmethvlenecxiniolet=

" Detoxification by enzymatic reduction to 3-methyloxindole occurs
ih both microorganisms and higher plants.“o auxin like herbicides inhibit
this reduc:tion end so lead to accurulation of B-methyleneéxindole?w Anotrer
detoxification pathway is through cormplex formation between fhese oxidetion

products and mecromolecules (t~Rlia .”1:3°2

Such complexes were once thought
to be responsible for the grcwth regulating effect of 1AA oxidation productsf’sz

B-2~ ™xverimental =

Asulan, sﬁlﬁhanilamide and the enzyre unless stated otherwise
were és described in the previous experirment, 14AA was obtained from Aldrich
Chémical Co, Ltd, end vas dissolved in an equimolar'solution of warm sodium
bicarbonate, All other chericals were dissolved in O.Cﬁg.phosphate buffer
at pZ 6,0, Six ml of the 14A stock solution (S2ug/ml ca, 2.97 x 10'7m01e/r._1)
were used throughout, The final volume of the re;ction nixture was 151
(2¢.8 pg/ml ca, 1,16 x 10-7z§1e/h1 in the finsl solution), For studying the
effect of pH on 144 de$truction Szl of a concentrated acetate or phosphate
buffer et pH 4.2 and 5,2 were used, fhe concentrations of these buffers vere
calcﬁlated'so &s to heve a firal corcerntretion per ml similar to the buffe:;‘
used hy‘Coggihs and CraftsJO5 Tre reasction mixture was aliowed to equili;

brate in a water tath et 35°C for 1C rin, fThe reaction wes started by
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adding 0,1ml of the appropriate enzyme concentration, Two ml samples of
the reaction mixture were added to 2ml of 0,05M NaAst to stop the reaction,
1AA wés determined by fhe me thod 6f Tang and Bonner.'sc

: ﬁach treatment was carried out at least in duplicate, The reaction
conditions were selected from preliminary trials in a menner similer to that

described in the previous experiment,

B~3- Results and Discussion:=—

With only one exception (Table 1 i)) addition of sulphanilamide
and asulam enhances the rate of 1AA oxidative destruction by horseradish
peroxidase when compared to the control,

Table 1 Influence of sulphanilamide concentration on the oxidative destruction
of 1AA by horseradish peroxidase, Protein 16,0 (ug/hl)

Sulphanilamide 14A destroyed Standard % increase
concentration (ug/hl) Mean deviation M-C~ - over control
mole x 10~6/m . +
1) 10 min _ | |
0,00 5.3 4.2 4,8 0,6 - -
0,25 5.3 4,2 4,8 0.6 0.0 0.0
0.75 5.9 5.3 5.6 0,3 0.8 . 16,7
1,25 5.9.- 5.9 5.9 0,0 1,1 22,9
2,50 6.4 6,4 6.4 0.0 1.6 33,3 ‘
11) 20 min o
0,00 - Te5 7.0 7.3 0.4 - -
0.25 10,3 8,1 9.2 - 1.1 1.9 26,0
0,75 11,4 11,4 11,4 0.0 4,1 5641
1,25 11,4 12,0 11,7 0.3 4,4 60.3

2,50 12,5 12,5 12,5 0.0 5.2 T1.3

M;Cb = Mean treatment = llean control

For each experiment a control was included to cater for possible changes of
peroxidese activity produced by light, Light affects peroxidase activity“’u

and was not controlled in this series. of experirments, The increase pzoﬁuced
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by asulam is higher than that produced by sulphanilzmide (143,25 compared

to 84,1% relative to control samples (Table 2), -

Table 2 ‘Iﬂfluence of asulam and sulphanilamide on the oxidative destruction
of 1AL by horseradish peroxidase (asulem and sulphanilamide
concentration 1,25 x 10'6mple/hl, protein concentration 16,0ug/ml),

Assessed after 30 min,

b

Treatment 1AA destroyed lean Standard M-C % increase
(ug/m1) deviation over control
+
Enzyme . 4.4 4.4 4.4 0,0 - -
Enzyme + asulam 11,0 10,4 10,7 0,3 6.3 143,2

" Enzyme + sulphanilamide 8,4 8.4 ° 81 0,0 3.7 84,1

M;Cb = Mean treatment - Nean Control

B=3~1- Influence of time and asulam end sulphanilamide concentrations:-

The enhanceménts brought by asulam and sulphanilamide differ in
the following aspects :- | |
1. - Quite a substantial increase over the control is brought about by _
asulam in a short period of.time (146.6% in 4 min) [Table 3], The corres-
p&ndiné increase brought about by a similar concehtration of sulphanilamide
(1.25 x 10'6mole/hl) is 33,3 (Table 4), |
2, Sulphanilamide at the lowest coééentration (0.25 x 10-6mole/ﬁ1)
shows no increase over the control in the initial 10 rmin (Table 1), The
comparable increase for a similar concentrétion of asulam is 87.C¢‘(Table 5),
3, The'acceleration due to sulphanilamide increases with time while
that due to asulam decreases (Tabie 4.and 5). However, it must be stressed
that in all cases the acceleration due tb asulan is always.greater than that
for sulphanilemide,
Similar findings to the ones observed here with asulem have bteen

reported fcr p-hydroxybenzoic acid.ggé | . ~
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Table 3 Influence of asulam on the oxidative destruction of 1AA by
Asulam concentration 1,25 x 10-6mole/hl.

horseradish peroxidase,

" Protein 16,0 pg/ml,

Time in min 1AA destroyed . Mean Standard M-C % Increase
(ng/ml) ' deviation over control
+
4 1,2 1.8 1,5 0,3 - -
3.7 3.7 3.7% 0.3 2,2 146,7
8 34 25 2.8 0.3 - -
6.4 6.1 6.1% 0.0 3.3 17,9
12 3.7 .3.7 3.7 0.0 - -
10,3 9.2 9.7% 0.5 6,0 162,2
16 4.9 49 4,9 0.0 - -
12,2 12,2 12,2% 0.0 Te3 149
20 6.4 6.1 641 0,0 - -
15,3 15,3  15,3% 0,0 9.2 150,8
& with asulam 'M;Cb = Mean treatment - Mean control

Table 4. Influence of sulphanilamide on the oxidative destruction of 1AA

by horseradish peroxidase,
10‘6m91e/h1. Protein 16,0 pg/ml,

Sulphanilamide concentration 1,25 x

Time in min 1AA destroyed Mean Standard M-c® % Increase
(ng/mx) deviation over control
: +
4 1.2 0.6 0.9 0.3 - -
1,2 1.2 1,28 0,0 0,3 33,3
8 2.5 1.8 2.2 0.3 - -
| 2,5 . 2,5 2,5% 0,0 0.3 13,6
12 2,5 2.5 2.5 0.0 - -
| 4,9 4.7 4,8% 0.6 1,3 52.0
16 3.7 3.7 3.7 0,0 - -
6.7 6,1 6.4% 10,3 2,7 73.0
20 49 49 4.9 0,0 - -
8.6 8.6% 0,0 3.7 155

8.6

®yith sulphenilamide

M-C° = Mean treatment = Mean control

b
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Teble 5 Influence of asulan concentration on the oxidative destruction of

14A by horseradish peroxidase, Protein 16,0 ug/ml,

Asulam concentration 1AL destroyed llean Standard I-‘;'-Cb ¢ Increzse

mole x 16-6/ml (ug/m1) deviation . over control
+

a=10 min
0.00 . 2.6 2,0 2.3 0.3 - -
0,25 46 3.9 £3 0,3 2,0 87.0
0.7 5.9 6.2 6.1 0.2 3.8 165,2
1.25 74 7.4 7.4 0,0 4.8 209.0
2,50 9.7 9.7 9.7 0.0 7.4 321.7

b420 min ° )
0.0 6,5 5.9 6.2 03 - -
0.25 : 1C.4 9.8 10,1 0.3 3.9 62.9
0.75 12,4 11,6 12,0 0.4 5.8 93.5

1,25 43,7 13,7 13,7 0,0 1.5 121,0

2,50 17,6 17.6 17.6 0,0 11,4 183,9

M-Cb llezn treztment - llean control

B-3-2- Possible czuses of the interaction:e

The enhancerent of 1AA oxidative destruction by sulphanileride

_contrasts with its action on the oxidation of PABA, In general terms this

1

behaviour can be exola‘red on the basis that btoth activities [1 e, 1ah-
268, 415 1&34 450 .
oxidase and peroxidese] reside on different sites, 2T Towever
(1]

as to the location of these sites three Lyrotheses have teen rfted,
1- Thé two types of ectivities lie cn seperate and distinct enzymes A3t
2= The two types of ectivities ere resident on one enzyme-peroxicese,
| but with two active cen tres, k3u, 430
.3; nttentlon is drewvn to tre possitility of peroxidase iscerzjmes - which

flare xnown to exist in the cese of percxicese, Cre menter of the family o

'"~1sce“zymes could te enviseg ed &s beirg the pricary site of 1ii-oxidase
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activity."’u’ However, though many isoenzyme's have been isolated duzl ecctivity
is found.to be the case in most if not all of thenu’sg'gze

The observed differences in patterns as exhitited by the acceleration
brought aﬁouf by sulphanilemide and asulam (see above) rexr be due to thre
possibility that the sites on thch the two types of activities reside are
neighbouring sites, The binding of sulphanilamide to the sifes involved in
perdxidation reactions - sulphanilamide competitively inhitits PABA oxidation
by horseradish peroxidase - might have resulted in shielding of the sites
with 1AA-oxidase activity, Such shielding ﬁéy then be responsible for the
comparatively lower rate of 1AA destruction compéred to &sulam (esulan should
bind less to the enzyme dué to its enionic cheracter end hydrophilicity),

The shielding effect of sﬁlphanilamidelis demonstrated ty following the
change in acceleration brought about by a fixed concentration of sulphanil-
emide at varying enzyme concentrations (Table 6), 4n acceleration in the ¢
increase czused by sulphanilzmide occurs with time, Vith few exceptions the
% incre;se is highest at higher enzyre . concentrations, The discreparcy

ma& be due to limitatiéhs in the detection method, This could be deduced es
it occurs at the shorter time interval only (Table 1, 2 and 6), Towever, an
additional éctivation due to‘the anionic neture of asulam cculd te respons-
ible at.least in part for the observed differences between the two chenicals,
This latter suggestion seems to be supported by the increase in 1iAA destruc-
tion at pH 5,2 compared to 4,2 in‘the presence of asulan while the reverse
is true in its absence (Teble 7).

The‘shielding effect of sulphanilezide, end the comparetively low
reaction rate resulting thereéf, presurably leads to a lower rate of free
radical formation compared to asulan, This ray have a sparing action on tre
enzyme, which is known to be destroye:d ty the free radicals thus producedf?sz'w
This ray be responsible for the increase with time observed for tre ecceler-
ation brought about by suiphanilamide (Table 1, ¢ and 6) and tre cofresponding‘

decrease observed with ssulam (Table 3 end 5),
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Table 6 Influence of enzyme concentration on the oxidative destruction
of 1Ah by horseradish peroxidase with and without sulphanilemide,

Sulphanilamide concentration 1,25 x 10-6mole/m1.

Protein 14A destroyed lean Standard M-C° ¢ Increase
. concentration (ng/m1) , deviation over control
(ng/ml) o %
1) 15 nin : -
20,0 4,6 33 4,0 0.7 - -
7.6 1.8  T7.8* 0.0 3.8 95,0
16,0 33 2,6 3.0 0.4 - -
5.2 . 7.2 6,2 1,0 3.2 106,7
12,0 3.4 28 3.1 0.3 - -
| 4.7 4.0  4.4% 0.3 1.3 41,9
8.0 2,2 24 22 0. - -
2,8 2,27 25* 0,3 0.3 13,6
4.0 1.2 1,2 1.2 0,0 - -
1,6 1.6 1.6 0,0 0.4 33,3
2) 30 min
20,0 7.8 7.8 1.8 0.0 - -
17.6 16,9 17.3* 0.3 9.5 121,8
16,0 6.5 6.5 6.5 0,0 - -
14,3 14,3 14,3 0,0 7.8 120,0
12,0 5.3 5.3 5.3 0.0 - -
| 10,9 10,9 10,9 0,0 5.6 105.7
8,0 3.4 3,4 3.4 0,0 = = -
6.5 7.2 6.9 0.3 3.5 102,9
4.0 2,2 2,2 2.2 . 0.0 - -
3. 3.4 3.4 0,0 1.2 45,5
With sulphanilamide M-C? lean treatment - Mean control

B-3-3~ Possible biological significance of the interaction;.

These findings (the effect of asulam‘on the growth of maize and on
the activity of 1AA-oxidase in vitro) suggest that asulam may interfere
indirectly with auxin metatolism, The site of asulam action is rerorted to

be the growing points of plents end the zctivity as being due to inhitition
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of cell divisionfsz, Recent reports ccrfirm these findings &nd show that

a decrezse in respiratory activity s well 2s in protein and nucleic &cid

contents follow.33°

Table 7 Influence of pH on thé oxidative destruction of 124 bty horseradish
peroxidase with &nd without asulam, Asulem concentration 1,25 x

10 6mole/bl Protein 8.0 pg/ml (R.Z, 0.48), Assessnert rade efter

15 min,
pH 14A destroyed ilean Standard bLCb ¢; Increase
(ug/ml) - deviation over control
: +
4,2 9,8 -10.,4 11,7 10,6 - c.8 - -
13,0 13,0 13,0 13,0% 0,0 2.4 22.6
5.2 6.4 7.0 7.0 6.8 0.1 - -
17.6 17.6 17.6 17.6% C.0 10,8 15,8
&in presence of asulanm I-I—Cbs }ean trectment - I'Zeé.n control

It is very diffiecult in such situations to distinguish tetveen

2,355
the cause and the effect, Fowever, it is the opinion cf scme workers '™

and it would seem reasonatle, that the classification of herticides es
inhibitors of growth, cell division cr rhotosynthesis is undcubtedly an

oversirplification, Cerberates for instznce, were first classified ss

12

inhibitors cf cell division,~ then it was rezlised thet scrme cerberates

2

also inhibit photosynihesis,’® /Anmitrole which is considered crirerily as

an inhibditor of chklororlast Sy“uheSLS is en inhibtitor of cztalase ectivity

in anirels 2nd an inhititor of phosrhorylese activity in plants. 12 nriszines

: . s 207,374
were considered criginelly as rhotosymthetic inhibitecrs ’ tut grovth

18,154,208, 388
reguletor-lize effects were laier reported for them.’:’ 7 %

It 1s rezscretle to assure thet the application of ery herticide

would &ffect core then a sirgle viizl ;:ocess.'z =s rentioned rreviously,
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for a chemicai to nodify grovth, it must arrive 2t the thysiological sites
through which its sctions are rianifested, A variety of envirorrentel

ard edaphic forces act to alter structurzlly, to destiroy or to re-ove,
exte;nally applied herbicides, rendering them unsvailetle to the rlent,
fnatomicel, rorpholegical, bioéhemical, ard physiolozical fectcrs orerzte to
control herbicidel entry into and distritution within tre plant (sce
previous chapters).

Internally, additioral factors, such &s cetztclic eglieratiors,
.adsorytlon to 1nact1ve sites, end corplex for"ation reduce the evailability
of the herblc1de for reactlons through. uh1cn phytotoxicity is exyressed, 4
herbicide's successful arrival at the site of action is controlled in pert
by its structural configuration, chemiczl corposition &rd physicel rrcp-
erties (see Ch.1). It is of interest to mention here that tre situation is
more complicated for herticides which interfere with &uxin netetolsin, Var-
iations in auxin content &nd peroxidese activities in rlents occur with
ege &nd in different plant tiésues.%"”’zsz_’ 383,397

It should also be pointed out that the importance of erhancerent

of oxidative destruction of 1ii is not restricted to plents slone, I=zny

. ' . . . &
microorzanisms are known to te atle to synthesise 145 e,g. Fusarivn cxrsperium,
2
ns

. 3
Pseudorznus fluorescens 5 2, solenacearunf Rzcillus liquefeciens end sorme

Lororecterium end Rhizotivm sreC1esJ°’

Tungal peroxidzses ere known to destroy 1/.s es exerplified ty

395 ,
Crnrhalis flzvidse peroxidese and many ricrcorgenisms e,z, Schizcsfochavsorces

rorte, Zscherichi eoli end Salrernellae tirhirmuriun &re known to te zdversely

360

affected ty 3-methyleneoxindole,
These findirgzs suggest that asulen and sulp.anllaﬁlue rey effect
nicroticl ecolezy indirectly throu;h'their effect on the oxidative Jdesiructi
of 174, TIowever, in a corplex medium li¥e the soil cne would expsct 4hzi
toxicity will Eepend on the rresence of peroxidese prelucing orseriscs es

well &s 1AA producing organisms, Cther fzctors such as the effect of scil
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pH, salt contént and their effect on the non-enzymic conversion of' 3=
hydfoxymethyloxindolé . to the more potent 3-methyleneoxindole are of
priﬁe importance, Of equal importance are the effects of soil reactions
e.g. sorption processes on the availability of 3-methyleneoxindole for -

microbiol uptake,
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CHAPTER V

~ BRACKEN CONTROL .

1~ Introduction :-

Formerly bracken was a plant of very considerable value for
thatching, litter etc.(see Ch, 1, 8-2). Nowadays bracken has become
too abundant, its uses have been Superseded, and universely it is
regarded with disfavour.7b Its ability to thrive over a wide range of
habitat conditions is one of fhe méin reasons it has become suéh a serious
pest.7b |
Culturél and herbicidal practiées for bracken cohtrol often are
prohibitively expensive and have provided inconsistent results.Ifs
The heart of thé problem is the extensive rhizome system of the
plent which can penetrate to a depth of two feet (in fertile soils),"‘7
.overwinters and produces new top-growth (fronds) the following season,'3
Measured by weight there is more of the bracken plant below the ground
(20-40 ton/hcré) than there is above it (6 tons/acre).,72 Practices which
fail to destroy the rhizome system fail to pfovide effective'control.”‘

In this chapter some of the work done on bracken control (cult-
ural, biological and chemical) is reviewed in the hope of throwing some
light on the bracken problem, The inconsistency which dominates the
results is discussed in the light of the work done here (see Ch, 2) and
in'conjunction with the work done with some other rhizomatous perennial
weeds which exhibit similar powers to resist eradication by similar control

measures,

1-2- The rhizome system:=-

The large leaves or fronds (the above ground portion of the plant)

arise from a mass of tangled branches which constitute the rhizome system

: 109 lo¥
of the plant (the underground portion of the plant), Conway pointed
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out that the branches of the rhizome system can be divided into:=-

1) Thick rhizbmes that run deeply'into the soil and are the rain
agents responsible for the outward expansion of the colony, Normally
they carry few ffonds ér frond buds,

ii) Thinner sraller branches running near the soil surface, These
are the main frond-bearing rhizomes,
iii) Intermediate.branches linkihg i) and ii) and capeble of developirg
into either és'thg envirormental factors act on them,
' She fu;ther stated that closer examination of branches of type
ii) at the end of the growing season showed that they may be divided into:-

a) Those carrying expanded fronds with one or more frond buds near

the rhizome apex;
| b) Other similar rhizome branches which carry frond buds but no
expanded fronds..

- These buds may remain in a healthy state below the éround. Hodgson1sg
estimated that ca. a half million fronﬂ fuds may be present in an acre of
infested land, and that not more than 20 to 40% of this amount develops
into frond buds in one season while the rest stays dormant, Smith?”%el—
ieved éuch‘buds to_be capable of long periods of dormancy, and cited
examples of buds 18 years old,

1-3— How the plant spreads:-

‘Most of the increase of bracken in Britain and particularly
Scotland is via asexual or vegatative methods‘zuo(elongating from the
tips of the underground system and the breaking up of the old congested
: :I:egions).‘7 Young plants grown on specially prepared troughs have teen seen
to prodﬁce an underground system spreading in all directions with a radius
as mﬁch as six feet in the first year;'°’ In the field, mature bracken

: 4%
grows ruch more slowly, Watt in England stated that the growth cf a colony
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may be little more than 3 or 4 inches each year, However in the nore
fertile soils of the West of Scotland much greater extension has teen

4
seen, Expansion of a bracken colony in this way can be stopped by digging

a trench round it.C7
Spreading sexualiy by spores (produced in astronomical numbersnz)

may occur in certain seasons and under certain conditions and it may te
essential for colonisation of new sitesjo, However few records exist of
" the finding of young sporeling plants of brécken in the fields of Scotlaz:d.“"“3
The establishment of the young sporophyte in Scotland may be limited ty

‘1) climatic conditions"3 (1ate dispersal of spores - mid to late August -

in most years ) 2) edaphic factors"3(5011 acidity) end 3) biotic fact-
opsH ™ '

(several species of soil insects and soil fungi were reported to

attack young bracken sporophytes and prothalli)."z

2= Control measures:-

2~1- Cultural:-

é-1-1- Ploughing:= Ploughing is a very effective method, and areas which
. 109,167

can be so treated present little difficulties, Autumn ploughing ard
‘ , 109
exposure to winter frost is usually effective, The sensitivity of
bracken to freezing could te exploited for bracken control if the field cculé

be worked in the late autumn or early winter, Similar control reasures

. 33%
are effective in controlling johnsongrass (Sorghum halpense)., Sprirg
ploughing on the other hand may simply scatter the pieces of the rhizome
and create numerous new-growth centres, Similar results have been reported

13, ub, 263,365

with many other perennial rhizomatous weeds, For summer rleughing

see 2-4-2-3-1, .
Ploughing is quite successful in places like the lorth Pacific-
Coast area where it is customary to tresk the fronds with heavy drags and

follow immedjately with deep ploughing, The rhizomes are then harrowed cut,
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/
piled and burned.“o It is however, the very large tracts of unploughable
land in Scotland and elsewhere that cause concern."b

2=1-2— Cutting:= Cutting the frond constitutes an indirect way of attack-

ing the rhizome, = The underlying principle of assault on the frend is tased
on 1) recognition of the frond as the organ which provides nutrients for
the growing regions and builds up food reserves by means of its photo-
synthefic activitie;ubu”'2)-during frond formation, the fronds develop &t

1o, bl
the expense of the food reserves,

I So it was hoped that contirued
cutting at the point of loy food reserves (see Ch; 1, 5-3) would exhaust
the rhizome by 1) prevention of replenishment of the reserves“ and

2) cutting may induce the development of buds that would normally remain
dormant for a year or longer;”‘ This may lead to further exhaustion of

16,362
-rhizome food reserves as well as exhaustion of the bud reserves) ’

‘Cutting by its very nature (slow and laborious)‘!", obviates the
necessity of early start and repeated cutting.‘s Repeated cutting as’
stated by Jarfi:,siﬂ a soul;destroying business, for the plant has nore
nétience than the farmer and does not grow old,

In certain situations viz newly infected sites or on shallow
less fertile land, cuttiné could i) lead to depletion of food reserveszss
(presumably there will not be much from the beginning) and 2) neduce the
litter layer, Such effects will render the plant more susceptible to
adverse weatner conditions e.g, frost,”’, heat and drought.”,s This could
help to explain the observations that 1) some local patches of bracken
die out quickly after treatnent vwhile others do not appear to suffer as
much as their adjacent neighbourg‘y and 2) resistance ‘to eradicetion by
cutiing is not the same all over the country." So it would appear that

cutting would not eliminate bracken in all sites but may merely subjugate

bracken in ﬁhe case of well estéblisned bracken stands in fertile soils,
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2-1-3~ Flooding :- It is well known that bracken is a plant requiring

fo Rise in the water table or poor

good conditions of soil drainage.3
drainage may discourage spreading, cﬁeck grbwth of bracken and mway lead
to the death of an already established bracken patch.yb Similar sensi-
tivity'to flooding has been reported for johnsongrass and is considered

37 Flooding which has once been

to be one of the means for its control,
used to check the rapid increase of bracken could be effective on flat
areas.‘7 But the slightest rise in ground level above the normal or the
presence of rocks.may glive rise td 'islands' of subdued but live bracken
which could recoﬁer and estaﬁlish an_infection centre, Moreover flooding
was found to create other problems viz an inérease in the incidence of

liver-fluke in sheep.67- .

2-2- Biotic factors :-

2-2-1 Cattle :- Trampling by cattle could provide a good means for bracken

control, In New Zealand Robbins gj_g;,“m reported that many thousands of
acres of braéken have been cleared mainly by heavy stocking of cattle,

The manure resulting from cattle dung may stimuiate bud growth, The delicate
buds will be destroyed by trampling and this will lead to destructioﬁ»and
exhaustion of both buds gnd food reserves with time, However there is a
grave risk of bracken poisoning.’"2 Some authors believe that cattle
poisoning by brécken'is over-emphasised, judging probably from ifs spcradic
occurrence.“bs Such a conclusion should be taken with caution. Thouéh
cattle do not normally eat bracken, hunger may force them to do so; and this
is more likely in thick bracken stands where no other vegetation may be

of

able to grow;zéu' Moreover Braid  has stated that 1) even.consumption of

well known poisonous plants like the yew Taxus baccata is not always suc-

ceeqed by death or even by discomfort and 2) toxicity varies with latitude

and most plants are much less toxic in the north cooler climate than furthér

south, On the whole the work of Professor Evans and others“’""u’“'s'n“.',l"'aL
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1eavéé no doubf about toxicity of bracken to cattle and that it could be
fatalﬂ‘s It will be much safer to use cattle in the follow-up treatment
(see 2-4-2-3-2), |

2-2-2- Sheep grazing :- It is generally acknowledged fhat the introduction:

: 62
of sheep farming to the Highlands made the bracken problem more serious.'n’2

However though bracken is normally unpalatable to sheep, persistent grazing

97

of bracken by sheep has been observed.' In extreme cases this has resulted

in complete clearance of bracken in 3 to 4 years from patches where it

"7 Some workers

was originally so.viéorous that no other herbage grew,
believe that graéing may not be the sole reason for the death of bracken,
but the weakening of bracken which results from grazing might have encour-
aged invasion by microorganisms"'.(see 2-3—3). Other workers have reported
that intensive grazing by sheep aided by vigorous competition from crow-

. . [ 3
berry (Empetrum nigrum) leads to satisfactory control of bracken!b’ In

- both cases no ill effects were reported on sheep,
However recent work has shown that ingestion of bracken by sheep f
causes progreséive retinal degeneration?ss Moreover sheep may loose interest

197
in the fern before it is totally eradicated,

2-3--Biological control by means of insects and pathogenic organisms :-—

The possibility of biological control using insects, fungi and
bacteria was considered but there did not appear to be much success in this
appioach. Bracken has been spreading over the world for the past few

million years and it never appears to have come up against a vital biotic
enemy which could threaten its existence and lead to its eradication,
Epidemics are‘very rare,

‘ 437
2-3-1~ Insects :- Simmods reported that some European insects e,g. Hepialis

fusconebulosus and other monophagus lLepidoptera are promising but the

European biotic factors disfavour the build up of a large insect populatioh

and thereby lead to a lack of control under natural conditions, Though this
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may 'be true, the work of Kaplains g_t_ _a_l_.”o showed that bracken may contri-
bute to the observed lack of cont;ol by insects, They were able to isolate the
compounds alpha ecdysoﬁe and 20—hydroxy ecdysone (insect hormones) from
b:acken. They.concluded that the presence of these biologically active
substances in bracken may be responsible for the relative immunity of this
fern to insect attack,

2;5-2- Fungi :~ The possibility of biological control by the dissemination

of parasitic fungi was one of the methods considered for control of bracken,

A disease of Pteridium caused by the fungus Corticium anceps was first
investigated in 1935 and many timeé since then?ﬂq The results were incon-
sistent, The disease is markedly affected by environmental conditions
particularly atmospheric moisture.329 It was then concluded that the
variable climate in Britain makes the sﬁccess of "this treatmént a remote
possibility;az, The disease was investigated again in the 1960s but}it

. proved to be unsuccessful.'zz

In New Zealand the rhizomes of Pteridium are sometimes killed by

) 29
species of FuSarium.3 However, infection experiments gave variable results

and infected rhizomes showed no sign of the fungus one year after treatment,

Another fungus Gioesporium pteridis causes a 'leaf roll! disease -
q .
of bracken?z The diseased plants are normally stunted in growth, Drastic
effects were observed only in exposed bracken,

2-3-3- Bacteria :~ Bacteria causing disease in bracken has been isolated,

but all attempts to infect healthy planté have failed!7z Mosf cases appear
to‘be secondafy infeétions following insect or other damage!’z Damage or
weakening of brackén caused by sheep grazing"'tnrother factors‘7 was said
-to_increase the 1iability of the plant to be infected by micioorganisms.

2=-4- Chemical control of bracken:=-

" From what has been mentioned above it could be seen that pioughing

is not always feasitle, Cutting is not of universal applicability, expensive,
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laborious and could bevvery slow, Control by flooding, insects, bacteria

or fungi gives inconclusive and inconsistent results, Trampling ty cattle
6r sheep grézing of dense bracken stanés is dangerous and ray be fatal,

So the need fér other tools becomes obvious, 4s rointed out by Hodgsonzsu
the concept of bracken eradication by chemicals is not new and dates tack

to 1916 where the effectiveness of some inorganic compounds against bracken
was tried but with little success, §Since then a large number of hérbicides '
@6ntact, foliar-systemic and soil-applied herbicides) were tried in cany
places in the world with varying deg:ees of success.“°u The rest of this
review will deal with the herbicidal aspects of the problem,

2-4-1- Contact herbicides :=-

[} s
Ammonium sulphamatef’ sulphuric acid,o,diquat*7 and sodium

/
chlorate ot were applied to fronds, All of these chemicals proved to be
‘powerful agents for frond destruction but they have no obvious effect on

the rhizomefz’oy The results were not better, and sometimes inferior to

‘ scythe cutting and may be more expensive.‘a’o,

' . Some workers in the Edinburgh School of Agriculture"’reported a
systemic action of diquat and paraquat at higﬁ dose rates 16 lb/hcre a.i.
on bracken which gave 56% and 89 reduction in‘frond density on the treated
area and visibly affected bracken 9-10 feet outside the treated area in the
year following treatment, Systemic action for these herbicides has been
reported under very special conditions (high atmospheric humidity, low

.soil moisture and low light intensity).w. Hovever this is not alweys
the case (see Ch, 1, 2-1-2-1), |

2-4-2- Svstemic herbicides :=-

The results with contact herbicides were not rewarding, The
discovery of éystemic herbicides opens’'a new era in bracken control research -
and offers a possibility of attacking the rhizome chemically,

There are two ways in which the rhizome can te attacked chemicallyz,y
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1) By applying the chemical to the fronds, the chemical then trans-
locates to the rhizome,
2) By applying'the chemical to the soil before the fronds emerge,

2-4=~2-1~ Foliar-applied herbicides -

In the 19950s and 1960s'many chemicéls were triedaBband at the
time appeaied quite promising, Of these 4-CPA, dalapon and aminotriazole
are reviewed here, The relatively recent herbicide asulam is also included
in this review but the more fecent herbicide glyphosate is not included
due to the comparative lack of information on it with particular reference
_ to the bracken situation, Dicamba and picloram althoﬁgh active when applied
to the fronds (Table 5 and 6) are discussed mainly under soil-applied
herbicides, | |

2=4-2-1-1- 4-CPA, dalapon, aminotriazole and asulam:= From the reference

Tables 1-4 the following points (more or less) can be drawn for each herbi-
: cide,

' 1) A period of maximum susceptibility was observed, The best results
were generally obtained when the majority of fronds had just completed the
unfurling process, Early application or late application could lead to
~ inadequate éontrol. | |

2)  Rainfall after application was found to reduce herbicidal activity
(the exception was 4-CPA invert emulsion),
l}) Marked variations in effectiveness of the herbicide was observed
| and it ﬁas more pronounced at lower ratgé, |
4) Regeneration of bracken took place, The.rate of regeneration varied
a) from one site to another b) with the dose rate and ¢) with time of
application,
| These common points (mejor points) for the four chemicals suggest
that the factors (or at least most factors) responsible for the variable X

effectiveness of these herbicides could be traced to cortion origins (diffefq

ences in intrinsic phytotoxicity of individual herbicides cannot be
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overlooked),
In theory the maximum susceptibility of plants to herbicides
depends on several conditions being fulfilled (see Ch, I, Fig. 1):

i) Sprav retention: Retention of the chemical by the fronds rust

be optimum, This will depend on:- '
| a) Weéther conditions at time of spraying, Tletcher and Kirkwood"z
stated that the success of aerial applications of herticides to bracken
(using helicopters and aeroplanes) is rather dependent on the prevailing
weatﬁer conditions and on the nature of the terrain, Vhen a high wind is
blowing the plane has difficuity in getting below 100 feet and ruch of the
herbicide is dissipated over the surrounding countryside,
ﬁeavy rain just before spraying may increase the possibility
of run-off from wet fronds, However high turgidity mey increase the wetta-
bility of bracken fronds (dry frond surface) particularly in exposed situations
where the pinnae surface may be quite rough (see Ch, II, A), The degree of
roughness of leaf surface is known to affect leaf wettatility (see Ch, 1,
3-1-1),
'b) Posture and stage of development of the frond : a large area for

| spray interception and refention will be provided by fully exparded fronds,

ii) Penetration:- Penetration of the cuticle mﬁst be optinunm, - This
depends on 1) the thickness of the cuticle, which could vary frdm very thin
to very thick, depending on the environmental conditions prevailing at the
~time of its formation (see Ch, 2; A ).and the stage of growth of the
frond, However, as stated by Martin aﬁd Juniperszt all plant surfaces are
subject to weathering, Soil particles blown by wind, or hail, affect the
wax deposits on the cuticle and the cuticle itgelf, and may also darege the
epidermal and mesophyll qells. Prolonged strong wind can produce similar
. e‘ffect‘s. Dewey et gj.“’showed that wind, soil blown by therwind erd heavy
rain, damage the-surface of pea plants, This results in an.increased susé

ceptibility to sprays with dinoseb due to increased spray retention and
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probably increased penetration of the herticide,

| With regard to ?he.bracken plant slight abrasion of the pinrule
surface was found to increase renetration of aritrole (see.éh. 2, c).
Braié‘g found that (under natural conditions) the whipping of the fronds
together in the wind oféen injured the finer leaflets, Jarviszﬂfstated tret
the buffeting caused by the helicopter's downwach is likely to csuse scre
damage to the cuticle and hence cut down iﬁs resistance to penetraticn,

The occurrence of such damage to the cuticle may bte of signifi-

cance in the penetration of water solutle-and ernjonic herticides e.g.
amitrole, dalepon scdium, 4-CPA sodiur or zmine salts and asulen (see Ch,1
3-1-2), Eumidity will also effect penetration particularly of water solutle
'compounds (see Ch, 2). Crafts"s stated that 211 mobile cormpounds that eare
~ water soluble will move into the plant in greater quantity when the rlant
is in the saturated condition, Tnder drier conditions only the liroid
soluble ones enter, &nd these somewhat in rroportion to their lipid solu-
bility (see Ch.,1, 3-1-2-2) This could help to explain in part the poor
Qesults 6btained in 1959 (very dry ;ummer) with amitrole and dzlaron in

su

[] :
various placesf‘ Cook 7 in this latoratory using Fhaseolus vulrevris

demonstrated that under lﬁw humidity'ccnditioﬁs no significent peretraticn
of emitrole occurred over e period of 17h while 80 to 905 penetration tock
place in less than 3h under high humidity conditions (see Ch.2, C). Vclger“”
recormended arplication of amitrole to trzcken in the early mcrning to
-ensﬁre conditions of high turgor, favour;tle to absorptioh'and translocatién
(see Ch,1, ¢, 5, and 6), R
The thick cuticle which is expected under dfy coﬁditions such s -‘
those which pievailed in thé 1959 srowing sezson ray also bte partielly
‘responsible for the poor perforrance &f ihese chemicals erd for ihet of

4-CPi esters, :lthough the renetration of the latter (1liroid solutle) ray

not bte affected in a similer ranner it ray te arrested ty the cuticle &erd
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its partitioning into the aqueous apoplast system may be curtailed
(see ch, 1, 6-2), .

cee . ' . W76, H77, 478

iii) Translocation:~ Investigators have suggested that the
stage of frond development at the time of herbicide application may inf-
- luence the extient to which it moves to, and damages the rhizome apices and
frond btuds (Table 1-4), If the translocation of these herbicides is
closely associated with assimilate movement (see Ch, 1, 5 and 6) then

changes in the pattern of assimlate movement ih the developing frond may

influence thevefficiency of movement of these compounds,

Carbohydrate translocation in brackén is said to be like that in
all other species of plants studied, in that the sugar transported is
sﬁcrose.nj; Each pair of young fronds gges through a series of stages the
timingﬁpf which varies witﬁ the general rate of development of the frond 44

1) Carbohydrate is imported from the rhizome and from lower pairs
of pinnae,
2) Import continues, and expor; %o'the apical parts of‘the frond bvegins,
3) Import ceases and export continues both up the iachis to the apical
parts of the frond and down it to the rest of the plant,
, 4) Export cdhtinues in the rachis only towards fhe rhizome.

This patfern is repeated by each successive pair of pinnae until
the whole frond has expanded, when all its parts will be exporting, A
. similar pattern probably occurs on small.scale as the pinnules of each
pinna mature, dil

Such a paftern of carbohydrate movement in bracken, its effects
on rhizome reserves and its implications on bracken control by cutting .
were known or speculated upon a long time agoyu’Smithuu'reported that the

amount of food reserves in the rhizome diminishes steadily from April and

reaches a minimum in July after which there is an increase in food reserves,
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Studies on translocation of phloem mobile herbicides in bracken.
showed thé exiétence of seasonal differences in translocetion end accu-
: mulatioh of herbicides, Volga:7zué§udying the translocation of amitrole
in bracken found that during vegetative growth amitrole was trenslocated
to aieas of meristematic éctivity, while in mature plants radiozctivity
became concentrated in the rhizome, A similar pattern of movement was
reported for asulam." 76

From these translocation studies and from field trials (Table 1;£)
it ié clear fhat movément of these materials in the phloenm is éssociated
with changes in carbohydrate movement, The direction of the latter as in
other perennial weeds is determined by changes in the annual cycle of |
carbohydrate in the storage organs (sources sink relationsﬁips).

As mentioned previously (see Ch, 1, 5-2) the changes in tte
' aﬁnual cycle of carbohydrate reserves in perennial weedg is closely assoc-
iated with the_start of the growing season and growth of the plent, So
‘differences due to climatic.and edaphic conditions should be expected and
Qariationsrbetween sites and different growing seasons are‘bound to occur,
Bartley and Qttoq' have shown that the low point of total carbohydrate

content in s2lt cedar (Tamerix pentandara) roots varied as much es 3 months

in a S5~year period,

With regard to bracken, Braidbx noticéd that in some yearé tke
growth‘of bracken was so backward thet frond exergence was delayed till
. June, Sometimes bracken growth could be.much earlier, Unforturately such
variations were Séldom taken into account, These variétions could te pert
of the answer to the noted differences in performance of herbicides ot
different sites and in different seasons,

In ﬁresence of active sinks, ‘movement of phloem robile herticides

would be expected to be at their best if photosynthesis is active (ro rove-

ment from chlorotic or senscence fronds is expected).'33 A point to hote is
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that among ferns oniy in Pteridium white fronds have been otserved in shade,!5

- The translocation system in bracken as stated by Whittlegx’will be cagpeble
of its maximum rate of mass transfer during the middle of a sunny day whken the
temperatﬁ:e is high'(see Ch,1, 4-2-3-1), However when translocation is
slow (due perhaps to one or all of the'following 1) slow photosynthetic
activity 2) active sinks not available and 3) as noted with reny other
plants a decline in the rate of carbohydrate export with leaf age; see
Ch,1, 5-2) accumulation or retention of the hgrbicide by living cells may

- reduce greatly the amount and rate of arrival of the toxicant at thre site

of action,?® This could be critical particularly if a detoxification

mechanism is operating at or en route to the active site (see Ch,1)., Accu-
| mulation or retentioﬁ could be augménted if the phloem conduits could be

o v
20l However as rointed

injured by the toxicant e.g, dicambaasland picloram,
out by Crafts and Yamaguchilssdifferent herbicides may be retained differ-
ently, o |

These pdinfs could help to explain some observations rade by scre
workers with regard to the performance of certain herbicides used in brecken
control, |

1- TFarnworth and Davisu7

observed that picloram applied to fully
expanded fronds exhibited extremely limited translocation to the rhizomes
and associated organs, |

é- Conway and Forrest " in Scotland. and Norrisab7in.3ngland observed
that severe scorching produced on young fronds (50 to 7CS unfurled) following
| application of 4-CPA reduced the activity of the herbicide, The reduced
activity wes attributed to an impediment in trenslocation, Although this
~point is not disputed, scorching could have resulted from slow translocztion
and/or rapid penetration (penetration-is said to decrezse with increese in

¥4
frond age )? This argument seems to be supported by the otservation that

~ less or no scorching occurred at later stages,
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3- Arbonnier'sAand Varlet gjuglﬁ7sibund that amitrole activity wes
* reduced when applied in combination with diquat,
4- MbIntyré335§Tom field studies reported that :-

a) Marked feduction in translocation of 2,4-D occurred at the
later stages of frond developmént and was associated with the increzsing
degree of frond raturity.

b) The translocation of £-CPA wes superior to that of 2,4-D and
'dalapon.

The observations of lcIntyre could te due to differential cuficular
penetration and/or cuticular retention tecause unfortunately penetretion
and translocation were not éeparated in his studies (see Ch,1, 6-2)

Basipetal translocation of herticides whiéh leak from the phloen
to the xylem could be impeded urder hot dry weather conditions (see Ch.1,
6-2 point IV), Thig has been pointed cut as one of the possible answers
to the poor bracken control noticed with dalapon in 1959?" Eowever, if
fhis was true for dalapon it could bYe {rue for many other herbicides havirg
similar tendencies e.g, amitrole, dicarte, 2,4-T; erd picloram.“’ ALrother
effect on the efficacy of these herbicides is the possibility that they
may be exuded from the subterranean plant parts when they get there (see
Ch.1, 6-2 point IV)

2-4-2-1-2- Possible causes of recere-=tion := As is the case with rmany

pernicious perennial weedsfou the prolific production of vegetative buds

from the underground storage orgars (see.1-2) endows bracken with a tre-

mendous power to regenerate end riakes its eradication rather difficult."h"7
For adequate long-term effects entry of the chemical into the tuds rust
be optimun; this will depend cn the activity of the buds at the time of

spraying.agz

. b ]
Decline in bud zctivity (late in surmer; tud activiiy is 2lso
’ 299
affected by the nature of the growirg seascn) rey be responsitle at least
in part for the less efficient and repicé recovery roticed with lete eppli-

cations of herticides (Table 1-£),
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A‘point of equal importance with respect to regeneration is the
- observation ﬁade by Conway”” (later confirmed by other workers)z'sthat
frond buds on rhizome branches not carrying expanded fronds will receive
relatively low doseé compared to those on branches carrying expanded ffonds
at the time of sprayiﬁg (see 1-2),
The existence of wide variations between sites in the ratio of

frond buds in the two types of rhizome branches (as pointed out by Conway”’
the ratio reflects the ability of bracken to regenerate after treatment)
may be part of the answer to variations in control and regeneration of
bracken noticed at different sites,

| Some workersso“believe that herbicides which do not affect the
carbohydrate sforagevcapacity of the storage rhizomes may not provide long-
term cbntrol even if all the buds preseﬁt at thé time of spraying were
destroyed, They attributed this to the ability of the rhizome system to
initiate newaﬁuds which will evéntually result in the return of the bracken
canépy.’ Although this point is not disputed (plants thet have their
cérbohydrate reserves depleted to some deéree ere nmore susceptible to adverse
weather conditions),u,3even in cases where a decrease iﬁ reserve cartohydrate
content (different plants) following a herbicide treatment was observed there
was ho indication that this deglihe was the primary cause of death of treated

plants.”os

Fryer"7and Robocker”ouproposed that because of the extensive

~ root-rhizome system in vigérous stands of bracken the limited herbicidel
action could be‘due_to dilution of the herbicide below a lethal eriount tefore
the entire system was adequately infused with toxic naterial, This could
explain in part the better control and slow recovery obtained with higher
doses of herbicides (Tezble 1, 2 and 4), Other possibilities e,g. fixation

and/or detoxification in the tissue pathways en route to the site cf zction

cannot be ruled out,
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2=4-2-1-3- Possible Qays of irmprovinz response to folizr svstemic
~ herbicides -

It could be gathered from the above review that susceptibility
of brackeh to fdlia? systemic herbicides (apart from intrinsic toxicity)
depends on phenological and physiological condtions as well as environ-
mental ores, Better results will only be obtained when these conditions
allow the interception, retention and downwards translocation of herbicides
in sufficient quantities to kill the growth cenires, To ensure this the
following suggestibns are made,

1) Improvement of snray reterntionte—

A- By cﬁtting down spray drifts s~aerial spraying of bracken is
essential in most cases due to the difficulty of ground spraying (lend is
not accessible - see 2-1-1), . One of tﬁe serious limitations facing zerial
_‘application in general and in most bracken pccupied sites in Scotland is‘
spray driftnmuzo(see 2-4-2-1-1), The low volume (dictated by economic
reasohs) and the tendency in recent years to use the smallest foséible
érop size so as to obtain the greateét degree of coverege of the target
surface with the minimum amount of sp:r:a.ymz will further augment the spray
drift problem,

| Spray drift could be improved to some extent by:-
i) Modifying the fype and position of the nozzles 197 Fowever, the
drop spectrum of a spray is not controlled entirely by the equipment but

can be modified by the air-flow past the.nozzle.'°7

o, 172

ii) Reducing the height from which spraying is carried out.' Fowever,

this may not be practical (see 2-4-2-1-1),

iii) Restricting spraying to times when climatic conditions are suitablefoz

This compromise may not be practical because 1) it will increase the cost

107

of aerial application ' and 2) the time of maximum tracken susceptibility

may be critical (Teble 1-4),

Alternatively the drift may be controlled by varying the rroperties

wser
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07In this respect two main points have to be considered,

of the spray:
| a) Reduction‘ofbthe proportion of small drops initially presenf in
the spray emitted from’the nozzle, This'éould be achieved by'increasing
spray v:i.scosi‘l:y."’7
b) Reduction of the evaporation of the spray droplets between their
prqduction and their deposition upon the plant surface’sz (a 100y aqueous
spray dropletbcould be reduced to 40p in about 15 sec, by evaporation),
. This could be achieved by reducing spray volatility (see Ch, I, 3-1-1),
| Both requirements could be achieved by the use of water-in-oil
emuléions (w/o)f“’ In additioh té this, water-in-oil emulsions have been
claimed to leave deposits which are rain resistant and to improve biol-
ogical efficiency.zv

However, the matter is not so éimple and hence contradictory
results have been obtained (Table 1). As pointed out by Colthurst _g_j;_a_l,‘°7
spray retention, persistence of.the deposits and improved biological
efficiency are very dependent on the properties of the emulsion and of the
férget surface (see Ch,1, 4-3-2-2 and Ch,2, 4), |

The propgrties of the emulsion are dictated by many factorgtgfg.
good stbrage, cost limits, safety of the operator, ease of preparation or
application ‘and-little attention may be paid to herbicidal éctiviéy and
selectivity, ' | )

From this work (see Ch,2) and the litérature (see Ch,1, 4-3-2), it
is felt that more attention should be gi&en to the effect of the emulsion
on the herbicide activity and selectivity, Damage to the plant surface, the
extent of which coﬁld be affected by environmental conditions (see Ch.2,D)
and possible interference with herbicidal penetration and translocation
should be carefﬁlly studied before making a selection of the components of
~the emulsion (oils and emulsifiers),

B~ By incorporation of surface active agents :- although bracken is

not water repellent it has not got a high affinity for water (see Ch,2, D-3-1),
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Incorporation of Tween 20 in the spray solution has beén found %o increase
. spreading and the water holding capacity of detached pinnules (see Ch.2,B).
Althohgh surfactants could contribute to wetting, spreading,
emulsification and éolubilisation.of herbicides, the following points have
to be cbnsidered. |
. 1) The relative efficiency with which surface active eggents wet leaf
surfaces may differ according to the nature of the leaf surface and the
surfactant used)sq
2) When'using a surfactant, the effects of the herbicide-surfactant
combination on neighbouring plants has to be considered?‘
3) Surfactants éould enhance, have no effect or be detrimental to the
action of foliarly applied herbicides,®
- 4) Interactions between the surfactant, herbicidé and plent surface
may be of more importance than the surface tension lowering or the wetting

ability of herbicide surfactant solutions,'®!f3,38,,374

2) _Improvement of penetration:-

| Penetration especially of highly water soluble herbicides e,g,

| amitrole, asulam (sodium salt) dalapon (sodium) amine salt of 4-CP4 (Table

1 to 4) hust be rapid particularly in high rainfall areas such &s the West
of Scotland, However, rapid penetration followed by slow translocation

(see 2-4-2-1-1) may injure the leaf tissues, Depending on the rarpidity

and magnitude of the resulting injury penetration and/or trenslocation mey
be curtailed (see Ch,2, D)., A compromisé between these factors (renetration
~ and translocation) may be necessary.

Incorporation of surfactants, humeetants and ;arious additives
was found to affect penetration of asulan and amitrole to varying degrees
(see Ch,2, B and C), The nature and the amount of the additive and the
environmental conditions prevailing before, at, and after spreying ray te
- quite decisive in determining the end results (see Ch,2, C end D).

In general for adequate herbicide penetration high atroscheric
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humidity, maintenance of an efficient water continwm in the frond and good
"contact between the spray droplets and the frond surface are quite essential
" (see Ch,2)

3) Improvement of translocation &=

As mentioned previously (see 2-4-2-1-1) for efficient control
lethal amounts of the herbicide should enter the frond buds, Dilution of
fhe herbicide in the extensive rhizome system, inadequate translocation
and inactivity of the ﬁuds were mentioned as possible barriers to achieving
high concentration of the toxicént in these buds.. Unfortunately there is
no quantitétive data én accumulation of any of the herbicides used in the
frond buds of bracken,

A compaiable‘situation could be found in many perennial rhizomatous
weeds with very numerous buds, on their subterranean organs, which serve
as a means of vegetative reproduction and regenerative growthfan3%277 In
such situations although thé heibicide was translocated to the underground
péition of the plant the buds failed to accﬁmulate the herbicidef’J A
éimilar state of affairs has been pointed out by Crafts (see Ch,1, 6-1),

Treatments which‘stimulate the activity of buds e,g, decapitation
of the shoot or increasing the nitrogeﬁ supply of fhe rooting medium were
found to increase the amount of the herbicide accumulated by the ‘nuds.s 3,178 A

comparable effect of nutrition on 2,4-D translocation was reported by Crafts

: 133 .
end Yamaguchi from experiments with Tradescantia fluminensis,

Evidence that this effect by the nitrogen supply on tud activity
‘ : ' 1
may be of practical significance was provided by Zick and Buchholtzsu who

reported that the control of quackgrass (Agropvron revens) was increased

. significently when herbicide treztments were preceded by the application of:

nitrogen fertilizers, These workers attributed this effect to the increzsed
resprouting rhizome buds the growth of which was highly responsive to the
~ nitrogen supply, BEracken was also reported to show a bositive resyponse to

67

added fertilizers,
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Other vorkers considered the use of the plant growth regulator
2-chloroethylphosphonic acid (CEPA) vhich degrades to form ethylene in
: 175
solution at pH 4,1 or abovefa"7 CEPA application has been reported to

cause axillary rhizome buds of johnsongrass to break doz'mancy,s3 stimulate

the growth of inactive basal bﬁds of honey mesquitePS’ (Prosopis juliflora

var glandulosa) and release dormency of the under ground bulbs of wild

83 , .
gaerlic (Allium vineale) and increase basipetal translocation of dicamba in

the latter plant.s"‘

Stimulation of growth of inactive buds will 1) reduce the number
of dormant buds from which regrowth occurs 2) result in the production of
mofe shoot and hence a greater amount of'foliage for interception of the
herbicide 3) lead to greater ané faster utilization of rhizome reserves
and 4) act directly by prémoting efficiént translocation of the herbticide,

2-4-2-2- S0il arplied herbicides ="

The erratic performance of foliar-applied herbicides, their failure
to provide a long-term control ofvbracken and the spray drif% hazards
tempted workers to try soil-applied herbicides, The obvious advantages
of soil-applied herbicides are 1) it.is lesé hazardous to cover difficult

, _ : 172,224
terrains when the ground is visible

2) the availability of granular
formulations of some of these herbicides haé the practical implications of
minimizing‘d:ift and contamination from spray treatmeﬁts and 3) their
‘appiication can be carried out at times when farm labour is not occupied
with pressing problemsfqzijz, .

In putting forward these arguments no consideration was given
to the effects of herbicide-soil, environment-herbicide-soil and environ-
' ment—herbicide-plant,‘interactiops and their effects on the persistence
and availability of the herbicide at the site of uptake (see Ch,1, 7).

Soils under bracken by virtue of their high orgenic matter content

. . ..., 2199
and high perreapility  present special problems to the use of solleaprlied
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herbticides, Generally & soii high in organic ratier is rore capable of
inactivating herbicides (degrzdation and/or adscrption) than a soil with
a low organic matter content (see Ch, 1, 7).

Herbicides which can be fixed ty the torsoil and/br repidly
‘degraded (biologically or nbn—biologically) czn te of no practical value
| (see Ch.1, 7-3-1), Eerbicides which resist detoxification (exceptionally
high herbicidal»concent:ations cen irhitit the detoxification process"‘)
- or lead to soil sterlization, are undesiratle tecause they mey interfere
with the use of the landjoq ™his hes the disadvgntages of pieventing an
econoniic return, ehcouraging soil erosion perticulaerly on steep slopes and
of possibly polluting nezrby streanms, The froblem will te made worse if
bracken regeneration éan occur after thre tfeatnent.

On the other hand herticides which leach resdily may prove to be

ineffective and may be hazardous (see Ch.3, C),
us? u1? I H loo

Many herbicides e,g, emitrole, = 4-CP4, HCFA, chlerthiamid,
. IoS 7 [ 17 17
sodium chlorate,° dichlobenil,”, U, bdicamba end picloram heve

teen tried, Only dicambta end picloram (the most premising) ere included
in this review (Table 5 and 6),
Dicamta a2nd picloram are active as post-emergerce and pre-energence

herbicides~(Tab1e 5 and 6), Poth herbticides are known to te very persistent

: L3
in soil,qbl”"lb7’ 34 their breakdown is effectively nicrobtial

211, 345
and they can leach down the soil.qb ’

hey interferg with the use

of land at high rates of application, tut the feasibility of using the

land at low rates has beer reported in certain cases (Table 5 and-é).

Howeyer,'in these cases the tirme taken ty b&acken to regererate is short,
It_is noticeaple that in pre-emergence epplications of these

herbicides granular formulations &re rcore effective than spray formulations?aﬁ”

This rmay te due to several fectors, Fowever, a primary cause is telieved

- to be slow release which allows translocation to distant parts of the plant

ca s : . h
vhen it is in a relatively dorzent state.ou Recovery &fter an iritial
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control indicates a possible blockage in translocation (see 2-4-2-1-1)

and/or metabolic breakdown of the herbicide ¥*”

2-4-2-3- Tollow-up treatments:=-

It is clear from this review that at present no treatment will
kill bracken outright on all occasions, Bracken can and does regenerate’
in most cases, If bracken recovery is to be minimized and infestation
by ofher weeds, of the cleared area, is to be prevented a follow-up
treatment should follow, As pointed out by Conway and Stephens”‘the
problem of lénd usage should go hand in hend with bracken cleerance,

As mentionedlpreviously (see 2—1-1); from the view point of
Bracken control, the ﬁ;oblem can be divided into bracken on ploughable
land’ahd bracken on unploughablé land, The follow-up treatments also
follow the same pattern, | |

2-4-2-3-1- Bracken on ploughable land:-

In such situations bracken is relatively easily dealt with (see
2-1-1) - ploughing‘in summer followed by he;vy discing, lime and fertilizers,
fhe lénd is then sown to a pioneer crop such as rape, turnips or Italian |
ryegrass in the late summer, grazed and then disced in December, %he next
summer the land should be fit for potatoes, rye or oats or for direct
seeding (see ref HS7 ), |

2-4-2~%-2- Bracken on unplouchable land:=-

If true long-term coﬁtrol is to be achieved the peridd vhen fronds
are almost absent following'a successful-treatment musf be used to increase
the carrying capascity of the land., Dead bracken folizge or litter, if éeep,
should be removed by fire or mechanical raking for it is difficult to esta-
blish a gfazing sward on friable bracken litter, This should be followed |
by lime, fertilizers and.reseeding.”57 .

laintenance of a reasonable grazing pressure is essential, TUnder-

stocking will let the pasture deteriocrate; then the bracken will spread
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beéause of lack of éompétition from paéture plants and lack of trampling
by the stock, But overstocking may weaken the pasture and perhaps more
importantly, it can aléo Céuse hungry stock to eat bracken?‘%Bracken is
poisonous to cattle and horses and harmful to sheep (see 2-1-1 and 2-2-2),
Calves should be kept away from the pasture because they will eat bracken
whether they are hungry or npf.:bu Calves have beeh poisoned even by
grazing bracken through a fenée,"“ |

From what has béen mentioned in thié chapter it could be concluded
‘that much has still to be léarned about bracken, A spray and watch type
programme of reséarch which has tended to dominate and cripple weed control
research in the past must give way to, or at least bebcoupled with deeper
scientific studies 'of the subject, Reseérch has to be directed to a proper
understanding‘pf éll factors involved. These factors are discussed in some

detail in Chapter 1,
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Reference Tetles

Table 1, 4-CPA

Reference Applied dose as zctive Remarks
ingredient unless '
stated otherwise

293 5 and 10# (aqueous kpplication 4-13 July gave satisfactory
and invert emdlsions) control rext season, Application 24-28
‘ July only the invert emulsion gave sat-
isfectory control in the following sezson,
299 Sy 7.5 &nd 10 # Invert emilsion was nore efficient than
rionyl ester (a2queous agqueous erulsion, 5 and 7.5+ invert
and invert emulsions) emulsion was equivelent in effectiveress
o to 7.5 to 10# aqueous erulsion, Izarked
differences in effectiveness of the crerm-

jcal at éifferent sites was observed, This

was rore pronounced et low levels,

af 5y 745 and 10 * The szre trend of results gs the nonyl ester
butoxy ethyl ester atove, July application was more effective
(aqueocus &nd invert than June application, Figher dcseges
emulsions) resulted in rore kill,

Veriation between sites was observed tut less
_ nerked than with the nonyl ester,
a9 2.5, 5y 1.5 end 10# July epplication was better then June
| (a2queous emulsion) pplication. The degree of control increesei
with dose, (1CCY wes obteined at higrer
dose in certain cases, tesed cn 1 year
: efter treatnent.)
296 Sy To5 &nd 10 ¥ ipplied to fully expended frords, Io diff-

nonyl ester (aqueous erer.ces between the two formulations,
and invert emulsion) o advantege in using a non-phytotoxic cil,

Results given by the sere forrmuletion

errlied in consecutive days at different

. sites varied widely from one site to the
» otkter,
157 7.5 # nonyl ester Gave €4° ard 745 reduction in frond density
- 7.5 % diethzrolarire 1 veer after treastment,
€ # tutyl ester Ceve E7¢ reduction in frond density 4 yearl

efter treatment, Corpering the three

N.B, *pounds/acre,
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Reference Applied dose as active

ingredient unless
stated otherwise

Remarks

37 5, 7.5, 10, 15, and .

20 ¥ (low volatility
esters)
' 155 - "5 and 10# .nonyl
’ : ester

10 # butyl ester

40 # ester

7.5 # nonyl ester
7.5 # diethanolamine

498 5 and 10

derivatives the anine selt applied et 7,53
in 1959 was rore effective than the nonyl
and butyl esters,

Excellent control (1 year efter treatment),
Rates greater than 10% did not result in
commensurately increased kill,

Use of 2 or 3 applications at low rate
during the seme season in rost cases resulted
in poorer control than applying the whole
dose at one time,

Spraying when fronds were 5C-7C% urfurled
gave nuch more severe 'leaf' scorch then
spraying at later stages, -

The éfficiency of erdne formulation was
much reduced by rainfall after e-plication,
under such conditions invert forzulations
gave much better results then oil-in-water

ones,

All behave éimilarly but were less effective

than expected,

Applied 20 June to 23 Septecter (weekly),
Optimun date for application early iuvgust,
Ester gave better results then the exmine
salt,

Yot effective (155 reduction in frond

density, 1 year after epplication),

Pertinent noints:-

1- The best results were obtained when spreying was rmade to fully

expznded fronds, Spraying young unfurled fronds resulted in a sevem scerekh,

2- The efficiency of different formmletiorns relative to cne erother vas

nqt constant and wes affected ty climatic conditions,

' 3-~ Marked variation in effectiveness of the chermicel at different sifes

was observed and it was more pronounced at lower rates,
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The variability in the degree of bracken control by this chemical
wag evident from the start, The Scoftish trials laid down by &, H, Marks
and Co, in Scotland in 1957-58 demonstrated tﬁis variabilityf‘%ﬂuadegree
of control in the year following treatment varied between 90% end nil,

Hodgsoﬁu:ited a more'striking example vhere 4-CPA at a site in
| Shropshire at 10 lb/écre in 1959 caused & reduction ip frond density bf 597
when assessed in the folléwing year, The same dose however, applied on the
same date but in 1960, gave only a 2656 reduction, Similarly at another site
in Wales, the corresbonding reductions in dénsity in the two years were 32%
" ‘and nil, More diséppointing results were reported by the VWeed Research

. N L
Committee on Pteridium aquilinum, !Moreover regeneration of bracken was

repbrted in most if not all cases,

' Table 2, Dalapon

Reference Applied dose as active - Remarks
' ingredient unless
stated otherwise

‘og 20 to 30 Kg/ha Satisfactory control of top growth, Stand
. _ | . regenerated after 3 years,
162 5, 10, 15 and 20 # Highest rate killed the grass, No effect
on bracken, .
¢8 . 10 and 20 ¥ Significant reduction in frond density
) ' | first year, -
u?ﬁ 20 and 40 #+ 487 and 6855 reduction in frond density
(July.count), 20/% (September count the
. same year)
215 10 to 20 *? Delayed'frond energence, llo marked control,
81 15 = o _ Yot effective, . |
146 25 Kg/ha Satiéfactory‘control (1 yesr efter appli-

cation), % the amount was recorrended for.
bracken under shade,
. asy 20 ¢ ' Satisfactory control may result in the first
' year following treatment, '
Control was seldom maintained in the secord

year,
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Reference Applied dose as active Rermaerks
ingredient unless -
stated otherwise

“,zv 10 - 20 Xg/ha  Results were §ery irregular and unsat-
c isfactcry, Cnly occasional good results
were obtained at 20 Xg/ha, The best res-
ults (uhen.obtained) were when the fronés

were well developed,

* Pertirent vpoints:-

"1- Results were very irreguler and unsatisfecliory, Good results
(occasional) were obtained when spraying wes rade to well developed fronds,
2- frond emergence was deleyed and higher rates damaged underlying
. grasses, |
3= Regenerétion of btracken wes fbﬁnd to occur,
4~ Sheded bracken ray be rore susceptible than exposed bracken,

Teble 3, aminotriazole

Reference Applied dose as sctive | Remarks
ingredient urless
stated otherwise

a~-snitrole:-
408 . 20Kg/ha Satisfzctory control for two seasons
n 10 and 20 Xg/ta Satis{ectory control for 4 years
50 10 and 2C Kg/ha Virtuelly elininated bracken for 2 years
9y 10 and 20 # Significant reduction of frond density at
one site (505") and an increase in frond
dersity in another site (1 year after
. treatzent), -
a9¢ 3t 6 # ' 2zpplication &4 - 13 July satisfectory centrol
' 1 yeer later, Application 24 - 28 Juiy
ireffective, | -
b-iritrole-T .
41 5 - 20 Kg/ha ~ Ferdly ery regrowth was observed after 4

yeers, .
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Reference Applied dose as eactive

ingredient unless
stated othervise

L4114

197

297

156

156

157

157

475
15
162

162

255

10 - 20 Zg/ha

10 and 2C®
3 to 64
6 #

5, 7.5 and 1C#

5+
5 ¥
9.6 Kz/ha
4,8 Kg/ra,
35 Ty 1C end 13 #
7.5

10 and 20 ¥

Virtﬁally elinineted tracken for 2 yeers,

Sigrificant reduction of frond density.

at one site (40¢7) erd an increase in frond

density in enother site (1 year . after
pplication),

Appllcatlon 4-13 July satisfactory control

1 year later, rppllcatlon 24-28 July not

effective,

Early July good cortrol 1 year after

treatment, Application mid-June poor

results,

Satisfzctory results 1 yesr after treatment,

Reduced frond density ty 465 end 365 4

ard 5 years efter trestment,

Gave 95 reduction 1 yeer later.

Applied to fronds rot fully uﬁrdlled in

July 15659 geve 9C, T4 &nd 82<. reduction in

the nurber of fronds in tkre follc@ing 3

years, _

Txcellent control cre year efter treatrent

Cood control one yezr later,

Gave very high degree of control 1 year

later,

Cutsterding results et 2 out of 3 sites

(1 yeer after treztrent)e |

Frond numver (1 year efter treatrient)

reduced by 70 to &CI at 11 out of 12 sites,

Incressing the dese from 10 to 2C 1b did

rot materially effect tre degree of control,

The effectiveress of the chemicel wes

censiderably reduced when applications were

rade at the later date (July vs, August),

ard veriztion fronm site to site was epprec-

ierly creeter, lizrked regenerztion of

tracrer took rlece, The rate of regener-

. ation veried fron one site to another,
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Reference + Applied dose as active ' Remarks
ingredient unless
stated othervise

isy 10 and 20 ¥ Control varied with site, being 74, 5% a2t
' two sites and did not exceed 30/ 2t two
: other sites,
ael 2, 4 and 8 % Gave relatively poor control (heezvy drizzle
| .followed application).

Pertinent points:~

1- Generally the best results were obtaingd when spraying wes rede to
fully expanded fronds, however this was not always the case,

2- Rainfall shortly after application reduced the efficiency of anitrole
greatly, .
- 3~ Variation in amitrole effectiveness at different sites was observed
" and it was more pronbunced at later dafes.
4~ Regeneration of bracken was observed, The rate of regeneration

varied from one site to another,

Table 4, Asulam

Reference Applied dose as active Remarks
. ingredient unless
stated otherwise

49y 2, 4, 6 and 8 Kg/ha Plants sprayed monthly frcn June 127C,
analysed July 1971,
Only those treated in the period Jure -
August showed any response to trezirent,
June treatment gave 98,C to 96,8 ccnirel,
Avgust treatment gave 63,65 at 2 ¥z/ta end
86,8 at 8 Kz/ha, S
N¥il response occurred on or neer the 25th cf
September,
‘Average control wes SC5 June treat:edt ard762
Avugust treatment,
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Reference Applied dose as active Remarks
ingredient unless
stated otherwise

qun 4,4 Xg/ha ~ Gave 94.1% control 1 year after applica-
i tion compered to 28,&5 given ty 4.4 Kz/ha
A _ enitrole, ,
e 4.4, 3.3, 2,2 and 1,4 Geve 96,4, 94,0, 94,7 2rd £9,5 §- control
¥e/ha in the first year after application
agy . 4.4 Xg/he Gave 9C - 954 reduction in frond dersity

after ztcut 12 nmonths, Persistence of
the herbicide effect has teen recorded so
. far over two seascrs at 3 rerlicated sites,
w4 3,36 Kg/ha Gave 90 - 95f control 1 yeer efter treat-
' o ment which fell to £0 - 65 after 2 years,
, “H“' 2,24, 3,36 and ™e high doses gave edegquate weed control
4,28 ¥g/ha but the low dose was not relistle,
Application'in the first fortright in
Sertember wes less effective then those
nade ea.ller, except et the hi grest rete
, of applicatlon
L¥ Gave 9097 control in the first yeer which
_dropped to 70 &nd 5CS: in the seccnd and

- HHY -

. third year efter epplication,
Wy 2,2 and 4.5 Keg/ha The low dose was virtually &s effective es
o . the highér dose in the first yesr tut
_ poorer thereafter,
26! 4 and 8 # © . Applied early August. .

. Control was over 2Ci in the first yesar efter
treét:gnt. In tre seccnd yesr ccrircl ves
still over €50 with the lower rete end over
705 with tre hizher rate of esulen,

At one site (heevy drizzle efter sprlication)
asulen vwes less effective, Addition of
. C.15: Azrel GO boosted its ectivity corsid-

erebly in this case,

Pertinent roints:-

1= The best results vere obtained when the rejority of fronds hed just
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completed the unfurling process,
2- Rainfall after application was found to reduce asulan activity,
3= Regeneration was found to occur and the degree of regererztion was

found to be affected by the time of application and the dose rate,

Table 5, Picloram

Reference Applied dose as active Remarks
ingredient unless
stated otherwise

30 . 1,5 to 6% Application at early frond emergerce, cr
2 - 3 veeks before emergence, tetter than
application to fully exganded frords,
Top rate gave two season control,
Lowervrate might be ccrmercially ecceptatle
if combined'with sound reclaretion practices
3is - 2.4 # " More effective when applied to frcnds which
had not expanded at the time of treatzent,
5. 0,27 to 6 # Posthmeigence early surmer or pre-ecergence
| in the spring, 6% gave viriuelly cormplete
control for 2 growing seasons irreszyective
of site or time of applicztion, it lower
rates pre-emergerce arplication cr esrly
frond emergehce was ccnsistently tetter
than whén fronds were fully expercded,
Rates below 1,54 surpressed breclen growin
in the year following aprlicetion,
The pré- or eerly post-emergence treztrert
allowed grezing czttle to have sccess to
the sward throughout the sezscn of trestment
/T A 1.25, 2,4 2nd 3,3 # Spraying was nore effective vher carried
out before frond emergerce ther 3durirg cr
. _ after frond ermergence,
s 3 Xg/ha , Ceused significant reduction in frerd density
whenever aprlied over & calernder ;ezr, Most
effective during larch - Jure perici, =11

recovery expected sfter £-10 yeers,
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Reference Applied dose as active ' Remarks
ingredient unless
stated otherwise

400 2.5 1b (24,97 product) Applied May 1967 gave 995 control in the
ac. year of treatment reduced to 50 by July
" 1968, '
He 3 Kg/ha : Applied May had no long-term effect, 94¢

recovery occurred 3 years after treatment,

155 1 -3¢ Spray formulation was superior to granular-
’ (1iquid or granuler) - formulation as post-emergence treatment,

| Granular formulation was more effective in
pre-emergence treatments,
Sprays (3# ) gave most effective control
when fronds were fully unrolled,
Cranules (3# ) gave most effective control
in late winter or spring before frond
emergence, Residues of piclorem (at 14 )
12 months after application were sufficient

to kill clover and other broad-leaved plantsg

155 32 - 128% or mixed Applied to fronds fully expended gave 1007
with 2,4-D at 21 + control in treated erea and 50 8-12 feet
77 + | outside the treated erea,

26l 2 Applied early August gave good control at

first but the effect decreased somewhat.in

the second season,

Pertinent points:-

- 1- Generally application of picloram over a calendar year resulted in
reduction in frond densit&. Fowever it wus far more effective when applied
as pre-emergence or post-emergence before fronds were fully expanded,

2- The efficiency of picloranm pre-eﬁergence was found to increase with
increasing concentration,

5= Spray»formulation yés more effective then granular formulation &s
_bost-emergence, vhile the latter wes more effective as pre-emergence,

4- Brecken regeneration took place in all cuses and was fester at

lower rates,



-188=

5= Reduction in the total available cartohydrate level in the rhizore

o f
after picloram application was reported (pre-emergence application)."7
Table 6, Dicamba
Reference Applied dose as active Remarks
" ingredient unless
stated otherwise
t {2 1, 3end 4 4 | Pre-emergence (Uovember, January and
’ ~ (granules 10%) February), high rate, maintained control

the second year, lovember treatment
superior,

No residual effects of dicanba on grasses
or clover if 14 weeks elapsed betveen
herbicide application and soving,

- 4,5 and 9,0 Kg/ha Pre-ehergence gave good control for & years
on infertile soil, but on fertile ncist
soil sites, bracken ray substaentizlly re-
cover by the end of the second year,

8l 4,5 and 6,7 Kg/ha Application in winter (December, January

' ) : ' and February) gave excellent control et the

end of the first season, ground cover

rangéd between 0,0 and 105, Damuge to trees

varied with date of application, Residues

of dicamba take much longer to breek down

_ in winter than in sumer,

so . 3and 4# Applied Septemter, October and loventer,

' ' Excellent control tut dicamba residues
‘sufficient to kill irees were present at
the time of planting,

347 4, 6 2nd 8 # Satisfectory control when curried out before

' frond emergence,
263 2, £ and 8 # Applied mid-July, early and lete August,
o : 8% gave ca 905 control in all treatments,
4¥ effectiveness varied with time end from
site to site. |
2% ineffective,
Frond deforrities were observed in plants -

located severzal feet from the treated. aree,
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Reference Applied dose as active o Rererks
ingredient unless
stated otherwise

indicating.that dicamﬁa or its derivatives

hed Eeen transloceted over greater distences
é 4 and 6% ~ Application in spring and early surmer geve

&dequate tracken ccntrol, Sites where

cormplete control of tracken wes obtained

in 19€4 showed little recovery ty 19€7,

Il g 8 ¥ : fpplied in fugust red no long-term effects,
Ca  25¢ control 3 veers after treairent,

261 L & Pcst-emergence geve zood control in two
sites tut poor control in & third site., Tze
control decrezsed with time,

Yol 2.2 Eg/ha - Pre-ersrgence granuler forruletion wes found

to be superior to sprays,

Fertirent roints:-

1- Dicamba could te active toih as'pre-e:ergence end rost-ererzerce
herbicide, It'could‘he franslocated followirg post-erergence a;plicafion in
the.zhizome over greatei'distances. Fowever, its effect as post-erergence
varied with the dose rete, tire and site,

2- 4is pre-erergerce, grenuler formulation wes fourd to be rore effective

than spreys,

3- Pracken regererstion took plece ard wss fester et lower raetes and in

fertile soil,

4~ Reduction in the toiel cexrtchydirate level in the rhizome efter
S e . AT
dicamba application was reported,
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