
AN ABSTRACT OF THE THESIS OF

HERNAN LOPEZ for the
(Name of student)

Ph. D.
(Degree)

in FARM CROPS presented on July 3, 1970
(Major) (Date)

Title: CHEMICAL AND PHYSICAL FACTORS IN THE KINETICS

OF HERBICIDE PENETRATION INTO PLANTS

Abstract approved:
Redacted for Privacy

Tlr Virgil T-T rpwel

Redacted for Privacy
Dr. William R. Furtick

Penetration has long been recognized as an important factor

in the action of chemicals on plants. The effectiveness of herbicides

on such plants as blackberries is often thought to be limited by the

failure to obtain adequate penetration through the cuticular barrier.

A number of factors, among them relative humidity, temperature,

polarity of the compound, additives and physiological factors of the

plant are known to be important.

This study was concerned with obtaining more precise esti-

mates of the quantitative relationships of temperature, humidity and

other factors in the penetration of picloram and 2, 4, 5-T into plants.

Measured quantities of chemicals were placed on the adaxial surface

of the leaves of beans held under carefully controlled conditions of

temperature, humidity, and light intensity and the amount-of chemical



penetrating the plant measured. Radio labeled compounds were used

and the difference between the amount applied and that removed by

washing at predetermined intervals, was taken as the amount pene-

trating the plant.

It was found that the more nonpolar derivatives of these acids

penetrated most readily. The addition of surfactants also enhanced

the rate of penetration. Substantial differences in the effectiveness

of different surfactants in enhancing penetration were observed.

These differences can be accounted for in part by the lowering of

surface tension but other chemical factors relating to the surfactant

appear to be important. Further the mixture of four parts of 2, 4, 5,-T

and one part picloram resulted in a significant increase in the rate of

penetration of 2, 4, 5-T. The quantitative relationship of relative

humidity and temperature in penetration was also determined. As

either temperature or relative humidity or both increase, the rate of

penetration for all chemical derivatives increased.

Analysis of the quantitative relation of penetration revealed the

overall process to follow a first order rate law. There is in fact,

two or more rate processes each appearing to follow first order rate

laws and in overall obeys a first order rate model. Application of

Arrhenius equation to these data yields reproducible values of energy

of activation. The energy of activation may be derived either directly

from thermal energy available or an increase of the entropy of the



system.

The data suggest involvement of the process of diffusion and

also the process of partitioning. Diffusion coefficients in waxes of

various substances were determined and partition coefficients calcu-

lated.

The understanding provided by this study should be of value in

overcoming problems of penetration encountered under field condi-

tions. Application of this type of data would permit more intelligent

selection of the proper adjuvants or a more suitable mixture of chem-

icals to enhance penetration.
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CHEMICAL AND PHYSICAL FACTORS IN THE
KINETICS OF HERBICIDE PENETRATION

INTO PLANTS

INTRODUCTION

World wide agricultural production has failed to keep pace with

population growth. This is in part due to the fact that millions of

acres of potentially arable land are covered by undesirable peren-

nial vegetation. The conversion of these areas into productive agri-

cultural land can be accomplished with modern chemical weed con-

trol technology. Woody plants are among the major invasive species

and can be killed with organic type herbicides.

The primary herbicides that have been used on woody vegetation

are certain chloro substituted aryloxy alkanoic acids and their de-

rivatives and organic arsenicals. These were preceded by inorganic

compounds of boron and sodium chlorate.

In the year 1963 Dow Chemical Company introduced Tordon

(TM), 1 a new herbicide chemically known as 4-amino-3, 5, 6-trichloro-

picolinic acid (picloram). This chemical exhibits a wide spectrum of

biological activity including a high degree of effectiveness against

some rather hard-to-kill herbaceous and woody plants.

More than five million acres in Chile are infested with black-

berry, Rubus ulmifolius Schott. Several years of research revealed

1 Trade Mark of Dow Chemical Company
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that treatment with herbicides provides the most effective control.

Picloram proved to be the herbicide having the greatest effectiveness.

The problem is to develop the most effective and economic treatment

with this herbicide.

Because of the uneven topography of the land infested with this

weed, air application is necessary. This presents a potential pollu-

tion hazard and a drastic modification of the habitat. How to reduce

the amount of chemical to be applied on an area basis while achiev-

ing maximum effectiveness is of primary concern. Since only a por-

tion of the chemical is absorbed by the plant, enhancing penetration

appears to be a promising method of increasing efficiency. To obtain

a physiological response from the plants, penetration of the barrier

offered by the intercepting surface is of necessity, a first step.

While the spray solution is moving under the influence of gravi-

tational or dispersing forces, the foliage of the target plants consti-

tute the major interceptor. Stems and their modifications may also

be important. Thus while surface deposit is readily achieved, control

of the plant requires that a significant portion of the herbicide be ab-

sorbed and translocated.

The present work has been designed to study some fundamental

aspects of penetration. Rates of penetration as affected by relative

humidities have been determined by time sequence exposure. Uptake

of picloram at different temperatures and from different formulations
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permitted the calculation of the energies of activation of the latter,

necessary to penetrate the cuticular barrier. The addition of sur-

factants and their effect in lowering the energy requirements for pen-

etration is also discussed and some diffusion coefficients for the

chemical in waxy materials are advanced.

The results obtained provide a better understanding of the pen-

etration process. As a consequence, the economics of blackberry

control in Chile by means of chemicals may be more feasible due to

less chemical requirements for optimum effectiveness. This will

consequently cause less contamination, residues, pollution and cost.
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REVIEW OF LITERATURE

General Constitution of the Cuticular Barrier

The cuticle, or cuticular membrane of plants, covers all parts

of the shoot including apical meristems, floral parts, nectaries, and

ordinary and glandular trichomes (60). It is only absent from the

surface of growing roots (25, 60). It possesses a lamellar structure

(13, 82) that furnishes the underlying cellular tissue with a protective

barrier of varying permeability (3, 14, 24, 54, 55, 58, 83). Entrance

of any foliar-applied chemical into the symplast must be preceded by

transcuticular penetration (16, 40, 83). This statement is valid even

in the case of stomatal entry. Suberization of the air-exposed sur-

faces within the stomatal cavities, results in an internal cuticle (13,

38, 39, 40, 60, 70).

The cuticle originates from the epidermal wall. Unsaturated

fatty substances, analogous to drying oils, permeate the wall, harden

on the surface, and form the first cuticular layer (67). The term

"cuticular layer" refers to the semi-lipoidal lamellae of the surface

covering which has become embedded with wax and cutin (13, 23).

Cutin, which constitutes the matrix of the cuticle, has a tight laurel-,/

lar structure (13, 23, 25, 63) which is also shared by the wax (57).

A characteristic extrusion pattern is shown by the wax in the
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outermost surface, which is called "BLOOM" by several investigators

(21, 23, 25, 43).

Microfibrils found in the cuticle are cellulose aggregates. Cel-

lulose is responsible for the strength and elasticity of the cuticular

membrane (23).

The presence of a layer of pectic materials between the cuticle

and the underlaying epidermal cell walls, permits isolation of the

cuticle from underlying tissue (15, 55, 56).

Subtending the pectic layer is the cellulosic cell wall, inside

which lies the normal contents of a living cell (3). Extending through

epidermal cell walls, into and just beneath the cuticle, fine strings

which may or may not be related to interfibrillar spaces, are encoun-

tered (25, 39, 40). These are designated by the name of ectodesmata

and occur in great profusion in and around guard cells and veins (24).

They have long been associated with penetration of foliarly applied

chemicals (61).

The Lipoidal Composition of the Cuticular Barrier

Waxes

Cuticular wax is responsible to a large extent in regulating

cuticular transpiration. Removal of wax is reported to cause a

several-fold increase in water loss (43). Robertson and Kirkwood
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(62) comment about the influence of temperature, light intensity,

wind force and shade on wax content.

Surface wax deposit and intercalated wax layers in the outer

portion of the cuticle are difficult to demonstrate in cross section

by electron microscopy, both because of their tendency to dissolve

in the usual embedding media and their instability in the electron

beam (39).

The most common components of plant wax are hydrocarbons,

wax esters, free fatty alcohols and fatty acids. Usually the hydro-

carbon fraction is represented by 90% or more of C29 or C31 (43).

Shorter and longer hydrocarbon chains have been reported (44).

Biosynthesis of paraffins is claimed to be principally by means

of head-to-head condensation mechanisms and elongation-decarboxyla-

don mechanisms (43).

The wax esters are usually made up of n-alkanoic acids, and

n-alkan-l-ols mostly with even numbers of carbons in contra-position

to the hydrocarbons (43). The free fatty acids and fatty alcohols usu-

ally correspond in structure to those in the wax esters.

With respect to waxes, Chibnall and Piper (11) suggest their

components are end products of metabolism. They never could show

utilization of wax even when plants were starved.

The occurrence of a waxy coating on plant leaves is an almost

universal phenomenon, and each species has a fairly constant



hydrocarbon distribution pattern. Eglinton et al. (20) reports 4000

species in the Euphorbiaxeae family identified this way, plus 3700

Liliaceae and 4500 Gramineae. Among other workers reporting

identification of species through wax are Martin-Smith et al. (49)

and Herbin and Robins (36).

Silva Fernandez (73) claims that the extent of spreading of a

droplet is highly correlated with the nature of the chemical groups

of waxes. Wetting tests show different affinities of waxes for water

largely because of the amount of fatty acids present.

Cutin

Cutin is a hemihydrophilic polymerization and condensation

7

product of long-chain unsaturated fatty acids (hydrocarboxyl and

dicarboxylic acids) and long chain alcohols. It originates in the

protoplasm and migrates as procutin to the epidermal wall (13, 21,

25, 43, 54, 6Z). At the epidermal surface these molecules tend to

orient with their polar groups in the water phase, and with their

hydrocarbon chains, towards the outside (21, 23).

Hydroxyl and carboxyl groups impart the hydrophilic charac-

ter to the cutin and CH2 and CH3 groups the lipophilic properties (62).

This gives cutin its semi-lipophilic characteristic and the ability to

swell in the presence of moisture, permits transpiration and allows

absorption of water soluble substances (13, 21, 23, 25).
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As the cutin ages water is lost and reaction with oxygen pro-

ceeds, the more or less 'varnish- like" layer is formed (13, 21, 23).

Cutin possesses a pronounced negative charge which results in

selective cation permeability (23, 62). It is insoluble in most organic

solvents and treatment with potassium hydroxide leaves an unsaponifi-

able residue (13).

There is evidence that three oxidases are involved in the synthe-

sis of cutin (25). A model has been proposed, in which cutin is sup-

posed to be built by unsaturated hydroxy C-18 fatty acids connected

by ester, ether, diether and peroxide bridges. Intermolecular spaces

are large enough to permit the passage of large organic molecules

(13, 25).

This framework is considered to be impregnated with wax,

some of which may be in chemical combination with cutin (13).

Penetration Through the Cuticular Barrier

Both adaxial and abaxial surfaces of the leaf permit the entry

of chemicals into the living tissue. The abaxial surface is usually more

penetrable than the adaxial. This is probably due to a larger number

of stomata and a thinner cuticle (14, 21, 40, 41).

Dout (18) claims that upper epidermis is 1 to 1 1/2 times thicker

than the lower. Several investigators consider thickness a decisive

factor in penetration, but do not agree in the importance of the larger
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number of stomata (32, 33, 41).

Bukovac and Norris (10) have given elegant proof of the role

of wax in penetration, by dewaxing leaves and replenishing them later

with known amounts of wax. Penetration decreased as the thickness

of the wax increased.

Penetration may be then classified as cuticular and/or stomatal.

The cuticular is by diffusion (15, 40). The stomatal appears to be

by mass movement (13, 21) into the stomatal chamber. Diffusion

takes over from there carrying the material into the living tissue

through internal cuticle.

Work by Bayer and his associates (4) in which cuticle sections

were examined under the electron microscope, has provided evidence

in support of a diffusion process. These workers were unable to

demonstrate any pores in the cuticle.

Veins, anticlinal epidermal walls, glauidular trichomes, imper-

fect structural or reduced lipophilic areas, are preferential sites

for penetration (3, 21) of chemical substances. The same can be

said of cuticle fissures or cracks, mites and/or insect punctures

and mechanical abrasion (14, 41, 66).

The ease of cuticular penetration is influenced by the polarity

of the cuticle and penetrant (58). The pH of an applied solution will

affect the ionization of the free acid groups and aliphatic acids of the

cuticle, as well as the ionic status of the penetrant (62).
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It is a known fact that increase of H-ion concentration increases

sorption of weak acids due to partitioning of the undissociated acid

4.nto the lipophilic cutin (9, 39, 58). The extent of this absorption

may be modified by the presence of cations (73).

Bukovac (8), in_discussing the binding of 3-chlorophenoxy-a-

propionic acid by leaves of the peach, states that at pH 3. 0 the acid

would be undissociated and therefore would possess no charges.

However, at this pH there would be a slight negative charge on the

cuticular surface. He does not visualize electrostatic binding account-

ing for sorption, but more of a solution of the acid in the lipoidal frac-

tion, or van der Waal's forces effects. Binding of the 3-CP was

estimated to bebetween zero and . 7 micro-micromoles per square

cm.

Yamada et al. (82) determined that Ca++ and SO4 ions bind

more on the inner surface than the outer surface of isolated cuticular

membranes of green onion leaves. However, the penetration appears

to be much greater from the outer surface to the inner surface than

vice versa. This directional difference appears to be associated

with the extent or ion binding as well as with the more rapid pene-

tration of Ca++
(83). It is postulated that a gradient of polarity from

the outer to the inner cuticle exists (13, 25).

Bukovac and Norris (9) working with naphthaleneacetic acid

(NAA) in both isolated and intact cuticular membranes, found that
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greater retention of NAA occurred at pH values below its pK, and

increased quantities of the chemical were bound as pH of the solution

was decreased (from 6.2 to 3.2). Yet, binding still occurred when

the surface was negatively charged, (pH over 4. 2). Evidence that

electrostatic binding might not be critical to uptake of plant growth

substances is shown not only by the binding that occurred in the above

mentioned work but by the absorption of 2, 4-D at high pH values as

well (58, 63, 64).

Temperature

Temperature is a factor having profound influence on physiolog-

ical processes. It would be assumed, therefore, that it should influ-

ence penetration.

Increasing temperature within physiological limits before, at

and after application of chemicals to leaves, has been found to result

in enhanced penetration for many substances (1, 7, 52, 53, 59, 61,

63, 73, 74). No modification in the rate of penetration of a labeled

P32phosphate-ion under the influence of temperature-differences

was detected in experiments carried out by Barrier and Loomis (2).

The temperature effect has been ascribed to physical changes

in the cuticular barrier as well as in the spray solution (34, 58, 59,

61, 79).

Thermal agitation decreases absorption of the chemical on the
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uppermost surface (58) but the general increase of kinetic activity

and reactivity influence the rate and quantity of diffusion (59). Ther-

mally induced motion of lipid molecules allow penetration of large

hydrophilic molecules (62) while lipophilic substance diffuse through

less viscous fatty oriented layers (58). The concentration gradient

across the surface layers and ion binding are also affected by tem-

perature (63).

Stomatal penetration is significantly affected by temperature

differences. This is due to the effect of temperature on both the

percentage and degree of pore opening (23, 39, 59, 61, 79).

The combination of high temperature and humidity fosters the

most rapid penetration (1, 59).

Humidity

Reports of enhanced uptake of chemical as a result of increased

relative humidity (RH) are numerous (8, 12, 24, 61, 74, 76). Zukel

et al. (84) states that the time for half a deposit of MH to enter the

tissue of a leaf is 128 hours at 40% RH and 2 hours at 100% RH.

Sargent and Blackman (65) claim an additive effect of light and

humidity in enhancing absorption. Agbakoba (1) reports that 2, 4-D

absorption is 48%, 61% and 78% of the original amount applied to

bindweed at 30-35% RH, 60-65% RH and 95-100% RH, respectively.

Somewhat negative reports are also found. Morton (52) and
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Went and Carter (78) were unable to detect any increase in 2, 4, 5-T

and sucrose uptake by mesquite and tomato leaves, respectively,

with increasing RH.

Stone et al. (75) report uptake of water from humid air by a

reversal of transpiration.

Humidity affects uptake of chemicals by favoring the opening

of stomata (59, 79) cuticle hydration (25, 58), diminishing the rate of

droplet drying (59) and even promoting condensation of water on treat-

ed spots, thus maintaining the chemical in solution (12). An excess

of humidity in the form of rain, dew or mist, may promote the re-

lease in foliar leachates of previously absorbed chemicals. Ionic

exchange may be involved in this process (39).

Surfactants

Surface active agents are often incorporated in agricultural

sprays to bring about a specific modification. The modification may

be the stabilization of emulsions and suspensions, to produce in-

creased wetting, spreading or penetrating properties, or solubiliz-

ing the herbicide or to serve as a sticker for improving the tenacity

of deposits (22, 48, 69).

There is a relation between low surface and interfacial tensions

and ease of emulsification. This correlation is significant because

emulsification has been said to be one of the chief actions in the
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mechanism of detergency. Detergency in turn is related to wetting

properties of the agent (48).

When a spray droplet contacts the surface of a leaf, it tends

to assume a spherical shape, which is a manifestation of the general

tendency of a liquid to reach an equilibrium with the lowest SURFACE

FREE ENERGY, G (3, 4, 51, 72). The maximum work (other than

expansion) in any change of state, is equal to the free energy decrease,

AG (72).

If we designate the surface tension as y (gamma), the work done

by the surface in extending its area by an amount dr is:

dw = -Ndo- = -AG

So AG = yda.

The units of surface tension are dynes per cm.

The decrease in surface tension is a desirable phenomenon in

several instances in biological organisms, where the effectiveness of

solutions is directly related to penetration of active moieties through

protective barriers (3, 14, 25, 83).

The depression of surface tension by surfactants is due to a

concentration of the latter at the air-water surface (42). The reduc-

tion comes about by immersion of the polar heads of the surfactant

in the water leading to a weakening of the dipole, while the apolar

tails float at the interface. The intensity of the field at the surface
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is made more gradual and G is decreased. Eventually, the surface

becomes covered by a saturated monolayer of ions. If the ion concen-

tration increases beyond this point of "saturation absorption, " transi-

tory associations begin to form, called "spherical micelles" or

"Hartley micelles." When the micelle concentration becomes ap-

preciable (at a given T°) it takes the name of "critical micelle con-

centration" (cmc) (42). At this point, a marked change of slope in

surface tension curve occurs, generally the minimum possible attain-

able. Increase in surfactant concentration above the cmc does not

significantly alter the surface tension value (42, 50).

Interfacial tension repression follows the same general pattern

as that of surface tension. The greater the mutual solubility of two

liquids, the lower the interfacial tension. According to one theory,

emulsification occurs because the interfacial film, seeking a condi-

tion of minimum AG, curls towards the side of the higher surface

tension (48, 68).

Wetting is the action occurring on a plain solid surface and

the liquid with which it is in contact (68). Many indices for wetting

have been proposed including contact angle, cosine contact angle,

spreading coefficient, spreading tension, adhesion tension, work of

adhesion, surface tension and interfacial tension (48, 68).

By convention, contact angle is the one formed by a tangent to

the free liquid surface from any point of the solid-liquid-air interface



(48, 71).

At equilibrium

Where

VSA y SL + V LA COS El

SA
Solid-air surface tension

SL
Interfacial tension

LA
Liquid-air surface tension

= Contact angle..

16

As -ysL becomes smaller compared with V LA (0
will also be-

come smaller), retraction of the droplet will be less, so that a

greater area of solid is covered. A surfactant will reduce the VSL

and y at equilibrium (29).

According to Mankowich (48), assuming no changes in the solid,

solid-liquid tension values, the smaller the solution surface tension,

the smaller the contact angle and the greater the wetting:

V SA y SL
COS A =

YLA

For adhesion tension that Freundlich defined as:

We deduce that:

A SA SL

A = COS
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When a droplet of herbicide solution plus surfactant contacts

the surface of a leaf, it will spread depending on the physical proper-

Les inherent to both. Evaporation occurs creating a dynamic equilib-

rium between the atmosphere and the leaf surface (3). The presence

of the surfactant will generally retard the evaporation rate of the

liquid substrate (68). As long as the spray remains fluid due to the

hygroscopicity of the surfactant, uptake will proceed (22, 38, 61).

The surfactant molecule may diff use into the cuticle through

several routes according to van Overbeek (58). Because of the almost

impervious barrier of intact wax the alternatives are 1) Epidermal

cells overlying veins., 2) Stomata, 3) Cuticular faults, 4) Stretched

cuticle.

Routes 1) and 2) have been confirmed by fluorescent studies

(19). It may be noted with respect to routes 3) and 4) that capillary

action may cause the surfactant molecules to diffuse into the cuticle

imperfections. Non-polar ends orient in the cutin and wax, thus the

polar tails form a hydrophilic channel to which water is attracted

(3, 22, 30). Swelling or expansion of the cuticle (due to the presence

of hydroxy-carboxylic and dicarboxylic polymers) create pores through

which herbicide molecules could then diffuse given the correct chem-

ical properties (22, 30).

Cuticular diffusion is known to be influenced by the molecular

structure and size of the penetrant, solvent and additive used in the
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formulation, type of spray (emulsion, solution, suspension), pH,

vapor pressure, type and concentration of surfactant, leaf waxiness,

moisture content, temperature, humidity, illumination, water stress,

etc. (13, 14, 17, 22, 37, 61, 62).

The preceding paragraph mentions the many factors having an

influence on penetration of a chemical into a plant. Interactions

among these factors makes the picture more confusing. It would be

naive to assume that surface tension is the only factor regulating

penetration since molecular interactions and other factors undoubtedly

play an important role (26, 38, 45, 62).

Enhancement of herbicide toxicity by surfactants above the cmc

has been demonstrated (3, 22, 62). The micelles formed above this

point apparently dissolve oils and waxes and may even remove large

areas of surface covering waxes, thus facilitating penetration (5, 30,

62, 81).
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MATERIALS AND METHODS

Beans (Phaseolus vulgaris L., var Oregon 58), 2 were utilized

in experiments 1, 2 and 3. Four seeds were planted per pot and were

exposed to 16 hours of light (450 to 850 ft-c. ). Temperature and rela-

tive humidity varied between 22°C and 26° C and 25% and 40% respec-

tively. Plants were thinned to two per pot 12 to 14 days after planting

when the unifoliate leaves had attained an area of 20 to 25 cm2 but

before the trifoliate leaves had begun to expand.

Treatment Solutions

Pic loram Formulations

14C-Carboxyl labeled picloram, 4-amino-3, 5, 6-trichloro-

picolinic acid (specific activity of 1 mc/mM, equivalent to 4.14 [Lc/

mg) was provided by Dow Chemical Company. A 100 ppm stock solu-

tion (4. 14 x 10 11 c/m1; 4.14 x 106 p.c/ng) of picloram was prepared

in redistilled benzene. This solution was kept under refrigeration to

avoid losses by evaporation.

1. Free acid

Step a) Ten ml of stock solution was evaporated to dryness in

a 10 ml volumetric flask with high purity, dry nitrogen.

2See Appendix 1.
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Step b) Eight ml distilled water were added and the suspension

warmed on the stem bath until a true solution was obtained.

Step c) When cool, the solution was made to volume with dis-

tilled water.

2. Free acid plus surfactants

Repeat steps a and b above.

Step c) One ml of 1% surfactant solution was added to the flask.

Different treatment solutions containing the following surfactant solu-

tions were prepared:

1. Multifilm X-77

2. Tween 20

3. DuPont WK

4. Sarkosyl NL- 30

5. Darvan

Step d) When cool, the solution was made to volume with dis-

tilled water.

3. Amine salt

Repeat step a above.

Step b) Add 2 ml of a 500 ppm w/v solution of triethanol amine

(TEA) in distilled water.

Step c) Five ml of distilled water was added and the solution

warmed on the steam bath to speed the reaction.

Step d) When cool, the solution was made to volume with
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distilled water.

4. Amine salt plus 1% Multifilm X-77

Repeat steps a and b of amine salt, step c of free acid plus

surfactants, followed by steps c and d of amine salt.

5. n-butyl ester

Repeat step a of free acid.

Step b) Add 1 ml n-Butanol solution containing 15% boron tri-

fluoride (BF 3) (see Appendix 2 for BF
3

solution preparation).

Step c) The mixture was maintained at 65°C for 16 hours and

then cooled to room temperature.

Step d) The solution was transferred with 50 ml of water to a

100 ml separatory funnel and the pH adjusted to 2 with HC1.

Step e) The ester was extracted with three 50 ml aliquots of

hexane. The hexane was reduced to 5 ml in a rotary evaporator and

transferred to a graduate cylinder where the volume was further re-

duced to 1 ml.

Step g) Half ml of a 10% solution of Trydecyl alcohol, Ethylene

oxide adduct, 1:8 mole ratio (90% active) was added.

Step h) The solution was made to 10 nil with distilled water.

6. Picloram-2, 4, 5-T amine mixture (1:1 ratio)

Repeat step a, free acid.

Step b) One mg of non-radioactive, recrystallized 2, 4, 5-T acid

was added.
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Step c) Three ml of a 500 ppm w/v solution of TEA and 5 ml

distilled water were added to the mixture.

Step d) The solution was warmed on the steam bath to speed

the reaction.

Step e) When cool, the solution was made to volume with dis-

tilled water.

NOTE: Non-radioactive free acid alone, and with five different sur-

factants, amine salt alone and with Multifilm X-77, and n-butyl ester

picloram were prepared by similar procedures, at a concentration

of 400 ppm.

2, 4, 5-T Formulations

A stock 2, 4, 5-T solution was prepared, from 2, 4, 5-T-1-14C

(31.7 mc/mM, 124 µc /mg) and non-radioactive, recrystallized

2, 4, 5-T, containing 100 ppm 2, 4, 5-T with a specific activity of

Imc/mM in redistilled benzene. The preparation of appropriately

diluted solutions of free acid, amine salt and mixtures with picloram,

were prepared as described for picloram. However, X-77 was the

only surfactant used with 2, 4, 5-T.

Chemical Application

A 50 µl Hamilton Gas-Tight Syringe (Model H 705) and a

Hamilton repeating dispenser (Model PB-600-1) were used in
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experiments 1 to 4.

Experiment 1: Effect of humidity and temperature on the penetration

of bean leaves by two picloram formulations.

Part a) Effects of Humidity

Individual leaves of selected plants were treated on the adaxial

surface with 10 µl of amine plus surfactant or n-butyl ester (treat-

ment solutions 4 and 5). After treatment plants were placed in a

growth chamber maintained at 26° C for amine plus surfactant and

16°C for n-butyl ester treated beans. Relative humidity (RH) of 85%

plus was achieved by placing plants in a .60 x .30 x .30 m glass cham-

ber containing a layer of wet vermiculite. The 42% RH at 26°C was

achieved by placing pans of water in the chamber. At the lower tem-

perature (16°C) 42% was the ambient RH. An electric dehydrator

was used to obtain RH of 27%. Plants were exposed to continuois

light (800-900 ft. c).

Length of exposure to the chemical was regulated by rinsing the

leaves at appropriate times. Leaves treated with amine salt were

rinsed with 50 ml of 1% NaHCO
3

while the ester treated leaves re-

ceived 50 ml 2-propanol. Four leaves (4 replications) were rinsed

for each time exposure.

The following is a summary of the treatments:



Amine treated leaves (26°C)

Relative humidity Length of exposure in hours

85% plus 0.5 1 2 4 9 24

42% 0.5 1 3 5 20 24

27% 0.5 1 2 9 18 24

Ester treated leaves Length of exposure in hours

85% plus 0.5 1 2 3 5 6 16 24

42% 0.5 1 2 4 7 24

Part b) Effects of temperature

Picloram amine- and picloram ester-treated plants were ex-

posed to temperatures of 16°C and 26°C at 42% RH.

The following is a summary of these treatments:

Amine treated leaves (42% RH)

Temperature Length of exposure in hours

16°C 0.5 1 2 6 8 10 24

26 °C 0.5 1 3 5 20 24

24

Ester treated leaves (42% RH)

Temperature Length of exposure in hours

16°C 0.5 1 2 4 7 24

26 °C 0.5 1 2 6 10 20 24

The following procedure was used for materials obtained in both

parts a and b of this experiment:

Rinsings from amine treated leaves were made to 50.0 ml with
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1% NaHCO
3

solution and then evaporated at room temperature with a

gentle air stream to 10 ml. Two 1 ml aliquots each were placed in

liquid scintillation vials and 10 ml of fluor solution added (Appendix

III). Rinses from ester-treated leaves were evaporated to 1 ml,

placed in vials and 10 ml of fluor solution added.

Standards and samples were assayed for radioactivity in a

Packard Tricarb Liquid Scintillation Spectrometer. The amine-

containing vials were counted twice for ten minutes. The ester-

containing vials were counted once for ten minutes. Background was

automatically subtracted from samples and standards.

Experiment 2: Penetration of bean leaves, by six formulation of

14C-picloram and 2, 4, 5-T-1-14C at 16°C and 26 °C.

The following three factorial randomized block experimental

design with four replications was used:

1) Factor 1: temperature (two levels)

a) 16°C

b) 26°C

2) Factor 2: chemicals (two levels)

a) picloram

b) 2, 4, 5-T

3) Factor 3: formulations (six levels)

a) free acid

b) free acid plus .1% Multifilm X-77
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c) triethanol amine salt (TEA)

d) TEA plus .1% Multifilm X-77

e) n-butyl ester

f) TEA mixture

For each treatment four individual leaves (4 replications) were

treated with 1000 nanograms acid equivalent with and activity of

4.14 x 10-3 p,c in 10 pl. Total number of leaves treated were:

2 temperatures x 2 chemicals x 6 formulations x 4 reps = 96

The treated plants were placed in the growth chamber maintained

at 42% ± 1% RH at both temperatures in continuous light (800-900

ft-c). At the end of the 24 hour exposure period, treated leaves

were rinsed as in experiment one.

Experiment 3: The effect of surfactants in the penetration of bean

leaves by 14C-picloram at two temperatures.

For this experiment a split-plot design was selected. It con-

sistedsisted of two treatments (temperatures 1 4 C and 2oo C), six sub-

treatments (surfactants) and six replications.

Subtreatments: 2 p,g of picloram (4.14 x 10-3 µc /µg) alone or

containing . 1% of the following surfactants: Darvan, Sarkosyl NL-30,

DuPont WK, Tween 20 and Multifilm X- 77.

RH (45% ± 2%) and light intensity (800-900 ft -c) were constant

during the 24 hour exposure period. Treated leaves were rinsed

and samples assayed as in experiment one.
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Experiment 4: The response of blackberry plants to picloram formu-

lations.

Potted blackberry plants one ye ar old, were treated with several

formulations of non-labeled picloram. The plants were kept outdoors

until two weeks before treatment. They were pruned to soil level,

irrigated and placed in the greenhouse at 24°C ± 2°C, 25 - 40% RH

under a 16 hour day (800 ft-c). Regrowth of appropriate size plants

was attained in 15 days. Forty uniform plants out of 200 were select-

ed for treatment. A randomized block design with ten treatments and

four replications was used. Each plant was treated with 40 µl of a

400 ppm solution of one of the following:

Formulation Surfactant (. 1 %) Dose per plant (in µg)

Free acid None 16

Darvan 16

DuPont WK 16

Sarkosyl NL-30 16

Multifilm X-77 16

Tween 20 16

Triethanol amine None 16

Multifilm X-77 16

n- butyl ester 16

The 1µl drops were placed on the adaxial surface of six to

seven lower, fully expanded leaves. The plants remained in the
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greenhouse and visual response assayed after 15 days.

Experiment 5: Diffusion of picloram in beeswax.

Part 1)

Cylinders of common household beeswax 5 cm long and 1. 3 cm

in diameter were suspended in 50 ml beakers containing 5 ml of vari-

ous 14C-picloram formulations. One end of the cylinder was just in

contact with the free surface of the solution. The following treatment

solutions were used:

Treatment solution Concentration Activity per ml

1. Free acid 100 ppm 4. 14 x 10- I

2. Free acid plus .1%

Multifilm X-77

3. TEA I I

4. TEA plus .1%

Multifilm X-77 I I

5. n-butyl ester I

The beakers with the solutions and cylinders were placed under

100% RH at 22°C for 70 hours. Cylinders were then rinsed thoroughly

in iced water and sliced into 0.5 mm sections with a microtome. Sec-

tions were placed directly in vials with 10 ml of scintillation fluid

which dissolved the disks, after bringing the temperature to 30°C.

Radioactivity was assayed as before.
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Part 2)

Square films of beeswax, 0.5 mm x 10 mm x 10 mm, were

placed in the same treatment solutions mentioned in Part 1 of this

experiment. Two squares were placed in each solution for 70 hours

at 220 C and 100% RH. The films were then rinsed with ice water

and assayed as before.
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RESULTS

Experiment 1

After the radioactivity determination of the samples was com-

pleted, each amine-treated leaf had provided with eight readings:

2 vials x 2 channels x 2 cycles, and the ester-treated leaves

with two readings:

1 vial x 2 channels x 1 cycle.

Activity in the latter was ten times larger.

For every time of exposure, under given conditions of relative

humidity and temperature, there were four replications which gave

32 readings. These countings 3 were added together and their arith-

metic mean transformed into the amount of relative mass recovered.

Tables 1 and 2 provide the pertinent information and Figures 1

to 4 show the recovery curves under temperature and humidity differ-

ences.

The recovery data shown in Tables 1 and 2 was then utilized to

determine the rates of penetration k of picloram, under different

physical and chemical environments, making use of the following

3Appendix IV.



Table 1. Average mass fraction (x/m) of
14C-picloram triethanol amine formulation with added .1% multifilm X-77, recovered at given times

after application, under varying relative humidities and temperatures.

o o o o o o o o
T =26 C ant' RI-1,=27% T =26 C and RH =42% T =26 C and RH .=+85% T =16 C and RH =42%

Hours Amount Hours Amount Hours Amount Hours Amount

after recovered after recovered after recovered after recovered

treat. x/ m treat, x/m treat. x/m treat. x/m

0 1 0 1 0 1 0 1

1/2 .9467 1/2 .9667 1/2 .9781 1/2 ,9539

1 .9112 1 .9226 1 ,9009 1 ,9418

2 .8480 3 .8071 2 .8026 2 .9182

4 .8262 5 . 6887 9 .4132 6 .8014

9 .7963 20 5020 18 .3390 8 ,7888

24 .7406 24 .4702 24 . 2922 10 .7719

12 .7544

24 .6812



Table 2. Average mass fraction (x/m) of
14C-picloram n-butyl ester recovered at given times after application, under varying relative humidities

and temperatures.

o o
T =16 C and RI-1=42%

o
T =26°C and RH. =42%

o o
T =16 C and RH =1-85%

Hours Amount Hours Amount Hours Amount

after recovered after recovered after recovered

treat. x/m treat. x/m treat. x/m

0 1 0 1 0 1

1/2 .9561 1/2 .8861 1/2 .9772

1 .9184 1 .8481 1 .8848

2 .8552 2 .7025 2 .7565

4 .7517 6 .5426 3 .6548

7 .5815 10 .3978 5 .5884

24 .1975 20 .2027 6 .5251

24 .1620 16 .3150

24 .1725
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Figure 1 Penetration of a 100 ppm solution of the triethanol amine salt
of 14c -picloram into the adaxial surface of bean leaves, ex-
pressed as percentage of chemical recovered from rinsings,
under constant temperature (Z6° C) and various relative humid-
ities.



100

90

o o 60

0
E
CD

t.-

a-

40

3 6 9 12 15 18 21 24 27

Hours of Exposure to Chemical
Figure 2. Penetration of a 100 ppm solution of the triethanolamine salt of 14C-picloram, into the

adaxial surface of bean leaves, expressed as percentage of chemical recovered from
rinsings under constant relative humidity (42%) at various temperatures. (,)



100

90

80

70

co
cnc 60

-(7)c
Cr

E 50
0

4-

-ID
a)
%.. 40
a)>0
U
a)
Cr

30

10

35

I

5 1

Hours of Exposure to Chemical

1 I I I I 1 I I

16°C

26°C

3 6 9 12 15 18 21 24

Hours of Exposure to Chemical
Figure 3. Penetration of a 100 ppm emulsion of the n-butyl ester

at "C-picloram into the adaxial surface of bean leaves,
expressed as percentage of chemical recovered from
rinsings, under constant relative humidity (42%) and at
various temperatures.



100
90
80

-au c2 70

w
60

0 50
4- Eo 0 40
coy
2 wc w 30
cv
U

cv

20

2 4 6 8 10 12 14 16 18 20 22 24

Hours of Exposure to Chemical
Figure 4. Penetration of a 100 ppm emulsion of the n-butyl ester into the adaxial surface ofbean leaves, expressed as percentage of chemical recovered from rinsings, underconstant temperature (16° C) and various relative humidities.



first order recovery model:

x = e-ktm

37

(3. 1)

where x = mass recovered

m = mass initial

k = rate constant

t = time of exposure

The "least square method" was used to calculate k values at

t = 6 hours and t = Z4 hours. Again making use of the same model,

k values were obtained directly from two different plots having a

common intercept at x/m = 1, and starting at t = 6 hours and t = Z4

hours respectively. Results are summarized in Table 3.



Table 3. Penetration rate constants for TEA and n-butyl ester of picloram under given To and
a direct fitting of a first order recovery model.

RH conditions, calculated by a least square and

Formulation Temperature Relative Humidity
t = 6 hours

k (least sq. ) k (direct)
t = 24 hours

k (least sq. ) k (direct)

Triethanol amine

Triethanol amine

Triethanol amine

Triethanol amine

n- ester

n- ester

n- ester

16 C

26
oC

26
oC

26
o

C

16°C16

16°C16

26
o

C

42%

27%

42%

plus 85%

42%

plus 85%

42%

.0351

.0297

.0706

.0983

.0700

.101

.0973

.0368

.0345

.0692

.0996

.0717

.101

.101

.0153

. 0095

.0291

.0516

.0671

.0681

.0730

.0159

.0125

.0314

.0512

.0675

.0732

.0758



Experiment 2

After counting was completed, the readings obtained for each

leaf rinse (replication) were added together and averaged.4 Trans-

39

forming the counts at zero time into m = 1 (mass initial) and the

counts at t = 24 hours as mass recovered x, the mass fraction x/m

was calculated. Results are shown in Tables 4 and 5,

The preceding results were subjected to a four factorial analysis

5of variance which resulted significant differences at the 5% and/or

1% level for the following single factors:

a) chemical 5% and 1%

b) temperature 5%

c) formulation 5% and 1%

and the following interaction:

a) formulation x chemical 5% and 1%

To further determine which components of c) and the interaction

formulation x chemical belonged to the same population, two sequen-

tial Newman-Keuls Multiple Range Test were performed. Means

were arranged according to their magnitude, the Sx values were

calculated from the variance used as error; values were found

4Appendix 5 and 6.

5Appendix 7.



Table 4. Mass fraction (x/m) of
14C-picloram formulations recovered from individual bean leaves treated with 1, 000 ng of the chemical at 16

oC

and 26°C, constant RH and for a 24-hour period.

Free acid Free acid
plus . 1% X-77

LOW TEMPERATURE

Triethanol
amine

TEA plus
1% X-77

n-butyl
ester

TEA plus 2,4, 5-T
TEA 1:1

Rep 1 .9842 .6680 .9388 .6849 . 2189 .8518

Rep 2 .9315 .7344 .9690 . 6744 . 2640 . 8623

Rep 3 .9439 .7033 .9225 .7443 .3226 .9417

Rep 4 .9521 .7029 .9511 .7287 .2592 .8926

HIGH TEMPERATURE

Rep 1 .9151 .6899 .8969 .6765 . 1671 . 7795

Rep 2 .9274 .6792 .9255 . 6051 . 2461 .8862

Rep 3 .9404 .6107 .9275 .5741 . 2908 .8690

Rep 4 .9066 .5899 .9034 .5734 .2787 .8282



Table 5. Mass fraction (x/m) of 2, 4, 5-T-1)4C formulations recovered from individual leaves treated with 1, 000 ng of the chemical at 16 oC

and 26°C, constant RH and for a 24-hour period.

LOW TEMPERATURE

Free acid Free acid
plus . 1% X-77

Triethanol
amine

TEA plus
. 1% X-77

n-butyl
ester

TEA plus
picloram TEA 4:1

Rep 1 .9273 .5126 .9713 .8063 .1623 .9110

Rep 2 .9005 .5166 .9324 .8176 .1218 .7789

Rep 3 .9711 .5919 .9431 .7916 .0870 .7661

Rep 4 .9281 .5789 .9804 .8525 .0827 .7795

HIGH TEMPERATURE

Rep 1 .9064 .4853 .9439 .7615 .0998 .7585

Rep 2 .9302 .6319 .9558 .8064 .0585 .7679

Rep 3 .9426 .6000 .9257 .8217 .1042 .7888

Rep 4 .9319 .4923 .9156 .7958 .0513 .7660
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from "Studentized range of percentage points" tables, for .05 and

.01 levels 6; tables containing the differences between means were

constructed.

For clarity, means were transformed from "mass fraction

recovered" denomination to "percentage penetration."

In Table 6 the result of this test is shown for formulations and

in Table 7 for the interaction formulation x temperature.

Making use of the agreement found in experiment 1, between

the rates of penetration calculated, utilizing the least square values

and applying the rate model directly to the t = 24 hr. value of x/m,

the k for the formulation-temperature means were determined, and

the Arrhenius equation applied to calculate the Energies of Activation

(Table 8).

The Arrhenius equation (27, 28, 35, 36, 46, 47)

AE

k = Ae RT

where, A = frequency factor

AE = activation energy

R = gas constant

T = absolute temperature

6Appendix
8.

7Appendix 9 and 10.

(3.2)
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Table 6. Newman-Keuls Multiple Range Test showing the penetration of
14

C-picloram and
2, 4, 5-T-1-14C as a percentage or the dose applied (1000 mg in 10 ill), 24 hours
after application to the adaxial surface of bean leaves.

Significance
Formulation Means % .05 .01

Triethanol amine 6. 19 a a

Free acid 6.64 a a

Mixed amines 17.33 ab ab

TEA plus .1% X-77 26.79 b cb

Free acid plus . 1% X-77 38.83 c

n-butyl ester 82.41 c

Table 7. Newman-Keuls Multiple Range Test showing the penetration of
14

C-picloram and
2, 4, 5- T -1 -14C formulations as a percentage of the dose applied (1000 mg in 10 p.1),
24 hours after application to the adaxial surface of bean leaves.

Chemical

2, 4, 5-T
picloram
picloram
2, 4, 5-T
picloram-2, 4, 5-T
2, 4, 5- T
2, 4, 5-T-picloram
picloram
picloram
2, 4, 5-T
picloram
2, 4, 5-T

Level
Formulation Mean % .05 .01

TEA 5.40 a a

free acid 6.25 a a
TEA 6.98 a a
TEA 7.03 a a

TEA 1:1 13.61 a a

TEA plus .1% X-77 19.34 a ab

TEA 4:1 21.05 ab ab

TEA plus . 1% X-77 32.78 cb cb
free acid plus . 1% X-77 34. 24 cb cb
free acid plus . 1% X-77 44.89 c c
n-butyl ester 74.41
n-butyl ester 90.41



Table 8. Energies of activation (AEa) for 100 ppm
14

C-picloram and 2, 4, 5, T-1-
14C

formulations, determined by the application of the
Arrhenius equation to k values obtained at Ti = 16°C and T2 = 26°C.

Mass fraction Mass fraction
Chemical Formulation x/m recovered

at Ti
K1 (hr)

-lx
10-3 x/m recovered

at T°
2

K2 (hr)
-1

x 103 E K. cal. ,

mol
-1

degree-1

picloram Free acid .9530 2.00 . 9223 3.70 8.90

picloram Free acid plus X-77 . 7021 14, 73 . 6424 18.43 3.84

picloram TEA .9453 2.34 .9133 3.78 8.23

picloram TEA plus X-77 . 7080 14.38 . 6073 20.78 6.30

picloram n-butyl ester . 2662 55. 14 . 2457 58.48 1.00

picloram TEA mix 1:1 .8871 4.99 .8407 7. 23 6, 35

2, 4, 5-T Free acid .9317 2.94 .9278 3.12 .98

2, 4, 5-T Free acid plus X-77 . 5500 24 . 90 .5523 24.73 .12

2, 4, 5-T TEA .9568 1.84 .9352 2.79 7.15

2, 4, 5-T TEA plus X-77 . 8170 8.42 .7963 9.49 2.05

2, 4, 5-T n-butyl ester .1134 90.70 0784 106.08 2.68

2, 4, 5-T TEA mix 1:4 .8088 8, 84 .7703 10.87 3.55



for temperature T1 gives

k
1

= A
1

6

and for temperature T2 gives

The ratio k
1
/k

2
is

k2 =A2e

AE 1

R T1

AE 1

R T2

AE _11
kl R T1- T2'

= ek
2

where the ratio Al /A2 24 1' for T1 /T2114- 1.

Taking in of both sides obtains

k
1

E (T2-T1)
xn R ( T T2)

2

solving equation (3. 4) for AE yields

T
1

T k2

2

AE - - RT- T1
1

45

(3. 3)

(3.4)

(3.5)
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Experiment 3

After counting was completed, every treated leaf had provided

eight different readings: 2 vials x 2 channels x 2 cycles. The eight

readings were added together 8 and the arithmetic mean transformed

into the amount of mass recovered from every leaf after the 24 hours

of exposure to the chemical. Table 9 provides the pertinent informa-

tion.

The preceding results were subjected to analysis of variance

which resulted in significant differences at the 5% and 1% level for

the following factors: a) treatments (temperatures), b) subtreatments

(surfactants), c) interaction treatment--subtreatments.

To further determine which components of factors b and c

belonged to the same population, two sequential Newman-Keuls

Multiple Range Tests were performed. Means of factors were ar-

ranged according to their increasing magnitude, the Sx values were

found from "Studentized range of percentage points" tables for levels

.01 and .059 and tables containing the differences between means

were constructed. 10

For clarity, means were transformed from "fraction recovered"

to "percentage penetration."

8Appendix
11.

9Appendix 12.
10Appendix 13 and 14.



14
Table 9. Mass fraction (x/m) of C-picloram free acid with and without added surfactant (.1%) recovered from individual leaves treated with 2, 000

nanograms of the chemical at 14°C and 26°C.

Surfactant None Darvan

LOW TEMPERATURE

Multifilm X-77 Tween 20 Sarkosil NL 30 Dupont Wk

Rep 1 .9886 .9640 .5238 .6836 .9200 .6749

Rep 2 .9720 .8998 .6069 . 6688 .8343 .6934

Rep 3 .9564 .9340 .5903 .6249 . 8740 . 6780

Rep 4 .9998 .8812 .4318 .7868 . 7958 . 6790

Rep 5 .9899 .9100 .6610 .6021 .8409 .7182

Rep 6 .9340 .8588 .5674 .5642 .8851 .7004

HIGH TEMPERATURE

Rep 1 .9806 .8630 .4544 .3720 .8216 .6493

Rep 2 .9399 .8777 . 6174 .6655 .7927 .6573

Rep 3 .9631 .9234 .5802 .5488 .8308 .6940

Rep 4 .9424 .9328 .4499 .3677 .7641 .6887

Rep 5 .9571 .8668 .6685 .4080 .7768 .6513

Rep 6 . 8982 .9077 .4065 .5504 .8117 . 6666
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In Table 10 the result of this test is shown for surfactants and

in Table 11 for the interaction temperature-surfactant.

As in experiment 2, rates of penetration were determined and

the Arrhenius equation applied to calculate the activation energies

(Table 12).

Table 10. Newman-Keuls Multiple Range Test showing the penetration ofpicloram free acid with
and without added surfactant (.1%), as a percentage of the dose applied (2, 000 ng. in
20 Ill), 24 hours after application to the adaxial surface of bean leaves.

Surfactant Means Levels
.05 .01

None 3,983 a a

Darvan 9.840 a a

Sarkosyl NL-30 17.100

Dupont WK 32.074

Tween 20 42.977 b b

Multifilm X-77 45,349 b b



Table 11. Newman-Keuls Multiple Range Test showing the penetration of picloram acid due to the interaction surfactant-temperature, as a
percentage of the dose applied (2, 000 ng. in 20 24 hours after application to the adaxial surface of bean leaves.

Interaction Levels

Surfactant Temperature Means .05 .01

None 14 C 2.655 a a

None 26
oC 5.312 ab a

Darvan 1414 °C 9, 203 ab ab

Darvan 26
oC

10. 477 ab ab

Sarkosyl NL-30 1414 °C 14. 165 be ab

Sarkosyl NL-30 26
oC

20. 038 c b

Dupont WK 14
oC

30, 935 d c

Dupont WK 26 °C26 33.213 d dc

Tween 20 14°C 34.493 d dc

Multifilm X-77 14°C 43. 647 e ed

Multifilm X-77 26°C 47. 052 e e

Tween 20 26
oC 51.460 e e



Table 12. Energy of Activation 0E5) values for a 100 ppm
14C-picloram free acid solution with and without surfactants (.1%), determined by the

application of the Arrhenius equation to k values obtained at two different temperatures.

Surfactant

Mass fraction
(x/ a) recovered

at T°
1

-1 -3
K1 (hr) x 10

Mass fraction
(x/a) recovered

at T°
2

K2 (hr)
-1

x 10-3

AE
a

K. cal. ,

mor 1 de greem 1

None

Darvan

Sarkosyl NL-30

Dupont WK

Tween 20

Multifilm X-77

.97345

.90797

.85830

.69060

.6551

.5635

-1.121

-4.022

-6.366

-15.524

-17.623

-23.899

.94688

.89524

.7996

.6679

.4854

.52948

-2.274

-4.610

-9.318

-16.817

-30.115

-26.494

10.045

1.937

5.411

1.227

7.609

1.463
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Experiment 4

Twenty-four hours after treatment, effects began to show in

the treated plants. First effects were epinasty of the recipient leaves

or twisting of the petioles and tips of primocanes. 11 In order of de-

creasing magnitude, the formulations most effective in promoting

these effects were:

1) n-butyl ester

2) Free acid plus Tween 20

3) Free acid plus Multifilm X- 77

4) Free acid plus DuPont WK

5) TEA plus Multifilm X-77

The rest of the treatments did not show any effect.

Epinasty was more pronounced six days after treatment with

the first four formulations previously mentioned. No changes in

response between 24 hours and six days after treatment were noted

for the remaining formulations.

Fifteen days after application, visual determination of damage

was evaluated (Table 13 and Plate 1).

11 Appendix 16 and 17.



Table 13. Evaluation of picloram 400 ppm formulations with and without added .1% surfactants,
of blackberry leaves. Scale: 0 = control 10 = complete kill

15 days after application to the adaxial surface

Surfactant Rep 1 Rep 2 Rep 3 Rep 4Formulation

Free acid None 1 1 1 1

Free acid Darvan 1 1 1 1

Free acid DuPont WK 8 6 7 7

Free acid Sarkosyl NL-30 1 1 1 1

Free acid Multifilm X-77 6 7 8 9

Free acid Tween 20 7 8 8 7

TEA None 1 1 2 1

TEA Multifilm X-77 2 4 3 2

n-butyl ester 9 10 10 8

Control 1 1 1 1

Ui



Picforam a Picforam , acid Ticforam , aeld
rt-6utyl ester 2fus ./ X-77 21145 .1% wk,

control

Plate 1. Biological effects of 400 ppm picloram formulations, 15 days after application to
the adaxial surface of blackberry leaves.
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Experiment 5

Determination of radioactivity of the sections of wax, obtained

at given distances from the surface in contact with the chemical is

shown in Table 14, and that of the squares immersed in the chemical

in Table 15. In both cases results are expressed in counts per 30

minutes per cm3 of the beeswax and their corresponding mass in ng

per cm3.

The expression U(xt) used in Table 14 and Figure 5 refers to

the concentration of chemical found in a sample at a defined x (x =

depth in the beeswax cylinder or distance from the surface in contact

with the chemical), and t (t = time of exposure to the chemical, 70

hours for this experiment). The expression U
0

used in Table 17 is

defined as the concentration of the chemical reservoir at t = 0 and

assumed to be constant during the whole experiment due to the large

mass involved, and R is the partition coefficient.

The Figure 5, the expression Urn is defined as the maximum

concentration possible to be attained by the wax according to its p.

From Figure 5, values of U(xt) at x = 1, 2, 3, and 4mm were

obtained by taking the exponential of in U(x, These absolute val-

ues were transformed by dividing them by their corresponding 13110,

into a measure of relative penetration designated by x (x, t)



Table 14. U(x, t) of five 14C-picloram formulations, found in sections of beeswax cylinders obtained at given distances from the surface of
immediate contact with the chemical and expressed as counts per 30 minutes per cm3 and in parenthesis, ng per cm3.

Distance from Free acid TEA plus n-butyl Distance from Free TEA
surface x (cm) plus X-77 X-77 ester surface x (cm) acid salt

.1 20690(1. 14) 16912(. 93) 1397483(80.7) .os 34508(1.9 None

2 .1 12339(. 68)

.3 16544(. 92) 9259(. 51) 455158(26.2) .15 3246(. 18)

.4 2 1127( . 06)

.5 15320(.85) 164686(9. 51)

.6 14742( . 82)

.7 60936(3. 52)

.8 29762(1. 72)



Table 15. PU
0

and partition coefficient 43 ) of five 14C-picloram formulations obtained from beeswax squares .5 mm thick immersed 70 hours
in the chemical.

Formulation RU Partition Coefficient

3
Counts/30 min/cm

3
ng/cm (3 )

Free acid 138, 240 7. 6 .00768

Free acid
plus .1% X-77 220, 680 12.2 .01226

TEA 24, 875 1.3 .001382

TEA plus
.1% X-77 97, 286 5.4 .00540

n-butyl ester 11, 931, 000 689.2 . 689 25

NOTE: U0 = 18 x 106 counts per 30 minutes per cm
3

of solution for first four solutions.

U
0

= 17.31 x 106 counts per 30 minutes per cm3 of emulsion of n-butyl ester.
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Figure 5. Chemical concentration expressed as in Uoc, 0 found
at different depths x of wax cylinders, after 70 hours....

equilibrium with a reservoir of several "C-picloram
formulations.



X =(x,t) (3U0

U(x, t)

x(x,t) is a solution of the diffusion equation

D
a

2x
:21, 0 <x < co , t> 0,at

ax
2

where D is the diffusion coefficient of the chemical in the wax

medium subject to the initial condition,

X(x, 0) 0, 0 < x < oo,

the boundary condition,

X (0,t)= 1, t> 0,

and the conservation condition,

lirn ax
0, t> 0

X .-0-oo

In view of equations (3. 7 -3. 10) x assumes the form,

where, erfc
24-Dt
x

X
x(x, t) = erfc zJbt

-v2
e dv
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(3.6)

(3..7)

(3.8)

(3.9)

(3. 10)

(3.11)
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Using equation (3. 11) the diffusion coefficients shown in Table

16 were calculated:

Table 16. Diffusion coefficients of 14 C-picloram formulations in
beeswax, at given distances from2the vfax- reservoir inter-
face (x=0), expressed in g per cm sec (times 10-9).

Formulation x = lmm x = 2mm x = 3mm x = 4mm

n-butyl ester 8.2 7.2 6.5 5.8

Free acid plus
. 1% X-77 8.0 7.9 7.8 7.8

Free acid 8.2 7.7 7.4

TEA plus
. 1% X-77 7.3 5.5
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DISCUSSION AND CONCLUSIONS

As indicated earlier penetration has long been recognized as

the limiting factor in the action of chemicals on plants. This phe-

nomenon is poorly understood both as to mechanism and the energy

relationships involved. The experiments herein reported, attempted

to elucidate some of these relationships.

Among the physical factors known to influence penetration, of

a chemical into a leaf, temperature and relative humidity are pos-

sibly the most important. Other factors such as concentration, the

presence of other chemicals and status of the plant also influence this

process. The interaction among these factors is rather complex and

under any given condition may become limiting. The experiments

here, once again demonstrate the importance of temperature and

relative humidity in the penetration process.

Closer analysis of the data revealed that in instances when

the adaxial surface of the leaf was treated with solutions of 14C-pic-

loram as a TEA salt and as the n-butyl ester and maintained under

isothermal conditions, significantly different rates of penetration

were obtained as relative humidity varied. A plot of the rate of pen-

etration versus time yielded a curve having two distinct branches.

The branches or deflection of the curve, reveals a change in rate

of penetration. The higher the relative humidity imposed, the later
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in the experimental period that the deflection point occurs (Figures

1 and 3). The change of rate may be explained as follows: Assumed

that each given volume of the cuticle has only a limited capacity for

the chemical diffusing into it. This capacity may be altered by either

a change in temperature or relative humidity. The change in relative

humidity results in a hydration of the constituents of the cuticle.

Since relative humidity is a partial pressure it may be ex-

pressed as the ratio of P/Po. The hydration and molecular order

of entropy in the cuticle is proportional to the ratio P/Po and thus,

as this factor increases, the capacity of the cuticle for chemical,

and the rate constant, will increase and maintain the rate for a longer

period. As the cuticle approaches saturation by the chemical, the

rate constant for the penetration will decrease appropriately. Since

the flow of the chemical is unidirectional, that is into the cuticle,

saturation will occur unless the chemical is removed from the other

face of the cuticle by the living tissue. If this rate of desorption or

removal becomes limiting, the deflection in the rate curve is reflect-

ed in the decrease in uptake.

It is reasonable to presume that the desorption or the removal

of the chemical from the inner face of the cuticle is regulated by

metabolic processes. While these processes are definitely temper-

ature dependent, relative humidity within limits is less of a govern-

ing factor. The metabolic processes, which are chemical reactions,
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are influenced by the presence of a xenobiotic. Therefore, as more

chemical enters the living cells, a concentration may be achieved

that substantially alters the rate of the metabolic process, thereby

limiting the rate of removal of the chemical. This would account for

the rather sharp change in rate of penetration.

The penetration of the chemical into the cuticle may be described

by the following equilibrium:

K1
Chem(drop) K Chem(water in cuticle)

-1

Chem(waxes of
cuticle)

Consideration of this reaction suggests a means of entrapment of

chemical by the water of hydration of the cuticle. If in this case,

the water is held by the film waxy bloom, the chemical would be en-

trapped in the water and fail to partition into the wax, which would

establish a rate limiting step in the penetration. Such entrapped

chemical would not be recovered in the rinsing with the 1% sodium

bicarbonate solution because of the high surface tension. Such an

entrapment would prolong the residence of the chemical in the film

even though the energy of adsorption would be relatively low, pos-

sibly between a few hundred to not over one or two thousand calories

per mole.

In the case of nonpolar compounds such as esters (Figure 3)

the change in rate as evidenced by the break in the curve is more
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likely due to the first explanation rather than the second. This would

be due to the lipophilic characteristics of the nonpolar compounds.

For polar compounds, however, a combination of these two explana-

tions is more probable. This can be demonstrated by examining the

rate of penetration for the triethanolamine salt where the rate in-

creases k = .0351, to k = .0706 as P/P0 increases from .25 to .42

(Table 3 and Figure 1). As P/Po increases from .42 to .35 or above

the rate of penetration increases by more than 50% (k=. 0706 to k=

.0983). Thus it is clear that penetration does not increase propor-

tionally with relative humidity; neither would it be expected that the

degree of hydration would be linearly proportional.

The rate for the ester during the 24 hour period at P/Po = .42

and at P/Po = .85, is the same. This clearly indicates that the influ-

ence of relative humidity on the rate of penetration of the apolar com-

pound is small.

Under isothermal conditions the driving force for penetration of

polar compounds would appear to be the chemical potential p. and some

function of the term P/Po which in turn would be related to the entropy

of the film. In the case of the apolar compound, however, the chem-

ical characteristics which would determine the value of the chemical

potential becomes far more important than P /P0. Under conditions

of constant humidity, thermal energy or temperature is more impor-

tant in penetration of the polar compounds than the apolar (Figures 2
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and 4). Thus the triethanolamine salt shows a highly divergent rate of

penetration between 26°C and 16°C. Obviously both the rate of pene-

tration and the rate of metabolic removal are influenced by tempera-

ture. That this is so, is evidenced by the fact that the deflection in

the curve or rate change occurs at about the same time for both tem-

peratures. If this deflection point occurred at different times for

the two different temperatures it would suggest a substantially un-

equal influence of temperature on the two processes involved. In

Figure 4 it will be noted that the ester behaves substantially differ-

ently than the salt under the influence of the higher temperature.

The rate of ester penetration changes two hours after treatment.

In contrast, the rate is constant with time at the low temperature.

This would appear to indicate that at 26°C there is a rapid penetra-

tion of the chemical into the cuticle, resulting in a high concentration

of the chemical in the living tissue in contact with the inner surface.

This high concentration results in an impairment of cell function

thus slowing down metabolic removal of the chemical. At the lower

temperature the rate of penetration and the rate of metabolic removal

appears to be in balance and therefore, the rate of penetration is

constant over time. The possibility exists, however, that rate of

ester hydrolysis or the rate of transesterification may also play an

important role in the overall process.

As noted earlier, a plot of rate of penetration versus time

gives a curve with a point of deflection. This complex curve then
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represents two different first order rates. This can be substantiated

by the fact that the rate calculated from a regression line gives an

overall first order rate expression. Since the droplet of chemical

solution is small in comparison to the leaf it may be assumed that

the amount of chemical in relation to the cuticle and living tissue is

also small. This being the case, the rate limiting factor under iso-

thermal conditions and constant relative humidity would be the con-

centration of the chemical. Thus, initially the concentration deter-

mines the rate of penetration into the cuticle and because of the finite

boundary subsequently delimits the rate of metabolic removal. Hence,

it is possible to talk about a first order rate law for this process.

On fitting a first order rate model to the data one finds that the

rate constant k is the same as that obtained from the regression line.

For these reasons then it is concluded that for a first approximation

this is a phenomenon obeying first order rate laws.

The important role of temperature in modifying rate of penetra-

tion suggests the overcoming of some sort of energy barrier in the

penetration process. This view is held widely by many investigators

of the penetration phenomenon. The data in Tables 2 and 4 show the

difference in rate of penetration as a function of temperature.

In order to cross such barriers the molecule must acquire addi-

tional energy. This additional energy is designated as the energy

of activation. Energies of activation have been calculated for
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picloram and 2, 4, 5-T, their various derivatives and formulations.

The data clearly reveals a lowering of the energy of activation upon

addition of appropriate surfactants, conversion to an ester, or mix-

ing of the picloram and 2, 4, 5-T. It is particularly significant that

the mixture of four parts 2, 4, 5-T with one part of picloram reduces

the energy of activation required for penetration to one half that for

2, 4, 5-T alone. Obviously the reduction of the energy barrier or

energy of activation facilitates the rapid penetration of larger quanti-

ties of chemical. This is confirmed in both experiments: experiment

3 where beans were used and experiment 4 where blackberries were

used.

Energy is a complex term which is the difference between the

total heat available and the degree of disorder that ensues. Thus the

molecule may transcend the barrier being driven either by direct

acquisition of energy or by the entropy. In the case of penetration

this is either the result of an increased temperature or as indicated

previously the entropy relation to P/Po.

An explanation of this latter point would go something as follows:

The entropy of an infinitely thin shell of dry air which is over a water

droplet on a leaf is at a minimum. If molecules of water enter this

shell, the entropy and the vapor pressure will increase. As the rela-

tive pressure (P/Po), which is the same as RH, increases, the rate

of evaporation of the droplet decreases; so the volume tends to be
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constant. When RH is 100%, the droplet attains an isochoric charac-

ter.

With an increased RH, the semi-hydrophilic cutin and the polar

constituents of the cuticle hydrate. The entropies of polar and apolar

compounds are increased by this expenditure of energy. This is ac-

companied by an increase in size of the minute pores in the bulk of

the cuticle which facilitates passage of foreign substances. The

amount of chemical contained in the droplet will begin to diffuse into

the cuticular layer at a rate which is directly proportional to the

concentration gradient according to Ficks Law. As the droplet radius

and the P/Po ratio (RH) decrease the vapor pressure and the salt

concentration increase, therefore, Ficks law may no longer hold.

If evaporation continues, the chemical is deposited as crystals, and

diffusion will attain a negligible value. Under these conditions the

entropy of the chemical is at a minimum and a tremendous amount of

energy would be necessary to achieve penetration of the cuticle.

Assuming heat flows from the surroundings (System 1) at tem-

perature T2 and enters the leaf-droplet complex (System 2) at T1,

the entropy change of the first system is -Q/T2, where Q is the

amount of heat transferred. The entropy change of the second sys-

tem is Q /T1. If heat flows from the surroundings to the leaf-droplet

complex, T2 must be larger than T1; therefore the magnitude of

-Q/T 2
is smaller than that of Q/T

1
and the net entropy change is
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positive. This means that enhanced molecular movement both in the

droplet and cuticle occur, and collisions between the chemical and

urideria,ying cuticle are increased. Temperature increases cause

the viscosity of the micellar-like-layers to be reduced, which allows

easier movement of the foreign substances into the cuticle. Adsorp-

tion of the chemical into superficial waxes is also diminished; so

more molecules are available for immediate diffusion. The desorp-

tion process, being metabolically regulated is also affected by tem-

perature (Figure 2).

A. P. Tulloch's studies in beeswax composition (77) and P. E.

Kolattukudy's studies in plant waxes (43) show some interesting simi-

larities in the length of the C-chains in both types of waxes. For this

reason, and assuming the behaviour of the two is similar with respect

to chemical penetration, experiments were performed on beeswax.

The results shown in Table 14 indicate that the ester is the

most penetrable derivative, and the TEA salt the least. This is in

close agreement with the results shown in Table 6. The only devia-

tion is that TEA salt with surfactant penetrates better than the free

acid in the bean leaves, but not in the inert wax. The high polarity

of TEA is a barrier to its penetration of the apolar waxes. No TEA

penetrated the wax except when additives were present (Table 14).

The free acid penetrated better than the TEA with surfactant. This

could mean that a continuous aqueous phase is necessary for the
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penetration of highly polar compounds.

The 700 fold spread in the coefficients of partition (Table 15)

is indicative of the ability of the active herbicide moiety to be incor-

porated from some derivatives into the apolar media. Movement of

this moiety in the waxy phase is by diffusion which is regulated by

such factors as molecular size, density of the wax and temperature.

The diffusion coefficients of four formulations in wax are quite simi-

lar (Table 16). The diffusion coefficient of TEA alone was not deter-

mined because it did not get into the wax. These data confirm the

hypothesis that it is the active moiety and not the formulation that

moves in the wax. If TEA could partition into the wax, its diffusion

coefficient would probably be similar to those in Table 16.

The cuticular wax measured in two week old bean leaves was

48.63 p,g per cm2. This permits a rough estimate of the thickness

of the epicuticular wax as .5 p. thick if compacted. Making use of

formula 3.11, the average time for the picloram active moiety to

traverse this barrier is estimated to be 0.35 sec. This small value

might induce one to think that penetration in the absolute sense, is

not a problem, but a close look at Figure 5 shows that the problem

is not transport of the moiety in the wax, but of the initial partition-

ing of the herbicide into the wax phase.

This thesis shows that in field practice we should optimize

conditions for the initial partitioning of the herbicide into the cuticle,
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by using the proper adjuvants, formulations and mixtures of chemicals.

Clearly these data show that the above factors determine the amount

of chemical penetrating the initial barrier and hence are available

for action. However subsequent movement is determined by the rates

of diffusion and metabolically controlled transport processes.

Future studies should consider the hydrolysis, esterification

and possible transesterification of herbicide esters on and in plants.

There is need to identify the moieties actually penetrating the cuticle

and the conditions which limit their rate of penetration in order to

maximize the effectiveness of herbicide applications.
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APPENDIX I

OREGON 58 BUSH GREEN POD BEAN

Background and Description

A. Background: Mass (bulk) planting of complex crosses were

made at North Willamette Station. OSU 58 was selected as

single plant in 1965. Parentages of complex crosses: OSU

bush lines sister-brother (sib) crosses derived from pole Blue

Lake, Puregold, Tendercrop, Gallatin 50, CalPac 77 and vari-

ous intercrosses of these breeding lines and varieties.

B. 1968, 1969 Tests: Pilot tests by 13 processing companies,

3000 lbs. seed, roughly 50 acres in 1968; 6000 lbs., 100 acres

in 1969.

C. Quality: Taste (linalool low, oct-l-en-3-ol high, much like

Blue Lake). Good color (canned, frozen), good texture (303,

No. 10 can sizes), seeds (medium large), fleshiness (excep-

tional), straightness (fair), seek skip (fair), spur (medium long),

tenderness (exceptional, tends to slough).

D. Sieve size: Large, develops rapidly. High quality into 7 sieve.

E. Pod set: generally good.

F. Maturity: 3 to 6 days earlier than Gallatin Valley 50.

G. Growth habit: Intermediate between Gallatin Valley 50 and

OSU bushes such as 949.



80

H. Mutant tendency: Blue Lake tendency for small flat and large

oval mutants.

I. Yield: Satisfactory in broad scale tests.

J. Mechanical harvest: Satisfactory.

K. Disease resistance: Susceptible to halo blight, white mold;

very little tolerance to root rot; some tolerance to rust strain

33; either fully resistant (58R) or variable (58S) for resistance

to common mosaic.

L. Promise as breeding line: The line represents an extremely

rare combination of pod quality and growth habit genes; it,

therefore, has much promise as a parent. Extensive crossing

to add disease resistance and ideal pod refinements has been,

and is, underway at OSU. The line was released to seedsmen

in mid-January, 1968; use for hybridization conditionally has

been extensive.
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APPENDIX II

15% BORON TRIFLUORIDE SOLUTION

1. Fifty grams of n-butyl alcohol (CH3(CH2)20H were weighed in

a 100 ml Ehrlenmyer flask.

2. Flask was placed in a bucket of iced water and Boron trifluoride

(B F3) gas was gently bubbled with the help of a pipette connected

to the gas container by a plastic hose, until weight attained was

57.5 gr.

3. Solution was stored under 0°C.
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Solution 1.

Solution 2.

APPENDIX III

SCINTILLATION FLUID

Mix: Orrmiflour ( TM)12 100 gr

Toluene 1000 ml

Keep under refrigeration

Filter through a pad of activated silica gel
13:

Triton X-100 1000 ml

Toluene 2500 ml

Scintillation Fluid:

Mix: Solution 1

Solution 2

50 ml

950 ml

This fluid provides with optimum counting efficiency compared

to other ratios of Triton X-100 and Toluene. It will take 1 ml of

water per 10 ml of solution and remain clear at low temperatures.

Omnifluor is a blend of 98% PPO and 2.0% Bis-MSB.

12 Trade Mark of Pilot Chemicals, Inc.

13Activation by placing silica in oven for 8-12 hr at 110° C.



APPENDIX IV. Average ten minutes countings of rinses from four replications of
14

C-picloram triethanol amine and n-butyl ester treated leaves,
under varying conditions of RH and T°, and at given times.

0 0 o o o o o o o o o o
T =26 C-RH 27% T =26 C-RH=42% T =26 C-RH=85%+ T =16 C-RH=12% T =16 C-RH=42% T =26 C-RH=42%

o
T

o
=16 C-RH=85%+

I_ counts t counts t counts t counts t counts t counts t counts

0 6000 0 6000 0 6000 0 6000 0 72255 0 72255 0 72255

1/2 5680 1/2 5800 1/2 5869 1/2 5723 1/2 69090 1/2 64029 1/2 70607

1 5467 1 5536 1 5405 1 5650 1 66358 1 61282 1 63931

2 5088 3 4842 2 4816 2 5509 2 61794 2 50760 2 54661

4 4957 5 4132 9 2479 6 4808 4 54318 6 39204 3 47312

9 4778 20 3012 18 2034 8 4733 7 42020 10 28746 5 42514

24 4444 24 2821 24 1753 10 4631 24 14270 20 14649 6 37941

12 4532 24 11705 16 22760

24 4087 24 12464



APPENDIX V. Average readings per replication, expressed as countings for ten minutes, of six formulations of
14

formulations recovered from
individual bean leaves, treated with 1, 000 ng of the chemical at 16°C and 26°C and at constant RH, 24 hours after application.

Free acid
Free acid Triethanol TEA plus n-butyl TEA plus TEA

plus .1% X-77 amine . 1% X-77 ester 2, 4, 5, T(1:1)

Rep 1 5905 4008

Rep 2 5589 4406

Rep 3 5663 4220

Rep 4 5713 4217

Rep 1 5491 4139

Rep 2 5565 4075

Rep 3 5642 3664

Rep 4 5440 3539

16 °C

5633

5814

5577

5607

26 °C

5381

5553

5565

5420

4109 12630 5111

4046 15232 5174

4466 18614 5650

4372 14955 5355

4059 9641 4677

3631 14199 5317

3445 16779 5214

3440 16080 4969

Note: Countings applied per leaf at zero time were 60, 000 per 10 min.. For the butyl ester were 57, 700 per 10 min.



APPENDIX VI. Average readings per replication, expressed as countings per ten minutes of six formulations of 2, 4, 5- T -1-14C recovered from
individual bean leaves treated with 1, 000 ng of the chemical at 16°C and 26°C and at constant RH, 24 hours after application.

Free acid
Free acid Triethanol TEA plus n-butyl TEA plus TEA

plus .1% X-77 amine .1% X-77 ester pi cloram (1:4)

Rep 1 S564 3076

Rep 2 5403 3100

Rep 3 5827 3552

Rep 4 5569 3474

Rep 1 5439 2912

Rep 2 5581 3792

Rep 3 5656 3598

Rep 4 5592 2954

160C

5828 4834 8939 5466

5595 4905 6708 4674

5659 4750 4792 4596

5882 5115 4555 4677

26oC

5664

5735

5555

5494

4569 5496 4551

4839 3222 4607

4930 5739 4733

4775 2825 4596

Note: Countings applied per leaf at zero time were 60, 000 per 10 min. For the ester were 55, 080 per 10 min.
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APPENDIX VII. Analysis of Variance.

Source DF SS MS

Chem 1 2623840 2623840 (a)

Temp 1 2786994 2786994 (b)

Form 5 657239931 131447986 (c)

Rep 3 483417 161139 (d)

Chem x Temp 1 505615 505615 (e)

Chem x Form 5 24693476 4938695 (f)

Chem x Rep 3 175371 58457 (g)

Temp x Form 5 470671 94134 (h)

Temp x Rep 3 806816 268938 (1)

Form x Rep 15 1031783 68785 (j)

Chem x Temp x Form 5 634177 126835 (k)

Chem x Temp x Rep 3 590725 196908 (1)

Chem x Form x Rep 15 3758199 250546 (m)

Temp x Form x Rep 15 1773010 118200 (n)

Chem x Temp x Form x Rep 15 1648294 109886 (o)

TOTAL 95 699222326

For: Error MS DF

Chemical g 3

Temp i + 1 6

Formulation j+m+n+o 60

Rep g 3

Chem x Temp i + 1 6

Chem x Formulation j+m+n+o 60

Temp x Formulation j+m+n+o 60

Chem x Temp x Formulation j+m+n+o 60
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APPENDIX VIII. Newman -Keuis Multiple Range Test.

The standard error of the means was calculated as follows:

2nSX = T- T-

v-mean squares j +m +n +o
no of reps

= 369.93

In tables of "Studentized Range Percentage Points" the Q.05

and Q .01 values were found and multiplied by the Sx. The results

were as follows:

P x S Q x SQ.01 Q .01 x .05 .05 x

2 3.76 1390.9 2.83 1046.9

3 4. 28 1583.3 3. 40 1257.7

4 4.60 1701.6 3.74 1383.5

5 4.82 1783.0 3.98 1472. 3

6 4.99 1845.9 4.16 1538.9

7 5.13 1897.7 4.31 1594.4

8 5.25 1942.1 4.44 1642.5

9 5.36 1982.8 4.55 1683. 2

10 5. 45 2016.1 4.65 1720.2

11 5.53 2045.1 4.73 1749.8

12 5. 60 2071.6 4.81 1779. 4

Note: P value indicates the range of means covered by a given
difference.
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APPENDIX IX. Differences Between Formulation Means.

1759

6117

7321

8267

9336

9381

7622

3264

2010

1114

45

9336

7577

3219

2015

1069

8267

6508

2150

946

7321

5562

1204

6117

4358



APPENDIX X. Differences between Formulation x Chemical Interaction Means.

9 460 9375 9302 9297 8639 8066 7895 6722 6576 5511 2559

959 8501 8416 8343 8338 7680 7107 6936 5763 5617 4552 1600

2559 6901 6816 6743 6738 6080 5507 5336 4163 4017 2952

5511 39 49 3864 3791 3786 3128 2555 2384 1211 1065

6576 2384 2799 2726 2721 2063 1490 319 146

6722 2738 2653 2580 2575 1917 1344 1173

7895 1565 1480 1407 1402 744 171

8066 1394 1309 1236 1231 573

8639 821 739 663 658

9297 163 78 95

9302 158 73

9375 155



APPENDIX XI. Average of eight readings per replication expressed as countings for ten minutes,
of free "C-picloram acid with and without surfactant (.1%) recovered from indi-
vidual leaves treated with 2, 000 ng of the chemical at 14°C and 26°C.

Free acid Darvan
LOW TEMPERATURE

Multifilm X-77 Tween 20 Sarkosyl NL-30 Dupont WK

Rep 1 11863 11568 6286 8203 11040 8099

Rep 2 11664 10798 7283 8026 10012 8321

Rep 3 11477 11208 7084 7499 10488 8136

Rep 4 11998 10574 5170 9442 9550 8148

Rep 5 11879 109 20 79 32 7225 1009 1 8618

Rep 6 11208 10305 6809 6770 10621 8405

HIGH TEMPERATURE

Rep 1 11767 10356 5452 4464 9859 779 2

Rep 2 11278 10532 7408 7986 9512 7888

Rep 3 11557 11081 6962 6586 9970 8328

Rep 4 11309 11194 5399 4412 9169 8264

Rep 5 11485 10402 8022 4896 9322 7816

Rep 6 10778 10892 4378 6605 9740 7999
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APPENDIX XII. Newman Keuls Multiple Range Test.

The standard error of the mean was calculated for surfactants:

S = NIL 2
x

381639
12

= 178.33

and for the interaction surfactant-temperature

4381639
S =x 2

= 252.20
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In tables of "Studentized Range Percentage Points, " the Q.05

and Q .01 values were found and multiplied by Sx.

For surfactants the results were as follows:

P .01 Q x S.01 x Q. 05
Q x 5.05 x

2 3. 79 675.8 2. 85 503.2

3 4. 33 772. 1 3. 42 609.8

4 4. 65 829. 2 3. 77 672.3

5 4.87 868. 4 4. 01 715.1

6 5. 05 900.5 4. 20 748.9

Note: P value indicates the range of means covered by a given
difference.
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For the Interaction Surfactant-Temperature

P Q, 01
Q x S.01 x Q. 05

Q x S.05 x

2 3.79 955.3 2. 38 718.7

3 4. 33 1092.0 3.42 862.5

4 4.65 1172.7 3.77 950.7

5 4. 87 1228.2 4.01 1011.3

6 5.05 1273.6 4.20 1059.2

7 5.20 1311.4 4.35 1097.0

8 5.32 1341.7 4.48, 1129.3

9 5.43 1369.4 4.59 1157.5

10 5.52 1392.1 4. 70 1185.3

11 5.61 1414.3 4.78 1205.5

12 5.69 1435.0 4. 86 1225.6
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APPENDIX XIII. Differences Between Surfactant Means.

4534.9 4297.7 3207.4 1710.2 934. 0

398.3 4136.6 3399.4 2309.1 1311.9 535. 7

984.0 3550.9 3313.7 2223.4 726.2

1710.2 2324.7 2587.5 1497. 2

3207.4 1327.5 1090. 3

4297.7 237.2



APPENDIX XIV. Differences Between Surfactant-Temperature Interaction Means.

2655

5312

9203

10477

14165

20038

30935

33213

34493

43647

47052

51.460

48.805

46.148

42.257

40.983

37.295

31.422

20.525

18.247

16.967

7.813

4.408

47.052

44.397

41.740

37.849

36.575

32.887

27. 014

16.117

13.839

12.559

3.405

43.647

40.992

38.335

34.444

33. 200

29.482

23. 609

12.712

10.434

9.154

34.493

31.838

29.181

25.290

24.016

20.328

14. 455

3.558

1.280

33.213

30.558

27.901

24.010

22.736

18.048

13. 175

2.278

30.935

28.280

25.673

21.732

20.458

16.770

10.897

20.038

17.393

14.726

10.835

9.561

4.873

14.165

11.510

8.853

4.962

3. 688

10.477

7.822

4.165

1.274

9.203

6.548

3.891

5.312

2.657
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APPENDIX XV. Surface tension in dynes per cm. of a 400 ppm solu-
tion of picloram free acid solution in water with and
without surfactants, and at 25°C constant tempera-
ture (average of 4 determinations), as determined
by the drop method and with the Dunouy tensiometer.

Surfactant (. 1%) Drop Method Tensiometer

None 76.8 71. 97

Darvan 76.6 71.50

Tween 20 35.4 33.68

Multifilm X-77 34.5 32. 36

Surfactant WK 30.5 23.32

Sarkosyl NL- 30 29. 1 27.56

Distilled water 76.9 71. 9 7
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APPENDIX XVI. Rates of evaporation of a 400 ppm solution of
picloram with and without added surfactants,
from a free surface at 18°C and 28°C and at a
constant relative humidity of 42-44%, expressed
as milligrams per cm2min-1.

Surfactant (. 1 %) Low T° (18°C) High T° (28°C)

None .085 .152

Darvan .085 .156

Tween 20 .085 .180

Multifilm X-77 .085 .160

Surfactant WK .077 .150

Sarkosyl N L- 30 .085 .160

Distilled water .061 .125
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APPENDIX XVII

Rubus ulmifolius Schott

Rugged glandless shrub with stout divaricate branching, more

than 1-2m high with horizontal parts, branches and canes in autumn

often touching the ground and taking root with forking tips, foliage

persistent; canes more or less canescent-tomentose, at first angled,

but becoming nearly or quite terete the second year (as floricanes);

prickles scattered, very large and strong and broad based, often

8-10 cm long; primocane leaves 5-foliate, nearly or quite glabrous

on upper face, cano-tomentose on lower face, margins usually minute-

ly closely and not very sharply serrate; petiole and sometimes the

midribs armed; leaflets ovate to somewhat obovate, not very large,

7-10 cms long, 5-6 cms broad, base mostly narrow or at least not

cordate although variable, apex either gradually or abrupt by acu-

minate to a narrow acute point, lateral veins underneath brownish

and very prominent against the gray-white coating, leaves of flori-

canes largely 3-foliate but otherwise not very unlike those on primo-

canes even though smaller and sometimes very narrow; inflorescense

a long narrow terminal cluster with flowers in some of the remote

axils, pedicels often several flowered and more or less prickly,

axes variously canescent, corolla 2 cm or more across, petals

broad, erose and well separated; sepals cano-canescent, broad and
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Plate 2. Vegetative growth of a
one inch blackberry cane
section in a one year
period.

Plate 3. Rooting tips of primary cane when in contact with soil.


