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THE EFFECT OF VARICUS HERBICIDES ON
GLUCOSE METABCOLISM IR GARDEN PEAS
PISUM SATIVUM L.

INTRODUCTICON

For meny years man has sought to control nature's
green carpet, the plant world. From the tlme primitive
man sank his first crude hee into the rich earth and
discovered the art of farming, men has been plagued with
the problem of the removal of unwanted plants. He has
improved his techniques for tilling the soll, improved
hig crops to yield greater quantities of better quality,
and has even found methods for controlling pests and
disease. With the advent of the industrial revolution he
climbed on glant tractors pulling great steel plows, but
was still compelled to laboriously pull weeds by hand.,
It was not until the advent of the scientific age that
chemical mesans were developed for the control of weeds.

In 1934 Koyl (45, p. 363) and his co-workers dis-
covered a compound in human urine that was markedly &ac-
tive in promoting cell elcngation in plants. When puri-
fied the compound was found to be indole-3-acetic acid.
Later in the same year Koyl found this same substance in
yeast. It was sometime, however, before this substance
was found in higher plants.

Koyl's discovery lead others to look for different
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active substances, and in 1935 Zimmerman found s-naphtha-
lene acetic acid to be active. Irvine's discovery in
1938 cof the growth regulating properties of 2-napthoxy
acetic aclid stimulated many workers to develop phencxy
acid herbicides such as 2,4-D which was first reported
by Zimmermen in 1942 (45, p. 263-266).

Today there are many chemicals in commercial use as
weed killers and many more in the experimental stages.
A great deal of work has been done on the field usage of
these herbicides such ag selectivity, methods of applica-
tion, and dosage rates; however, very little is known of
the way in which they work, or the biochemical mechanism
which is affected.

The first phase in the action of herbicides is
their absorption into the tissue after applicaticn to
the plant, Application may be either tc the above ground
portion of the plant such as the leaves or to the roots.
The method of absorpticn is still unknown, however,
several suggestions have been made., Van Cverbeek (44,
P. 300) hes suggested that there is a correlation between
the lipophilic properties and leaf absorption. Ross and
Ludwig (35, p. 65-95) found noct only a relationship be-
tween leaf absorpticn and an oil water ccefficient but
alsc a correlation with water solubility. Other sugges-

tions may be found in the literature but as yet no one
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theory has been found which will explain all the experi-
mental results.

Uptake by the roots has been less thoroughly studied
than uptake of the leaves; the only informative work be-~
ing that of Blackman (48, p. 318). Performing time course
experiments in the uptake of cl¥ 1abeled 2,4-D in intact
geedlings, Blackman found a steady uptake with resistant
species., In susceptible plants there was a rapid uptake
followed by 2 transfer of the herbicide back into the
solution, Intermediate plants acted about the same as
susceptible plents except that after the locss of 2,4-D
there was & gradual uptake as the absorption mechanism
recovered. Blackman suggests that this phenomencn is
relevant to the basic difference between susceptible and
non-susceptible plants. It would appear from the fore-
going discussion that absorption, though different in
susceptible and non-susceptible plants, is not the cause
of the plant's failure to survive, although it may be an
effect of the failure of some cther mechanism.

The next phase in the scheme of herbicidal action 1is
the translocation of the herbicide to the site of activity
within the plant. In order for translocation to proceed
at least four factors must be satisfled. First, the
herbicide must be absorbed &s has been discussed. Second,

there must be sufficient photosynthetic activity to supply
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the necessary essimilates for movement through the phloem,
Jaworskl (27, p. 272-275) has shown that photosynthetilc
products are necessary for the mcvement of herblcide in
the phloem. When photosynthesis stops, the movement of
herbicide also stops, but movement can again be restarted
by application of any of & number of cerbohydrates. The
third factor thet must be satisfied is that translocation
from actively photosynthesising leaves toward the roots
must be occuring. The last factor to be satisfied 1is
that the herbicide reach actively growing tlssue and not
dormant tissue. Yamaguchi (48, p. x111) has shown that
2,4-D is readily absorbed in parenchyma tissue but, if
the plant is rapidly growing, the translocation rate 1is
fast enough to move the herbicide to the active growing
tips. It would appear then that the mechanlsm of action
for the herbicide is not absorption or translocation,

Agside from absorption and translocation and the
easily detectable physiological effects of wilting,
stomatal closing, protophasmic streaming and the like,
many biochemical effects have been studied. Butts end
Pang (9, p. 212-213) found thet there was an inhibition
of COp assimilation caused by 2,4-D in photosynthesis,
the inhibition being preportional to the amount of
herbicide used., The previous confirms the werk of Free-

land (16, p. 319-324),
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Mineral uptake is 1nhibited by auxin herbicide (48,
p. 327-328) (8, p. 5) as is the uptake and metabolism
of indole-3-acetic acid (IAA). 1In phosphate metabolism
there appears to be & decrease in the upward movement of
phosphate tc the leaves, the decrease being proporticnal
to the amount of 2,4-D used., 2,4-D treatment causes an
increase in hexose diphosphates in the stem while there
is a slight decrease in the leaves (13, p. 365-368).
Remmert (34) has found that there is an inhibition to
phesphorylation caused by 2,4-D, which French and Beevers
(17, p. 660-666) suggest is not due to an uncoupling but
to a drawing off of the ATP for use 1n the herbicidally
induced growth procegs. Cyclic photesynthetic phesphoryl-
ation in insolated chloroplasts, however, does not appear
to be affected by herbicidal treatment (4, p. 10-21) (26,
P. 974-984).

It has been known for many years that auxin causes
an inorsoace in growth accompanied by an incresse in
respiration (17, p. 666). Axelrod and Beevers (5, p.
267-298) have described the mechanisms of carbohydrate
breakdown quice satisfactorily in normal tissue., The
question which now erises is, how is the respiratiocn of
normal plants affected by herbicidal treatment.

Humphreys and Dugger (21, p. xxii) working with
2,4-D found that treatment did not alter the RQ which
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remained near 1.0 in pea seedlings. This would indlcate
that carbohydrate was the mailn substrate belng oxldized
in both the treated and untreated plents. LThey also found
that the Q0 values for the treated plants were greater
than those for the untreated, signifying a stimulation
of the respiratory rate, In a later paper (23, p. 530~
536) they found the reducing sugars, starch and sucrose
content of the untreated seedling and 2,4-D treated seed-
1ling to be the same, Thimann (41, p. 777-780), however,
found IAA decreased the suger content by one-third in
peas, Working with pea root Humphreys and Drugger (22,
p. 136-140) found that application of 2,4-D caused an
increased metabolism of glucose -Glu via the pentose path-
way. This increased metabolism 1s not due to a greater
amount of respiratory substrate being present. In thelr
most recent work utilyzing 2,4-dinitrophenol DNP they
suggest that 2,4-D and DNP which have the same propertles
of increasing respiration via the pentose cycle dc so by
blocking synthetic metabolic pathways (24, p. 112-116).

Thig thesis will be concerned with studies, not only
of 2,4-D and IAA, but also other herbicides of varying
characteristics, Studies will be made of the resplratory
rate, catalytic pathways, absorpticn, end synthetlic and

catabelic products of metabolism.



MATERIALS AND METHODS
MATERIALS

The work done for this thesis was carried out ex-
clusively with the common garden variety of peas, Plsum
sativum Alaskan. The seeds were purchased from the
Ferry-Morse Seed Company of Mountain View, California.
They were from the 1957 crops with a germination rate of
97% and were purchased in 25 pound lots.

The labeled glucose used was purchased as follows:
glucose 1-Cl4 (G-1-Cl%¥) Volk Radio Chemical Company and
Nuclear Chicage Corporation; glucose 6-c14 (G-6—C1“)
Volk Redio Chemical Company and Nuclear Chicago Corpcra-
tion; and the glucose U-C1¥ (G-U-Cl¥) from Volk Radio
Chemical Company. These were purchased in either 0.05
or 0.10 millicurrie quantities in the dried form. All
glucose solutions were made up in this laboratory to an
activity of 1 uc per ml and to 1 mg/ml with inactive
reagent grade gluccse. Under nc exceptlon was & differ-
ent concentration used in the experiments reported in
this thesis,

The herbicide solutions were made up to the con-
centrations given in the tables, A list of herbicides,
the symbols to be used and supplier is given in Table I.

All herbicides used were of the highest obtalinable purity.



IABLE I

HERBICIDES ANU PLANT GRUW.H REGULATCRS USED IN THESE EXPERIFMENTS

Chemical Name Abbreviations#® Supplier
2,4-dichlerophencxyacetic acid 2,4-D Monsantc Chemical Company
2,6-d1chlerophenoxyacetic acid 2,6-D American Chemical Paint Company
2,4, 5-trichlorophencxyacetic acid 2,4,5-T Pittsburgh Coke and Chemical Co.
2,4,6-trichlorophenoxyacetic acid 2,4,6-T American Chemical Paint Ccmpany
Indole-~3-acetic acid 1AA Nutriticnal Biochemicals Corp.
Gibberelic acid, Potassium salt GA Merck and Company, Inc,
a-naphthaleneacetic acid a-NAA Westville Laboratories
b-naphthaleneacetic acid ~-NAA University of Chicago
3-(p-chlorophenyl) 1,l1-dimethylurea CMu E. 1. Du Pont De Nemours end Co,.
3-amino-1,2,4-triazcle ATA American Cyanamid Company
H-phenyl isopropylcarbamate 1PC Locally Recrystallized

Maleic Hydrazide, sodium salt MH Haugatuck Chemical Company
Phenylmercuric acetate ¢HMA Eastman Organic Chemicals
2-chloro-4,6-bis(ethylamino-s-triazine) Simazin Geigy Chemical Corporation
Ethyl N,N-di-n-propylthiocarbamate EPIC Stauffer Chemical Company
a.a-dichloroprepicnic acld Dalapon Dow Chemical Company
2,3,6-trichlorcbenzoic acid 2,3,6-TBA Heyden Chemical Corporation
2,3,5-triicdcbenzoic acid TIBA Eastman Crganic Chemicals

*Abbreviations used here are :hose used by Hubert Martin, "Guide to the Chemicals used

in Crop Protection", Canada Lepartment cf Agriculture,

(1957)
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The sodium hydroxide solution used for absorption
was made up from & technical grade saturated soluticn
available within the department., The phosphate buffer
solution was made up in stock solution at 2 x 10-2 molar
and diluted for use as a buffer.

The respirometer used in these experiments is one
of our own design. It is diagramed in cross sectlion in
Figure 1 with the varicus components lettered, COp ab-
sorber (A) with pressure regulator 1s necessary for the
cleaning of the air which is drawn from the building's
compressed alr lines, The CC, absorber ig filled with
100 m1 of 5 N NaOH and is vented to the atmosphere for
removal of excess air, The intake manifold serves to
distribute the air under pressure to each of the eight
reaction flaesks (C). Screw clamps (B) are used to regu-
late the flow of air through the respirometer. The
reaction flask was made by adding an entrance tube rear
the bottom and an exit tube near the top of a 50 ml pyrex
erlenmeyer flask. This arrangement was designed to per-
mit complete air circulation throughout the entire flask,
The tops of the flasks were turned down to permit the
use of serum bottle caps as seals and also to allow access
to the flask for the possible withdrawal of samples and
the addition of HpSCy, for stopping the reaction,

The flasks are fixed in a row of eight to a vibrating



11
shaker which supplies the necessary agitation for mixing
the solution and tissue (Figure 2).

The exhaust from the flask is connected with soft
rubber surgical tubing to the CO2 absorbers (D). These
absorbers are made cf two parts, The outer part hes a
drain at the bottom which is closed off by a pinch clamp,
and has a capacity of about 80 cc. The lnner part serves
as a cap for the outer portion consisting of a standard
taper glass joint to fit the outer portion, a vent tube
for removal of the air after the COp has been extracted,
an intake tube with & sintered glass end which extends
down to the bottom of the outer portion, and a valve and
reservoir arrangement for adding fresh NACH.

The vent from the absorber is connected directly
to & three-way stopcock. Cne exit from the stopcock is
connected to the exhaust menifold, the other to a second
manifold or flow manifold, The two manifolds serve &s
collection mechanisme for returning the air to a single
stream, The flow manifold serves to divert the air
through the flow meter (E) for the measurement of air
veloecity, By use of the three-way stopcocks any one or
combination of absorbers can be diverted and measured,
The flow meter then returns the air to the exhaust mani-
fold, The exhaust reservoir serves as a vacuum reservolr

and water trap. The needle valve allows the vacuum to be
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finely adjusted and the manometer (F) registers the
vacuum pressure, The vacuum reservoir is in turn con-
nected to a water aspirator.

The entire respirometer ig contained in a large hood
with access to two sides and placed under twelve 40 watt
fluorescent lights., The temperature here remained between
27° and 29° C.

Counting and sample preparation equipment will be
considered later in the section on preparation of samples

for counting.

Plant Material Preparation

The seeds to be used in the experiment were rolled
in moist paper towels, 40 seeds to a roll, placed in 400
ml beakers with one inch of water in the bottom, and the
beaker containing four rolls placed in a germination cham-
ber. The germination chambers were constructed of two
aluminum pots 11 inches in dlameter, placed one on top
of the other. An inch of watef was left on the bottom to
maintain a saturated atmosphere., Germination was allowed
to proceed in the dark and at room temperature for 72
hours, At that time the seedlings had developed a primary
root about 30 to 40 mm long, but the epicctyl, though
emerged to a maximum of 5 mm, had not yet straightened.

The seedlings were remcved from the germination chamber
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and those to be used in the experiment were then select-

ed for their uniformity.

Treatment and Preparation of Tissue

Treatment was carried out in specially prepared
traye, The treatment trays were constructed of plastic
sandwich boxes 11.5 c¢m by 10.5 cm by 3.4 ecm. Into the
top were drilled €4 evenly spaced holes about 3 mm in
diameter, The trays had a capacity of 350 ml. One seed-
ling was placed in each hole and 300 ml of both the treat
ment and control solutions added at the same time from
previcusly prepared solutions, The filled trays were
then covered with moist paper towels and allowed to
stand for two hours, The control solution was a 10~2 M
KH2POy solution made up from the previously prepared
stock solution, The herbicide solutions were made up by
mixing equal portions of the stock potassium phosphate
solution and stock 2 x 10-% M herbicide solution. All
herbicide stock solutions were made up to identical con-
centrations with the exception of Simizan @.5 x 10-5 H)
and IAA (5.35 x 10-5 M). All solutions were stored in
tightly stoppered bottles until used.

At the end of the two hour absorption pericd the
moist paper towels were removed and the‘seedlings placed

in 200 ml beakers. They were washed three times with tap
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water and stored under paper towels until used, The apial
20 mm of the root tip of each seedling was immediately re-
moved with a single edged razor blade. The root tips were
then blotted dry with a peper towel and weighed, all
weights being adjusted to within 20 mg by cutting off
sections from the previcusly cut end. Root tips were
then placed in the reaction flasks containing 10 ml of
1 x 10°2 M phosphate buffer and one ml of substrate solu-
tion added, The flasks were attached tc the respirometer
and shaken gently by means of & mechanical shaker. The
CO2 absorbers were filled with 50 ml of fresh 0.5 N NeCH
gsolution which had a low CC, content. COp free alr was
passed through by means of a vacuum on the exhaust mani-
fold and pressure on the intake manifold at a rate of 55
ce per minute, The flow of air was regulated by screw
clamps on the intake tubing leading from the intake mani-
fold to the flask, The reaction was allowed to progress
at room temperature and under constant light conditions
for six hours, Samples were removed at intervals during
the six hour incubation period, at one, two, four and six
hours, and stored in 125 ml erlenmeyer flasks stoppered
with rubber stoppers. In experiments with G-U~Cl4, all
flasks contained G-U-Clu as a substrate, but in the exper-
imentes using G-1-C1* ana G-6-C1% four flasks contained

the former and four the latter,
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At the end of the six hour periocd 0.5 ml of 10 N
Hy80), was added to each of the flasks with a syringe to
stop the reaction and drive off any dissolved COj.
Shaking and CO, free air flushing were continued for
fifteen minutes at which time the flasks and final COp
sample were removed., The tissue was removed, washed in
tap water three times, placed in 10 ml beakers with a-
bout & ml of 95% ethanocl and the beakers stored in

covered sandwich boxes,

Preparation of Samples for Counting

The carbconate was counted as BaCO3 by being pre-
pered in the following menner. One ml of 10% BaCl, solu-
tion was added to each of the carbonate samples, the
samples were shaken and then allowed to stand overnight.
The Ba003 was filtered out on previously weighed one
inch glass fiber filter disks (#934-AH, Huribut Paper Co.)
especially prepared for use in one inch planchets., Fil-
tration was accomplished by placing the filter disk in a
Tracer Leb E-8B precipitation apparatus mounted on top
of & standard one liter filter flask., The entire fil-
tration process was carried out at a maximum vacuum of
five inches of Hg., The alkaline soluticn containing the
precipitated BaCO, was filtered, the erlenmeyer flask was

rinsed with distilled water and the last particles of
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BaC0, removed with the aid of a rubber policeman. The
flask was then rinsed twice and the walls of the pre-
cipitation apparatus washed down with 95% ethanol. The
BaCC3 was then dried with ethyl ether. The dried sample
was placed on & Tracer Lab E-1A sample tray until all the
BaCOB samples were prepared, These were then welighed,
the weight of the Ba003 being the difference between the
filled and empty filter disk, The prepered filter disks
were then placed in marked one-inch stainless steel
planchets and counted in a Tracer Lab SC-33 "1000" scaler
using a SC59 standard manual sample changer and UIGC-2
geiger tube with a window thickness of 1,8 mg/cm?., Back-
ground was measured with a new clean one inch stainless
steel planchet.

Preparation of the ethanol extract and residue was
accomplished by grinding the tissue in ethanol using a
porcelain mortar and pestle, filtering the reslidue on
glass fiber filter diskse as was described for the pre-
paration of the Ba003 samples and collecting the ethanol
extract in a 16 x 150 mm culture tube., Before drying the
residue with ethyl ether the culture tube was removed
from the filter flask and the volume made up with 95%
ethanol, The dried residuvue was then weighed on the filter
disk, placed in a one-inch stainless steel planchet, and

counted on the equipment described above.
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A 1.0 ml aloquot of the ethancl extract was pipet-
ted directly into a one-inch stainless steel planchet
and dried under an infra red heat lamp, JThe remaining
9 ml of extract was stoppered and stored in the refriger-
ator, V¥hen dry, 1.0 ml of 95% ethanol was added and the
planchet again dried, This second drying assuring a
uniform plate over the entire surface of the planchet.
The ethanol extract was then counted as previously de-

gcribed,

Counting Correcticns and Caleoulations

All the data reported in this thesis were corrected
tc counts as BaCO3 in the following manner,

A correction for Ba003 self-absorption was obtained
from a self-absorption curve kindly supplied by Dr,
Sheng Chung Fang of this department.

Counts as residue were corrected to counts as BaCOq
by multiplying the actual coun:ts per minute by a factor
of 2.2 per 25 mg of residue. This factor was arrived at
by combustion experiments carried cut in the following
manner, Various weights of residue were burned in a CuC
combustion chain, the CO, absorbed in CO, free 0.5 N
sodium hydroxide, precipitated as 33003 by BaClz, plated
and weighed., This Ba003 was then counted, corrected for

self-absorption and the correction factor calculated by
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dividing the counts per minute as B3003 by the counts
per minute as residue, Although this value of 2.2 was
used through this work, it appears from more recent work,
that the value may be slightly more or less, for greater
or lesser amounts of residue. The difference 1s small,
however, and does nct affect the final calculations
significantly.

The counts per minute cbtained from the alcohol ex-
tract were corrected tc counts per minute &s Ba003 by
multiplying by a factor of 1.25. This value was also
obtained by combustion experiments.

No scaler or geiger tube correctlicn was necessary
since the same scaler and tube were used in each experi-

ment,

Methods for Calculation of Results

Absorption was calculated by the summation of the
counts recovered as respiratory COz, in the residue end
in the aleccholic extract. The percent absorption was
calculated on the basls of 100 percent for the ccntrol
by dividing the abscrpticn of the treated seedlings by
that of the control. The abscrption of the controls
differed very little from one run to another,

The percent absorbed cl¥ recovered as respiratory

CO2 was calculated by dividing the counts per minute as
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respiratory COz by the total counts per minute absorbed.
In a similer menner, values were calculated for the
residue and the alcoholic extract.

The C6/Cl values were calculated by dividing the
counts per minute recovered as respiratory CC; from
glucose-6-01“, by the counts per minute recovered as
respiratory CCp from glucose-lcl“.

The F values are simply a ratio of the C6/Cl value
for the treated plant, divided by the C6/Cl value for a
control, run at the same time. The result is a value
either greater than, equal te, or less than unity. If
the value is equal to unity, there is no difference 1n
the C6/Cl values which indicates no difference in the
metabolism of the treated and untreated seedlings. Any
deviaticn in the F value from unity indicates a shift in
the C6/C1 ratic of the treated plant, In other words, a
deviation from unity indicates some effect caused by the
herbicide. Analysis of beth the F values and the re-
covery data must be undertaken in order to determine
whether the shift is in the pentose or glycolytic path-
ways and whether inhibition or stimulation is responsible
for the shift,
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EXPERIMENTAL

The Phenoxy Acids; 2,4-dichlorophenoxy acetic acid
Concentration Studies

Preliminary work was carried ocut with 2,4-D in order
to determine the proper herbicide concentratiocn to be
used, Humphreys and Dugger (22, p. 136-140) in their work
used 1 x 10-3 molar 2,4-D; however, this was found to
cause physiological damage to the seedlings when used in
this laboratcry. The root tissue became quite dehydrated
and its absorption of substrate was reduced to about one-
fourth that of tissue treated with 1 x 10-% molar 2,4-D,
Treatment with 1 x 10~2 molar 2,4-D caused only slight
inhibition to substrate abscrption while showing no
noticeable physiclogical damage, The same is found for
1 x 10~ molar sclutions, but the substrate absorption
is slightly less.

Experiments carried out using G-1-Cl¥ and G-6-cl4
showed that 1 x 10-% molar 2,4-D sclutions had little
effect on the C6/C1l value for CC2, while 1 x 10=2 M
solutions increaged this value indicating a stimulation
in the glycolytic oxidation of glucose., A 1 x 10-3 molar
solution, however, caused a decisive reducticn in the
Cé6/Cl ratio, indicating either an inhibition of glyecolytic

oxidation or a stimulation of the pentose pathway, The
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data indicates that the former is the case, since the
respiratory CCp production is greatly decrecased, DBecause
of the difference in inhibition between the C-6 carbon
(73%) and the C-1 carbon (47%), it would appear that gly-
colysis 1s more strongly inhibited althcugh both are af-
fected. Since both carbons are not affected equally; the
effect of 2,4~-D 1s not simply one cf absorption inhibition

Solutions of both 1 x 10-3 molar and 1 x 10-% molar
2,4-D show a stimulation cf COz output from both the first
and sixth carbon atoms, the fcrmer sclution showing equal
stimulaticn of the first and sixth carbon atoms, the
later showing a greater stimulation of the sixth carbon
atom,

It appears that low concentrations of 2,4-D owe their
stimulatory powers to 2 stimuiation of glycolytic oxlda-
tion while higher concentrations owe their inhibiting
powers to inhibiticn of both the glycolytic and the pen-
tose pathways.

All concentrations of 2,4-D used caused a reduction
in the utilizaticn of Cl and Cé carbon atoms for cellular
synthesis. In both the treated and untreated tissue the
Cé carbon is more readily utilized than the Cl &s is
shown by the C6/Cl ratio for the residue., Low concentra-
tions of 2,4-D tend to inhibit the utilization of both
carbons; however, the Cé carbon is more readily inhibit-

ed. A 1 x 10-% M solution of 2,4-D appears to inhibit
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utilization of both equally well as does the 1 x 10™3 M
solution, Exemination of the COz/residue values show an
increase with increasing concentration of 2,4-D in the
case of Cl utilization; however, a decrease when C6 is
the substrate carbon, High herbicide concentrations
inhibit the utilization of the C6 carbon atom and stimu-
late the Cl carbon atom, while low herbicide concentra-
tions reverse the utilization tec a C6 carbon atom stimu-
lation and an inhibiticn of Cl carbon atom utilization.

Time course studies of the respiratory COp show

virtually no effect on the Cl carbon except during the
later part of the perilcd when the lower concentrations
appear to exhibit a.more pronounced stimulation. There
appears to be a direct relationship, on the other hand,
between 2,4-D concentration and COp elimination from the
Cé carbon. A concentration of 1 x 10-5 moler causes a
stimulation in respiratory CO» throughout the time
studied, The 1 x 10-% molar concentration appears to
show an inhibition during the early pericd from which it
recovers showing a stimulation during the last part of
the pericd, Again the 1 x 10-3 molar concentration shows
a decisive inhibition., Thus after treatment of the root
tissue with 2,4-D it appears that as the plant utilizes
the glucose, the Cl carbon i1s stimulated by decreased

concentrations of 2,4-D while the C6 carbon atom is
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unhibited under these same conditions.

This is further emphasized by Figure 3a which plots
a decreasing C6/Cl ratic with increasing ccncentration,
again explained by an increased Cl catabecllism and a de-
creased C6 catabolism,

The C6/C1 ratic appears after a short time lapse to
return to near normal for untreated tissue with the ex-
ception of the most concentrated 2,4-D solutions. Flgure
3b follows the C6/Cl ratios for CCy, over a six-hour time
period,

From analysis of the date just described 1t was
decided to use a herbicide concentration of 1 x 10-4 M
in further studies since it did not cause any physiologi-
cal damage to the plant, nor did it display any of the
stimulatory effects commcen to the plant growth regula-
tors., At this concentration and treatment period the
tissue seemed readily able to overcome the toxicity of
the herbicide and return to normal, thus permitting the
study of treated tissue without placing it under excessive
stress.

Faludl (12, p. 273-282) found similar results in
potato tissue while studying amino acid content. He
found 10~9 M to stimulate growth and 10-3 M to inhibit
growth, In every case he fbund a decrease in the amino
acid content, the decrease being dependent on 2,4-D

concentration,



TABLE Ila
2,4-D CONCEWIRATICN STUDIES: RECCVERY DATA

Concen- % Absorbed CI¥ Recov- # Absorbed CL¥ Reccv-
tration Sub- ered as COs, per hour HNo. ered as No.,
M strate Treatment 1lhr. 2hr. 4hr. 6hr. Runs CU>  Residue EtUH Sol. Runs
G-1-C* 2,4.D + B 5.5 7.2 15.6 28.1 3 49.1+3.1 38.642.2 12.341.7 3
5 4 Buffer only 6.7 9.2 14.6 27.4 3  54,045.8 35.5+4.3 10.342.2 20
1072 G-6-C1% 2,4-D + B~ 5.2 10.1 15.2 27.2 3 42,945.9 45,046.5 11.2+3.0 3
1k Buffer only 6.7 11.5 15.9 25.0 3  40.1+2.7 46.3+2.4 13.4+2.1 20
G-U-C™7 2,4-D + B 3.9 7.4 17.1 27.3 3  36.8+42.3 49.5+42.3 13.7+4.5 3
Buffer only 3.8 7.9 17.4 26.8 3 47.4+5,86 41.0+4.6 11.5+2.7 3
6-1-C¥ 2,4-D + B 5.2 6.6 12.4 31.6 3 52.644.2 34.5+2.2 12.942.0 3
™ Buffer only 6.7 9.2 14.6 27.4 3  54.0+45.8 35.5+4,3 10.3+2.2 20
10°% G-6-C*™ 2,4-D + B 4.5 8.3 13.8 29.8 3 39,343.3 49.5+3.2 14.8+2.6 3
" Buffer only 6.7 11.5 15.9 25.0 3 40.1+2,7 46,3+2,4 13.4+2,1 20
G-11-C ? ‘*""‘-} + B 2.5 5.5 3 3206 6 5#-5"‘600 3600‘5.0 9.5"’2.0 6
Buffer only 3.8 7.9 17.4 26,8 6  47.4+45.8 L1.0+4,6 11.5+2.7 27
G-1-C1% 2,4.D + B 7.1 4,2 12.5 31.8 3  25.8410 11.5+4.5 63,0411 3
103 4 Buffer only 6.7 9.2 14.6 27.4 3  54,045.8 35.5+4.3 10.3+2.2 20
G-6-C1% 2, 4-D + B~ 6.3 3.7 14.1 30.8 3 9.9+46,0 14.4+6,7 78,1411 3
Buffer only 6.7 11.5 15.9 25.0 3 40,1+2,7 46.3+2.4 13.442.1 20

Note: + represents ¥ deviation.
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TABLE IIb
2,4-D CONCENTRATICN STUDIES: METABCLISM AND ABSCORPIICN DATA

Concen- C6/Cl Values for Re- C6/C1 Values for
Com- tration % F, Values gpiratory CO2/hr, six hour period
pound M Abs. _ COo Resldue EtCH Sol. 1hr. 2hr, hr, hr,CC, Res CCo/Res
2,6-D 1077 85.5 1.14 .94  1.03 .790 1.12 .810 .790 .877 1.19 .738
b 1 g 3 2 - 4
6.8 0.11 .130 0.02 .080 .023

2,6-D  107™% 79,7 .978 1.12  1.03 640 1,04 ,910 .750 .750 1.33 .56k
3 -+ E B

+

6.5 0.05 0.13 0.12 .053 .03
2,4-D 1073 12,3  .476 .788 1.03 .355 .295 .290 .290 .366 1.25 .292
+ + + + + -
3.0 .08l .220  0.03 070 .061
Buffer - 100 1.00 1.00 1.00 761 .956 .843 .699 ;75u 1.34 ,575
+
:06u 5.15

92
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The Phenoxyacetic Acids

The pheonxy acids used in these experliments were
comprised of two which are herbicidally active, 2,4-
dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T), and two which are herbi-
cidally inactive, 2,4,6-trichlorophencxyacetic acid (2,
,6-7) and 2,6-dichlerophenoxyacetic acid (2,6-D), Cf
the two active herbicides, 2,4,5~1 18 the more active,
while both 2,6-D and 2,4,6-T show absolutely nc herbi-
cidal activity.

In studying the absorption (lable IIIb) no correla-
tions can be drawn between herbicidael activity and in-
hibition to absorption. It does appear, however, that
the number of substituted chlorines on the ring does af-
fect the absorption., Those with two chlorines on the
ring, 2,4-D and 2,6-D, have nearly similar absorptions,
79% and 73% respectively, while those having three chlo-
rines, 2,4,5-7 and 2,4,6-T, have identical absorptions
somewhat lower, 5&%.

Glucose U-Cl¥ ghowe no effect as a resultof treat-
ment by any of the phenoxy compounds used with the ex-
cepticn of the last hourly perlcd. During this period
2,4,6-T, a nen-toxic compound, shcws the greatest stimu-

lation although ne inhibiticn 18 fcocund using any of the
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compounds,

In respiratory COp studies, as in abscrption studles,
no correlation can be found between C6/Cl values and
herbicidal activity. A toxlc compound 2,4-D, and 2,4,6-1,
a non-toxlc compound, produce ratios very near that of
the untreated seedlings, A toxic compound, 2,4,5-T,
causes & definite decrease in the ratio and 2,6-T, a non-
toxic compound, causes an increase.

The time course studies of the C6/Cl ratiocs for
respiratory COz show no correlation between herbicidally
active and inactive compounds except during the first
hourly periocd when the C6/C1 values for the active com-
pounds increase slightly more rapidly. The 2,6-D causes
a slightly different time course effect, which by noting
the control, can be seen to be due to some external in-
fluence and not to the compound since its control differs.

Residue studies of CE/C1l ratios again show no cor-
relation with toxieity. Only 2,4-5-T causes a large
change due to a decrease in Cl utilization as seen in
Table II1Ib, The 2,4,6-T causes a slightly greater in-
hibitiocn to Cl than C6 while 2,4-D produces an equal de-
erease in Cl and Cé utilization, The 2,6-D is th§ only
compound which causes a decrease in the C6/Cl ratio which
is due to a decrease in C6 utilization, while the Cl

utilization remains abocut the same as the contrcl, Again
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the number of substituted chlorines seems to have more
effect on the plant than the herbicidal activity. TIhe
tri-substituted ccmpounds caused a greater decrease in
Cl utilization and the di-substituted compounds caused
either nc effect or a greater inhibition to the Cé
utilization,

Examination of the COp/residue values indicates that
all the herbicides, beth those herblcidally active and
these inactive, caused elther no change or an increase
in this ratioc for Cl utilization, The C6é utilization,
however, does have a correlation with herbiclde actlivity.
The 2,4-D end 2,4,5-T either caused no change or a slight
decrease in the CO,/residue ratic while the inactive
2,6-D and 2,4,6-T caused an increase., Since the chenge
is found in the inactive compounds and not in the active
ones, this cannot be an effect of herbicidal activity.

In every case, with the exception of 2,4,6-T, there
was an equal increase in the percent of C/1 and C/6 car-
bon atoms found in the alcohclic extract. However, the
overall incerporation of all six carbon atoms decreased;
the herbicidally inactive 2,4,6-I caused a greater de-
crease, This again signals a decrease in glycolytic
oxidation since glycolysis and Krebs cycle are responsible
for the bulk of the socluble ccmpcunds.

In summary, consideration will be given to the
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relative values for the C6/Cl as was described earlier,
These ¥ values like the previously described work do not
show any correlation with the herbicidal sctivity of the
compound., All but 2,6-D show a decrease in F value in-
dicating the plant is placing more relliance on the pentose
pathway, This was as previously stated due tc a decrease
of C6 utilization caused by inhibition to the glycolytie
pathway, The 2,6-D, on the other hand, shows an increased
F value indicating more reliance on the glycclytic path-
way for che oxidation of glucose, This appears to be due
to increased activity in C6 utilization.

A similar situation exists in thes case of the reslidue
P values, All the compounds, with the exception cof 2,6-D,
increase the F value indicating relatively more C6 carbon
atoms incorporated intc cellular residue than Cl, This is
due to a greater inhibition of Cl than Cé utilization.,

The 2,6-D again showed inhibition to the Cé6 carbon utili-
zation.

The F values for the alecholic extract, with the ex-
ception of 2,4,5-T treated plants, remain unchanged. The
2,4,5-T, however, shows a greater increase in alcohol
soluble compounds formed from the C6 carbon,

from the data presented here it is postulated that
the herbicidal activity of 2,4-D and 2,4,5-T is not due to

their effect on glucose metabolism, since no significant
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correlation can be found between the effect on metabolism

and iis activity.

The Natural and Synthetic Hormones

The natural and synthetic hormones used in this work
were a-naphthalena acetlc acid (a-NAA), b-naphthalene
acetic acid (b-NAA), glbberellic acid (GA), and indole-3-
acetic acid (IAA).

A mixture of a-naphthalene acetic acid and b-naphtha-
lene acetic acid is sold commercially under the trade name
of "Rootone", which is widely used in the rooting of cut-
tings. Galston has shown that there is an adaptive in-
crease in IAA oxidase activity following applicaticn of
NAA (18, p. 373-380).

A great deal of work concerning the function and
metabolism of the natural growth hormcne in the plant has
been carried cut. Fang, et al., have described the effect
of light and 2,4-D on IAA distribution (14, p. 253-259)
and metabolism (15, p. 26-32). Turian has described an
increase in glycerophosphatase (43, p. 368-370) while
others have shown varicus responses in ascorbic acid oxi-
dase, catalase, peroxidase, pectin methyl esterase, pely-
phenol oxidase and glucose-6-phosphate dehydrogenase (48,
p. 329-332). 1In most cases the critical concentraticn

between stimulation and inhibition is 10-4 M to 10-6 M,



TABLE 11la
THE PHENOXYACETIC ACIDS AND THEIR AHALOGS RECOUVERY DATA

Concen- % Absorbed CL¥ Recover- % Absorbed CI¥ Recovered CCo
tration Sub-

ed as Eesgiratorg CO, Ho. _ as _ No., Res-
M strate Ireatment lhr, 2Zhr, 4hr. 6hr, Runs €O, Residue EtCH Scl, Runs idue

G-1-C1% 2,4-D + B 5.2 6,6 12.4 31.6 3 52,644,2 34,5+2,2 12,9+2.0 3 1,52

, 14 Buffer only 6.7 9.2 14,6 27.4 3  54,0+45.8 35.5+4,3 10.3+2.,2 20 1.52
10°% G-6-c*™ 2,4-D + B 4.5 B,3 15,8 29.8 3  39.343.3 49.5+3.2 14.8+2.6 3 .79
1y Buffer only 6.7 11.5 15.9 25.0 3  40.1+2.7 46.3+2.4 13.4+42.1 20 .87

G-U-C*" 2,4-D + B 2,5 5.5 13.3 32,6 6 54,5+46,0 36.0+5.0 9.5+2.0 6 1.51
Buffer only 3.8 7.9 17.4 26,8 6 47 . 445,8 41,0+4,6 11,5+2,7 27 1.15

G-1-C1% 2.4,5-7 + B 6,6 5.8 10.9 33.8 3  56.745.7 25.0+1.0 18.3+2.0 3 2.26

Lk Buffer only 7.2 8,7 16.7 25.3 3 54.0+5.8 35.5+4.3 10.3+42,2 20 1.52

Geb-C*™ 2,4 ,5-T + B 5.8 9.2 13.5 29.0 3 34.9+43.0 40.9+1.0 24.3+2,0 3 .86

14 Buffer only 6.4 10.4 14,4 27.1 3 40.1+2.7 46.3+2.4 13.4+2,1 20 .88

G-U-C7 2,4,5-7 + B 6,9 6,8 16,1 27.0 6 50.3+8.6 32,445.8 17.0+2.1 6 1.55
Buffer only 6.5 14.3 17.4 22,1 6  47.445.8 41,044.6 11.5+2,7 27 1.15

G-1-Cl% 2,4,6-7 4+ B 4.6 5 12,3 32.5 3 59.5+3.0 24.440.5 16.1+41.0 3 2,44

14 Buffer only 5.9 & 17.3 25.4 3  54,0+5.8 35.5+4,.3 10.3+2.2 20 1.51

G-6-C+" 2,4,6-T 4+ B 3,9 7 12.0 32.5 3 42,3+4,0 35.6+2,0 21.142.0 3 1.19

14 Buffer enly 5.7 1 15.0 26.9 3  40.1+2,7 46.3+2.4 13.4+2,2 20 .87

G-U-C*" 2,4,6-T 4 B 3,1 5 10.0 35.6 3 60.0+7.2 23.2+4,3 15.8+4,0 & 2,58
Buffer only 4,9 9 14,8 28.1 3 47.445,8 41,0+4.6 11.5+2,7 27 1.15

G-1-c* 2.6-D + B 3.7 9 13.7 29.9 3 53.8+2.4 29,5+1.4 16.4+1.1 3 1.82

" 14 Buffer only £.0 15.0 26.3 3 54.0+45.8 35.5+4.3 10.342,2 20 1.52
10 G-6-C1¥ 2,6-D + B 3.7 13.9 29.8 3 44,7+41.0 37.3+41.0 17.9+41.0 3 1.20
Buffer only 5.5 16,0 25.4 3 40.1+2,7 46.3+2.4 13.4+2,2 20 .87,




TABLE I1Ib

THE PHENOXY ACIDS AND THEIR ANALCGS: METABOLISM AND ABSCRPTICN DATA

Concen- ) C6/Cl Values for Re- C6/Cl Values for
Com- tration P, Values spiratory CCo/hr. _8lx hour pericd
pound M Abs. COp Residue EtCH Sol., 1lhr, 2hr, Lhr. éhr. CC2 Res. GCU2/Res
2,4-D 10°% 79,7 .978 1,12  1.03 640 1.04 .011 .753 .750 1.33 .564
4 + + + + i
6.5 .50  0.13 0.12 0.53 0.03
2,4,57 10°% 57,9 .692 1.30 .22 .530 .951 .743 .529 ,610 1.66 368
4 + + + + +
13.0 0,01 0.02 0.15 .027 0.16
2,4,6-7 10-% 58,3 .838 1.57 .998 611 .900 .702 ,710 .711 1.45 491
+ -+ B -+ -+ S
6.3 0.124 0.16 0.121 0.66 0,06
2,6-D  10% 73.1 1.16 .881 .918 .819 .802 .847 .830 .833 1.25 .666
+ + * + + +
4,5 0.07 .063 .061 .049 0.08
Buffer - 100 1.00 1.00 1.00 722 .905 .760 777 .754 1.34% .575
- p.
064 ,011

He
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although no single concentration can be plicked cut which
will cause the same direction of respcnse to all the enzymes
studied,

Absorption studies indicate both a-NAA and b-NAA cause
a large decrease in glucose absorption, D-NAA causling the
greatest, IAA caused a small decrease and GA caused cnly
a slight decrease, The synthetic plant hormones caused &
much larger decrease in abscrption than did the natural
hormones.

Studies of respiratory COp using glucose U-Cl% ghowea
no coverall effect on glucose metabolism caused by the
natural hormones; however, the synthetic hormcnes caused a
stimulation in COz elimination., The greater stimulaticn
was caused by b-NAA, the most active cf these hormcnes. 4
time course evaluaticn (Figure 4) shows no difference in
G-1-C1%* op G-6-Cl¥ oxidation between any of the natural
hormcnes; however, during the last two hour pericd the
synthetic hormones appeer to increase COp evoluticn faster
than the natural hormcnes. Again b-NAA increases the fast-
est.

Studies using glucose-1-C1¥ and glucose-6-Cl¥ and the
synthetic hormones have much effect on the C6/Cl ratio with
the exception of b-NAA, The b-NAA is the more active hor-
mone and also causes the greatest stimulation of Cl utili-

zation or pentose oxidation., There 1s no reason, however,
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to believe that the physiological response of these hor-
mones 1s caused by glucose catabolism alone,

Analysis of Table 4b shows that the natural hormones
have & slightly different effect on the C6/C1l ratio during
the course of the first two hours than do the synthetic
hormones, The latter seem to stimulate Cl oxidatlion at
first, then they return to a normal rate of oxidatlcn,
while the natural hormones follow more closely the control,

In analyzing the dzta gathered concerning incorporation
of gluccse carbon atoms into cellular residue there is no
cverall effect caused by the natural hormones, ihere is,
however, a slight preference for Cl atoms caused by GA and
a slight decresse in Cl and C6é atoms caused by IAA, Analy-
gsis of the C6/Cl ratios further i1llustrates this fact. The
synthetic hormones decrease greatly the utilization of all
glucose atoms with a greater decrease in Cl and Cé utiliza-
tion., Since there is only a small change in the ratio of
glycolytic and pentose oxidation, it would appear that the
synthetic hormcones inhibit anabolism of glucose to cellular
residues, The greater inhibition results in Cl anabolism,
This 1s further substantisted by examination of the C6/Cl
ratios for cellular residues, In Zable 4b 1t can be seen
that there is & large increase in the ratios caused by a
greater inhibition to Cl utilizaticn than to C6 utilization

The ratio of COz/residue values for respiratory COz and
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cellular residue permit an easy inspection to the differen-
ces between the two classes of hormones., The synthetic
hormones falling into ocne class which 1s much above the
control and the natural hormones which have values around
that of the contrcl., The synthetic hormones appear to de-
crease the amount of cellulsr formation, while the natural
hormones have ne effect on cellular formation.

Analysis of Table IVa ghows that the percent of clk
recovered from G-U-Cl¥ ag alcoholiec soluble compounds de~
creases with trestment of the plants by synthetic hcrmones,
again b-NAA being the most effective, {he natural hormcnes
again cause no change over the controls. The recovery from

G-l-Cl“ and G-6-C1¥ was erratic with no correlation possible.

Other Herbicides Affecting Physiological Activity

Of the herbicides to be comnsldered in this section two
affect meristematic activity end the other causes consider-
able dehydration of the plant tissue.

N-phenylisopropylcerbamete (IPC) was first suggested
by Templeman and Secton (40, p. 630) for use 2s & growth
substance, It is produced by the Fittsburg Plate Glass Com-
pany and merketed under the trade name of "Propham", The
most active of a series of arylurethanes &as & growth regu-
lating substance, it has the propertlies which allow 1t to

interfere with nuclesr division., IPC is reported to cause



TABLE 1Va
THE NATURAL ARD SYNTHETIC HCRMONES: RECOVERY DATA

Concen- % Absorbed CLY¥ Recover- 5 Absorbed CL1¥ Recovered C0,
tration Sub- ed as Respiratory COp No. _ as - No. Res-
M strate Treatment 1lhr, 2hr, 4hr, 6hr, Runs CO2 Residue EtOH Sol, Runs idue
G-1-C%* a_naa + B b 9,7 36.8 3 64.546.1 23.0+3.3 12,5+2.8 3 2.80
,, Buffer culy 6.2 8,5 14,5 29.1 3 54,0+5.8 35.544,3 10.3+42,2 20 1.52
G-6-Cl™ g-HAA + B 2.8 6.7 11.5 33.8 3 U6.4a+6.6 40.9+1.8 12.544,8 3 1.13
Y Buffer only 5.0 10.9 16.4 25.6 3 40.1+2.7 46.3+2,4 13.4+2,1 20 .87
G-U-C*™ a-NAA + B 3.7 4.6 12,5 33.3 6 U4b6.644.,7 31.542.3 21.1+5.2 6 1.48
Buffer only 6.1 9, 9,8 32,3 6 47.445,8 41,0+44,6 11,5+42,7 27 1,15
G-1-C1¥ b-NAA + B 2.5 3.7 9.0 37.9 3 69.946.3 18.2+2.7 11.9+3.0 3 3.8k
4 Euffer Cnly L’d"!’ g 13.9 29.2 3 5“’.0"508 3505“#.3 10-3"2.? 20 1.52
G-6-Cl% p_NAA + B 2.5 6 10.7 35.0 3 45.,2+45.3 33.142.7 21.7+3.9 3 1.37
e Buffer cnly 5.0 1 1€.4 25,7 3 BO,1+2.7 46.3+2.4 13,4+42,12 20 .87
G-H‘c b'““ + B 206 60 120“ 3300 6 50.5"’“’.9 25.74’1.? 24.5“'5.6 6 1.96
Buffer only 5.0 1043 15.1 27.3 6 47.4+5.8 51.044.6 11.542.7 27 1.15
GA + Buffer 3.6 7.1 16,6 28,1 3 56.2+3.5 35.4+2.4 8,3+0.8 3 1,58
Buffer only 3,8 7. 17.4 26,8 3 54,045.8 35.544,3 10.342.2 20 1.52
G-6-C1% G4 4 Buffer 5.2 10 15,7 26.4 3 39,2+1.3 46,3+1.5 10.3+2,2 3 .85
N Buffer only 5.9 10.7 17.3 24.4 3 40,1+2,7 46,3+42.4 13.4+2,1 20 .87
G-U-C1% GA + Buffer 5.2 8,9 13.4 29,6 5 Uu8,046.6 41,346.1 10.341.6 5 1.16
Buffer only 4.8 9.3 16.2 26,7 5 bL7.4+45.8 41,0+4.6 11.5+2,7 27 1.15
G-1-C1% 144 + Buffer3.0 6.7 11.9 33.2 3 56.1+7.9 W.4+4.9 9,543.7 3 1.63
. Buffer only 3.9 8.4 15.7 28.1 3 54,0+5.8 35.5+4,3 10.3+2.2 20 1.52
G-6-Cl% 144 + B boh 9,2 13.0 30.2 3 40.9+3.7 4h.Be2,7 14.242.7 3 .91
Ly Buffer only 6.8 11.1 13.6 27.4 3 40,1+42,7 46.3+2.4 13.4+2,1 20 .87
G-U-C1% Ia4 4+ B 5.3 6.9 12.7 31.2 6 51.4+5.2 37.4+6.8 11.1+5.1 6 1.38y
Buffer only 5.6 8.5 15.4 27.6 6 U47.435.8 41,044.,6 11,5+2,7 27 1.15




IABLE 1IVb

THE NATURAL AND SYNTHETIC HCRMONES: METABOLISM AKD ABSCRPTION DATA

"~ Concen- C6/C1 Values for he- C6/C1 Values for
Com~ tratiocn F., Values spipatory CO2/hr, six hour pericd
pound M Abs, COp Regidue BEtOH Sol, 1lhr, 2hr, 4hr, hr. CO, Res, CO,/Res.
a-NAA  10~% 63,4  .940 1.1k 781 1.03 1.17 .820 .578 .715 1.81 .396
* * * * * *
16.2 .091 0.12 0.12 .037 0,16
b-NAA  10~% 49,9 .900 1.31 1.21 l.14 1.25 .792 .694 ,645 1,71 .378
+ * * * 2 .
10.9 .120 0,05 0.06 .059 0,13
GA* S5ppm  96.6 1,02 ,920 1,21 1,02 1,00 .660 .660 .699 1.31 ,534
4 + + + * *
3.6 0.03 0,04 0.07 045 0.10
1AA 1074 86,6 1.01 1,03 1.22 1.09 1.04% .830 .69 .776 1.33 .584
+ * 3 + + +
5.9 0.04 0,08 0.01 076 0.17
Buffer - 100 1,00 1,00 1.00

1.06 .930 .750 .640 .754 1.35 .560

064 0,15

* This data was taken from earlier work now in press. "lhe Influences of QGibberellic
Acld on the Metabeolism of Indoleacetic acid, Acetate and Glucose in Roots of Higher
Plants" S, C. Fang, John B, Bourke, V. L. Stevens and J, S, Butts. Department of Agri-
cultural Chemistry, Oregon State College, Corvallis, Cregon. Technical Paper Number
1256, Accepted for publicaticn in Flant Physiology.
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a decrease in root respiraticn (39, p. 176-189) and an in-
crease in sugars (29, p. 43-49). It is specifically more
active on graminaceous plants than on dicotyledons and is
ugsed almost exclusively as a selective grass killer, It

is particularly effective for control of grasses ln pees,
potatoes and clover, It 1s not absorbed through the leafl

to any extent, but is rapidly taken up through the roots.
For this reascn 1t is appllied to the soil, usually before
planting of annusl crops, at a rate of three to five pounds
per acre. IPC is belleved to be completely non-toxic to men

The second herbicide having meristematic activity is
1,Z-dihydrOpyridazino-j,6-diono or Maleic Hydrazide (MH).
Its plant growth regulation propertlies were first described
by Schoene and Hoffmen in 1949 (36, p. 588-590).

It is used selectively against grasses, beling toxic to
meristematic tissue, inhibiting mitosls and causing loss of
apical dominance (20, p. 205-212). It 1s readily trans-
locatable in plants and is commonly used to prevent sucker
development in tobascco. It is also useful for the preven-
tion of sprouting in root crops, such as onions and beets.
Thet MH inhances IAA oxidase activity (2, p. 439-459) com-
bines with free thiol groups (32, p. 232)(20, p. 212), in-
hibite growth by blocking dehydrogenase activity (25, p.
465) and increases the synthesis of "gibberellic like hor-
mones" (7, p. 489-497) have all been reported in the
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literature; hcowever, the work 1s as yet unconfirmed, MH
also increased oxygen censumption although it dces not af -
fect the C6/Cl ratio in leaf disks (37, p. 233-237).

MH 18 a non-irritant having an oral LD in rats of about
2 g/kg. Like ATA, however, MH may be cancer producing (11,
p. 407-408).

The last herbicide in this group is commonly used as a
fungicide, Phenylmercuric acetate (PMA) is one of the many
mercury compounds used in crop protection; however, it has
little power unless it is converted tec the chloride, it is
used as a selective herbicide for the contrecl of crabgrass
on lawns but has the disadvantege of being highly toxic to
mammals,

Root tissue treated with PMA reacted violently, becom-
ing highly dehydrated and exhibiting a highly reduced sub-
strate absorption. The C6/Cl value for respiratory CO; was
decreased while the same value for cellular reslidue was in-
creased., The overall formation of CCp was greatly reduced
as was the incorporation of glucose atoms into cellular
regsidue., Ifhe ability of FPMA treated tissue to oxldize
glucose to COz was greatly stimulated during the first hour,
but fell off rapidly with time (Figure 5). Both the first
and sixth carbon atoms behaved similarly, IPC and MH did
not show this, nor did they differ from the control. The

amount of soluble compounds was vastly increased, probably
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in an effort to retain moisture. It would appeer chat the
primary effect of PMA on the tissue was to dehydrate the
cells and that the dehydraticn may be responsible for the
changes in metabolism,

MH, on the other hand, showed only slight alterations
in the metabolic scheme., Abscorption wes only slightly af-
fected with no effect on the oxidation of the C-6 and C-1
carbon atoms of glucose, except an overall slight decrease.
No substantial effect is noted on the utilization of glucose
carben atoms for cellular constructicn, There is, however,
a slight inhibition to anabeolism which i1s the same for all
glucose solutions, Time course studles of respiratory CCp
and the corresponding C6/Cl values show no effect caused by
the herbicide with the exception cf a2 slightly higher pen-
tose activity during che last few hours,

IPC shows a definite decrease in absorption and overall
carbon oxidation, Conversion of the C-6 carbon atcm to CCjp
remains unchanged, while that of the C-1 increasses. This
would be due tc an incre=se in pentose cycle activity as is
11lustrated by the decreased C6/Cl value for respiratory
Clz. As with MH, there 1s no effect on utilization of glu-
cose carbon atoms for insoluble cellular material with the
exception of a2 slight shift favoring C-1 anabolism, The
alccheolic extract is llikewise unaffected, Iime course

studies of the respiratory C0s show an early inhibition to
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oxidation followed by a late stimulation, glycolysis being
the less active through the entire pericd.

In general, HM and IPC cause only a slightly higher
pentose cycle activity while PMA causes a great deal of

physiological damage resulting in metabolic changes.

The Pre-emergent Herbicides

Four herbicides will be considered in this group which
find their principal function as pre-emergent herbicides,
The first, 2-chloro-4,6-bis (ethylamino)-5-triazine (Sima-
zin) is a promising pre-emergent herbicide for use in corn,
tomatces, grapes and aspsragus at 2 to 20 lbe./acre. At
higher concentrations Simazin can be used as a soil ster-
ilant, 2lthough it does not exhibit any fungiclidal proper-
ties, Simezin is only ective when applied tc the soil, by
affecting some mechanism in photosynthesis, probably the
Hill resction. It is not believed that this 1s the site of
herbicidal activity since both suscepteble and tclerant
plants behave similarly to Simizen (31, p. 432-435). Glucose
appears to partially overcome the toxicity of Simizan,

Ethyl N,N-di-n-propylthioccarbamate (EPIC) is a liquid
herbicide introduced by Stauffer Chemical Company in 1956.
It is a2 promising pre-emergent herbicide; however, most
erops are resistant to post-emergent applications., 1t does

not inhibit germination but is toxic t¢ the young seedlings.



TABLE Va

CTHER HERBICIDES AFFECTING PHYSICLCGICAL ACTIVITY: RECCVERY DATA

Concen- % Absorbed 61# Hecover- # Absorbed C # Recovered CGZ
traticn Sub- ed as Resgirator% CO2 Wo. ___ No, Res-
il strate Ireatment 1lhr. 2hr, &hr, 6hr, Runs COo Residua EtCH Sol, Runs idue
G-1-c1¥ 1pC + B 2.9 6.88 14.1 31.1 3 60.5+3.9 31.4+2,7 6.142.2 3 1.93

-4 14 Buffer only 3.6 7.72 17.0 28.3 3 54.0+5.8 35.5+4.3 10.3+2,2 20 1.52

10 G-6-C*Y IPC + B L,5 8,46 14,3 29,2 3 38.,6+1.3 48.4+1,0 12,9+3.1 3 .80
Buffer only 6.0 11.5 16.6 24.5 3 40.1+42,7 46,342.4 13.4+2,1 20 .87

G-U-Cl% 1PC &+ B 5.0 7.82 15.3 28,3 5 43.8+5,0 43.6+4,1 12,7+1.0 5 1,00
BUffer Only 6.‘4’ 9-80 15.0 2?.0 5 }4’7-4“'508 “’1.0"’“.6 1105“207 2? 1015
G-I-C1¥ un 4+ B B.7 7.71 15.5 28.3 4 45.247.2 36.1eb.b 16.7+3.2 4 1.19
! 11 Buffer only 6.7 9.87 16,8 25.1 4 54.045.8 35.5+4.3 10.342.2 20 1.52
10-% G-6-C1™ MH + B 6.0 9.85 15,1 26,8 4 33,9+44,.8 48,3+1.6 17.843.6 4 .70
" Buffer only €.8 10.7 17.2 24,0 4 40,1+2,7 46,342.4 13,3+2.1 20 .87

G-U-C1¥ MH + B 5.1 9,40 16,2 26,6 4 40,4+2,9 45,8+43,8 13,8+1.,0 & .88
Buffer only 5.7 1l.1 16.7 24,9 L4 47.4+5,8 41.0+4,6 11.5+42,7 27 1.15
G-1-C1% PrA 4+ B B4.2 19,9 10.7 7.40 3 6.90+2.3 4.7+1.0 88.3+1.9 3  1.48

4 14 Buffer only 4.5 7.48 16.4 27.6 3 54,045.,8 35.5+4.3 10.3+2.2 20 1,52
10" G-6-C*Y PMA + B 69.5 5,98 7.23 5.04 3 2,2 +0.7 5.7 0.7 93.0+1.3 3 <39
N Buffer only 5.5 10.1 15.3 26,9 3 40,1+42,7 46,3+2.4 13.4+2,1 20 .87
G-U-Cl¥ PMA 4+ B 30.8 10.4 19.2 10.3 5 13.1+43.6 11.7+2.0 75.34+7.3 5 1.12
Buffer only 4.6 9.40 17.4 26,6 5 U47,4+45,8 41,0+4,6 11.5+2.7 27 1.15
Note: + represents * deviatiocn.

SH



TABLE Vb
OTHER HERBICIDES AFFECTING PHYSICLOGICAL ACIIVIIY: METABCLISHM AND ABSCRPIION DATA

Concen- C6/C1 Values for Re- C6/C1 Values for
Com- tration 7 _¥, Values spiratory CO»/hr, six hour period
pound M Abs, CO» Residue EtOH Scl. 1lhr, 2hr, hr, hr, CC> Res, COy/Res.
1PC 10-4% 86,5 .937 1,02 1,06 1,00 .929 .629 .575 .641 1,55 414
2 x 3 : : &
J b 020 .08 .08 .026 0,13
PMA 10°% 11,1 .68 2094 .618 729 .139 .311 L314 G447 1,43 ,312
- . $ 2 4 3
3’7 0286 20&’5 0218 .304 0013
MH 10-% 95,0 .85 1.13  1.02 .935 .882 .6768 .652 .757 1.28 .590
+ + * * * *
6,5 038 .04 % .051 0.11
Buffer - 100 1,00 1,00 1,00 .B80 ,828 ,693 ,698 .754 1.35 .560
" + +
064 0,15
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The effect is a darkening of the leasves followed by necro-
gis. Leaves never emerge from their sheath, It is selec-
tively toxic to many weed seeds, especially the gresses,
and may find broad use in corn, slfelfa, soybeans and the
like, It is somewhat more toxic to mammals than most her-
bicides having an LD 50 of 1.63 g/kg.

Like EPIC, a,a-dichloropropionic acid (Dalapon) is a
ligquid herbicide. It was first introduced by the Dow Chem-
ical Company in 1953 and exhibits great promise as a grass
herbicide. It czuses physiclogicel responses to the plant
when absorbed through either the rcots or leaves., Some
trouble is encountered in handling because of irritation te
the eyes, but toxicity is extremely low.

The fourth, 2,3,6-trichlcrobenzoic acid (2,3,6-1BA) is
a pre-emergent herbicide used in weed contrcl which was 1n-
troduced in 1954 by Heyden Chemical Company, The 2,3,6-TBA
exhibits growth regulating properties which may be used in
the control of dicotyledoncus weeds, particularly in corn.
It has alsc found use in brush control. te toxicity hsas
an LD 50 of about 1 g/kg.

Metabolic studies utilizing glucose-l-clu, glucose-6-
¢l% ana glucose-u-clu es substrates indicate that all these
herbicides affect substrate abscrption to about the same
extent (Table VIb). The 2,3,6-TBA inhiblts substrate ab-

sorption slightly more than the other three,
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Consideration of the C6/Cl values for respiratory COp
reveals thet all the herbicides tend to reduce thls value
indicating more relisnce on C-1 or pentcse oxldatlien, Time
course studies of these values show no difference in the
normal trend toward the pentose cycle over a six-hour period.
There is, however, a general lowering of the values over
the entire period following treatment with Dalapon, 2,3,6-
TBA and EPIC. Simezin, however, only shows & lowering
during the first hour, the remaining time 1ts value appears
very near that of the control. In general the trend appears
to be a lowering of the respiratory COp C6/Cl values follow-
ing trestment with the pre-emergent herbicides followed by
a return to the normel.

Analysis of the percent recovery of absorbed Cl4 as
CC, reveals no correlation among the four herbicides used
here, EPIC causes no change in recovered CO, when using
G-l«Clu or G~U—Clu; however, there is a small inhibition
to G-6-Cl¥ oxidation. Since there is no effect on incor-
poration of any of the carbon atoms into the cellular re-
gldue this would indicate an inhibition to glycolysis.

Simazin, on the other hand, causes &an increase in
G—l-Olu oxidation and a decrease in glucose—U-Cl4 oxidation.
Because of the decrease in C-1 anabclism intc cellular re-

sidue this would tend teo indicate a general decrease in

pentose cycle oxidation with an increase in C-1
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elimination causes by the decrease in the assimilation of
the C-1 into tissue.

The 2,3,6-TBA shows an overall increase in CC, elimi-
nation with the C-1 elimination showing the greatest in-
crease., Carbon incorperation into cellular residue remalins
unaffected except for C-1 incorporaticn which decreases.
This would tend tc indicate an overall increase in metabo-
lism, but like Simazin, with increased C-1 COp production
owing to the decrease in C-1 incorporation into cellulsr
residue,

The C-1 carbon folleowing treatment with Dalapon shows
increased COp production and decreased incorporation into
cellular residue, C-2 CC, eliminatlion is decreased while
no effect is noted on its incorperaticn into residue,

This decrease may be due to an accumulation of glycolytic
intermediates in the cell as indicasted by the increase in
activity in the soluble fractiocn.

Treatment with Dalspon in G-U-Cl¥ experiments results
in no change in metabclism. In general it appears that
Dalapon does not cause any substantial change in pathway
but rather an inhibition to cellular incorperation from
pentose cycle intermedistes and & possible accumulation of
glycelytic intermedistes., The overall incorporaticn of
gluccse carbens into the residue appears to be only slight-

ly affected because of the increasse in pentose cycle
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operation cancelling out the decrease in residue formation
from gluccse—l-clu. The accumulaticn of glycelytic inter-
mediates, however, indicates some inhibition to the pyruvic
enzyme,

Examination of the anabolic function or CCy/residue
velues shows that EPTC and Dalapon have little effect on
the function while Simazin and TBA increase the function.
This increase is due to a decrease in the incorporation of
glucose into cellular material.

This group of pre-emergent herbicides appears to have
no correlation between one herbicide or enother. EFPIC and
Dalapon appeer to inhibit glycolysis but only slightly.
The 2,3,6-TBA appears to show an overall lncreage in pen-
tose cycle operation which méy be due only to the elimina-
tion of COp which would crdinarily be used in tissue con-
struction. EPIC did net affect cellular residue formatlon
while 2,3,6-TBA and Simizan caused a decrease in C-1 cel-

lular incorporation.

The Non-gelective Herbicides

The twe herbicides described in this section are gen-~
erally used non-selectively; however, they may be used
specificelly. The first, 3-(p-chlorcphenyl)-l, l-dimethyl
urea (CHMU) is more commonly called Monuron and is sold

under the trade names of "Telvor" and "Karmex" which have



TABLE Vla
THE PRE-EMERGENT HERBICIDES: RECOVERY DATA

Concen- % Absorbed CI% Recover- % Absorbed CL¥ Recovered
tration Sub- ed as Respiratory CC» No. as Ko.
M strate Treatment lhr, 2hr, 4hr, 6hr, Runs COp Residue EtCH Scl. Runs

G-1-C1% Epr¢c 4+ B 9.00 15.0 28,6 52,649.1 33.544,5 13.845.7 3

G.U-Clu Dalapon « B
Buffer cnly

7.06 14,7 30.2

47.,6+47.6 40,1+45.7 12.2+2.,2 5
7.70 16.8 27.4

7. 4+5,8 41.0+4,6 11,.542,7 27

3.7 3
4 Buffer only 4,5 9.61 14,3 28.7 3 54,0+5.8 35.5+4,3 10.342,2 20
10~% G-6-c1% EprC + B 4,3 10.8 16.2 27.5 3 35.1+3,3 45,8+1.0 19.1+5.7 3
Buffer only 5.4 12,3 17.1 25.0 3 40,1+2,7 46.3+2.4 13,442,1 20
G-U-cl% EPTC 4 B 3.6 6,43 14,7 31.8 6 U47,147,9 42,1+45.4% 10,542,9 6
Buffer only 4.3 7.16 16.0 28.2 6 47,4+5,8 41,0+4,6 11,.5+42,7 27
G-1-C1¥ Simazin + B 4,5 7.74 14,3 29, 3 60.,6+3.,1 30,0243.,2 8,441.5 3
4 Buffer only &.7 8.30 16.4 27.0 3 54,0+5,8 35,5+4,3 10.3+2,2 20
105 G-6-Cl¥ Simazin « B 6.1 10.8 16.3 25.2 3 L1,1+1.9 bh, 542,04 14.4e3.4 2
, Buffer only 7.k 12,9 17.k 22,4 3 140.1#2.7 46.3+2.4 13.4+2,1 20
G-U-C* Simezin + B 7.7 12.6 12.1 28.4 6 41,3+4.0 47,.1+4,3 11.6+41.,0 6
Buffer only 8.1 9.60 13.0 28.1 6 47,445,868 41,0ek.6 11,5+2.7 27
G-1-¢1¥ 7BA + B 4,2 7.00 14.4 32.0 3 62.7+4.7 27.942.9 9.40+41.9 3
L Buffer only 4,5 8,85 16,2 27.2 3 50.4+5.8 35.5+4,3 10.3+2.,2 20
10 0“6—014 EBA - B 5.4 8.60 1“’.0 30.8 3 L§‘8.2*8.3 ”’3.3‘"108 16.8"3¢1 3
, Buffer only 6.8 11.5 14.9 26,0 3 L40,1+2.7 46,3+2.4 13.4+2,1 20
G-U-c1% 7BA + B 4,2 7,95 12,2 31.8 5 49,3+2.4 38,9424 11,941.2 5
Buffer only 6.9 9,55 15.2 26,6 5 47.445,8 41,0+44,.6 11.5+42,7 27
G-1-C1% Dalapon + B 2.4 6.75 13.0 32.0 3 57.9+7.3 31.5+5.2 10.5+2.1 3
i Buffer only 4.8 8.50 12,6 30.0 3 54,045.8 35.5+4.3 10.3+2.,2 20
1074 G-6-cl¥ Dalapon + B 5.2 10.0 14,1 28.2 3 32,5+6,.1 45.7+1.0 18.8+1.4 3
Buffer only 6.4 10.4 14.8 26.8 g 0.,1+2,7 46.3+2.4 13.4+2.1 20

3.2
3.8 5




TABLE VIb
THE PRE-EMERGENT HERBICIDES: METABOLISM AND ABSCRPTICHN DATA

Concen- | "C6/C1 Values for Re- C6/Cl Valuves for

Com- tration % #, Values spiratory COz/hr, _8ix hour pericd
pound M Abg, CO, Residue EtCH Sol. 1hr, 2hr, Bhhr, 6hr, CC, TRes. CO2/Res.
EPTC 10~% 91,6 .812 1.17 1.23 795 B20 735 .658 667 1.17 .570

: + + * + :

5.7 .09 .03 .12 .015 .03
Simazin 10~° 94,0 ,986 1,03 1,07 935 .967 .788 ,592 ,682 1,03 .651

3 - s * : s

€.6 088 0,13 0.16 039 0.13
2,3,6- 10~% 82,7 o47 1.13 1.19 906 748 .581 .549 637 1.13 .563
T8 % 3 * - .

6.1 <108 (06 07 007 .06
Dalapon ;7 e €9.3 .858 1,07 1.41 $939 .923 .679 549 ,622 1,31 475

s 2 - * - - *

.3 .032 0,04 0.13 063 0.10
Buffer - 100 1.00 1,00 1.00

'993 ‘969 075? 0595 07“’5 1. 35 0560
* z
064 0,15
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RIGURE 5

THE EFFECT OF THE PHYSIOLOGICALLY ACTIVE HERBICIDES ON GLUCOSE OXIDATION
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about 80 percent active components. CMU was the first cf
a series of substitutal urea compounds to be suggested as
goil sterilants and herbicides., It has a low mammallan
toxieity, the acute orel LD to rats being 3.7 g/kg. CMU is
a general herbicide for applicaticn tec either the soil or
feoliage; however, it is somewhat less effective when applled
to the foliage, It has a known inhibition to the Hill
reaction of photosynthesis (26, p. 980), uncoupling phos-
pherylation, has little effect on germinating seeds until
the shoots have emerged above the ground and causes chler-
osis, Its absorption through the leaves is poor, while
root absorption is high (10, p. 1-14), It is used non-
selectively at 20 to 80 1lbs./acre or less effectively
selectively in certain erops such as plineapple, sugar cane,
cltrus and grapes at 1 to 6 lbs./acre (28, p. 40-42),

The second herbicide tc be considered in this section
is 3-amino~l,2,4-triazole (ATA) which is scld under the
trade name of "Weedazol" which contains 50 percent active
compound,

It is relatively non~toxic tc mammals, the acute LD
to rats being 14.7 g/kg. In long term feedings, however,
1t can produce cancer,

it is a general herbicide used to kill plants, brush
and hardwood, ATA finds only limited use selectively. 1t

is rapldly absorbed by aerial plant parts and roots



56
inducing chlorosis, which is not corrected by iron treat-
ment, followed by death of the plant (30, p. 218-226).

ATA is reported to stimulate respiration in leaf sec-
tiens (30, p. 218-226), inhibit the formatiocn of plastlds
(33, p. 674-678) end lower the catalase activity. Herbert
also found stimulation of respiration generally increased
in the leaves and rhizomes following treatment with ATA
(19, p. vi).

Treatment of pea roots with 1 X 10~-% M CMU and ATA
produced results shown in Table ViJa and ViIb. There was
no apperent physiological damage to the tissue, CHMU only
slightly reduced the substrate absorpticn while ATA caused
no change.

In sgtudies utilizing respiratory CO2 production, no
difference between CMU treated seedlings and control plants
could be found. ATA, however, caused a decrease in the
C6/Cl ratic which apnears to be due to an increase in C-1
oxidation during the last two-hour period. Time course
studies show an early inhibition tc COp evolution from both
the C-1 and C-é carbon atoms of glucose followed by a slight
stimulation in C-1 evolution. rhe C-6 oxidation approaches
the control neaer :the end of the 6-hcur period. A study of
the C6/C1l ratios for respiratory CO2 over the 6-hour period
shcw an early decrease in the ATA and an increase in the
CMU C6/Cl ratios which approach the control after six hours.

It would appear then, that the overall effect of CMU
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on glucose oxidation is slight while ATA shows &n increese
in C-1 oxidation., Oxidaticn of uniformly labeled glucose
shows no effect caused by either CHMU or ATA,

The incorporation of gluccse carbons is unaffected by
CHMU treatment; however, a slight decrease in the C6/C1l ratio
can be induced by treatment with ATA, This 1s caused by a
gslight increase in C-1 carbon incorperaticn. No effect is
induced on the C-6 carbon atom or when a-U-c1¥ 1g used.

No effect is induced upon the breakdown of glucose to
alcoholic soluble compounds with treatment by CHU; however,
once again ATA causes & slight increase in the incorpora-
tion of C-6 carbon atoms into alcohol soluble compounds.

In summery there appears to be no affect on glucose
metabolism when pea roots are treated with CHU; however,
ATA appears to cause & slight increase in pentose phosphate
oxidation. 7This increase is probably found only during the

latter pert of the experimental period.



LABLE Vila

THE WON-SELECIIVE HERBICIDES: RECOVERY DATA

Concen- » Absorbed Cl“*Recover— % Absorbed CI¥ Recovered

tration Sub- ed as Resgiratcrg €0, Wo. ___ 88 Ho.
strate Ireatment 1lhr, hr. 6hr. Runs  GUo Regsidue EECH Scl. Runs idue

G-1-C1% ATA + B L5 15.0 29.7 3 L4B,3+8.2 39,0+3.4 12.7+45.5 3
1k Buffer only 5.0 15,0 26,9 3 54.0+5.8 35.5+4.3 10.3+2.2 20
G-6-C ATA + B 5¢5 16.5 25.9 3 38.346.8 47.7+1.0 17.1+6.4 3
14 Buffer only 6.2 16.8 24,5 3 40,1+42.7 46.342.4 13.1+2,1 20
G-11-C ATA 4 B 6.4 15.5 26.8 4 42,1+45.9 44.141.5 13.8+2.7 4
Buffer only 4.8 y 14,7 27.2 b 47.445.8 41,044.6 11.5+2.7 27
G-1-C1% cwy 4 B 3.3 14.1 31.8 3 52.6+6.0 32.6+1.4 11.1+1.3 3
4 14 Buffer only 3.9 16.4 27.8 3 54,045 35.5+4.3 10.3+2.2 20
107 G-6-C CMU + B 5.2 16.5 25.9 3 4l ,9+5,6 43,8+42,3 15.2+1.3 3
14 Buffer only 5.4 15,7 26,2 3 40,1+2.7 46.3+2.4 13.4+2,1 20
G-U-C** CMU + B 5.5 15,7 26,0 4 43.4+7.1 43.3+2.1 13.3+5.0 &4

: + represents * deviation.
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TABLE VIIDb
THE NCON-SELECTIVE HERBICIDES: METABOLISM AKND ABSCRPTICHN DATA

Concen~ C6/C1 Values for Re- C6/Cl Velues for
Com- tration # _ F, Values spiratory COp/hr, six hour period
pound M Abs, CC2 Regidue EtOH Sol, lhr, 2hr, hr, hr, CO2 _ Res, CO2/Res.
CHMU 10°% 92,6 1.07 .913  .963 1.09 .101 .821 .591 ,701 1,39 .504
* £ 2 * s 2
34 06 ,039 090 019 0.10
ATA 10-4% 97,7 .814 1,11 1.30 L7455 .73 665 545 ,633 1.23 514
* : i e it >
7‘0 QOL"l .GS 013 1081 0.10
Buffer - 100 1.00 1.00 1.00 .900 ,892 .697 L6433 ,754 1.35 .560
4 -
064 0,15

6¢
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SUMMARY

In every case with the exception of PMA there was no
appreciable herbicidal effect on glucose metabolism that
can explain the toxicity of the various herbicides used.
Herbicides which have & high toxic effect on peas cause
very similar effects tc those for which peas show com-
plete tclerance. As examples, 2,4-D and 2,4,5-T are highly
toxic to peas yet cause almost the same effect as the in-
active compcunds 2,4,6-T and 2,6-D, Likewise IPC which is
used as a grass killer in pea crops shows a greater effect
on peas than 2,4-D.

All the compounds with the exception of 2,6-D cause
either no change or a decrease in the C6/Cl ratioc regard-
less of activity. There 1s, however, a slight shift toward
the pentcse pathway.

All the compounds caused & decrease in substrate ab-
sorption, the amount of inhibition depending on scme other
property of the compcund than its herbicidal aectivity. No
correlation cen be found between either C6/Cl ratics or
residue incorporation and abscrption.

2,4-D, 2,4,6-T7, 2,6-D, a-NAA, GA, TIAA, Simazin and CMU
appear to cause only a slight chenge in glucose oxidation,
2,3,6-TBA, 2,4,5-T and IPC cause the highest increase in

pentose pathway activity while EPIC, Dalapon, and 2,4, 5-T
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cause the greatest inhibition to glycolysis.

The general conclusion reached in this thesis 1s that
glucose metabclism is not the site of herbicidal activity
in the pea seedling. This combined with the work of
Stevens (49, p. 1-50) who found that acetate metabollsm
was not affected by herbicidal treatment removes from the
1ist of possible herbicidally active sites two very import-

ant phases of plant metabolism.
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