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SODIUM 2,2-DICHLORCPROPIONATE AND SODIWM

2,2,3-TRICHLOROPROPIONATE ABSORPTION AMND

TRANSLOCATION IN CERTAIN VEGETABLE CROPS
AMD RESIDUAL ACTIVITY IN SOIL

INTRODUCTION

Since the discovery of the selective toxicity exhibited toward
bread leaf plants by 2,4-D and related compounds, many agencies have
searched for a growth regulator type herbicide exhibiting a reverse
selectivity, In 1953, The Dow Chemical Company announced an exper-
imental herbicide, 2,2~-dichleropropionic acid (pP4), which showed a
selective toxicity against grasses. Early reports (18, pp. 2-3)
indicated that certain perennial grasses were killed sfter foliage
applications which suggested a growth regulator type material capable
of being translocated through the plant.

The /merican Cyanamid Company later released 2,2,3~trichloro=
propionic acid (TPA) which in preliminary tests (25) exhibited
activity similar to that of DPA. As with 2,4-D and 2,4,5-trichloro-
phenoxyacetic acid (2,4,5~T), isopropyl N phenyl carbamate (IFC)

"and isopropyl ¥ {3 chlore) phenyl cerbamate (CIFG), DPA and TPA differ
in chemical structure by only one chlorine atom. Although the
phenoxyaeetic acids and the carbamatos display some similar charace
ters of activity within their respective groups, 2,4~D differs from
2,4,5~T, and likewise IPC differs from CIPC, It is logical to assume
that DPA gnd TPA will exhibit some similarities and some differences

in activity.
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A comparison of certain aspects of the behavier of DPA end TPA
to that of such compounds as 2,4-D and 2,4,5-T could add to the
accumulation of knowledge directed toward eventually reaching an
understanding of the differential phytotoxic activities of compounds
varying only slightly in chemical structuxe, Because of the pos~
sible utilization of DPA and/or TPA for the control of perennial
grasses on agricultural cropland, two of the most important proper—
ties of these chemicals requiring study are the foliar absorption
and subsequent translocation to other plant parts, and the residual
activity in soil.

Since it has been demonstrated that the absorption and trans-
location of 2,4~D is comparcble in annual and perennial plants
(13, pps 355-365 and 14, pp. 287~-334), it was assumed for the pur-
pose of this study that the same relationship would be true of DPA
and TPA sbsorption and translocation inh annual and perennisl plants.
To provide an indication of the absorption and translocation of DPA
and TPA in different types of plants for comparison to similar
studies conducted with 2,4-D and 2,4,5-T by several workers, beasn and
sweet corn plants were chosen as convenient reopresentative mono~
cotyledonous and dicotyledonous test plants.

Beecause plants of the grass family ore especially sensitive
to DPA and TPA soil applications, sweet coxrn was chosen as a re-
presentative crop to measure the residual activity of these chemicals
in the soil.

The work reported here consists of two phases: a study of



follar absorption of C}4 labeled DPA and TPA and the translocation
of G348 to othor plant parts, and the residual activity of DPA and
TPA in soil es influonced by time, temperature, and soil steriliza-

tion.



REVIEW OF LITERATURE

_ Following foliar application many herbicides con enter the
leaves and move to the stems snd in some cases even to the roots of
plants, However, o number of weod-killers such as ammonium sulfa-
mate, codium chlorate, sodium srsenite and others, are not ifrans=-
located from the legves to other portions of the plant by normally
functioning plant tissue. Numerous investigations reviewed by.
Robbins gt als (45, pp. 153, 229-238) indicgte that these materials
arc immediaztely toxic to living cells. 4s the colls are killed and
the cell walis made permesble, these compounds may gradually diffuse
throughout the plant. Then, too, in times of water étressg the
chemicals may move dovmward from the leaves to the reots by a mecha-
nism which yepresents g reversal of the transpirstional stresnm,

A number of herbicides such as 2,4-D, 2-methyl-4-chlorophenoxy-
acotic acid (MCP), 3-amino-1,2,4-triazole (ATZ); and maleic hydrazide
have beon designated as growth regulator or translocated herbicides.
These matexrials appear to be absorbed and subsequently translocated
throughout plants by living tissue before morphologicsl responses
to the chemical application becomes apparent. Of this group of
chemicals 2,4+D has been studied most extensively. Linder gt al.
(34, pps 628-632) found that 2,4,5-T and ICP follow the same pattern
of absorption and translocation exhibited by 2,4-D. Several investi-

gations (39, pp. 112-1263 34, p. 713 15, pp. 272~280 and 54, p. 165)
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have indicated that the effectiveness of maleic hycrazide depends on
the same factors influencing upteke and m@vemeﬁﬁ of 2,4-Ds Recent
work by Rogers (46, ppe. 5-11) shows that ATZ also fits into this
cotegory of growth regulators, Baldwin ot ale. (4, pps 428-430)
found that IPC, however, is translocated only from the roots, and
not from foliar parts to any extent. 32-(P-chlorophenyl)~l, l-di-
methylurea {CMU or monuron), which has also been classified as a
growth regulator in some cases, reedily moves upward from plant
roots, but only to a slight extent downward from the foliage (24,
ppe. 400-402; 38, pp. 65~73 and 27, pp. 177«187).

Early studies concerning the sghsorption and translocation of
2,4-D in plants depended on the observation of merphological re-
sponses of susceptible plants to the opplication of the substances,
Since small amounts of this growth regulator can cause stem curva-
ture, epinasty, and proliferation of various plant parts in sensitive
species, many general conclusions could be drawn regarding the uptake
and movement of 2,4-D or chemical complexes containing the active
agent of 2;4~D,

Using fresh weight of lesves and stem curvature as criteria for
the effect of the growth regulator, Weaver and DeRose (50, pp. 510~
520) made a rather comprehensive study of folisr uptake and subse-
quent transport of 2,4~D in several plantss Tests conducted with
Hasturtium and Coleus showed that régordless of which leaf surface
was sprayed the amount of 2,4~D apparently sbsorbed remained the

semes This would indicate that stomata were not an important port of



ontry into the leaf unless the material was applied a5 an aerosol.

To determine the speed of abserption these workers removed treated

~ leaves from some plants, and applied artificial rain to other treated
plants at various intervals fellowing the application of 2,4-D. Both
procedures resulted in the maximum plant response whenh six hours
presentation time was provided. Longer periods of exposure did not
increase the uptake of 2,4-D;,

A possible pathway for the transport of the 2,4-D stimulus was
suggested by Woaver and DeRose (50, p, 516) after treating both leaves
and roots of snap beans with 2,4-D zafter flaming the stem to disrupt
all but the xylem tissue, Movement of the growth regulator response
from the reot to foliar parts was readily shovm, but very little
movement from leaves to roots could be detected. This would suggest
that after foliasx absorption the primary path of 2,4-D transport is
through phloem tissue, and that the xylem sérves to transfer 2,4-D
from the roots to the upper plant parts. The fact that little or no
translocation could be detected in plants kept in reduced light prior
to and after treatment supported the suggestion that 2,4~D is moved
through the plant with the products of photosynthesis which are
generally believed to find the phloem the primary means of transpert
(50, ppe 516-517 and 34, pp. 628-632). Fyrther work on this problem
by Weintraub and Brown (51, pp. 141-149) included the addition of
various sugar solutions to the 2,4~D and othor growth regulating
substances. All of tho growth regulators tested were translocated

in plants kept in darkness if any one of the sugars tested were



included in the treatment solution.

Rice (44, pps 301-314) employed controlled conditions of tem-
perature and light, and spectrophotometric amalysis of the washings
from {reated leaves as well as fresh weight and stem curvature to
study sbsorption and tronslocaetion of the ammonium salt of 2,4~D in
bean plants. He found that more chemlical was sbsorbed, and at a
faster rate under high temperature {89 to 90° F.) than at lower
temperatures (79 to 82° F. and 46 to 58° F.). Except at the lowest
temperature used, absorption did not continue after four hours pre-
sentation time. Moze 2,4-D was taken up by plants kept in a dark
room than by those maintained in a groenhouse st comparable tempezra-
tures, Dissolving the 2,4~D in Carbowax increased the amount of up-
take, and extended the absorption period to seventy-two hourss

Another phase of Rice's research supported earlier work which
indicated that translocation of 2,4-D was dependent on the movement
of photosynthates out of the leaves to other portions of the plant.
Although sbsorption of 2,4~D was increased in plants kept in the
dark, translocation of the growth regulator did not take place until
gbout tuenty~four hours sfter moving the treated plants into a
lighted room.

A more positive method of studying absoxption and translocation
of herbicides by plants was utilized by Mitchell and Linder (36, DD
54-55 and 37, pp. 21-25) when they were able to synthesize 2,4-D=Ge
1131 (2,4-dich1oro~§~iodo¢phencxyacezic acid). [Morphological re-
sponses of treated plants were hot required for the interpretation

of results since by means of this radicactive tracer quantitative



measurements of the amount of I13) sccumulated in various parts of
treated plants provided an indication of the extent of translocation
of the growth regulator stimulus. Three days after the application
of 244-D-5-1}3L. t6 one primary leaf, the treated leaf was rémoved ¢o
obviate further translocation, Separation of the remaining plant
parts followed by measurement of the radigactivity in each section
showed that the 1131 was concentrated primarily in the growing ¢ip
and the upper portion of the stems Relatively small amounts were
found in the xoot, and a very small quantity was detected in the un=
treated primary leaf. The addition of a surface active sggent,
Tween-20, te the treatment solution increased by 71 percent the
amount of 113} gecumulated in the root systeme This incresse of
118 transiccated to the root system was probably due more to the
increased absorption of 2,4-D-5-1 by the treated lesf than to &
direct influence of the Tween~20 on translocation.

Although the information obtained through the use of 2,4~D~5-1
wagé valusble, there were indications that this compound was not as
toxic as was regular 2,4-D. The synthesis of 2,4~D labeled with cl4
in the c¢arhboxyl group was undertaken by Holley et al. (29, pp. 145-
146)s  In kidney besn plants harvested sight hours, one, and seven
days after treatment, the highest concentration of €14 was located
in the upper portion of the stem. Relatively smaller quantities
had accumulated in the lower stem, orowing tip, root, and unfreated
- primary leaf, in that order. The authors concluded that the greater

portion of radicactive materisl was moved out of the treated leaf



downyard through the stem toward the rob%, and at the same time 3
smaller amount moved upward toward the growing tip. At the end of
the seven day experimental period a considerable percentage of the
014 originally applied could not be located in the plant tissue.
Subsequent tests showed that q1402 wys given off by the kidney besn
plants in. quantitics of the same order as the €% not recovered in
the plant tissue, It was assumed that the carboxyl group had been
broken from the 2,4-D molccule and had besn given off by the plants
during respiration, |

Fang et al. (23, pp, 249-255) synthesized and studied the abscﬁp-
tion and translocetion of 244-D laheled with ¢4 in the methylene
group. Harvests at various intervals after treatment indicated that
¢34 pas aecuﬁulaﬁed primarily in the stem of the bean plants. Lesser
quantities weve found in the root, growing tip and in the untyeated
primary leafs As the presentation time lengthened the total re~
coverable radicactivity decreased indicating metabolism of the com~
pound in the plant. Amounts of CléQg of the samé order as the
quantity of C!* lost by the bean plants were recovered from another
group of similarly treated plants.

It has often been observed that when the application of a
growth regulator herbicide oxceeded & critical rate, effsctiveness of
the chemical was reduceds It has been felt that heavy dosages injur-
ed the leaf tissue to the oxtent that absorption and/or translocation
wae inhibited, Fang ot al. (23, ps 253) applied different amounts of

radioactive 2,4-D to hean plants and observed that translocation from



10
the treated leaf was not increased by a raise in the rate of appli--
cation from 100 to 150 ugme This group of workers also xeported that
when plants at different stages of growth were ¢reated, the youngest
ones absorbed and translocated more C14 than the older plants.

Jaworski et ale. (31, pp. 272-275) reported that no transloca-
tion of cl4 was detected in etiolated bean plants kept in darkness
after tregtment with C14 labeled 2,4-D. Removal to the lighted
greenhouse oxr the application of sugars; especially sucrose or giucose,
to the treated leaves resulted in normal translocation of C14 through
the plant. It would appear that 2,4-D ond probsbly other growth
regulators are transported with the photosynthetic product.

Since the grass plants do not display characteristic moxphologi-
cal responses to light applications of 2,4~D or related substances,
the asbsorption and translecation of these compounds in grass plants
was difficult Yo study by these means. Thus, the possibility that the
selective toxicity of 2,4-D might be based on sbsorption and trans—
location in broadleaf plants long remsgined open to speculation.

Fang and Butts (22, pp. 56-60) used cl4 1abeled 244~D to show
that this compound is absorbed and translocated through corn and
wheat plants, though in smaller quantity and at a slower rate than
in bean plants. They suggested that in grass plants there may be g
partial block in the intercalary meristem which hinders translocation,
However, there appears to be adequate uptake and movement to eliminate
these processes ag being responsible for the differential toxicity

exhibited by 2,4~D toward broadleaf and grass plants.
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Crafts (11, pp. 51-55 and 13, pp. 293-334) has studied absorption
and translocation of growth regulators by means of radioautographs
prepared after treating plants with radicactive chemicals. Through
this technique he arrived at essentially the same conclusions as
those previously discussed in regard to uptake and transport of
2,4~D in plants. The combination of a pictorial presentation and
quantitative measurements of the accumulation of radioactive materials
in plants makes the interpretation of the results much easier.

Although, &s has been indicated, the work on absorption‘and
translocation of 2,4~-D has been rather extensive, there have been
relatively few trisls comparing 2,4-P and 2,4,5~T in this regard.
However, the results of these few tests are consistent. Three
reports (34, p. 630; 12, p. 293 and 21) indicate that 2,4~D was more
readily absorbed, and was translocated more rapidly than 2,4,5-~T,
Linder (34, p, 630) found that whereas 2,4~D treated plants developed
curvature within four hours after treatment, 2,4,5-T treated plants
required twenty-four hours to exhibit a similar degree of curvature,
Crafts (12, p. 293) suggested that “theoretically the chlorine sub-
stitutions in these molecules are lipophylic¢, and the third chlorine
may hinder the partition of the molecule from the lipid phase of the
leaf or the cell surface inte the aqueous medium of the living cell.”

At present only a limited smount of research regarding absorp~
tion and translocation of DPA by plants has been reported. In an-
nouncing DPA as a new growth regulator type herbicide toxic to
grasses, The Dow Chemical Company (19, pp. 2-3 and 20, p. 2) indicated
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that single drop tests to leaves of grsss seedlings, spray applica-
tisns to grass foliage, and dip tests of barley leaves 3zll supported
the suggestion that DPA could be absorbed by the foliar portions of
the plant and transported to other plant parts. The application of
high concentrations caused leaf burning which inhibited further up~
take and movement of DPA., Morphological responses of grass plants
%o DPA were roported (19, ppe. 2-3; 20, p. 2 and &, p. 16} as being
very similar to those induced by sodium trichlorcacetate (TCA).
Howsver, research has shown that ICA is not actively absorbed by
the foliasr plant parts though it is taken up by the root system
(S, p. 50 and 7, p. 275).

Santlemann and Willard (47, pp. 21-29) conducted several ex~
periments to study the uwptake and transport of DPA in quackgrass.
They found that injuring the leaves by puncturing with pine did not
bring about incressed absorption which would indicate that DPA was
absorbed quite readily through the intact leaf surface. By washing
any remaining DPA off treated leaves, and by removing leaves to
which the chemical had been applied, the investigstors reached the
conclusion thet although DPA was absorbed into the leaf very quickly,
a considerable time lapse wa$ necessary for asppreciasble quantities
to move to other parts of the plant. ¥ashing the leaves five minutes
after treatment did not remove sufficient DPA to prevent subsequent
malformation of the quackgrass leaves and thirty minutes contact
before washing was sufficient to cause eventual death of the plants.
However, removal of the treated leaf prior to three hours follewing

the application resulted in no sericus plant injury.
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Further trials conducted by the same workers to investigate
translocation included the treotment of one leef srising from a small
length of rhizeme, and subsequent observations of any other leaves
supported by the same rhizome. The response of the untreated lesves
varied from relatively slight growth regulator symptoms to death in
some casese. The response te DPA treatmént traveled either from
primary to secondary leaves, or ‘from secondery to primary leaves of
the same rhigome,

"~ In an attempt to relate DPA translocation to movement of the
products of photosynthesis, Santlemann and Willard treated plants
kept in the dark, and in some cases applied sucrose to the treated
leaf, There was some evidence of translocatien in the plants in
darkness, but plants maintained under light showed a much greater
movement of the DPA active agent. The sucrose did not influence
translocation.

Translocation of C1%% labeled DPA in bean and barley plants was
investigated by Wilkinson (52, pp. 81-95). Radicsutographs shewed
that Dpﬁscigé moved out of the treated primary leaf of bean plants
to the stem, the growing tip, and the petiole of the untreated
primary leaf within six hours after treatment. HMovement from im-
mature barley leaves was restricted, but treatment of more mature
leaves resulted in translocation of the €136 throughout the plant.
iilkinson postulated that the intercalary meristen limited movement
out of the young leaves of grass plants. He felt that this limita~

tion of translocation in grasses may cause a toxic accumulation of
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DPA in grass leaves resulting in the selective toxicity displayed
by DPA iowax‘d grassas.
TPA has boen reported to have many horbicidal characteristics
similar to those of DPA (26, and 6, p. 16). Mo informstion has been
found in the literoture concerning the ebsorption end trenslecation

of this ccmpound,

The extensive literature relating to the paxsistence ¢f several
chemicals in seil has been reviewed by Robbins gt al. (45, pp. 199-
208, 241-318)., Of the growth regulater type herbicides, 2,4-D and
its residual asctivity in various soils has received the most attentions
The same factors responsible for the loss of 2,4-D toxicity in soil
are reported to be active in reducing the activity of MCP and
2,4,5~T (1, ppe 257-260) and maloic hydrazide (55, ppe 431-440) in
varicus soils. A review of the activity of herbicides following soil
applications by Aldrich (1, pp. 257-260) indicated that the grewth
regulator herbicides, or the toxic properties of these herbicides,
appear. to be removed. from the soil primarily by leaching, fixation
on the soil colloids, or decomposition by soil micro-crganisms.

2,4~D apparently is sufficiently water secluble to be leached
downward in the soil profile by normal rainfall. DPeRose (16, pp.
584-585) - applied different smounts of 2,4-D to s soil consisting of
one part silt loam and onc part medium sond which was then leached
wiih various guantities of water. That 2,4~D was removed from the

5011 was indicated when the collected leachate cauged the isaves of
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tomate plants to exhibit typical 2,4~D induced stem curvature and
epinasty, and when tomato plants seeded in the heavily leached soil
grew nermally. Crafis (10, p. 154) reported that 2,4~D was removed
from Yolo fine sandy loam soil much quicker than from Yolo clay loam
soil subjected to similar irrigation. Ogle and Werren {42, p. 262}
leached the toxic effects of 2,4~P out of six inch soil columns con-
taining fine sandy loam, silt loam, and muck seil by the applica-
tion of two, eight, and sixteen inches of water respectively.

That the differential loss of 2,4-D from diffevent textured
soils may be in part due to adsorption on the seil colloids was
shown by Weaver (49, pp. 74-78) when he siudied the reaction of
growth regulators with ion ekchangers. 2,4~D and 2,4,5 T were both
adsorbed in fairly large quantity on both anion and cation exchaﬁgers.
Although approximately the same amount of 2,4~D and 2,4,5-T were held
by the anion exchangers, 2,4~D was adserbed in much greater quantity
than was 2,4,5-T on the cation exchangers. It was also indicated
that the 2,4~D adsorbed on these cation suchangers was held so that
it could not be absorbed by plant roots. |

‘Several factors conducive to the growth and dovelopment of soil
micro~organisme appear te influence the rate of loss of growth
regulators from soil. Brown and ¥Wiichell (8, p. 317) found that
after two months storage at 70° F. an' original application of 30
pounds per acre of 2,4-D was equal in toxicity to only 10 and 2
pounds per acre in soil stored at 30 and 30° F. respectively. After
applying 2,4-D or 2,4,5-T to soil having a moisture content equal to

60 percent of the moisture equivalent, DocRose and Nevman (18, p. 223)
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stored the seil at 10, 15, 20, 25, and 30° C, . Periodically seil same
ples weore removed and planted to soybeans. Both cempounds disappeared
twice as fast at 30° C, as at 109 C, storage. Under the 30° C,
storage temperature it took 21 to 36 days for 2,4-D, and 166 to 190
days for 2,4,5-T to be lost from the scoil.

The same two groups of workers also investigated the influence
of soil moisture content (when leaching was prevented) on the length
of time that 2,4~D remains toxic in the soil, Brown and Mitchell
(8, p. 319) treated soils containing amounts of moisture varying
frem the wilting point to the moisture eguivalent percentage, They
found that as the soil moisture content was increased, the length
of time that 2,4~D remained zctive in the soil was decreased. DeRose
and Neuman (18, p. 224) reported that 2,4~D and 2,4,5-T remained
toxic to kidney bean plants for six wecks in soil containing water
equal to 60 percent of its moisture equivalent. In soil containing
100 percent of its moisture equivalent, however, 2,4-D was lost withe
in one week while 2,4,5~T remained effective over a six week period.

The organic matter content of a soil also influences both the
soil micro~organism population and the length of residual activity
of 2,4~D in soil. It would appesr that an increased smount of organic
matter is directly correlated with an increase in the rate of deacti-
vation of 2,4-D (8, p. 319 and 42, p. 260).

Soil sterilization to eliminate micro-organism activity further
substantiated the suggestion that biological breakdewn plays an im=

portant role in the loss of 2,4-D toxicity in seil. In sterilized
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soil 2,4-D ramained effective for very long perieds of time (8, p. 318
and 18, p. 225).

After studying the breakdown of 2,4~D and 2,4,5-T by micro-ocz=
ganisms Audus (3, p. 171) suggested that there are three distinct
phases in the decomposition of organic herbicides by micro-organisms:

1. immediate initial adsorption onto the seil colloids,

2. lag phase of varying duration in which there is little or
no breakdewn, and

3, final rapid detoxication.

During the lag phase the micro-organism population is thought to be
increasing so that when the final detoxication takes place it is ac-
complished rapidly. The lag phase for 2,4-D was 14 days, and for
2,4,3-T 270 days under the conditions of Audps‘ experiments,

The carbamates foym another group of herbicides which exhibit
phytotoxicity following soil application. Freed (25, pp. 50-56) found
that the reduction of IFC activity in soil depends on the same factors
which operate in the loss of 2,4QD'fram soil. IPC was leached from
the seil by rainfsll or irrigatiens increased temperature snd moisture
hastened IFC breakdowns and autoclaving the soil prior té treatment
reduced the subsequent rate of IPC loss markedly. Several investiga-
tions (17, p. 1423 33, p. 103 40, p. 175 and 53, pp. 45-46) have in-
dicated that CIFC retained its activity in soil much longer than did
IPC, Here again, as with 2,4-D and 2,4,5-T, the extra chlorine in
the chemical molecule’apparently contributed to a longer period of
soil rogidual activity.

TCA is somewhat similar in chemical structure to DPA and TPA,
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and when applied to the soil induces morpholegical responses in
grass plants which resemble those resulting from DPA or TPA soil or
foliage treatments. It has been reperted that leaching is & major
factor in the loss of TCA frem the upper portion of the soil profile.
That the rate of leaching depended to some extent on the soil texture
was cemenstrated when TCA was retained longer by clay or muck.soils
than by sandy soils (43, p. 275 and 35, p. 324},

Experiments conducted by Loustalot and Ferrer (35, pp. 323-324)
suggested that TCA i¢ also decomposed by micro-organisms. In treated
s0il stored st 10° C, TCA toxicity toward corn plants was still
evident after two months. In comparisen, TCA apparently was breken
down within two we§ks when stoved at 45° C. [Moisture studies showod
that twice as long a time was reguired foxr TCA to be decomposed in
s0il containing 20 percent molsture as in soil containing 36 percent
moisture (ficld capacity).

At the time the experiments described in this paper were initi-
ated very little information was avallsble concerning the persistence
of DPA or TPA in soil, Preliminary tzials (20, p. 2 and 26) had indi-
cated that neither material remained active in the soil for extensive
periods of time. DPA applied at 40 pounds per acre lost its effective-
ness toward grass plants within twelve months. |

Retently, more information regarding the decomposition and loss
of DPA followlng soil treatment has become available. Thiegs (48,
pps 2~4) studied the breakdown of DPA in three soils varying in

moisture content, and storaed at different temperatures. His con-

clusions were based on chemical determinaticons of the DPA present in
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the soil at regular intervals following the original tzeatments.
The soil types employed had little influence on DPA breskdown, but
increased temperature and molsture greatly reduced the time reguired
for DPA to be deactivated. The addition of organic matter, as peat
or manurée, to each of the soils of the experiment increased the
rate of DPA breakdovwm. Further evidence of the importance of miczo-
organisms in the detoéication of DPA was demonstrated when repeated
spplications of the chemical wore made to soil samples. It was
indicated that the microorganisms were able to build up in sufficient
numbers after the initial treatment so that the sscond application
was decompesed very rapidly.

The influence of temperature, moisture, organic matter content,
and the gddition of lime to the séil on the persistence of DPA in
several soils was studied by Holstun and Loomis {30, pp. 209~214).
In contrast to Thiegs, these men used the growth of Large Yellow
millet as an indlcation of the amount of DPA remaining in the soil
following the various treatments. Their conclusions agreed with
those of Thiegs in that the facters favorable to the growth and
development of microorganisms contributed to a more rapid decomposi-
tion of DPA mixed in soils

Holstun and Loomis {30, pp. 207-208) also determined that the
water soluble DPA is quite subject to leaching; The addition cof
sand to a particular soil incressed the loss of DPA while the incor-
poration of organic matter into the same soil apparently reduced the

loss of DPA from the upper portion of the soil profile.



. Information regarding the residual activity of TPA in soil
could not be found in the literature nor through perscnal correspond=-

SNnGes.
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MATERIALS AND METHODS

A series of experiments was designed and conducted to study
the abscrpticn of radicactive DPA and TPA, and the subsequent trans-
location of ¢!® to various parts of bean and sweet corn plants,
Plant Culture

Snap bean {Phaseolus yulgaris, ver. Black Valentine) and sweet
corn (Zeg Mavs, var. Golden Cross Bantam) plants were germinated in
six inch petri dishes lined with moistened filter paper. After
three or four days the one to two inch long primary roots of the
seedlings were inserted through a plastic mesh screen into large pans
filled with one-fourth strength Hoagland's solution (28, pp. 26-37).
Approximately five days later uniform plaents were sélected and trans-
planted into one-quart mason jars which had been painted an aluminum
color to eliminate algal growth and to prevent incressed tempers-
tures of the nutrient solution. Initially the jars were £illed with
one-fourth strength Hoagland's solution., As needed, full strength
Hoagland®s solution was added to the jars. The nutrient seolution
was aerated continuously throughout the experimental period. Plate 1

shows the petri dishes, plastic mesh covered pans, and mason jars

with the asration system,

Radioactive sedium 2,2-dichloropropionate-2-C}% (DPA-2-C1%) and

radioactive sodium.2,2,3—trichloropropionaﬁe~2d014 (TPA~2-CI4) each



Plate 1. Plant culture for absorption and translocation studies:

A. Transferring seedlings from petri dishes to pans; B. Transferring
young plants to mason jars; C and D. Transplanted bean and sweet
corn plants in mason jars with aeration system in operation.
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with a specific activity of 0.98 mc per mM, were utilized for this
study, To facilitate application of the chemical to the plants, the
radicactive chemicals were dissolved in 95 percent ethanol containing
0.) percent Tween 20. With a calibrated micrometer ériven-hypodermic
syringe the solution was spread over the mid vein of one primary leaf
blade of the bean plants or over the distsl two inches of the second

ieaf blade of the swoet corn plants respectively (Plate 2).

| At the time the various trestments were made g measured
cguantity of the radiocactive chemical being used was deposited on
filter paper and stored in petyri dishes to be handled in a manner
similar to plani samples being tested for radioactivity. Thus the
theoretical amount of cld applied to any plant at any time could be
determined, and evaluation be made accerdingly..

Upon harvest of the treated plants, onc plant from each group
in the first and third phases of each experiment was used to pre~
paré radiosutographs. The plants were spread out and dried betwsen
sheets of heavy bl@ﬁiing papur on which the hot air stream from an
glectric heater was directeds The dried plants were then placed on
uncontaminated sheets of blotting paper, and in. a darkroom were
‘brought into contact with Kodak no-screen medical x-ray fiim.
Several plants with their respective films were separated by sheets
of cardboard and bound together in a plant press. The bundle was
wrapped in black paper and left in the darkroom for ten or eleven

days. At the conclusion of the exposure period the films were



Plate 2,

and translocation studies: A, Micrometer driven syringe; B and C.

Treatment of plants at first stage of growth; D. Plants at second
stage of growth.

Treatment of bean and sweet corn plants for absorption



developed in Kodek D-19 developer.

Immediately after harvest all other plants were sectioned into

the following partse
Beans

Treated primary leaf blade
Treated primary leaf peticle
Untreated primary lesf blade
Untreated primary leaf petiole
Growing tip

Sten

Root .

1st trifoliate leaf blades
1st irifoliate leaf petioies
2nd trifoliate leaf blades
2nd trifoliste leaf petioles

Sweet Corn

Treated tip of 2nd leaf
15t leaf sheath

ist leaf blade

2nd leaf sheath

2nd leaf blade minus tip
3rd leaf sheath

3rd leaf blade

4th leaf sheath

4th leaf blade

5th leaf

6th leaf

7th leaf

Root

The plant sections were pooled according to treatment and
dried at 60° C, in a vacuum oven equipped with an aspirator for at
least twenty-four hours. Each pooled sample was then ground to a
very fine powder using a mortar and pestle, and completely oxidized
by a micro dry combustion method (9, pp. 82-88),

The apparatus for this combustion included a source of oxygen,
a sulfuric acid pressure regulator, a combustion tube and Fisher
micro combustion furnace, a carbon dioxide absorber, and a Mariotte
bottle., The sucticn of the Mariotte bottle drew the gases through
the fritted disperser in the absorber, and the pressure supplied by
the pressure regulator maintained the current of oxygen into the
combustion train. Carbon dioxide from the combustion train was ab-
sorbed in a sodium hydrexide solution and later:precipitated as

barium carbonate.



In the fivot ewperiment conducted, Lhew

0K, el ip po

1onts, the boriun corbonole was dopog-

jted on o weighod sintorcdegloss filter, deicd evornight at 116° Cu;,
and tho caount of boriun corbenote obtalned was dotommined. After
grinding, o weighod porticn of the barium corbonate was cuspendod

in o Ze} Ethenol-Sthey pixtupe and depositod on a2 ent inch coppor

dicks The dislt contalning ¢he dried seaplé was mountod ba o theaow
eighth fneh tsll ring pedestal for the radicactivily moacurcment. Ia
all othey exporiments in which corbon dlexide s proeipitoted as
bariun cerbonates o more rapid methed of preparing the barfun carbonate
for rodionstivity meosurcnent woo wtiliseds. The borium covhonstie wan
procipitated divestly on Mes 3 12 Uhotoan filtor paper ond was dricd
under o heot lsmp, Tho filRer popor wes then placed in shallow staine
1oss 5300l cups for counting the amount of radiosctivity peesonts Tho
rodiosctivity in oil baziun carbonate camples wns mpasured by aneans of
o “"Trseerlob sutosenier” with o thin nics vindew tubo (1.9 moe por e}
The scolc selcctor was oot ot 2048 countes The activity of osch barium
carbonate scople was é@m@;@%ﬁ to zore thicknoss, and sppropriote cole
eutations gove ¢he (odal sodBoostivity In coch plant ocoplde Duplicote
dotosninations woro mode from each bariun corbonate somplo.

The chonge in the procedure of baviun carbonsio scmple pres
paration resulted in highor rodicosctivity moscurcnents for i plant
semples from the first evperipont thon for those 6f the other ouperi-
aonts. Since the self-shoorption cwxvol prepared for the two

petheds oro vory similar, 3¢ 4o indicoted thot the spparent
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difference in radioactivity detected was due to the difference in
distance of the different barium carbonate samples from the autc-
scaler window tube. Since appropriate checks of the theoretical
amount of radioactivity applied to various plants were made, the
results of the different experiments can be compared,

Meth o S;*:

Four separate experiments formed the basis for this study.
Absorption of pPA-2-C14 and Translecation of ¢t 4n Bean Plants,
Absorption of TPA~2-014 and Translocation of ¢34 in Bean Plants.
Absorption of DPA~2-C14 and Translocation of clé in Sweet Corn Plants.
Absorption of TPA-2—014 and Translocation of clé in Sweet Corn Plants.
Each experiment was divided into three phasess
' ion. Thirty plants were divided

into six groups of five plants eachs All plants were treated with
100 pigm. of the appropriate chemical when the first trifoliate leaf
of the bean plants was beginning to unfold, and when the fourth
sweet corn leaf was just emerging from the sheath., The individual
groups vere harvested 2 hours, 1, 2, 3, 5, and 7 days after treat-

ment.

amounts of chemical. At the ssme stage of growth mentioned undex
phase 1, a series of sixteen plants was selected and divided into
four groups of four plants each. To plants in the respective groups

was applied 50, 150, 200 and 300 ugm. of either DPa-2-C1% op

TPA~2-014. All groups were harvested twenty-four hours later.



Two groups of five plants each were treated with 100 Uom. of chemical
at later growth stages than those described in phase l. To one
group the chemical was applied at the time the second trifoliate leaf
of the bean plants was beginning to unfold, or at the time the fifth
corn leaf was beginning to cmerge from the sheath., The other group
was treated when the third trifoliate leaf of the bean plant began
to unfold, or when the sixth corn leaf began to emerge. Each group
was harvested twenty-four hours after trsatment.

Absorption and Translocation as g Basis for Selective Toxicity

Since both bean and sweset corn plants are sensitive to DPA and
TPA, it was also considered desireable to obtain an indication of the
absorption of pPA-2-CL4 and 1PA-2-C14 and the subsequent transloca-
tion of ¢4 fzom the leaves to other portions of g plant tolerant
to the spplication of these chemicals,

Birdsfoot Trefoil (Lotus corpiculstus), a plant that has
demonstrated considerable tolerance to the application of DPA was
used in this trial. Four month old seedlings were spotted out in a
greenhouse flat containing Eanto§ {exploded silica) and irrigated
regularly with one-guarter strength Hosgland solutich. Uhen the
trefoil plants were shout four inches tall and making good growth
the following treatments were mades

1. Thirty pom. of pPA-2-C14 applied to one leaflet near the
top of two plants.,

2. Thirty pom, of DPA-2-CY4 applied to one leaflet near the

base of two plants.
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3. Thirty ugm. of T?A~24314 applied to one leaflet near the
top of two plants.

4. Thirty uom. of TPA92-CI4 applied to one leaflet near the
base of two plaents,
All of the plants were removed from the Dantor twenty~four hours later,
the Dantor was washed from the roots, and the plants were dried be-
twween sheets of heavy blotting paper on which g stresm of hot air
fxem an electric heater was directed, Radiocautographs were prepared

in the msnner described previocusly.

The logs of a certein smount of the radicactivity theoretically
applied to a plant is to be expected, However, as will be pointed
out in the presentation of results, the 614 récovery from Dpﬁpaaslé
and TPAr2-814 treated sweet corn plants was much lower than the 614
recoveéry from similarly treated boan plants, Therefore, two experi-
ments were conducted in an attempt to determine at what stage in the
procedure employed to study the sbsorption and translccation in

swweet coxn plants that this loss occurred.

Plants. Four bean end four sweet corn plants were grown as pre-
viously described, and treated with 100 pgm. of DPAr2-614 vhen the
beans and corn were at the first stage of growth described above.
After treatment the bean and sweet corn plants were placed under
separate bell jars illuminated by & bank of fluorescent lamps. Aan

aspirator served to recplenieh the atmosphere within the bell jars,
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and to draw the gases through a carbon dioxide absorber containing
sodium hydroxide solution. The solution was replaced at twenty-
four hour intervals for three days. After three days the entire
plants were removed from the bell jars.

The carbon dioxide absorbed by the sodium hydroxide solution
was precipitated as barium carbonate and the radieaéﬁivity centent
was determined,

The nutrient solution in which the plants were maintained undexr
the bell jars was evgporated to drynesé and tested for radiogctivity.

The treated leaves of each plant species were pooled and ex~
tracted with 80 percent ethanol by means of a mortar and pestle.

The remaining portions of the plants were pooled by species and ex-
tracted with 80 percent ethanol in a Waring Blender. Duplicate one~
half milleliter samples of each plant tissue extract were plated
directly into small stainless steel cups, dried under a heat lamp,
and measured for radicactivity content.

2, Megsuremer Radioa ty by Direct Plati) lant
Extract, Phase one of the experiment, Absorntion of ppa-2-C14 and

lantss was repeated. Groups of

four plants ea¢h were harvested 2 hours, 1, 3, 5, and 7 days after
treatment. The treated leaves, and the other portions of the plants
combined, were pooled, extracted with 80 percent ethanol as described
above, and megsured for radicactivity content. The essential differ-
ence in this procedure as compared to the methods utilized for

sample preparation of plant tissue in the four basic experiments

appeared to be that here the plant samples were not dried in the
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' vacuum oven after harvest.

A series of experiments was designed to study the influence of
time and temperature of storage, and soil sterilization on the resid~
ugl activity of DPA and TPA incorporated into different soils.

For these tests sodium salt formulations of 2,2-dichloropro-
pionic acid¢ (DPA) and 2,2,3-trichloropropionic acid (TPA) contalining
68 and 72 percent acid squivalent respectively were utilized. The
residual activity of these compounds was determined in Chehalis clay
loam soil, Cheralis loam seil, and sterilized Chehalis 1oam soil by
various growth responses of sweet corn plants (Zea mays, var. Golden
Cross Bantam).

| Chenalis scil to a depth of six inches was coliected from the
Oregon State College Vegetgble Farm near Corvallis, Oregon. The
s0il was passed through a one-fourth inch wire sereen and was
thoroughly mixed to insure unifeormity. From samples of this mixture,
mechanical snalysis (hydrometer method), organic matter content
(Walkley~Black mothod), moisture equivalent percentage, and fifteen-
atmosphere percentsge determinations were made by the Oregon State
College Soils Department. The determinations showed this soil to be
a clay loam containing 3,65 per cent organic matter, and having
moisture equivalent and fifteen-atmesphere percentages of 30.4 and
13.4, respectively (Appendix Tablel). From the same area, but at a
later date, more soil was obtained from the surface six inches.

tThile screening this second batch of soil, however, mason sand was
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added and mixed thoroughly. Determinations made as described above
showed this mixture to have a loam texture with 1.80 organic matter
content, and with meisture equivalent and fifteen-atmosphere per-
centages of 20.9 and 9.2, respectively (4ppendix Table 2). A portien
of this loam soil was later sterilized with steam at fifteen pounds
per square inch for two hours.

The chemical treatments utilized to study the residual activity

in the three soils weres

TPA at 10 ppm. TPA at 10 ppm. TPA at 10 ppm,
TPA at 50 ppm. TPA gt 50 ppm. DPA at 10 ppm.
DPA at 10 ppm. DPA at 10 ppm. Control

DPA at 50 ppm. DPA at 50 ppm.

Control ’

The coencentrations of 10 and 50 ppm. were chosen since these concen=
trations of DPA and TPA in the upper three inches of the seil in a
field would be roughly eguivelent to soil applications of 10 and 50
pounds per acre. The suggested spplication rates of DPA for the
control of perennial weedy grasses fall between these concentrations.
The procedure for applying the chemicals to the soil included -
first the preparation of "stock mixtures". These were made up by
mixing appropriaste quantities of chemical and finely screened oven dry
soil with o mortar and pestles Then the amounts of stock mixture
necessary io obtain the proper coneentrations were mixed with
weighed {oven dry basis) amounts of soil (adjusted to 25 percent
moisture)s This mixing was accomplished by tumbling the soil end

chemical in & five gallon milk can fitted as shown in Plate 3¢ Next,
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untreated soil (adjusted to 20 percent moisture) was placed in the
lower two-thirds of ten pound berry tins. A three inch layer of
treated soil was then added and the cans were covered with tight lids

and stored in temperature control rooms as followss

Clay Loay Loam Sterilized Logm
32 to 409 F, 32 to 40° F, 32 to 40° F,
55 to 60° F, 55 to 60° F, 72° F.

720 F, 720 B, :

At tﬁree weck intervals for fifteen wecks cans representing
four replicates of each treatment in the clay loam and loam soils were
removed from storage. The sterilized soil was stored and sampled in
the same way except that the twelve week storage time was neot repre~
sented, Upon removal from the temperature rooms the cans were all
placed in water bath constant temperature tanks maintained zt 72 + 1°
F. (Plate 3). Approximately three to féur hours later, five sueet
corn seeds {soaked in water for about one hour) were planted one
inch d2ep in each can of clay loam seil., In the loam and sterilized
loazn scils, seven seeds were planted, and depénding oh germination
the stand was leter thinned to five plants per pote The moisture
content in each ¢an was maintained in such a manner that moisture
was hot a limiting factor.

Three weeks after the sweet corn seed was planted the cans and
plants were moved from the constant temperature tanks te regular
greenhouse bonches for an additional three weeks.

The residual activity of DPA and TPA in the soil after

various periods in storage at different temperatures was measured



Plate 3. (A) Five gallon milk can and stand used to mix soil and
chemical. (B) Cans of growing sweet corn plants in the water bath
constant temperature tank.
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1.. Dry weight per plant.
2. Frosh weight per plant,

3. Averagé helght of the surviving plants three weesks after
planting.

4, Averasge height of surviving plants six weeks after planting.

5, Number of plants por pot (maximum of five) displaying

© typical morphelogical responses induced by DPA and TPA
applications (Plate 4),

6. Number of plants per pot (maximum of five) surviving six
weelis after planting.

Statistical Trcatment of Data

The experiments were originally designed to permit the use of
the analycis of variance method of statistical analysis for the sepa-
ration of the effects of length of storage, température of storage,
and chemical troatments influencing the residual activity of DPA and
TPA in the three soils investigated. However, the effects of length
of storage and temperature of storage could not be evaluated statise
tically since length of storage was confounded by the differences in
environment &% the various times the test plants were grown; and
facilities for replication of storage temperatures weré not gvailable.
Conseguentiy, only the treatments for each period of storage at each

temperature could be evaluated statistically (Appendix Table 3).



Plate 4. Typical morphological responses of sweet corn plants induced
by foliar or soil applications of DPA or TPA,
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The results of this study are presented in the form of tabular
data, graphs, and radioautographs. Each entry in the tables and
graphs repxesents a group of four plants pooled after harvest. The
graphs present the most pertinent infermatiqn‘éerived from tﬁ%
tabular data, and the radiocautographs were made from single plants
trested at the same time and in the same manner as those represented
in tabular and graphic form,

It is apparent from the

radioautographs presented in Plates 5-7 that DPA~2-814 was absorbed
into the treated leaf blade and that the 014 was rapidly translocated
through the bean plant. The data in Table 1 show that activity
could be detected in all of the plant parts two hours after treatment,
although at this time the amount of radioactivity was not sufficient
in the root and the untreated leaf blade to show clearly in the
radicautographs. Within twenty-four hours radioactive carbon had
been translocated in varying quantities throughout the plant, The
radioautographs clearly show that as the presentation time lengthen~
ed, and as new tissue developed, cl4 was imoved Into these rapidly
growing areas.

Graphic illustrations (Figure 1) of some of the data found in

Table 1 show that within one day after treatment all parts of the
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plant except the grewing tip contained as much or more radioactivity
as they asccumulated during seven days. The amount of clé in the
growing tip conﬁinued_ﬁo incréase through three days, at which point
1t accounted for 55.2 percent of the radioactivity originally
applied to the plant. During the final four days of the experiment
the 014 accumulation in the stem and root decyreased siightly, and that
in the growing tip (including the rapidly develeping trifoliate
leaves) was zeduced sharply. Throughout the seven day presentation
period the amount of CY4 accumulated in the untreated primary leaf
blade and peticle remained at a Ver.low level.

Figure 1 also shows that the &mount of radicactivity in the
treated leaf decreased rapidly from 367.2 x 10° to 1831.9 x 10°
counts per minute during the first forty-eight hours of the experi-
ment and then more slowly to the end of seven days when it measured
only 3l.5 x'103 counts per minute. During the first three days, the
total radioactive carbon in the plant parts, exclusive of the treated
leaf, increased almost in proportion to the decrease of radicactivity
in the treated leaf. The fact that total recoverable vadicactivity
remained fairly constant during these first threc days would indi-
cate that considerable amounts of ¢4 were translocated from the
treated leaf to the other portions of the plant. From the third day
tc the end of the cxperiment the radioactivity in the entirxe plant
and in the entire plant minus the treated leaf decreased markedly.
This would indicate that DPa~2-CH probably hac a relatively short

bioclogical half-life in the bean plant.



Plate 5. Radiosutographs of bean plants harvested (A) two hours and (B) one day after the
application of 100 ug. DPA* to one primary leaf blade when the first trifoliate leaf was
m“l‘"o

% cl%_Labeled

6€
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Plate 6. Radioautographs of bean plants harvested (A) two days and (B) three days after the
application of 100 ug. DPA* to one primary leaf blade when the first trifoliate leaf was
unfolding.

oy



Plate 7. Radioautographs of bean plants harvested (A) five days and (B) seven days after the
application of 100 ugi DPA¥ to one primary leaf blade when the first trifoliate leaf was
unfolding.

184



Table 1

Accumulation of Radioac¢tivity in Bean Plants Harvested at Different
Times After Application of 100 pg cl4 Labeled Sodium 2,2~dichloropropionate
to ne Primary Leaf Blade

Total Activity of Plant Material Translocation ;ang Accumulation of

G
 Plant Part _ _ Counts/itdn x 103 % _ ‘
2 i 2 3 5 7 2 1 2 3 5 7
_ hours day _days days days days _hours day davs davys days days

Treated Primary Blade 366.4 231.6 131.9 '100.6 58,4 30.8 84,9 53.7 32,2 23.3 13.5 7.2
Treated Primary Petiole 0.9 3.8 | 1.8 | 1.3 1.1 0.7 0.2 0.9 0.4 0.3 0.3 0.2
Untreated Primary Blade 2.2 3.3 3.2 21 2,3 3.1 05 0.8 0.8 05 0.5 0.7
Untreated Primary Petiole 0.3 | 0.7 0.3 0.4 0,4 0,3 0l 0.2 0.1 0.1 0s1 Ol
Growing Tip 3.9 _71.5 142.9 238.4 80,5 28,3 0.9 16.6 33.1 55.2 18,7 6.5
Stem 5.8 49.8 49.8 46.3 29,0 34,3 1.3 11.6 11.5 10.7 6,7 7.9
Root 2.1 22,9 20,9 24.3 6,9 7,6 0.5 5.3 4.8 5.6 1.6 1.8
1st Trifoliate Blade ' 9,4 3.2 2.2 0.7
lst Trifoliate Petiole 2.4 0.9 0.6 0.2
2nd Trifoliate Blade B 6.4 1.5
2nd Trifoliate Petiole . 0.7 0.2
Total Exclusive of , o
" Treated Leaf 14.3 148.2 217.1 311.5 130.9 84.8 3.3 34.5 50.3 72.1 30.4 19.6
Total 381.6 383.6 350.8 413.4 190.4 116,3 88.4 8Y.1 82.9 95.7 44.2 27.0

tal Activity Appli 431,86 4316 431,6 431,6 431,6 431,6

ct
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Radioactivity in Counts per Minute x 10°
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Presentation Time in Days

Accumulation of radicactivity in bean plants harvested

at different times after treatment with 100 ug. of cl4 1abeled
sodium 2,2-dichloropropionate,




Amounts of Chemicgl. Table 2 reveals that of the various plant
parts, aside from the treated leaf, only the root and to a much less
extent the untreated leaf continued to accumulate greater quantities
of G} as the amount of DPA-2-C14 gpplied to the plant was increased
from 50 to 300 pam. The same tabular dats and Figure 2 show that
radiocactive carbon in the stem and growing tip reached a maximum
after the 200 and 150 ugm. treatments respectively. The total of
the plant parts exclusive of the trested leaf showed an increase in
¢14 accumulation only through the 200 ugm. treatment, and the in-
crease due to the change from a 150 to a 200 pgm, of DPA-2-CI4 was
very slight. On the other hand, the recoverable radiocactivity in
the entire plant, and the ¢! found in the treated leaf increased in
an almost direct proportion to the amount of pPa-2-c}4 applied as the
rate of agpplication was raised from 50 to 300 pgm. Thus it is
readily apparent that the application of this chemical in exéess of
200 ugme. (perhaps in excess of 150 ugm.) to one leaf blade resulted
in no incressed translocation of C1%4 from the treated leaf blade to
the other parts of the young bean plants during the twenty-four hour

presentation period,

Within twenty-four hours after treatment with DPA-2-C}4 radicactive
carbon had been translocated thgpughout bean plants regardless of
the stage of growth st which the application was made (plate 8).

Although the C14 moved to all of the plant parts making active



Table 2

Accumulation of Radioactivity in Bean Plants Treated on One Primary
Leaf Blade with Various Rates of C14 Labeied Sodium 2 »2-dichloropropionate.
Plants Harvested Twenty-four Hours after Treatment

Total Activity of Plant Material Translocation and Accumulation

of cl4

Plant Part — Counts/Min x 103 % .

. 50 100 150 200 ., 300 50 100 150 200 300

Mg Mg b9 b9 Mg b9 Mg pg Mg Wg
Treated Primary Blade 81.0 231.6 387.4 542.,2 825.7 37.% 53.7 59,8 62.8 63.8
Treated Primary Petiocle 2.6 3.8 5.4 5.6. 5.7 1.2 0.9 . 0.8 0.7 0.5
Untreated Primary Blade 1.9 3.3 2.4 3.9. 5.2 0.9 0.8 0.4 0.5 0.4
Untreated Primary Petiole 0.4 0.7 0.6 0.8 2.1 0.2 0.2 . 0.1 0.1 0.2
Growing Tip 61.0 71.5 150.4 143.5. 132.7 28.3 16.6 23.2 16.6 10.3
Stem 42,0 49.8 64.5 81.9. 7.3 19.4 11l.6 10.0 9.5 5.6
Root 14,9 22.9 21.4 28.,2. 3l.8 6.9 5.3 . 3.3 3.3 2.5

Total Exclusive of . e . .

Treated Leaf 120.2 148.2 239.3 258.3. 243.1 55.7 34.5. 37.0 30.0 19.0
_Total 203.8 383.6 0632.1 B806.1.1074.5 24.4 89.1 . 97.6 93.5 83.3

Total Activity Applied 215.8 431.6 647.4 863.2.1294.8




-

Radioactivity in Counts per Minute x 103

o Growing Tip

Stem
Root

Total
1000
Treated Leaf
800
600
Total Minus
/ Treated Leaf
2001
o -, S O—

- 1 1 L |

I 1
50 100 150 200 250 300
Rate ot Application in ug.

Figure 2. Accumulation of radioactivity in bean plants treated
with different amounts of Cl4 ]labeled sodium 2,2-dichloro-
propionate.
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growth, very little radioactivity could be detected in the more mature
untreated primary leaf.

The data in Table 3 shows that the accumulation of radicgactivity
in the stem and root was increased when successively older plants were
treated. Hore C1% was translocated to the growing tip of plants
treated at the second than at the first growth stage, but those
treated at the third stage contained relatively little activity in
this region. Even when the ¢4 in the trifoliate leaves was added
to that in the.growing tip, the total was still quite low. Of
interest is the greater accumulation of ¢4 in the second trifeliate
leaf than in the first trifoliate leaf of the plants trested at the
third stage of grouwth.

The amount of radiocactivity in the entire plant showed a

tendency toward reduction as elder plants were treated.

[ The radiocautogrephs in
Plates 9-11 show that TPA-2-C1% was absorbed into the primary leaf
blade %o which it had been applied, and that ¢k wa$ rapidly trans-
located from this leaf to the other portions of the bean plant.
Although the small amount of radiocactive carbon im the untreated
primery leaf is not distinguishable in the radicautographs, the data
in Table 4 indicate that c1? nad moved to all plant parts only two
hours after T?A-24314 was applied. Within twenty-four hours radio-
activity could be located in varying quantitios throughout the

plant - including the root tips. The c}4 was readily translocated



Plate 8. Radiocautographs of bean plants treated with 100 pg. DPA* on one primary leaf blade
when (A) second trifoliate leaf was unfolding and (B) when third trifoliate leaf was unfolding.
Harvested one day after treatment.



Table 3

Accumulation of Radiocactivity in Bean Plants Treated with 100 ug
of Radioactive Sodium 2,2~dichloropropionate at Three Stages of Growth.
Plants Harvested Twenty-four Hours after Treatment

Total Activity of Plant Accumulation and Trarslocation

Material of clé
Plant Part Counts/Min x 103 ) S
st 2nd 3rd Ist 2nd 3rd
Trifol. Tx'ifol. Trifol. Trifol. 'l'rifol. Trifal.
Treated Primary Blade 231.6 147.9 176.4 53.7 34.3 41,0
Treated Primary Petiole 3.8 3.3 4,2 0.9 0.8 1.0
Untreated Primary Blade 3.3 3.2 3.4 0.8 0.7 0.8
Untreated Primary Petiole 0.7 0.6 0.6 0.2 0.1 0.1
Growing Tip 71.5 160.4 13.0 16.6 23.3 3.0
Stem 49.8 85.4 100.6 11.6 19.8 23.3
st Trifoliate Blade 4.5 2.0 1.0 0.5
lst Trifoliate Petiole 1.7 0.5 0.4 0.1
2nd Trifoliate Blade 8.3 1.9
2nd Trifoliate Petiole 2.7 0.6
Total Exclusive of ,
Treated Leaf 148.2 229.1 169.3 34.5 53.0 39.1
Total 383.6 380.3 349.9 891 88.1 81.1
Total Activity Applied 4316 431 ) 431.6

6y



~ Plate 9. Radioautographs of bean plants harvested (A) two hours and (B) one day after the
application of 100 pg. TPA * to one primary leaf blade when the first trifoliate leaf was just
unfolding.



Plate 10. Radioautographs of bean plants harvested (A) two days and (B) three days after the
application of 100 ug. TPA* to one primary leaf blade when the first trifoliate leaf was
unfolding.

16



Plate 11.
Radioautographs of bean plants harvested (A) five days and (B) seven days after the application

of 100 ug. TPA* to one primary leaf blade when the first trifoliate leaf was unfolding.

[4°]
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into new tissue as the plant developed, but very little seemed to
enter the more mature untreated primaxry leaf even agfter seven days
presentation time.

The graphs in Figure 3, describing the more pertinent data con-
tained in Table 4, indicate that the stem contained most of the cls
which had been translocated ocut of the treated leaf during the first
twenty~four hours following the TPA-2-C14 appiicaticn. The amount
of radicactivity in the stem increased only negligibly during the
succeeding twenty-four hours, while the radiocactive carbon in the
growing tip and the root {in much less quantity) continued to in-
créase through the first three days of the experimeént. As the pre-
séntation time progressed further, gll three of these plant parts
gradually lest cl4, However, if the radicactivity contained in the
trifoliate lesves is considered along with that found in the growing
tip, it is apparent that translecation and accumulation of cl4 in
the rapidly growing tissue of IPA~24314 treated plants continued
through the seven day experimental periods At the conclusion of the
trial the growing tip plus the trifoliste leaves contained over 60
percent of the radiocactivity originally applied to the plant.

The radicactive carbon in the treated leaf was lost at a
fairly constant rate over the seven day presentation period. Puring
the first five days of the experiment there was a corresponding
increase of c!% in the rest of the plant. S$ince the total recoverable
ragioactivity remained fairly constant at a relatively high level

through these same five days it is assumed that the loss of
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Table 4

Accumulation of Radiosctivity ianean Plants Harvested at Bifferent Times

After Application of 100 ug cl4

to One Primary Leaf Blade

Labeled Sodium 2,2,3~trichloropropionate

v - wrmemomrt
— ~

i

Plant Part

Total Activity of Plant Material
3

Translocation aYg Accumulation of
cl

Counts/Min x 10 _
2 1 2 3 5 7
hours day days days days days

2

hours

day days

3
days

5
days

[ 1
@ =3
=
j;ad

Treated Primary Blade

Treated Primary Petiocle

Untreated Primary Blade

Untreated Primary Petiole

Growing Tip

Stem

Root

1st Trifoliate Blade

1st Trifoliate Petiole

2nd Trifoliate Blade

2nd Trifoliate Petiole

Total Minus Treated Blade
and Petiole

Total

Total Theoretically
Applied

128.3 103.3 105.2 65.8 59,7 28.6
76 6.6 1.7 4.2 3.1 0.8
6.6 }.1 1.8 2,4 3.2 3.9
0.3 0.1 1.9 0.2 0.2 0.l
3.0 6.3 19.7 28.4 13.0 9.5
4.4 28,3 29,7 26.5 23.6 8.0
0.3 5. 6.1 9.0 4.1 2.6

37.9 43.4
1.1 0.6
13.8

0.8

8.6 40.9 59,2 66.5 83.1 82.7
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radicactivity from the treated leaf represented translocation to the
other plant parts. The decrease in the total €14 recovered frem the
fifth to the seventh day after the experiment was initiated suggests

14

that during this peried TPA-2-C™ was being broken dowm by the bean

plants

2. Jbsorption and Translocat _
Amgunts of Chemical., The date presented in Table © and in Figure 4
indicate that the sccumulation of radicactivity in the growing tip,
ro0t, and stem increased s the amount of TPA-2F314 applied to the

plant was increased from 30 to 200 pgm. Treatment with 300 pgm.,

however, resulted in a decrease in the amount of clé

found in the
stem, and only a negligible increase in the root and growing tip.
Thus, the total of the plant parts, exclusive of the treateé ieaf,
showed & maximum 014 accumulation gfter tho spplication of 200 Mom.
of rpa—zaclé. Conversely, the total recoverable rediocactivity, and
the amount of €% in the treated leaf continued to increase as the
rate of spplication of TPA-2-C!% was increased frem 50 through 300
jigme. - This would indicate that regardless of the amount of chemical
absorbed by the treated leaf, only a limited quantity of €M 1ae
translocated to the other portions of the young bean plant during
the first twenty-four hours following treatment.

Following treatment at all rates of application, the major
portion of ¢l in TPA:=~2--CM treated plants (aside from that in the
treated leaf) accumulated in the stem during the twenty-four hour

4
presentation time (Figure 4). 1In DPAP2$C; treated plants, the
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Figure 4, Accumulation of radioactivity in bean plants treated
with different amounts of C14 labeled sodium 2,2,3-trichloro-
propionate.




Accumulation of Radioactivi
with Various Rates of C
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Table 5

in Bean Plants Trxeated on One Primary Leaf Blade

Labeled Sodium 2,2,3~trichloropropiocnate.

Plants Harvested Twenty-four Hours After Treatment

Total Activity of Plant Material

Ttanslocaiion.and Accumulation

Counts/Min x 10° of C?l?
B _ _Counts/Min x 10 e _
Flant Part 50 100 150 200 300 50 100 150 200 300
- . g Mg Lig Ug g Hg Hg Po g g

Treated Primary Blade 85,6 103.3 163.5 200.1 252.7 63.8 59.3 62.6 5T7.5 48.4
Treated Primary Petiole 1.2 6.6 2.0 13.1 18.1 1.4 3.8 0.8 3.8 3.5
Untreated Primary Blade 0.0 1.1 2.3 0.0 2,1 0.0 0.6 0.9 0.0 0.4
Untreated Primary Petiole 0.5 0.1 0.2 0.5 0.6 0.6 0.1 0.1 0. -0.
Growing Tip 2.5 6,3 8.6 14,9 15,2 2.9 3.6 3.3 4.3 2.9
Stem 19.7 28.3 43.2 65,1 5T.2 22,6 16.3 16.5 18,7 .10.9
Root 2.3 5.1 9.6 18.3 21.1 2.6 2.9 3.7 5.3 4.0
Total Exclusive of Treated

Blade and Petiole 25,0 40,9 63.9 98.8 96.2 28,7 23.5 24.5 28,4 18.3
Total 81.8 150.8 229.4 312.0 367.0 93.9 86,6 87.9 89.7 70.2
Total Theoretically

Applied 87.1 174.1 261.2 348.2 522.3

ot
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growing tip accumulated considerably more C14 than the stem (Figure
2). These observations suggest that 814 is translocated more rapidly

in bean plants treated with DPA-2-C}? than with TPa-2-C14,

Radiocautegraphs (Plate 12) indicate that within one day after treat-
ment radioactivity could be located imn all parts of the bean plants
treated with TPA-2-C14 at all three stages of growth, however,
measurements of radiocactivity (Table 6) show that no clé could be
detected in the roots of plants tregted at the thixrd stage of growth.
It is also apparent from the radicautographs that fairly large quan-
tities of radicactive carbon accumulated in the trifoliate leaves of
the older plants, but that very little radiocactive carbon accumulated
in the untreated primary leaf of plants treated at any stage of
growth. E

The data in Table 6 indicate that plants to.wbich TPA»é~Ci4 was
applied at the second and third stages of growth accumulated a rela-
tively high percentage of the total recoverable radiosctivity in the
trifoliate leaves. In plants treated at the first stage of growth
the majority of the Cl4, aside from that in the trested leaf, was
found in the stem. The radiosctive carbon in the stem, the root, and
the growing tip decreased as progressively older bean plants were
treated.

The recovery of radlogctivity from the entire plant, and from
the treated leaf appeared to increase as plants of the second and

third growth stages were treated. As previously indicated, the



Plate 12, Radicautographs of bean plants treated with 100 ug. TPA¥ on one primary leaf blade
when (A) second trifoliate leaf was unfolding and (B) third trifoliate leaf was unfolding.
Harvested one day after treatment.

-



Table 6

Accumulation of Radiocactivity in Bean Plants Treated with 100 ug of
Radioactive Sedium 2,2,3~trichloropropicnate at Three Stages of
Growth. Plants Harvested Twenty=-four Hours after Treatment

Total Activity of Plant "~ Accumulation ang Translocation
Material of ci4
Plant Part Counts/Min x 103 B % _
st 2nd 3rd lst " 2nd 3rd
Trifol. Trifol. Trifol. Trifol. Trifol. Trifol.
B | Unfolding Unfolding Unfolding Unfolding Unfolding Unfolding
Treated Primary Blade 103.3 98.6 117.3 59.3 56.6 67.4
Treated Primary Petiele 6.6 3.6 5.4 3.8 2.1 3.1
Untreated Primary Blade 1.1 0.2 .4 0.6 0.1 0.2
Untreated Primary Peticle 0.1 0.1 0.1 0.1 0.1 0.1
Growing Tip 6.3 6.9 1.6 3.6 4.0 0.9
Root 501 4,0 0.0 209 203 0.0
lst Trifoliate Blade 22.3 13.8 12.8 79
1st Trifoliate Petiocle 1.4 0.5 0.8 0.3
2nd Trifoliate Blade 11.5 6.0
2nd Trifoliate Petiole 1.0 0.6
Total Minus Treated Blade .
and Petiole 40,9 60.8 46.6 23.5. 35.0 26.8
Total 150.8 163.0 169.3 86.6 93.7 97.3
Total Theoretically Applied 174.1 174.1 17,1

1e
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opposite trend was noticeable in bean plants treated with pPA-2-c14

at different stages of development.

dats in Table 7 and from Plate 13 that DPA-2-C14 was absorbed inte the
treated tip of the second leaf and that small quantities of 614 yere
translocated to all other portions of the sweet corn plant within

two hours after treatment, Twenty~four hours were necessary for the
radioactive carbon to be distinguishable throughout the entire plant,
Plates 13-15 indicate that there was a gradual increase of ryadio-
activity in the plant parts cother than the treated leaf, and that as
the experimental psriod progressed, C1% quite readily moved into

newly developing plant tissue.

.The graph in Figure 5, prepared from data presented in Tsble 7,
clearly shows the pattern of 614 translocation in sueet corn plants
treated with DPa-2-C14, Twenty~four hours after treatment the
second leaf (minus treated tip) and the root contained a large pro~
portion of the radicactive carbon which had moved out of the treated
tip of the second leaf blade. The quantity of 614 in the second leaf
{minus treated tip) increased through the third day, after which more
than one~half of its radiogctivity was lost in the ensuing four days.
The €14 in the root decreased in amount during the second twenty-
four hours of the experiment and then remained at a fairly constant

level, The third leaf increased in €1% accumulation through the

first two days following application, lost radioactivity during the



Plate 13, Radioautographs of sweet corn plants harvested (A) two hours and (B) one day after the
application of 100 pg. DPA¥ to the distal 1 to 2 inches of the second leaf at the time the fourth
leaf was emerging.

o
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Plate 14, Radiosutographs of sweet corn plants harvested (A) two days and (B) three days after
the application of 100 ug. DPA* to the distal 1 to 2 inches of the second leaf at the time the
fourth leaf was emerging.



Plate 15. Radiocautographs of sweet corn plants harvested (A) five days and (B) seven days after
the application of 100 uge DPA* to the distal 1 to 2 inches of the second leaf at the time the
fourth leaf was emerging.

€9
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harvested at different times after treatment with 100 ug. of
cl4 1abeled sodium 2,2-dichloropropionate.




Accumulation of Radioactivity m Corn Plants Harvested at Pifferent Times

After Application of 100 ug €14 Labeled Sodium 2,2-dichloropropionate

Table 7

to the Distal Two Inches of the Second Leaf Blade

Total Activity of Plant Material

Tr.anslbea:fion fgd' ‘ﬁc.cwnul..ation of

_ ‘ c
Plant Part Counts/Min x 103 N
2 1 2 3 o) 7 2 1 2 3 5 7

hours day days days days days hours day days days days days
1st Blade 0.9 0.6 0.5 0.1 0.2 0.4 0.8 0.3 0.2 0.1 0.1 0.2
1st Sheath 0.3 2.0 1.2 05 0.4 0.4 0.1 0,9 0.5 0.2 0.2 0.2
2nd Blade Minus Tip 1.9 10.7 10.3 13,1 8.6 4.9 0.4 4,6 4.4 5.6 3.7 1.9
2nd Sheath 0.4 4.5 6.0 6.6 3.4 2.6 0.2 1.9 2.6 2.8 1.5 L1}
3rd Blade 0.4 2.0 4.1 3.8 3.6 3.3 0.2 0.9 1.8 1.6 1.6 1.4
3rd Sheath 0 ©€.6 2,5 1.8 1.1 2.2 0.1 0.3 1.1 0.8 ¢©€.5 0.9
4th Leaf 0.3 3.1 7.8 9.9 12.4 0.1 1.3 3.4 4,3 5.3
4th Blade ‘ 9.5 2.4
4th Sheath 3.2 1.4
5th Leaf 3.0 11.1 12.8 18.4 32,3 1.3 4,8 5.5 7.9 13.9
6th I’-eaf 602 800 20.0 2;7 3.4 806
Tth Leaf 5.6 2.4
Root 2.1 10 9 5.6 8.1 9.2 7.8 009 5.7 2,4 3.5 4.0 3.4
Treated Tip~2nd Blade 101.4 76.2 76.9 78.3 47.9 36.1 43.8 32.8 33.2 33.8 20.7 15.6
Total Minus Treated Tip 6.4 37.4 49.1 62.9 65.3 §7.8 2.8 16.2 21,2 27.1 28.2 37.8
Total 107.8 113.6 126.0 141.2 113,2 123.9 46.6 49.0 54.4 60.9 48.9 53.4

Total Theoretically
Applied

231.9 231,9 231.9 231.9 231.9 231.9

L9
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next twenty-four hours, and then did not change through the rest of
the experimental period. The accumulation of radicactivity in the
rapidly developing fourth, £ifth, and sixth leaves increased gradually
through five days after which the fourth leaf lost C!%, and.the gain
of radioactive carbon in the fifth and sixth leaves was very markeds
The guantity of cl4 detected in the first leaf was quite small at
all stages of the experiment, but in contrast to the other leaves,
the larger proportion of activity wgs found in the leaf sheath instead
of in the leaf blade.

The consistent increasc in smount of radicactive carbon in
the portion of the plant exclusive of the treated tip corxesponds
quite well with a rather eonsistent loss of 6;4 from the treated tipe.
Throughout the experimental period the total recoverable radicactivity
remained rather constant, suggesting that Bpﬁez-clé wae not broken
dowin in sweet corn plants during the seven days following treatment,

2o

The data in Table 8, shoun graphically in

Fioure 6, indicate that except for the second leaf, all parts of the

sweet corn plant increased in 814.accumulation as the rate of appli-

~l4

cation of PPA-2-C" " was raised from 50 to 300 pgme However, although

¢ in the treated tip

the total racoverable radicgctivity and the
increased almost in direct proportion to the rate applied; the

percentage of translocation from the treated leaf to the other parts
of the plant decreased as higher rates of application were used. It

would appear that treatment with more than 200 ugm. of BPARQ«CIQ
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Figure 6, Accumulation of radioactivity in sweet corn plants
treated with different amounts of Cl4 labeled sodium 2,2-di-
chloropropionate.




Table 8

Accumulation of Radieactivity in Coxn Plants Treated on the Distal Two Inches of the

Second Leaf Blade with Various Rates of clé

Labeled Sodium 2,2-dichloropropionate.

Plants Harvested Twenty-four Hours after Treatment

~ Total Activity of Plant Material

Ttanslocation ang Accumulation

231.9 347.9 695.6

of cl4
Plant Part ________Qmmtﬁ[ﬁﬂm X 103 . — _ % _

50 100 150 200 300 8 100 150 200 300

o 2] Hg g ] K9 Ko Kg Hg kg Mg

lst Blade 0.3 0.6 0.4 1.9 1.1 0.3 0.3 0.1 0.4 0.2

1St Sheath 003 2.6 203 4.8 3.8 00 3 009 007 1.0 0.5

2nd Blade-Minus Tip 7.5 0.7 18,2 20.3 16.5 6.5 4.6 5H2 4.4 2.4

2nd Sheath 3.2 4.9 T2 6.9 10.6 2.8 1.9 2.1 1.5 1.5

3rd Blade 1.5 2.0 3.7 3.9 4,2 1.3 0.9 1.1 0.8 ¢C.6

3rd Sheath 0.6 0.6 1.1 1.2 1.6 0,5 0.3 0.2 0.3 0.2

4th Leaf 2.9 3.1 4.8 4.9 6.4 2.5 1.3 1.4 1.1 0.9

5th Leaf 2.8 3.0 4,8 5.1 9.2 2.4 1.3 1.4 1.1 1.3

Root 4,8 10.9 10.6 17.9 23.1 4,1 5.7 3.0 3.9 3.3

Treated Tip 48,6 76,2 109.5 177.8 275.9 41.9 32,8 31.5 38.3 39.6

Total Minus Treated Tip 23.9 37.4 53.1 66.9 T76.5 20.7 16,2 15.3 14.5 10.9

Total 72.5 113.6 162.6 244,.7 352.4 62.6 49.0 46.8 52.8 50.5
Total Theoretically o

Applied 116.0 463.8

0L



71
resulted in only a negligible increase in the amount of cl4 being
accunmulated in the plant parts aside from the treated leaf during a
twenty~four hour presentation peried.

3.

The radioczutographs presented in Plate 16 show that radicsctive care
bon was translocated throughout sweet corn plants at three stages of
growth within twenty-four hours after treatment with DPA-2-C}4, The
majority of the radicactivity appeared tc be accumulated in the
treated tlp and the remainder of the second leaf blade and sheath
after only a ohe day presentation period.

Dats contained in Table 9 indicate that total recovergble
radioactivity, and the amount of ¢14 in the total plant, exclusive
of the treste¢ tip, tended to 1ncreasé as successively older plants
were treateds There was much more radiecactive carbon found in the
treated tips of plants treated at the second than at the first
growth stsge, and slightly more at the secend than at the thixd
stage of growth. The increased translocation out of the treated tip
of the progressively older plants gppears to have been primarily to
the rapidly developing leaves since the amount of radioactivity in
the root, the first, the second (minus trested tip), and the third

leaves did not vary greatly in the plants treated at the different

stages of growth.

in Table 10 show that within two hours after the application of



Plate 16. Radioautographs of sweet corn plants treated with 100 ug. DPA* on the distal 1 to 2
inches of the second leaf at the time (A) the fifth leaf was emerging and (B) the sixth leaf
was emerging. Harvested one day after treatment.

[« A



Table 9

Accunulation of Radicactivity in Corn Plants Treated on the Distal Two Inches of the
2nd Leaf Blade with 100 pg of €14 Labeled Sodium 2,2-dichioropropionate at Three
Stages of Growth, Plants Harvested Twenty-four Hours after Treatment

 Total Activity in Plant Translocation and Accumulation

Material of cl4
Plant Parts ~ Counts/Min x 103 %

4th Leaf 5th Leaf 6th Leaf 4th Leaf 5th Leaf 6th Leaf

Emerging Emerging Emerging Emerging Emerging Emerging
1st Blade 0.6 1.6 3.8 0.3 0.7 1.6
1st Sheath 2.0 0.3 0.2 0.9 0.1 0.1
2nd Sheath 45 3.8 3.9 1.9 1.6 1.7
3rd Blade 0 1.9 1.3 0.9 0.8 0.6
3rd Sheath 0.6 1.1 0.8 0.3 0.5 0.3
4th Leaf 3.1 ' 507 » 1.3 25
4th Blade 11.5 5.0
4th Sheath 0.9 0.4
5th Leaf 3.0 8.6 T3 1.3 3.7 31
6th Leaf 8.7 4,7 3.8 2.0
Tth Leaf ' 1.8 0.8
Root 100 9 54 6 l 10 3 Do 7 244 4,9
Treated Tip~2nd Blade 76.2 133.7 . 125.7 32.8 57.7 54,2 °
Total Minus Treated Tip 37.4 45.8 5649 16,2 19.8 24,6
Total : 113.6 179.5 182,6 49,0 T7.5 78.8

Total Theoretically Applied 231.9 231.9 231.9

€L



T4
TPAFQ—CI4 to sweet corn plants ct4 had moved to all parts of the
plant although the majority of the radioactive carbop was still
found in the second leaf, Twenty-four hours gfter treatment sufficient
amounts of C1% had been translocated threughout the plant to show all
plant sections clearly in radig&utoéraphs. As the sweet cern plants

C14 was translocated into these rapidly

developed new tissue the
growing plant parts.
Figure 7 illustrates the more pertinent data contained in Table
10 and shows that throughout the seven day experimental period most
of the radiocactivity, aside from that in the treated tip, was in the
second leaf (minus treated tip). The sccumulation of 014 in the
second lesf (minus treated tip) was very high in relation to the
other untreated plant parts through the first two days following
treatment with TPA-2-C14, after which this leaf lost some C}4 in the
ensuing five days. All of the other plant parts except the treated
tip increased in the amount of c!? accumulation throughout the
seven day presentation pexicd. The quantity of radicactive carbon
in these plant sections was quite low at all times as indicated by
the curve depicting the total activity minus that in the treated tip.
The maximum smount of radioactivity translocated out of the treated

014 applied to the

tip was only 29 percent of the tctal amount of
plant and though the treated tip did°10$e cl4 throughout the trial,
the minimum quantity found in this section was 28 percent of the

original spplication, or over one-half of the total amount found in
the entire plant. The radieactive carbon from TPA92=614 apparently

was not translocated out of the growing tip to the other parts of the



Plate 17. Radioautographs of sweet corn plants harvested (A) two hours and (B) one day after
the application of 100ug. TPA¥ to the distal 1 to 2 inches of the second leaf at the time the
fourth leaf was emerging.



A B

Plate 18, Radioautographs of sweet corn plants harvested (A) two days and (B) three days after
the application of 100 ug. TPA* to the distal 1 to 2 inches of the second leaf at the time the
fourth leaf was emerging.

oL



Plate 19. Radioautographs of sweet corn plants harvested (A) five days and (B) seven days after
the application of 100 pge TPA*to the distal 1 to 2 inches of the second leaf at the time the
fourth leaf was emerging.
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Accumulation of Radieactivit

Table 10

in Corn Plants Harvested at Different Times After

Application of 100 yg Cl4 Labeled Sodium 2,2,3-trichloropropionate to
the Distal Two Inches of the Second Leaf Blade

Total Activity of Plant Material

Tianslocaticn

_and Accumulation of
cld
Plant Part Counts/Min x 10° . »
) i 2 3 5 T T2 1 2 3 5 7

, hours day days days days days hours day days days days days
lst Blade 004 005 009 0.9 0.6 066 052 . 0.3 0.5 0.5 003 003
lst Sheath 0.4 0.8 1.3 1.0 0.6 0.8 0.2 05 0.7 0.6 0.3 0.5
2nd Blade Minus Tip 3.0 16,8 16.6 13.3 10,8 7.9 1,7 9.5 944 7,5 6.1 4,9
2nd Shegth 1,4 10,4 10.7 7.2 9,3 10,2 0.8 5.9 6,1 4,1 5.2 5.8
3rd Blade 0.2 2.9 4,5 4,6 95,8 7.3 0.1 1.6 2.5 2,6 3.3 4.1
31'd Sheath 004 00 007 109 2.8 002 0.2 004 101 106
4th Leaf 03 1.9 3.6 4.8 5.5 0.2 1.1 2.0 05 3.1
4th Blade 10.1 5.7
5th Leaf 0.4 0.9 1.1 3.6 6,5 0.2 0.5 0.6 2.0 3.7
6th Leaf 0.6 1.4 0.3 0.8
Tth Leaf bt 0.6 0.3
Roo't 2‘3 008 0.5 0"2 002 109 1‘3 ' 05 003 0.1 001 101
Treated Tip~2nd Blade 89.4 98.5 69.1 49.3 96.8 57.9 50.6 55,7 39.1 27.9 32.1 32.7
Total Minus Trested Tip 8.0 34.9 39,4 29.8 38.9 50,9 44D 19.7 22.4 16.9 2]1.8 28.9
Total 97.4 133.4 108.5 79.1 95.7 108,8 5%5.1 75.4 61.3 44.8 53.9 61.6

Total Applied

176.8 176.8 176.8 176.8 176.8 176.8

6L
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sweet corn plant as rapidly as was the c!? from DPA-Qaclé.

Although the total zecoverablie radicactivity did vary consider-
ably it oppears that this variation was approximately egually dis-
tributed around the average of the peints on the curve. This
suggests that within seven days after treatment TPA»Qucid was not

broken down in sweet corzn plantsS.

Amounts of Chemical. The data in Table 11, summarized in graphic form
in Figure 8, show that asccumulation of 014 inereased in all parts of
corn plonts as the rate of application was increassed from 30 to 300
pom, Although the total recoverable radicactivity and the radio-
active carben in the treated tip increased almost in direct propor-
tion to the quantity of TPﬁr2%Cld 2pplied, the gmount of Cld in the
rest of the plant increased only slightly as the rate of chemical
spplication was increased, Regardless of the asmount of TPA-2-CL4
applied to the plants, the second leaf (minus treated tip) contained
over one half of the rgdicactive carbon which accumulated in the
untreated parts ¢f the plant during the twenty-four hour presentétioa
time, Of the other plant parts, the third leaf, the fourth leaf, the
root, and the fifth leaf contained small quantities of radioactivity
in the order listed. This ggain would indicate thet TPA-2-Cl4
treated plants did not translocate C14 as quickly as those treated
with DPA-2-C14

3.

Radiosutographs (Plate 20) indicate that within twenty-four hours
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Table 11

Accumulation of Radioactivity in Corn Plants Treated on the Pistal Two Inches of
the Second Leaf Blade with Various Rates of Sodium 2,2, &uichloropropionate.
Plants Harvested Twenty-four Hours after Treatment

Total Activity of ?Iant Material Translocation gnd Accwnulatz.on of

Plant Part L Counts/Min x ;03, _ , }‘5

50 100 150 200 300 50 100 150 200 300

g Hg Mg Ko ¥ Mg M8 Hg Mg M9
1st Blade 0.4 0.5 1.2 1.7 . 2_&4‘ 0.5 0.3 - 0.5 0.5 0.5
1st Sheath 0.3 0.8 1.4 1.5 2.2 043 0.5 0.5 0.4 0.4
2nd Blade-Minus Tip 6.0 16.8 24.5 25.2 27.3 6.8 9.5 9.2 7.1 5.1
2nd Sheath 4,5 10.4 14,3 12.8 18,1 5.1 5.9 5.4 3.6 3.4
3rd Blade 1.0 2.9 6.4 6.7 11.6. 1.1 1.6 2.4 1.9 2,2
3rd Sheath C.l 0.4 0.4 0.5 0.4 0,1 0.2 - 0.2 0.1 0.l
4th Leaf 0’.34 _Ia.g 4 0;5 504 9.3 0 0'5‘ }.01 . 1 . 7 1 O 5 1 0‘8
5th Leaf 002 0 04 0 0-9 1.0 308 002 002. ’ Oo‘ 3 0. 3 0. 7
Root 007 008 206 2.9 7«@ 0.8 005 1 0 0.8 1‘3
Treated Tip=-2nd Blade 50,9 98.5 146.9 169.9 275.0 57.5 55.7 55,3 48.0 51.8
Total Minus Treated Tip 13.6 34,9 56,2 57.7 82.1 15,4 19.7 21.2 '16.2 '15.5
Total 64.5 133.4 203.1 227.6 3B7.1 72.9 5.4 T76.5 64.2 67.3
Total Theoretically

Applied 88.4

176.8 265.2 353.6 530.4

# 14 Labeled

8
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after the application of TPA—24314, radioactive carbon was translo=-
cated te all parts of sweet corn plants treated al three successive
stages of growths, At the time of harvest the greatest concentration
of radicactivity appeared to be in the second leaf. The data pre-

14 translocated out of the

sented in Table 12 show that of the C
treated tip, more than one-half was found in the unireated portion
of the second leaf #f plants treated at all three growth stages.
The stage of growth at which sweet corn plants were treated did not
appear to greatly influence the amount of radicactivity accimulated
in the root or in the first, second (minus treated tip), and third
leaf. The accumulation of C14 in the fourth leaf, however, incroased
markedly afier treatmont of plants at the third stage of growth as
compared to ypunger plants treated with TPA~2=CI4,

There was too great a variation in thé total recoverable

radioactivity and in the amount of c!? found in the treated tip to

suggest a definite trend or pattern of accumulation,

The radigautographs presented in Plate 21 show that DPA-2-CL?
and TPAPQdGl4 were absorbed by the leaves of Birdsfoot trefoil plants,
and that C1? was translocated to other parts of the plents. It
would appesr that cl4 ¢rom Dpa-o-cl4 treatments was txanslecated
faster snd in greater quantity than was ¢4 trom TPArzwcla treatments.
Very little radiocactivity is apparent in the root system of the
plants treated with T?A~2»C14.

The difference in the apparent amount of radiocactivity on the



Plate 20, Radioautographs of sweet corn plants treated with 100 pg. TPA¥ on the distal 1 to 2
inches of the second leaf at the time (A) the fifth leaf was emerging and (B) the sixth leaf was
emerging., Harvested one day after treatment.



Table 12

Accumulation of Radioactivitz in Corn Plants Treated on the Pistal Two Inches of the Second

Leaf Blade with 100 pg Cl

Labeled Sodium 2,2,3~trichloropropionate at Three Stages of

Growth. Plants Harvested Twenty-four Hours After Treatment
Total Activity in Plant ‘i‘ranslocaticn and Accumulation
_ Material _ of Cl4
Plant Part Counts/Min x 103 - K

4th Leaf 5th Leaf 6th Leaf 4th Leaf Sth Leaf 6th Leaf

Emerging Emerging Emerging Emerging Emerging Emerging
1st Blade 0.5 0.2 0,3 0,3 0.1 0,2
1st Sheath 0.8 0.9 0.2 0.5 0.3 0.1
2nd Blade =~ Minus Tip 16,8 7.3 14.5 9,5 4,1 8.2
2nd Sheath 10.4 Bl 9.4 5.9 2,9 5.3
3rd Blade 2.9 1.0 0.8 1.6 0.6 0.5
3rd Sheath 0.4 0.5 0.2 0.2 0.3 0.1
4th Leaf 1.9 0,9 1.1 0.5
4th Blade 18.2 10.6
5th Leaf 05,4 0@5 0993 0.2 003 0.2
7th Leaf 0.1 0.1
Root 0.8 0,7 0.9 0.5 0.4 6.5
Treated Tip ~ 2nd Blade 98,5 72.0 84,6 55,7 40,7 47.9
Total 133.4 88. 9 132.5 795.4 50.3 5.1
Total Theoretically Applied 176.8 176.8




Plate 21. Radioautographs of lotus plants harvested one day after the application of 30 pug. of
(A) DPA* and (B) TPA* to one leaflet (darkest spot). Plants were seedlings about four months old.
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treated leaves of the birdsfoot trefoil plants is probably due te

lack of uniformity in the preparation of the radicautographs.

During three days following the application of DPA-2-C14 essentially
no radioactivity could be detected in the carbon diexide evolved by
either bean or sweet corn plants. Of the amount of radioactivity
theoretically applied to the plant legves, 94,7 percent was accounted
for in the tissue of bean plants, and 83.8 percent was accouhted for
in the tissue of sweet corn plants.

2.

The date in Table 13 show that the total recoverable radioactivity in
DPA-2-G14 treated sweet corn plants varied from about 90 percent one
day after treatment to aspproximately 75 percent in plants harvested
seven days after treatment. This would indicate that by the dirvect
plating method higher recovery percentages of radiogctivity in suset
corn plants was realized.

The amount of radicactivity in the treated leaf decreased during
the seven day experimental period in what appeared to be a direct

cl4 accumulated in the

proportion teo the increase in the amount of
rest of the plant. It is interesting to note that although the

total recovery of cl4 was higher, apparently less cl4 was translocated
out of the treated leaf in this experiment than in the previous exper-
14

iment concerned with the absorption of DPA-2-C"" and translocation of

cl4 in sweet corn plants.



Table 13

Accumulation of Radioactivity in Sweet Corn Plants
Harvested at Different Times after Application of 100 ugm.
of Cl4 Labeled Sodium 2,2-dichloropropionate to the

Distal Two Inches of the Second Leaf

Time After Total Aégi&ity Accumulation
Plant Part _Izeatment. %.20° of 14 in ¥
Treated Leaf 2 hours 127.0 87.6
Untreated® 243 1.6
Treated Leaf 1 day 119.7 82,6
Untreated 11.9 8.2
Treated Leaf 3 days 94,3 65,0
Untreated 22.7 15.7
Treated Leaf 5 days 89.4 61.7
Untreated 21.% 14.8
Treated Leaf 7 days 85.7 5941
Untreated 22,7 15,7

¥Includes all portions of the plant aside from the treated leaf.
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Resi ct)

Table 14 presents g summary of the dry and fresh weight,
hoight at three and six weeks after planting, number of plants per
pot displaying morphological responses, and the number of planis per
pot surviving six weecks after planting as messurements of the re=-
sponses of sweet corn plants seeded immediately after DPA and TPA
spil treatmentss These deta indicate that st comparsble rates of
application the toxicity of DPA and TPA did not generally differ
significantly, but that TPA wos consistently more toxic to sweet corn
plants than was DPA. The degree of toxicity of each herbicide ap-
parently was dependent on the amount of the chemical applied, and on
the type of seil which was troated. The growth of sweet corn plants
was inhibited to a much greater extent by both chemicals in the
lighter textured, lower organic matter loam soil than in the heavier
cloy loam soil containing a higher percentage of organic matters

The difference in growth of the non-treasted (control) plants
in the diverse soils is believed to be due to differences in the

environment at the time the threc experiments were conducted rathex

than to soil differences,

Tables 15 te 20 show the influence of time and temperature on
the residual sctivity of DPA and TPA in Chehalis ¢lay loam seil as
measured by various responses of sweet corn plants seeded at several
intervals after DPA and TPA applications to the soil.

The data indicate that, within the limits of this study, time



Table 14

The Toxicity of Soil Applications of DPA and TPA to Sweet Corn Plants
Grovn for Six Weeks in Three Soils

TPA at 10 ppm, 0.207 0,139 0.192 2,67 1.26 2,28

TPA at 50 ppme 8.070 0 0.87 0

DPA at 10 ppm. 0.260 0,206 0.421 3.54 2.01 5.64

DPA at 50 ppm. 0.142 0,015 ~ 2.13 0419

Control 0,386 0.814 1.377 4,61 5.34 13,04
Hexght of Plants in Inches ‘ Height of Plants in Inches

TPA at 10 ppms T.67 2,00 2.5 - 10.75 2:25 5413

DPA at 10 ppm, 8.34 4,25 8.13 15,58 4,25 92.25

DPA at 50 ppm. 5.29 1.50 , 13.42 0,50

Controi : 10,09 13,75 11.25 18,92 1792 25,38

Number of Plants Surviving

TPA at 10 ppm. 2,33 5,00 . 5.00 - 4,33 1.42 5.00

DPA at 10 ppm, 0.33 5.00 5.00 ' 4,50 4,67 5.00

DPA at 50 ppm. 0.83 - 5.00 ' 4,17 0.33

Control 0 . o 0. 4,33 4,92 4,88

Notes These figures are averages of the data under "0 Weeks Storage in Tables 15 to 32.

06
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of storage did not exert as much influence as did tempersture of
storage on the residual activity of DPA and TPA in the clay loam
soils Although after threc wecks of storage at any of the three
temperatures there was no significant difference in the growth of
sweet corn plants seeded in soil treated with DPA at B0 ppm. and of
sweet corn plants seeded in untreated soil, as the 32 to 40° F.
storsge peried lengthened residual toxicity due to the 50 ppm. DPA
treatment became apparent. The data in Table 18 indicate that seil
stored from six through fifteen weeks at 32 to 40° F. contained
sufficiont DPA to rasult in reduced plant height measurements six
waeks after planting. Fresh weight and three-week plant height
determinstions {Tables 16 and 17) show that the 50 ppms DPA concen~
tration was effective in reducing plant growth in soil stered at
32 to 4C° F. from nine through iwelve and fifteen weeks, respective~
ly. After twelve and fifteen weeks of 32 to 40° P, storege the
growth of sweet corn plants in soil treated with DPA at 50 ppm. was
reduced in comparison to plants grown in untreated soil (Table 15).

Increasing the storage temperature to 55 to 60° F. and to 72°
F. rosulted in thé detoxicatien of the 50 ppm. DPA concentration
vithin three weeks after spplication to the scil (Tables 15 to 20).
Morphological responses, typical of those induced in sweet coxrn by
DPA and TPA, provided some evidence of herbicidal activity resulting
from 50 ppm. DPA treatments through nine and twelve weeks of storage
at 55 to 60° F, end at 72° F., vespectively, but at no time did more

than one piant per pot display these sbnormalities (Table 19).



Table 15

Dry Weight of Sweet Corn Plants as a Measure of the Effect of Time and
Temperature on the Residual Activity of DPA and TPA in Clay Loam Soil

__32-40CF i.ﬁ.f’f 7a°r- — e 32-405F_ 55-600F _700F
0 Heeks Storage . 9 Weeks Storage
TPA at 10 ppm. ’ 2232 179 <211 TPA at 10 ppm. "¢ 392 «208 695
‘TPA at 50 ppm. 078 «063 .068 TPA at S0 ppm. 064 277 409
DPA at 10 ppme 282,262 «235 DP4 at 10 ppm, -+389 662 655
DPA at 50 ppme | J132  .161 L1344 . DPA at 50 ppme 392 L668  .673
Control  .330 4439  ,388 Control , W33 L67T1 L733
. LSD 0.01 118 4193 . 4136 LSD 0.0 - «290 -
0.05 085 4138 097 0.05 - +207 -
3 Weeks Storage : _ 12 tleeks Storage
TPA at 10 ppm. «385 . .307 397 TPA at 10 ppm. 194 .968 1,086
TPA at 50 ppme. : «092 +094 «112 TPA at 50 ppm. . +106 «487 «598
DPA at 10 ppm. : «302 +340 « 396 DPA at 10 ppm. o803 1,285 1,235
‘DPA at 50 ppm.. 184 - (341 +300 DPA at 30 ppm. . +815 142283 1.218
€ontrol ' oo 202 1,377 « 387 Control 1154  1.022 1,114
LSD 0.01 .193 «136 245 LSD 0,0} .348 - # 715
0.05 . ,138 +097 175 0405 4248 - +511
6 Weeks Storage ' : 15 Weeks Storage ’ '
-DPA at 10 ppm. . 542 548 666 - DPA at 10 ppm. L+ T46 973 +996
.DPA - at 50 ppm. . <444 . 529 +519 DPA at 30 ppme. <524 915  1.202
. €Gontrol 536 555 756 Control o ,« 786 «927 1,155
LSD 0,01 .226  .162  .348 . 1SD 0,01 .193  .264 -
0,05 162 _.1190 2248 . _ 005 _,138 ' ,189 =

6



Table 16

Fresh Weight of Sweet Corn Plants as a Measure of the Effect of Time and
Temperature on the Residual Activity of DPA and TPA in Clay Loam Soil

| g 'ggop I0F

O Veeks Storage 9 Weeks Storage
TPA at 50 ppm. 0.93 0.88 0.81 TPA at 80 ppm. 0.89 3.25 3.32
DPA at 50 ppm. 2,21 2,32 1.87 DPA at 50 ppm. 3.74 7.07 6.90
Control 4,04 5.38 4.41 Control 7.69 6.42 7.37
L.SD 0.01 2.08 1.71 .41 LSD 0.01 2.06 3.24 2.38
0.:05 1 049 1‘0 22 1 .00 0.05 1 047 20 32 1 070

3 Weeks Storage 12 Weeks Storage
TPA at 10 ppm. 4,00 3.38 4,16 TPA at 10 ppm. 8.04 9.68 11.34
TPA at 50 ppm, 1.20 1.16 1.38 TPA at 50 ppm. 1.43 6.29 6.78
DPA at 10 ppm. 3.44 3.83 4,21 DPA at 10 ppm. 8.82 13.56 13.40
DPA at 50 ppm, 2.19 3.79 3.61 DPA at 50 ppm,. 8.99 11.51 12.25
COﬂtrOI 3.14 4.11 4,28 ContrOI 12.24 10.87 9038
LSD 0,01 1.75 1.53 2.19 15D 0.01 4.25 - 713
0,05 1.25 1.09 1.57 : . 3.04 - 5.10

6 Weeks Storage . 15 Weeks Storage
TPA at 10 ppm. 3.18 5.38 T.79 TPA at 10 ppm. 5.95 8.60 10,58
TPA at 50 ppm. 0.59 1.99 2.17 TPA at 50 ppm. © 0.73 392 '5.59
DPA at 50 ppms 5.13 5.87 6.20 DPA at 50 ppm. 5.65 7.49 10.75
Control ‘ 4.7 5429 6.46 Control 6.36 8,12 10.74
LSD 0.01 2.13 2.06 3.26 LSD 0.01 2.3¢4 3.24 3.00




Table 17

Height of Sweet Corn Plants Three Weeks After Planting as a Measure of the Effect of
Time and Temperature on the Residual Activity of DPA and TPA in Clay Loam Soil

a0t °f 12%E

0 Weeks Storage 9 Weeks Storage
TPA at 10 ppm. 8,25 7.38 7.38 TPA at 10 ppm. 6413 6.25 6.88
DPA at 10 ppm. 8.63 8,63 7,75 DPA at 10 ppm. 6.00 7.00 6.13
DPA at 50 ppm, 5.25 5,50 5.13 "~ DPA at 50 ppm. 5.00 5.38 7.13
Control 10. 38 8. 88 11 «00 Control Te 13 7013 6.75
LSh 0.0} 2.09 2.06 2,43 LSD 0,01 1.96 1.79 2,17
0,05 1.49 1.47 1.74 0.05 1.40 1,28 1,55

3 Weeks Storage 12 Weeks Storage
TPA at 10 ppm. 8,00 6.25 7.00 TPA at 10 ppm. 10,50 10,50 9.50
TPA at 50 ppm. 3.7 4,88 4,88 TPA 'at 50 ppm. 3.00 6.25 7.25
DPA at 10 ppm. 6.50 7.25 8.29 DPA at 10 ppm. 8.7 11.50 10,00
DPA at 50 ppm, © 5400 7.50 6.13 DPA at S0 ppm.. 7.00 10,00 10.00
Control 6.75 6.75 7.38 Control 10,00 7.7 10,7

LSD 0.01 3.08 2.28 3.30 I.SD 0.01 2.90 3.30 -

0.05 2,20 1.63 2,36 0.05 2.07 2,36 3.10

6 Weeks Storage ' 15 Weeks Storage
TPA at 10 ppm. 6.25  8.00 7.88 TPA at 10 ppm. 11.00 12.%0 8.38
TPA at 50 ppm, 3.38 5.5  4.50 TPA at 50 ppm. 2,63 7.25 8.00
DPA at 10 ppm. 7.00 7.38 9,13 DPA at 10 ppm. 9.63 11.75 11.38
DPA at SO ppms 7.5 8.00 6413 DPA at 50 ppm. 6,75 12,50 12.00
Control 7.7 7.25 6.75 Control 11.75  11.258 12,25
LSD 0,01 1.48 2.16 3.91 LSD 0,01 2.19 3.10 2.67

0,05 1,06 1,55 2,79 | 0,05 1.57 2,21 1,89




Table 18

Height of Sweet Corn Plants Six Weeks After Planting as a Measure of the Effect of
Time and Temperature on the Residual Effect of DPA and TPA in Clay Loam Soil

0 Weeks Storage

_T5oa00F 50-600F 7308

9 Weeks Storage

Height in Inches
_32=409F _55-609F _72OF

TPA at 10 ppm. 8.2% 10.25 13.78 TPA at 10 ppm. 15,25 18,50 20,75
TPA at 50 ppm. 9450 5.50 5.25 TPA at 50 ppm. 3.7 9.25 8,75
DPA at 10 ppm. 12,775 17.90 16,50 DPA at 10 ppm. 16,25 18,75 21.00
DPA at 50 ppm. 13.50 13,75 13.00 DPA at 50 ppm. 15.00 18,25 21.25
Control 18,25 18,50 20,00 Control 21.25 19,75 20,73
0.05 2,48 2,38 3.72 0.05 2.14 3.41 2,56

3 UWeeks Storage 12 Weeks Storage
TPA at 50 ppm, 6.25 6.00 6.75 TPA at 50 ppm. 4,50 10.50 11.75
DPA at 10 ppm. 16,75 18,00 18,00 DPA at 10 ppm. 18,50 21,00 20,25
DPA at 50 ppm. 13,25 17.50 16.75 DPA at S0 ppm. 18,50 19.7 20.75
Control 16,75 17.75 18.00 Control 21.25 19,25 19.7
18D 0.01 3.84 5.00 6.42 LSD 0.01 2.55 4,65 4,65

6 Weeks Storage : 15 Vleeks Storage
TPA at 10 ppm. 10:50 17.50 17.75 TPA at 10 ppm. 18,00 20.00 21.25%
DPA at 50 ppms, 16.00 17.25 14.00 DPA at 50 ppm. 18,75 20.75 23,75
Control 15,90 17.00 17.75 Control 20,00 21,25 23.00
LSD 0.01 2,63 3.2 6.90 LSD 0,01 2,39  6.27 4,26

0.05 1.79 2,30 4.94 0,05 1.64 4,48

_3.05



Table 19

Number of Sweet Corn Plants per Pot Displaying Morphological Responses as a Measure of the
Effect of Time and Temperature on the Residual Activity of DPA and TPA in Clay Loam Soil

Number of Plants per Pot A Number of Plants per Pot

0 Weeks Storage 9 Weeks Storage

Control

Control

TPA at 10 ppm. 2.50 2.75 1.75 TPA at 10 ppm. 1.50 0.2 0
TPA at 50 ppm. 4.75 4.50 4,25 TPA at 50 ppm. 4,20 3.25 2.75
DPA at 10 ppm. 0 0.25 0.75 DPA at 10 ppm. 0.25 o] 0
DPA at 50 ppm. 1.00 0.75 0.75 PPA at 50 ppm. 0 0.25 0
Control 0 0 0 Control 0 0 0

3 Weeks Storage 12 Weeks Storage
DPPA at 10 ppm. 0.25 0 0 DPA at 10 ppm. o 0 0
Control 0.00 0 0 Control 0 0 0

6 Vieeks Storage 15 Weeks Storage
TPA at 10 ppm. 3.75 1.00 0.50 TPA at 10 ppm. 0.25 0 s]
1PA at 50 ppm. 4,75 4.00 4,25 TPA at 50 ppm. 4,75 4,50 4,25
DPA at 10 ppm. 0.50 0 0.50 DPA at 10 ppm. 0 0 0
DPA at 50 ppm. 0.50 0.25 - 0.75 DPA at 50 ppm. 0 0 0

0 0 0 0 0 0
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Table 20

Number of Sweet Corn Plants per Pot Surviving Six Weeks After Planting as a Measure
of the Effect of Time and Temperature on the Residual Activity of DPA and TPA in Clay Loam Soil

32-400F __55-600F _T2°F

0 Weeks Storage 9 teeks Storage
TPA at 10 ppm. 4,25 4,50 4,25 TPA at 10 ppm. 4,75 5,00 4,50
TPA at 50 ppm. 2.25 3.00 2,50 TPA at 50 ppm. 3.3 4,00 3.25
DPA at 10 ppm. 4,25 5.00 4.25 PPA at 10 ppm. 4,50 4,25 4,25
DPA at 50 ppm, 4,50 3.50 4,50 DPA at 30 ppm. 4.50 3.00 4.25
Control 4,00 4,00 5.00 Controil 4,00 4,75 4,50
3 tleeks Storage . 12 leeks Storage
TPA at 10 ppm. 3,75 4.5 4.25 TPA at 10 ppm. 4.25 4.2 4,50
DPA at 10 ppm. 3.75 4,75 4,75 PPA at 10 ppm. 4.75 4.25 4,00
Control 4,50 4,00 4,25 Control 4.00 4,25 4,25
6 Weeks Storage 15 Vieeks Storage
TPA at 10 ppm. 5.00 4.7 4,00 TPA at 10 ppm. 4,75 4,50 4,25
TPA at 50 ppm. 4,00 4,00 4,00 TPA at 50 ppm. 4,00 4,50 4,50
Control 4,75 4,75 4,25 Control 4,50 5.00 4,50

L6
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So0il treatments of DPA at 10 ppm. resulted in much the same
pattern of residual activity as that of DPA at 30 ppme In soil
stored at 55 to 60° F. and at 72° F. the 10 ppm. DPA concentration
apparcntly was detoxicoted within three weeks. On the other hand; in
similarly treated soil stored at 32 to 40% F, there was significant
evidence of reduced plant growth from nine through fifteen weeks of
storage, depending on the criteria employed, Thus, fresh weight and
six week plant height measurements (Tables 16 and 18) showed reduced
plant growth from nine through twelve and fifteen weeks of storage,
respectively, and dry weight and three week height measurements
(Tsbles 15 and 17) showed reduced plant growth only after twelve and
fifteen weeks of storage, vespectively,

As measurcd by all of the plant growth responses (Tables 15 to
18) as well as the number of plants per pot displaying morphological
responses {Table 19), the 50 ppm. TPA treatment remained active in
the clay loam soil throughout the fifteen weck storage at 32 to 40°
Fo The activity of the TPA remaining in the soil was sufficient
through twelve weeks of storage to reduce the number 0f plants per
pot which survived the six weck growing peried that followed (Table
20). In contrast to the 50 ppm. DPA application, the 50 .ppm. TPA
spplication was not rendered ineffective by increased storage tempér-
ature. The six week plant height measurcments, the number of plants
per pot displaying morphological responses, and with the exception of
the twelve week entry at 55 to 60° ¥, and at 72° F., the fresh

weight and three week plant height measurements, show that the 50
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ppme TPA concentration had not been significantly reduced during
fifteen weeks of storage at either 55 to 60° F, or 72° F. The dryﬂ
weight determinations, however, indicate that some TPA was lost
within nine weeks of storage at 72° F, (Table 15).

The residual sctivity of TPA following the application of 10
pems te the clay losm soil corzresponds somewhat to the residual
activity of DPA gpplied at the rate of either 10 or 50 ppm. to the
¢lay loanm soils. The 10 ppme. TPA trestment apparently remained
effective in reducing sweet corn plant growth through twelve weeks of
storage at 32 to 40° F,, although a few isolated entries representing
the different criteria for growth response were not significantly
different from those obtained from plants grown in untreated seil.
TPA spplied at 10 ppm. apparenfly was decomposed within three weoks
of storage at the higher tomperatures.

These obsorvations suggest thal at the higher temperatumes
favorable to the reductien of residual activity, TPA is moxe stable

than DPA in Chehslis clay loam soil,

of DPA god

Tables 21 to 26 show the influence of time and temperature on
the residual activity of DPA and TPA in Chehalis loom soil as measured
by various responses of swect corn plants seeded at various intervals
after DPA and TPA applicstions to the soil.

As was observed in regard to the residusl activity of DPA and
TPA in clay loam so0il, the dats indicate that storage temperatuxre

excrted more influence than did storage time on the residual activity



Table 21 -

v Pry Wé‘ight of Sweet Corn Plants as a Measure of the Effect of Time and
Temperature on the Residual Activity of DPA and TPA in Loam Soil

-
g

&+,

2.

0 Weeks Storage

9 Veeks Storsge

TPA at 10 ppm. .064 . TPA at 10 ppm. «170 1.818 2,071

TPA at 50 ppm. 0 0 0 TPA at 50 ppm. 0 0 0
DPA at 10 ppm. +183 «216 o218 BPA at 10 ppm. .393 1..716 2.008
Contrel _ +748 879 .814 Control 1,023 .638 .810
LSH 0.01 .193 .216 <236 » LSD 0,01 «289 «305 «236
. 0.05 139 154 - 169 0.05 «203 «218 169

3 Vleeks Storage : 12 Weoks Storage (
TPA at 10 pom. «456 1.674 1.790 TPA at 10 ppm. 1.366 2,418 2.104
TPA at 50 ppm. © -0 0 TPA at 50 ppm. 0 0 +636
DPA at 10 ppme 266 1.159 1.617 DPA at 10 ppme. 1.407 2.071  2.379
Control 635 1.106 1.449 Control o 1,708 2.255 2,566
LSD 0,01 «327 625 LSD 0,01 1.470 o796 1,429
0,05 +234 1.00-3 +446 0.05 1,050 568 1,620
6 Weeks Storage ' 15 llecks Storage
TPA at 10 ppm. «322  1.383 1.559 TPA at 10 ppm. «925 2.344 3,218
TPA at 50 ppme : (] 008 TPA at S0 ppme 0 038 1,236
DPA at 10 ppme «231 1.429 1.428 DPA at 10 ppm. 1.419 2,378 3.521
DPA at 50 ppm. +055 1.148 . 1.523 DPA at SO ppm. «040 2,971 3.148
Control ».544 1. 165’ 1.529 Control 1.779 3.001 3.349
0,05 .182 2169 2182 2200 = 2696 =

00t



Table 22

Fresh Weight of Sweet Corn Plants as a Measure of the Effect of Time
and Temperature on the Residual Activity of DPA and TPA in Loam Seil

1

eight per Plant in Grams
32-400F 55-600F T729F

0 Weeks Storage ¢ Weeks Storage
TPA at 10 ppm. 0.47 0,58 2,72 TPA at 10 ppm. 1.45 15,11 17.61
TPA at 50 ppm. 0 0 0 TPA at 50 ppm. 0 0 (¢
DPA at 10 ppm. 1.82  1.99 2.23 DPA at 10 ppm. . 5.06 14,20 17.73
DPA at 50 ppm. 0.28 0.28 0 DPA at 50 ppm. 0.96 15.77 16,54
Control 5.08 5.46 5.48 Control 8,05 13.32 15,93
LSD 0,01 1,17 1.09 1.94 LSp 0,01 2.60 2.87 1.78
0.05 0.84 0.78 1.38 0.05 1.86 2.05 1.27
3 Weeks Storage 12 Wecks Storage
TPA at 10 ppm. 4,22 11.28 11.71 TPA at 10 ppm. 11.00 17.30 16,37
TPA at 50 ppm. 0 0 0 : TPA at 50 ppm. 0 o 7.09
DPA at 10 ppm,. 2.83 7.26 254 DPA at 10 ppm. 10.21 14,02 14,95
Control 6435 7.37 9.52 Control 11.86 15.31 17.26
LSD 0.01 3.11 - 3.67 LSD 0.01 10.05 9.34 -
0.05 2.24 B - 2063 . 0.05 7.49 6067
6 Weeks Storage 15 Weeks Storage
TPA at 50 ppm. 0 0 2.7 TPA at 50 ppm, 0 0.09 14.04
Control 3.89 7.49 9.51 Control 16,19 27.62 30.64
0205 _1.25 1,44 176 _ 0,05 7.27 6,87 -
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Table 23

Height of Sweet Corn Plants Three Weeks After Planting as a Measure of the Effect
of Tlme and Temperature on the Residual Activity of DPA and TPA in Loam Soil

Lght che Height in Inches _ _
32:£Q°F 55-60°F___720F . __32-400F 55~600F 72°F

0 Weeks Storage 9 Weeks Storage
TPA at 10 ppm. 2,00 2.00 2.00 TPA at 10 ppm. 3.00 13.25 14.00
TPA at 50 ppm. 0.63 0.19 0.25 TPA 3t 50 ppm. 1.00 1.25 1.00
DPA at 10 ppme 4.00 4.50 4,25 DPA at 10 ppm. 4,88 14.75 13,50
DPA at 50 ppm. 1.13 ° 1,63 ° 1,75 DPA’at 50 ppm. 1.7 14,50 13,50
Control 13.75 13.75 13.75 Control 12,00 11,75 14,50
LSD 0,01 1.09 . 1,53 1.21 LSD 0,01 1.16 4.74 3.78
0.05 0,78 1.09 1.79 0.05 0.83 3.38 2.70

3 Weeks Storage 12 Weeks Storage
TPA at 10 ppm. 3.13 8.00 11.75 TPA at 10 ppm. 4.00 16.25 15.50
TPA at 50 ppm. 1.00 1.50 1.50 TPA at 50 ppm. 0.75 1.75 2,00
DPA at 10 ppm. 4,50 8.25 12,00 DPA at 10 ppm. 6.50 16.00 16,75
PPA at 50 ppm. 1.38 2,38 11.25 DPA at 30 ppm. 1.50 15.75 18,00
Control 10.25 10.75 12,25 Control 14,00 16.50 17.00
LSD 0.,0F 1.53 4,21 2.51 ;SD 0.01 3.88 2,35 3.30
0.05 1.09 3.01 1.79 - it 0:05 2,77 1.68 2.3

6 Weeks Storage ' 15 Weeks Storage
TPA at 10 ppme 4,00 12.00 13.% TPA at 10 ppm. 7.75 30.00 29.75
TPA at 50 ppma 1,50 1.50 1.50 TPA at 50 ppm. 0.75 2,50 ¢ 3.50
DPA at 10 ppm. 5.25 14,25 14.75 DPA at 10 ppm. 11.50 26,25 27,75
Control 18,25 12,75 12.75 - Control 19.50 26,50 27.7

LSP 0.0 2.13 3.31 3.39 LSD 0.01 8,15 4.50 4,22

005 1,52 2,37 2,42 0,05 5,82 3.2 3.0 8



Table 24

Height of Sweet Corn Plants Six Weeks After Planting as a Measure of the Effect
of Time and Temperature on the Residual Activity of DPA and TPA in Loam Soil

Height pches. —JHeight _in Inches
32-400F 55-600F 720F . , 32-400 5-600F OF
0 Weeks Storage 9 Weeks Storage
TPA at 10 ppm. 1.75 1.50 3.50 TPA at 1C ppm. 4,50 25.50 28,00
TPA at 50 ppm. 0 0 0 TPA at 50 ppm. 0] 0 0
DPA at 10 ppm. 4,00 4.50 4,25 DPA at 10 ppm. 7.50 26.25 28,25
DPA at 50 ppm. 0.50 1.00 0 DPA at 50 ppm. 2,50 27.00 28.25
Control 18.25 17.25 18,50 Control 22.25 26.50 27.25
LSD 0.01 1.6l 2.60 0.87 LSD 0,01 4.43 4,06 1.71
0.05 1.15 1.85 0.62 0.05 3.16 2.90 1.22
3 Vleeks Storage 12 Weeks Storage
TPA at 10 ppm. 3.25 17.25 22,75 TPA at 10 ppm. 22,50 30.75 31.50
TPA at 50 ppme. 0 0 o TPA at 50 ppm. 0 0 7.75
DPA at 10 ppme. 4,75 20,25 23.25 DPA at 10 ppm. 19.75 29.60 32.25
DPA at 50 ppm. 1.25 5.38 23.50 DPA at 50 ppm. 1.50 30,75 31.50
Control 18.50 19.50 21.50 Control 27.75 30.00 32,50
LSD 0.01 2.82 2.15 2.83 LSD 0,01 19.75 8,73 14.68
0.05 2,01 6.55 2,02 0.05 14.15 6.23 10,97
6 Weeks Storage 15 Weeks Storage
TPA at 10 ppm. 6.00 25.00 26,00 TPA at 10 ppm. 17.25 33.25 37.00
TPA at 50 ppm. 0 0 0.50 TPA at 50 ppm. 0 1.50 8.25
DPA at 10 ppm. 5.25 23.00 23,00 DPA at 10 ppm. - 31.25 36.75 40.25
DPA at 50 ppm. 2.00 20,50 25.00 DPA at 50 ppm. 1.25 36.75 37.00
Control 18.25 24,00 25,50 Control 32.00 35.50 36.75
LSD 0.01 4.68 4,32 3.42 LSD 0,01 11.7% 8,00 14,90 .
0,05 3.34 3,08  2.44 0.05 8,39 5,71 10,62 &




Table 25

Number of Sweet Corn Plants per Pot Displaying Morphological Responses as a Measure
of the Effect of Time and Temperature on the Residual Activity of DPA and TPA in Loam Soil

Number
3y iy

0 Weeks Storage 9 Weeks Storage
TPA at 10 ppm. 5.00 5,00 5,00 TPA at 10 ppm. 5.00 o] 0
DPA at 50 ppm. 5,00 $.00 5,00 DPA at 50 ppm. 5.00 0.50. 0
Control Q 0 0 Control o o 0

3 Weeks Storage 12 Weeks Storage
TPA at 10 ppm. 5.00 2,50 1.00 TPA at 10 ppm. 5.00 0 0.25
TPA at 50 ppm. . 5.00 5,00 5.00 TPA at 50 ppm. 5.00 5.00 4.75
DPA at 10 ppm. 5,00 3.50 0 DPA at 10 ppm. 4,00 0 0
DPA at 50 ppm. 5,00 5,00 1.00 DPA at 50 ppm. 5.00 0 o
Control 0 4] 0 Contrel 0 0 o

6 Weeks Storage 15 Weeks Storage
TPA at 50 ppm. 5.00 5.00 5.00 TPA at 50 ppm. 5.00 5.00 4,75
DPA at 10 ppm. 5.00 0 0 PPA at 10 ppm. 3.00 0 0
DPA at 50 ppm, 5.00 0.25 0 DPA at 50 ppm. 5.00 0 Q
Control 0 0 0 Control 0 0 0

01



Table 26

Number of Sweet Corn Plants per Pot Surviving Six Weeks After Planting As a lMeasure
of the Effect of Time and Temperature on the Residual Activity of DPA and TPA in Loam Soil

o

. . Ee namucrn

_ Number of Living Plants Nunber of Living Plonts _
3-400F ___55-600F __ 720F _ _ 32-40°F _ ®5-60°F __ 720F

0 Weeks Storage 9 VWeeks Storage
TPA at 10 ppm. 1.75 1.00 1.50 TPA at 10 ppm. 3.50 5.00 5.00
TPA at 50 ppm. o 0 &) TPA at 50 ppm. 0 0 0
DPA at 10 ppm. 5,00 4,75 4,25 DPA at 10 ppm. 5,00 4,25 5,00
DPA at 50 ppm. 0.25 0.73 &) DPA at 50 ppm. 2,00 4,50 5,00
Control 4TS5 5.00 5,00 Control 4,75 5.00 5.00
3 lleeks Storage 12 Vleeks Storage
TPA at 10 ppm. 3.50 3.7 4,50  TPA at 10 ppm. 4,00 5.00 5,00
TPA at 50 ppm. 8] 0 - Q TPA at 50 ppm. (& 0 0.75
DPA at 50 ppm. 1.00 1.75 4450 DPA at 50 ppm. 2.25 5.00 9.00
Control 4,75 5.00 8,00 Control 5.00 5,00 5,00
6 Weeks Storage 15 Weeks Storage
TPA at 10 ppm. 3.50 4475 5.00 TPA 2t 10 ppm. 3.7 4,50 5.00
TPA at 50 ppm. 0 0 0.25 TPA at 50 ppme 0 0.50 100
DPA at 10 ppm, 4.50 .00 4,75 DPA at 10 ppm. 4,50 5.00 5.00
DPA at 50 ppm. 2+25 4,50 5.00 DPA at 50 ppm. 1.25 5.00 5.00
5,00 5,00 4,75

Control _ ,_ 5,00 5400 4,50 Gontrol

€0t
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of DPA and TPA incorporated inte the loam soil. Dry weight, fresh
welght, and three and six week plant height measurements, as well. as
the number of plants per pot displaying morphological responses, all
showed that in comparison to sweet coxn plants grown in untreated
soil, the growth of sweet.corn plants was significantly reduced in
logm soil treated with 50 ppm. of DPA and stored from three to
fifteen wecks (Tables 21-25). The number of plants per pot still
alive six weecks after planting serves as an indication that a foxic
amount of DPA still remained in the loam se¢il fifteen weeks after
the applicetion of DPA at 50 ppm. to soil subsequently stored at 32
to 40° F, WMorphological responses of sweet cornh plants suggested
that the 10 ppm. concentration of TPA was active through fifteen
weeks of storage at 32 to 40° F, (Table 25). However, all other
plant growth measurements showed a significant reduction of sweet corn
plant growth due to the 10 ppm. DPA treatment through only nine weeks
of 32 to 40° F, storage (Tables 21-24).

In conirast to the relative stability of DPA in loam soil kept
ot low temperature, DPA at 50 ppm. was detoxicated within six and
thres weeks, respectively, at temperatures of 55 to 60° F. and 72° F.,
and DPA at 10 ppm. was decomposed within three weeks at either of the
two higher temperatures {Tables 21-24), The number of plants per pot
displaying morpholegical responses or abnormalities suggested that
somée activity still remained of the 10 ppm. DPA treatment through
the throe week storage at 35 to 60° F. (Table 25), but the numbér of

plants per pot surviving six weeks after planting indicated that no
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effect of the 10 ppm. DPA treatment could be detected three weeks af-
ter application to the soil regardless of the storage temperature
(Table 26).

TPA concentrations of 50 ppm. remained toxic to sweet corn
plants throughout the fifteen week storage period at all three tem-
peratures (Tables 21~26). Although some plants germinated and
made limited early growth it was not until after fifteen weeks of
storage at 55 to 60° F, or six weeks at 72° B, that any sweet corn
plants survived the six week growing period, and at that time only
one plant per pot was alive for harvest (Tabie 26). Those sweet
corn plants which did survive this treatment made good growth as
evidenced by the dry and fresh weight dats given in Tables 21 and
22, which suggest that some TPA was being broken down after twelve

%o fifteen weeks at 720 E, |

' Plant height three weeks after planting, the number of plants
per pot displaying morphological responses, and the number of plants
per pot surviving six weeks after planting (Tables 23, 25, 26, re-
spectively) showed that in comparison to untreated soil significant
toxicity remained in loam soil throughout fifteen weeks of storage
at 32 to 40° F. following the 10 ppm. TPA application to the soil.
Dry and fresh weights as well as plant height six weeks after plant-
ing (Tables 21, 22, 24) showed that this lower concentration of

TPA vemained active in the soil for only nine weeks of storage at
32 to 40° F. At temperatures of 53 to 60° F, and of 72° F,, TPA
applied at 10 ppm. spparently was decomposed within three weeks,

These observations suggest that within the limitations of this
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study, under high températures favorable to the loss of residusl
activity, TPA is more stable than DPA in Chehalis loam soil, and

DPA and TPA ave more stable in Chehalis loam than in Chehslis clay

loam soil.

Tables 27 to 32 show the influence c¢f time and temperature on
the residual activity of DPA and TPA in sterilized Chehalis loam
soil as measured by various responscs of sweet corn plents seeded at
several intervals after DPA and TPA application to the soil.

The data indicate that neither time nor temperature of storage
influenced the residual activity of DPA and TPA incorporated into
sterilized soil (Tables 27-32). Little if any breakdown of either
DPA or TPA occurred at either storage temperature through fifteen
weeks fellowing chemical application.

Dry weight, fresh weight, three and six week plant height
measurements of plants seceded after each poriod of storage (Tables
27 to 32) showed a distinct relationship %0 the same measurements of
sweet corn plants seeded in the clay leam soil and in the loam soil
immediately after treatment with DPA and TPA (Téble 14). TPA ap-

peared to be more toxic than DPA to sweet corn plants,



109
Table 27

Dry teight of Sweet Corn Plants as a Measure of the
Effect of Time and Temperature on the Residual
Activity of BPA'and TPA in Sterilized Loam Soil

e
32=40 % ‘_ ..,2@5

O Weeks Storage ‘

TPA at 10 ppme «199 «184

DPA at 10 ppm. «499 +343

Control 1.329 1.425
3 lieeks Storage

TPA at 10 ppm. 125 «083

Control 1.124 1.310
6 lleeks Storage

TPA at 10 ppme 071 078

Control « 945 1.073
9 lieeks Storage-- i

TPA at 10 ppm. 081 075

DPA at 10 ppm. « 256 «236

Control .588 .584
15 VWeeks Storage

TPA at 10 ppm. 087 .083

PPA at 10 ppm, «460 <604

Control 1.149 - 14156
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Table 28

Fresh Weight of Sweet Corn Plants as a Measure
of the Effect of Time and Temperature on the
Residual Activity of DPA and TPA in Sterilized Loam Seil

O Weeks Storage

DPA at 10 ppm. 6,70 4,57

Control - 12,50 13.57
3 Weeks Storage

TPA at 10 ppm. 1.35 0.80

DPA at 10 ppm. 3.69 . 4,02

Control 13.44 14,94
6 Weeks Storage

TPA at 10 ppm. 1.07 0.82

DPA at 10 ppm. 5.00 4,60

Control 13,93 15.41

9 Weeks Storage

15 Weeks Storage
DPA at 10 ppm. 6.44 8,86

Control 14,86 15,42
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Table 29
Height of Sweet Corn Plants Three Weeks After Planting

as a Measure of the Effect of Time and Temperature on
the Residual Activity of DPA and TPA in Sterilized Loam Seil

Height in Inches

32-400F __ 729F _

O Weeks Storage

TPA at 10 ppm, 4,75 3,50

DPA at 10 ppm, 2.00 7.25

Control 10.75 11,75
3 Weeks Storage

TPA 2t 10 ppm. 3.75 2450

DPA at 10 ppm. 8,75 7.75

Control 2.50 9.25
6 Vieeks Storage

TPA at 10 ppm. 3.7 2,75

DPA at 10 ppm. 6.00 6.25

Control 2.00 9.25
9 Weeks Storage

TPA at 10 ppm. 2.7 2.50

DPA at 10 ppm. €450 6,50

Control 2.00 9,00
15 Weeks Storage

TPA at 10 ppm. 2.25 2450

Control 2.00 Te25




Table 30

Height of Sweet Corn Plants Six Weeks After Planting
as a Measure of the Effect of Time and Temperature on

the Residual Activity of DPA and TPA in Sterilized Loam Soil

i12

r

11

o

.

Hgigh1 in Inches
32-40°F 720F

P me————n——

0 Weeks Storage
TPA at 10 ppm.
DPA at 10 ppm.
Control

3 Weeks Storage
TPA at 10 ppm.
DPA at 10 ppm.
Control

6 Weeks Storage
TPA at 10 ppm.
DPA at 10 ppm.
Control

9 Weeks Storage
TPA at 10 ppm.
DPA at 10 ppm.
Centrol

15 Weeks Storage
TPA at 10 ppm,
DPA at 10 ppm.
Control

o

5,75
10,25
25.25

5.50
8.7
23.23

4.00
8.00
25.25

4.50
8.25
25,50

3.50
9.00
24,75

3.7
8,75
21.75

2.50
10,25
23.25

425
13,50
2225
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Number of Sweet Corn Plants per Pot Displaying Morphologival~- -
Responses as a Measure of the Effect of Time and Temperature on
the Residual Activity of DPA and TPA in Sterilized Loam Seil

Dis;

Number of Plants per Pot

lox
32-40°F

0104q3C

Responses

72CF

0 Weeks Storage
TPA at 10 Prhe
DPA at 10 ppm,
Contrel

3 Weeks Storage
TPA at 10 ppm.
DPA at 10 ppm.
Control

6 Weeks Storage
TPA at 10 ppm.
DPA at 10 ppm.
Control

9 Weeks Storage
TPA at 10 ppm.
DPA at 10 ppm.
Control

15 Weeks Storage
TPA at 10 ppm.
DPA at 10 ppm.
Control

oUW ouw L G o GG

ouUw

oUW o oG o agw oUW,

owumun




Table 32

Number of Sweet Corn Plants per Pot Surviving Six Weeks
After Planting as a Measure of the Effect of Time and Temperature
on the Residual Activity of DPA and TPA in Sterilized Loam Soil

114

umbex. of Living Plants Pot
32-400F 72%F
0 Weeks Storage
TPA at 10 ppm. 5.00 5.00
DPA at 10 ppm. 5.00 %.00
Control 5.00 4,75
3 Weeks Storage
DPA at 10 ppm. $.00 4,75
Control ‘5,00 5.00
6 Weeks Storage
TPA at 10 ppm. 4,25 3.00
DPA at 10 ppm. 5.00 5400
Control 5,00 5.00
9 Weeks Storage
DPA at 10 ppm. 5,00 5.00
Control 5,00 5.00
15 Weeks Storage
TPA at 10 ppm. 3.50 3.7
DPA at 10 ppm. 5.00 5.00
Control 5.00 5,00
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DISCUSSION

ieaves of bean and sweet corn plantsy; and the subsequent translocation
of 614 to the other plant parts suggests that these two chemicals

exhibit o pattern of obsorption and translocation in plants similar

to that of other growth regulators.

basis of this investigation were designed to provide g measure of the

speed or amount of DPﬂnzﬁcl4

or TPa~2-C}* absorbed into the plant
foliage., However, the loss of radiocactivity experiments may provide
an indirect means of arriving at certain conclusions regarding the
absorption of DPA«2—614 and I?A-2r614 by the leaves of bean and sweet
corn plants. It was found that a much higher pezcen%aée of recoviry
of radicactivity could be realized by measuring the amount of ct4 in
fresh plant extract than by measuring the amount of ¢1% in barium
carbonate samplos prepared after oxidizing plant tissue which had
been dried in a vacuum oven immediately after havvest. Baldwin, gt
als (4, pp. 429-430) obtained similar results when they utilized
these two techniques of radioactivity measurement during a study of
the absorption and translocation of radioactive IPC by corn and oat
plaﬁts. These workers concluded that drying the newly harvested

plants in the vacuum oven resulted in vaporization ¢f the unabsorbed
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IPC-614 remaining on the leaf surfaece. If true, this would provide
an indication of the amount of chemical which had been absorbed into
the leaf. However, it should be recognized that the vacuum drying
may also have caused vaporization of DPA.--2---.G14 and'fPAe-Z«Cl4 which
had been absorbed into the leaves., Possibly only that portion of
the DPA-2-C1% and TPA-2-C1% which had become associated with other
compounds within the plant were retained in the ieaf tissue after
drying.

On the assumption that vacuum drying the treated leaves removed
the unabsorbed chemical remaining on the leaf surface, the results of
these experiments indicate that as much D?A92—614 and TPA~2-C14 was
absorbed by the leaves of bean and sweet corn plants within two hours
after treetment as was absorbed during seven days. This observation
is in agreement with that of Santlemann and Willard (42, pp. 26-27)
who reported that within thirty minutes after the application of DPA
to one of two quackgrass shoots arising from the same rhizome suf-
ficient DPA had been absorbed to eventually kill both the treated
and the untreated shoot. In 2,4-D absorption studies; Weaver and
DeRose (50, pp. 510—526) observed that a six hour presentation was
necessary to attain the maximum sbsorption of 2,4~D by bean plant
leaves, and Rice (44, pp. 301-314) found that 2,4-D absorption
did not continue after four hours following treatment unless a
surface active agent had been added to the treatment solution. The
use of a surface active agent appeared to lengthen the period of

244D ébsarption to seventy-two hours.
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The apparently faster rate of absorption of DPA and TPA than
of 2,40 by bean plant leaves could in part be due to differences
in molecular weights of the compounds. DPA and TPA respectively
have molecular weights only 65 and 80 percent as large as that of
2,4-D. This would suggest that DPA should be sbsorbed more rapidly
than TPA, and that 2,4-D should be absorbed more rapidly than
2,4,8-T, since on the molecular weight basis DPA is 80 pexcent the
size of TPA, and 2,4~D is 86 percent the size of 2,4,3-T. Although
several workers (12, p. 293; 2i; and 34, p. 630) have observed that
2,4-D was asbsorbed by plant foliage at a faster rate than 2,4,5-T,
no differences in the rate of absorption of DPa=2-CY4 and TPa-2-C14
by plant leaves was revealed in this study. It is possible that
harvests at closer intervals after trestment would detect some

14 nd a-2-¢1%,  inother factor

differentigl absorption of DPA~2-C
which might be worthy of consideration in discussing the rate of
absorption of a chemical by a plant leaf would be the general struce
ture of the chemical compound, It would appear reasonable to expect
that the smaller, more compact DPA or TPA molecule might move
through the cuticle and the semipermeable membrane of the cpidermal
cells of the plant leaf more readily than the larger 2,4-D molecule.
This line of reasoning, however, would not sccount for the observed
differences in foliar absorption of 2,4~D and 2,4,5~-T. Other factors
or combinations of fectors_pr?bably enter into the probiem,

Apount_of Absorptign. In these experiments both pPA-2-C*4 and

TPA=2-C14 were sbsorbed in greater quantity by the leaves of bean
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plants than of sweet corn plants. Using procedures similar te those
employed in this study, Fang and Butts (22, pp. 2-3) obsexved that
bean plant leaves absorbed more carboxyi~¢1@-labeled 2,4-D than did
the leaves of corn or wheat plants. This differential shsozrption of
the chemicals by the legves of bean and corn piaﬁts could be due to
differences of leaf structure of the twoe plants, and to the place-
ment of the trestment solution on the leaf surface. Based on Craft's
experiments (125 pp. 297, 323) the radicactive compounds were placed
along the mid-vein of the primary leaf of bean plants which resulis
in very rapid and cemplete absorption of 2,4~D, The sweet corn
plants were treated by spreading the herbicidal eolution over the
distal one and one~half inches of the second leaf. This would allow
only a zelatively small emount of the chemical to have dirvect access
to the small {in relation to the midvein of bean plants) parallel
veins near the sweet corn leaf tips It would sppesr that there was
less opportunity for the absorption of the herbicides by the leaves

of sweet corn plants than of bean plants.

Qigg;;@yi;gngg;gffL Buring the seven day experimental periocd
¢4 sn ppa-2-c1% ang A2~ L4 treated bean and sweet corn planis
appeared to move out of the irented arca to the adjacent plant parts,
and then toward the sapidly developing tissues. In general the
maximum. concentration of radicactivity in the plant paris nearest the
treated arca, the stem of bean plants, snd the second leaf (minus the

treated tip) of sweet corn plants, was attained within one day after
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treatment. As the presentation time lengthened the amount of radio~
active carbon in these plant parts, and in the roots, tended t6 ramain
fairly constant or to decline. In comparison, there was a consistent
tendency for the growing tips and trifoliste leaves of bean plants,
apd the fourth, fifth, and sixth leaves of sweet corm plants to
increase ¢t accumulation as the experimental period progressed. .
On the other hand, the more mature plant parts such gs the untreated
primary bean leaf and the first sweet corn loaf oxhibited very little
cl4 accumulation st any time. The same general pattern of radio-
aetivity distribution in bean and sweet corn plants treated with
¢34 labeled 2,4-D was noted by Fang et al. (23, pp. 251-252) and
Fang and Butts {22, pp. 2-3)., Mitchell and Linder (36, pp. 54-35)
found that after the application of 2,4~D—§~2131 to bean plants,

1131 was translocated primarily to the growing tip and upper stem
within three days, Holley et al. (29, pp. 145-146), however, felt
that the 6;4 from radioactive 2,4-D applied to one primary leaf of bemn
plants moved principally toward the root, while smaller quantities
were transperted to the upper plant parts. They proposed that the

c!4 then moved from the zroots to the foliage along with the trans-
pirational stream. It is possible that Holley and his group did
not realize that the vascular strands from the primary leaf of besn
plants do not cennect with the main vertical vascular system un®il
they extend back down the stem to the cotyledonary nodes. Thus, the

movement of ¢34 a certain distance doun the stem to the cotyledonary

node may have been misinterpreted as translocation toward the root

systeme
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The  spparent similarity of the pattern of translocation ofxclg
¢rom the leaves of DPA-2-C1% and TPA-2-C1% treated plants to the
pattern of translocation of radiocactive tracers from the leaves of
radicactive 2,4-D treated plants (36, pp. 54-55; 37, pp. 21-253 29,
PPe 145-1465 and 23, ppes 249-255) suggests that the active agents of
DPA and TPA move through plants in the manner proposed for the
translocation of the active agent of 2,4~D and other growth regulator
type herbicides - that is, primarily through the phloem in conjunc-
tion with the products of photosynthesis. The results obtained by
Santlemann and Willard {47, pp. 25~26) in their study of DPA trans-
location in quack grass support this suggestion. It is quite

possible that some of the C>

1l

4 which was translocated to the roots of
DPA92-CL4 and TPA-2<C 4 treated bean and sweet corn plants was sub-
sequently transported in the transpiretional stream to the rapidly
developing tissues of the foliage. In an exploratory experiment
{not reported in this manuscript) it was indicated that both DPA-2«
cté and TPAPZ—Cla’W@re taken up by the roots of sweet coxrn plants,
and that within twenty-four hours after treatment radieactivity
could be detected throughout the plants by means of radioautographs,
Rate of Translocation. As has been previously indicated c}4
was translocated from the treated area to the other plant parts at
& more rapid rate after DPA-2-c14 applications than after TPA-2-C14
applications %o bean and sweet corn plants, but that regardless of
the chemical treatmént 014 was transported more rapidly in bean
14

plants than in sweet corn plants. Following DPA-2-C" " treatments to
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the bean plants gpproximately thirty~six hours were required for the

¢} in the untreated portion of the -plant (total plant

amount of.
minus treated leaf) to equal the amount of Cl% in the trested leaf,
whereas slightly more than seventy-two hours were necessary te atiain
2 similar radiocactive carbon distribution in TPAP2»614 treated bean
plants, Minety-six howss after the application of DPA-2-C1? the
untreated parts of sweet corn plants finally contained as much 614

as the treated tip, but in TPA-2-C14 traated sweet coxn plarits the
treated tip still retained more cl4 than the untreated parts had
accumulated after seven days presentation time.

Again, differences in the results obtained with DPA and TPA
appear to correspond to differences in the behavior of 2,4-D and
2,4,5-T, Several investigatoxs (12, p. 2933 21; and 34, p. 630)
have found that 2,4-D was translotated from the foliage to the other
parts of treated plants morc rapidly than was 2,4,5-T, Crafts
(12, p. 293) suggested that “theoretically the chlorine substitu-
tions in these molecules are lipophylicy and the third chlorine may
hinder the partition of the molecule from the lipid phase of thg leaf
or cell surface into the aqueous medium of the living ceil”™. On
this basis the TPA and 2,4,5~T molecules containing three chlorine
atom substitutions would be gbsorbed and translecated by plant
leaves at a slower rate than the molecules with two chlorine substi-
tutions (DPA and 2,4-D). Other factors concerning the properties of
these herbicides which might entexr into this discussion have becn

explored in relation to the differential absorption of di- and
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trichlero~ compounds by plant leaves,
In addition to the results of this study which indicate that

14

C"7 was translocated faster from the leaves of bean plants than of

14 or TPa-2-Cl4, othors

sweet corn plants treated with elther DP#~2-C
have found that sfter foliar applications of DPA-C1%0 (52, pp. 81~
95), and 2,4-D-C1% (23, pp. 251-252 and 22, pp. 2-3), translocation
of the radioactive tracer to other plant parts was more rapid in
dicotyledonous than in monocotyledoncus plants., I hasfbe@n suggested
(22, pp. 2-3) that the intercalary meristem of grass plants maé in
some way impede translocation from treated leaves to other portions

of the plant., This might appesr to be somewhat 1nconsis§%gﬁ with the
supposition that the active agents of these hexbicides m§V§ through
plants in conjunction with the products of photosynthesis, This
apparent inconsistency might be resolved by a consideration of some
factors concexrning éhe test plants. In all of the examples mentioned,
as well as in this study, plants in early growth stages were utilized.
It is not until monocotyledonous plant leaves have almost fully
elongated that secondary xylem and phloem become well developed in
the intercalary meristem. This lack of an efficient vascular system
connécting various leaves of young monocetyledonous plants could

result in a reduced rate of tzanslocation from one leaf to snothers

results of the experiments in which various amounts of DPA—2«314 and
Tpﬁvz-clé were gpplied te bean and sweet corn plants compare quite

well with those of Fang et al.(23, pp. 251-252) who applied increasing
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guantities of 2,4-nacl4 to the leaves of bean plants, As the rate
of chemical application was increased there was a decrease in the
percentage of Gl4 translocated from the trcated srea to other parts
of the plant;. These observations would tend to support the gen-
erally accepted suggestion that applicatiens of excessive quentities
bf 2,4=D to perennial plants results in the disruption of the vas-
cular system before sufficient quantities of herbicide could be
translocated to all parts of the plant and thereby attain maximum
effectiveness, Since the active agent of DPA and TPA apparently was
translocated from the treated leaves of bean and sweet corn plants at
a slower rate g5 the amount of chemical applicd was increased, it
might follow that toxic concentrations could be a¢cumulated in the
tregted leaf before lothal quantities could be translocated to the
root gystem and other parts of the plant,

taoe. General field

usage of 2,4~D and other growth regulator type herbicides has indicat-
ed that as plants develop from seedlings to maturity they become more
tolerant to herbicides. Fang gt al. (23, pp. 252-253) pointed out
that after treatment at three stages of growth the rate of ahsorption
of 2,4—9-@14 was greatest in the youngest bean pian%s which had been
treated. This was interpreted as one reason for the greater effece
tiveness of 2,4~D when applied to yotnger plants as compared to the
relative low effectivoness on older plonts. The data reperted

14

herein indicste that the absorption of DPA-2-CY% ang TPA-2-¢1? and

subsequent clé translocation as infiluenced by plant stage of growth
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are rathor inconsistent, Absorption of DPA-2~C14 apparently was
greater in younger bean plants than in older bean plants, but TPA<2-

clé absorption appeared to be slightly greater as older bean plants

were treateds In older sweet corn plants DPA»Z«Glaabsorption appar-
ently was increased, and ?PA~2—014 absorption was toe inconsistent to
establish 2 trend. Translecation of ct4 to the various plant parts |
was just as inconsistent as the spparent absorption. Possibly more
information could have been obtained if longer intervals between the
three staves of growth to be tested had been establisheds It is

also possible that more definite trends would have developed if

plants at more than three stages of growth had been studied.

The demonstration tHat the absorption of DPAPZ“C14 and TPA-2~C14

and the translocation of G in birds foot trefoil (resistant to DPA)
and in bean and sweet corn plants (sensitive to DPA and TPA) was
rather similar suggests that absorption and translocation are not
factors involved in the selective toxicity of DPA and TPA, This
observation is in agreement with those of Fang and Butts (22, pp.
2-3) and Rogers (46, p. 8) who have indicated that absorption and
translocation apparently sre not involved in the differential
phytotoxicity exhibited by 2,4-D or ATZ,

COn the basils of the amount of radioactivity found in entire
plants at vaericus intervals after treatment, it is sugoested that in
bean plants DPA was broken down and metabolized fester than TPA, and

that both DPA and TPA were broken down and metabolized more rapidly
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in bean plants than in sweet coxrn nlants. The total recovery of
radiocactivity from DPAazwcld treated bean plants was reduced markedly
after remaining fairly constant during the first thwee days following
treatment whereas it was not until after five days had elapsed that
the recovery of radicactivity in TPA=2>CL4 ireated plants decreased
to any extent, In sweet corn plants no consistent decresse in total
recovery of radiocactivity was noted during the seven day experimental
Pericd,

The sharp reduction in the amount of radioactivity in the
growing tip of "DPA«,?«CM treated bean plants corrvesponding to the
loss in total radicactivity during the final four days of the exper-
iment suggests that the breakdown and metabolism of DPA may occur
primarily in the trifoliate leaves since it was at this stage of the
experiment that the trifoliste leaves began to expand, Possibly
experiments conducted ¢ver a longer pericd of time would provide
more information concerning the bicloglical half-life of these com~
pounds in the different plantss It is alsc likely that measurements
of the amount of 614 lost as 61402 gver a longer period than the
three day trial of this study would be of help in determinihg how
rapidly DPA and TPA ore detoxified in plants.

It would appear that a study of the metsbolism of DPA and TPA
in different plant species would be ¢l values As yet there has heen
no indication as to whether DPA and TPA or some complex containing
the active zgent of these herbicides is translocated through sensitive

anditolerant plants. HNelther is there information aveilable to
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jndicste where in the plant - morphelogical or physiclogical = that
DBA and TPA exert theiﬁ: toxic properties. The answers to such
questions as these would undoubtedly help in the evaluation of the

many potential hexbicides that are discovered each year.

 The growth responses of sweet corn plants seeded in DPA and
TPA treated soils {ndicated that although the twe chemicals exhibited
similar phytotoxicity, TPA consistently was more effective in inhibit-
ing the growth of sweet corn plants. Had other plant species been
used as test plants it is quite possible that DPA might have .appgaired
to be the more toxic of the two herbic¢ides. It has boen recognized
for sometime that 2,4-D and 2,4,5-T are generally toxic to broadleaf
weeds; however, 2,4-D is more toxi¢ than 2;4,5-—1’ to Canada thistle
{Cirsium arvense), and 2,4,5~T is move toxic to wild blackberry
(Ribes spp.) than 2,4-D., Advantage has been taken of this diffe:enﬁal
specificity by mixing 2,4-D and 2,4,5-T for applications to an area
containing a variety of plant species. The mixture provides better
control of all species present than either 2,4-D or 2,4,5~-T alone.

The higher degree of growth inhibition of sweet corn plants

by DPA and TPA in corporated into loam soil as compared to clay loam
soil is consistent with well established principles concerning soil
applications of herbicides. It has been noted over the years that
most soil active herbicides are reduced in effectiveness in soils
high in clay and organic matter content. As previously indicated in
the Review of Literature, Weaver (49, pp. 74-78) reported that 2,4-D
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and 2,4,5-T were both adsorbed in considersble quantity on both
anion and cation exchangers, and that the adsorbed 2,4-D was not
available to plant roots. Aldrich (1, pp. 258-259) in reviewing
herbicide residues in soil indicated that adsorption of the herbicide
on clay and orgsnic colleids represented one manner in which the
effectivengss of many herbicides can be reduced following soil
gpplications.

The results of the experiments designed to study the influence
of time and temperature on the residual activity of DPA and TPA in
different soils are in agreement with the results obtained by other
workers (48, pp. 2-43 30, pp. 209-214; 35, pp. 323-324; 25, ppe 50-

.56; 3, pe 1715 8, ppe. 317-318; and 18, pp. 223~225) studying the
decomposition of various organic soil active herbicides. The data
reported in this study indicate that increased temperature of storage
and“possibiy the higher soil corganic matter content of the clay loam
soil, both of which would contzibute 1o the development of soil
microorganism populations, hastened the decomposition of DPA and TPA
incorperated into sefl. Conversely, the removal of the microcrganism
influence by autoclaving resulted in little if any loss of DPA or

TPA toxicity in moist soil over a period of fifieen weeks of storage
at eitheyr 32 to 409 F. or 72° F. Thiegs (48, ppe 2-4) and Holstun
and Loomis (30, pp. 209-214) studying DPA, Loustalat and Ferrer

(35, ppe 323-324) working with TCA, Freed (25, pp. 90-56) testing IFC,
and others (3, p. 171; 8, pp. 317-318; and 18, pp. 223~225) investigat—

ing 2,4-D and 2,4,5-T, have reported that such factors as increased
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temperature,.increased moisture, high soil orgasnic matter, and

high lime content all favored soil microorganism populations and
increased the rate of herbicide breakdown in soil, and that soil
sterilization to prevent the development of soil microorganisms
resulted in very slow deactivation of the soil active herbicides,
Audus (2, p, .356) has isolated a bacteria which is capable of break-
ing down 2,4-D, but as yet there have been no reports of specific
microorganisms responsible for the detoxication of the other herbi-
cides studied, .

Although it was generally true that higher temperatures increased
the rate of DPA and TPA decomposition, certain exceptions to this
observation exist. As was indicated in the presentation of results,
after three weeks of storage at any of the three temperatures there
was no significant difference in the growth of sweet corn plants
seeded in clay loam soil treated with 50 ppm. of DPA and of sweet
corn plants seeded in untreated soil.. Also, it &as not until after
twelve weeks of storage at 32 to 40° F, that all of the plant growth
responses were reduced by the 50 ppm. DPA treatment.. It would appear
that the DPA became more toxic as the 32 to 40° F, storage period
progressed. However, the results of the sterilization experiment
indicate that such an assumption would be erroneous, One possibility
for the lack of evident toxicity in the 50 ppm. treated soil stored
for only three to nine weeks at 32 to 40° F. involves the time of

year during which that particular experiment was conducted. The



chemical treatments to the soil were made during iate Decembers Thus,
the tests for residual activity in the clay loam soil at three, six,
and pine weeks after treatment were conducted during s periocd of
short daylength and low 1igﬁt intensity, conditions that are quite
unfavorable for plant growth. Thus, the effects of the treatments
imposed were probably obscured by the limiting effects of poor iight
conditions. As the storage period progressed both intensity and
duration of light increased so that piants seeded to untreated seil
répresenting twelve and fifteen weeks of storage grew normally, and
inhibition of the plants in treated soil became evident.

When incorporated into the same type of so0il stored at identical
températUres DPA and TPA at 10 ppm. concéentrations were detoxicated
in approximately equal lengths of times DPA and TPA applied at 50
ppms to either soil type and then stored at 32 to 40° F, also revealed
no diffenences in regard to their persistence in soil. However; in
clay loam soil and in loam soil kept at 55 to 60° F, or at 72° F.,
TPA remained active for a considerably longer period than did DFA,
Thus in the loam soil the 50 ppm. concentration of DPA was rendered
tnactive within six weeks at 55 to 60° F. whereas TPA was still quite
toxic to sweet corn plants seeded fifteen weeks after the treatments
were made. Similar studies have indicated that regardless of the
inherent toxicity toward a particular plant species, following equive
alent soil aspplications, 2,4~D was less persistent than.2,4,5~T1 (18,
ppe 223-225), and IFC breaks dovn more rapidly than CIFC (25, pp.

50-56), 'In threc groups of herbicides in which two chemjcals in
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each group differ in chemical sturcture by only one chlorine substitu-
tion, the compound with the extra chlorine substitution exhibits
greater persistence in varicus.sbil types.

Audus {2, p. 356) has found that one of s group of very common
soll bacteria known as Eackerium globifoxme is capable of utilizing
2,4~L g8 & source of carbon. His work would suggest that only the
one form of this group is responsible for the decomposition of 2,4-D,
and that this particular bacterium is not present in great quantity
in the normal soil. The lag phase pricr tc decomposition of 2,4-D
in seil further suggests that prolifcration of the bacteria thet
utilizes 2,4-D is necessary bofore noticesble detoxication takes
place. Fupther studies by Audus (3, pe. 170) indicate thst the crgan~
ism capsble of utilizing 2,4-D does not decompose 2,4,5--T, Apparently
¢he oxganism (or orgesnisms) capable of breaking doum 2,4,5-T were
present in even less number than those which brought about the detox-
ication of 2,4=D. It would appear reascnzble to expect that a |
sinilar situation might be responsible for the differontial soil

persistence of DPA and TPA.
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SUMARY

Sodium 2,2-dichloropropionate (DPA) and sodium 2,2,3-trichloro-
propicnate {TPA), two chemicals differing in chemical structure by
only on¢ chlorine substitution, which recently have been developed 3s
growth regulator type herbicides toxic toward grass plants were
studied as follows,

(1) Absorption of sodium 2,2—dich10r0prcpionate~2-614 (DPA~2~
c'%) and sodium 2,2,3-trichloropropionate=2+C14 (TPA-2-C14) by the
leaves of bean and sweet corn plants, and the translocation of clé
to other plant parts.

(2) Absorption of DPA-2-C** and TPA-2-C1% by the leaves of a
plant telerant to the action of DPA (birdsfoot trefoil) and the trans-
location of C14 to other plant parts.

P (3) Residual sctivity of DPA and TPA as influenced by time
and temperaturce in two soil types, and in sterilized soil, as measured
by the growth of sweet corn plants seceded at various intervals after
treatments

The data from these studies may be summarized as follows:

1. Apparently as much npA-zﬁclé and-TFA—Z—Clé were absorbed by
leaves of bean and sweet corn plants within two hours as in seven

days. DPa=2-C14 and TRA-2-cY4

appeared to be sbsorbed in greater
quantity by the leaves ¢f bean plants than sweet corn plants. Various
factors possibly involved in this differential abserption by bean and
sweat corn plants was discussed.

2. Following the sbsorption of pPas2-Cl% ang TPA-Q—C14,
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radiocactive carbon apparently was translocated from the treated area
primarily toward the rapidly developing plant tissue of bean and
sweet corn plants. This suggests that the active agent of DPA and
TPA moves through plants in conjuncticn with the products of photo~
synthesis,

3. The translocation of C!% in DPA-2-C1% treated plante ap-
pesred to be meore rapid than in TPA=2-C14 treated plants, but regsrd=
less of the treatment, translocation of c}4 in these experiments was
more rapid in bean than in sweet corn plants. The possibility that
the intercalary meristom in young suweet corn plants may have impeded
translocation was considered.

14 and TPA~2a014 applied

4, Increasing the amount of DPA=2-C
to the leaves of bean and swoet corn plants resulted in a decrease in
the percentage of C'4 translocated from the treated ares to other
plant parts. This may, in part at least, explain vhy high rates of
application of plant growth regulator herbicides sometimes results in
less effective weed control than moderate rates of application.

5, At the three stages of growth at which DPA=2-CY* and TPa-2-
¢1® were -applied, no consistent differences in absorption by the
leaves, nor translocation of ¢1% ¢0 other plant parts could be detect-
eds

. 6. Since ﬁPA~2q014 and 1Pa-2-C3% yeore absorbed by the leaveés
of birdsfoot trefoil (tolerant to the sction of DPA), and the transe
location of Cl4 to other plant parts corresponded to the behavior

of these chemicals applied to besn and sweet corn plants (sensitive
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to the action of DPA and TPA), it is pyoposed that obsozption and
{ranslocation are not factors concerned in the selective toxicity of
DPA and TPA.

7« The growth zespenses of sweet corn plants indicated that
althoush soil applications of DPA and TPA exhibited similar toxicity,
TPA ¢onsistently was more toxic than DPA., Considering the differen~
tlal sensitivity of various broadleaf plants to 2,4=D and 2,4,5~T,
it is suggested that other grass plants may be more sensitive.to DPA
than to TPA

84 Higher temperature and possibly grestexr soil organic matter
content increased the rate of detoxication of DPA and TPA in soil.
Sterilizing the seil prior %6 chemical treatment resulted in little
or no decomposition during fifteen weeks of storage at either 32 to
40° F, or at 72° F. It is apparent that soil microorganisms were
primarily responsible for the detoxication of DPA and TPA, and any
nedification of the environment that promoted microerggnism pro=
liferation hastened the breakdown of soil active herbicidess

9. Under conditions favoring decomposition of soil active
herbicides, TPA remained toxic to sweet corn longer than did DPA,

10. Due to the more rapid rate of translocation gnd to the
faster detoxication in coil, it is suggested that DPA would probably
prove more practical than TPA for the control of percnnial grass
plants on agricultupal cropland. If these two compound exhibit
differential specificity toward various grass species, a mixture of

the two, comparable to the mixtures of 2,4~D and 2,4,5-T may find

some practical use,
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Appendix Table 1

Cortain Properties of Chehalis Clay Loam Soii#

Percent
Mechanical Analysis
{Hydrometer) Sand . 28,3
S5ilt ' 43,9
Clay 27.7
Organic Matter Content _
r%ﬁ?alkley«.emack‘) 3,65
Moisture Equivalent 30.4

Fifteen~Atmosphere 13.4

“Determinations conducted by the Oregon State College Soils Department.



Certain Properties of Chehslis Loam Soil

Appendix Table 2
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Mechanical Analysis
{Hydrometer) Sand

' 8ilt

€lay

Organic Matter Content
Walkley~Black)

Moisture Equivalent

Fifteen~Atmospheres

Fexcent. ..

47,7
33,9
18,7
1.80
20,9

9.2
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Appendix Table 3

Typical Anslysis of Variance Used in
Evalusting Residual Activity of DPA and TPA

Total 19
Replications 3
Treatments 4

Error 12




