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THE INFLUENCE OF SOIL TEMPERATURE: ANT) SOIL PLACEMENT 
ON THE PHYTOTOXIC PROPERTIES OF EPTC AND OTHER 

CA RBAMA T^ HMI CI I) ;,,S 

INTRODUCTION 

In the last few years, great advances have been made 

in the chemical control of undesirable plants. noth 

field trials and laboratory experiments have helped make 

possible rapid gains in the science and technology re- 

lated to herbicides. It is imperative that a proper 

balance between "applied" and "basic" research be con- 

tinued. The herbicide EPTC ( ethyl -T ,'1-di-n-propylthiol- 

carbamate) is an example of a relatively new chemical 

which has proven to be outstanding in the selective 

control of weeds, especially grasses, in a variety of 

crops. while results of field testa with this compound 

are quite extensive, basic research concerning EPTC has 

not kept pace with field trials and present knowledge 

has not been sufficient to explain certain erratic re- 

sults in the field. It is clear that various environ- 

mental factors are responsible for some of these 

inconsistencies but very little is known concerning the 

effect of each independent factor. Since temperature 

is known to affect the activity of herbicides and has 

not been sufficiently investigated in relation to EPTC, 
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the influence of soil temperature on EPTC activity was 

studied in this research. 

In attempting to gain more information about the 

action of EPTC, Dawson (12, p. c?3) discovered that 77TC 

was more toxic to barnyard grass when the coleoptile 

emerged through treated soil than when the roots were 

in contact with treated soil. At the sane Friesen 

and Walker (25, p. 20 -21), working with wild oats, 

found the same to be true of Avadex (2,3-dichloroallyl- 

diisopropylthiolcarbamate), a closely- related compound. 

As with most research, several questions were 

raised by their results. Therefore, the objectives of 

this research were the following: (1) to extend the 

work of Dawson and of Friesen and Talker to include 

other carbamate herbicides and other plant species, 

(2) to develop improved techniques for the in situ 

exposure of shoots, roots, and seeds of emerging grass 

seedlings to herbicides, (3) to attempt to explain any 

differential sensitivity between plant parts by stAy- 

ing uptake, translocation, and metabolism of EPTC in 

oats, and (1.) to investigate the influence of soil tem- 

perature on the phytotoxicity of EPTC in oats. 

time, 
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LITERATURE REVIEW 

The herbicidal properties of cerbamate -type mate- 

rials were first reported by Templeman and Sexton (37, 

p. 630) in 1945. This was followed by extensive work 

on IPC (0- iebpropylphenyl carbamate) carried out by 

Allard et al. (1, P. 99-596) and Ennis (14, p. 95 -96; 

15, p. 192 -493; 16, p. 15 -21; 17, p. 823). Since that 

time, many other carbamatos, thiolcarba.nates, and 

dithiocarbamates have proven to be excellent herbicides. 

EPTC (ethyl- Pi,N -d i -n -pro pyl thi o lcarbana te) is a 

herbicide which has shown considerable activity toward 

grasses and many broadleaved plants. The number of 

research reports giving results on the use of ?PTC 

in various crops and under various conditions is large 

and no attempt will be made to review all of them. 

-:'any of the more important reports are abstracted in a 

Stauffer Chemical Company manual (35, p. l -61). 

Properties and Characteristics of EPTC 

Freed et al. (23, p. 99 -90) reported certain of 

the physical properties of EPTC. The boiling point of 

the compound was found to be 234 °C. at 760 mm. Hr. and 

the solubility in water at 20°C. was 375 parts per 

million. :'reed and co- also found that EPTC 
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was hydrolyzed on standing in water. This hydrolytic 

reaction followed kinetics of the first order reaction 

and was suggested to proceed as follows: 

EPTC+ ii2'» --- [Intermediates]-* (C3í17 )2NH +CO2 t -CH2 -CH3. 

Anderson et al. (2, P. 502 -503) discussed volatility 

of herbicides in relation to their activity. Loss of 

EPTC from the soil surface by volatilization has been 

reported by several workers. Ashton and Sheets (5, 

p. 8B) reported the loss of unformulated technical EPTC 

from a free liquid surface to be 57 micrograms /sq. 

can. /hr. at 303C. :iurtick and Chilcote (26) were the 

first investigators to suggest incorporation of the 

herbicide into the soil as a means of minimizing evap- 

oration loss. Antor;nini et al. (4, P. 421) list several 

advantages of soil incorporation of herbicides, including 

an increase in activity, minimum variation due to envi- 

ronmental flucuations, and others. Cmid (31, P. 57), 

using gas chromatographic techniques, reported much less 

loss of EPTC from the soil when it was incorporated one 

inch below the surface than when it was applied to the 

surface. havis et al. (27, p. 52 -56) also found EPTC 

to be more effective when incorporated. 

moisture at the time of EPTC application seems 

to be important. Cmid (31, P. 53) found that EPTC is 

Soil 



lost more readily from wet soils than from dry. Using 

weed control as a criterion, : ravis et al. (27, p. 52 -56) 

stated that EPTC was more effective on dry soil than wet 

soil. Antognini (3, p. 39B) also obtained better weed 

control on dry soils and found the dividing line between 

satisfactory and unsatisfactory control to lie at some 

point between field capacity, which was LS;, and satura- 

tion, which was 32%. Ashton and Sheets (5, p. r-90) 

reported EPTC was adsorbed to a much greater extent by 

air dry soil than by soil with a moisture content near 

field capacity. Fang et al. (22, p. 569 -5710 stated 

that EPIC was very persistent in dry soil due to adsorp- 

tion on soil particles. 

The innuendo of soil type on EPTC activity has 

been observed by many workers and studied in detail by a 

few. Ashton and Sheets (5, P. C" -90) treated each of 

five soil typos at eleven different rates. They deter- 

mined the concentration necessary to reduce the fresh 

weight of oat plants by 50 percent for each soil type. 

The amount of EPTC adsorbed by each soil type was also 

determined. There was an inverse relationship between 

oat injury and soil adsorption in the various soil types. 

They noted the greatest toxicity in the sandy loam soil 

and the least damare in the clay soil. The 7550 in 

Egbert clay soil was 1.55 parts par million while the 

5 
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ID50 in Hesperia sandy loam was 0.24 parts per million, 

a difference of more than 6 -fold. Sheets (34, p. 442- 

44 8; 33, P. 9B -89) reported similar results. He also 

found the phytotoxicity from EPTC to be lost three times 

as fast in unautoclaved soil as in autoclaved soil. 

This suggests that microbial breakdown may be an im- 

portant pathway of ':PTC loss from the soil. Danielson 

et al. (11, p. 468 -469) found EPTC persisted longer in 

soils of relatively high organic matter content. 

There is a dearth of information concerning the 

influence of soil temperature on the phytotoxicity of 

EPTC. Danielson et al. (11, p. 475) stated that high 

soil temperatures appeared to increase the rate of 

disappearance of commercial EPTC when applied in water. 

Of course, this would not be entirely unexpected due 

to the relatively high volatility of the compound. It 

does not, however, provide any information on the influ- 

ence of temperature alone on EPTC toxicity and apparently 

no such information is available in the literature. 

Uptake, Translocation, and Metabolism of EPTC and Other 
Carbamates 

Several experiments have been conducted to determine 

the site of uptake for carbamate -type herbicides. Dawson 

(12, p. 93) studied the site of uptake for EPTC in 
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barnyard grass (Lchinochloa crusgalli) by using a technique 

of separating the coleoptiles from the roots with plastic 

cones and a plastic vapor barrier. In this way, either 

coleoptiles or roots could be forced to grow into treat- 

ed soil. He concluded that the coleoptile (with enclosed 

foliar leaves) of an emerging grass seedling is not only 

the site of lethal action of EPTC but is also an impor- 

tant and perhaps the main site of EPTC uptake. He 

stated that the roots appeared to take up little, if any, 

of the EPTC which kills the barnyard grass plant. 

Friesen and Walker (25, p. 20 -21) obtained similar 

results when using Avadex on wild oats (Avena fatua). 

They did not separate plant parts with a plastic barrier 

but, instead, used layers of treated and untreated soil 

above, surrounding, and below the seed to determine the 

effect of placement of the herbicide. They concluded 

that Avadex is effective only when the coleoptile comes 

into contact with treated soil. No harmful effects 

were noted when only the roots were in contact with 

the treated soil. 

On the other hand, Baldwin et al. (8, p. 428 -430) 

found that IPC (isopropyl N- phenyl carbamate) was not 

absorbed through intact leaves. They reported absorption 

occurred through cut surfaces of leaves, cut surfaces 

of roots, and intact roots, in that order. Ennis (14, 
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p. 95 -96; 15, P. 491) failed to kill oats and barley 

when IPC was sprayed on the foliage and obtained much 

moro injury when it was sprayed on the soil surface. 

Linder et al. (29, p. 11 -12) reported the most sensitive 

stage of various species to several carbonates to be 

when the primary root was emerging through the broken 

seed coat. Since root emergence usually preceeds the 

appearance of the shoot, this would indicate that root 

uptake is important. Sweet and Cialone (36, p. 67 -68) 

referred to Finder's work to substantiate similar 

results obtained with CDEC (2-chloroallyl-N,N-diethyl- 

dithlocarbamate). 

Yamaguchi et al. (40, p. 86 -87) carried out compar- 

ative studies on transport of herbicides. They used 

autoradiographs to study distribution of radioactivity 

and assumed that the concentration of S35 in the plant 

represented intact EPTC. No differences in distribution 

or accumulation were found which might relate to varying 

susceptibility of the plants to EPTC. In a later paper, 

Yamaguchi (41, p. 380) reported that distribution was 

limited from foliage applications and general from root 

applications. Movement from foliar application was to 

the growing tissues while movement from root application 

was to all tissues. It is interesting to note that 
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Biddulph et al. (10, p. 293 -300) obtained a similar 

distribution of radioactivity from the application of 

05- labeled sulfate. 

Fang and Theisen (20, p. 295 10, p. 92) 

studied the uptake of EPTC -05 and tranelocation of S35 

in various crops when applied to the soil before emer- 

gence of the crops. They found the S35 to be transported 

readily throughout the plant. Only 0 to 37, of the 

absorbed EPTC -S35 was found to remain in the free form. 

Donnelley and Rahn (13, p. t6) reported that 

EPTC -C14 did not enter unperminated tubers of nutgrass 

from foliage application. Movement from treated foliage 

was largely acropetal with very little basipetal movement. 

Fang and Yu (Is, p. 91) treated seeds of various crops 

with EPTC -35, allowed them to germinate, and determined 

free EPTC at intervals. They found unmetabolized EPTC 

decreased with time in resistant species but remained 

at a relatively constant level in susceptible plants. 

Metabolic products in resistant species included many 

organic compounds such as cysteic acid and cystine. Fang 

and Yu speculated that the S35 is first degraded to 

inorganic sulfate and is then incorporated into various 

organic compounds. Pieczarka and Warren (32, p. 137) 

found EPTC did not affect germination of several broad - 

leaved plants under conditions in which the seeds had 
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Imbibed water but were in a dormant condition duo to low 

temperatures at the time of treatment. 

A limited number of studies which were conducted for 

other purposes, may provide information regarding the 

influence of placement in the soil on the activity of 

carbamate -type herbicides. Ashton and punster (6, p. 312- 

317) reported poorer control of barnyard grass with 

deeper incorporation of EPTC than with shallower incor- 

poration. They attributed this to greater dilution in 

the sail with deeper incorporation; however, it could 

also be partly due to greater sensitivity of the cole- 

optiles as compared to the root. Mitchell and Marth 

(30, p. 15 -16) obtained similar results with IPC on 

seedlings of quackgrass (Agropyron repens). When IPC 

was applied to the soil surface, emergence of seedlings 

was prevented. When mixed with the top one inch of soil, 

the IPC treatment was somewhat less effective, and when 

incorporated to a depth of four inches, control was even 

poorer. Danielson et al. (11, p. 469) concluded from 

bioassays with ryegrass seedlings that EPTC persisted 

longer in soils under conditions of sub -irrigation than 

under top irrigation. It is possible that the EPTC 

moved with the water front which, under sub -irrigation, 

resulted in a greater concentration of herbicide in the 

region of the coleoptilo while top irrigation carried 
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the chemical downward into the root zone which might be 

less effective. Baker (7, p. 39 -.t7) presented evidence 

that differences in seedling morphology may account for 

a differential in CIPC (isopropyl 7- (3- chlorophenyl) 

carbamate) toxicity between rice and barnyard grass. 

Fe observed a difference in the development of the sub- 

surface stem tissue above the seed, which may indicate 

again that emerging stem and leaf tissue is perhaps 

important in the uptake of carbamates. 

The possibility of utilizing information concerning 

the most effective placement of EPIC and other herbicides 

in the soil is demonstrated by the results of research 

reported by McWhorter and Wooten (29, p. L2 -49; 39, 

p. 36 -41). These men developed a device for the sub- 

surface application of herbicides which makes possible 

the control of application depth. In an experiment using 

this device, application of EPTC with the sub -surface 

blade rave 90Ç control of weeds as compared to 7V when 

EPTC was sprayed on the surface and mixed in with a 

rotary he (3 %, p. 6 -7). 

A considerable part of the information available 

concerning the differential sensitivity of various plant 

parts has been obtained as a result of research conducted 

with other purposes in mind. Perhaps for this reason, 

results have been somewhat contradictory. However, 
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present information provides t basis for believing that 

such a differential in sensitivity does exist and that 

this differential can possibly be used to a definite 

economic advantage. This research does not provide a 

good explanation for this difference in sensitivity and 

indicates that further work needs to be carried out on 

uptake, translocation, and metabolism of EFTC when 

applied in a manner similar to that used in regular 

field operations. 
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GREENHOUSE STUDIES ON SOIL PLACEMENT OF EPTC 

In order to study the relative effects of EPTC when 

applied to various plant parts, several experiments were 

conducted in the greenhouse. These involved the use of 

two different methods of separating plant tissues. Two 

species of plants, oats and cucumbers, were used. Also, 

C14- labeled EPTC was used to determine if soil movement 

was a factor which might influence the conclusions drawn 

from placement studies. 

EPTC on Oats ''sing the Cone Method 

Materials and Methods. In this study, a technique 

similar to that developed by Dawson (12, p. 9-10) was 

used to separate roots and shoots. Small cones were 

constructed from polyethylene .004 inch thick (Figure 1). 

Fig. 1 



Small slits were made In the tip: of the cones in such a 

manner that they were held tightly closed when placed in 

soil but coleoptiles or roots were still able to pene- 

trate readily. After oat kernels were placed in the 

cones, the cone tips were inserted through a small, X- 

shaped slit in a larger sheet of polyethylene which 

served to separate the upper portion of the soil from the 

root zone. The cones were arranged in either of two ways: 

below the larger sheet with the tip pointing upward or 

above the sheet with the tip pointing downward (Figure 2). 

Fig. 2 

In the former, the seed would receive the same treatment 

as the root and the coleoptile would penetrate through the 

cone tip. With the cone above the larger sheet and point- 

ing downward, the seed would receive the same treatment 

as the coleoptile and the root would penetrate through 

the tip of the cone. 

114 
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In each case, four treatments were used: (1) 

treated soil above the barrier with untreated soil below, 

(2) EPTC- treated soil below the barrier with untreated 

soil above, (3) EPTC- treated soil both above and below 

the barrier, and (4) untreated soil both above and below 

the barrier. 

The was mixed thoroughly with the soil by :weans 

of a cement mixer. Fifty pounds of oven -dry soil were 

placed in the mixer and as the soil tumbled and :nixed, 

the correct amount of commercial EPTC was sprayed on in 

a water emulsion. By adjusting the spray to a relatively 

fino mist and allowing the soil to mix well as the 

solution was being applied, a uniform concentration of 

1.0 part per million was obtained. 

The soil used was a fine sandy loam provided for 

use in the university greenhouse. The results of a soil 

analysis are given in Table 1. 

Table 1. Chemical and mechanical analysis of greenhouse 
roil. 

Chemical analysis Mechanical analysis 

Soil CEC TN 
nH 

me /1008 ;% <201A w Sand Clay 

6.2 22.3 0.07 33.56 51.61 34.34 13.56 

EPTC - 

EPTC 

% % Silt % 



16 

The same variety of oats, Victory, was used in all 

phases of the thesis. Cats were used as the primary test 

species for a number of reasons: (1) they are highly 

sensitive to EPTC, (2) they represent a grass with large - 

seed size which was desirable when working with individual 

plants, and (3) they are a self -pollinating species, 

assuring a minimum of genetic variation among individual 

plant© within an experiment. 

The oats were planted in 6 -inch clay pots nt a depth 

of two inches. Four seeds were planted in each pot and 

fear replications were used, making a total of 16 plants 

subjected to each treatment. At the time of planting, 

a paper bag was secured over each pot in an attempt to 

reduce volatility loss. Preliminary experiments had 

shown that when the pots were covered with paper bags, 

the soil surface stayed moist until the coleoptiles 

emerged. When the pots were left uncovered, the soil 

surface dried out within two days. Since EPTC is Some- 

what less volatile than water, it was assumed that a 

reduction in the loss of water vapor would be accom- 

panied by a reduction in the loss of EPTC. This assump- 

tion has not been proven experimentally, however. The 

bags were removed when the first coleoptiles emerged. 

Soil above the barrier was watered when necessary with 

a hose sprinkler while soil below the barrier was kept 
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moist by placing the pots in a pan of water and allowing 

the moisture to percolate upward. Six weeks after plant- 

ing, the height of each plant was recorded. The plants 

in each pot were then cut off at the soil line, put in 

paper bags, and placed in an oven to dry for 24 hours 

at 1000C. Heights of the dry plants were determined on 

a micro- balance. 

Pesulta. The results of this experiment are given in 

Table 2. It is evident that nearly all plants whose 

coleoptiles emerged through treated soil were killed. 

When the coleoptiles were not exposed to treated soil, 

much less toxicity was noted, regardless of whether or 

not roots were growing in treated soil. This is illus- 

trated in Plate I. 

The importance of seed uptake was not clear from 

this experiment. In comparing treatments B and P in 

Table 2, it appears that exposing the seed to treated 

soil results in greeter toxicity to the plant. However, 

in treatment F, the coleoptile would necessarily be 

exposed to treated soil in the brief interval between 

the time the coleoptile emerged from the seed and the 

time it penetrated the cone tip into untreated soil. This 

difficulty was eliminated in a later experiment, provid- 

ing more information on the role of seed uptake. 



Explanation of Plate I 

Cat plants exposed to EPTC= treated soil 
as follows: 

Seed above plastic barrier with cone 
tip downward. 

A. Untreated soil 
B. Roots growing in treated soil 
C. Coleoptile emerged through 

treated soil 
D. Both roots and coleoptile exposed 

to treated soil. 

Seed below the barrier with cone 
tip upward. 

E. Untreated soil 
F. Rota growing' in treated soil 
G. Coleoptile emerged through 

treated soil 
H. Both roots and coleoptile exposed 

to treated soil. 

Note the coleoptiles protruding from the 
soil in treatments C, D, G, and H in which 
no plants survived. 
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Plate I 
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Table 2. Summary of results from ,;PTC- treated oats 
using cone method. 

Tissues exposed no. no. 
emerged survived 

Ave. 
ht.* 
(cm.) 

Ave. 
wt.* 
(rig.) 

Seed above the barrier 
A. Untreated control 16 16 100.0 54.5 711 
B. Roots 15 15 100,0 52.5 547 
C. Coleoptile,seed 16 0 0 0 0 
D. Coleoptile,seed, 

roots 
13 1 7.7 3.9 42 

Seed below the barrier 

E. Untreated control 15 15 100.0 59.2 ä98 
F. Roots,seed 15 9 60.0 33.0 377 
G. Coleoptile 15 1 6.7 2.9 17 
H. Coleoptile,seed, 

roots 
15 0 0 0 0 

Average height and weight figures were averages of all 
emerged plants. 

It was noted throughout the research that even when 

oats were lethally injured at this rate, the coleoptiles 

usually emerged from the soil. This is demonstrated in 

Table 2. In the four treatments causing the greatest 

injury, i.e. those with treated soil above the barrier, 

a total of 59 plants emerged. cf these 59 plants, only 

2 survived. Cn the other hand, 61 plants emerged from 

the other four treatments, of which 55 plants survived. 

This represents 92.2% emergence for the four most toxic 

treatments and 95.3 for the four treatments with very 

:= 

5 
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little toxicity. However, a later experiment proved 

that emergence is dependent on rate of EPTC and soil 

temperature. 

EPTC on Oats Using the Envelope Method 

Materials and Methods. The cone method of separating, 

plant parts discussed above did not allow EPTC exposure 

of the seeds only. It also raised doubts as to the 

effectiveness of separation in those cases when the 

coleoptile was exposed to treated soil for a short time 

before it penetrated the cone tip. For these reasons 

a new technique was devised to allow independent expo- 

sure to three parts of the germinating seedling, i.e. 

primary roots, seed, and coleoptile. 

The technique, which will be referred to in this 

thesis as the "envelope method ", made use of a device 

constructed as follows: Small polyethylene cones were 

made similar to those used in the preceding experiment. 

Two of these cones were slipped together, base to base, 

and the edges cut off. One edge was closed with tape 

(Figure 3). 

A seed could then be inserted into the open edge 

which was then closed by tape. This plastic "envelope" 



Fig. 3 

containing the seed was then taped to a large sheet of 

plastic with one end protruding through a slit in the 

larger sheet (Figure 4). 

22 

Fig. 4 
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Before being placed in the plastic envelopes, the 

seeds were allowed to imbibe in moist soil, either treated 

or untreated, for 36 hours at 7031'. The treated soil was 

the same as that to which coleoptiles and roots were ex- 

posed. All seeds were washed free of soil before being 

planted at a depth of two inches. The rato of EPTC 

application was 1.0 part per million. EPTC was mixed with 

the soil in the same manner as described in the preceding 

section. Newberg fine sandy loam soil was used, for 

which the analysis is given in Table 3. 

Table 3. Chemical and mechanical analysis of Newberg 
soil. 

Chemical analysis Mechanical analysis 

Soil pH C 'C 0M % <20p % Sand % Silt % Clay 
me /100g 'a 

5.8 13.45 1.13 25.32 68.79 22.23 9.93 

Pour seeds were planted in each pot and four repli- 

cations were used for a total of 16 plants in each treat- 

ment. Both treated and untreated seeds were planted with 

the following four treatments included in each: (1) 

coleoptile exposed to EPTC- treated soil, (2) root exposed, 

° 

' 
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(3) coleoptile and root exposed, and (4) both coleoptile 

and root growing into untreated soil. 

As with the cone method, the pots were covered with 

a paper bag until the coleoptiles appeared at the soil 

surface. The soil above the plastic barrier was kept 

moist by periodic overhead sprinkling and the soil below 

the barrier was sub -irrigated. The greenhouse temperature 

wes maintained at approximately 70 °r. 

Six weeks after planting, tho oats from each treat - 

ment were cut off at ground level, put in paper begs, and 

placed in an oven for 24 hours at 100 °C. The dry plants 

were than weighed on a micro- balance. 

Results. The results of this experiment are given in 

Table L;.. As was the case with the cone method, very 

little toxicity was evident from roots growing into 

treated soil while a high degree of toxicity was noted 

in those plants whose coleoptiles emerged through treated 

soil. There were no differences in plants grown from 

treated or untreated seeds. 

Although plants whose roots grew into treated soil 

produced less oven -dry foliage than untreated plants, 

this was largely due to a retardation of growth during 

the early stages. At the time the plants were collected 
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Table 4. Summary of results from EPTC- treated oats 
using the envelope method. 

Tissues exposed 
no. no. 

emerged survived /0 

Ave. dry wt. 
(mg.) 

A. Seed treated 

1. Coleoptile 14 1 7.1 9.4 
2. Root 15 12 80.0 323.9 
3. Coleoptile, 

root 
12 0 0 0 

4. Neither cole- 
optile nor 
root 

13 13 100.0 674.2 

B. Seed untreated 

5. Coleoptile 15 1 6.7 1.3 

6. Root 13 11 84.6 371.2 
7. Coleoptile, 

root 
14 0 0 0 

B. Neither cole- 
optile nor 
root 

15 15 100.0 562.9 

and dried, those plants with roots growing into treated 

soil appeared healthy and were growing rapidly. 

After the foliage was harvested, soil was removed 

from some of the pots in order to examine the appearance 

of the subterranean plant parts in relation to the plastic 

envelope. It was apparent that the weight of the soil 

had pressed the plastic snugly around the penetrating 

root or coleoptile, causing an effective seal against 

vapor or moisture movement. The plastic device seemed 

to be fully satisfactory in preventing any undesirable 

contact between a given tissue and treated soil. 



Effect of EPTC on Cucumbers 

All previous work on the differential sensitivity 

of various plant tissue to EPTC had been conducted using 

grasses. To determine whether the effects noted in 

grasses were the same for broadleaved plants, a small 

experiment was established using cucumbers as the test 

plant. Cucumbers were chosen because of their high 

sensitivity to `PTC. 

Materials and Methods. Due to the morphological char- 

acteristics of germinating cucumber seeds, the cone 

method was used to separate the roots from the shoot. 

The cones were placed above the large plastic barrier 

with the cone tips pointing downward through the bar- 

rier. Cucumber seeds were placed in the cones, allow- 

ing the roots to penetrate into the soil below the 

barrier. Pour treatments were used: (1) }.PTC- treated 

soil above the barrier with untreated soil below, (2) 

treated coil below the barrier with untreated soil 

above, (3) treated soil both above and below the barrier, 

(14) untreated soil both above and below the barrier. 

EPTC was mixed with soil at o concentration of 3.0 parts 

per million in the same manner as described in the two 

previous experiments. Four seeds were planted in each 

26 
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pot with three replications. At a later date, the exper- 

iment was repeated with three more replications. 

Results. The effect of EPTC on cucumbers seemed to be 

quite different than in grass species. At the rate used, 

plants with both roots and shoot exposed to treated soil 

were severely injured. There appeared to be little dif- 

ferences in injury between plants whose roots were grow- 

ing in treated soil but whose shoots emerged through 

untreated soil and plants whose shoots were exposed to 

EPTC but whose roots grew into untreated soil. In both 

cases, injury was slight to moderate. 

Movement of EPTC -C14 in Soil Under Sub- Irrigation 

In the preceding greenhouse experiments, the soil 

below the plastic barrier was kept moist by periodically 

introducing water into a pan in which the pots were 

sitting and allowing the water to percolate upward in 

the soil. After a period of a few hours, the water was 

then drained out of the pans. This procedure raised 

the question of whether or not EPTC was being removed 

from the root zone by being carried out with the water. 

If this was the case, it would partially or entirely 

explain why little toxicity resulted from roots growing 

into treated soil. To answer this question, a study 
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was set up using radioactive EPTC to follow the movement 

of the herbicide under sub -irrigation conditions. 

Materials and Methods. The radioactive EPTC used in 

the study contained carbon -14 in the first position of 

the ethyl group. The specific activity was 1.33 milli - 

curies per millimole. A six -inch clay pot was placed 

in a small aluminum pan and 600 grams of dry soil was 

added, 200 grams at a time. To each 200 gms. of soil, 

40 ml. o" water containing 200 micrograms of EPTC -C14 

dissolved in ethanol was applied uniformly over the soil 

surface. This brought the soil moisture to 20% and made 

a total of 600 micrograms of EPTC -C14 added to the 600 

grams of soil giving a concentration of 1.0 part per 

million. The method of adding 200 micrograms at a 

time to layers of soil assured relatively uniform dis- 

tribution of the EPTC throughout the 600 grams of soil. 

After application of the radioactive EPTC, 300 ml. 

of water was added to the pan. The water was allowed 

to percolate upward until the moisture level had reached 

equilibrium. Then the water was allowed to drain out 

of the bottom of the pot and was collected in a distil- 

lation EPTC was distilled and separated from the 

water and then quantitatively measured by means of a 

gas -flow Geiger -Muller counter. The complete procedure 

flask. 
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of extraction and measurement of the radioactive EPTC is 

described ici a later section dealing with uptake, trans - 

location, and metabolism of EPTC -C14. 

To gain supplementary information on the movement of 

PTC -C14 under overhead irrigation, 150 ml. of water was 

added to the surface of the soil after the sub -irrigation 

water was drained off. The overhead water was allowed to 

percolate downward through the soil and was collected as 

it drained from the bottom of the pot. extraction and 

measurement of EPTC -C14 was carried out in the same 

manner as with the sub -irrigation sample. 

At a later date, the entire experiment was repeated 

with two slight changes in procedure: the EPTC -C14 was 

added to the soil in quantities of water sufficient to 

give a moisture content of 30' instead of 2e. Also, 

305 ml. of water instead of 150 ml. were added to the 

top of the soil in the overhead irrigation study. This 

was equivalent to approximately one inch of surface 

water. 

Results. The quantities of EPTC -C14 removed from the 

soil by sub -irrigation and overhead irrigation are given 

in Table 5. 

The amount of =PTC -C14 removed by sub -irrigation was 

such a small percentage of the total herbicide in the 
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Table 5. EPTC -C14 in leachate from two methods of 
irrigation. 

Method of Irrigation Total net CPI Approx. micrograms 

First trial 

Sub -irrigation 
Overhead irrigation 

Second trial 

Sub -irrigation 
Overhead irrigation 

counts per minute 

4 
2,548.0 

28.0 
16,106.0 

.0040 
3.03 

.0333 
19.17 

600 grams of soil as to be negligible. As would be 

expected, overhead irrigation was more efficient in moving 

the EPTC downward. 

The results indicate that sub -irrigation of pots in 

the greenhouse did not result in any significant loss of 

EPTC from the root zone and that apparent differences in 

sensitivity to EPTC between coleoptiles and roots were 

not due to differences in EPTC concentration above and 

below the plastic barriers. 

* 
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GREENHOUSE STUDIES ON SOIL PLACEMENT OP 
AVADEX AND IPC 

With the discovery that EPTC was much more toxic 

to certain grass species when applied to the coleoptiles 

than to the roots, the question was raised as to whether 

other carbamate -type herbicides acted in a similar manner. 

IPC was chosen as a representative carhamate and Avadex 

was included as another example of a thiolcarbamate. 

Materials and Methods. Commercial IPC (isopropyl 

N- phenyl carbamate) and Avadex (2,3-dichloroallyl- 

diisopropylthiolcarbamate) were mixed with the soil in 

a cement mixer, as described previously. IPC was 

applied at a concentration of 3.0 parts per million and 

Avadex was applied at a rate of 2.0 parts per million. 

The envelope method was used with both herbicides, 

deviating from the procedure used with EPTC in only one 

respect; namely, only untreated seeds were used in the 

study. Three replications were used with Avadex and 

two with IPC. Victory oats was the test species. At 

six weeks after planting, the oats were harvested, dried, 

and weighed as discussed in the preceding section. 

Results. The weights of the dried tissues are given in 

Table 6. It can be seen that these two compounds acted 



Table 6. Dry weight of plants selectively exposed to 

Avadex and IPC. 

Tissues exposed 
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Average Dry Wt. /Plant (we.) 
:.vadex IPC 

1. Colooptile 0 6.1 
2. Root 205.2 91.3 
3, Coleoptile, root 0 C 

11. Untreated check 303.8 302.8 

in a manner similar to that of EP`2C. high degree of 

toxicity resulted from exposure of oat coleoptiles to 

soil treated with either IPC or Avadex. Plant damage 

from uptake by roots is apparent but not severe in the 

case of Avadex. Damage was moro severe from exposure of 

roots to I''C- treated soil but the difference in toxicity 

to roots and to coleoptiles from IPC was considerable 

(Plato II). 

As was the case with EPIC, the reduction in weight 

of plants whose roots grow into Avadex- treated soil was 

largely due to a retardation of growth during the early 

stages. At the time of harvest, the plants had completely 

outgrown any visible symptoms of early toxicity. 

A 



Explanation of Plate II 

Top picture, fron left to right: 

1. Untreated control 
2. Untreated soil above the barrier, 

IPC- treated soil below 
3. IPC- treated soil above the barrier, 

untreated soil below, and 
4. IPC -treated soil both above and 

below tho barrier. 

Bottom picture, from left to right: 

1. Untreated soil above the barrier, 
Avadex- treated soil below, and 

2. Avadex- treated soil above the 
barrier, untreated soil below. 
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THE INFLUENCE OF SOIL TEMPERATURE GN EPTC TOXICITY 

Materials and Methods. In order to compare the relative 

toxicity of EPTC to oats, at different soil temperatures, 

a range of eight concentrations of soil- incorporated EPTC 

was prepared. The rates used included 0, 0.2, 0.4, 0.6, 

0.8, 1.0, 1.2, 1.4, and 1.8 parts per million prepared in 

a cement mixer by the method discussed in previous exper- 

iment. . 's:,waerg fine sandy loam soil was used. Ten 

kernels of Victory oats were planted 2 inches deep in 

one gallon cans. Both the soil and the cens had been 

sterilized in s steam autoclave. Each can was then 

covered with a sheet of polyethylene and a paper bat; 

which were secured tightly with a rubber band over the 

top of the can. This resulted in an effective seal 

against vapor loss from the soil within the can. The 

cans were then placed in a water bath (Plate II]) where 

the soil temperature could be held at a constant level. 

Six separate water tanks were used with three temperature 

levels, 55 °F., 70°7., and ßß°F, This allowed each treat- 

ment to be replicated twice. 

The cans were checked daily and the covers removed 

from those cans with visible coleoptiles. The date of 

cover removal was recorded. Three weeks after planting, 

the number of plants in each can was recorded and live 



Explanation of Plate III 

i'our temperature -controlled water baths 
for maintaining desired soil temperatures. 

A refrigerating unit (in rear of 
picture) supplies cold water for maintaining 
low temperatures while heating coils in the 
bottom of each tank provide higher tem- 
peratures. Each tank has separate controls 
and a circulating pump to insure a uniform 
temperature, throughout tho tank. 



Plate III 
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plants were harvested and dried. The dry weights were 

plotted and a dosage -response curve obtained for each 

temperature. 

Upon completion of the first soil-temperature 

study, a second experiment was set up to compare :?TC 

toxicity in sealed and unsealed containers at three 

temperatures. Since 0.6 parts per million was the highest 

rato at which any plants survived in the first experiment, 

the rates used in the second study were 0, 0.05, 0.1, 

0.2, 0.3, 0.4, and 0.6 parts per million. In this case, 

the same temperatures were used, 55'., 70':'., and 85 ^.s 

but some cans were sealed as before and some were not. 

Both the cans and the soil were autoclaved for four 

hours. The planting procedures were the same as those 

mentioned above. 'dater was sprinkled on each can as it 

was needed which meant that all cans did not necessarily 

receive the same quantity of water. 

Despite the sterilization of the soil and containers, 

mold growth invaded certain treatments. Isopropyl 

alcohol was lightly sprayed on those treatments which 

needed it. In some casos this failed to control the 

;Hold and the containers were discarded. 

Seven weeks after planting, the oats were cut off 

at the soil surface, dried for 24 hours at 100°C., and 

weighed. 
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Results. The number of days between planting and cole- 

optile emergence for the first study is given in Table 7. 

Apparently the EPTC caused a delay in emergence since the 

coleoptiles emerged later as the concentration increased. 

Table 7. :mergence rates of oats at various levels of 
EPTC at three temperatures. 

Number of days between plant- 
ing and emergence 

55° 
EPTC concentration (ppm.) I II 

Untreated check 
.2 
.4 

.8 
1.0 
1.2 
1. 

t 1. 

9 9 
9 9 
9 9 

10 10 
10 10 
11 11 
11 11 

15 14 

700 95° 
I II I II 

5 5 5 5 
5 5 5 5 

5 5 5 5 5 5 - 

8 8 11 11 
10 10 11 - 
17 11 - - 
17 17 - - 
- - - - 

In the untreated check and at low concentrations of EPTC, 

coleoptiles appeared considerably earlier at the two 

highest temperatures. However, as the rate increased, 

emergence was delayed or prevented in the 70' and 85° 

treatments to such an extent that plants in the 550 

treatment were emerging at least as rapidly as those in 

the higher temperatures. If this delay in emergence can 

- 

5 
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be considered as one measure of EPTC toxicity, it 

appears that less toxicity occurred at the l7,west 

temperature. 

The percent of emergence from the first study is 

given in Table ß, and is presented in Plate IV in graph 

form. As the rate of EPTC increased, the percent of 

emergence decreased, especially at the 70° and 85° 

temperatures. ?or this reason, emergence was considered 

as another criterion for estimating EPTC toxicity. By 

this measure, the least amount of toxicity was apparent 

st 55° and the greatest toxic effects were noted at 85° 

with 700 being intermediate in suppression of emergence. 

Table 9. Percent emergence of oats at various levels 
of EPTC at three temperatures. 

concentration (pp:n. ) 55° 

emergence 

70° 95e 

Untreated check 100 90 95 
.2 100 95 95 
i 

100 90 45 
.8 100 95 50 

1.0 100 95 30 
1.2 95 60 0 
1. 90 20 0 
1 75 0 0 

EPTC 
;- 



Explanation of Plate IV 

Graph showing the decrease in 
emergence with increase in EPTC con- 
centration at three temperatures. 
Note that emergence is reduced much 
more sharply at the higher temperatures. 
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The percentage of emerged coleoptiles should not be 

confused with survival rate in these various treatments. 

There were no surviving plants in any concentrations above 

0.6 ppm. at any of the three temperatures. %mergence 

data were obtained by counting coleoptile tips protruding 

from the soil surface. Visual observation of plants at 

the 0.2 and 0.4 ppm. rates indicated more plant distor- 

tion at the two higher temperatures. 

Table 9 shows the dry weights of plants from the 

first study. As the concentration of EPTC increased, 

dry weights decreased at all three temperatures. However, 

the reduction in dry weight of treated plants as compared 

to untreated plants was more pronounced at the 700 and 

P50 temperatures. 

Table 9. Dry weight of oats at various levels of EPTC 
at three temperatures. 

EPTC 
concentration 

Dry wt. /plant ( mrs. ) ,. of check 
55° 70° R5° 55° 70° ß5o 

'Untreated check 46.9 119.0 97.9 100.0 100.0 100.0 
0.2 34.8 43.6 29.4 74.2 36.6 33.4 

10.2 5.2 3.3 21.7 14.4 3.7 
0.6 5.3 4.4 1.5 11.3 3.7 1.7 

In general, the conclusions based on titre of 

emergence, percentage of emergence, dry weights of 

. 

0.4 
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surviving plants, and visual observations were that great- 

est EPTC toxicity was obtained nt eso and the least tox- 

icity was obtained at 55 °. 

The dry plant weights from the second study are 

given in Table 10. Although differences in toxicity be- 

tween temperatures were not as striking as in the first 

study, there was obviously a greater toxicity at 85° than 

at the two lowest temperatures, especially in the covered 

containers. In the uncovered containers, complete kill 

of all plants was obtained at a lower EPTC concentration 

at 85o than at the lower temperatures, but the difference 

in toxicity was not as great as in the covered containers. 

Evidently, the greater toxicity was partially offset by a 

greater volatilization loss at higher temperatures. 

Apparently, the very low sub -lethal concentrations 

of EPTC caused a stimulation in the growth of oats. It 

can be seen in Table 10 that the .05 ppm. rate in covered 

containers and all rates lower than 0.3 ppm. in uncovered 

cans yielded larger plants than the untreated check. 

In both the first and second studies, a comparison 

of dry plant weights in the untreated checks indicated 

that the growth of oats was most rapid at 700, with a 

depression in growth at both 553 and 353. 
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Table 10. Dry weight of oats at various levels of 
EPTC and at three temperatures with covered 
and uncovered containers. 

EPIC concentration 

Dry wt. /plant (mgs.) 

55' 
85° 

Covered containers 
a. untreated check 190.9 207.6 
b. 0.05 196.2 222.6 
c. 0.1 14.5 189.7 
d. 0.2 185.0 222.9 
e. 0.3 108.0 107.7 
f. 29.1 30.6 
ç. 0 2.0 0.6 

Uncovered containers 
204.0 201.4 h. untreated check 

1. 0.05 243.1 250.7 
j. 0.1 228.8 215.2 
k. 0.2 209.7 204.3 
1. 0. 184.0 91.3 
m. 0. 30.7 36.1 
n. O. 0 0 

124.5 
134.8 
153.7 
86.5 
0 
o 
0 

97.2 
108.4 
99.1 

144.3 
44.6 
0 
2.0 

EPTC concentration 55° 

of check 
70D 85D 

Covered containers 

a. untreated check 100 100 100 
b. 0.05 103 107 lOR 
c. 0.1 97 91 123 
d. 0.2 97 107 69 
e. 0.3 f. 0. 57 1 52 

15 
0 

t' . 0.6 1 1 0 

Uncovered containers 
100 100 100 h. untreated check 

i. 0.05 119 124 112 
j. 0.1 112 107 102 
k. 0.2 103 101 148 
1. 0.3 45 46 
m. 0.4 i5 18 o 
n. 0.6 0 0 2 

70° 

% 

0 
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UPTAKE, TRANSLOCATION, AND METABOLISM 0? EPTC -C14 14 

IN OATS 

Evidence is presented in the preceding experiments 

that oats are more easily killed by exposing the emerging 

coleoptiles to EPTC than by exposing the roots and that 

EPTC toxicity is greater at 85e than at 553 with toxicity 

at 703 being intermediate. The reasons for these results 

have not been clear. A series of three experiments was 

set up in an attempt to explain the herbicidal action of 

PTC by studying uptake, translocation, and metabolism 

of radioactive ".PTC at 55° and 70° when seeds, coleoptiles 

and roots were each exposed to soil containing EPTC -C14. 

The 85° temperature was not included because oats grown 

at that temperature in untreated soil in previous exper- 

iments were somewhat less vigorous than at 70 °. It was 

decided that a range from 55° to 70° should be sufficient 

to study the effect of temperature differences. 

The research with radioactive EPTC involved certain 

techniques end materials identical for all three phases 

of the work. Rather than discussing these methods in 

each experiment, a general description of equipment and 

techniques will be given while materials and methods 

unique to a specific experiment will be included in the 

discussion of that study. 

. 
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General 'Materials and Methods. Tho radioactive EPTC, 

supplied by Stauffer Chemical Company, had a specific 

activity of 1.33 millicuries per millimole with the 

carbon -14 located in the first position of the ethyl 

group. All quantitative measurements of radioactivity 

were made with a Tracerlab r ;as -flow windowless Geigor- 

Muller counter. The method of Fang and Theisen (21, 

P. 770) was used for plating EPTC on stainless steel 

planchets. Crdinarily, radioactive EPTC is lost readily 

from smooth planchet surfaces by volatilization. How- 

ever, Fang and Theisen found that EPTC is adsorbed on 

Whatman ''o. 1 filter paper which is coated with a layer 

of activated carbon, resulting in very little loss of 

For the purposes of this research a series of 

standard solutions was prepared containing .05, 0.1, 

0.2, 0.3, 0.4, 0.5, 0.8, 1.0, 1.5, and 2.0 micrograms 

of 3PTC per ml. of 95 ethanol. From each of these 

solutions, one ml. was added to a stainless steel 

planchet containing a circle of filter paper coated 

with activated carbon. Immediately following the addi- 

tion of EPTC solution, planchets were placed under an 

infra -red lamp until the solvent had evaporated. An 

average of three replications crave a linear increase 

in counts per minute. From this, it was determined that 

EPTC. 
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1.0 microgram of EPTC was represented by 80 counts per 

minute or that 1 count per minute represented 1.19,1 10 -3 

micrograms. This plating procedure was followed implic- 

itly in all subsequent research to assure uniformity in 

results. 

As a general estimate of total radioactivity in a 

specific tissue, extractions with 95% ethanol were made 

by grinding the tissue with a mortar and pestle and 

transferring to a 10 ml. volumetric flask. After bring- 

ing to volume with 95% ethanol, the samples were placed 

in a refrigerator for at least 24 hours. After removing 

from the refrigerator, 1.0 ml. aliquots were taken from 

each sample, plated in planchets containing carbon - 

coated filter paper, dried quickly under an infra -red 

lamp, and counted in a gas -flow Geiger -"tiller counter. 

Samples were generally counted for 30 minutes except in 

a few cases when the radioactivity was sufficient to give 

at least 1,000 counts in 10 minutes. Background radi- 

ation was determined at intervals and subtracted from 

sample counts. 

To measure unmetabolized EPTC in plant tissues, an 

extraction method described by Fang and Theisen (21, 

p. 770) was used. The EPTC was steam distilled contin- 

uously in the apparatus shown in Plate V and extracted 

X 



Explanation of Plate V 

Schematic diagram of the distilla- 
tion apparatus used for extraction of 
intact E I'TC -C 111. 



DISTILLATION APPARATUS FOR 

EXTRACTING INTACT EPTC 

I SOO'CTANE 

Elate V 

SAMPLE 

So 
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in iso -octane. 'n this case, an aliquot of the ethanol 

extract was added to a small quantity of water in the 

round -bottom flask. After the moisture trap was filled 

with water, 2.0 ml. of iso -octane were introduced quan- 

titatively into the measuring column. The sample was 

heated with an electric hotplate and allowed to boil for 

75 minutes. At the end of this time, the iso -octane 

was drained out through the stopcock, aliquots of 1.0 

ml. were plated, and the radioactivity determined. The 

amount of unmetabolized EPTC could then be determined 

by referring to the standard radioactivity curve. The 

apparatus was washed thoroughly with soap and water and 

used again for the next determination. The apparatus 

in Plate V has a vent (not shown) near the top of the 

condensation tube to allow escape of highly volatile 

material. 

In all cases, the concentration of EPTC in soil was 

1.0 pert per million. The EPTC was applied to the soil 

by first measuring out the appropriate quantity of EPTC 

dissolved in ethanol, adding it to water, and spraying 

it uniformly over the soil surface with a polyethylene 

washbottle. Newberg fine sandy loam soil was used. 

To maintain the samples at either 55° or 700 

during exposure to the EPTC -C14, the containers with 

seeds or seedlings were placed in one- gallon cans 
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immersed in temperature -controlled water baths. A sheet 

of plastic secured tightly over the tops of the gallon 

cans assured a constant temperature within the cans. 

Behavior of EPTC -C14 Through Seed Uptake 

Materials and Methods. Twelve 50 -gram lots of oven -dry 

soil were weighed. A thin layer of soil was placed in 

the bottom of each of twelve petri dishes. Fifty seeds 

were then placed in each dish and covered with the 

remainder of the 50 grams of soil. To 14.5 ml. of water 

was added 50 micrograms of EPTC -C14 dissolved in ethanol. 

This solution was carefully sprayed over the soil surface. 

Six of the containers were placed in the 55° temperature 

bath and the other six in the 700 bath. At the end of 

24, 48, and 72 hours, two dishes were removed from each 

temperature. The seeds were removed from the soil and 

washed thoroughly. The hulls were then removed from the 

caryopses, placed in a 10 ml. volumetric flask, brought 

to volume with ethanol, and stored in the refrigerator. 

Ethanol extracts of the caryopses were prepared in the 

usual manner. To determine unmetabolized EPTC -C14, 

4.0 ml. of the ethanol extract were placed in the dis- 

tillation flask and 2.0 ml. of iso- octane were placed 

in the measuring column. After distillation, 1.0 ml. 
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aliquots of iso- octane were plated and counted for 

radioactivity. The same procedure was followed with 

the hulls. 

To determine if there were largo differences in 

radioactivity of the residue from the caryopses between 

different treatments, the residues were filtered and 

washed thoroughly with ethanol. The residue from each 

treatment was placed in a planchet, smoothed down, and 

counted. 

Results. The results of this experiment are summarized 

in Table 11. The total counts per minute (C P"') were 

multiplied by 1.181 X 10 -3 to give micrograms of EPTC. 

The quantities of radioactivity listed in the 

table have been corrected to represent total radio- 

activity of the entire 50 seeds based on the radioactivity 

found in the aliquots used. 

In the caryopses, total ethanol- extractable carbon -14 

was markedly higher at 700 than at 55° at all throe 

sampling intervals but the amount of un:retabolized 

EPTC -C14 was only slightly higher at 703, Few differ- 

ences were apparent in extractions from hulls although 

the amount of unmetabolized EP'I'C -C14 was slightly, but 

consistently, greater at 553 than at 703. It should 

be noted that at both temperatures and in both caryopses 



Table 11. Total ethanol -extractable radioactivity 
and unmetabolized EPTC -C 4 in caryoppes 
and hulls of oats exposed to EPTC -C 
treated soil. 

54 54 

Source of 
radioactivity 

55°, 24 hrs. 70°, 24 hrs. 

Pg CPM uR CPM 

Caryop. Et0H 196 
Caryop. Distill. 84 
Hull Et0H 1,170 
Hull Distill. 678 
Caryop. Residue 7.8 

.231 305 .360 

.099 99 .11 
1.382 1,387 1.638 
.811 532 .628 
- -- 3.9 - -- 

55°, 48 hrs. 700, 48 hrs. 
CPM ,ug CPM Jag 

Caryop. Et0H 285 .337 
Caryop. Distill. 163 .193 
Hull Et0H 1,726 2.038 
Hull Distill. 1,009 1.192 
Caryop. Residue 12.4 - -- 

445 .526 
167 .197 

1,631 1.926 
785 .927 
10.5 - -- 

55°, 72 hrs. 70°, 72 hrs. 

CPM A1S CPM Ag 

Caryop. EtOH 344 .406 
Caryop. Distill. 131 .155 
Hull EtOH 1,446 1.708 
Hull Distill. 705 .833 
Caryop. Residue 18.5 - -- 

592 .699 
144 .170 

1,667 1.969 
615 .726 
22.3 - -- 

' 

i 

' 

' 

f 
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and hulls, the amount of unmetabolized EPTC was greatest 

at 4ß hours and then decreased, even though the total 

radioactivity continued to increase. This could perhaps 

indicate the activation of some metabolic process result- 

ing in a more rapid metabolism of the EPTC. Although 

sterilized soil was used, the possibility of breakdown 

by microorganisms cannot be ignored. 

In general, it appears that EPTC is taken up more 

rapidly at 70° than at 55° but that it may also be 

metabolized more rapidly at the higher temperature, 

resulting in similar amounts of intact EPTC remaining 

in the caryopsis. 

Behavior of EPTC -C14 Through Coleoptile Uptake 

Materials and Methods. To determine the amount of 

uptake by coleoptiles, and metabolism and translocation 

after uptake, coleoptiles were exposed to EPTC -C14 by 

the following procedure: Seeds were germinated in 

germination dishes at 20 °C. After 4 days, 25 seedlings 

with coleoptiles less than 1 inch long were selected 

for each treatment. These coleoptiles were carefully 

inserted through holes in a plastic sheet in such a 

manner that all the coleoptiles were protruding from 

one side of the plastic sheet while the seed and roots 
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were on the other. One hundred grams of soil were placed 

in small plastic dishes, moistened to 30% moisture, and 

covered with the plastic sheet in such a manner that the 

seeds and roots were in contact with the moist soil. 

Two hundred grams of dry soil were added to the dish 

above the plastic sheet and 200 micrograms of EPTC -C14 

were applied in 2 ml. of EtOR mixed with 59 ml. of water 

(giving 30' moisture). 

The dishes were sealed and placed in the temperature- 

controlled water baths at 55° and 700, At intervals of 

24, 49, and 72 hours, seedlings were removed from the 

soil, washed thoroughly, and the coleoptiles separated 

from the roots. 2thanol extractions were made and 

distillations were run of both coleoptiles and roots. 

Duplicate aliquots taken from each of the ethanol ex- 

tracts were plated and counted separately. 

At a later date, a second replication was done 

using the same procedure with one exception; namely, 

only 100 grams of dry soil were added above the plastic 

barrier instead of 200 grams. The concentration of 

EPTC -C14, 1.0 part per :million, remained the sand. 

Results. A summary of the results are riven in Table 12. 

Each figure for ethanol extracts represents an average of 

two duplicate samples. 
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Table 12. Total ethanol- extractµble radioactivity and 

unnetabolized EPTC -C11F in coleoptiles and 

roots from coleoptile uptake. 

Source of 
radioactivity 

Total CPM per 50 seedlings 

Experiment I 

55°, 211.rrs. 55°,48hrs. °,43hrs. n..r 55° 7 ̀'' r , . 

Coleopt. EtOH 33 32 29 

Coleopt. Distill. 7 2 1 

Root EtOII 11 13 13 

Root Distill, .3 2 

70 °, 2 hrs. 70 °,L ihrs. 70 °, 72hrs. 

Coleopt. EtOIi 37 142 109 

Coleopt. Distill. 23 30 21 

Root EtoII a 23 
Root Distill. .7 3 10 

EXperiment II 

55 ,24hrs. 
0 

55°,48hrs. 55 °,72hrs. 

Coleopt. EtOH 182 130 383 
Coleopt. Distill. 22 30 78 
Root EtOii 211 27 20 
Root Distill. 3 9 14 

Coleopt. EtOR 
Coleopt. Distill. 
Root EtOH 
Root Distill. 

70 °,2!irs. 70 °,t3hrs. 70 °,72hrs. 

156 
46 
7 
0 

1p. 
76 

373 
90 

7 

6 

48 40 

114 

8 
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The uptake during the first replication was very 

low as compared to the second replication. This could 

be due to the larger amount of soil used above the 

plastic sheet on the first trial. since the :PTC -C14 

solution was applied to the soil surface, considerable 

amounts of :;PTC -C14 could have boers adsorbed in the upper 

inch of soil and never reached the zone into which cole- 

optiles were extending, even though the moisture was 

sufficient to wet the entire quantity of soil. In the 

second trial, coleoptiles were extending nearly to the 

soil surface so 3PTC -C14 applied to the surface almost 

certainly was in close proximity to the coleoptiles. 

Because the second replication was conducted under more 

satisfactory conditions, any conclusions drawn from this 

study should be based primarily on the results of the 

second replication. 

The data from Table 12 above are summarized further 

in Table 13 in order to clarify temperature effects and 

time of exposure. To show temperature effects, values 

for 24, 49,, and 72 hours exposure time were averaged 

together for each temperature. Likewise, both temper- 

atures were averaged together for each sampling interval. 

Table 13 indicates greater uptake at 700 with a 

larger amount of unmetabolized PTC -C14 remaining in the 
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Table 13. Summary of data presented in Table 12 with 
averages for two temperatures and three 
sampling intervals. 

Source of Total CPM per 50 seedlings 
radioactivity 

550 

Coleopt. EtOH 139.7 
Coleopt. Distill. 23.3 
Root EtOH 17.7 
Root Distill. 5.7 

700 24hrs. 48hre. 72hrs. 

209.2 101.8 198. 223.2 
47.7 24." 34.4 47 
25.0 12.3 24.4 30.6 
4.5 1.0 5.1! 9.5 

coleoptiles. Perhaps this at least partially explains 

observations of greater EPTC toxicity at higher tem- 

peratures in the previous greenhouse temperature studies. 

Also, more radioactivity appeared in the roots at the 

higher temperature but the amount of unmetabolized 

EPTC-C14 in the roots was similar at each temperature. 

Behavior of EPTC -C14 Through Root Uptake 

Materials and Methods. The procedure for studying 

uptake of EPTC -C14 by roots was very similar t o that 

used for coleoptile uptake. However, since intimate 

contact between the roots and soil was necessary, the 

moisture content of the soil below the plastic sheet 

was raised from 302:, to W. Again, coleoptiles of less 

than 1 inch were inserted through the plastic, leaving 

seeds and roots free to extend into treated soil. 

entreated soil was placed above the plastic. Two 
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replications were used but the two were not run at the 

same time. As with the coleoptile study, the largo 

number of samples requiring processing each day forced 

the two replications to be done at different times. 

Duplicate aliquots wore taken from all ethanol extracts 

and all samples were plated and counted in the usual 

manner. 

Results. The results of the experiment are given in 

Table 14. Again, the general trend was toward increased 

uptake at the higher temperature, a result which agrees 

with both the experiments on seed and coleoptile uptake. 

There were no differences between temperatures in amount 

of intact EPTC C14 remaining in either the coleoptiles 

or roots. 

Table 15 gives a summary of data from the coleoptile 

and root uptake studios. It is clear that EPTC was 

translocated in small quantities both downward into the 

roots and upward into the coleoptiles. Although more 

total radioactivity moved from roots into coleoptilee 

than vice versa, the concentration of unmetabolized 

EPTC in roots from coleoptile exposure was similar to 

the concentration in coleoptiles from root exposure. 

From coleoptile exposure, intact EPTC reached a higher 

concentration in coleoptiles than the level reached in 

' 
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Table 14. Total ethanol- xtractable radioactivity and 
intact ',PTC -C14 in coleoptiles and roots 
from root uptake. 

Source of 
radioactivity 

CPM per 50 Seedling's 

550 - 24 hrs. 700 - 24 hrs. 
I II Ave. 

Coleopt. EtOH 
Coleopt. Distill. 
Root EtOH 
Root Distill. 

106 
16 
92 
32 

120 
16 

162 
64 

113 
16 

127 
29 

I I Ave. 

142 93 118 
16 14 15 

158 158 153 
27 32 30 

55' - 48 hrs. 700 - 48 hrs. 

I 

Coleopt. EtGIi 489 

Coleopt. Distill. 
EtOH ^` 

Root Distill. 21 

II Ave. I IT Ave. 

73 60 56 122 89 

146 117 156 119 13 
41 31 28 30 29 

59 - 72 hrs. 70° - 72 hrs. 

I II Ave. 

Coleopt. EtCH 60 70 65 
Coleopt. Distill. 9 12 10 
Root EtOH 43 120 ß1 
Root Distill. 26 10 18 

I I? Ave. 

104 173 138 
12 18 15 
52 66 59 
29 7 17 

Root 
8 3 6 2 6 
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Table 15. Summary of uptake and translocation from 
coleoptile and root exposure to 1:2TC-c1.4, 

Source of 
radioactivity 

Coleoqilo exposure 

55D 700 

CPM total CPM ÿ' total 
uptake uptake 

Coleopt. EtCH 140 69 209 88 
Coleopt. Distill. 23 15 48 20 
Root EtOH 19 11 28 12 

Root Distill. 6 . 5 2 

Root exposure 

550 70° 

CPM % total CPM `" total 
uptake uptake 

Coleopt. EtCH 
Coleopt. Distill. 
Root EtOH 
Root Distill. 

90 
11 

108 
26 

43 
6 

57 
14 

115 
11 

118 
25 

49 
5 

51 
11 

coleoptilos from root exposure. This could explain 

the results obtained in placement studies if the cole- 

optilo is indeed the site of primary herbicidal action. 

1 

% 
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DISCUSSICN AND CONCLUSIONS 

Soil Placement Studies of EPTC, Avadex, and IPC 

Results obtained from studies involving soil place- 

ment of EPTC, Avadex, and IPC substantiate results re- 

ported by Dawson and by Friesen and Walker. It appears 

that these carbamate -type herbicides exert their primary 

phytotoxic effects when absorbed through coleoptiles of 

emerging grass seedlings. Exposure of roots to soil 

treated with the same concentration of herbicide resulted 

in much less damage to the plant, causing primarily a 

retardation of growth in the early stages, No detri- 

mental effects resulted from treating oat seeds with 

EPTC at the same concentration used to treat roots and 

coleoptiles. However, it is quite possible that toxicity 

may have resulted if the concentration of EPIC had been 

higher. 

There are numerous sources in the literature indicat- 

ing that INC acts primarily through the roots. In most 

cases, however, the studies were carried out with com- 

pletely emerged plants, rather than emerging seedlings 

as would be true under ordinary field conditions. 

Although in this research, IPC demonstrated less dif- 

ferential between colooptile and root toxicity than did 

EPTC and Avadex, the coleoptiles were definitely more 
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sensitive to IPC than were the roots. The behavior of 

additional carbamate -type herbicides, as well as other 

classes of herbicides, should be studied further. 

The study of EPTC effects on a broadleaf plant, 

cucumber, was not an extensive experiment and needs to 

be repented in greater detail. A number of rates should 

be included with a larger number of plants and repli- 

cations, however, the indication is that results obtain- 

ed with grass species do not hold true for broadleaves. 

This raises some interesting possibilities for use on a 

field basis. Por example, if EPTC were to be used to 

control a weedy grass selectively in a broadleaf crop 

and the crop were no more sensitive to EPIC through the 

shoot than through the root, it would be advantageous 

to place the herbicide as close as possible to the sur- 

face of the soil, By this means, emerging grassy weeds 

would he controlled more effectively since the seedlings 

would be in a position to absorb herbicide through their 

coleoptiles. The broadleaf crop, on the other hand, 

would be no more sensitive than if the herbicide were 

deeper; hence, the possibility of better grass control 

with less crop injury is suggested. 

The envelope method of separating coleoptiles, 

seeds, and roots of germinating grass seedlings proved 

quite satisfactory. Although the cone method was 
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somewhat less laborious, it had several disadvantages. 

With either the cone above or below the plastic harrier, 

the root or the coleoptile would require a short interval 

of growth to extend from the seed through the cone tip. 

During this short period of growth, herbicide could be 

absorbed which may be overlooked in a later evaluation 

of the study. The envelope method, on the other hand, 

prevents any undesirable contact between treated soil 

and a particular part of the plant. Also, it allows 

treatment of the seed alone without treatment of roots 

or coleoptile at the same time. With an ever -increasing 

emphasis on determining site of uptake for a large 

number of new herbicides, the envelope method could be 

a useful technique in separating parts of the grass 

plant to obtain this information. 

The use of carbon -l4 to follow movement of 1PTr in 

soil under sub -irrigation proved any loss from the soil 

below the plastic barrier to be negligible. This pro- 

vides some assurance that observed differences in tox- 

icity between coleoptiles and roots were real and were 

not due to a lower concentration of herbicide in the root 

zone. 

However, it is important to realize that the dif- 

ferential in toxicity from coleoptile uptake compared 

to root uptake is, after all, still only a differential 

' 

L 
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and is not a case of complete tolerance on the part of 

the roots. Indeed, oat seedlings can be readily killed 

by exposing the roots to soil treated with EPTC at a 

higher rate than was used in this research. However, the 

importance of the differential remains. In the field of 

weed control, methods of Obtaining more efficient use 

of herbicides is a major objective. In many cases, 

proper placement of the herbicide can mean the difference 

between success and failure in controlling the weeds. 

Any basic information concerning the most effective ^jeans 

of using a herbicide is desirable. 

In general, results from this investigation served 

to verify previous results from similar experiments. 

However, the value of this work is not limited to ver- 

ification of previous research. Father, by using three 

herbicides and two plant species in tho study, it has 

shown that principles discovered previously are not 

United to a particular herbicide on a particular species. 

Influence of Soil Temperature on EPIC Toxicity 

Conclusions based on several criteria were that 

oats wore damaged more severely by EPTC at high soil 

temperatures than at low temperatures. The primary 

criterion was the percent reduction in dry weight at 

- 
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various levels of EPTC compared to the untreated check. 

Since time of emergence increased and percent emergence 

decreased with increasing concentration, these factors 

were also used to judge toxicity at 55 °, 70 70 °, and 85 °F. 

Some of the containers used were sealed to assure iden- 

tical concentrations of EPTC within the cans at all 

three temperatures while the remainder of the cans were 

not sealed to ascertain the extent to which loss from 

the soil by volatilization is important. 

The reason for greater toxicity at higher tem- 

peratures is open for speculation. Cne explanation 

could be that the EPTC is not adsorbed on the soil as 

tightly at higher temperatures and is, therefore, more 

available to the plant. However, Freed and Vernetti 

(24, p. 92) reported recently that EPTC has a negative 

heat of solution and they found an increase of adsorp- 

tion with higher temperatures. 

A greater growth rate is often positively correlated 

with increased sensitivity to herbicides but, in this 

case, oats grew more slowly at 85° than at 700, yet 

suffered more damage from EPTC. A later study using 

EPTC-C14 showed EPTC to be absorbed to a greater extent 

at 700 than at 559 with somewhat higher levels of 

intact EPTC being reached in the coleoptiles. Whether 

still greater concentrations would be built up at 85° 
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is a question which should he answered in future studies. 

It may be possible that oats at 85° with a slower growth 

rate would not build up as high a concentration of 

intact EPTC as at 70o but in their sub -optimum state, 

would be more sensitive to smaller amounts of EPTC. 

The increase in toxicity at higher temperatures 

was less evident in those cases where no seal was placed 

on the container. This indicates a greater volatility 

lose at 85 °, partially offsetting the increase in 

phytotoxicity. 

Very low, sub- lethal concentrations of EPTC caused 

an increased growth rate in oats. While stimulntion of 

growth by low rates of other herbicides has been report- 

ed, as far as the author is aware, stimulation by EPTC 

has never been reported in the literature. Further 

studies could be conducted to gain more information on 

reasons for stimulation at low rates and phytotoxicity 

at higher rates. 

Uptake, Translocation, and Metabolism of EPTC -C14 

Studies conducted with radioactive EPTC indicated 

that EPTC is absorbed by coleoptiles and can be trans - 

located downward to the roots. Also it is absorbed by 

the roots and moved upward to a certain extent. It 

appears to move upward more readily than downward. 
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There were no obvious differences in the rate or 

extent to which EPTC was metabolized in the coleoptile 

as compared to the roots. However, the concentration of 

intact EPTC in coleoptiles reached a higher level from 

coleoptile uptake than from root uptake. In view of 

Dawson +s conclusion that the coleoptile is the major site 

of action, explanations f.r the differential in toxicity 

between roots and coleoptiles may be based on absorption 

into the coleoptile with a subsequent build -up in intact 

EPTC. The differential does not appear to be explained 

by differences in amount of intact EPTC in coleoptiles 

vs. roots since the intact EPTC reached about the same 

concentration in roots from root uptake as in cole- 

optiles from coleoptile uptake. This would tend to 

indicate that the coleoptile is, indeed, the major site 

of lethal action. 

More EPTC -C14 was absorbed by oats growing at 70° 

than oats grown at 59 as estimated by total ethanol - 
extractable radioactivity. Although metabolism of EPTC 

also seemed to be somewhat more rapid at 70 °, a higher 

concentration of intact EPTC was built up in coleoptiles 

at that temperature. 

Both hulls and caryopses of oats contained con- 

siderable quantities of radioactivity after exposure to 

treated soil, even though a previous experiment indicated 

- 
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no toxicity from seed uptake. Apparently, EPTC is 

adsorbed on hull tissue which is generally not metabol- 

ically active during germination and subsequent growth; 

thus, translocation from hull to seed and growing 

seedling is not possible. Also, EPTC does not seem to 

be translocated readily from the caryopsis to major 

sites of lethal action. !lore ethanol -soluble material 

was present in caryopses at 700 than at 5e but there 

was very little difference in intact EPTC -C14. The 

hulls contained more radioactivity at 55° than at 700. 

A peak of intact EPIC -C14 concentration occurred 

at 4n hours as though some metabolic process was boing 

activated, resulting in a more rapid metabolism of 

EPTC;, However, no attempt was made to sterilize the 

seeds and although sterilized soil was used, microbial 

breakdown in the hulls and seed coat could account for 

at least part of the metabolism of EPTC. 

As mentioned above, total uptake of PTC -C14 was 

estimates' by ethanol -extractable radioactivity. While 

an ethanol extract would incline intact EPTC and many 

of its metabolites, further studies should include a 

careful analysis of the carbon dioxide given off by 

the plant and of the material not extracted by ethanol. 



71 

SU MMA RY 

Studies were conducted to determine the effect, of 

soil placement of EPTC, Avadex, and IPC on oats, and of 

EPTC on cucumber. The influence of soil temperature on 

EPIC toxicity to oats was investigated and experiments 

were conducted to study the behavior of EPTC -C14 in oats 

when applied to seeds, coleoptiles, and roots. The 

following results were obtained: 

1. EPTC, Avadex, and IPC were all considerably 

more phytotoxic to oats when coleoptiles 

emerged through treated soil than when roots 

penetrated into treated soil, suggesting more 

efficient grass control by shallow incorpora- 

tion in the soil. At 1.0 part per million, 

EPTC caused no appreciable effect on plants 

grown from seeds which had been allowed to 

imbibe in treated soil. 

2. A new technique, devised for the purpose of 

separating coleoptiles, seeds, and roots of 

emerging grass seedlings proved very effective. 

3. The effect of EPTC on cucumber appeared to be 

similar when shoots emerged through treated 

soil and when roots penetrated into treated 

. 
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soil. The possibility of greater selectivity 

between a broadleaved crop and a weedy grass 

was discussed. 

4. A greater degree of phytotoxicity was obtained 

with EPTC on oats at °F. than at 59 with 

700 being intermediate,. 

5. Studies using radioactive EPTC indicated that 

both roots and coleoptiles of oats readily 

absorbed EPTC from soil and that measurable 

amounts translocated both upward and downward. 

Under certain circumstances, as much unmetab- 

olized EPTC accumulated in roots as in shoots, 

even though less toxicity was noted. This 

would indicate that shoat tissue is more 

sensitive to EPTC than root tissue and that 

the emerging coleoptile with its enclosed 

foliar loaves is the major site of lethal 

action of EPTC in oats. 
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Tables and graphs in the preceding sections have 

been presented as condensed summaries. Included in the 

fallowing Appendix are more detailed data. 

APT'ENDIX 
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Table A. Emergence and survival of treated oats 

n 

with cone method. 

No. of plants 
emerged 

No, or plants 
survived 

Tissues exposed I II III IV Total I II III IV Total 

Seed above the barrier 
A. Untreated control 4 

B. Roots 3 
C. Coleoptile, seed 4 
D. Coleoptile, seed, 4 

roots 

Seed below the barrier 
E. Untreated control 3 

P. Roots, seed 4 
G. Coleoptile 4 
H. Coleoptile, sped, 3 

roots 

4 

4 
4 
2 

4 

4 
3 

4 

4 
4 
4 
3 

h 

4 
4 
4 

4 
4 
4 
4 

4 

3 
4 
4 

16 
15 
16 
13 

15 
15 

15 
15 

4 
3 
0 
1 

3 

2 
0 
0 

4 
4 
0 

0 

h 

2 
0 

0 

4 
4 
0 
0 

4 

0 
0 

4 
4 
0 
0 

h 
I. 

0 

16 

15 
0 
1 

15 
9 

0 

Table B. Height of EPTC- treated oats with cone method. 

Tissues exposed I 

Ave. Ht. /plant 

II III 

(cm.) 

IV ave. 

Seed above the barrier 
A. Untreated control 54.6 55.9 54.5 52.6 54.4 
B. Roots 55.5 48.9 60.1 46.4 52.5 
C. Coleoptile, seed 0 0 0 0 0 
D. Coleoptile, 

roots 
seed, 12.6 0 0 0 3.9 

Seed below the barrier 
E. Untreated control 60.8 59.7 60.6 56.0 59.2 
F. Roots, seed 23.7 32.4 47.7 26.9 33.0 
G. Coleoptile 0 0 0 10.9 2.9 
H. Coleoptile, 

roots 
seed, 0 0 0 0 0 

* Total ave. was obtained for any treatment by dividing 
total ht. by total no. of plants emerged in that 
treatment. 

1 1 
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Table C, Dry weight of EPTC- treated oats with cone 
method. 

Tissues exposed 

Ave. dry wt./plant 

I II III IV 

(mes.) 
Total* 
Ave. 

Seed above the barrier 

A. Untreated control 759 742 663 679 711 
B. Roots 645 417 639 514 547 
C. Coleoptile, seed 0 0 0 0 0 

D. Coleortile, seed, 
roots 

138 0 0 0 42 

Seed below the barrier 
E. Untreated control 983 908 868 855 998 
F. Roots, seed 200 438 345 573 377 
G. Coleoptile 0 0 0 62 17 
H. Coleoptile, seed, 

roots 
0 0 0 0 0 

* Total ave. was obtained for each treatment by dividing 
total wt. by total No. or plants emerged in that 
treatment. 

Table D. Emergence and survival of oats with envelope 
method. 

No. of plants 
emerged 

:'o. or plants 
survived 

Tissues exposed I II III IV Total I II III IV Total 

Seed treated 

1. Coleoptile 
2. Root 
3. Coleoptile,root 
4. Neither coleopt. 

nor root 
Seed untreated 

5. Coleoptile 
6. Root 
7. Coleoptile,root 
8. Neither coleopt. 

nor root 

3 

4 
4 
3 

3 

4 
4 
4 

1; 

4 
1 

4 

4 
3 
3 

4 

3 

3 
4 

4 

4 
3 
3 

4 

4 

4 
3 

2 

4 

3 
4 

3 

14 

15 
12 

13 

15 
13 
14 
15 

0 

3 
0 

3 

0 
4 

4 

0 
4 
0 

4 

1 

2 

4 

1 

2 
0 

4 

0 
2 

4 

0 

3 

0 

2 

0 
3 

3 

1 

12 
0 

13 

1 

11 

15 

0 0 0 0 0 

IWO 
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Table E. Dry weight of =PC- treated oats with envelope 
method. 

Tissues exposed 

Ave. dry wt. /plant (lugs.) 

Total 
I II III IV Ave. 

Seed treated 

1. Coleoptile 0 0 13.2 0 9.4 
2. Root 498.3 308.2 567.9 331.2 328.6 
3. Coleoptile,root 0 0 0 0 0 

4. Neither coleopt. 
nor root 

699.5 564.3 595.7 1014.2 674.2 

Seed untreated 

5. Coleoptile 0 19.3 0 0 1.3 
6. Root 283.9 531.4 881.8 297.9 371.2 
7. Coleoptile,root 0 0 0 0 0 

8. Neither coleopt. 535.8 442.3 756.4 501.7 562.9 
nor root 

Table F. Dry weight of n Avadex- treated oats with envelope 
method. 

Tissues exposed 

Ave. dry wt. /plant (lugs.) 

Total 
I II III Ave. 

1. Coleoptile 0 0 0 0 

2. Roots 197.9 214.2 203.5 205.2 
3. Coleoptile, roots 0 0 0 0 
4. Untreated control 348.2 301.1 262.2 303.8 



81 

Table G. Dry weights of IPC- treated oats with envelope 
method. 

Ave. dry wt. /plant (rigs.) 

Tissues exposed I IT Total Ave. 

1. Coleoptile 12.1 0 6.1 
2. Roots 99.9 82.7 91.3 
3. Coleoptile, roots 0 0 o 
4. Untreated control 3!2.5 223.1 302.3 

Table H. Total ethanol - xtracte ïe radioactivity and 
intact EPIC -C14 i oat caryopses and hulls 
exposed to EPTC treated soil. 

Treatment 

550 - 24 hrs. 

A. Caryop. EtCH 
B. Caryop. Distill. 
C. Hull Et0H 
D. Hull Distill. 
E. Caryop. Residue 

550 - 4R hrs. 

A. Caryop. EtCH 
L. Caryop. Distill. 
C. Hull EtCH 
D. Hull Distill. 
E. C;.ryop. Residue 

550 - 72 hrs. 

A. Caryop. Et0H 
B. Caryop. Distill. 
C. Hull EtCH 
D. Hull Distill. 
E. Caryop.. Residue 

Total CPS 

I II Ave. 

Total pgm. 

I II Ave. 

186 206 196 .220 .2114 .232 

1063 1278 1171 1.26 1.52 1.39 
789 555 687 .935 .694 .814 
10 5 

383 186 2e5 .454 .220 .338 
182 

145 
163 .215 .172 .193 

1634 1818 1726 1.93 2.15 2.04 
964 1054 1009 1.04 1.25 1.19 
21 4 12 

295 392 344 .349 .465 .407 
133 129 131 .157 .155 .156 

1356 1537 1447 1.60 1.82 1.71 
667 744 706 .790 .380 .836 
28 9 19 

8 --- 

- -- - -- --- 

--- --- 

- -- - -- - -- 



Table H (continued). Total ethanol -extractable radio- 
activity and intact EPTC -C in oat caryopses 
and hulls exposed to EPTC -C14- treated soil. 

Treatment 
Total CPM Total fcgm. 

I II Ave. I II Ave. 

700 - 24 hrs. 

A. Caryop. EtCH 
B. Caryop. Distill. 
C. Hull EtOH 
D. Hull Distill. 
E. Caryop. Residue 

700 - 48 hrs. 

A. Caryop. Et0H 
B. Caryop. Distill. 
C. Hull EtCH 
D. Hull Distill. 
E. Caryop. Residue 

70° - 72 hrs. 

A. Caryop. EtCH 
B. Caryop. Distill. 
C. Hull Et0H 
D. Hull Distill. 
E. Caryop. Residue 

329 
70 

1464 
649 

5 

467 
186 

1767 
a,48 

8 

584 
BO 

1464 
425 
20 

280 
129 

1310 
417 

3 

423 
148 

11195 

721 
13 

599 
199 

1870 
804 
25 

305 
99 

1397 
533 

4 

445 
167 
161 
785 
11 

592 
139 

1667 
614 
22 

.399 

.083 
1.73 
.768 

.554 

.220 
2.09 
1.00 

--- 

.691 

.094 
1.73 
.504 

.332 

.153 
1.55 
.494 

.500 

.175 
1.77 
.852 

MD ono AO 

.710 

.235 
2.22 
.950 

.361 

.119 

1.64 
.631 

.527 

.198 
1.93 
.926 
- OD 410 

.700 

.165 
1.97 
.727 

82 
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Table T. Total othanol- xtractable radioactivity and 
intact 7:r'TC -C14 in coleoptiles and roots from 
coleoptile uptake. 

Treatment 
Rep, I 

1 2 

55° - 24 hrs. 

A. Coleop. EtCH 
B. Coleop. Distill. 
C. Root EtOH 
D. Root Distill. 

700 - 24 hrs. 

35.0 
6.7 

10.0 
.3 

31 
- 

12 
IMO 

A. Coleop. EtCH 38.0 35 
B. Coleop. Distill. 22.7 - 
C. Root EtCH 7.0 9 
D. Root Distill. 0.7 OW 

55° - 48 hrs. 

A. Coleop. EtCH 28.0 35 
B. Coleop. Distill. 1.7 - 
C. Root EtOH 12.0 13 
D. Root Distill. 1.7 alb 

70° - 48 hrs. 

A. Coleop. EtCH 159.0 125 
B. Coleop. Distill. 30.4 - 
C. Root EtOH 17.0 29 
D. Root Distill. 2.6 - 

550 - 72 hrs. 

A. Coleop. EtOH 35.0 23 
B. Coleop. Distill. 1.0 - 
C. Root Et0H 6.0 19 
D. Root Distill. 6.4 - 

700 - 72 hrs. 

A. Coleop. Et0H 121.0 96 
B. Coleop. Distill. 20.9 - 
C. Root Et0H 29.0 58 
D. Root Distill. 9.9 - 

CPM 
Rep. II 

1 2 

159.0 205 
22.4 - 
22.0 26 
2.8 - 

136.0 176 
45.9 - 
1.0 12 
o MO 

107.5 
14.6 

1.6 1.6 

96.2 
34.3 

185.0 175 105.7 
29.7 - 15.7 
29.0 25 19.8 
0.8 

5.3 

491.0 390 291.0 
75.9 - 53.2 
42.0 37 31.2 
9.4 - 5.5 

412.0 354 206.0 
79.4 - 39.7 
18.0 21 16.0 
14.4 - 10.4 

363.0 392 a2 

255.6 90.4 
42.0 54 46.0 
7.2 - n.6 
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Table J. Total ethanol -epxtractable radioactivity and 
intact EPTC -C1' in coleoptiles and roots from 
root uptake. 

Treatment 
Rep. I 

1 2 

CPM 
Rep. II 

1 2 

} 7e 

55° - 24 hrs. 

A, Coleop. Et0H 88.0 123 143.0 99 113.0 
B. Coleop. Distill. 15.5 - 15.9 
C. Root EtCH 46.0 138 151.0 173 127.0 
D, Root Distill. 31.6 - 24.4 - 28.0 

70° - 24 hrs. 

A, Coleop. EtCH 130.0 155 93.0 103 117.7 
B. Coleop. Distill. 15.8 - 1.5 - 14.7 
C. Root EtUH 151.0 166 155.0 160 158.0 
D. Root Distill. 27.0 - 32.0 - 29.5 

550 - 48 hrs. 

A. Coleop. Et0H 
B, Coleop. Distill. 
C. Root EtCH 
D. Root Distill. 

70° - 48 hrs. 

A. Coleop. EtCH 
B. Coleop. Distill. 
C. Root EtOFl 

D. Root Distill. 

55° - 72 hrs. 

A. Coleop. EtCH 
B. Coleop. Distill. 
C. Root EtCT' 
D. Root Distill. 

70 - 72 hrs. 

A, Coleop. EtCH 
B. Coleop. Distill. 
C. Root Et0H 
D. Root Distill. 

63.0 33 53.0 93 60.5 
7.9 - 3.3 - 5.6 

70.0 107 142.0 150 117.2 
20.8 - 40.8 - 30.8 

52.0 60 136.0 107 88.8 
2.0 - 5.6 - 3.8 
18.0 295 118.0 120 137.7 
29.0 - 30.0 - 29.0 

56.0 63 69.0 72 65.0 
9.2 - 11.6 - )0.4 
35.0 51 121.0 119 71.3 
26.1 - 10.2 - 18.2 

92,0 116 162.0 184 138.5 
11.6 - 18.2 - 14.9 
34.o 70 60.0 72 59.0 
27.5 - 6.6 - 17.1 
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