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The absorption, translocation and metabolism of a new

herbic ide, n-propyl -C14 N, N-d i-n-propyl -thio lcarbamate ( PDPC ), were

studied in both peanut and soybebn plants. These studies were

carried out on plants of different ages and treated at two rates of

application. The residue content of the plants was also determined

from germination to maturitY.

Radioautograms demonstrated a general distribution of radio-

activity throughout the ptrant although the above ground portions

contained a someWhat higher content. Increasing the rate of appll-

cation resulted in a greater uptake of PDPC but this was not Pro-

portional. The uptake increased somewhat faster than the rate of

applicat ion.

The residue content of both soybean and peanut seedlings was

extremely low at harvest. The maximum concentration, which was

reached two to three weeks after treaEment, was quickly reduced.

At the end of tlne 26 week growing period all the plant Parts had

negligible residue 1eve1s. Gas chromatography was used to establish

the validity of the residue determining procedures.
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Experiments carried out on the effect of PDPC on germinating

seedlings and its subsequent breakdown demonstrated the inhibitory

effect of this compound on its own metabolism. Seedlings allowed

Eo imbibe PDPC demonstrated a reduced abillty to break it into

ethanol soluble components" The abillty to convert the herbicide

into respiratory c;rrbon dioxide was also reduced as was the incor-

poratlon into cellular Lissue, The absorption of PDPC, however, was

not affected.

Age appears to affect the ability to break down PDPC'

Germinating seeds were inhibited in their metabolism of the herbi-

cide to a much larger extent Ehan seedlings which were allowed to

germinate in water before being treated" This applied not only to

the breakdown of PDPC into metabolites but also the metabolism of

the ethanol soluble intermediates, The seedlings germinated in

the presence of PDPC, however, rapidly recover and within eight to

ten days inhibition is smal1"

Generally it may be stated that while uptake and translocatlon

of n-propyL-CL4 N,N-di-n-propylthiolcarbamate are not materially

affecEed by PDPC at the concentrations studied, Lhere is a inhibi-

tion to the metabolism of this compound when applied as a pre-

emergence herbicide. The seedlings rapidly reeovetr and the residue

content at harvest is low"
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Studies on the Metabolism of
n-Propyl N, N-di-n-Propyl Thiolcarbamate

in Legumes

Introduct ion

Herbicides had their beginning in 1934 when Koyl isolated a

compound from human urine which was markedly active in promoting cell

elongation ln plants. This compound, later isolated from yeast,

was found upon purification to be indole-3-acetic acid.

Koylfs discovery was followed in 1935 by Zimmerman's discovery

of cl-naphthaleneacetic acid and in 1938 by Irvine's 2-napthoxy-

acetic acid, all of which exhibited grol^rth regulating properties.

Finally in 1942 the age of herbicides was opened by Zimmerman who

first reported the remarkable growth regulating propercies of 214-

dichlorophenoxyacetic acid (2,4-D) (7, p. 44-52).

Today there are many chemicals j-n commercial use as weed

killers which are applied as dusts, sprays, and emulsions to the

foliage as well as to the soil. It is esimated by the United

States Department of Agriculture (U.S.D.A. ) that these are applied

to about 90 million acres or one tillable acre out of 20 in the 48

contiguous states.

One group of soil applied herbicides used primarily as

pre-emergence herbicides is the carbamates. First described in

L945 by Templeman these herbicides now find wide usage (31, p. 10).

This group includes among others, isopropyl N-phenyl-carbamate (IPC)

and its phenyl chlorinated derivative (CIPC), 2-ch1oroa1ly-di-ethyl-

di-thiocarbamate (CDEC) or I'Vegadex", and ethyl NrN-di-n-propyl

thiolcarbamate (EPTC). A11 are particularly effective in conEolling
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varfous grasses ln many broad leaf crops" Of the carbamates the

group to be consldered here is the thiolcarbamates, and in particular,

n-propyl-N,N-d1-n-propyl thiolcarbamate, (PDrc). Ilue to the length

of the chemical name of this herbicide, it will hereafter be desig-

nated PDPC. This abbreviation has not Eo the authorrs knowledge

been used before. This compound belongs to the family of arralogs

of EPIC whlch also includes the nerr herbicide, n-propyl-N,N, -ethyl-

n-butyl thiolcarbanate, (Tillam).

EPTC, the first of this famlly, was origlnally descrlbed by

Antogninl of the Stauffer Chemical Conpany La L957" At that titre

it. was found to be effectlve agalnst all grasses and many broad

leaf weeds when applied at rates of three to ten pounds Per acre

before the crop emerged. The action of the chemical was found

effective orrer a wide range of soll temPeraturesr soiL types and

rainfall. It has a lov acute manmalian toxiclty, the oral LD 50

to male albino rats being rePorted at 1" 639/Yrg and Lhe dermal IJ)

50 ls 2,64e/Y€ in rabbits (2, P" 3-1).

EPIC has slnce been found effectlve on weed control in many

crops. Satlsfactory control of weeds in potatoes (1, P" L46-L48)

rras reported while no resldue was found in the harvested ctop (24,

p. 2L6-2L7), Crops of navy and kidney beans were also satisfactorily

protected from weed competition with EPIC (21, p" 3L8'324)- Weeds

were controlled in tomatoes but some injury resulted (1, P. L46-

148) while wild oats rrere controlled in sugar beets. A wide range

of appllcaLion rates resulted in a better than 85% k111 (40,
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p. 265-278). EPIC has been used in the control of veeds ln

ornamental crops such as gladlolir (8, P. 53-55) but some danage to

the bulb was found (13, P. 5-7) at rates most effective for weed

controL. Protection in alfalfa and birdsfoot trefoil does not

appear satlsfactory; however, the crop ls not harmed nor is yield

decreased (38, p. 29L-299) (16, P. 859).

0f particular concern in this thesis ls the absorpti-on,

translocatlon, detoxificatlon and metabolism of thlolcarb4mates in

peanuts. Various herbicides of the triazine and urea type have

been tried wlth some success in this crop (33, P. 175-184). tt[CPA

and !{cPB r{ere most adequate' EPfc was found to give 8cf/" control

wiEh little or no harm to the crop (25, P. L39-144). Mixtures of

herbicides allowed the use of lower rates of the conponent herbicides

and increased the spectrum of weeds controlled.

Several analogs of EPIC have been used in the contfol of weeds.

In general the symmetrically substituted thiolcarbamates were

ineffecEive whlle the unsymmetrically substituted compounds were

more effecttve. Tertiary butyl dipropylthiolcarbamate gave good

control of several annuat and perennial grass weeds with no injury

in a wide variety of vegetables. The legumes; Peas, lima beans and

soybeans, were dr.aged by this herbicide (35, P. 8985).

n-Fropyl NrN-ethy1-n-buty1 thlocarbamate lras as effective as

EPIC in controlling several weed species ln potatoes; however, the

effLclency rras somewhat less than that of stqAzine (34, p. 269-216).

PDFC was found to be only slightly less effective than EPIC in

the control of watergrass in corn. I'lhen applied at trror four, and
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eight pounds per acre as a pre-emergent herbicide, PDPC lras found to

damage up to 9% of the cornr although the per acre yield of the

treated was still higher than ln the untreated conttoLs (22, P. L2'

14). Both EPIC aad PDFC nere found to control all weeds except

mornlng glory ln tobacco when applied at three pounds per acre in

three post-planLlng applications. No effect on tobacco yleld or

flavor could be detected (14, P. 11-5-118) (30, P' 63-68).

Any study considering the effectlveness of the thiolcarbamates

must lnclude analysis of the factors affecting the avallability of

the compound to the plant. It has been shown that the perslstence

of EPIC.ln the soll is influenced by the solvent carrier system,

the soil temperature and the addition of surfactants to the carrler

system (12, p. 463-476). PreLlminary studies have shown that

placement of EPIG.in intimate contact with the solI particle by

lncorporatlon beneath the surface increased its retentlon and thus

prolonged the actlon on the plants. Shallow incorporatlon h-as been

sholrn to be much more effective than deep incorporatlon (39, p. 1'05-

111). For the greatest effectiveness it has been demonstrated (30,

p. 63-68) that EPTC must be unlformly and completely incorporated

immediately following application.

The influence of soil moisture on EPIC activity ls quite

pronounced. Much more effectlve control was obtained uslng dry

or moist soil rather than wet soil (26, P" 52-56). Additlonal

effectiveness was obtained where weed conLrol was lncreased wiEh

cultLvation and lrrigation, Of the thiolcarbamates T11lam is less
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affected by temperature change; PDPC somewhat more, and EPIC the

most (20, p. 3). Leaching occurs ln the same order.

The loss of volatile EPIC is apparently reduced by its

absorption on soil particles. A part of the volatlle EPIC ls bound

so strongly as to be unavailable to the plant. Air dried soil

adsorbs more herblcide than soil with a molsture content near fleld

capaciry (3, p. 88-90) (19, p. 564-574). It has also been shown

that the amount of herblcide required for effective weed control

must be increased as the organlc content of the soll increases (44,

p.9-14).

very little has been reported concernlng the effect of the

thtolcarbamates on soil microorganlsms. EPTC, however, has been

shown to reduce the resplration of soil microorganlsms, the inhi-

blrion dlffering in varlous soll types (9, p. 589-598). Methyl

dlthlocarbanate has been shown to inhiblt the action of soi-l urease

(2g, p. 9590) but no mechanisms for these observatlons have been

proposed.

In addltion to thelr value as herbicldes the thlocarbamates

have found some applicaEion as nematocides' Ethyl dlmethyl-thio-

carbamate lras. successful in the control of the root-knot nematode

(5, p. 4818). Chlorobenzyl-thlocarbamate used as an insectlclde

was effective in the control of spidermltes (35, P. 8985) whlle

several dithiocarbarnates were very effective in the qontrol, of the

fungus s_eproria in oats (10, p. 620-627). The phenoxypropylthlo'

carbamates are showing promise as tranquilizers (15, p. 9L9-924)
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whi Le ethyl di-ethylamlnoethyllsopropyldithiocarbanate is proylng

as effectlve as quinine in the treatment of malarla (37, p. 2758).

Since very llttle information was found in regard to absorptlon,

translocatlon and metabollsm of these herblcldes Lhls study was

undertaken and only three of these compounds will be consldered here.

Ethvl N. N-.4.1-n-p,ropvlthiolcaLbqpqte (EIIC). EEIG has a

boiling point af L27oC at 2O mm of IIg, a d30 of 0.9543 g/nL and an

o30o or L.4755 (36, p. 54), It is a clear llquld having a vapor

pressure of 1.97 x LO'Z msr of IIg aE 24oC arrd a AH vaporization of

14.5 Kcal/mole. The solublllty ln water at 2*C is 375 ppm and the

AII solutlon ls -3930 cal/mole, The structure of EPIC ls:
HHH

r-c4{\
HHH\ 9 HH

N4-S{4H
HHH/ H H

ti{;,{x/
HHH

EgfC may be prepared by stabilLzLng at 5 to 200.p a disperslon

of 16. 9 g of sodlun in 50 ml of :ryLene by oleic acid and 50 g of

ethyL merdaptan. Xylene is slowly added under argon at 25 to 36oG.

The Sodium mercaptl-de is refLuxed while L20 g of di-n-propylcarbamoyl

chlorlde is added over a period of L7 mlnuEes. The nixture ls then

bolled for three hours. Removal of the toluene glves 9O7. EPTC (41,

p. 300).

n-Propvl N. N-SttSr1.. Ir:bujyl thriolcqr.bamate (TiIl.am). TlLlan

has a vapor pressure of 4. B x 10-3 mm of rfg "i f4" c arrd 'a AII
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vapotLzation of 12.0 Kcal/mole. Its solubllity in water le 90 ppn

at 25oC wlth a AII solution of -2740 callnoLe (20, P. 3) (43, P, 9-14).

The structure of Tillam ls:

HH\ A HHH
N4-S4-C4H

HHHH,/ H H H

lir,444/
HHHH

Tillam can be prepared in the srme manner as EPIC by the

subsEitutlon of propylEhlol for ethylthiol and ethyl butyl carbanoyl

chlorlde for dl-n-propylcarbamoyl chlorlde (41, p. 300).

n-Propyl N. N-d1-n-propyl thlolcarbamate PDPC. PDPC has a

vapor pressure of 5.41 x 10-3 at bt*oC and a AII vaporizatlon of 13'5

Kcal/mole. Its solubility in water ls 109 ppm at 2l+4C and. the AII of

solutlon Ls -3240 cel/mole (20, p. 3), The structure of PDPC ls:
HHH

HC-Cf
Hnr\ I HHH

N-C-S{-C-CH
HHH/ H H H

FC-C.C
HHH

PDPTC is also prepared in the snme manner as EPIC wlth the

substitution of propylthlol for ethyLthioL. Thls gives as 85% yleld

of PDPC havlng a bolLlng polnt of L49 to 15fC at 30 mm of Hg (41,

p. 300).

'The analysis for the thiolcarbamates has been desi.gned for BPIC

but norks equally well on the other analogs.

HH
HC{
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Batchelder and Patchett (4, p. 2I4-2L6) developed a coloremetrlc

method for the deternlnatlon of EPIC restdues ln crops whlch depended

on the hydrolysis of EPIC by concentrated sulfurlc acid to dlpropyl-

amine. This in turn rras reacEed in a hexane-Irater system wlth CS2

ln the presence of amonia and coPper to form the cupric dithlocar-

bamate complex. This complex nas then determlned ln the hexane golu-

tion at 440 mp . The determinatLon of 0.02 ppm of resldue was fqrnd

posblble. In thls determination heXane lras used ae the extraction

medl,a.

Gutenmann and Ltsh (24, p. 2L6-2L7) lmproved the extractlon

meLhod by using a hexane-lsopropanol-water extraction system. This

resulted in a system whlch was less Prone to the formation of

troublesome emulsi.ons.

One of the first methods for the dlrect extraction of EPIC-S35

residues from crops was developed by Fang (L7, P. 770'77 1) and

utilized steam dlstillation techniques. The sample was steam

distllled and the dlstiLlate continuously extracted wlth iso-octane

using a volatlle oil st111. The radioactlvity in the iso-octane was

then determlned and the quantity of EPIC computed from the speclfic

activity,
- Ilughes and Freed (28, p. 381-382) developed a quantltatlve

method for measurlng EPIC uElllzing gas liquid chromatography. The

sample t,o be analyzed rras extracted by the method of Fang (17, p.

770-771) and the resi-due determlned with a Beckman Model GC-2 gas

chromaEograph containing a four foot Aplezon-L column packed with



celite. The sensitivity of their detector was found to limit the

sensitivity of the determination to 10 pg. A similar method was

developed by Hindin and Dunston (27, p. A773) using a six foot

column of Chiomosorb I,I coated with Dow lL silicone grease.

A limited amount of material is available on the absorption,

translocatlon, and distribution of EPIC in plants; however, nothing

is available concerning the other thiolcarbamates.

Crafts (11., p. l4-L7 ) using labeLed EPIC showed that the

herbicide was rapldly absorbed through the leaves and translocated

to the roots. Fang (18, p. 2g5-Zg8) applying s35 labeled EPIC to

the soil before germination of the seeds showed an uptake of the

Iabel and translocatlon through the plant. The above-ground portion

of the plants contained more S35 than the roots. Increased appli-

cation of the herbicide resulted in increased absorption but the

increase lras not proportional,

Yamaguchi (45, p. 374-3SO) applied EPTC-s35 to the roots and

leaves of a number of plants, The pattern of absorption, translo-

cation, and dlstribution was found to be similar in both tolerant

and susceptible species. Leaf application resulted in a movement

primarily to the growing areas while root application resulted in

distribution throughout the plant,

The effecE of the thiolcarbamates on metabolism has only

occasionally been studied. Stevens et al. (42, p. 2L5'222) found

that there rdas no significant effect on acetate absorption or

metabolism following treatment of pea seedlings wlth EPTC. Bourke
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(7, p. 44-52) found no significant decrease in glucose absorptton

following treatment with EPICl however, glycolysis was somewhat

inhibited. No effect was detected in the anabolic processes.

In general the research work on the thiolcarbamates has

revolved around their field testing with very 1itt1e attentlon to

their effect on the biochemical processes.

In order for a herbicide to be effectlve not only must it be

selective, (i, e. , destroying the unwanted weeds and not harming Ehe

crop to be protected), but it must also be meEaboLLzed, by the plant

in order not to leave any undesirable residue. This Ehesis ls con-

cerned with the residues found throughout the life cycle of the

plant.

The amount of residue found depends on a number of factors

such as absorption from the soil, translocation, distribuLion, break-

down into metabolites and final conversion to carbon dioxide. AlL

of these functlons will be examlned with relation to rate of herbi-

cide application and age aE which treatment occurred. In addition

the effect of pre-exposure to PDPC will be studied to deEermine if

a preadaptation or inhibition is induced.

Analysis of such datum as biological half life will aid in

determining the length of time necessary after treatment for re-

duction of residue content to a safe level. Comparison of the

results obtained from PDPC experiments with those from the other

thiolcarbamates will give a broader picture of the overall effect of

these compounds on the physiological and biochemical processes

occurring in plants.
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Materials and Methods

All- the chenicals used ln thls thesls work were of the highest

purity avallable. The compound under lnveetigation, n-propyl-L-CL4

n,n-d1-n-propyl thiolcarbamate (PDPC-C14) was supplled by Research

Specialties Co. in Lwo milllcurie unlts having a speclflc activlty

of 3.11 milllcurles per m1111mo1e. Stauffer Chemical Company supplied

the carrler PDE which had a purtty of 98.8%.

Resldue Deternlnatlon. Newberg silty loam ras stfted and placed

Ln 25 pound freezer tins 14 lnches htgh and 9,75 lnches ln dlameter.

The area of each was calculated to be 30.635 square lnches or 4.883

x 10-6 acres. Fourteen peanut seeds, variety North Car.ol,ina 4X, or

25 soybean seeds, varlety L.g, were pl-anted ln each pot. A total of

etght pots were used for each crop, of whlch two t{ere coatrols, three

treated at the rate of one pound per acre and three at four pounds

per acre. Each of the test pots was treated with 33.2 $c of radlo-

actlve PDPC plus enough carrler to brlng the concentration to the

deslred level. The herbictde was dlssoLved ln 100 ml dtstil-l"ed water

and applled by means of a plastic squirt bottle. Table I shows the

treatment scheme.

The plants were watered dally and given occasional applicatlons

of nutrient solution (6, p. 55) whlch contained Ehe foll-olrlng com-

pounds per llter of water: Ca(NO3)2,4H2O - 1.18g; IWO3 - O.519;

K[I2PO4 - 0. 14g; UgSO4. 7E2O - O.46e; FeS04' 7II2O - 0. 0059. One mI' of

a minor element solutlon was added to each Llter of the above nutrient



Table I

Planting and Treatment Scheme

Crop Pot Number Concentration pc -. mg -. mg

Seeds PDPC-CI4 PDPC-CI4 Carrier
PDPC

Peanut 1 19n219
'f 3 19 4LblLu419 1lb/A
" 5 19 4Lb/Ar619 1lb/An 7 19 4lbl[il8L90

Soybean I 28 0

'228 1lb/A
,, 3 28 4lb/A1,428 1lb/A
" 5 28 4lb/A
il628 1lb/A
,, 7 28 4Lb/Ail8280

000
33.2 2.2L4 0
33.2 2.2L4 6.642
33.2 2.2L4 0

33.2 2.2L4 6.642
33.2 2.214 0
33,2 2.2L4 6.642
000

000
33.2 2.2L4 0

33.2 2.2L4 6.642
33.2 2.2L4 0
33.2 2.214 6.642
33.2 2.214 0
33.2 2.2L4 6.642
000

0
11b/A

H
N)
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solution. The minor element solution contained the following

compounds per liEer of water: H3BO3 - 0.69; l{nC12.4ll2O - 0,4g; ZnS04

- 0.05g; CuSO4.5H2o - 0.05G; H2Mo04.4H2O - 0.02e.

Pests were controlled using TEPP (tetraethyl pyrophosphate) smoke

generators and tetradane sprayed on the foliage. The peanut seeds

were treaEed with Arasan 75 fungicide before planEing, while the

soybean seeds were untreated.

The greenhouse temperature rras mai.ntained at 8f F (both night

and day) during the entire experiment. The light was supplemented

with Sylvania VHF Gro-Lux flourescent lights and maintained at a 14

hour day. Plants were harvested according to the schedule shown in

Table II by digging up the enEire plant as long as Lhis was possible.

Wtren the plants became too large to remove intact they were clipped

off at ground level. The final harvest was made by digging up the

entire plant in order to obtain both the roots and nuts.

The harvested plants were dissected into foliage, stems, roots,

cotyledons, seed and seed pod. The planEs Iilere then weighed and

dried in a vacuum oven at 20 to 30 mm IIg at 6f C. The dried plants

wetre reweighed and ground in a Wiley Micromill in order to enable

them to pass through a 20 mesh sieve.



Table II

Plant Harvest Schedule

PeanuE HarvesE

Dat e Age Rate
Weeks of

Conc.
Treatment

Method
of

Harvest

Number
Plant s

Code Tissue Fresh Dry
lJeight Weight

9 /27

r0/3

t0/L7

contro 1

1lb/A

4tb/A

control

1lb/A

4Lb lA

control

dig

dig

dig

dig

dig

dig

dig

4 foliage
stem
root
foliage
stem
root
foliage
root
stem
foliage
stem
root
foliage
stem
rooE
foliage
stem
root
foliage
stem
root

6. 80
10.3
5. 35
6. 30

LL.2
7.2
5.8

L2.4
8.5
9. 00

11.78
3. 56

15. 05
20. L5
9. 83
8.04

12.7 5
8.25

L2.87
16. 18
3.27

0. 89
L.2L
o.4L
o.82
1.48
0. 63
0. 78
L.77
0.84
1.21
1. 53
o.4L
r.99
2.46
1. 13
t.20
r.64
0.85
2.05
2.38
0.62

4

4

Hr



Table II
(Cont inued )

Plant Harvest Schedule

Date Age
Weeks

Rate
of

Conc,
Treatment

Code Tissue Fresh Dry
Weight Weight

Method
of

Harvest

Number
Plants

IO/3L

LL/zt 10

10

LtblA

4Lb/a,

contro 1

1lb/A

4rb /A

control

1lb/A

4Lb/A

foliage
stem
root
foliage
stem
root
foliage
stem
root
foliage
stem
root
foliage
stem
root
foliage
stem
root
foliage
stem
root
foliage

16.10
L9.52
6.29

t4.49
L7.69
5. 03

14. 30
17. 05
5. 51

32.95
32.82
6.92

38. 60
37.52
10.41
34.44
3L.37
4.37

52.44
47.35

7 .37
44. OO

2.65
2.85
0. 87
2.42
2,59
0. 81
2. L7

2.33
0.88
5. 28
6.69
T. L2
s.67
s.43
1. 30
5. 58
5. 06
0. 98
9.29
8.37
r.65
7.64

dig

dig

dig

dig

dig

dig

dig

dig

4

H
tJt

10



Table II
(Cont inued )

Plant Harvest Schedule

Date Age Rate
Weeks of

Conc.
Treatment

Method
of

Harvest

Number
Plant s

Code Tissue Fresh Dry
Weight I,Ieight

L2/19 L4

Ll+

3/r3

L4

26

control

1lb/A

4LbIA

conErol

stem
root
foliage
stem
nut, stem
foliage
stem
nut, stem
foliage
stem
nut, stem
foliage
stem
root
nut (6)
nut, coat
foliage
stem
root
nut ( 14)
nut, coat
foliage

4r.4t
7.49

43. t9
42.84
7. 14

46.42
46.73
4.2L

53. 56
55. 00

2, LL

6. 51
1. 58
7.8r
8. 18
L.24
9. L7

10.85
o.82

10.93
11.68
0.53
2. t8
4.29
o.2r
2. LO5
.49s

8. 0/i
8.40
1. 105
9.00
3. L6
7.59

clip

clip

clip

dig

4

4

26 1lb/A dig
& sEem

H
o\

26 4LblA dig
& stem



Table II
(Cont inued )

Plant llarvest Schedule

Date Age Rate
Weeks of

Conc.
Treatment

Method
of

Harvest

Number
Plants

Code Tissue Fresh Dry
Weight I,IeighE

LL 123 control 2,98
6. 13
2. 05
3. 50
4.4t
7.66
2.33
4.3L
4.26
7. L9
2.90
4.68
4. LO

6.81
L.47

8. 51
1. 03
4.87 5
L.54

o.34
o.435
0. 14
0.30
0.64
0. 65
0. 18
o.40
0. 63
0.64
0.24
0.40
0.70
0. 69
0. 15

stem
root
nut (9)
nut, coat & stem

Soybean

die 10 foliage
stem
root
cotyledon
foliage
stem
root
cotyledon
foliage
stem
rooE
cotyledon
foliage
stem
root

Harvest

1lb/A dig 14

4Lb/A dig L4

H{

Lrl30 control dig 8



Table II
(Cont inued )

PlanE Harvest Schedule

Date Age
Weeks

Rate
of

Conc.
Treatment

Method
of

Harvest

Number
Plants

Fresh
Weight

Dry
Weight

Code Tissue

1lb/A dig

4LblA dig

cotyledon
foliage
stem
root
cotyledon
fo liage
stem
root
cotyledon
foliage
stem
root
foliage
stem
root
foliage
stem
root
foliage
sEem
root
foliage
stem

11

11

L.54
s. 38
8. 08
0. 78
1. 89
6.23
9. L7
0.99
L.77
6.97
9. 10
2.U

r0. 63
13.51
3. 19
9. L4

L2.33
2,95
5.65
7.4t
1. 16

L0.44
L2,36

0. 18
1.10
1. 06
0.20
o.23
1.22
r.20
0. 19
o,2L
1.30
L.26
0. 15
2. t6
2.30
0. 33
1. 84
2- 09
0.30
1.31
r.32
0. 13
2.40
2.50

L2l7 4

L2/L4

control

1lb/A

4Lb/A

conErol

1lb/A

L2

L24

dig

dig

dig

dig

dig
H
c:r



Table II
(Cont inued )

Plant Harvest Schedule

Date Age
Weeks

Rate
of

Conc.
Treatment

Method
of

Harvest

Number
Plants

Fresh
I{eight

Dry
Weight

Code Tissue

Lls

2/r

3129

4Lb/A

control

1lb/A

4rblA

control

1lb/A

4LblA

control

root
foliage
stem
root
fo liage
stem
foliage
sEem
fo liage
stem
foliage
stem
foliage
stem
foliage
stem
foliage
stem
Pod
seed
foliage
stem
pod

2.49
to.32
13. 84
2.26

13.52
12.98
L9.7 6
L9.7 L

L5.77
t4.32
8.4t
8.31

13.64
L3.97
t4.92
15. 38

5,1+3
6.5L
5.25

7.90
9.23
6. s4

0.34
2.24
2.7 L

0. 31
2.94
3. 90
5.21
5.29
3.7 0
3.40
2. 06
2.32
3.65
4. tL
4.2L
4.66
L.43
L.7 2
L.48

2. L5
2.60
L.69

t2

L2

t2

dig

cut

cut

cut

cut

cut

cut

cut20 4

20 1lb/A cuE

H
\o



Table II
(Continued )

Plant Harvest Schedule

Date Age Rate
Weeks of

Conc.
Treatment

Method
of

Harvest

Number
Plant s

Code Tissue Fresh Dry
Weight Weight

20 4Lb/A cut

5/L4 26

26

26

conErol cut

11b/A cut

4Lb/A cut

13

11

seed
foliage
stem
Pod
seed
foliage
stem
Pod
seed
foliage
stem
Pod
seed
foliage
stem
Pod
seed

8.25
10. 35
11. 81

15. 90
21. 80

5. 10
4.95

18. 30
34.40
6.90
6.65

17. 00
29.60
L2.7 0
L2.20

2.5r
3. 00
3.44

4.80
7. 80
4. 10
4.50
5.64

10.95
5.32
6. 00
5.25

to.25
7.40
8. 90

t\)
a-:\
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A portion of the ground tissue was steam distilled and the

distillate was continuously extracted with two ml of iso-octane.

One-half mI of the iso-octane extract was then counted in the

liquid scintillation counter. Corrections lrere made for counting

efficiency and the pg guantities of PDPC calculated.

From the remaining ground tissue 100 mg was placed in a one

inch stalnless steel ptanchet and counted with a thin window gas

flow geiger counter. Corrections rilere made for counting efficiency

and the pg equivalents of PDPC were calculated.

Metabolism of PDPC bv Seedllngs. The metabolism of soybean

seedlings was determined on non-imbibed seedlings and seedlings

that had imbibed water for 48 or 72 hours. These experiments were

carried out in the following manner.

To 50 ml beakers containing ten g of soil, six uniform soybean

seeds were added. Fifty pg of PDPC in five ml of water was then

added and the beakers placed in a seed germinator maintained at 25" C.

Samples were collected daily for seven days and aaalyzed.

Soybean seeds to be imbibed were placed between moist paper

towels for either 48 or 72 hours, then removed and selected for

uniformity. Six of these uniform 48 hour imbibed seeds were placed

in a beaker containing ten grams of soil. Four and one-quarter ml

of water containing 50 pg of PDPC was added Eo each beaker and the

beakers placed in the germinator.
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Seedlings imbibed for 72 hours were placed ln a 100 mL beaker

containing 20 grams of soil and then nine ml of waEer contalnlng

50 pg of PDPC-CI4 ,"" added to each beaker.

The different amounts of water added to the various age

seedlings maintained a constanE soil molsture in the beakers. If

excess water was added, the breakdown of PDPC-Cl4 ,." decreased and

the seedlings finally died.

The imbibition of water by soybean seedlings planted in soil

was studied ln order to determine Ehe maximum time necessary to

compLete this phenomena. Graph I plots the percenE moisEure on a

dry weight basis of seedlings grovrn for 25 hours. Complete imbi-

bition was reached after 24 hours, thus allowing the seedlings 24

more hours to deveLop before being treated with PDPC.

At the appropriate time one beaker of each !{as removed from

the germinator, the seedlings removed, washed to remove all soil

particles, md ground Ln 95% ethanoL. The ethanol extract was made

up to ten mI and 0.5 ml counted in a manner to be described later.

One ml of the ethanoL solution was added to the prevlously

described steam distilLation stil1s and the PDPC distilled into

iso-octane. This was counted as deseribed in a following section.

Several runs r,rere performed in which some of the seedLings

were allowed to imbibe in a five ppm PDPC carrier solution for 48

hours and some in tap water. These were then removed and samples

run in Ehe above manner. The reason for this type of experiment

was Eo study the effect of pre-exposure of PDPC to the seedlings.
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For the same reason respiratory carbon dioxide experiments

r,rrere run using both pre-exposed and non-pre-exposed seedlings.

These were carried out in a respirometer as shown in Figure I.

Five ml of a 2 x 10-2 M phosphate buffer, six uniform 48 hour old

seedlings and five ml of water containing 50 pg of PDPC-C14 ,ut.

added to each flask. One half the flasks containing seedlings

germinated in water saturated paper towels and one half containing

seeds germinaEed in paper towels saturated with a five ppm PDPC

carrier solution.

The carbon dioxide ldas traPPed in 0.5 N sodium hydroxide

solution which was changed at various intervals. The sodium carbo-

nate was precipitated as the barium salt with 1trl. barium chloride,

filtered on one inch diameter fiber glass filter paPer, dried with

ethanol and ether, and counted as described in the section on

counting procedure.

The tissue lras ground in 95% ethanol, made to a final volume

of ten ml, and 0.5 ml counted as described in the counting Proce-

dure. One m1 of ethanol was sEeam distilled in the manner described

and the iso-octane extract also counted.

The dried tissue ldas counted as previously described for the

residue determinations. A11 counting values l^Iere converted to pg

of PDPC or total equivalents of PDPC.

Iso-octane Extract - Counting Procedure. One-ha1f ml of the

iso-octane extract was added to two ml of redistilLed toluene and



FIGURE I

RESPIRATOR
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U'l

A"
B.

CO2 Scrubber
Pinch CIamp
Respiration F.l.ask

D. CO2 Absorber
E. Flowmeter
F" Manometer
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2.5 ml of a scintillation mlxEure containing O.4% PPO and 0.005%

POPOP in toluene. This system l^las found to have a counting

efficiency of 53.8% (Graph II) and was used in counting all samples

following steam distillation into iso-octane. One pg of POPC-Cl4

was found to give L6r920 cpm in this system.

Ethanol Extract - Counting Procedure. It was deemed desirable

to count the ethanol extract in a liquid scintillation system

because of the increased sensitiviEy available. Such a system con-

taining alcoho1, however, introduces new problems of quenching,

which can have a large effect on efficiency, and the solubility of

the alcohol. The latter problem can be easily solved by using a

toluene-dioxane system in place of Lhe conventional pure toluene

system.

It was found that the use of two ml of toluene and 2.5 ml of a

dioxane solution containing 0.4% PPO and 0.005% POPOP gave a system

into which 0.5 ml of ethanol extract could be easily dissolved. By

varying the water content of the ethanol extract it was found thaE

a constant efficiency of 2L.6% could be obtained over an ethanol

concentration of 70 to 9tr/" (Graph II).

In order to increase the efficiency, the concentration of

scintillator was doubled to give 0.8% PPO and 0.01% POPOP in

dioxane. tr{tren 2.5 mI of this double strength dioxane mixture was

added to two ml of toluene and 0' 5 ml of ethanol solution, the

curve shown in Graph II was obtained. The water content of the

ethanol solution can be varied from 10 to 3tr/" while maintaining a
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C'RAPH
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constant counting efficiency of 28.2%. This sysEem, which was found

to give 8341 counts per minute per pg equivalent of PDPC-Cl4, ,."

used for counting all ethanol extracts.

Dried Tissue - CounEing Procedure. Dried tissue rilas counted by

weighing out 100 mg into a one inch stainless steel plancheE and

counting in the thin window gas flow geiger counter attached to a

Tracer Lab super scaler. The efficiency was determined by combustion

experiments usi-ng both the dried tissue and C14 labeled benzoic acid

of known specific activity (Table III). The efficiency for foliage

and stem was found to be L.4tr/" and for root tissue 1.58%,

Method of Residue Extraction. The sample to be distilled was

added to 100 ml of distilled water in a 250 m1 boiling flask and the

flask attached to an oil extraction still containing trilo ml iso-

octane in the sidearm. This meEhod was tested using PDPC-Cl4 in Ehe

concentrations shown in Table IV. After distilling for one hour

approximately 96% of the PDPC was recovered, afEer two hours 99% and

after three hours recovery was at LOtr/". A three hour extraction

period was used in these experiments and found in frequent checks of

various types of samples to be adequate, resulting in complete

recovery of the compound.

Gas Chromatographv. Gas chromatographs vrere run on steam

distillate samples collected from many runs. These rdere evaporated

to a final concentration of about 0.4 VS/VI and analyzed on a

Beckman GC-ZA gas chromatograph equipped with a hydrogen flame



Table III

Determi.nation of Dry Tissue Counting Efficiency

A

Benzoic Acid-C14 Combustion

Sarnple
I^Ieight

mg

Yield
mg

%

Recovery
CPM

Gas-Flow
of BaCO3

DPM CPM

Sc int i 1 1at ion
of BaCO3

%

Efficiency
Gas-F1ow

%

Efficiency
Scini i I-1ai ion

4.8
4.0

53, 50
45. 00

97 .9
L02
99.9

26,4O0
2L.950

2L45
1860

5636
4692

8. 14
8.48
8. 31

2L.3
2L.3
2L.3Aver e

DeEermination of Counting Efficiency of Dry Plant Tissues using a Gas'F1ow G. M. Detector

Sample
Type

mg

Combusted
Yield
BaC03

Average
DPM/. 1g

7"

Efftciency
Average

Dry Tissue
cpm/" 1g
Gas -F1ow

Carbonate
cpm/" 19

Scintillation

DPM/. 18
Dry Tissue

foliage
fol iage
sEem
stem
root
rooE

4.L
4.0
4.0
4.0
5.0
4.6

31.95
31. 00
31.35
30.85
33.25
30. 60

22.2*

65" 1*

78.7*

316
358

1000
925

1095
LO20

1480
1680
4690
4350
5t40
4790

1580

4520

496s

L.40

t.40

1. 58

N)
\()* Average of Several Values
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Table IV

Determination of Recovery of POPC-Cl4
by a Continuous Steam Distillation

Extract ion
Number

Sample
Number

Added Extraction
Rl607-C14 Period

pg

Total 7" Total
Cm{ Recovery

Extracted From Time
Zeto

A
A
A
B

B

B
C

c
C

D

D

D

A-1
A-2
A-3
B-1
B-2
B-3
c-1
c-2
c-3
D-1
D-2
D-3

0-1
L-2
2-3
0-1
L-2
2-3
0-1
L-2
2-3
0-1
r-2
2-3

17 092
130
36

29808
1568

L36
48528

908
104

64LL6
728

84

98. 8
99.6

100
94.8
99. 8

100
97. 0
99. s

100
98.9
99.8

100
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detector. The carrier gas was helium run at 25 psi pressure.

Ilydrogen and air for the flame detector were run at 14 and seven psi

respectively. A11 chromatographs r,rere run at 16f C through a l/8

inch by 26 foot column filled r^rith 5% polyestersuccinate on 4O/6O

chromosorb. The exhaust stack from the hydrogen flame was connected

to a carbon dioxide trap containing 2N NaOII solution. The bubble

rate was regulated by a Mariotte bottle. The entire system is

pictured in Figure II.

Samples corresponding to the peaks were collected, Na2Co3carrier

added, and the sample precipiEated with ltrL BaCL2. The BaCO3was then

filtered on one inch fiber glass filter paper. The filters lrere

rinsed with 957. ethanol and dried with ethyl ether. The dried sample

was placed upside down in a glass scintillation counting vial, two

ml of toluene scintillation mixture added and counted in the Tricarb

liquid scintillation counter at an efficiency of 21.3%, This was

determined as described in Ehe Dried Tissue Counting Procedures.

Preparation of Radioautograms. Radioautograms of the sample

plants were made following harvest of the intact plant. ltrarvested

plants were washed well with water, blotted dry and pressed between

two pieces of filter paper suspended in a warm air stream. The

pressed plants were then placed on sheets of no screen medical X-ray

film and placed in the dark for between tlro to three months. At the

end of the exposure period the radioautograms were developed, washed

and dried.



FIGTRE II

Carbon Dioxide Sample Collector for Gas Chromatograph

Gas Chrcmatograph

A. Hydrogen FIame Detector B. CO2 Absorber C. Marictte Bottle D. Pinch C1amp

(.,
i9
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One-dimensional paper chromatograms rrere run on the ethanol

extracts of seedlings in the following way: enough 95% ethyl

alcohol extract of the seedlings to give aL least 100 counts after

application was removed and applied as a line across the paper strip.

The chromatogram was then developed in a butanol-acetic acid-water

(4:1:1) solvent system for 16 hours. The developed chromatograms

were then scanned for radioaeEivity on a Forro gas flow chromato-

gram scanner connecEed to a Tracer Lab SC-34A rate meEer, and an

Angus-Esterline recorder. Radioautograms were then made from the

chromatograms in the same manner as described above for dried

plants.
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ResulEs and Discussion

Evaluation of Radioautograms. The radioauEogr€rms made from

two, three and five week oId peanut seedlings show a disEribution

of activity through the entire seedling (Figure III). Table V,

Graph III and Graph IV give the average concentration of PDPC and

total equivalents of PDPC found In the various parts of the seedling.

These values are proportional to Lhe density of exposure on the

radioautogr€rms.

Table V

Total Microgram Equivalents of PDPC and Total Residue
found in an Average Peanut Seedling

Amount i, lrgr Age 
il

found as in

Equivalents
il

il

Residue
tt

tt

2 0.083
3 '0.L46

foliaee 6tem root foliage sEem roo

0.350 0. 288 0.496 3.02 2.49
0.460 0.342 0.948 3.60 2.00 l

5 0.314 0.476 0.238 1.30 1.@ L,62tl
2 0. 003 0, 056 0. 091 o.024 0.807 0.3641
3 0.005 0, 105 0.098 0.040 0,636 0,468i
5 " O. O1O O. 0119 O. 051 O. 037 O.233 0. L77't

As would be expected the plant parts closest to the source have

the highest concentraEion of radloactive material while those far-

thest from the source have the lowest. At the earlier stages of

growth the cotyledons have Lhe greatest concentration, probabl.y due

to the passive absorption of PDPC into the imbibing seedlings.

Likewise, the roots have a high unit concentration. The rapid

Weeks 1 lb per acre 4 1bs per acre
I



t!,l-
a

I. @i
u-

I

(,ft
Ffcrjlfi rir

':f Feanu'v.-rr I*lt, +o Riglrtr 2r3r5 r",'eei"* C1c:; Tap to Bcttoo
r--,e:' Ar:re A:'r,liqg1i.a.

ic
tE

Fr.':

irr,j ioautori'e.tltn
l- anr.! ll icrln4 c

lir



2 weeks
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I Treatment at

GR.APH

Residue Found

r Lb/A
B3

IV
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movement of PDPC from the roots is evident. by the amount found in

the stems and foliage, The entire stem contains more maEerial than

the roots although the concentration per gram is lower. Transloca-

tion upward is continued to the foliage and distribution throughout

the leaf is quite uniform. Translocation from one leaf to another

appears Eo be restricEed to some degree since the younger leaves

contain a lower density of maEerial. This new foliage probably

depends on the root absorption for its suppl-y of radiochemical.

The contlnued uptake of herbicide from soil containing one

pound per acre by the roots is evident by the increased amount in

the stem and foliage without loss from the roots. TreatmenE with

four pounds per acre, however, may have some effect on absorption of

new herbicide from Ehe soil since increasing leaf contenE results

in a decreased sEem and root content. This is demonstrated in

Graph III which shows the equivalents of PDPC found in the various

plant parts at different ages.

It is interesting to note that Ehe percentage of activity

present as residue is lowest in the foliage and highest in the sEem"

W?rether Ehls is due to a decreased ability to translocate the resi-

due or to an increased metabolism in the foliage is not knolr.

Translocation of residue from root to stem aPPears to be quite

act ive.

In general, the radioautograms

plant to translocate the activitY,

demonstrate the ability of the

either as residue or metabolite,
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through the plant and that this translocation is active at both

concentrations studied.

Radioautograms made from two and three week old soybean plants

also show a distrlbution of radiocarbon throughout the seedling

(Figure IV). Treatment at one pound per acre results in the

greatest concentration of radioactive material in the roots and

cotyledons. Translocation, however, is rapid Eoward the stem and

foliage until aE three weeks the total amount is almost evenly

divided among the four parts, The residue (Table VI) remains

fairly constant indicating a reduced ability to be translocated or

an increased metabolism in the stem and foliage. The four week

radioautogram of a seedling treated at one pound per acre indicates

thaE more radioactive maEerial is in the older foliage than in the

new foliage. This would suggest that translocation from the

mature tissue is negligible and once incorporated in the leaf is

only slightly remobilized. The higher concentration in the meriste-

matic tissue than in the previous leaves can be explained by the

generally increased cel1 sap concentraEion of all metaboliEes prior

to expansion of the leaf ceIls.

Treatment at four pounds per acre results in an increased

uptake and more even distribution of total activiEy throughouE the

plant. The leaves show the same decrease in concentration of radio-

active material wiEh decreasing age of tissue. As in the seedlings

treated with one pound per acre the roots and cotyledons contain the



t,

Radi.oautograns of Soybeans:
Application; Top to Bottom,

O
Grr

L>n?a
V

FIGURE TV

left to Right, 1 and ll F'orrnds p,er Acre
2,3 hreeks Old.



Total Micrograms
found in

Table VI

of Equivalents of
an Average Soybean

PDPC and Residue
Seedling

Amount in pg Age
Weeks 1 lb per acre 4 lbs per acre

foliage sEem cotyledon root foliage stem cotyledon rooL

Equivalent s

il

Residue

lt

2

3

2

3

0. 015

0. 187

0.0006

0. 0007

0. 017

0. 208

0. 004

0.005

0.296

0. 195

0.003

0.003

o.2to

0.247

0. 007

0. 007

1, 00

L. L7

0. 011

0. 007

1. 16

1. 35

0. @6

0. o27

L. T6 r.65

L.L2 L.42

0. 013 0.077

0.018 0.083

r
H
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greatest concentration per unit area; however, the totat amount of

material does not differ greatly from that of the stem.

The total amount of residue found in the various tissues

remains sma11 in comparison to the total amount of radioactive

material. As in the case of the seedlings treaEed at the lower

rate, the residue found in the various parts remains fairly constant

over the time period studied. Again, it may be stated that while

the Eranslocation of radioactive materiaL is quite rapid and general,

the concentration of residue remains small (Graph V and VI). The

final result ls a leveling off of the total distribution of boEh

radioactive material and residue in all plant parts.

The radioautograms of soybean and peanut seedlings treated with

PDPC-C14 generally resemble those obtained by Yamaguchi (45, P. 374-

280) and Fang (18, p. 2g5-2gg) using EPTC-S35. As was the case with

EPTC-S35, absorption and translocation of PDPC-C14 was rapid with

more radioactivity being found in the aerial portions of the plants.

This was true for both the amounE of residue and the toEal activity.

Increasing the applicaLlon rate of PDPC increased the amount of

uptake from the soil, but as was the case following treatmenE with

EPIC-S35, this was not proportional.

Evaluation of PDPC Breakdown and Residues in Peanuts. Analysis

for the activity of both unchanged and metabolized PDPC showed

(Table VII) as would be expected, the highesE concentration in the

roots. A maximum was reached between Elro and three weeks after

treatment and rapidly decreased in Lhe following weeks. Wtren
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Analysis of Residues

Table VII

in Dry PeanuE Tissue at Various Ages

Tissue Age TreaEment
Weeks 1bs/acre

ug/g Orv Tissue
PDPC EquivaLents

PDPC

EA;i-6i""ts
%

Moisture

foliage 2
stem 2
root 2

0.070 0.5ry+
0.188 1.180
0.723 2.280

foliage
sEem
root

foliage
stem
root

foliage
stem
root

foliage
stem
root

foliage
stem
root

fo 1 iage
stem
root

foliage
stem
root

fo 1 iage
stem
root

fo1 iage
stem
root

0.152
2.280
2"L70

0. 019
0.299
0. 605

0. 168
L.940
2.7 6r

0. 0181
0. 0854
0.29L

0.076
0.448
1.091

0.008
0. 005
0. 087

0. 032
0. 065
0.406

0. 043
0.011
0. 033

0, L47
0. 387
0.286

3. 180
8.480

L4.84

0. s15
1.310
2. LLO

3.732
10.96
Lt.7 6

0. s94
0.836
1.370

2.692
2. 000

10. 00

0.320
1. 060
o.736

L.428
r.548
5. L20

0.400
0. 281
0.440

1.480
L.296
2. L96

0.040
0.116
0.3r7

0. M7
0.249
0. L46

0. o37
o.228
0.286

0. CY$5

0. 177
0.235

0.031
0" Loz
0" 2L3

0.284
0.224
0. 109

0.024
0. 005
0.118

0.022
0" u2
0.793

0. 106
0. 041
0.075

0. 099
0.299
0.131

87. 0
86.8
91.2

86,5
85.8
90.3

86.8
87.9
88.5

85. 1

87. 0
89,7

83. s
8s.4
86.3

83.4
85.4
84.0

84, 0
79.6
83.9

8s.4
85.5
87.4

82,3
82.3
77 .6

82.6
84.3
78.9

2

2
2

1

1

1

4
4
4

I
1

1

1

I
1

1

1

1

3
3
3

3
3
3

5
5
5

4
4
4

4
4
4

1

1

1

4
4
4

5
5
5

6
6
6

4
4
4

6
6
6

10
10
10

10
10
10
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Table VII
(Continued)

Analysis of Residues in Dry Peanut Tissue a.t Various Ages

Tissue Age Treatment ug/g Drv Tissue PDPC %

Weeks lbs/acre PDPC Equivalents Equival.ents Moisture

foliage L4 1 0. 019 0.296 0. 064 81.4
stem L4 1 0. 010 0. 155 0. 063 76.6
fruit 14 t 0.092 0. 104 0. 089 79.2

foliage 14 4 0. 090 0.472 0.207 78" 5
stem L4 4 0.036 0.672 0.055 78.5
fruit 14 4 0. 014 0.344 0. 041 75.0

foliage 26 1 0.013 not de- not de- not de-
stem 26 I 0.031 termined termined termined
root 26 1 0,013 counts
seed, husk too 1ow
& stem 26 1 0.005
seed 26 1 0.001

foliage 26 4 0.U+2
stem 26 4 0.028
root 26 4 0"L32
seed, husk
& stem 26 4 0.038
seed 26 4 0.007
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herbicide was applied at the rate of one pound per acre, a maximum

of 2.28 pg per gram of dry tissue was found. Treatment at the rate

of four pounds per acre resulted in a maximum of L4.84 pg per gram

of dry tissue. At the end of Een weeks when the determinat,ion of

total activity in the roots was terminated, the concentraEions had

dropped to 0.44 p"g and 2.19 pg per gram of dry Elssue for application

rates of one and four pounds per acre, respectively.

In a si-milar manner, a maximum of 1. 180 and 8.48 p,g/g dry stem

tissue was found following one and four pound per acre applications.

This was followed by a rapid decrease to 0.16 and 0.67 p.g per gram

of dry tissue after 14 weeks. The changes in the foliage are much

less pronounced and the maximum was reached after only three weeks.

Application of herbicide at one pound per acre resulted in a maxi-

mum concentration of 0.59 pg while application at four pounds per

acre gave b naxilmum:of 2.69 yg per gram of. dry tissue. At the end

of the Ur week period these values had dropped to 0.30 and 0.47 Vg

per gram of dry Eissue respectively for orte and four pound per acre

applicatlon rates.

Graph VII shows the time course plot of equivalents of PDPC

found during the 14.week period. The values found for each harvest

are shown in Table VII"

Graph VIII which is similar to the above graph f,or the Eotal

content of PDPC equivalents is given for the PDFC nesidue. Althouglr

the maximum is found at a slightly earlier age, the roots as expected
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have the highest concenEration. Application at the rate of one

pound per acre resulted as a maximum of 0.72 Vg of PDPC residue

after two weeks. At the four pound rate a maximum concent.ration

of 2.76 pg was found after three weeks treatment. The concentration

of PDPC dropped rapidly to 0,03 and 0.27 ltg per gram of dry tissue

after Een weeks and 0.01 and 0,13 pg after 26 weeks for one and four

pound per acre application rates, respectively.

The concentration in the stem also reached a maximum at beEween

two and three weeks which rapidly decreased to about 0" 01 prg per

gram of dry tissue for both rates of application at the 26 week

harvest time. The concentration of PDPC in the foliage never ex-

ceeded 0.04 pg per gram of dry tissue following treatment at one

pound per acre; however, treatment at four pound per acre gave a

maximum of 0.168 pg per gram of dry tissue after three weeks. The

final 26 week concentrations, however, were found to be 0.01 and

0. Olt pg per gram of dry tissue, respectively, for application rates

of one and four pound per acre.

The seed pod and pedicels were analyzed individually only at

the final harvest, otherwise they were included with the nut for

analytical purposes. These showed a residue level generally five

times that of the nut itself, being some-rohat comparable to the

foliage. The nut contained only a trace of residue at harvest and

the uncertainty of this figure is largely due to the extremely low

counting rate. For example, the iso-octane extract of the peanut
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treated at four pounds per acre gave only three counts per minute

per gram dry tissue when analyzed at the final harvest.

The ratio of unchanged residue to total ethanol soluble

equivalents of PDPC was found to be fairly constant. In the foliage

it remained between 0.05 and 0.1, in the stem between 0.05 arid 0.25,

and in the root between 0, 1 and 0.3. There is a graduat towering of

the values with age, as would be expected, due to the decreased

herbicide concentration in the soiI. There is also a decrease in

the ratio from root to foliage due to a larger portion of herbicide

being metabolized in the tissues closer to the source.

Generally it may be concluded EhaE while the uptake of

herbicide from the soil may be quite rapid, the ability of the

peanut plants to metabolize PDPC is also quite rapid. Not only is

the original herbicide quickly broken down into metabolites but the

metabolites are soon lost, the amount remaining at harvest being

quite smaIl. The nut, the only portion directly consumed by humans,

has a residue content of only one to seven parts per billion, fat

below all tolerance 1eve1s.

The moisture content of the plants is not affected by treatment

as may be seen in Table VII. It is generally found to range between

77 and 9t/".

Evaluation of PDPC Breakdown and Residues in Soybean Plants,

The general pattern of degradation and accumulation of PDPC residues

in soybean plants is quite similar to that in peanuts. The roots

possess the highest concentration of both residue and total
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equivalents of PDPC (Table VIII). The maximum is again reached at

two weeks and falLs off rapidly (Graph IX and X). The maxima for

residue and equivalent of PDPC found in the roots were respectlvely

0.52 and 21.00 pg per gram dry tissue at the rate of one pound per

acre and 5. 28 and LL2.0 at four pounds per acre. At Lhe end of flve

weeks these values have decreased to 0.07 and 6.86 at one pound per

acre and 0. 25 and 45.20 at four pounds per acre.

Again the same pattern was found in the stem with the maxima

following treatment at one pound per acre being 0.086 pg of residue

and 3.67 pg of equivalents per gram of dry tissue. At the end of

flve weeks these values had been cut to about one fourth in the

plants treated at the one pound rate and one tenth in the plants

Ereated at the four pound rate. At harvest the residue levels had

dropped Eo two and 17 parEs per bilLion for the one and four pound

rates, respectively.

In the foliage the equivalents of PDPC paralleled those found

in the stem but at a slightly Lower value. The concentration of

residue in the foliage, however, was found to be at a considerably

lower level than in the stem, TreatmenE at one pound per acre

resulEed in residue concentrations less than twenty parts per blI1lon

through the life span. At harvest this value had dropped to four

parts per billion. Treatment at four pounds per acre resulted in a

two week maximum of 0.34 pg per gram of dry tissue; however, this

had dropped to five parts per billion at harvest time.
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Table VIII

Analysis of Residue in Dry Soybean Tissue at Various Ages

Tis'sue Age TreatmenE ug/g Drv Tissue PDPC %

I^Ieeks PDPC Equivalents Equivalents Moisture

foliage 2
stem 2
root 2
cotyledon 2

foliage 2
stem 2

root 2
cotyledon 2

foliage 3
stem 3
root 3
cotyledon 3

1

1

1

1

0. 013
0. 086
o" 524
0.102

4 0.337
4 0.996
t+ 5.280
4 0.442

1 0.007
1 0.052
1 0.363
1 0.128

4
4
4
4

1

1

1

4
4
4

3
3
3
3

4
4
4

4
4
4

5
5
5

86
91
92
9L

85
9L
93
91

80
87
74
88

80
87
81
88

80
83
90

80
83
90

77
80
86

78
80
86

74
73

76
76

1

1

1

4
4
l+

4
4

0. 060
o.2448
4"820
0.984

0. 016
0.031
0. 057

o. L32
0. 876
0. r02

o. L62
0. o22
o. 067

0. 034
0.071
0.252

0. 003
0.004

0. 014
0.022

3.37
3.67

2L.00
10.35

22.24
25.52

LLz. O

40.40

1. 840
2. t20

13. 60
9,350

10. 540
L2.360
82.48
60. 00

L.208
1. 008
9. 050

7.960
6. 160

61.60

L.250
t.240
6. 860

3.640
2.556

45.20

0.391
0. 361

2"488
1.840

0.004
0. 023
0. 025
0. 010

0. 015
0. 039
0. u7
0.011

0. 0ct4

0.024
o.267
0. 137

0. 006
o.020
0. 059
0. 016

0. 013
0.031
0. 006

0.171
o. L42
0. 002

0. 136
0. 018
0. 010

0" 009
0. 028
0. 006

0. 006
0. 011

0. 006
0. 012

foliage
stem
root
cotyledon

foliage
stem
root

foliage
stem
root

foliage
stem
root

foliage
stem
root

fo 1 iage
sfem

fo 1 iage
stem

5
5
5

8
8

8
8

1

1
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Analysis of Residue

Table VIII
(Cont inued )

in Dry Soybean Tissue at Various Ages

Tissue Age Treatment ug/g Drv Tissue PDPC %

Weeks PDPC fq"ivatents gq"iva

foliage
stem

fo 1 iage
stem

fo I iage
stem
pod
seed

foliage
stem
pod
seed

fo 1 iage
sLem
pod
seed

fo 1 iage
stem
pod
seed

0. 014
0. 010

0. UlO
0. 049

0. 006
0. 014
0. 001
0. 006

0. 038
0. 066
0. 012
o.025

0. 004
0. 002
0. 004
0. 001

0, 005
0. 017
0. 015
0. 017

0.346
0.352

0.816
r. &6

not de-
termined
because
of low
count ing
rate

0. 039
0.029

0.049
0. u7

not de-
Eermined

72
70

7r
73
72
7L

73
70
7L
70

69
68
23
9.8

69
65
42
27

L2
L2

L2
t2

20
20
20
20

20
20
20
20

I
I

1

I
1

1

I
1

1

1

73
7l

t7

.+

4
4
4
4

26
26
26
26

26
26
26
26

4
+
4
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The cotyledons were found to continue to accumulate both

residue and metaboliEes until they abscinded, at rrrhich time they

sti11 contained considerable quantities of both forms (Table VIII).

During the first two weeks, while still affixed to the seedling,

they contained both herbicide residue and total equivalents in

ratios proportional to the original rate of application, i. e.,. one

to four. At three weeks, however, the cotyledons receiving four

pound per acre had doubled the concenEration of both residue and

equivalent while those treated at the rate of one pound contained

the same concenlrations as at Ewo weeks.

Analysis of Lhe seed and seed pod at both 20 and 26 weeks

revealed only very smal1 concenErations of residue. Application of

one pound per acre resulted in less than six parts per billion of

residue in either the seed or pod. At four pounds per acre the

residue at harvesE lsas less than 20 parts per billion. As in the

case of the peanuts, the moist.ure level in the planEs was not

affected by the treatment as Table VIII shows.

The same general conclusions may be reached concerning the

ratio of PDPC residue to total PDPC equivalents in the soybeans as

was found in the peanuts. The ratios are somewhat lower, the foliage

falling between .004 and . 04, the stem falling between . 01 and .05,

and the root falling between . 002 and .05. The few exceptions were

probably due to poor recoveries of residue during steam distillatior.

Both soybeans and peanuts are crops toleranE of PDPC, thus

making this herbicide useful for the control of grassy weeds. Since,
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the residue in the seeds, after pre-emergent treatment, is below

pharmacological limits they may be used directly as food or as a

source of oil. The stem, foliage, seed pods and seed pulp are all

low enough in residue so as to a1low their use as stock feed wlth-

out cause for concern. Higher concentrations of residue can be

expecEed if post-emergent application is utilized but Ehe final

concentration would have to be determined.

Gas Chromatographv of Iso-octane Extract. A number of

iso-octane extracts vrere combined and evaporated to a smal1 volume

in a stream of compressed air. Gas chromatographs were then made

of Ehis extract in order to verify t.he assumpEion that all recovered

activity present was unchanged PDPC. Graph XI shows a scan from

the gas chromatograph of the iso-octane extract and a sample of

known PDPC. Peak five represents the PDPC while the rest of the

peaks are from oEher plant volatile constiEuenEs. The bar graph

at the bottom shows the percenE of radioactiviEy recovered in each

region. The majority of radioacEivity (about 8f/.) was recovered

under the PDPC peak. The remaining amount coming off in progres-

sively smaller quantities is probably due to trailing of material

because of the type of collection system used.

The collection system r{as open to the atmosphere at the

hydrogen flame and excess air drawn through by means of a vacuum.

An aluminum tube connecting the burner to the CO2 trap would often

act as a condenser becoming partially plugged with water. This
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rirould cause a partial retention of CO2 which would not be absorbed

in the CO2 trap immediately after formation.

It is apparent, hornrever; Ehat most, if not all, the

radioactivity dld originaEe from the PDPC-C14 peak. The original

assumption that the activity was in the form of PDPC is thus

verified.

Effect of PDPC on Germination and Herbicide Metabolism. The

general pattern of PDPC metabolism as discussed thus far suggests

that the early stages of germination and growth may be responsible

in deEermining the manner of breakdown of Ehis compound. The ratio

of unchanged compound to total activity remains fairly constant

once iE has been established and the rate of breakdown is quite

rapid at the onseE of the first series of experiments reported.

In a series of experiment.s to be described here Ehe effecE of

age on the metabolism of PDPC was studied. The experiments were

carried out as described in the section of Methods and MaEerials.

From Table IX it is evidenE thaE seedlings germinated in Ehe

presence of PDPC contained considerably more total ethanol soluble

activity than those allowed to imbibe waEer before being treated.

Likewise, the total concentraEion of free PDPC is also greater in

the former. The seedlings germinaEed in PDPC were not able Eo

metabolize this compound as rapidly as Ehose germinated in water.

Graph XII shows the amount of total ethanol soluble activity as a

function of seedling age. This activity is due primarily to

unchanged PDPC as may be seen in Table IX or in Graph XIII. The
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Table IX

Breakdown of PDPC in Young Soybean Seedlings

Time Time in
Pretreated PDPC

in H^Oz

Age of Total pg
Seedlings Equiv.

Number pg
Determined PDPC

PDPC

E'qffi

0
0
0
0
0
0
0
0
0
0

48
48
48
48
48
48
48
48
48

72
72
72
72
72
72

24
48
72
96

t20
L44
168
t92
2L6
240

24
48
72
96

t20
t44
168
L92
2L6

24
48
72
96

L20
144

72
96

t20
L44
168
L92
216
240

72
96

L20
t44
168
L92
2L6
240
264

96
L20
L44
160
192
2L6

3
5
4
4
5
3
3
1

2
1

24
48

3
3
5
5
5
4
4
2
2

14.3t2. s
17. 9+1. 1

t7.7+3.4
rs.9t3.5
t6. q0.7
15. *1.5
7. ltr. e

4. qto.3
5. 1

11. 8+2. 8
8, &t0. 1

8.6!0.8
9.9+0. 5

10. 7+0.9
e. 1t1.8

10.4+1. 7

9,9+2.7
10. 5+3. 5

2I.4+0.3
23. r+0.9
t6.4!2. 6
L9.9+3.2
19. 3+0. 9
20.3+. 06

L5.6!2.9 1.091
18. 811. 7 1, 055
t7.L+5. O 0.962
18.8!. 04 1. 185
18. 1t5. 8 1. 106
9.7+.02 0.626
3.9+2.8 0.532
3. 1!
2.L 0.460
L.6 0. 319

10.8+3. 1 0.917
2.9+r.t 0.329
r. aro. 8 0.206
1.3r0.3 0. 128
1.4+0. 2 0. 131
o. 9r'0. 3 o. og4
1. rro.5 o. 1@+

r. {0. s 0.162
3. q!0. 6 0.289

22. -o.2 t. 060
20. 5H-0.4 0. 887
4.7+L.2 0.287
6.112.4 0.305
4.q2. L 0.24O
3. [1. s 0. 1s4
L.7+0.2 0, LL9

2
2
4
2
3
3

72 168 240 14.7+2,5 2



GRAPH XII

pg Equivalents of PDPC Extracted by Ethanol from Soybean Seedlings
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GRAPH XII

ltg of PDPC Extracted by Ethanol
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PDPC appears to inhibit the formation of a certain enzyme system for

its own metabolism since the seedlings containing less herbicide

were able to degrade it more quickly and convert it to CO2. The

seedlings germinated in waEer are not subjected to the action of a

large concentration of herbicide and are able to form during germi-

nation the necessaty enzyme system for its complete metabolism. For

this reason the concentration of both total ethanol soluble material

and unchanged residue remain fairly constant. Thus, seedlings germi-

nated in the presence of PDPC require a longer time to form the nec-

essary enzyme systemsl however, they appear to recover during the

later stages of growth.

Seedlings allowed to germinate for 72 hours before treatment

with PDPC gave results not readily correlated with the previous

experimenEs. It is the opinion of the author that light may play

an inhibitory role by decreasing the ability of the seedling to

metabolize the ethanol soluble meEabolites of PDPC to CO2. Another

alternative explanation is that the respiraEory CO2 is re-utilized

in photosynthesis and thus not liberated. The conversion of residue

PDPC to meEabolite is quite rapid once established and the concen-

tration fal1s Eo that of the other t.ype treatmenEs after 240 hours.

This effect if further demonstrated by data in Graph XIV which

shows the ratio of residue to total ethanol soluble material as a

function of age. The seedlings germinated in water show a rapid

conversion of PDPC to ethanol soluble material while the seedlings
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germinated in the presence of PDPC were not capable of such a

rapid conversion. Seedlings germinated for 48 hours before treat-

ment had the smallest ratio of residue to total eEhanol soluble

material, demonstrating a rapid destruction of residue. Seedlings

germinated for 72 hours in water had this ability reduced, greaEly

at first but to a lesser degree as treatment time was extended.

Those seedlings germinated in PDPC had the ability to metabolize

the residue reduced the most and recovery slowed considerably.

Paper chromatograms of the ethanol soluble fraction revealed

the presence of four radioactive compounds. Two of these contained

most of the radiation with only a trace or very small percentage

of activity found in the others. Table X lists the percent of

activity found in the different compounds for the various tyPes

of experiments run.

In each type of treaLment the youngest tissue showed the

greatest activity in the third position. The older the tissue at

the time of treatmen! the less activity found in position three and

the more found in position four. As the seedlings within any treat-

ment group ages Ehere I^Ias a similar conversion of activity from

positions Ehree to four. After 24.0 hours treatment the seedlings

showed slightly more activity in position four than three. The

compounds found in position one and two contained only a Erace of

activity and this never reached a very high percenEage. Seedlings

grown in the dark resulted in similar chromatographic patterns with

only slightly more actlvity found in position one and two.
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Table X

found in
Soybean

% Activity found in
23

Age
S eedl ing

Time
PretreaEed

Time
Treated

Light
Condit ion4

735
Position No,
Rf Value

1

" 239 ,34L hrs hrs

0
0
0
0
0

72
72
72
72
72

hrs

0
T

t7
36
52

0
T
T
9
T

T
T
T
T
6

48
48
t+8

48
48

0
0
0
0

T
T

25
15

63
40
38
46
32

99
99
55
66

T
7

11
7

11

0
9

18
13
T

T
T
6
6

0
11

8
T
T

T
T

L4
13

0
T
T
7

5

100
99
82
48
43

79
65
48
47
42

48
96

t44
L92
240

96
t44
192
240
288

L20
168
216
264
3L2

48
96

].44
L92

48
96
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192
240

48
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L44
t92
240

48
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L44
L92
240
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L44
t92
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light
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light
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From the foregoing it wouLd appear the PDPC applled dlrectly

Eo the seeds reduces Ehe immediate breakdown of the herblclde, and

probably the converslon of metaboLite three to meEabollte four.

Germlnation for 72 hours prior to treatment also resutts ln some

inhibitlon to breakdown but does not affect the converslon of the

compbund in position three Eo that i.n four. Germlnatlon for 48 hours

least affects the breakdown, but the eompound in position three fs

not converted to Ehat in posltion four as readlLy as tn the older

seedtlngs.

In order to determine lf thls phenomena is an effect of age or

of the herblcide, several experiments were undertaken using seedll'ngs

of the s:rme age, one half germinated 48 hours ln water and the rest

germlnated 48 hours in a five ppm solution of nonradloactive PDPC"

These experlmenEs w111 be discussed ln the followLng sectlon.

Pre-exposure of Sovbean Seedlings to PQP.C. These experiments

rrere carried out as described in the section on Methods. Table xI

glves the data for soybean seedlings germinated for 48 hours either

in water or a five ppm PDPC solution and grown in soil to an age of

216 houre. Graph XV shows the microgr€ms of either resldue or total

ethanol soluble material as a funcLion of age for the two types of

experiments. As can be seen germination ln nonradioactlve PDPC

results in a decreased ability to degrade the PDPC-Cl4 at the early

stages. The seedli.ngs recover to normal at the end of the grovu'ing

period. In a slmilar fashion the concentration of ethanoL soluble
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Pre-exposure of Soil Grown Soybean Seedlings to PDPC

PreEreatment No. ;Lg Equivalents
Runs of PDPC

prg PDPC PDPC

Metabolize
Age

(hrs )

Hzo
Hzo
Hzo
Hzo
Hzo
Hzo
Hzo

PDPC

PDPC

PDPC

PDPC

PDPC

PDPC

PDPC

72
96

L20
144
168
L92
2r6

72
96

L20
r44
168
L92
216

2

2

2

3
2

I
2

3
2
2
3

2
1

2

5.7T0.22
6.1tt0.46
s.96!0. 08
7. s2!0.4s
6. 67t1. 00
7. 00
7. 7 rto. 08

11. 0510. 57
8. 2O!0. 30
7.47!0. L4
7 .8q!0.72
7. Lt0. t2
9.93
5.83+1. 00

0.047+0.0@ 5.68
0. 064+0. 009 6.06
0. 08410. 001 s.88
0. 08&F0. 003 7.43
0. 09&10. 000 6. s7
0.095 6.90
0. 069+0. 014 7.64

11. 19+0.39 0. 00
3.51L0.22 4.69
3.37+0.82 4.r0
1. 14+0.39 6.72
0. 9810. 13 6. L7
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metaboLltes ls lnltlally high follorrrlng germlnatlon ln PDPC but l,t

atso returns to normal at an age of about, 192 hours.

The amount of PDPC metaboLlzed foltowlng germlnatlon Ln water

remains fairLy constant throughout the experlmental perlod. The

rate of breakdown is high whleh re$ults ln a very 1ow Level of

resldue. Pre-exposure to herbicld.e, holrrever, reeuJ.ts ln an almogt

eomplete inhibltion to degradation during the flrst 24 hour perlod.

Ihe rate graduall.y revlves to aPproxlmately that of the control by

168 hours. These results lndicate that elther Pre-exPosure Eo or

added accumuLatLon of the herblctde causes Eul inhlbltlon to fts

degradation inLo metabolltes. Thls inhibition is due to Pre-exPosure

and nOt g9 agec

Finally, in order to study the complete metabollsm of the

herblclde to carbon dioxlde, experiments Lvere run tn a resptrometer

as described ln the sectlon on Meth.ods. Table XII Llsts the carbon

dloxlde recov'ered per hour as a percent of absorptlon for seedltngs

grown to an age of 107 trours. Graph XVI plots thls data as a

function of age for both the seedllngs germinated in II2O and those

germlnated in five ppm so}ution of earrier PDPC" A total of eigtrt

truns rlrere eompleted, three of which uti.lized seedtr lngs germinated

ln PDPC.

As can be seen the recovery of radloactlve carbon dloxlde as a

percent of total absorption is greatly reduced by pre-exPosure to

PDPC. The overall- absorptions, however, are stmilar for the two

types, 20.98 t O" 06 F.g for water germlnated and L9"47 ! 0.56 p,g for
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Table XII

Age
(hrs )

50
51
56
58
61
70
72
74
77
83
84
94
98

101
lo2
107

Number
Dete:rmi-
nations

Age CO2 Recovered per
(hrs) Hour as Percent

of AbsorpElon

Number
Determl-
natl'ons

10
01
04
01
o2
t2
01
07
30
10
u
15
L7
18
15
l2

3
2
3
2

2
3
2
3
4
3
2
3
3
2

3
3

51
58
6L
72
77
84

101
L07

0.07!0.01 2
0.0&!0.00 2

0. 12t0. 04 2

0.19F0.03 2
0.3Or-0" 03 2

0.34+0.06 2
0.5*0" 01 2
0" 6*0.05 2

Hourly Recovery of Respiratory CLA'OZ as Percent of Absorptlon

Germinated in Wa.ter G.erminated ln lutlon
CO2 Recovered per
Hour as Percent
of Absorption

0, 14t0"
0.0&J0.
0. 1/+t0.
0. 13+0"
0.2\0.
0.44L0.
0.46F0"
1. 07+0.
0.96t0.
1.34t0.
0.83t0.
1" 34t0.
1. 19+0.
0"g?xo,
1. 28t0"
1

carrier germinated seedlings. Seedlings germinated in carrler

produced 3.25 ! 0. 15 pg eguivalents of radioactive carbon dioxide

while water germinated seedlings pr:oduced a total of 7.48 + 0.44 pg

equivalents. The difference in carbon dioxide production is reflected

in the total ethanol soluble material which increased by 5trL. The

amount of PDPC converted i.nto ethanol soluble material was increased

from 9.90 t 0" 58 p.g in wate.r germina.ted seedli.ngs to L4"74 ! 0.76 ptg

in carrier germinated seedlings.

These values compare favorably wlth those obtained from the

previous set of experiments. In both, the pre-exposed seedlings
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contained much more aleohol soluble activity than did those

germinated in water,

Comparison of the values for residue PDPC is also good.

Seedlings grown in water and pre-exposed to PDPC had a resldue con-

tent of 15" 00 pg while those germinated in water contained 5. 2L ltg.

This increase is similar to that obtained from the prevlous experl-

ments carried out using soiI" This indicates that hrhile the experi-

ments carried out in water resulted in higher values at an earller

age both followed the same pattern of decreased PDPC metabollsm.

The incorporatlon of C-14 into tissue r.f,as greatly decreased by

pre-exposure. Seedlings germinated in water incorporaEed 3.59 +

0.07 pg of PDPC equivalents i.nto tissue while pre-exposure to carrler

decreased this value to 1.47 + 0.05 pg.

Thus the result of treatment of soybean seedlings during the

early stages of germination results in a decreased converslon of

PDPC-Cl4 to metabolites, a deerease in the conversion of metabolltes

to CO2 and a decreased incorporatlon of metabolites into celLular

tissues. The absorption of PDPC-Cl4, however, i.s not affected,

remaining very close to that found in the controls"
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Summary

The experiments carried out for this thesis were deslgned to

study the absorptlon, translocatlon, metabollsm and resldue content

of n-propll-cl4 N,N-di-n-propylthiolcarbamate (PDPC) in soybean and

peanut plants" The experiments deseribed study these processes ln

germinating seeds, young seedlings and mature plants. The following

are the most pertinent points discussed:

1. A method ls given for Lhe isolation of both unchanged

resldue and total ethanol soluble components of PDPC utilizing steam

distiL lat lon techniques.

2. A method for the determlnation of residue and ethanol

soluble components in a liquid scintillation counting system is

discussed. Description of the counting systems and efficiencies

are given.

3. A method for the collection of radioactive carbon dioxide

from a gas chromatograph and comparison of aetivity wlth chromato-

graphic peaks is gi.ven.

4" The general distritrution of radioactiviEy in plants treated

wlth PDPC-C14 i" demonstra.ted with radioautogr:rms. The above ground

portions were found to cont:aln a somewhat higher amount of radio-

activity. Increasing th.e role of; applicatlon resulEed in an increased

uptake but th.ls hras not proportlonal,, a greater increase in uptake

resulting. Remobiliza.tion of activity from the leaves loas smaltr.

5" The residue eontent of both peanuEs and soybeans !'ras

extremely 1ow at harvest" A ma:eimum concentration, which was reached
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two to three weeks afte,r application, was quickly reduced. At the

end of Ehe 26 week growing oeriod all the plant parts had negllglble

residue levels.

6. Either age or ce1lu1ar eoncentration of herbicide appeared

to affect the breakdown of henbicide. Seedlings which were allowed

to imbibe water for 48 trours demonstrated a greater ablIlty to

detoxify the her'bicide Lhan seeds whi.ch were treated with PDPC-Cl4

throughout germination. These pre-exPosed seedlings, however, If,ere

able to recover in time and f,unction as norma.l plants.

7. Experiments carried out in which seeds were allowed to

imbibe either carrier PDPC or water before being treated with PDPC-

C14 d"*oostrated the inhibiting effect of this herbicide on its own

metabolism, Seeds allowed to imbibe the herbicide showed a reduced

ability to break it into ethanol soluble components.

8. The ability to convert PDPC-Cl4 into respiratory carbon

dioxide was also reduced by the above treatment as lras their lncor-

poration into ceIlular ti.ssue. The absorption of herbicide, however,

!,Ias not affected"
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