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I. INTRODUCTION

EPTC (S-ethyl dipropylthiocarbamate) was the first thiocarbamate
introduced by the Stauffer Chemical Company in 1956 for use as an
experimental herbicide for the control of grasses and many of the
broadleaf weeds (1, 4, 8). It has many desirable characteristics in-
cluding low toxicity to mammals and wildlife., EPTC also undergoes
rapid degradation in the environment so it is appropriate for use in
crop rotation sequences (10). Its chemical structure is shown in
Figure 1. The volatile nature of the chemical resulted in highly
variable weed control when it was first used as a surface applied
preemergence herbicide. Soil incorporation corrected this deficiency
and provided the first general use of that technique (8).

EPTC is federally registered in the United States for use in

alfalfa (Medicago sativa L.), corn (Zea mays L.), cotton (Gossypium

hirsutum L.), beans (Phaseolus spp.), pea (Pisum sativum L.) and

other crops (13). When EPTC is applied at low'rates, it can stimulate
weed seed germination (5, 9). However, when high rates of this
herbicide are used to control difficult weed species, severe stunting
and injury of corn may result (11, 12).

The "antidote" concept of treating plants with a chemical to
protect them from the injurious effects of herbicide was proposed in
1959. Hofmann (6) reported that several compounds when applied to the

seed would protect wheat (Triticum vulgare L.) against damage by barban

(4=chloro-2-butynl-m-chlorocarbanilate). These compounds were not

developed commercially but, in 1969, a more efficient compound NA



. EPTC ( Eptam)
S-ethyl dipropylthiocarbamate

O CHyCH,CHy

N\
CH, CH, CHy

2. R- 25788
N,N-diallyl-2,2-dichloroacetamide

H Q0 CHy-CH=CH,
Cl-C—C—N

]

cl CH, -CH=CH,

3. Eradicane — Mixture of EPTC and R- 25788

Figure 1-1. Names and chemical structures of EPTC
(herbicide), R-25788 (antidote) and their formulated

mixture (Eradicane).



(l;anaphthalic anhydride) was found to protect corn from EPTC injury
(3, 6) as well as chloroacetanilide and dithiocarbamate herbicide
injury to sorghum -and molinate (S—ethyl hexahydro-lH-azepine-l-
carbothioate) injury to rice (7).

In 1972, the Stauffer Chemical Company introduced R-25788 (N,N-
diallyl-2,2-dichloroacetamide) which is marketed with EPTC as Eradicane
and with butylate (S-ethyl diisobutylthiocarbamate) as Sutan +. It is
incorporated into the soil for better effectiveness and has greater
specificity for crops than does NA., This specificity allows it to be
used as a formulation or tank mix in preference to seed dressing (2).
R-25788 was found to be more effective than NA in reducing corn injury
due to EPTC herbicide (3).

Despite considerable progress made in the use of EPTC alone, and
recently in combination with the antidote R-25788, information is still
inadequate to understand the responses of various corn cultivars under
field conditions. Also, little information is ayailable concerning the
mechanism of tolerance and susceptibility in,somexcofn cultivars, its
effects on carbohydrate composition at differént stages of plant growth
and its effect on plant metabolic processes.

Objectives of the present study were to:

a) determine the response of different corn cultivars to various
rates of EPTC and or antidote R~25788 under field as well as
greenhouse conditions, with the aim to learning why some corn
cultivars are highly tolerant and some very susceptible to

EPTC despite the use of antidote.



b)

c)

determine by radiotracer techniques, the patterns of uptake
distribution, translocation and metabolism of EPTC and
antidote R-25788 in corn protoplasts and Chlorella cells.
determine the relationships between EPTC toxicity and
carbohydrate contents of selected corn cultivars at different

stages of growth.
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II. THE EFFECT OF ANTIDOTE R-25788 IN PROTECTING CORN FROM EPTC INJURY

Abstract. Field experiments were conducted in 1976 and 1977 at two
locations in eastern Virginia to determine the effectiveness of the
herbicide antidote R-25788 (N,N-diallyl-2,2~dichloroacetamide) in
protecting selected corn (Zea mays L.) cultivars from EPTC (S-ethyl
dipropylthiocarbamate) injury. Preplant incorporated applications were
made to Othello fine sandy loam soil containing 3.17% organic matter and
Dothan sandy soil with less than 1.0% organic matter. Fifteen corn
cultivars were each planted in four rows at spacing of 23 x 91 cm on
May 5, 1976 and May 18, 1977, respectively. Weed control and toxicity
ratings were evaluated at appropriate intervals after herbicide appli-
cation, and grain yields were recorded at the end of the growing
season. EPTG at the rate of 6.7 kg/ha was 20 to 30% more toxic to the
susceptible cultivars under sandy and lower organic soil conditions
than with fine sandy loam soil. Herbicide treatments were effective

in Suppressing weed growth at the two experimental locations except for

broadleaf dock (Rumex obtusifolius L.) which germinated soon after EPTC

at 13.4 kg/ha. The 'TXS114' cultivar was found to be highly tolerant to
EPTC at 6.7 kg/ha at both locations. The other corn cultivars used
which were observed to be susceptible to EPTC applications, showed
significant improvement in their stands without any noticeable symptoms
of toxicity when the antidote R-25788 was used in combination with EPTC.
The use of the antidote R-25788 in combination with EPTC in DeKalb

'XL55' and 'XL379' cultivars did not alleviate EPTC toxicity at the rate



of EPTC used. There was a more obvious advantage to using the antidote
with EPTC in susceptible than in tolerant corn cultivars. EPTC applied
in combination with R-25788 showed no or only slight injury to corn
plants thus resulting in higher yields than herbicide treatmentsvwith—
out the antidote. 1In general, earlier and more vigorous seedling
establishment was observed in the Othello fine sandy loam soil (sand
53%, silt 337, clay 147%) than in Dothan loamy sand soil (sand 817,

silt 12%, clay 6%).



INTRODUCTION

Weed control in corn (Zea mays L.) with high rates of thiocarbamate
herbicides often causes severe injury to the crop. Twisting of the
leaves, reduced growth, and death of the highly susceptible species
are the common symptoms (15, 16, 17). Dawson (9) found that EPTC (S-
ethyl dipropylthiocarbamate) caused a 'zigzag pattern of kinking" of the

first internode of barnyardgrass (Echinochloa crusgalli L.) and noted

that the developing foliar leaves within the coleoptile were the major
site of EPTC injury. Similar observations were made by Gray (10) and
Appleby et al. (1) and they suggested that the root was the major site
of uptake.

Gray and Weierich (11) studied the importance of root, shoot and
seed exposure to the herbicidal activity of EPTC using the charcoal
barrier method to prevent movement of EPTC vapor in soil. They found

that exposing the roots of barley (Hordeum vulgare L.), oats (Avena

Sativa L.) barnyardgrass, Italian ryegrass (Lolium multiflorum L.),

wheat (Triticum vulgare L.), rice (Oryza sativa L.), cotton (Gossypium

hirsutum L.) and yellow nutsedge (Cyperus rotundus L.) to EPTC resulted
in more injury, than shoot exposure of the same species. Seed exposure
brought about variable results. EPTC applied at concentrations as low
as 1 ppm to the roots in culture solution inhibited root growth of oats,
barley and corn.

Apparently, there is an antagonistic interaction between EPTC and

2,4-D [2,4-dichlorophenoxy)acetic acid] in corn and sorghum (Sorghum
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vulgare Pers.)(2), but the interaction is believed to be additive on
dicotyledonous species (14}, Chang et al. (7) found R-25788 (N,N-
diallyl-2,2~dichlorocacetamide) to be more effective than NA (1,8-
naphthalic anhydride) in reducing corn injury due to EPTC herbicide.
R-25788 in combination with EPTC eliminated injury symptoms in corn (5,
6) and greatly increased yields (12). The highest yield was obtained in
mixtures of vernolate (S-propyl dipropylthiocarbamate) + R-25788 and
atrazine [2,chloro-4-(ethyl-amino)-6-(isopropylamino)-s-triazine] at
rates of 6 + 2 1b/A.

EPTC applied alone and in combination with R-25788 can cause more
damage to corn on light soils than on heavy soils (8) and is less
influenced by temperature and soil moisture (4). The depth of planting
(12, 19) temperature and position of the seed at planting can affect
toxicity (3). Thomas and Gray (18) found that the half life of R-25788
at 27 C was 8 days in Sorrento loam and 9 days in Felton loamy sand.

At 5 C, the half life was 6.5 and 5 weeks, respectively, in the two
soils. R-25788 disappeared much faster in nonautoclaved than in auto-
claved soils, indicating that microbial action was responsible for the
disappearance from moist soils.

In 1972, Rains and Fietchall (15) found that EPTC at 6 1b/A in-
jured 847 of the corn plants while 8 1b/A injured 93%, however, only
about 37 of the plants were injured by EPTC when the seeds were treated
with 0.125% R-25788. With NA at 0.5% concentration, to treated seeds,
12% of the corn plants were injured by 6 1b/A and 9% when EPTC was

applied at the rate of 8 1b/A.
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Wright et al. (20) tested the effect of R-25788 on EPTC injury in
300 corn genotypes, of which there were 100 dent corn inbreds, 80 sweet
corn lines, 20 Kentucky sterile lines and 100 were dent corn hybrids.
The results of the study showed that dent corn inbreds were most
susceptible to EPTC even if R-25788 were present. Differences in plant
responses to EPTC treatment were thought to be due to genetic variation
(13).

The objective of this study was to determine the response of
different corn cultivars to varying rates of EPTC and antidote R-25788

under field conditions at two different locations in Virginia.

MATERIALS AND METHODS

Field experiments were conducted during the 1976 and 1977 crop
seasons at two locations in eastern Virginia. The Othello fine sandy
loam so0il at the Holland area may be characterized as follows: sand
53.17%, silt 33.13%, clay 13.7%, pH 5.4 and 0.M. 3.1%. 1In contrast,
the Dothan loamy sand at Emporia has the following properties: sand
81.37%, silt 12.33%, clay 6.31%, pH 5.5 and 0.M. 0.87. The weed species
at the two locations before and during these experiments are shown in
Table II-I. Fifteen different corn cultivars obtained from various
sources (Table II-2) were included in each experiment. Land prepara-—
tions for the two locations were by disking and rotary tilling of the
land two weéks before planting. Commercial formulations of the EPTC
herbicide and the antidote R-25788 were used either alone or in

combination, and treatments were sprayed on the soil surface using a
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Common and scientific names of major weed species found

before and during the conduct of the experiments at two locations in

Virginia, 1976-77.

Common name Scientific name Location®
Holland Emporia

1. Fall panicum Panicum dichotomiflorum Mich. X X
2. Yellow nutsedge Cyperus esculentus L. X X
3. Redroot pigweed Amaranthus retroflexus L X X
4. Jimsonweed Datura stramonium L. X -
5. Velvetleaf Abutilon theoprasti Medic. X -
6. Yerba-de-tago Eclipta alba L. X -
7. Carpetweed Mollugo verticillata L. X X
8. Common Ragweed Ambrosia artemisiifolia L. X -
9. Smartweed Polygonum pensylvanicum L. X -
10. Large crabgraés Digitaria sanguinalis L. X X
11. Broadleaf dock Rumex obtusifolius L. X -
12. Lambsquarters Chenopodium album L. X X
13. Goosegrass Eleusine indica L. - X
a

Letter X indicates presence of the weed species.
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Table 1I-2. Corn cultivars used in the study and their sources.

Cultivar or trade name Source of seed

1. Trojan TXS1l1l4 Trojan Seed Co., Windfall, IN

2. Trojan TXS113 " noom " "

3. Trojan TXS11ll " " " " "

4., Trojan TXS115A " " " " "

5. DeKalb XL80A DeKalb Agric. Association, DeKalb, IL
6. DeKalb XL43 " " "o oo
7. DeKalb XL379% g " " wooom
8. DeKalb XL22B " " " " "
9. DeKalb XL55% " " X oo
10. Dennis DS-37 Dennis Hybrids, Windfall, IN
11. Funks G-4646 A.H. Hoffman Seed Inc., Landisville, PA

].2- Funks G"4525 ”n " " "

13. McNair RX942 " McNair Seed Co., Laurinburg, NC
14. Hofmeyer SX71 A.N. Hofmeyer, Williamsburg, VA
15. Todd M-98 . Todd Hybrid Sales, Abbotstown, IA

a

16. Pioneer Brand 3780 Pioneer Corn Co., Tipton, IN

a

17. Northrup-King PX77 Northrup-King and Co., Minneapolis, MN

18. Northrup-King Px792 " n " "

a .
Planted only at one location
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tractor-mounted power sprayer. The volume of spray was 170 1/ha. The
chemicals were incorporated into the soil immediately by means of a
McClenny PTO rotary tiller operating to a depth of about 10 cm,
Planting was in three or four rows at a spacing of 23 x 91 cm on May 5,
1976 at the Holland area, and May 18, 1977 at Emporia. One seed per
hill was planted at a depth of 3 cm. A uniform topdressing of 45 kg/ha
N fertilizer in the form of ammonium nitrate was applied to the plots.
Weed control and toxicity ratings were evaluated at appropriate inter-
vals after spraying treatments and grain yields were recorded at the
end of the growing season.

In order to confirm the field performance of the various corn
cultivars under greenhouse conditions, soil samples from the two
locations were collected for study. Soil was mixed thoroughly and
sprayed with EfTC, with and without the antidote using a laboratory
sprayer. The volume of spray was the same as was used under field
conditions., The soil was then mixed in plastic bags and placed in
15 cm diameter pots. Four seeds were planted in each pot and the pots

arranged in split plot design in three replications.
RESULTS AND DISCUSSION

Holland study (Othello fine sandy loam soil).

Three hours after planting, there was 0.18 in of precipitation,
another 0.04 and 0.02 in two and three days after planting, respect-
ively. This condition resulted in uniform emergence of the corn seed-

lings. The density and stand of the various weed species in the




















































































