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The antidote (1, 8 naphthalic anhydride) is recommended for

corn protection against EPTC injury where the antidote is applied at

a half percent by weight of corn seeds before planting. Studies were

conducted to determine the factors affecting the action of antidote in

corn (Zea mays L. var. NB 501D) treated with s-ethyl dipropylthio-

carbamate (EPTC).

The antidote did not affect germination percentage and germin-

ation rate index of corn treated with 0, 2, 4, 6 and 8 ppm of EPTC.

There was slight stimulation of corn germination by EPTC.

Emergence of antidote-treated corn was slow from Bashaw clay

loam, Chehalis sandy loam and Woodburn silty loam soils that were

treated with 0, 3, 6, 9 and 12 lb/A of EPTC. Slight stimulation

of corn emergence percentage and rate index values were caused by



EPTC at 3, 6 and 9 lb/A rates. Emergence percentage of corn was

88, 91 and 92 percent for clay loam, silty loam, and sandy loam

soils, respectively.

When the corn root and shoot length was measured six days

after corn germination at 0, 4 and 8 ppm of EPTC it was found that

EPTC increased shoot length whereas antidote reduced it. There

was slight reduction in the root length of antidote treated and non-

treated corn seedlings at 8 ppm of EPTC.

When the shoot development of corn was used as a criterion

for antidote action at the 12 lb/A rate of EPTC it was found that anti-

dote was the most effective during the first 48 hours of seedling

development.

Uptake studies with antidote suggested that it is absorbed by

corn seed, shoot and roots. However, the root application of anti-

dote was inhibitory to the first primary root of corn.

When antidote was applied at 40 lb/A rate to the root zone and

soil surface, there was 5 and 12 percent protection, respectively.

The seed application of antidote completely protected corn from

the herbicidal injury of EPTC applied at 12 lb/A rate.

Studies with clay loam, silty loam and sandy loam soils

showed that clay loam retained most of the EPTC applied at 3, 6, 9

and 12 lb/A rate without subsequently injuring corn. Antidote-

treated plants seemed to be more injured by EPTC than the



non-treated ones. However, antidote protected corn in sandy loam

and silty loam soils at every level of EPTC.

Low and high light intensities did not affect the action of anti-

dote in corn treated with 0, 3, 6, 9 and 12 lb/A of EPTC.

Antidote did not protect corn from EPTC injury at low temperature

(20 C) at both low and high light intensity (1800 vs. 800 ft-c). On

the contrary antidote-treated plants were injured more than the

non-treated ones at 20 C. Antidote successfully protected corn from

EPTC injury at high temperature (30 C). The light intensity was not

a factor affecting the action of antidote in corn.

Applications of antidote at 0, 1, 2, and 4 days indicated that

protection by antidote was not complete after the 2nd day of applica-

tion. Antidote was most protective when applied at 0 and 1 day after

subjecting corn to 12 lb/A rate of EPTC.

When 12 lb/A rate of EPTC was applied to antidote-treated and

non-treated corn at 0, 1, 2, 4 and 8 day intervals it was found that

antidote would protect corn at every application period.

Antidote-treated corn seedlings absorbed more 14C-EPTC

than non-treated ones. However, antidote-treated corn plants were

also stimulated in metabolizing EPTC. When 14C -EPTC-treated

corn seedlings were harvested and separated into root, shoot and

seed sections at 1, 3, 6 and 9 day intervals it was found that anti-

dote-treated plants metabolized 12 lb/A rate of EPTC more than the



non-treated ones. It could be assumed that antidote activated the

enzyme system(s) responsible for EPTC breakdown in corn seed-

lings.

Thin layer chromatography studies showed five to six major

metabolite peaks for 1 and 3-day old corn seedlings treated with
14C-EPTC. The peaks had the same Rf values both for antidote-

treated and non-treated plants. Scanning of the radioactive peaks

also indicated a higher rate of EPTC metabolism in corn seedlings

that were treated with antidote than the non-treated ones.

Studies were also conducted to check the possibility of gibber-

ellic acid involvement as a regulator of the EPTC-metabolizing en-

zyme system. Findings indicated that GA3 alone partially protected

corn from EPTC injury whereas GA3 along with antidote treatment

significantly increased the corn dry matter production. However,

CCC (cycocel) treatments of corn seeds significantly induced EPTC

injury to corn.
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FACTORS AFFECTING THE ACTION OF 1,8 NAPHTHALIC
ANHYDRIDE IN CORN TREATED WITH S-ETHYL

DIPROPYLTHIOCARBAMATE (EPTC)

INTRODUCTION

Corn has always been one of man's most efficient crops. Corn

was also responsible for several American civilizations: the Mayan,

the Aztec, the Incan, and to a great degree, the United States of

America. Corn can be grown in every state (except Alaska) and ranks

second to wheat in acreage among field crops in the world. In this

century, corn hybrids and tremendous advances in fertilizer and

machinery, as well as insect and weed control, have revolutionized

the American agriculture. However, weeds compete with corn for

water, mineral nutrients, light and possibly CO2 thus reducing corn

yields to a great extent ranging from 10 to 90 percent. Yield losses

that occur as a result of uncontrolled weeds vary tremendously de-

pending on the species, degree of infestation and environmental condi-

tions. Annual weeds provide the most serious problems in corn be-

cause they are so prevalent and found in every corn field. Perennial

weeds are not as prevalent but generally will produce greater yield

reductions. Elimination of weed competition during the early stages

of corn development is vital for successful corn production.

The best approach to a successful weed control method is the



2

combination of various methods. However, combination of various

methods such as cultivation plus chemical can be expensive and time

consuming. Because of this reason most American farmers rely on

herbicides for weed control. However, there has not yet been found a

herbicide that successfully eliminates all the competing weed species

without injuring corn. Nevertheless, EPTC has a broader weed con-

trol spectrum than most of the common herbicides used for weed con-

trol in corn. However, EPTC can not control kochia (Kochia scoparia

(L.) Roth) which is a weed that covers large areas in the corn belt.

At the same time EPTC is injurious to corn even at 3 lb/A rate if

corn is planted deeper than 5 cm. Development of an antidote to pro-

tect corn from EPTC injury will not only add an additional tool to the

farmers to combat weeds for higher yields but also will enable re-

search workers to understand, study and develop new antidotes for

more dependable and economical weed control. The development of

herbicidal antidotes for crops could have great utility in agriculture.

Among them are (1) the use of non-selective herbicides as selective

ones, (2) the use of higher rates for more effective weed control, (3)

the use of herbicides for susceptible crops and during adverse clima-

tic conditions where herbicide injury to crops is more likely to occur,

and (4) the protection of crops that have been accidentally sprayed with

a herbicide (Hoffmann, 1962).

Antidotes are well established chemicals in veterinary and
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medical sciences. However, development of 1, 8 naphthalic anhydride

by Gulf Chemical Corporation and recent reports by Hoffmann (1969),

Behrens and Darwent (1969), Burnside (1969), and Wicks et al, (1970)

have shown the successful protection of corn from EPTC injury.

These findings might have already opened a new era in chemical

manipulation of vegetation. Recent studies by Newton (1971), Sterrett

et al. (1971), Beste and Schreiber (1970, 1971), and James et al.

(1970) indicate the possibility of many antidotes along with many pos-

sible mode of actions by these antidotes.

The aim of these studies was to determine (1) the various en-

vironmental factors such as soil, light, and temperature affecting the

action of antidote in corn treated with EPTC, (2) the effect of antidote

on corn germination and emergence, (3) the effect of antidote on corn

root and shoot development, (4) the site of uptake of antidote, (5) the

most effective time of antidote application to corn, (6) the time-

interval study of antidote and EPTC, and (7) the possible mode of

action of antidote in corn treated with EPTC.

The findings of this thesis study may enable a better under-

standing of the antidote action and its probable mode of action in corn

treated with EPTC. It is also hoped that the results of these studies

will contribute to the extension of the idea that herbicidal antidotes can

be developed and used for practical purposes.
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LITERATURE REVIEW

EPTC

Many broadleaf and grass weeds can effectively be controlled by

the use of preplant and preemergence applications of ethyl s-ethyl

dipropylthiocarbamate (EPTC) in many crops including corn (Zea

mays L.). EPTC is a light yellow colored liquid with an amine odor

with a vapor pressure of 1.9 x 10 2 mm Hg at 24 C. It is miscible

with most organic solvents. Water solubility of EPTC at 3 and 25 C

is 636 and 375 ppm, respectively.

Mechanical incorporation of EPTC into soil is recommended

for optimum weed control. However, it is easily lost when applied to

the surface of wet soil due to competition between water and EPTC for

adsorptive sites. Steam distillation of EPTC has been reported

(Audus, 1964). EPTC can be metered into running irrigation water

as a means of application.

EPTC has the following structural formula

0
II /CH 2CH

2
CH3

CH3 -CH 2-S -C -N
CH

2
CH

2
CH3

Behavior In or On Soil

EPTC is absorbed by emerging seedlings in soil. Danielson and
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Jansen (1961) reported that EPTC was more persistent than 2-

chloroallyl diethyldithiocarbamate (CDEC) when soil incorporated at

a logarithmic rate range in the field. Ryegrass (Lolium annum L.)

bio-assay tests in the greenhouse demonstrated that EPTC was longer

lasting in soils of high organic content and under conditions of sub-

irrigation than in soils of low organic content and under conditions of

surface irrigation. EPTC persistence was high in H2O, acetone, and

benzene solvent-carrier systems used in application. Appleby et al.

(1965) confirmed the findings of Larsen (1961) that overhead irrigation

was more efficient in moving 14C-EPTC, removal by sub-irrigation

was negligible.

Gray and Weierich (1965) indicated that the most important fac-

tor affecting the loss of EPTC from soil was the amount of moisture

in the soil. Fifteen minutes after spraying on to the soil surface 20,

27, and 44% of the applied EPTC disappeared from dry, moist, and

wet soil, respectively. The loss was 23, 49, and 69% after the first

day, and 44, 68, and 90% after six days on dry, moist, and wet soils,

respectively. Increasing temperature from 0 to 15 C increased the

rate of EPTC vaporization from moist soil but had no effect on the

loss from dry soil. Ashton and Sheets (1959) also reported adsorption

of EPTC to a much greater extent by air dry soil than by a soil at

field capacity.

EPTC incorporation depth, heavy rainfall, and surface irrigation
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are important factors in corn injury. If there were no heavy rainfall

or surface irrigation before corn emergence, EPTC at 3 lb/A in-

corporated deeper into the soil caused more corn plants to be injured

(Waldrep and Freeman, 1964). Toxicity of EPTC to oats (Avena

sativa L.), sesbania (Sesbania macrocarpa Muhl.) and purple net-

sedge (Cyperus rotundus L.) was negatively correlated with the organ-

ic matter of the soil but a positive correlation existed between the

sand and silt content of the soil (Jordan and Day, 1962).

Uptake and Trans location

EPTC is absorbed by plant roots and shoots. However, the

amount of absorption from plant roots and shoots differ in various

plants. Studies indicate the basipetal and acropetal movement of

EPTC in plants, subsequently accumulating in young tissues.

The uptake of S-propyl dipropylthiocarbamate (vernolate) from

soil by corn was a continuous process as long as herbicide was avail-

able as reported by Bourke and Fang (1965). Trans location into the

leaf was somewhat low, but higher in stem than leaves. Yamaguchi

(1961) tested absorption and distribution of 535-EPTC in lima bean

(Phaseolus lunatus L.), jimsonweed (Datura stramonium L.), barn-

yardgrass (Echinochloa crusgalli (L.) Beauv.), barley (Hordeum

vulgare L.), kidney bean (Phaseolus vulgaris L.), alfalfa (Medicago

sativa L.), sugar beet (Beta vulgaris L.), field bindweed
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(Convolvulus arvensis L.) and dent corn (Zea mays L. var. indentata).

The autoradiographs of 4-day leaf treatments indicated two important

translocation characteristics of EPTC (1) the distribution pattern in-

cluded growing stem and root tips and accumulation there in all

species tested, and (2) the amount distributed in the plant from leaf

application appeared to be a small fraction of the applied amount.

The absorption, translocation, and distribution patterns of S
35 -EPTC

in older plants were similar in resistant and susceptible plants. Fang

and Theisen (1960) also studied the uptake and translocation of S35-

EPTC in various crops. Above-ground portions of kidney bean,

peas (Pisum sativum L.) and corn contained slightly more S35 -

than the roots while radish (Raphanus sativus L.) and carrot (Daucus

carota L.) contained 70 to 94% of the S35 in the above-ground por-

tions. An increase in the applied S 35 -EPTC increased absorption,

but not in proportion to the increase in rate of application. Absorp-

tion of S35 -EPTC was continuous throughout the 52-day experimental

period.

Site of Uptake as Related to Site of Injury

Differences in tolerance to EPTC could be associated with the

sites of uptake as indicated by many reports. Appleby (1962) indi-

cated that 14C-EPTC was readily absorbed by the roots and coleptiles

of oats (Avena sativa L.) and translocated both upward and downward.
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However, the shoot appeared to be the major site of lethal action of

EPTC. Nishimoto (1968) also confirmed that EPTC was active on oats

primarily through shoot exposure, with root exposure having little or

no effect on foliage growth.

Nalewaja et al. (1964) reported that resistance of alfalfa to
14C -EPTC was not due to uptake but to rapid breakdown and libera-

tion of 14CO2 by the treated plants. Radioactivity was also found in

several amino acids and sugars as shown by chromatographic studies.

Prendeville et al. (1967) studying site of uptake of soil-applied

herbicides developed a double plastic pot technique which ensured

separate exposure of the root and shoot zones of the plants to treated

soils and showed that EPTC, isopropyl m-chlorocarbanilate (CIPC),

and a ,a ,a -tr ifluoro -2, 6-dinitro-N, N-dipropyl-p-toluidine (trifluralin)

were most active when applied to the shoot zone of corn and pea.

Prendeville (1968) reported on the shoot zone uptake of soil applied

herbicides. Corn shoots were treated with EPTC below the soil sur-

face after emergence. Severe plant injury occurred when EPTC was

applied to the crown root node and the growing point of corn.

Prendeville et al. (1968) also demonstrated the effect of EPTC

in soil placed at different shoot zones of barley, wheat (Triticum

aestivum L.), oats, and sorghum (Sorghum bicolor (L.) Moench) be-

low the soil surface after emergence where a wax barrier allowed

separate exposure of the shoot zone to treated soil. Wheat, barley,
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and oats were severely injured when treated at the coleoptilar inter-

node whereas exposure of the remaining shoot did not affect growth.

However, sorghum was severely injured regardless of the shoot zone

exposed, and uptake of 14C-EPTC from the soil by the sorghum

shoots was double that of wheat. Studies conducted by Oliver et al.

(1968) indicated that barley was more tolerant of EPTC than wheat

where the roots were the major site of uptake of EPTC in barley. In

barnyardgrass (Echinochloa crusgalli (L.) Beauv.), the developing

foliar leaves within the coleoptile were the consistent site of EPTC

injury and injury symptoms were never observed in the roots (Dawson,

1963). However, Lee and Anderson (1969) reported that at 6 ppm of

EPTC the primary roots of oats were necrotic and secondary roots

failed to elongate. Nevertheless, formative effects were greater in

the shoot than in the root.

These above mentioned studies indicated that growth responses

of species to EPTC applied to shoots were dependent on the stage of

plant development at which treatment occurred. Also differences in

tolerance could be associated with the sites of uptake.

Metabolism

EPTC does not retain its identity for long in treated plants.

It is believed that suphur atom is oxidized to the sulfate form, which

is incorporated into sulfur containing amino acids. None of the
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metabolites of EPTC have been identified yet.

Fang and Yu (1959) found evidence that EPTC resistant plants

were capable of metabolizing EPTC very readily, so that reaching a

toxic concentration of EPTC in seedlings is rather difficult. Oats

and mung bean (Phaseolus aureus Roxb.) seedlings are not able to

break down this chemical significantly after 48 hours of exposure to

EPTC. In oat seeds 23% of 35S -EPTC remained unchanged whereas

paper chromatographic study of the water extracts revealed the

presence of radioactive cysteic acid, cystine, methionine, and two

unidentified compounds. It is believed that the sulfur atom in 35S-

EPTC is oxidized and forms inorganic sulfate, the sulfate then may

incorporate through the metabolic pathway into sulfur containing

amino acids (Fang and Yu, 1959). Nalewaja et al. (1964) reported

that the reason why alfalfa was resistant to
14C -EPTC was due to the

rapid metabolism as indicated by release of
14

CO2.

Bourke and Fang (1968) studied the metabolism of
14C-vernolate,

a close relative of EPTC, in soybean (Glycine max (L.) Merr. var.

Lee). It was found that rate of degradation of 14C-vernolate to

14 was dependent on the age of seedlings. Pretreatment of non-

labeled vernolate resulted in a reduction of catabolic oxidation of
11C-

vernolate to 14CO2. However, there was a corresponding increase

in ethanol soluble metabolites. Paper chromatographic studies indi-

cated the presence of two major and two minor ones. The relative
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abundance of these metabolites was dependent on the age of seedling

and the time of exposure.

Mode of Action

Many reports indicate that carbamates act as an anti-

derepressor agents where they inhibit or reduce nucleic acid synthe-

sis. The role of EPTC in photosynthesis and oxidative phosphoryla-

tion is not known. However, Lee and Anderson (1969) reported that

in oat seedlings treated with EPTC there was inhibition of chloroplast

formation. Ashton (1963) showed that EPTC was inhibitory on 14
CO2

fixation at relatively high concentrations and long exposures; EPTC,

however, altered the relative distribution of 14C in various labeled

compounds. EPTC markedly inhibited both phosphorus (P) uptake

and oxygen consumption.

Bourke et al. (1964) studied the effects of 13 plant growth regu-

lators and herbicides on glucose absorption, metabolism, and incor-

poration in pea root tissues. Both indole acetic acid (IAA) and gibber -

ellic acid (GA3) caused no effects while naphthalene acetic acid

(a-NAA) caused an increase in catabolic processes. However, EPTC

slightly inhibited glucose absorption.

Recently carbamates have been tested in a variety of systems

involving de novo enzyme synthe s is and it has s been postulated

that the carbamates are anti-depressor agents. Only enzymes whose
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m-RNA has not yet begun to be synthesized seem to be inhibited.

Protein synthesis by messaged ribosomes is unimpaired. Keitt

(1967) tested this general hypothesis in two systems (1) cell enlarge-

ment and proliferation in tobacco pith culture, and (2) the auxin-

induced cell enlargement in first internode sections of Avena. Keitt's

results were consistent with Mann's hypothesis where IPC (isopropyl

carbanilate) and CIPC severely inhibited kinetin-induced cell prolifer-

ation in tobacco pith at 10-6

The changes in nucleic acid metabolism were studied in plants

susceptible and resistant to 4-amino-3, 5, 6-trichloropicolinic acid

(picloram) by Malhotra and Hanson (1970). Total RNA and DNA con-

tent of the tissue correlated inversely with the herbicide resistance

where resistant plants were low in nucleic acids whereas sensitive

plants were high. Beste and Schreiber (1971), using the same kind of

approach, found that EPTC inhibited ribosomal-RNA and synthesis of

tenaciously bound-RNA, whereas 2, 4-D in combination with EPTC

caused an enhanced synthesis of r-RNA and TB-RNA over the levels

obtained from EPTC alone.

Antagonism

A chemical blocking the toxic action of another chemical is said

to be antagonistic. Many antagonistic compounds are known. Sug-

gestions put forth to account for antagonism have been varied and
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unsatisfactory. Antagonism still remains a mystery.

Van Overbeek et al. (1951) studying trans-cinnamic acid as an

anti-auxin reported that the growth promoting effect of auxins in the

pea stem section was antagonized by trans-cinnamic acid by competi-

tive inhibition. The antagonism of 2, 4, 6-trichloro phenoxy acetic

acid (2, 4, 6-T) to 2, 4-dichlorophenoxy acetic acid (2, 4 -D) was ob-

served by Hoffmann (1953). Hoffmann (1962) also reported that

approximately 75% of the inhibitory effect of a foliar application of

4-chloro-2-butynl m-chloro carbanilate (barban) on wheat was

eliminated by dusting the seed before planting with 4-chloro-2-

hydroxyiminoacetanilide at a rate of one ounce per bushel. Colby

(1967) gave a practical formula to calculate synergistic and antagonis-

tic responses of herbicide combinations.

James et al. (1970) reported on the interaction between CIPC

and 2, 4 -D where herbicidal effect of 2, 4-D to redroot, pigweed

(Amaranthus retroflexus L.) and pale smartweed (Polygonum lapathi-

folium L.) was reduced by CIPC.

Beste and Schreiber (1970) showed an antagonistic interaction

of EPTC and 2, 4-D on sorghum and corn after 21 days of growth in

soil incorporated treatments. Increasing the 2, 4-D concentration in-

creased the antagonism to EPTC. Uptake studies with 14C-EPTC

indicated that 2, 4 -D does not interfere with uptake or subsequent

14C-EPTC activity within sorghum plants. Beste and Schreiber
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(1971) came up with evidence that the basis for EPTC and 2, 4-D

antagonism in soybean was based on nucleic acid metabolism. They

reported that EPTC at 1 x 10 M concentrations inhibited nucleic

acid metabolism whereas 2, 4-D in combination with EPTC caused an

increase in nucleic acid content and overcame the inhibitory effects

of EPTC on growth.

Recent studies conducted by Newton (1971) indicated that 2, 2-

dichloro propionic acid (dalapon) injury to conifers was reduced by

the application of (2-chloro-4-ethylamino-6-isopropylamino-s-

triazine (atrazine) with dalapon. Sterrett et al. (1971) reported an

antagonistic effect between picloram and 5-bromo-3-sec-buty1-6-

methyuracil (bromacil) with oats and wheat. Experiments conducted

on oats var. Clintland 64 and wheat var. Baart in the greenhouse and

controlled environment chamber showed that combinations of picloram

and bromacil pellets applied to the soil showed antagonistic responses

at 5 + 10 lb/A or 10 + 10 lb/A of picloram + bromacil combinations.

1, 8 Naphthalic Anhydride

Antidote (1, 8 naphthalic anhydride) is a product of Gulf Chemi-

cal Corporation. It is recommended for use at a rate of 1/2% by

weight (wt) of corn seed to protect corn from EPTC injury. Antidote

has a molecular wt of 198; and it melts at 270 C. Nothing has been

reported about persistence of antidote in soil, mode of action, time
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and point of entry into the plants. However, it was reported that anti-

dote did not leave residue in corn at harvest time (Gulf Chemical

Corporation, 1970).

Antidote has the following chemical structure:
0

The successful protection of corn from EPTC injury was re-

ported for the first time by Hoffmann (1969). Separate studies con-

ducted by Burnside (1969) and Behrens and Darwent (1969) indicated

that corn injury and stand reduction from EPTC were eliminated by

treatment of the seed with 1,8 naphthalic anhydride prior to planting.

EPTC applied at 3, 6, and 9 lb/A and S-ethyl diisobutylthiocarbamate

(butylate) applied at 8 lb/A was not injurious to corn when corn seed

was treated with antidote before planting (Wicks et al. , 1971).

Corn Germination

The mature corn kernel is made up of three main parts, the

seed coat or pericarp, the starchy endosperm, and the embryo which

develops into a new plant. Each of these', parts has a different
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hereditary make up. The pericarp protects the seed both before and

after planting by limiting or preventing the entry of fungi or bacteria

which would use up the stored food before the seedling is established

(Aldrich and Long, 1965). The chief function of the endosperm is to

provide food energy for the young plant until the plant is capable of

producing its own food. Endosperm has about 90% starch and 7%

protein, with small amounts of oils, and minerals. The embryo is

made up of two main parts, the embryo axis or new plant, and the

scutellum, which is a rich storehouse of food for the seedling (Figure

1, A). The embryo axis consists of plumule (leafy part) in which five

to six embryonic leaves and a radicle or rootlike portion are already

formed in miniature. When moisture, temperature, and air conditions

are favorable, the seed coat absorbs water and the kernel begins to

swell. In the early stages, growth is greatest in the root which is the

first part of the young plant to break through the seed coat (Figure 1,

B and C). After the young plant becomes firmly anchored in the soil

the first internode of the stem then begins to elongate upward. Short-

ly after the plumule breaks through the soil, new roots begin to appear

on all of the nodes below ground with the exception of the first node

(Figure 1, D). This new root system is known as the secondary or

permanent root system. As soon as the new root system is well

established the primary root system ceases to function (Delorit and

Ahlgren, 1959). Because the first internode always elongages until
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pericarp

endosperm

s cutellum

coleoptile
plumule

radicle
coleorhiza

tip cap

Figure 1. Structure of corn kernel and corn germination (Drawing from Delorit and Ahlgren, 1959). A. Structure of corn
seed. B, C, D, and E are the various stages of corn emergence. (1) leaf, (2) remains of plumule, (3) permanent
root, (4) mesocotyl, (5) primary root. -4
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the top of the plumule reaches the soil surface the nodes from which

permanent roots arise are likewise always beneath the soil surface.

Physiology

The loss of lipids in the developing embryo before the mobiliza-

tion of carbohydrate reserves in the endosperm of corn occurs first

as was shown by Toole (1924). During the period of rapid fat break-

down the RQ (Respiratory Quotient) was about 0.7 suggesting that

lipids were the first respiratory substrate. Malhotra (1934) showed

an increase in sugars during germination. He also suggested that the

embryo contributed fats and the endosperm supplied carbohydrates

during germination. In a physiologic sense the start of germination

depends on the coupling of respiration to growth. Accompanying the

hydration of the seed, enzymes are activated, and one of the first

measurable attributes is an increase in respiration (Toole et al.,

1956). A large number of the respiratory enzymes in plants are

associated with the mitochondria. Hanson et al. (1959) studying the

development of mitochondria in the scutellum of germinating corn

showed that during the initial days of germination there was an in-

crease in the mass and oxidative activity of mitochondria isolated

from corn scutellum. During germination of corn seed the respira-

tory activity of the scutellum increases for three to four days, then

declines. Mitochondria isolated from the scutellum exhibit a parallel
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but greater respiratory increase with a-keto glutarate and succimate

as substrates. However, phosphorylation by isolated mitochondria

declines throughout germination. Mass of mitochondria isolated from

the scutellum increases with germination for three days, then begins

to decline.

Dure (1960) studied the gross nutritional contributions of corn

endosperm and scutellum to growth of the corn axis during germina-

tion. Dure also found that mature embryo depend on the endosperm

only for a source of carbohydrate and inorganic ions and did not re-

quire hormones, vitamins or other factors originating in the endo-

sperm, whereas early germination growth of the axis was dependent

on the lipid of the scutellum. Ingle et al. (1964), however, claimed

that growth of the axis was partially maintained by the fat supply of

the scutellum since there was also utilization of carbohydrates. The

fat content of the scutellum decreased after the second day with a con-

current increase in soluble carbohydrates and nitrogenous compounds,

although the scutellum dry weight remained relatively constant

throughout the five-day experimental period.

The extent of the activities and quantities of a and 13 -amylase

in the endosperm and scutellum during the germination of corn was

studied by Dure (1960). Dure's conclusions were: (1) a -amylase

originates exclusively in the scutellum, (2) a -amylase accounts for

90 percent of amylolytic activity found in corn endosperm at the peak
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of amylolytic activity which is about ten days after germination,

(3) a -amylase is the only amylase present in endosperm of corn

during germination.

Oaks and Beevers (1964) studied the glyoxylate cycle in corn

scutellum by feeding corn scutellum with 14C-2-acetate
and found

that a net synthesis of sugars from storage lipids was possible.

The accumulation of 14C in glutamic acid and sugars indicated the

presence of both tricarboxylic acid and glyoxylate cycles in corn

s cutellum.

Tsai and Nelson (1969) recently reported that there were at

least four different phosphorylases at various stages of germinating

corn seed. Phosphorylase 1, 2, and 3 were detectable in the endo-

sperm whereas phosphorylase 4 was present only in the embryo or

germinating corn seed.

Little is known about the effect of herbicides and other growth

regulating substances on the germination of corn. Fang and Theisen

(1960) reported that S35-EPTC application at 4 lb/A rate did not

cause a decrease in the germination of corn. Dawson (1963) also re-

ported that seed germination of barnyardgrass was not affected by

EPTC.
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GENERAL MATERIALS AND METHODS

Studies were conducted in the greenhouse, laboratory, and con-

trolled environmental chambers to determine the various factors

affecting the action of 1, 8 naphthalic anhydride in corn treated with

EPTC.

Hybrid field corn variety NB 501 D was used throughout the ex-

periment along with three soil types. Soil types used were: (1) washed

quartz sand (El Monte EI-20), (2) Chehalis sandy loam, (3) Woodburn

silty loam, and (4) Bashaw clay loam. General properties of these

soil types are given in Table 1.

The herbicide was mixed thoroughly with the soil by means of a

small double cone tumbling machine equipped with an internal spraying

device. Dry soil was screened through a 9-mesh per inch sieve,

placed in the machine and as the soil tumbled and mixed, the desired

amount of the chemical was applied as a water solution.

Antidote application rate was 1/2% by weight of corn where

appropriate amounts of antidote and corn were put in a plastic bag

and shaken until all the seeds were uniformly covered by the chemical.

Plastic cups of 220 ml and 8 cm plastic pots were used in the

greenhouse and controlled environmental chambers. Two corn plants

were grown in 250 g of silo for 21 days.

Experimental plots received uniform sub-irrigation and a half
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strength nutrient solution during the growth period. Recipe for the

nutrient solution is given in Table 2.

Table 1. General properties of three soil types used in the experi-
ments.

Soil type PH Sand Silt Clay
0,M.
(%)

Moisture
at 1/3 at. meq/100g

Chehalis
sandy loam 6.1 50.1 '32.4 17.5 1.74 19.1 16.9

Woodburn
silty loam 6.6 17.7 62.8 19.5 3.1 19.8 18.9

Bashaw
clay loam 5. 6 2. 0 40. 8 50. 0 7, 2 45. 0

Corn plant height, above ground dry matter production, and

EPTC injury rating were used as response indices.

Continuous supplemental light was used in the greenhouse to ob-

tain 1800 ft-c. The greenhouse air temperature averaged 24 ± 6 C

most days; relative humidity fluctuated between 47 and 70 percent.

The light sources in the controlled environment chambers were

eight F 72T12/cool white/CW XHO Ken Rad fluorescent tubes and 12

40 watt incandescent bulbs. Illumination and temperature were

changed according to the requirements of each study. Photoperiod and

temperature variations were 16 hour day and eight hour night inter-

vals. Relative humidity was about 40 ± 6 percent in these chambers.

Gulf Chemical Company supplied 1,8 naphthalic anhydride for
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Table 2., Recipe for a half strength nutrient solution (Machlis and
Torrey, 1956).

Stock Solution Amount

Final volume
(L) in dis-
tilled H2O

ml of stock solution
to prepare 1 L of
final solution3

1 M Ca(NO3)2.4H20 708.3 3 5

1 M KNO
3

303. 3 3 5

1 M MgSO4 120.4 1 2

1 M KH
2

PO4 136.1 1 1

Fe chelate 1 42. 5 1 1

Micronutrients 2
4. 9 1 1

1 The iron chelate used in the solution was Geigy's Sequestrene 330
Fe chelate (Sodium ferric diethylenetriamine pentaacetate). Forty
two and one half grams of chelate were used per liter of stock solu-
tion.

2The micro-nutrient stock solution contained 2.86 g of H3B04; 1.81
g of MnC12. 4H20; 0.11 g of ZnC12; 0.07 g of CuSO4. 5H20; and
0.025 g of Na2Mo042H20 per liter.

3pH of final solution was adjusted to 6.8 by adding 25 ml 4N KOH
per/50 L.
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the study whereas EPTC and 14C-EPTC were supplied by Stauffer

Chemical Company. Radioactive EPTC had a specific activity of 1.33

mC /mM with the 14C located in the first position of the ethyl group.

Further specific information is described for each particular

experiment.
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EXPERIMENT I. CORN GERMINATION STUDY

The aim of this study was to determine the possible effect of five

levels of EPTC and two levels of antidote on corn germination percent-

age and germination rate index. Germination rate index is a better

criterion as it relates to the total herbicide uptake and crop competi-

tiveness than germination percentage.

Materials and Methods

One hundred corn seeds treated and non-treated with antidote

were placed on two sheets of blotter papers uniformly. Germination

towels were rolled up and dipped into solutions containing 0, 2, 4, 6,

and 8 ppm of EPTC. EPTC treated rolls were held securely by the

aid of two rubber bands and placed into separate plastic bags in order

to prevent herbicidal contamination of corn seeds that were not treated

with EPTC. The tip of the plastic bags were securely tied to reduce

the possible loss of EPTC due to volatilization.

Plastic bags were arranged as a randomized complete block de-

sign with four replications in the controlled environmental chambers

operating at 30 C. Corn seeds were checked daily for six days and the

ones having both shoot and root exceeding 1 cm were considered

germinated. The following formula was used to express germination

rate index (Giineyli et al., 1969).



No, germinated
Germination rate index =

Days to first count

Results

No, germinated since prior count
Days to final count
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Corn seed did not differ in germination percentage after six days

of counting at five levels of EPTC and two levels of antidote (Table 3).

EPTC slightly stimulated corn germination percentage at 2, 4, and 6

ppm rates. There was no reduction of germination percentage due to

EPTC.

Germination rate index values indicated that antidote-treated

plants were stimulated in germination speed at the 2nd day of germina-

tion. The majority of the antidote treated corn seed completed germ-

ination by the 2nd day of counting whereas this was true for the 3rd

day of counting for antidote non-treated corn seed. Differences in the

germination speed at the second day is probably related to herbicidal

uptake since the larger surface area will increase the chance of con-

tact with the herbicide.
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Table 3. Germination percentage and germination rate index of corn
treated with five rates of EPTC and two rates of 1,8
naphthalic anhydride.

EPTC Antidote

Germination % Germination Rate Index

Days to count Days to count

(ppm) (%) 2 3 4 Total 2 3 4 Total

0 0 68 29 0 97 34 15 0 49
1/2 89 9 1 99 45 4 0 49

2 0 71 26 1 98 35 13 0 48
1/2 93 4 0 98 46 2 0 48

4 0 74 25 0 99 37 12 0 49
1/2 84 13 1 98 42 6 0 48

6 0 59 37 2 99 30 19 1 49
1/2 84 11 2 97 42 5 1 47

8 0 59 33 1 97 30 16 0 46
1/2 84 13 0 97 42 6 0 48
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EXPERIMENT II. THE EFFECT OF EPTC IN THREE SOIL
TYPES ON CORN EMERGENCE PERCENT-
AGE AND RATE INDEX

The objective of the experiment was to determine the emergence

percentage and emergence rate index of antidote treated and non-

treated corn from three soil types that were treated with 0, 3, 6, 9,

and 12 lb/A of EPTC.

Materials and Methods

Emergence studies were conducted in the greenhouse by using

plastic containers which measured 20 by 30 by 12 cm. Washed sand

(El Monte EI-20) weighing 4500 g was placed in the plastic containers

and uniformly leveled.

Each container was divided into two sections so that one of the

sections contained only the antidote treated 50 corn seeds whereas the

other section contained 50 antidote non-treated corn seeds. Corn was

planted by hand uniformly so that the plumule would face downward to

expose the corn shoot to a maximum EPTC exposure. EPTC treated

2500 g of Bashaw clay loam, Chehalis sandy loam, and Woodburn silty

loam were carefully placed on the seeds and the soil surface was

leveled uniformly.

Experimental plots were arranged as a split-split plot with

three replications where the soil types were main plots and EPTC
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rates sub-plots. Corn was sub-irrigated and emerging corn seedlings

that reached to the soil surface were counted daily for two weeks.

Soil temperature was 24 + 4 C throughout the experiment period.

Emergence rate index of corn was calculated according to the

following formula (Giineyli et al., 1969).

Emergence rate index =
No. emerged
Days to first count

No. emerged since prior count
+ + Days to final count

Results

Emergence of antidote treated corn was slightly reduced in all

soil types at 3, 6, 9, and 12 lb/A of EPTC. Analysis of variance in-

dicated that F value for antidote was not significant (N.S.). However,

corn emergence percentage significantly differed (0.01 level of

probability) in three soil types. Average corn emergence percentage

for clay loam, silty loam, and sandy loam were 87.8, 9 2.5, and 90.9,

respectively.

EPTC slightly stimulated corn emergence at 3, 6, and 9 lb/A

rates. However, there was slight reduction in emergence percentage

and rate index at 12 lb/A rate of EPTC.

Emergence rate index of antidote-treated corn was slightly re-

duced compared to non-treated corn. The speed of corn emergence

was higher in clay loam which was probably due to strong adsorption

of EPTC by this soil type. The majority of corn seeds emerged five

days after planting corn in this study.



Table 4. Emergence percentage and rate index of corn from three soil types that were treated with EPTC.

Bashaw clay loam
Soil type

Chehalis sandy loam Woodburn silty loam

0 3 6 9 12

EPTC (lb /A)
0 3 6 9 12 0 3 6 9 12

Antidote %
1 1 1 10 0 0 a 0 2 0 z 0 -f 0 i 0 2 0 a 0 2 0 2 0

I 94 90 94 82 96 90 96 92 94 94

II 90 88 96 88 94 86 94 90 88 88

III 91 89 92 88 93 88 95 89 92 89

Avg 91 89 92 88 93 88 95 89 92 89

* 1.7 14 19 14 20 16 20 16 18 17

90 90 86 90 94 70 94 92 90 92

88 92 96 86 96 96 96 90 90 90

89 89 94 87 93 83 95 91 91 87

89 89 94 87 93 83 95 91 91 87

15 14 13 11 13 12 18 15 20 11

2 0 0 2

92 88 94 92 96 92 92 82 96 90

94 86 90 96 96 88 96 84 90 94

93 88 91 91 95 88 93 86 91 88

93 88 91 91 95 88 93 86 91 88

18 14 20 17 21 15 12 10 18 13

*Emergence rate index

Analysis of variance on corn emergence percentage

Source of
variation

Sums of
squares df

Mean
squares F value

Replication 11, 8 2 5, 9 N, S.
Soil 337, 4 2 168.7 23, 1401-

Error a 29, 5 4 7, 3
EPTC 46.0 4 11, 5 N. S.
EPTC X Soil 160, 3 8 20, 0 N. S.
Error b 387. 9 24 16, 4
Antidote 20, 1 1 20, 1 N. S.
Antidote X EPTC 105, 0 4 26, 2 N. S.
Antidote X Soil 97, 0 2 48. 5 N. S.
Antidote X Soil X EPTC 204, 2 8 25, 5 N. S.
Error c 463. 9 30 15, 4
4'significant at 0.01 level of probability CV(c) = 4, 3%
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Plate 1. Plate showing emergence of antidote treated
(on the right) and non-treated (on the left)
corn from sandy loam soil treated with
12 lb/A of EPTC.
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EXPERIMENT III. THE EFFECT OF 1, 8 NAPHTHALIC
ANHYDRIDE ON CORN SEEDLING
DEVELOPMENT

The purpose of the study was to determine the shoot and root

development of antidote treated and non-treated corn under the influ-

ence of 0, 4, and 8 ppm of EPTC treatments.

Materials and Methods

The study was conducted in the controlled environmental cham-

ber where temperature and light intensity were 30 C and 1800 ft-c,

respectively. Antidote treated and non-treated corn seeds were

placed equidistant at 5 cm on two layers of blotter paper where the

blotter papers were presoaked with 0, 4, and 8 ppm of EPTC. Germ-

ination papers containing corn seeds were rolled up, placed in indi-

vidual plastic bags. Plastic bags were closed with rubber bands and

placed in containers vertically in order to ease the vertical develop-

ment of corn root and shoot. The purpose of separate plastic bags

was to eliminate the possible herbicidal contamination of control plots

and also to reduce EPTC loss from the blotter papers through volatili-

zation. Plastic bags were opened twice during the experimental

period to eliminate CO2 accumulation in the bags. Corn shoot and

root length were measured six days after starting the experiment.

Table 5 indicates the figures for root and shoot length in corn where
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each figure is an average of 30 seedlings.

Results

Increasing EPTC rate stimulated shoot development of corn.

Average shoot length of corn shoot, which was not treated with anti-

dote, at 0, 4, and 8 lb/A of EPTC was 15.6, 16.3, and 17.4 cm, respec-

tively. However, shoot length of antidote treated corn at 0, 4, and 8

ppm of EPTC was la.5, 13.4, and 10.8. cm, respectively (Table 5). The

corn shoot was significantly reduced at 8 ppm of EPTC with the appli-

cation of antidote to corn seed.

The corn shoot is the site of action of EPTC in corn. Reduction

of corn shoot development might indicate that antidote treated corn

seedlings take up more EPTC to show a significant reduction at 4,

and 8 ppm of EPTC compared to the controls. It is possible that anti-

dote treated plants contain more EPTC since antidote treated corn

germinates faster than non-treated corn (Experiment I). However,

at 0 lb/A of EPTC, antidote treated corn indicated a reduction in the

shoot length compared to non-treated corn. This indicated that anti-

dote reduced corn shoot development independently of EPTC treatment.

Corn root development was not affected by the EPTC treatments

at 0 and 4 ppm of EPTC whereas there was a slight reduction of root

development at 8 ppm of EPTC. Shoot/root ratio indicated that less

shoot development occurred with the antidote treatment compared to

no-antidote treatment.
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Table 5. Effect of antidote on corn shoot and root development at
three levels of EPTC.

EPTC
(ppm)

Antidote
(%)

Shoot
length
(cm)

Root
length
(cm)

Shoot/Root
ratio

(%)

0 0 15.6a 32.2 48.6
1/2 12.5 31.5 39,6

4 0 16.3 32.7 49.4
1/2 13.4 32.6 40.9

8 0 17.4 31.0 56.1

1/2 10.8 28.1 38.4

aEach figure is an average of 30 replications.
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EXPERIMENT IV. TIME EXPOSURE STUDY OF
1, 8 NAPHTHALIC ANHYDRIDE

The objective of this study was to determine the effectiveness

of antidote in corn after five application time intervals. Time ex-

posure study of antidote might indicate something on the possible

mode of action of antidote in corn during the seedling stage.

Materials and Methods

Corn seeds were uniformly placed on double layer germination

papers which were presoaked in H2O and 8 ppm of EPTC. Antidote

treated and non-treated 20 corn seeds were arranged equidistant at

6 cm on the germination papers. The blotter papers were rolled up

and held securely by the aid of two rubber bands and put into individual

plastic bags to prevent chemical contamination of individual treat-

ments. Plastic bags were placed vertically into the 1000 ml beakers

so that corn shoots and roots would grow uniformly with the plumule

facing upward. Corn seeds were germinated in the controlled

environmental chambers operating at 30 C. Corn seeds were re-

moved from the chambers and treated with antidote on the seed coat

at 1/2, 1, 2, and 4 days after the start of the experiment. Corn

seeds were also treated with antidote at zero time. Control plots

which did not receive either antidote or EPTC were also included in

the experiment. Corn shoot and root length were measured six days
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after the start of the experiment. An average of 18 observations was

plotted for corn shoot and root length.

Results

Applications of antidote at 0, 1/2, and 1 day time intervals res-

tricted corn shoot development with restriction in that order. After

the second day of application there was no restriction on shoot

development for both antidote and antidote + 8 ppm EPTC treatments

indicating that antidote is the most effective during the first 48 hours

of corn germination (Figure 2).

The response of corn roots to antidote treatments was also simi-

lar in action. However, there was slight stimulation of corn root

development during these application intervals (Figure 3). The root

development was restricted during the zero time interval application

of antidote.

Both the shoot and the root development indicated that antidote

was the most effective in corn seedlings during the first 48 hours of

corn germination. The effectiveness of antidote diminished after the

second day of application.
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Figure 2. The effect of antidote time exposure treatments on corn shoot length.
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Figure 3. The effect of antidote time exposure treatments on corn shoot length.
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EXPERIMENT V. UPTAKE OF 1, 8 NAPHTHALIC
ANHYDRIDE BY CORN SEEDLINGS

The purpose of this study was to determine the possible site(s)

of uptake of antidote in corn seedlings.

Materials and Methods

Corn seeds treated with 8 ppm of EPTC were pregerminated in

the controlled environmental chamber operating at 30 C. Uniform

corn seedlings were selected and treated with antidote 48 hours after

germination. A small hair brush was used to deliver about 2 mg of

antidote on to the seed coat, shoot and root of corn. Antidote treated

seedlings were transplanted into the double-dishes (Parker, 1966)

containing 400 g of 12 lb/A of EPTC treated washed quartz sand.

Eighty ml of water was used as a carrier for EPTC. Plastic double-

dishes were built by gluing two square petri dishes (10 by 10 cm) by

the aid of a 3M brand sealer and a welding rod. Each of the double-

dishes contained four seedlings where each of the treatments was re-

peated three times. Corn shoot and root length were marked at the

time of transplant in order to measure the net development of the

seedling sections. Treatments used in these experiments at zero

time were (1) antidote application to the seed coat, (2) EPTC + anti-

dote application to the seed coat, (3) EPTC; whereas 48 hour treat-

ments included (1) EPTC + antidote application to the primary root of
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corn seedling, (2) EPTC + antidote application to the seed coat, (3)

EPTC + antidote application to the shoot.

The double-dishes were taped around the rim and slanted at 60

degrees to ease the corn seedling development in the environmental

chamber at 30 C. Net gain in the corn shoot and root development was

recorded for all treatments 48 hours after transplanting corn. An

average of 12 observations per treatment was plotted in Figure 4.

R es ults

The seed, shoot and root applied antidote at 48 hours of germ-

ination was equally effective on corn shoot development. Application

of antidote at 48 hours of germination to the corn seed, shoot and root

reduced corn shoot development by 10 percent compared to EPTC

treatment alone (Figure 4).

The root application of antidote was toxic to the first primary

root of corn where there was not any gain in the primary root develop-

ment of corn. Shoot application of antidote slightly induced root

growth compared to the seed coat application at 48 hours of germina-

tion.

These results indicated that antidote uptake was not only re-

stricted to the seed coat of corn. The shoots and roots were also

effective sites of uptake. Seed application of antidote suggests that

possibly some of the antidote is absorbed by corn root, shoot, and
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coleoptiles during germination. Antidote applied at the 2 mg rate

was possibly too high of a concentration for the primary root of corn.

However, it has been reported that much higher rates of antidote are

required (40 to 60 lb/A) for soil applied antidote to protect corn from

EPTC injury (Personal communication, Gulf Chemical Company,

1970).
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70
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1 antidote
2 EPTC + antidote
3 EPTC
4 EPTC + antidote, root
S EPTC + antidote, seed
6 EPTC + antidote, shoot
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a b

Figure 4. The effect of antidote application sites at 0 and 48 hr of germination on corn shoot (a) and root development (b).



Plate 2. Plate showing the effect of seed application
of antidote at zero time on corn seedling
development.

43
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EXPERIMENT VI. SOIL APPLICATIONS OF
1, 8 NAPHTHALIC ANHYDRIDE

The objective of the study was to determine if soil applications

of antidote would protect corn from injury. Antidote is not water

soluble. The proper application of this chemical to the root and shoot

zone should indicate if antidote is taken up by corn shoot and root.

Materials and Methods

Antidote was applied to the root and shoot zone of corn before

planting according to the drawing shown in Figure 5. Silty loam soil

weighing 250 g was placed in 15 cm plastic pots and antidote was

applied to the leveled surface by the aid of a salt shaker approximately

at the rate of 40 lb/A. Another 250 g of soil was put on top of

the antidote layer and the soil surface leveled and two corn seeds

which were not treated with antidote were planted with the plumule

facing downward in the soil in order to expose the corn shoot to EPTC

for a longer period of time. After corn planting 250 g of 12 1b/A rate of

EPTC treated soil was placed on the seeds and the soil surface was

leveled again. Soil surface application of antidote was similar to root

application with the exception that antidote was applied to the soil

surface. Antidote treatments also included pots that contained seed

applied antidote and non-antidote treatments. EPTC was applied to

the soil at 0 and 12 lb/A rate where the herbicide was uniformly



Antidote applied
to root zone

Antidote applied
to soil surface

/

Antidote applied
to seed coat

Antidote applied
control plots

Figure 5. Antidote application zones of (a) EPTC treated, and (b) EPTC non-treated experimental plots.

(a) EPTC

(b) Control
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mixed with the soil in the metal tumbler spraying device.

Treatments were arranged in a randomized complete block de-

sign with factorial arrangement where each of the treatments was re-

peated three times.

Corn was sub-irrigated and grown in the controlled environ-

mental chambers for 21 days. The light intensity was 1800 ft-c (16

hour day, 8 hour night) and the temperature was 30 C for 16 hour

and 24 C for 8 hour periods. Treatments received uniform water and

a half strength nutrient solution throughout the experimental period.

The height of corn plants was measured and the above ground portions

were harvested at the soil line, oven dried at 90 C for 24 hours and

expressed as dry shoot weight per pot.

Results

Corn plant height was significantly reduced at 12 lb/A of EPTC

for all antidote application zones except the seed coat application

(Table 6). Control plants which did not receive antidote treatments

were injured the most by EPTC. The shoot and root zone application

followed the control with the injury rating in that order. There was

no injury with the seed application of antidote of 12 lb/A of EPTC;

however, there was about 10 percent reduction in corn plant height

with EPTC treatments compared to the control for the seed-applied

antidote. Data on corn plant height indicate that there was 5 and 12
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Table 6. The effect of soil applications of antidote on corn plant
height.

EPTC
lb/A

Antidote
Application

Zone

Plant height (cm)

I II III IV V VI Avg.

0 Control 64 65 54 60 62 60 61

Seed 50 48 50 51 50 42 48

Root 54 60 51 61 56 48 55

Shoot 52 64 62 58 62 59 59

12 Control 6 14 6 8 14 11 10

Seed 48 40 41 50 40 42 43

Root 22 8 30 37 15 21 22

Shoot 17 20 19 17 9 9 15

= 39.0 s = 6.1 CV = 15%

Analysis of variance

Source of variation Sums of squares df Mean squares F value

Replication 175.8 5 35.1 N.S.

EPTC 13770.1 1 13770.1 369. 2**

Zone 567.7 3 189.2 5.0*

EPTC X Zone 3237.8 3 1079.2 28.8**

Error 1309.1 35 37.4

Total 19060.9 47

**significant at 0.01 level of probability
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percent protection from the antidote treatments applied to the corn

shoot and root zone, respectively.

Data on corn dry matter production also indicated that there

was more protection of corn by the root zone applied antidote com-

pared to the surface zone application at 12 lb/A of EPTC (Table 7).

Corn plants treated with 12 lb/A of EPTC were significantly injured.

Seed application of antidote protected corn from EPTC injury; how-

ever, the protection was not complete when the dry matter production

was used as an EPTC injury criterion. Visual observations indicated

no typical EPTC injury symptom with antidote applications to the seed

coat.

EPTC injured plants were dark green in color, stunted, twisted

and fragile in appearance. Injury symptoms of EPTC with antidote

non-treated plants started three days after emergence whereas injury

started nine days after corn emergence for the shoot and root zone

applied antidote treatments.

These findings indicate that the antidote is basically more effec-

tive when applied to the seed coat. Antidote is also taken up by the

corn shoot and root. Practical applications of antidote to the soil for

corn protection from EPTC is questionable since soil applications re-

quire much higher rates of antidote.
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Table 7. The effect of soil applications of antidote on corn dry matter
production.

EPTC
lb/A

Antidote
Application

Zone

Dry foliage wt (g)

I II III Avg.

0 Control 1.51 1.12 1.31 1.31

Seed 0.94 0.81 0.81 0.85

Root 1.30 0.85 1.10 1.08

Shoot 1.43 1.29 1.22 1.31

12 Control 0.22 0.09 0.12 0.14

Seed 0.49 0.63 0.51 0.54

Root 0.20 0.47 0.29 0.32
Shoot 0. 28 0. 28 0. 27 0. 28

x = 73. 0 s = 1 2. 4 5 CV = 17%

Analysis of variance

Source of
variation

Sums of
squares df

Mean
squares F value

Replication O. 0518 2 0. 0259 N.S.
EPTC 4. 03 44 1 4. 0344 259.2 **

Zone 0. 0 261 3 O. 01 20 N.S.
EPTC X Zone 0. 6491 3 O. 21 63 13. 9**

Error 0.2186 14 O. 01 55

Total 4. 9901 23

** significant at 0. 01 level of probability
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EXPERIMENT VII. THE EFFECT OF SOIL TYPES ON THE
ACTION OF 1, 8 NAPHTHALIC ANHYDRIDE
IN CORN TREATED WITH EPTC

The persistence of EPTC in soil varies from four to six months;

however, it has been reported that EPTC is persistent in soils that

are high in organic matter content. Consequently, heavy soils and

soils having high amounts of organic matter may strongly adsorb

EPTC where corn might not be exposed to the injurious concentrations

of EPTC. As a result of this adsorption, EPTC may not injure corn

and some stunting in corn may occur due to antidote. Under these

circumstances controversial findings from different soil types at the

same rate of EPTC may occur.

Personal communications with various research people and field

observations with antidote in two soil types at the Oregon State Univer-

sity Agricultural Research Farm in Corvallis indicated that the action

of antidote was different at the same level of EPTC in silty clay

loam and sandy loam soils. It was the aim of this study to find out

whether the soil types would be somewhat responsible for some of the

controversial findings of the field research with antidote.

Materials and Methods

Four soil types, washed sand, Bashaw clay loam, Woodburn

silty loam and Chehalis sandy loam were treated with 0, 3, 6, 9 and
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12 lb/A of EPTC. Antidote treated and non-treated corn seeds were

planted in 8 cm plastic pots containing 250 g of herbicide treated soil.

Treatments were arranged in a split-split plot design with three rep-

lications where each of the experimental plots contained two antidote

treated and/or non-treated corn seeds. Antidote treated plots were

arranged as main plots where the herbicide rates were sub-plots.

Corn plants were grown in the greenhouse where the tempera-

ture was 24 + 4 C and the light intensity 1800 ft-c. Corn was sub-

irrigated and a half strength nutrient solution was applied uniformly to

each experimental plot. Corn plant height was measured, the above-

ground parts were harvested at the soil line, and dried at 90 C for

24 hours, six weeks after corn planting.

Results

The response of corn plants in the four soil types was significant-

ly different (0. 01 level of probability) both for plant height and dry

matter production. As the EPTC rate increased in the soil, the plant

height and dry matter production were reduced in corn plants that were

not treated with antidote. There was not significant injury to corn at

3, 6, and 9 lb/A of EPTC in Bashaw clay loam soil indicating that

EPTC was strongly adsorbed by the clay minerals and the organic

matter. There was also some stunting of corn at 3, 6 and 9 lb/A of

EPTC levels due to antidote application (Table 8). However, there



Table 8. The effect of four soil types on the plant height and dry matter production of corn plants which were treated with EPTC and 1, 8 naphthalic
anhydride.

Parameters
of interest

0 3

EPTC (lb /A)

6 9 12

0 1/2 0 1/2

Antidote (%)

0 1/2 0 1/2 0 1/2

Plant ht sand 81 52 84 52 83 70 83 60 87 66 77
(cm) sandy loam 93 84 99 98 88 95 43 80 39 85 80

silty loam 104 90 112 106 97 105 88 101 50 107 96
clay loam 96 92 99 99 109 116 88 94 97 98 99

x
=

93. 50 80.0 98. 7 90. 2 94. 6 95. 7 75. 5 83. 9 68. 3 89. 0
x 86. 7 94.5 95. 1 79.3 79. 2

dry matter sand 2. 1 1.3 2. 2 1. 1 2. 2 1. 3 2. 2 1. 2 2. 5 1. 2 1. 73

(g/Pot) sandy loam 3.6 2. 8 3. 2 2.7 3, 2 2. 8 1. 3 2, 1 1. 8 2. 8 2. 66
silty loam 3. 8 3.7 4.0 4, 1 4.0 4, 2 3. 8 3. 9 2. 1 4, 2 3. 88
clay loam 3.8 3.7 4, 1 3. 4 4. 1 3.4 4.0 3.6 3.3 4, 1 3. 77

x
=

3.3 2.9 3.4 2.8 3.6 2, 9 2.8 2.7 2.4 3. 1

x 3.10 3.13 3.27 2.78 2.77

Continued on next page



Table 8 Continued.

Analysis of variance on corn plant height Analysis of var. on corn dry matter production

Source of
variation

Sums of
squares

Mean
squares F value

Sums of
squares df

Mean
squares F value

Replication 18.7 2 9, 3 N. S. 1.01 2 0. 50 N. S.
Antidote 80.0 1 80.0 N. S. 1. 95 1 1. 95 20.3**
Error a 87.7 2 43. 8 0. 16 2 0. 08
EPTC 5834.4 4 1458.6 4.50* 4.90 4 1. 22 4. 88**
Ant. X EPTC 4327.5 4 1081.8 3.33 7.24 4 1, 81 7. 24**
Error b 5185.9 16 324, 1 4.06 16 0.25
Soil 14082.6 3 4694.2 53.1** 92.68 3 30.89 118. 8**
Soil X Anti. 6469.1 3 2156.3 24.4** 8.02 3 2.67 10.25 **
Soil X EPTC 6374.4 12 531.2 6.01 ** 9.61 12 0.80 N. S.
Soil X EPTC X Ant. 3931.6 12 327.6 3.7 ** 6.26 12 0. 52 N. S.
Error c 5303. 5 60 88. 3 15. 25 60 0. 25

Grand mean = 86. 9 CV (c) = 11% Grand mean = 3.01 CV (c) = 16%
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was no stunting of the antidote treated plants in sandy loam and silty

loam soils. As the soil got lighter (less amount of clay and organic

matter) the EPTC injury became more striking. EPTC injury symp-

toms started early for sandy loam and silty loam compared to clay

loam. No visual injury was observed in the sand with EPTC treat-

ments, on the contrary there was severe stunting of corn due to anti-

dote applications. The reason for this kind of response was probably

due to the fact that EPTC was quickly lost from the sand after the

herbicide application.

The overall findings indicated that antidote would protect corn

from EPTC injury better in the light soils than the heavy soils.

EPTC applications at 3 lb/A rate in sandy soils could be injurious to

corn. It would be advisable to treat the corn seeds with antidote to

protect corn plants from EPTC injury.
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EXPERIMENT VIII. THE EFFECT OF TWO LIGHT INTENSI-
TIES AND TWO TEMPERATURE RATES
ON THE RESPONSE OF CORN TO 1,8
NAPHTHALIC ANHYDRIDE AND EPTC
TREATMENTS

Studies were conducted in the controlled environmental cham-

bers to determine what effects two light intensities and two air

temperatures would have on the corn protection by antidote against

EPTC.

Materials and Methods

Four separate experiments were conducted in the controlled

environmental chambers. The trials included (1) low light intensity

(800 ft-c) + low air temperature (22 C), (2) low light intensity (800

ft-c) + high air temperature (30 C), (3) high light intensity (1800 ft-c)

+ low air temperature (22 C), and (4) high light intensity (1800 ft-c) +

high air temperature (30 C).

Corn seeds treated and non-treated with antidote were subjected

to 0, 3, 6, 9 and 12 lb/A of EPTC in 8 cm plastic pots containing 300

g of Woodburn silty loam soil. Corn plants were grown in the con-

trolled environmental chambers where the light intensity and

temperature were adjusted according to the above mentioned levels.

Each experimental plot contained two corn seeds. Corn plants were

sub-irrigated and received equal amounts of the nutrient solution.
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Treatments were examined daily to observe the start of EPTC in-

jury. The height of corn plants was measured, visual EPTC injury

ratings were recorded, and the corn root and shoots were harvested

21 days after planting. Dry root and foliage productions were ex-

pressed as g/pot. Visual EPTC injury evaluation was based on the

degree of injury to corn. The evaluation varies from 0 to 10 where

the former meant no injury and the latter meant complete injury to

corn. The completely injured plants were dark green in color,

twisted, stunted, and fragile in appearance. The start of injury symp-

toms of EPTC was reticulation of the leaves with the dark green

appearance. The experimental design was a randomized complete

block with factorial arrangement of the treatments where each of the

treatments was repeated three times.

Results

The low light intensity (800 ft-c) and the low temperature (20 C)

study indicated that EPTC was less injurious to corn under these con-

ditions. There was not a typical sign of EPTC injury to corn at 0, 3,

6, and 9 lb/A of EPTC; however, there was EPTC injury to corn at

the 12 lb/A rate. The typical symptom of EPTC injury at the 12 lb/A

rate started 18 days after corn planting. Corn plant height and dry

matter production were reduced for both antidote treated and non-

treated corn as the EPTC rates increased (Table 9). However,
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Table 9. The effect of low light intensity (800 ft -c) and low temperature (20 C) on corn plant height
and dry matter production at two levels of 1, 8 naphthalic anhydride and five levels of EPTC.

EPT C

(lb /A)
Antidote

( %)

EPT C

injury
rating

Avg. plant
ht. (cm)

Avg. dry
root wt (g)

Avg. dry
shoot wt (g)

Total dry
matter prod. (g)

0 0 0 36 0.52 0.47 1.00
1/2 0 34 0.47 0.38 0.85

3 0 0 33 0.52 0.37 0.89
1/2 0 30 0.49 0.33 0.82

6 0 0 35 O. 51 0. 51 1.01
1/2 0 29 0.46 0.37 0.83

9 0 0 30 0. 50 0.34 0.84
1/2 0 27 0.45 0.32 0.77

12 0 5 29 0.43 0.33 0.76
1/2 8 26 0. 40 0. 29 0. 69

Analysis of variance on corn dry shoot weight

Source of
variation

Sums of
squares df

Mean
squares F value

Replication 0. 3066 2 0. 1533 26. 0**
Antidote 0.0340 1 0.0340 5. 76*
EPTC 0.0776 4 0. 0194 3.28*
Ant. X EPT C 0. 0167 4 0.041 N. S.

Error 0.1064 18 0.0059
Total 0. 5414 29

Grand mean = 0.37 s = 0.078 CV = 20%

LSD = 0. 13
(O. 05)



58

antidote treated plants were more injured by the increased rates of

EPTC than non-treated ones. Significant differences (0.05 level of

probability) were found among antidote and EPTC treatments. The

study suggested that cool weather conditions during the seedling stage

of corn with antidote treatments would reduce corn growth and

diminish the protective mechanism of antidote. Based on this study,

it could be stated that antidote would not protect corn from EPTC

injury at cool temperatures whereas antidote itself would be somewhat

injurious to corn.

The results of low light intensity (800 ft-c) and high tempera-

ture (30 C) indicated that a 10 C increase of temperature from 20 to

30 C significantly increased the protective action of antidote in corn

against EPTC. The sudden increase in the protective system(s) of

antidote at 30 C might indicate the involvement of an enzyme system

which was responsible for corn protection against EPTC. EPTC

injury at the 12 lb/A rate started eight days after the planting of corn

seeds that were not treated with antidote (Table 10). Corn foliage

production was significantly reduced by 9 and 12 lb/A of EPTC with-

out antidote treatment of corn seeds.

The results of the high light intensity (1800 ft-c) and low

temperature rate (20 c) are listed in Table 11. This study also indi-

cated that at low temperature antidote would not protect corn from

EPTC injury. Corn foliage production and plant height were severely
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Table 10. The effect of low light intensity (800 ft-c) and high temperature (30 C) on corn plant height
and dry matter production at two levels of 1, 8 naphthalic anhydride and five levels of EPIC.

EPTC

(lb /A)
Antidote

EPT C

injury
rating

Avg. plant=
ht (cm)

Avg. dry
root wt (g/pot)

Avg. dry
shoot wt (g)

Total dry
matter prod. (g)

0 0 0 59 0.61 1.38 1. 99

1/2 0 53 0.56 1. 18 1.74

3 0 0 61 0.61 1. 28 1. 89

1/2 0 55 0. 53 1.28 1. 81

6 0 3 53 1. 51 1.56 2.07
1/2 0 56 0.61 1. 24 1.85

9 0 6 44 0. 57 0.75 1. 32

1/2 0 54 0. 59 1. 31 1.90

12 0 8 34 0.42 0.60 1.02
1/2 0 48 0. 57 1. 19 1.76

Analysis of variance on corn dry shoot weight

Source of
variation

Replication
Antidote
EPIC
Ant. X EPTC
Error
Total

Sums of
squares df

0.0042 2

0. 0672 1

0. 9120 4

0.8461 4

1.0324 18

2.8421 29

Mean
squares

0. 0021
0.0472
0. 2280
0.2115
0. 0515

F value

N. S.
N. S.
3. 96*
3.67*

Grand mean = 1. 19

LSD = 0.43

s = 0.241 CV = 20%
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Table 11. The effect of high light intensity (1800 ft-c) and low temperature (20 C) on corn plant
height and dry matter production at two levels of 1, 8 naphthalic anhydride and five levels
of EPIC.

EPTC
(lb /A)

Antidote
( %)

EPTC
injury
rating

Avg. plant
ht (cm)

Avg. dry
root wt (g/pot)

Avg.. dry
shoot wt (g)

Total dry
matter prod. (g)

0 0 0 31 0.87 0.35 1.22

1/2 0 25 0.62 0.32 0.95

3 0 0 23 0.80 0.50 1.30

1/2 0 19 0.59 0.31 0.90

6 0 0 30 0.79 0.51 1. 30

1/2 0 21 0.59 0.25 0.85

0 4 27 0.72 0.40 1.12

1/2 6 24 0.59 0.21 0.80

12 0 8 36 0.69 0.29 0.97
1/2 8 34 0.62 0.24 0.91

Analysis of variance on corn dry shoot weight

Source of
variation

Sums of
squares df

Mean
squares F value

Replication 0.0092 2 0.0046 N. S.

Antidote O. 1153 1 0. 1153 28. 8**

EPTC 0.0586 4 0.0146 3.65*
Ant. X EPTC 0. 1018 4 0.0254 6.35 **

Error 0. 0735 18 0. 0040

Total 0. 4401 29

Grand mean = 0.34 s = 0.063 CV = 18%

LSD
(0. 05)

= 0.15
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reduced by the increasing rates of EPTC. EPTC injury on corn

started 12 and 16 days after corn planting for 12 and 9 lb/A of EPTC,

respectively. The light intensity was not a factor on the protective

mechanism of antidote.

Table 12 shows the results of the high light intensity (1800 ft-c)

and high temperature (30 C) study. Antidote protected corn from

EPTC injury at all levels of EPTC. However, the protection was not

complete at the 12 lb/A rate of EPTC. There was stimulation of corn

at 3 lb/A of EPTC without antidote treatments.

Overall results indicated that the temperature is a very impor-

tant factor to be considered for antidote action in corn treated with

EPTC. The unusual cool season and cold air drainage at night during

the early seedling stage of corn might affect the protective mechanism

of antidote against EPTC. It would be advisable not to treat corn

seeds with antidote if the weather was unusually cool in the spring.
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Table 12. The effect of high light intensity (1800 ft -c) and high temperature (30 C) on corn plant
height and dry matter production at two levels of 1, 8 naphthalic anhydride and five levels
of EPT C.

EPTC
(lb/A)

Antidote
(%)

EFT C

injury
rating

Avg. plant
ht (cm)

Avg. dry
root wt (g/pot)

Avg. dry
shoot wt (g)

Total dry
matter prod. (g)

0 0 0 54 0.87 1.04 1.66
1/2 0 52 0.79 0.77 1. 56

3 0 0 46 0.85 1.11 1.96
1/2 0 54 0.92 0.94 1.86

6 0 2 58 0.78 0. 87 1. 65

1/2 0 54 0.79 0.86 1.65

9 0 6 35 0.60 0.77 1.37
1/2 0 52 0.81 0, 92 1.73

12 0 9 19 0.39 0.35 0.74
1/2 0 55 0.81 0.78 1.59

Analysis of variance on corn dry shoot wt

Source of
variation

Sums of
squares df

Mean
squares F value

Replication 0.2021 2 0, 1010 N. S.

Antidote 0.0010 1 0.0010 N. S.

EPTC 0. 4161 4 0. 1040 N, S.

Ant. X EPTC 0.2559 4 0.0639 N. S.

Error 0.7061 18 0.0392
Total 1. 5804 29

Grand mean = 0. 86 s = 0. 198 CV = 23%

LSD = 0.36
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EXPERIMENT IX. TIME INTERVAL APPLICATION
OF EPTC TO CORN

EPTC is a preplant and a preemergence applied herbicide.

There are conditions where EPTC can be applied preemergence to

weeds and postemergence to corn. It is likely that injury to corn can

occur from postemergence applications of EPTC. The purpose of this

experiment was to determine the effective length of time that antidote

protects corn from EPTC injury.

Materials and Methods

Antidote treated and non-treated corn plants were subjected to

12 lb/A of EPTC at 0, 1, 2, 4 and 8 days in Woodburn silty loam soil

weighing 300 g. EPTC was applied to 300 g of silty loam soil in 15

ml of water by the aid of a drinking straw which had openings in the

part that was placed into the soil. Each of the plastic cups was

placed in a bottle that was attached to a vacuum-pump to give enough

suction to eliminate 20 ml of water in the soil so that EPTC would not

leach out of the soil.

Corn was grown in controlled environmental chambers where

the temperature, light intensity, and relative humidity were 30 C,

1800 ft-c (16 hour day, 8 hour night), and 40 ± 10%, respectively.

Plants were sub-irrigated to prevent leaching of EPTC whereas a half

strength nutrient solution was applied to the pots by the aid of drinking
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straws. All plants received uniform water and nutrient solution.

The experimental design was a randomized complete block with

factorial arrangement of the treatments. Each of the pots containing

two corn plants were harvested 21 days after planting. Corn plant

height was measured and plant above ground parts were harvested at

the soil line and expressed as g per pot.

Results

EPTC was most injurious to corn at 0, 1, and 2 days after

planting. There was significant reduction in corn plant height and

dry matter production caused by EPTC (Tables 13, 14). Protection

by antidote was significant for all dates of EPTC applications. Re-

sults further indicated that protection by antidote was continuous.

EPTC injury on corn started as early as three days after corn

emergence for 0 and 1 day EPTC applications whereas injury symp-

toms developed progressively later for 2, 4 and 8 days application.

EPTC injured plants were bent, stunted, twisted and dark green in

color whereas EPTC applications with antidote showed normal

growth. However, protection by antidote was not 100 percent when

1/2% antidote + 12 lb/A EPTC treatment was compared to control

plants that were not treated either with antidote or with EPTC (Fig-

ures 6 and 7).

The response of plant height and dry matter production to



Table 13. The effect of time interval applications of 12 lb/A of EPTC on corn plant height.

12 lb/A of EPTC applications (days from planting)

0 1 2 4 8

Antidote
(%)

Replication
Plant
ht (cm)

EPT C

injury
rating

Plant EPTC
ht (cm) injury

rating

Plant EPT C

ht (cm) injury
rating

Plant
ht (cm)

EPT C

injury
rating

Plant
ht (cm)

EPTC
injury
rating

0 I 14 10 9 10 20 9 18 8 39 7

II 9 10 9 10 15 9 14 8 30 7

III 9 10 9 10 28 9 9 8 45 7

Avg. 11 10 9 10 21 9 14 8 37 7

1/2 I 51 0 42 0 54 0 49 0 49

II 55 0 52 0 48 0 48 0 54 0

III 51 0 52 0 45 0 54 0 47 0

Avg. 53 0 49 0 49 0 50 0 50 0

% protection
by antidote 79 81 57 72 27

Analysis of Variance
Source of Sums of Mean
variation squares df squares F value

Replication 36. 8 2 18. 4 N. S.
Antidote 8500. 8 1 8500.8 248, 2**
Times 350.2 4 87.5 N. S.
Ant. X Times 404.3 4 101.0 N. S.
Error 592.0 18 32.9
Total 9885.3 29
**significant at 0.01 level of probability CV = 17. 4%



66

Table 14. The effect of time interval applications of 12 lb/A of EPTC
on corn foliage production (g/pot).

Antidote
( %)

Replication

12 lb/A of EPTC applications
(days from planting)(

0 1 2 4 8

0 I 0. 37 0. 28 0. 54 0. 54 0.84

II 0.30 0.17 0.32 0.32 0.75

III 0,32 O. 20 O. 58 0.19 1.01

Avg. 0.33 0. 22 O. 48 0.35 0.87

1/2 I 1.51 1.40 1.80 1.15 0.88

II 1.61 1.44 1.21 1.13 1.13

III 1.51 1.55 1.70 1.18 1.18

Avg. 1.54 1.46 1.40 1.15 1.06

% protection
by antidote 79 85 66 70 18

Analysis of variance

Source of
variation

Sums of
squares df

Mean
squares F value

Replication 0.3938 2 0.1969 N.S.

Antidote 58. 0800 1 58. 0800 246. 7**

Times 2. 0624 4 0. 51 56 N.S.

Ant. X Times 10. 7696 4 2.6924 11.7**

Error 4.2548 18 0.2362

Total 75. 2734 29

**significant at 0. 01 level of probability
CV = 16.7%
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12 lb/A EPTC and 1/2% antidote + 12 lb/A EPTC treatments at 0, 1,

2, 4 and 8 day applications showed statistically significant linear fit

(Tables 15 and 16). The theoretical regression lines for the above-

mentioned treatments were indicated in Figures 6 and 7. Study of the

analysis of variance tables indicate significant differences (0. 01 level

of probability) for the antidote treatments. However, significant

interaction between application times and antidote makes the further

statistical inferences meaningless in this study.



Table 15. Regression analysis on corn plant height and EPTC application time.

Antidote + 12 lb/A EPTC 12 lb/A of EPTC

Source of Sums of Mean Sums of Mean
variation df squares squares F value df squares squares F value

Regression 1 5.48 5.48 N.S. 1 1116.0 1116.0 19.4*

Residual 10 190.76 19.07 10 580.9 58.0

Lack of fit 7 69. 27 8.4 N.S. 7 379.9 54.2 N.S.

Pure error 3 1 21. 49 40.4 3 114.0 38.4

Total 11 196. 25 11 1696.9

r = 0.16 r = 0.81

0



Table 16. Regression analysis on corn dry matter production and EPTC application time.

Antidote + 12 lb/A of EPTC 12 lb/A of EPTC

Source of Sums of Mean Sums of Mean
variation df squares squares F value df squares squares F value

Regression 1 0. 29188 0. 29188 8. 5** 1 1.15478 1.15478 17.7**

Residual 10 0, 34360 O. 03436 10 O. 65107 O. 06510

Lack of fit 7 0. 00410 0. 00586 N.S. 7 O. 2144 0. 03063 N.S.

Pure error 3 0.30060 0.1008 3 0.4364 0.01456

Total 11 0. 63 548 11 1. 80586

r = -O. 677 r = 0.80
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EXPERIMENT X. THE TIME INTERVAL APPLICATIONS OF
1, 8 NAPHTHALIC ANHYDRIDE IN CORN
TREATED WITH EPTC

The objective of the experiment was to determine whether late

applications of antidote would protect corn from EPTC injury. If the

late applications of antidote were available, it would be possible to

protect crops that were accidentally sprayed with a herbicide.

Materials and Methods

Corn seeds were placed on two sheets of blotter papers con-

taining 0 and 8 ppm of EPTC. Blotter papers containing corn seeds

were rolled up and placed in individual plastic bags to prevent the

volatility loss of EPTC and to reduce the possibility of contamination

of the control seeds that were not treated with EPTC. Corn was

germinated in growth chambers operating at 30 C constant tempera-

ture. Uniform corn seedlings were picked up and treated with antidote

0, 1, 2 and 4 days after corn germination. Treated corn seedlings

were immediately transplanted into 220 ml plastic cups containing

250 g of silty loam soil that was treated with 12 lb/A rate of EPTC.

Treatments were arranged as a randomized complete block design

with three replications where each of the plastic cups contained two

corn plants.

Corn plants were grown in controlled environmental chambers
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where light intensity, temperature, and relative humidity were 1800

ft-c, 30 C and 40 + 10%, respectively. Plants were sub-irrigated

and fertilized with a half strength of nutrient solution which was

applied by the aid of a drinking straw. Corn plant height, EPTC in-

jury rating and corn dry matter production were recorded 21 days

after planting.

Results

Antidote was more protective when applied to the seed coat of

germinating corn at 0 and 1 day after planting. Protection by antidote

was significant but not complete at 2 and 4 day applications (Table

18). Corn plant height and dry matter production was significantly

reduced by the delayed applications of antidote. However, significant

protection by the antidote at the fourth day suggested that antidote

could be applied to the developing corn which was treated with EPTC

to further protect it from herbicide injury.

Study of regression analysis on corn plant height and dry matter

production indicated significant fit to linearity when antidote applica-

tion time was considered as an independent variable (Table 19).
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Table 17. The effect of time interval applications of 1, 8 naphthalic anhydride on the plant height of
corn treated with 12 lb/A of EPTC.

0.5% naphthalic anhydride application (days from planting)

0 1 2 4

EPTC Repli-
(lb /A) cation

Plant
ht (cm)

EPIC
injury
rating

Plant
ht (cm)

EPTC
injury
rating

Plant
ht (cm)

EPTC
injury
rating

Plant
ht (cm)

EPTC
injury
rating

12 I 48 0 51 0 31 6 32 8

II 43 0 48 0 33 6 32 8

III 46 0 42 0 37 6 30 8

Avg. 46 0 47 0 34 6 31 8

% protection
by antidote 76 76 67 65

Analysis of variance on corn plant height

Source of
variation df

Sum of
squares

Mean
squares F value

Replications 2 7.1 3. 5 N. S.

Times 3 584. 9 194. 9 16. 9**

Error 6 68.8 11.4

**significant at 0.01 level of probability
CV = 10%
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Table 18. The effect of time interval applications of 1,8 naphthalic
anhydride on the dry matter production of corn treated with
12 lb/A of EPTC.

EPTC
lb/A

Replication

0. 5% naphthalic anhydride application
(days from planting)

0 1 2 4

12 I 1.30 1.48 0.80 0.80

II 1.22 1.40 1.09 0.62

III 1.26 1.07 1.11 0.62

Avg. 1.26 1.32 1.00 0.68

% protection
by antidote 74 75 67 52

CV = 15% LSD (0.05) = 7.5

Analysis of variance on corn dry matter production

Source of
variation df

Sums of
squares

Mean
squares F value

Replications 2 1.4 0.7 N.S.

Times 3 76.1 25.3 9. 2*

Error 6 16.4 2.7

*significant at 0.05 level of probability



Table 19. Regression analysis on the plant height and dry matter production of corn treated with
EPTC and time interval applications of 1,8 naphthalic anhydride.

Corn dry matter production Corn plant height

Source of
variation df

Sums of
squares

Mean
squares F value df

Sums of
squares

Mean
squares F value

Regression

Residual

1

7

0.58698

0.19730

0.58698

0.02818

20.8* 1

7

301.7

190.2

301.7

27.1

11.1*

Lack of fit

Pure error

Total

5

2

8

0.0210

0.1763

0.78428

0.0042

0.0881

N.S. 5

2

8

126.2

64.0

492.0

25.2

32.0

N.S.

**significant at 0.05 level of probability

r = 0.86 r = 0.78
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EXPERIMENT XI. THE EFFECT OF 1,8 NAPHTHALIC
ANHYDRIDE ON THE UPTAKE AND
BREAKDOWN OF ETHYL-1- 14C-EPTC
IN CORN

The possibility of antidote involvement in the uptake, break-

down, and binding of EPTC in corn was undertaken by this experiment.

The study was conducted to determine whether one or more of the

above possibilities could be the reason for corn protection by the anti-

dote.

Materials and Methods

Corn seeds treated and non-treated with antidote were planted

equidistant at 1 cm planting depth and at 3 cm planting distance in 7 kg

of Woodburn silty loam soil which was placed in a plastic container

where the container measured 10 by 22 by 32 cm. Fifty p.0 of 14C-

EPTC which had a specific activity of 1.33 mC/mM was mixed with

1400 ml of water and non-radioactive EPTC to obtain a 12 lb/A rate.

The solution was applied uniformly to the soil surface by the aid of a

plastic wash bottle. The container was covered with a plastic sheet to

reduce the loss of EPTC through volatilization.

Corn seedlings were harvested in two replications (each replica-

tion contained four seedlings) at 1, 3, 6 and 9-day intervals. Two

soil samples were also taken by the use of a metal-core at various

harvest dates to determine the remaining
14C-EPTC in the soil.
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Corn seedlings were washed under running water and separated into

seed, root, and shoot sections. After weighing each of the plant sec-

tions, the tissue was ground separately in a mortar and pestle con-

taining 95% ethanol. Ethanol extract was brought up to 24 ml in vials

with 95% ethanol and refrigerated at least 24 hours. An aliquot of 0.1

ml was put in a vial containing 5 ml of Toluene containing 0. 4% PPO

and 0. 005% POPOP to determine the total activity in a Tri-Carb

Liquid Scintillation Spectrometer for ten minutes.

14C-EPTC in the alcohol extract was separated by distilling 1

ml of the ethanol extract for two hours in 80 ml of water in a distilla-

tion apparatus as described by Fang and Thiesen (1959) and extracted

in 5 ml of iso-octane. After the distillation process 1 ml of the iso-

octane solution was placed in a vial and the activity was determined as

explained previously. Counting efficiency of the experiment was 68%.

The total activity in the residue was determined by the use of a

gas-flow G-M detector after filtering the ethanol extract solution and

drying the residue under an infra-red light source.

The total activity was expressed as count per minute (cpm) and

g per four corn seedlings in this study. The results of the study were

tabulated in Table 20 where each of the figures is an average of two

replications and each of the replications contained four corn plants.

Concentration of
14C-EPTC and percent metabolized 14C -EPTC were

calculated according to the following formulas:
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Total 14C-EPTC (fig)Concentration of 14C-EPTC Fresh weight (p.g)

% Metabolized EPTC =
Activity in ethanol extract-Activity in steam dist. X 100

Activity in ethanol extract

Results

The result from the ethanol extract study indicated that anti-

dote-treated plants actually absorbed more EPTC than non-treated

plants (Table 20). There was more absorption of 14C-EPTC by the

antidote-treated plants in all plant sections and at all harvest dates.

These results further confirm the findings of Stauffer Chemical Com-

pany (Personal communication, 1971) whose personnel also found

that antidote-treated plants contained more 14C-EPTC at 3, 6 and 9-

day harvest intervals. These findings indicated that antidote did not

reduce the uptake of 14C-EPTC, rather it increased 14C-EPTC up-

take. The significant reduction in the total activity in the seed after

three days indicate 14C-EPTC metabolism and also its transport to

the root and shoot region of corn seedlings. Corn seed contained the

highest activity, next was root and shoot in that order.

Study of metabolic conversion revealed that even though antidote-

treated plants absorbed more 14C -EPTC, they also metabolized more

14C-EPTC than the non-treated plants. Consistent results suggest

that antidote affects the metabolism of EPTC in corn. It is possible

that the enzyme system responsible for EPTC metabolism is further
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Table 20. Effect of 1, 8 naphthalic anhydride on the uptake and breakdown of 14C-EPTC in corn
during early stage of growth.
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stimulated by antidote. The activity of the enzyme system which is

responsible for the breaking down of 14C-EPTC is somewhat low

during the early days of germination. The system reached maximum

level at six days and then diminished at nine days in the seed section

of developing corn seedlings. Total activity of 14C-EPTC in the soil

dropped significantly at the nine day harvest date along with total in-

tact EPTC in corn plant sections.

Because of the low amount of activity found in the alcohol in-

soluble residue of corn seedling sections (4-6 cpm) no further attempt

was made to compare antidote-treated corn plants with non-treated

ones.
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EXPERIMENT XII. BREAKDOWN OF 14C-EPTC IN 1 and
3-DAY OLD CORN SEEDLINGS

The objective of the study was to determine the possible break-

down products of 14C-EPTC in corn that was treated and non-treated

with antidote.

Materials and Methods

Corn seeds treated and non-treated with antidote were planted

in 7 kg of silty loam soil containing 12 lb/A of EPTC and 50 pC of

14C-EPTC. Corn seedlings were harvested at 1, 3, 6 and 9-day inter-

vals and activity of 14C in corn seed, root and shoot was determined

by using the Liquid Scintillation Spectrometer. Only 1 and 3 day old

corn seedlings were used in the study.

Two hundred p.1 of the ethanol extracts of the corn seed and

shoot sections were delivered on an Eastman Silica Gel 6060 by the

aid of a micro pipet. Chromatographic plates were dipped into a

BAW (n-butanol-acetic acid-water, 8: 2: 3, v/v/v) solvent where the

whole system was kept air tight in a glass jar for an eight hour period

for separation of the possible breakdown products of 14 C-EPTC.

Samples were air dried and scanned in a Radiochromatogram Scanner,

Packard Model 7200.

Collimator setting, time constant, and scanning speed were

7.5, 30 seconds and 1 cm/minute (2 cm/minute for three-day old
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corn) respectively. Chromatographic separations were repeated and

scanned twice and the Rf values for various major peaks were re-

ported.

Results

Thin layer Chromatographic separation indicated that there were

at least five possible major breakdown products of 14C-EPTC in 1

and 3-day old corn (Figure 8). Antidote treated 1-day old corn showed

high amounts of
14C-EPTC breakdown products whereas this amount

diminished significantly on the third day. It is possible that these

products were transported into the root or shoot sections where they

could have been metabolized along with the breakdown in the seed.

Study of the areas under the major peaks indicate that antidote

treated corn seedlings can break
14C-EPTC faster. The Rf values

for these peaks were the same for antidote and control suggesting that

14C-EPTC metabolizing system(s) are the same (Table 21). It is

difficult to interpret the intact 14C-EPTC peak (peak 5) and draw

boundaries with the next possible metabolite. Higher rate of 14C -

EPTC along with samples from steam distillates (intact 14C-EPTC)

may help to interpret the various peaks more precisely.
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Figure 8. C14-EPIC breakdown in corn seedling.



Table 21. Rf values for the major peaks of metabolized 14C -EPTC in 1 and 3 -day old corn.

Day

Corn
plant
section

Antidote
(%)

Activity
(cpm/0.1 ill)

Rf values for major peaks (14C -EPTC)

1 2 3 4 5 6

1 seed 0 540 0,32 0.39 0.49 0.54 0.65 0.78

1/2 545 0.32 0.39 0.49 0.54 0.65 0.78

seed 0 570 0.13 0.76 0.40 0.54 0.68 0.78

1/2 580 0.13 0.76 0.40 0.54 0.65 0.78

shoot 0 615 0.18 0.24 0.40 0.51 0.65 0.85

1/2 770 0.18 0.24 0.40 0.51 0.65 0.85

Distance traveled by the metabolite
Rf Distance traveled by the solvent
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EXPERIMENT XIII. EFFECT OF GIBBERELLIC ACID AND
CYCOCEL ON CORN TREATED WITH 12
lb/A OF EPTC AND TWO LEVELS OF
1,8 NAPHTHALIC ANHYDRIDE

A possible relationship among GA3, CCC, Antidote and EPTC

was sought by the experiment. Since the enzyme system that is res-

ponsible for EPTC breakdown in corn started to work at the very early

stages of corn development, it is possible that this system is regu-

lated by gibberellic acid.

Materials and Methods

Solutions containing 0.1 and 0.2 percent of gibberellic acid and 1.0 and

0. 5 percent cycocel (CCC) were prepared in the laboratory. Square

petri dishes containing 200 g of sand were saturated with 40 ml of the

above mentioned solutions. Corn seeds treated and non-treated with

antidote were placed on the sand uniformly, dorsal end facing the

solution. Petri dishes were put into the growth chamber operating at

30 C. After 12 hours of exposure to the above-mentioned compounds,

seeds were transplanted into 8 cm plastic pots containing 250 ml of

Woodburn silty loam soil treated with 12 lb/A of EPTC. Antidote

was applied to the opposite side of the dorsal end with a brush for

GA3 + antidote treatment. The experimental design was a randomized

complete block with three replications where each pot contained two

corn plants. Corn was grown in the controlled environmental
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chamber where temperature, light intensity and relative humidity

were 30 C for day, 26 C for night, 1800 ft-c and 40 ± 10%, respective-

ly. Corn was uniformly sub-irrigated and a half strength nutrient

solution was injected into the soil with the aid of a drinking straw.

After 21 days of growth period, corn plant height was measured,

visual injury ratings were recorded and the above ground parts were

harvested at the soil line, and expressed as g dry shoot production

per pot.

Results

Gibberellic acid applied at 0.1 and 0. 2% rate partially protected

corn from EPTC injury (Table 22). There was stimulation of growth

by 0.2% of GA3 at 0 and 12 lb/A rate of EPTC. Visual observations

indicated that EPTC injury on corn treated with GA3 started to show

two weeks after corn planting. Injury symptom of CCC treatments

was the most striking where it started to show four days after plant-

ing corn. There was more corn injury at 1% of CCC than 0. 5%. In-

jury on corn plants that were treated only with 12 lb/A of EPTC

started ten days after corn planting indicating that EPTC injury on

corn is stimulated by CCC. CCC is an inhibitor of GA3 synthesis.

Antidote treatments along with 0.1 and 0. 2% of GA3 not only complete-

ly protected corn from EPTC injury, but also significantly stimulated

corn development during the early stages of growth.



Table 22. Effect of GA3, GA3 + Antidote, and CCC treatments on corn plant height and dry matter production.

Parameters EPTC
of interest lb/A

Average
plant ht (cm) 0

12

Average dry 0
shoot wt (g)

12

Visual injury rating
at 12 lb/A of EPTC

Treatments

GA3

(0. 1%)

GA3

(0. 2%)

GA3 +
Antidote

(0. 1%+0. 5%)

GA3 +
Antidote

(0. 2%+0.. 5%)

CCC

(0. 5%)

CCC

(1. 0%)
Antidote
(0. 5%)

Control

69 74 59 67 59 56 56 56

56 60 62 67 21 11 55 27

1.23 1.77 1.53 1.79 1.67 1.47 1. 46 1. 42

1.30 1.62 1.62 1. 83 0. 38 0. 24 1. 36 0. 28

6 4 0 0 10 10 0 10

Analysis of variance on corn dry matter production Analysis of variance on corn plant height

Source of
variation

Sums of
squares df

Mean
squares F value

Source of Sums of
variation squares df

Mean
squares F value

Replications
Treatments
Error
Total

0.0036
12. 6670
0.6978

13.3685

2

15

30
47

0.0018
0. 8444
0.0232

N. S.
36. 4**

Replications 29, 5 2

Treatments 14667.0 15

Error 1309. 1 30
Total 16005.6 47

14.7
977. 8
43.6

N. S.
20. 4**

x = 1.31 CV = 11% LSD = 0.27 x = 53 CV = 11% LSD = 11. 2
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Results of this study and the previous findings from
14C-EPTC

studies suggest that antidote stimulates the enzyme system(s) that is

responsible for EPTC metabolism. It is possible that this enzyme

system is regulated by gibberellic acid. Partial protection of anti-

dote at 9 and 12 lb/A of EPTC will be complete in the field if one

treats corn seeds with GA3 along with antidote. The validity of this

assumption will require further field testing and research.
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DISCUSSION AND CONCLUSIONS

Studies were conducted to determine various factors affecting

the action of 1, 8 naphthalic anhydride in corn treated with various

levels of EPTC and the possible mechanism of corn protection by

antidote against EPTC. It was also the purpose of the study to clarify

the various controversial findings on the subject. The findings of this

study would help to better understand the antidote and EPTC relations

in corn plants.

The germination studies indicated that antidote did not affect

germination percentage of corn treated with five levels of EPTC.

However, antidote treated corn seeds were stimulated in germination

rate index at the second day of counting. Nevertheless, total germin-

ation index values indicated that there was not any difference in the

germination speed of antidote treated and non-treated corn plants.

The emergence of antidote treated corn was slightly reduced in

all soil types at 0, 3, 6, 9 and 12 lb/A of EPTC. There were not

significant differences among emergence percentages of the antidote

treated and non-treated corn seedlings. There was slight stimula-

tion of corn emergence by the application of EPTC at 3, 6 and 9

lb/A rates.

Antidote and EPTC had an opposite effect on the corn shoot and

root development. EPTC treatments were stimulatory to the corn
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shoot development whereas antidote treatment was inhibitory. There

were slight differences in the root development of corn plants with

the application of EPTC and antidote.

Both the shoot and root measurements of the time exposure

studies with antidote indicated that antidote was the most effective

during the first 48 hours of seedling development. The effectiveness

of antidote diminished at the fourth day of antidote application to the

developing corn seedling.

The antidote site of application showed that the direct applica-

tion of antidote to the first primary root of corn seedling was inhibi-

tory to the primary root development of corn. However, the seed,

root, and shoot application of antidote at the 48th hour of corn

germination equally reduced the shoot development of corn indicating

the possibility of antidote uptake by the root, shoot and seed sections

of developing corn seedling.

When antidote was applied to the root zone and to the soil sur-

face at a 40 lb/A rate along with seed application of antidote it was

found that only the seed application of antidote protected corn from

EPTC injury. EPTC injured plants were dark green in color, stunted,

twisted and fragile in appearance. Antidote treated plants were nor-

mal in color and appearance; however, there was fading of dark

purple color of the pigment phytocyanin in the corn shoots.

The response of corn plants in Woodburn silty loam, Chehalis
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sandy loam, and Bashaw clay loam soils was significantly different.

There was not' significant injury to corn at 3, 6 and 9 lb/A of EPTC

in clay loam soil indicating that EPTC adsorption by organic matter

and clay minerals was high. Antidote treated plants were stunted

in the clay loam soil. However, there was no stunting of antidote

treated corn plants in sandy loam and silty loam soils. EPTC injury

was more striking in sandy loam and silty loam soils than clay loam

soil.

The light temperature interaction studies indicated that light

intensity was not a factor affecting the action of antidote in corn treat-

ed with EPTC. However, the temperature studies at two light inten-

sities (1800 and 800 ft-c) indicated that at low temperature (20 C)

antidote did not protect corn from EPTC. On the contrary, the anti-

dote treated corn plants were more injured by EPTC than non-treated

ones. The study suggested that it would be possible for antidote

treated corn plants to be injured during the unusual cool season and

cold air drainage at nights in the field.

When 12 lb/A of EPTC was applied to antidote-treated and non-

treated corn plants at 0, 1, 2, 4 and 8 day time intervals it was found

that EPTC was most injurious to corn at 0, 1 and 2 days after plant-

ing without antidote treatment. However, antidote treated plants

were successfully protected from EPTC injury at all dates of EPTC

application indicating that antidote protection is somewhat continuous
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in the plant. EPTC injury on corn started as early as two days after

corn emergence for 0 and 1 day of EPTC applications whereas injury

symptoms developed progressively later for 2, 4 and 8 days of appli-

cation.

The time interval applications of 1,8 naphthalic anhydride on

corn treated with 12 lb/A of EPTC indicated that protection by anti-

dote at 2 and 4-day application was significant but not complete. Anti-

dote was more protective when applied to corn 0 and 1 day after treat-

ing corn with EPTC. However, significant protection of corn by the

antidote suggested that antidote could be applied to corn at the seed-

ling stage to further protect it from EPTC injury.

The latter part of the thesis studies included the use of 14C-

EPTC to determine if antidote affected the uptake and metabolism of

EPTC in corn. When the corn seedlings were harvested from 12 lb/A

and 50 FIC
14C-EPTC treated soil at 0, 1, 3, 6 and 9 day intervals it

was found that actually antidote treated plants took up more EPTC

than the non-treated ones. However, steam distillation studies indi-

cated that there was less intact EPTC in antidote treated plants in

corn seed, root and shoot sections for all harvest days. Results

suggested that antidote possibly affected the metabolism of EPTC in

corn. It would appear that the enzyme system(s) responsible for

EPTC metabolism was further stimulated by the antidote. Radio-

active EPTC studies further indicated that at low temperature (20 C)
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activity of the enzyme system responsible for metabolizing EPTC is

slowed down resulting in more injury in antidote treated corn plants

than non-treated plants since the antidote treated plants take up more

EPTC. Antidote might also have been deactivated at 20 C, conse-

quently it was not able to activate the system that was responsible for

EPTC breakdown.

Further studies with the ethanol extracts of
14C-EPTC showed

five to six major peaks on the thin layer chromatography both for

antidote treated and non-treated corn seedlings. The peaks were

similar for antidote and non-antidote treatments indicating that there

was not a new major metabolite produced by the application of antidote

to corn.

The possibility of gibberellic acid involvement as a regulator of

the EPTC metabolizing enzyme system was sought by applying GA3,

CCC and Antidote to corn at 12 lb/A of EPTC. It was found that GA3

alone partially protected corn against EPTC injury. GA3 and antidote

combinations not only gave complete protection to corn at 12 lb/A of

EPTC, but also significantly increased corn foliage production.

From these studies it can be concluded that antidote will protect

corn from EPTC injury in lighter soil and warm climatic conditions.

Antidote protection is continuous during the time interval that was

studied.

The possible reason for antidote protection of corn may be the
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activation of the enzyme system which is responsible for EPTC

metabolism. If this assumption is correct then it will be possible to

study and develop many compounds that could protect crops against

herbicidal injury. However, much is still unknown about the uptake,

translocation, and metabolic fate of antidote in corn treated with

various levels of EPTC. It is possible that the large amount of the

variation in the experiments was due to the application procedure of

antidote.
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