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THE EFFECT OF EPTO ON BARNYARD GRASS 

INTRODUCTION 

Barnyard grass (Echinochloa crusgafli (L. ) Beauv. ) is a suiìtner 

annual grass of the millet tribe (Pan.iceae). The vigorous growth of 

barnyard graBs in areas where it is adapted makes it a very serious 

weed in marty crops. Et1r1 N,N-di-n-propylthiolcarbarnate (EPTC) is an 

effective soil-applied herbicide for the control of barnyard grass 

seedlings. The basic principles involved in the action of EPTC on 

barnyard grass are not known. The main objective of this research 

was to determine the site(s) of EPTC uptake and injury in barnyard 

grass and to characterize this injury. A second objective was to 

map the progression of germination, emergence and early growth of 

barnyard grass with respect to time, temperature, and depth of 

seeding. The information obtained should aid in controlling 

barnyard grass more effectively with EPTC. 
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REVIEW OF LITERATURE 

Severa]. authors have discussed barnyard grass from the stand- 

point of description (20, p. 712-71g; 29, p. 73-7g) or weed 

control (3, p. 39-147; 11, p. lo-ilS). These publications attest 

to its weedy characteristics arid vigor as a crop competitor. 

Under some conditions, it is desirable as a soil stabilizer 

(33, p. 186) and as a wildlife food plant (, p. 29; 6, p. 12t- 

b32; 22, p. II). However, in most cases where barrard grass 

occurs in crop land it is considered a serious weed and demands 

strict control measures. Apparently little attention has been given 

the species from the standpoint of its life history and development 

as no literature pertaining directly to this problem vas found. 

Grass Seedling Morphology 

The morohology of grass embryos and the developmental morphology 

of grass seedlings have been investigated by many workers. The 

literature has been reviewed by McCall (23, p. 283-28S). Van 

Tieghani (cited by McCall (23, p. 283) and Avery (2, p. 1)) early 

observed that there were three somewhat distinct patterns of 

grass seedling development represented by oats (Avena), corn (Zea), 

and wheat (Triticum). Recent papers by McCall (23, p. 283-322), 

Avery (2, p. 1-39), and Boyd and Avery (7, p. 76S-779) deal very 

thoroughly with developmental morphology and anatorry of grass seed- 

lings, especially oats, corn and wheat. These papers are helpful 

in understanding the developmental morphology of barnyard grass, also. 
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McCall disagrees with Boyd and Avery, and i\very about the inter- 

pretation of the structure of the grass embryo. This has resulted 

in a confusion of terminology concerning the parts of the grass 

seedling, because each partisan naines certain significant morpho- 

logica]. structures according to his own interpretation. McCall 

(23, p. 307) interprets the epiblast as a rudimentary leaf at node 

number 1, arid the scutellum the second leaf at node number 2. The 

coleoptile is interpreted as the third leaf so that the elongating 

structure in the Zea type (representing barnyard frass) is the 

second internode. Avery (2, p. 37) and Boyd and Avery (7, p. 76S- 

778) directly oppose McCall's interpretation. They state that the 

epiblast is not a leaf. Thus the scuteliwn is the first leaf 

attached at the first node. They interpret the coleoptile as the 

second leaf so the elongating structure of the Zea type is the 

first internode. 

Existing knowledge does not allow one to decide which inter- 

pretation is correct; both are based on a justified opinion and 

backed by good data. Thererore, favoring the interpretation of one 

or the other in order to establish consistent terminology seems 

expedient. Because Avery's interpretation agrees better with the 

external morphology of the seedling, it will be accepted. The 

terms used in this work are therefore as follows: The scutellum 

and coleoptile are not controversial terms and will be used as 

generally defined. The elongating region of the seedling stem 

will be called the first internode. The second node at which the 



coleoptile (second leaf) is attached will be termed the coleoptilar 

node. Subsequent leaves will be termed first foliar leaf, second 

foliar leaf, etc. The primary seminal roots will be called primary 

roots. Any adventitious roots will be descriptively termed such 

as coronal adventitious roots for those developing at the crown. 

This, in reneral, is the terminolo.y used by Kiesselbach (21, 

p. 13-16) in his detailed description of corn. 

Some people have applied the term "mesocotyl" to the elongating 

internode below the coleoptile. Avery (2, p. 37), Boyd arid Avery 

(7, P. 778) and McCall (23, p. 316-317) agree the term is obsolete 

and should not be used. It is mísleadin, being based on an early 

interpretation that the scutellum plus the coleoptile constitute the 

cotyledon; thus the elongating internode below the coleoptile would 

be in the middle of the cotyledon, hence "mesocotyl". Current use 

(iS, p. 19-21) is still made of the term, however. The present 

investigator agrees with Avery and McCall that the term is of little 

value. This variously named structure will be termed first internode 

in this work. 

Baker (3, p 39-17) has demonstrated that the pattern of 

developmental morpho1or of seedlings may be very i:'portant with 

respect to herbicide sensitivity. Isopropy]. N-(3-chlorophenyl) 

carbamate kills barnyard grass without harming rice. This selec- 

tivity apparently results because the coleoptilar node of barnyard 

grass is near the soil surface, whereas in rice it remains fairly 

deep in the soil. 



EPTC as a Herb.cide 

The herbicide ethyl-N,N-di-n-propylthiolcarbaniate (EPTc) has 

been shown to be a potent gramthlcide (30, p. L6-W7) and espec- 

ially effective in controlling barnyard gra3s (U, p. 1OS-1]$). 

Ashton and bheets (1, p. 89-90) report that concentrations of 

O.21 - i.% parts per million of EFTC in different soil types are 

sufficient to reduce the fresh weicht of 30-day-old oat plants by 

O%. Reports on the use of EPTC for weed control are voluiiünous. 

The Stauffer chemical Compa, manufacturar of EPTC, has prepared 

a brochure (31, p. 1-69) containing 2S9 abstracts of reports on 

the use of Eptarn which is their trade name for EPTC. Most of the 

articles abstracted are from the proress reports of American and 

Canadian ed control conferences. No detailed reports concerning 

the fundanental action of EPTC on barnyard grass or any other 

species were found in the literature. Pleezarka and Warren (28, 

p. 137) report sorne limited work which indicated germination of 

pigweed, pursiane, tomato, muskmelon and watermelon seed was not 

harmed by exposure to EPTC vapors for 2I hours. 

Fang and Theisen (16, p. 29g-298) and Yarnaguchi et a]. (37, 

p. 86-87) report work with radioactively taged EPTC which indi- 

cates that roots of several species pick up EPTC readily. The 

EPTC, or at least the radioactive portion of it was translocated 

throughout the plants. Fang and Yu (17, p. 91-92) allowed seeds 

of several spec±es to imbibe water containing radioactively 

labeled EPTC. The breakdown rate of EPTC in the seed1in-s was 



studied, Differences in the rate of breakdown were found and it 

was suggested that tolerance to EFrC may be due to the ability of 

plants to degrade EPTC, while susceptible species may lack this 

ability. Yamar,uchi et al (37, p. 86-87) reported that EPTC passed 

readily through the leaves of U species, including barnyard grass. 

Half of the material diffused through the leaves and was absorbed 

by carbon pads. 

Sites of Urtake and Action of Herbicides 

several investigators have studied sites and mechanins of 

phytotoxicity of some other herbicides (8, p. l-lL; 10, p. 8S-86; 

p. lL, . 19, p. p. lt7-166; 

2, p. lS-l7 26, p. 1i32-L3; 27, p. 6g-73; 36, p. 2O-2). 

The plant part or parts where herbicides enter plants has been 

determined for many materials. Isopropyl N-phenylcarbamate was 

found to enter via roots more readily than leaves (Li, p. Lt30; 

13, p. 9S-96; lL, p. l83-L87). Muzik et al (27, p. 72) reported 

that 3-(p-chlorophenyl)-1,l-diinethylurea entered velvet bean 

plants via root, stem or leaves. Weaver and DeRose (3g, p. 1O- 

Sll) report rea absorption of 2,Li-dichlorophenoxy acetic acid 

by leaves of energed plants. Taylor (32, p. S98-S99) found the 

same materia], entered the roots of plants in nutrient solution. 

Funderburk and Davis (18, p. 9) report that sodium 2,2-dichioro- 

propionate is absorbed by both the roots and the shoots of emerged 

corn plants, but more readily by the roots. 
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These limited citations of literature indicate root, stern and 

leaf tissue rnar serve as avenues for entrance of herbicides. Al- 

though shoot tissue (leaves and stems) absorbs various herbicides, 

all published work cited has dealt with application to shoot tissue 

above ground. Apparently no one has given particular attention to 

the subterranean leaf and stem tissue of ernerinr seedlings as 

specific sites of entrance for soil-applied herbicides. It seems 

to be commonly supposed that herbicides acting through the soi]. 

affect the plant via the roots. 



EQUIPMENT 

Certain specialized equipment had to be developed for some phases 

of this investigation. Equipment used by the personnel of the Crops 

Research Division, U. . Department of Agriculture at Deltsville, 

Maryland1, was used to expose plant parts to EPTC vapors. This con- 

sisted of a one-quart motor oil can, a ring Jelly mold, and a clear 

plastic bag (Figure 1). Plants grown in untreated soil in the oil 

can were exposed to vapors from EPTC applied to a filter paper in the 

jelly mold, The plastic bag confined the EPTC vapors and vapor 

contact to the plants was effected. 

A technique was developed for exposing selected parts of emerging 

barnyard grass seedlings to EPTC. A po1yetylene sheet separated un- 

treated soil Írom soil containing EPTC. A small polyetkr1ene cone 

with a perforated apex was fitted into an x-shaped cut in the sheet 

( Figure 2). Soil pressure caused an effective seal between the 

sheet and cone. nerging barnyard grass seedlings re able to pass 

through the holes in the cones. Predetermined parts of emerging 

barnyard grass seedlings were exposed to EPTC by various arrangementB 

of the seed, the plastic barrier, and the treated soil. 

The cones were made so the hole in the apex was covered by 

two flaps. Pressure from the soil closed these flaps preventing 

EFTC movement through the hole, yet plant parts could penetrate it. 

Bioassays oí untreated soil separated by the plastic barrier from 

Suggested by Dr. W. C. .kiaw, Leader, Weed Investigations-Agronomic 
Crops, Plant Industry Station, Beltavile, flaryland. 



Fig. 1. Apparatus consisting of a ring jelly mold, a quart oil 

can, and a plastic bag used for exposing barrrard grass 

seedlings to EPTC vapors. 

Fig. 2. Square of plastic sheet with corner removed (i) made 

into cones with perforated tips (2) which fit into 

x-shaped cut in plastic sheet (3) to form plastic 

barrier (ti) used in selective exposure of seedling 
parts to EPTC. 
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EFTC-treated soil or an atmosphere containing EPTC vapors indicated 

that the barrier prevented EPTC movement into the untreated soil. 

The oil can-jelly mold method and the plastic cone method were 

sometiines conthined to effect vapor exposure of selected seedling 

parts. 

The soil used in all the greenhouse studies was Ritzville very 

fine sandy loam, 
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SYMPT1S OF EPTC INJURY IN BARNYARD GRASS 

Materials and Methods. In order to observe the effect of EPTC on 

barnyard grass, and to determine at what concentrations the symptoms 

were produced, the foUowin- test was conducted. EPTC in petroleum 

ether was applied to dry soil in a flat pan. After the solvent had 

evaporated, the EPTC was thora h] mixed with the soil in a mecha- 

ni.cal soil mixer. Concentrations of O, l/L, 1/2, 1, 1 1/2, 2, 

2 1/2, 3, 1.,, and 6 parts per million by weight (ppm) were prepared. 

Four six-inch pots were filled sdth soil from each rate of EPTC and 

approxinatel.y 60 barrrard grass seeds were planted i inch deep in 

each pot. The pots were then placed in a warm greenhouse in a 

randomized block design with four replications. The pots were sub- 

irrigated from saucers. 

Seventeen days after planting, emerged seedlings in each pot 

were counted. At this time the seedlings in one replicate were 

washed free of soil so the under-ground parts could be examined. 

As the remaining seedlings developed, they were observed periodically 

for symptans of EPTC injury. They were discarded 10 weeks after 

planting. 

Results. Barnyard grass seedlings emerged at about the same time in 

all treatments. Compared with soil having no EPTC, the emergence 

after 17 days was significantly reduced by L, 5, and 6 ppm of EPTC 

(Figure 3, Table 1). Reduction in seedling emergence was due to 

ce8satiOn of growth of some seedlings before emergence rather than 

a reduction in percent germination. At the rates used, EPTC did 

not affect germination of barnyard grass seeds. 
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Fig. 3. Barnyard grass seedlings 17 days after planting in soil 
containing the indicated ppm of EPTC. 

Fig. 1. Representative 1-ek-old seedlings of barnyard grass 
grown in soil containing the indicated ppm of EPTC. 



13 

Table 1. Number of emerged barnyard grass seedlings from approxi- 
mateir 60 seeds planted in EPTC-treated soil. Counted 17 
days after planting. 

ppm of EPTC 
o u/Li 1/2 1 1 i/ 2 2 1/2 3 6 

7 60 9 Sb Sb 53 149 52 142* 143* 358I 

* Significantly different from O ppm at % level of probability. 
* Significantly different from O ppm at 1% level of probability. 

LSD (5%) 11.8 LSD (1%) 15.6 

In the untreated check, the foliar leaves contained within the 

coleoptile continued to develop after emergence. The coleoptile was 

split near the tip and the first foliar leaf grew upward, followed in 

order by subsequent leaves. Each grew in length and unrolled 

normally. After the seedlings emerged, abnoria1 foliar development 

was evident at aU rates of EPTC. At i - 6 ppm of EPTC seedling 

development was arrested shcrtly after emergence and normal foliar 

leaves usually did not exìand beyond the coleoptile. The coleop- 

tiles with the enclosed foliar leaves were very dark green and 

appeared water-soaked. Swelling in the region of the coleoptilar 

node was conunon, 

Four weeks after planting, the symptoms described below were 

observed. There was considerable overlapping of symptoms, but the 

progressive severity of injury shown in FIgure 14 is representative. 

At i/b ppm of EPTC, the first foliar leaf elongated beyond the 

coleoptile in most seedlings, but usually remained rolled longi- 

tudinally rather than unrolling normally. As time went on, 
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additional foliar leaves were produced, In sorne cases the second 

leaf was normal; in others it was rolled similar to the first. In 

a few plants at 1/14 ppm, injury was more severe and normal leaves 

did not develop íTor quite some time. Whenever one foliar leaf 

developed normally, all subsequent leaves were normal. 

At 1/2 ppm, sone seedlings were sinilar to those described above. 

!ost plants were sore severely injured, however. Abnormal leaves 

grew beyond the coleoptile in most plants. Some eventually produced 

norma). leaves and recovered but most produced no normal leaves and 

eventually died. 

At i ppm, one foliar leaf sometimes develoed beyond the cole- 

optile but remained tightly rolled longitudinally, and the plants 

eventually died. 

At 2, 2 1/2 and 3 ppm, one tightly rolled foliar leaf sorne- 

times grew a short distance beyond the coleoptile. More conirnon].y, 

no leaves grew beyond the coleoptile. Instead, a distorted growth 

of foliar tissue ruptured the colcotile just above the coleoptilar 

node and protruded a short distance. 

At 14, and 6 ppm, no expansion of the foliar leaves beyond 

the coleoptile occurred and the seedlings remained just as they 

were shortly after emergence until they died. 

Death of the EPTC-injured plants progressed rather slowly. 

Many of the severely injured plants remained alive and unchanged 

in appearance 2 - 13 weeks after emergence. Beginning about ten 

days after emergence, sorne injured seedlings began to dry up and 

fall to the soil surface. The seedlings in which expansion of 
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foliar leaves was limited to a rupturing of the side of the coleop- 

tile (2 - I ppm of EPTC) were first to die, followed by those with 

more foliar leaf expansion and the ones in which the coleoptile was 

never broken. 

'ive weeks after emergence nearly all seedlinrs in the soil 

with 2 1/2 - 6 ppm of EPTC were dead. These seedlins were then 

discarded, but those treated with the lower rates of EPTC were 

maintained. 

EPTC at i/is ppm did not kill any of the seedlings. Some were 

quite severely injured, but eventually recovered. Once a normally 

expanded foliar leaf was produced, the plant recovered. A leaf 

showing symptoms of EPrC injury never followed n norr' .. al leaf. 

Seedlinrs in soil containing i/Is ppm of EPTC were quite variable 

six weeks after planting (Figure ). Some had several normal 

leaves and were similar to the untreated plants. Others were very 

small and had just produced their first normal leaf. 

Figure 6 shows a sinle seedling which has recovered from the 

effects of i/ ppm of E?TC. The first foliar leal' elongated but 

remained tightly rolled. The second and third foliar leaves were 

quite normal, but could not grow up through the center of the 

preceding leaf because it was too tightly rolled. Instead, they 

broke out through the leaf sheath near its base causing the seed- 

ling to appear branched. Remnants of the coleoptile can be seen 

about the base of both "branches". 

The treatments thich had O, l/1, 1/2, 1, 1 1/2, and 2 ppm of 

EPTC were discarded 10 weeks after planting. Representative 7- and 



Fig. 5. 

Fig. 6. 

Six-week-old barnyard grass seedlings grown in soil 

containing i/I ppm of EPTC. 

Four-week-old seedlings of barnyard grass grown in soil 

containing 1/Ii ppm of EPTC showing recovery froni effects 

of EPTC. 

16 
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10-week old plants are shown in Figures 7 and 8. The plants which 

recovered are nonnal and free of any EPTC symptoms. Even at 2 ppm, 

one plant recovered; although it was small, it appeared normal. 

When the seedlings in one replicate were washed free of soil 17 

drs after planting, unu8ual symptoms were found. The first inter- 

nodes of many treated plants were extremely kinked. This kinkin 

was invariably restricted to the portion of the first internode 

below the soil surface. When barnyard grass grows out of doors in 

the spring, all of the first internode normally is below the soil 

surface. Elongation of this tissue ceases when the coleoptile is 

illuminated. The present experiment was conducted in a warm green- 

house in December with no supplemental light. As a result of the 

limited light the first internode elonated beyond the soil surface 

so that usually 1/2 - 1 inch of this stem tissue was above ground. 

luid kinkin was evident in a few plants at 1/2 ppm. The 

kinking became more severe and more plants had kiriked stems as the 

rate of EPTC increased, Typical seedlings from soil with 3 - 6 ppm 

of EPTC are shown in Figures 9 and 10, with a seedling of the same 

age from untreated soil. Notice the sharp distinction betwaen the 

kinked and unaffected portions of the first internode. The soll 

surface was always at this line of separation. 

3everal seedlings from the higher rates of EPTC which failed to 

emerge are shown in Figure 11. In general, the first internodes of 

the unemerged seedlings were very severely kinked. 

No adverse effects of ETC on the roots of barnyard grass were 

observed. 
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Fig. 7. Barxard grass seven teks after planting in soil con- 
taining the indicated ppm of EPTC. 

Fig. 8. Barrard grasa ten weeks after planting in sot]. containing 
the indicated ppm of EPTC. 
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Fig. 9. Seventeen-day-old barnyard grass seedlings which emerged 

from soil containing 3-6 ppm of EPTC. Untreated plant of 

the same age on left. 

Fig. 10. Seventeen-day-old barnyard grass seedlings which emerged 

from soil containing 3-6 ppm of EPTC. 



Fig. 11. Seventeen-day-old barnyard grass seedlings which failed 

to emerge from soil containing 3-6 ppm of EPTC. 
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RESPONSE OF THE FEST INTNODE TO EPTC 

The kinking of the first internode of barrrard grass frequently 

associated with EPTC injury was studied to determine whether this is 

a primary or secondary effect of the herbicide. 

Seedling Development in Paper Towels 

in the Presence of EPTC 

Materials and Methods. Aqueous solutions were prepared containing 

O, iS and 30 ppm of EPTC. Assumin complete solution, these 

rates correspond roughly to the concentrations in the soil solution 

of a fine sandy loam at field capacity containing O, 1, 3, and 6 pmi 

of EPTC. Thfrty-t rolls of paner towels, each containing 25 barn- 

yard grass seeds were prepared as follows. A aoer towel folded in 

half was marked with a pencil line 3 inches from one end. Twenty- 

five barnyard grass seeds were distributed on this line and a second 

folded towel was laid on top of them. The towels with the seeds were 

then rolled up loosely and secured with a rubber band. Four of these 

rolls were placed in each of eight 300 ml beakers and held upright 

by a cardboard circle with ) holes to accommodate the rolls (Figure 

12). These beakers were set up in pairs. One Im.indred ml of one of 

the EPTC solutions was added to each beaker of a pair. A small 

plastic bag was then fitted over the towel rolls and secured to the 

beaker with a rubber band to prevent water loss by evaporation. 

The 100 ml of solution wet the towels leaving about 2 ml in the 

beaker. The beakers were placed in a dark germinator at 320 C. 

The barnyard grass seedlings were able to elongate vertically 



Fig. 12. Apparatus consisting of an 800 ml beaker and four rolls 

of paper towels in which barnyard grass germinated and 

elongated. 

Fig. 13. Representative barnyard grass seedlings 7 days after 

placing seed in rolled paper towels moistened with 
water containing the indicated ppm of EPTC. 

22 
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between the folds of paper with less resistance than would be en- 

countered in emerging through soil. 

On the fifth and seventh days, one towel roll was removed frOEll 

each beaker. This provided duplicate rolls from each concentration 

of EPTC on each day. The lengths of primary root, first internode, 

coleoptile and total shoot were determined for the 20 largest seed- 

lings in each roll. Seedlings in the remaining rolls were not 

measured but were obs'ved for general appearance on the seventh 

day. 

Results. Barnyard grass seeds germinated equally well at all con- 

centrations of EPTC. About 90% of the seeds germinated. Table 2 

contains a siminary of the seedliní- measurements. Each figure is an 

average of 20 seedlings. Lengths of first internode, coleoptile 

and total shoot decreased with increased concentration of E?TC. The 

length of the primary root varied considerably; the root length of 

individual seedlings ranged from O to 1j5 nun. There was no relation- 

ship between concentration of EPTC and root length, nor were there 

any visible formative effects of EPTC on the roots. 

The kinking of the first internode which is COY!1I:IOnly observed 

in barnyard grass seedlings grown in soil with E2TC (?igure 10) 

was rarely observed in the seedlings germinated in towels. Only 

about 1S% of the seedlings at 30 ppm showed some degree of this 

symptom and it was mostly absent at the lower concentrations. The 

coleoptiles of the plants exnosed to EPTC appeared injured, and marr 

of them became brown by the seventh day. The coleoptiler node was 

often swollen, as had been observed earlier. Representative 
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Table 2. Lengths in rmn of root, first internode, coleoptile and 
total shoot of barnyard rass seedlings grown in paper 
towels moistened with water containing 0, 5, 15 and 30 
pn of E?TC. 

Concen- Primary First Total 
tration root internode Coleoptile shoot 

5 Days after seeding 

0 ppm 3.1 71.14 14.1 75,5 

5 ppm 14.1 66.7 3.3 70.0 

15 ppm 5.3 60.5 2.8 63.3 

*30 ppm 14.6 51.1 3.5 

7 Days after seeding 

O ppm 7.9 85.7 5.6 91.3 

5 ppm 14.2 77.0 14.5 81.5 

15 ppm 5.7 70.8 3.9 714.7 

30 ppm 8.8 57.5 3.9 61.14 

* Measurements for 30 ppm taken after 6 days instead of 5. 

seedlings from the 14 concentrations of EPTC are shown in Figure 13. 

The formation of adventitious roots on the first internode of 

barnyard grass seedlings was not inhibited by EPTC. In fact, these 

roots were more abundant at the higher rates. 

First Internode Elongation in Loose Dry 
Soil Containing EPTC Vapors 

Materials and Methods. In this experiment, seeds of barnyard grass 

were germinated in untreated moist soil. The emerging shoots passed 
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through a plastic barrier into loose, dry soi]. containing EPTC 

vapor (Figure 1L). Eight barnyard grass seeds in two cans were 

exposed to EPTC vapors. In addition, seeds were planted in two 

other cans without exposure to EFIC vapors. After the seedlings 

emerged, they were recovered and observed for symptoms of EPTC 

injury. 

Resulta. Seedling emergence was very good. AU seedlings in the 

presence of EPTC vapors were injured. Ihe coleoptilar node swelled, 

the young leaves within the coleoptile became dark green and 

appeared water-soaked, and leaves did not grow beyond the coleop- 

tile. The part of the first internode which elongated in the 

loose dry soil containing EPTC vapors was straLht and normal in 

appearance. A certain nount of kiriking occurred in the first 

internode within the cone before exnosure to EPTC, but the EPTC 

vapor did not induce kinking. Representative treated and untreated 

seedlings are shown in Figure l. 

A few seedlings failed to emerge because the hole in the apex 

of the cone was too small. A seedling from the untreated check in 

which the tip of the coleoptile lodged in the hole is shon in 

Figure 16. The first internode became very much coiled and kinked. 

This kinking was somewhat similar to that associated with EPTC injury 

shown in Figure 10. 
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Fig. lL. Diagram of apparatus used wherein shoots of barnyard 
grass 8eedlings elongated in loose, dry soil containing 

EPTC vapors. 
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Fig. 15. Barnyard grass seedlings which germinated in untreated soil 

under plastic cones. Shoots of three on left elongated in 

loose, dry soil containing EPTC vapors above cone. Two on 

right were similarly grown without EPTC vapors. Plastic 
cone remains in place on center seedling. 

Fig. 16. Barnyard grass seedling grown in untreated soil under 
plastic cone having hole in apex too small for coleop.. 

tile to penetrate. 



Progressive Developnient of First Internode Kinking 

Materials and iIethods. An effort was made to follow the progression 

of first internode kinking associated with EPTC injury. Barnyard 

grass seeds were Dianted 31)4 and i 1/2 inches deep in four-inch pots 

in untreated soil and soil containing 3 pn of EPTC. Seeds and/or 

seedlings were recovered fran the soil by careful screening and 

washing 3, 14, 6, 7, 8, 9, 10, 13 and 18 ds after planting. 

Representative seedlings were photographed in an effort to provide 

a seria]. pictorial record of the development of kinking in the first 

internode during emergence. 

Results. The periodic observations of growing barnyard grass seed- 

lings failed to show how the kinking of the first internode pro- 

gressed. The degree of kinking varied considerably at the different 

sampling dates (Figure 17). Apparently sarna condition peculiar to 

the individual pots of soil caused the plants to kink rather than 

EPTC eosure per se. soil compaction seemed a likely possibility. 

Kinking of the First Internode in 
Compacted EPTC-treated Soil 

Materials and Methods. Air dry soil containing 3 ppm of UPTC was 

prepared by applying the appropriate amount of commercial EP'fC in 

petroleimi ether and mixing thoroughly after the solvent had 

evaporated. The soil was moistened approximately to field capacity. 

When the soil was no longer sticky, it was mixed until friable and 

used to fill 16 one-quart oil cans. Approximately 60 barnyard 
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Fig. 17. Barrard grass seedlings b and 13 days after seeds were 
planted 1 1/2 inches deep in soil containing 3 ppm of EPTC 
showing variableness of first internode kinking. 
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grass seeds were planted 2 inches deep in each can. Four treatments 

'with four replications were established by applying 0, 6, 12 and 2t 

lb. of pressure per square inch to the soil surface in the cans. 

This was done by placing a circular piece of wood of known area on 

top of the soil in the can. The can was then placed on a platform 

scale and pressure applied until the scale registered a value equal 

to the product of the area of the disc in square inches times the 

desired pounds pressure per square inch to be applied. Each can was 

covered with a plastic bag to prevent drying and thus eliminated the 

need for watering. The covered cans were placed under a bench in a 

warm greenhouse. After seven days, the plastic bags were removed, 

and the emerged seedlings were counted. Emerged and unemerged seed- 

lings were recovered by washing and screening. The percentage of the 

total seedlings in which the first internode showed kinking was 

determined. 

Results. The seeds germinated uniformly in all the treatments. All 

showed typical coleoptilar symptoms of EPTC injury. The number of 

seedlings from approximately 60 seeds and the percentage of these 

which showed some degree of kinking of the first internode are shoai 

in Table 3. Although all were exposed to the saine concentration of 

EPTC and all were lethally injured, the seedlings in the loose soil 

showed very little kinking of the first internode. As the soil com- 

paction increased, the amount of kinking increased, both in the per- 

centage of seedlin:s kinked and the severity of kinking (Figure 18). 
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Fig. 18. Barnyard grass seedlings grown in soil containing 3 ppm 
of EPTC to which 0, 6, 12 and 2L lb. pressure per square 
inch (A, B, C and D, respectively) had been applied after 
planting seed 2 inches deep. 

Fig. 19. Barnyard grass seedlings grown in soil containing no EPTC 
to which 0, 60, 120 and 2b0 lb. pressure per square inch 
(A, B, C and D respectively) had been applied after planting 
seeds 1 1/2 inches deep. 
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Table 3. Effect of soil compaction on first internode of EPTC- 
injured barnyard grass seedlings. 

Pressure applied Percent having 
to soil surface Total seedlings kinked first internode 

O lb/in2 36 6 

6 lb/in2 60 

12 lb/in2 38 82 

2t lb/in2 38 99 

Kinking of the First Internode in Compacted 
Soil Without EPTC 

Materials and Methods. A test similar to the foregoing was conducted 

using soil Lthout EPTC. The pressures applied were 0, 60, 120 and 

2IO pounds per square inch. These pressures are ten times as great 

as those applied to the soil treated with EPTC. 

Four additional cans of moist soil were prepared to which 0, 60, 

120 and 2O pounds pressure per square inch were aplied. The pounds 

of weight required to insert a dissecting needle of approximately the 

diameter of a barnyard jass shoot i 1/2 inches into the soil was de- 

termined 10 times for each soil. This was done by p1acinc the can on 

a scale and pushing the needle downward into the soil. The pounds 

registered when the needle penetrated i 1/2 inches into the soil was 

recorded. This indicated the increased resistance to seedling 

emergence ich compaction caused. 

Results. The pounds of weight required to insert a dissecting 

needle 1 1/2 inches into the soil of the four treatments is shown in 
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Table ¿. The force required to insert the needle increased con- 

siderably as soil compaction increased. The increased compaction 

probably made it increasingly difficult for the barnyard -rass 

shoots to penetrate the soil also. 

Table 1.. Effect of compaction on the force required to insert a 

needle of i nun diameter into soil. Average of 10 trials. 

Pounds weight reouired 

Pressure applied to insert needle 1 1/2 

to soil surface inches into soil 

o lb/in2 0.10 

60 lb/in2 2.17 

120 lb/in2 3.16 

2L0 lb/in2 .26 

The seeds germinated uniformly in all treatments, but emergence 

was reduced under conditions of greatest compaction. The number of 

seedlings from approximately 60 seeds and the percentage of these 

which showed some degree of kinking of the first internode are shown 

in Table . Kinking of the first internode, similar to that which 

was observed in response to EPTC exposure, was present in all the 

compacted soil. It became somewhat more frequent and much more 

severe as the compaction increased (Figure 19). The amplitude of 

tìe icinking was less when induced by compaction than when induced 

by EPTC. This is reasonable because the compacted soil uld 

restrict the lateral movement involved in kinking. 
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Table . Effect of soil compaction on first internode of barnyard 
grass seedlings grown in soll without EPTC. 

Pressure applied Percent having 
to soil surface Total seedlings kinked first internode 

O lb/in2 i 

60 lb/in2 )4.l 82 

120 lb/in2 146 91 

2)40 lb/in2 38 9S 

Geotropism of Barnyard C'ass shoots 
Lethally Injured by EPTC 

Materials and Methods, A number of EPTC-injured barnyard crass 

seedlings were washed free of soll and laid horizontally on wet 

porous paper at room temperature under very little light. After 

two days they were observed for geotropic response. 

Resulta. The EPTC-injured seedlings responded normally to geotropism. 

The region of the intercalary meristem in the upper end of the first 

internode bent, raising the coleoptiles to a vertical position. Al- 

though the foliar tissue was lethally injured and incapable of 

further normal develoDment, the stem tIssue below it functioned 

normally. eed1ings after bending are shown in Figure 20. 



Fig. 20. Barnyard grass seedlings lethally injured by EFI'C show- 

ing normal geotropic response after lying horizontally 
on moist paper for 2 days. 

3 

Fig. 21. Barnyard grass seedlings having an abundance of coronal 

and first internode adventitious roots. Seeds germinated 

on surface of firmly packed, moist soil under sealed plas- 

tic bag containing EPTC vapors (seedlings on right) and 

without EPTC (seedlings on left). 
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SITES OF UPTAKE AND LETHAL ACTION OF EPTC 

The purpose of this portion of the investigations was to examine 

the effects of EPTC on leaf tissue in greater detail and to study the 

effect of EPTC on roots. The relationship between sites of injury 

and uptake was also studied. The effect of EPTC on seven other 

grasses was studied and compared to the effect on barmj-ard rass. 

Effect of EPTC Vapors on Germination 
and seedling Development 

Materials and Methods. i'our one-cuart oil cans were filled with 

moist soil. Approximately 60 barnyard grass seeds were planted one 

inch deep in each can. A jelly mold and plastic ba were put on 

each can. Two bacs contained EPTC vapors; two did not. When the 

seedlings emerged, they were observed periodically. 

Four one-quart oil cans were filled to the brim with firmly 

packed, moist soil. Approximately 60 barnyard grass seeds were 

distributed on the soil surface in each can. A jelly mold and 

plastic bag were put on each can. Two bags contained EPTC; two 

did not. The seeds and resulting seedlings re observed periodically 

for three weeks and then discarded. 

Results. Barnyard grass seedlings which emerged from soll under an 

atmosphere containing EPTC vapors were lethally injured. Symptoms 

were the serie as those which develop in seedlings grown in soil 

containing EPTC. 

The seeds on the surface of firm, moist soil in the presence of 
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EPTC vapors germinated as well as those which were untreated. 

rpical foliar symptoms of EPTC injury were present in the seedlings. 

The leaves within the coleoptile were very dark green and appeared 

water-soaked. These leaves did not develop normally beyond the 

coleoptile and the plants eventually died. 

Under the conditions of high humidity within the plastic bags, 

adventitious roots developed on the first internodes and at the 

crowns of the barnyard grass seedlina as they normally do in soil 

(Figures 1O-t). Both the corona]. adventitious roots and the 

adventitious roots on the first internode of the EPTC-treated 

plants were identical in appearance and equal in number to those of 

the untreated check. Representative seedlings are shown in Figure 

21. Injury to the leaf tissue had already taken place before the 

adventitious roots were produced. Therefore, the seedlings pro- 

duced normal roots after they had been lethally injured by EP. 

Furthermore, this root growth occurred while the plants were still 

in the presence of EPTC vapors. 

Differential Exposure of Shoot and Prthiary Root 
of Emerging Seedlings to EPTC in Soil 

Materials and Methods. The primary root and shoot of barnyard grass 

were differentially exposed to EÎTC during emergence. The plastic 

cone method was used to separate treated and untreated soil. The 

following four treatments involving exposure of selected seedling 

parts to EPTC were set up in five replications: 



a. !irst internode and coleoptile exposed with the 
seed and primary root protected. 

b. Seed and primary root exposed with the first 
internode and coleoptile protected. 

c. Whole plant exposed (check). 

d. Whole plant protected (check). 

Each plot consisted of four seeds planted under cones in a six-inch 

flower pot. Each seed was placed in soil wIthin 1/8 inch of the tip 

of the cone. Enough soil was placed over the cones and plastic sheet 

so the seeds were all planted one inch deep. The arrangement of the 

seed in the four treatments is shown below. The plastic barrier 

separated soil with 3 ppm of EI'TC (cross-hatched) from untreated 

soil (blank). 

WillA_ 
I. 47 47 

The pots were placed in saucers. Soil below the plastic barrier 

was watered from the saucers while the soil above the barrier was 

sprinkled. 

The pots were observed periodically. One month after planting, 

seedlings from two replicates were washed free of soil and examined. 

Plants in the other three replicates were allowed to grow until they 

matured. 

Results. Although four different treatments were involved in this 

study, only two different results were obtained. Wherever the shoot 
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was not exposed to EPTC, whether the root was exposed or riot, the 

seedlings were normal. wherever the shoot was exposed to EPTC, 

whether the root was exzosed or not, the plants were killed 

(Figures 22 and 23). Emergence was very good in the treatments 

where the shoots were not exposed. Emergence was not as good in 

the treatments where shoots were exposed. The development of some 

seedlings was arrested when the coleoptile passed through the hole 

in the cone into EPTC-treated soil. 

The plants whose shoots were exposed to EPTC died. The seed- 

lings whose shoots were not exposed to EPTC continued to grows 

flowered and produced seed. At the time of f1owerin, considerable 

variation was present among the plants. some abnormal symptoms 

developed in some plants in which the roots were exposed to E?TC, 

such as twisting of the stem and rofling of the leaves. These are 

suggestive of EPTC injury. However, some of the plants from the 

untreated check showed similar effects. Representative mature 

plants from the two treatments in which the plants were not killed 

are shown in Figure 2L. The mature seeds were collected and placed 

in a cold refrigerator for four months. The seeds were then tested 

for erminability but none germinated. Some mold had grown on the 

seeds in the refrigerator which perhaps had destroyed their viability. 

Exposure of Coleoptiles to EN'C Vapors 

Materials and Methods. Barnyard grass seeds were planted in untreated 

soil. The coleoptiles were exposed to EPTC vapors as they emerged. 



Fig. 22. 

10 

Barnyard grass seedlings grown from seeds placed within 
plastic cones which formed part of a barrier beten un- 
treated soil (blank) and soil containing 3 ppm of EPTC 
(cross-hatched). 

Fig. 23. Month-old barnyard grass seedlings showing effect of 
arrangement of plant parts during emergence in untreated 
soil (blank) and soil containing 3 ppm of EPTC (cross- 

hatched). 
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Fig. 2L. Barrrard grass plants eight weeks after seeds were planted 
within plastic cones which formed part of barrier between 
untreated soil (blank) and soil containing 3 ppm of EPTC 
(cross-hatched). 

Fig. 2. Barnyard grass grown in untreated soil with the emerging 
shoots exposed to EPTC vapors. Pencil lines represent 
plastic barrier to EPTC through which seedlings emerged. 
Inimediately (a), 3 days (b), and days (c) after seeding 

t --' seed1ins on the right in each group were exposed 
t e two on the right were not. 
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Four barnyard grass seeds were planted in each of 12 oil cans. Each 

seed was placed under a plastic cone. Enough soil was placed on top 

the plastic sheet through which the cones protruded to effect a seal 

betieen the sheet and the cones. The tips of the cones were located 

right at the soil surface. A jelly mold and plastic bag were placed 

over four of the cans at three different times corresponding to the 

following developmental stages of the barnyard grass: 

a. Immediately after planting. 

b. Three days after planting, just prior to barnyard 
grass emergence. 

c. Five days after planting, when seedlings had 
emerged. These four cans were covered with a pail 
to darken them from the fourth to fifth days to 
induce further elongation of the first internode 
and prevent foliar leaf expansion. T seedlings 
already had foliar leaves out when the cans were 
darkened, however. 

At each time of treatment, two of the covers contained E?17C 

while the other two did not. The plastic sheet through which the 

cones protruded was large enough to extend over the lip of the oil 

can. The jelly mold then fitted tightly over it, effecting a seal 

between the atmosphere within the plastic bag and the air of the soil 

in the can. The barnyard grass seedlings were observed for symptoms 

of EPTC injury. All seedlin:s were washed free of soil for examina- 

tion 16 days after planting. 

Results. The barnyard grass seedlings emerged from the cones satis- 

factorily. All of the untreated seedlings were normal in appearance 

and growth. All of the seedlings exoosed to EPTC vapors exhibited 
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symptoms of injury which were the same as those which develop when 

barnyard grass seedlings emerge in soil containing EPiC. The foliar 

leaves within the coleoptiles became dark green and appeared water- 

soaked and did not emerge normally from the coleoptile. Swelling in 

the region of the coleoptilar node which is often associated with 

EPTC injury was absent in these plants. 

Vapors of EPTC contacting only the part of the shoot above ground 

killed barnyard grass. Sometimes only a part of the coleoptile 

emerged from the cone tip before elon:ation ceased. In these plants 

only the coleoptile was exposed to EPTC, and the plants were killed. 

Representative treated and untreated seedlings from the three times 

of exposure are shown in iigure 2S. 

In two seedlings exposed to EPTC vapors five days after planting, 

the first foliar leaf had already expanded beyond the coleoptile. 

These plants were killed by the EPTC just as the others which were not 

as far advanced in development when exposed. The expanded leaves be- 

came dark green and appeared water-soaked. They grew no more after 

exposure. 

Exposure of Leaves to EPTC After Emergence 

Materials and Methods. In this study, leaves of emerged barnyard 

grass plants were exposed to EPTC as vapor and as aqueous solution. 

'ix one-quart oil cans were filled with moist soil. About SO barn- 

yard grass seeds were planted one inch deep in each can. When the 

resulting seedlins had two foliar leaves, the plants in two cans 



were exposed to EPTC vapors using the jelly mold-plastic bag method. 

At the saine time, two cans were placed under the plastic bags with- 

out EPTC. When the seedlings in the two remaining cans had three 

or four foliar leaves, those in one can were exposed to EPTC vapors 

while the other can was placed under the plastic bag without EPTC. In 

all cases, the plastic cover was removed after L8 hours. The plants 

were observed periodically for two months and discarded. 

In early July, 1960, barnyard grass seeds were planted out of 

doors in three beds 6 feet by 10 inches. When the barnyard grass 

was 12 inches tall and had - 8 leaves, some plants were dug up and 

planted in four one-quart oil cans. After several days when the 

transplanted barrrard grass had recovered from the shock of moving, 

the plants in two cans were exposed to E?TC vapors for I8 hours. At 

the same time, half of each of the three beds was sprayed with E?TC 

at the rate of 9 pounds in 0 gallons of water per acre. All plants 

were observed periodically for symptoms of injury. 

Results. When the barnyard grass plants were exposed to EPTC vapors 

in the two-leaf stage, further growth of the existing leaves ceased. 

The leaves becae very dark green in color and appeared water- 

soaked. The plants remained in this condition unchanged in appear- 

ance or size for a few days. Subsequent foliar leaves of the treated 

plants did not emerge from the bud normally. Instead, they broke 

through the sheaths of the existinr foliar leaves laterally and 

were twisted, tightly rolled, and very much distorted. The leaves 

which were already expanded when exposed to EITC did not exhibit 



any of these symptoms of twisting and distortion. Except that they 

did not prow any more, and were abnormally dark green in color, 

they remained ouite normal in appearance for several weeks. Large 

drops of guttation water were frequently observed on these leaves, 

riore so than in the untreated checks. 

In the untreated checks, the second foliar leaves continued to 

grow further since they vere not fully gro.m at the t:ine of treatment. 

Subsequent leaves also developed normally. Treated and untreated 

plants five days after exposure are shown in Figure 26. 

The orimary shoots of the plants exposed to PTC died after 

several weeks. The plants then recovered by development of tillers 

which rrew normally. The same plants shown in Figure 26 are shown 

in Figure 27 as they appeared two months later. 

Results very similar to the above were seen where barnyard 

grass was exposed to EPTC vapors in the 3 - I leaf stage. \irther 

growth of existing leaves stopped and subsequent leaves were very 

much distorted. Eventually the primary shoots died. Some plants 

developed tillers while others died completely. 

When large barnyard grass plants ( - 8 leaves present) were 

exposed to EPTC vapors, results were similar, except changes in leaf 

color were not BO evident. The primary cuim did not always die. 

When it survived and flowered, the inflorescence remained wrapped 

in leaf tissue and failed to expand normally. Abundant tillers 

developed from the crowns. 

No typical EPTC symptoms developed in the emerged barnyard 

grass plants sprayed with EPTC in the field. 



Fig. 26. Barnyard grass plants days after being covered for t8 

hours with plastic bags with and without EPTC vapors. 

Fig. 27. Barnyard grass plants 2 months after being covered for 
L8 hours with plastic bags with and without EPTC vapors 
showing recovery of EPTC-injured plants from tiller buds. 
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Microscopic Examination of Normal and 
E?TC-injured Seedlings 

Materials and Methods. Seeds of barnyard grass were planted in soil 

containing 0, 1/2 and 3 ppm EPTC. When seed1ins had emerged they 

re collected and placed in Randolph's solution (chromic acid, 

acetic acid, and formalin) for preservation. They re then im- 

bedded in paraffin, sectioned, mounted on glass slidec and stained.2 

The stained material was then examined with the microscope in order 

to observe the effects of E?TC on barnyard grass at the cefl and 

tissue level. 

Results. Examination of stained and mounted sections of EPTC-treated 

and untreated barnyard grass seedling shoots revealed certain dif- 

fererices. The mesophyll ol' the undeveloped foliar leaves within the 

coleoptile was seriously affected. The ch1oro1asts became nuch 

more heavily stained than in the untreated plants. fhis abnormal 

staining indicated that a chemical change in the chioroplasts had 

occurred. In many cells in the treated plants, the chioroplasts 

were concentrated close to the periphery of the cells near the cell 

walls, which was not observed in the untreated material. 

The pFrsical arrangement of the mesophyll cells was also affected. 

In the untreated plants, large intercellular spaces were evident in 

2 The author is indebted to Mr. Thomas Newell, formerly a student 
at Oregon State College, for irnbedding, sectioning, and mounting 
the slide material and to Dr. H. M. Hull, Plant Physiologist, 
crops Research Division, U. S. Department of Agriculture, Thcson, 
Arizona, for clearing and staining the slides and assisting in 
interpreting the results. 



the mesophyll of the foliar leaves. These spaces were absent in the 

treated plants. Furthermore, in some longitudinal sections the 

linear files of cells were somewhat buckled and kinked. Probably 

the absence of the intercellular spaces and/or the rearrangement of 

the chioroplasts were responsible for the dark green, water-soaked 

appearance of the foliar leaves which has already been described. 

Longitudinal sections of treated and untreated plants are shom in 

Figures 28 and 29. 

No distinct cellular differences between the first internode 

tissue of treated and untreated plants were evident. 

The bulging in the region of the coleoptilar node commonly 

associated with EPTC injury showed up well in the slides. No cell 

proliferation was involved in this bu1gin-. Instead tíiere was an 

outward folding of the coleoptile ail around its base just above 

its point of attachment to the stem (Figures 30 and 31). rhis fold- 

ing could have resulted from weakening of the cell wails and/or a 

differential rate of elongation between coleoptile and foliar leaves 

with adhesion between the two. 

Comparative Effect of EPTC on Eight Grasses 
Differing in Developmental Morpho1or 

Grass seedlings differ in developnental morphology. In some 

grasses, leaf tissue constitutes a minor part of the total length 

of the emerging shoot. In others, the entire 1enth of the energing 

shoot contains leaf tissue, Still others are intermediate between 

these two, Grasses representin- these different groups were treated 



Fi 28. 

Fig. 29. 

Tongitudinal section of normal coleoptile of barnyard 
grass with enclosed foliar leaves. 

Longitudinal section of coleoptile with enclosed foliar 
leaves of EPTC-injured barnyard grass. 

J 
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Fig. 30. 

Fig. 31. 

Longitudinal section of normal barnyard grass seedling 
in region of coleoptilar node. 

Longitudinal section of EPTC-injured barnyard grass 
seedlings in region of coleoptilar node showing bulging 
near base of coleoptile. 



wLth EPTC and their response to EPTC was compared. 

Materials and Methods. Seeds of barnyard grass (Echinochloa 

crusgalli (L.) Beauv.), green foxtail (Setaria viridis (L.) Beauv.), 

yellow foxtail (. glauca (L.) Beauv.), sudan grass (Sorghum 

sudanense (Piper) Stapf.), corn (Zea nays L.), oats (Avena sativa 

L.), wheat (Triticum aestivurn L.) and rhizomes of quackgrass 

(Agropyron repens (L.) Beauv.) were planted in soil with and without 

3 ppm of EPTC. 

In barnyard grass, green foxtail, yellow foxtail, and sudan grass, 

most of the length of the elongating shoot consists of first inter- 

node, with the coleoptile being relatively short. In corn, both 

the first internode and the coleoptile elongate about equally. In 

oats, the coleoptile accounts for most of the elongation of the emerg- 

ing shoot with the first internode elongating relatively little. In 

wheat, the first internode does not elongate at all. The coleoptile 

spans the whole distance from the seed through the soil surface, 

with the second internode elongating within it concurrently. New 

shoots grow from the buds on the rhizomes of quackgrass. These 

shoots consist almost entirely of leaf tissue. Very little stern 

tissue is involved in their early growth. 

Wnen seedlin!.s began to emerge, and periodically thereafter, 

they were dug up and washed free of soil for examination. When 

shoots had emerged from the quackgrass rhizomes, the material from 

both the treated and untreated soil was washed free of soil and 

examined. 



Results. Seeds o.f all secies germinated equally well in the treated 

and untreated soil. All of the eìht rasses studied were lethally 

injured by 3 ppm of EPTC except corri. Corn appeared to be tolerant 

to EPTC. The expression of injury symptoms was definitely related to 

the developmental morphology of the seedlings. The amount of growth 

the seedlings made before development stopped and death eventually 

ensued was dependent on the role played by leaf tissue in shoot 

elongation. The effect of EPTC on the 'asses is shown by repre- 

sentative seedlings of different ages from treated and untreated 

soil in Figures 32 through 39. 

Barxrard grass, green foxtail, yellow foxtail, and sudan grass, 

whose developmental morpho1or is slriilar, responded similarly to 

EPTC. The first internode, which constituted most of the shoot 

length, sometimes was kinked, but otherwise elongated quite normally 

causing most of the injured seedlings to emerge. Injury symptoms in 

these four grasses were seen in the coleoptile and enclosed foliar 

leaves. The foliar leaves became dark green, appeared water-soaked, 

and failed to develop normally beyond the coleoptile. 

The development of wheat shoots, whose total length includes 

leaf tissue, was curtailed very shortly after germination. No in- 

jurad seedlings emerged. The effect of EPTC on oats, whose shoots 

consist largely of leaf tissue, was very similar to that observed 

in wheat. Injured oat seedlings did not emerge either. 

No shoots emerged from quackgrass rhizomes in the presence of 

EPTC. The shoots elongated very little before their growth was 



Fig. 32. Barnyard grass 8, 

in untreated soil 
EPTC (b). 

10 and lL days after seeds were planted 

(a) and soil containing 3 ppm of 

Fig. 33. Green foxtail 8, 

in untreated soil 
EPTC (b). 

10 and ilL days after seeds were planted 
(a) and soil containing 3 ppm of 



Fig. 3LL. Yellow foxtail 10 and lL days after seeds were planted in 
untreated soil (a) and soil containing 3 ppm of EPTC (b). 

Fig. 3. Tilt siidan grass 6, 8 and 10 days after seeds were planted 
in untreated soil (a) and soil containing 3 pn of EPTC (b). 



Fig. 36. Marfed wheat 6, 8 and 10 days after seeds were planted in 
untreated soil (a) and soil containing 3 ppm of EPTC (b). 

Fig. 37. Kanota oats 6, 8 and 10 days after seeds were planted in 
untreated soil (a) and soil containing 3 ppm of EPTC (b). 



Fig. 38. Quackgrass two 
untreated soil 

EPTC (lower). 

Fig. 39. 

weeks after rhizomes were planted in 

(upper) and soil containing 3 ppm of 

Corn 8, 10 and 1)4 days after seeds were planted in un- 

treated soil (a) and soil containing 3 ppm of EPTC (b). 
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curtailed. Near1y all of the length of the emerging ahoots from the 

rhizomes in untreated soi]. consisted of leaf tissue. 

In suiiunary, the elongation of emergin shoots whose length con- 

sisted largely of leaf tissue (wheat, oats, quackgass) was much re- 

duced in the presence of E?IC and the seedlings died without emerging. 

In asses where stem tissue is responeible for most of the elongation 

of the emerging shoot (barrjerd green foxtail, yellow foxtail, 

sudan grass) the shoots attained their normal length, or nearly so, in 

spite of the fact that lethal injury of the leaf tissue had occurred 

which prevented further development of the plants and eventually 

caused their death. Leaf tissue appeared to be the prime site of 

lethal action in these grasses. Corn presented an interesting excep- 

tion, being tolerant of concentrations of EPTC which killed the other 

grasses. 



BARNÏARD GRASS SEEDLING DEVELOP4ENT 
IN Tl-iE FIELD 

The parpose of this study was to gain information about the 

growth of barrrard grass in the field from which the orogression 

of its development under representative conditions could be mapped. 

This information is neded in order to predict the location of 

EPTC-sensitive parts of the seedling8 under different conditions. 

4hen the developmental patterns of barnyard grass seedlings are 

knowi, and *ien the sensitive parts of the seedling to EPTC has 

been determined, it should be possible to predict the application 

method which would provide the most efficient control of barnyard 

grass with EPTC. 

Materials and Methods. Barnyard grass seeds were planted 1/2, 

i 1/2, and 3 inches deep in Sagemoor fine sandy loam in beds i foot 

by 12 feet on April 18, 1960 and July 7, 1960. i'rom shortly after 

planting until the plants tilered, seeds and/or seedlings were dug 

up periodically and washed free of soil. Fifty representative seed- 

1ins were collected from each depth on each sampling date for 

measurement and observation. The lengths of coleoptile, first inter- 

node and total shoot were measured. Leaves, tillers and coronal 

roots were counted. The presence and general size and number of 

primary roots and first internode adventitious roots were noted as 

well as ary other general characteristics. From this information 

the progression of barnyard grass development was mapped. A rep- 

resentative plant was drawn to scale for each date of sampling. 



A continuous record of soil temperature at 1/2, 1 1/2 and 3 

inches was obtained by the use of thermographs. 

Results. The barnyard grass seeds germinated uniformly and the seed- 

lings grew well providing an abundance of materia]. with which to work. 

Temperatures were quite low fol1owin the April 18 planting. 

Temperatures in July- following the second planting were much higher. 

The rate of emergence and growth was slower under the cooler tern- 

peratures, but otherwise the patterns of developmental progression 

were essentially the same for the two dates. 

During germination the shoot emerged from the seed first, 

usually followed in a day by the primary root from the opposite 

end of the seed. The seed itself remained unmoved. The coleoptile 

and first internode elongated concurrently, and initially at about 

the same rate. Soon the rate of elongation of the first internode 

became much greater and that of the coleoptile decreased. Depth of 

seeding had little effect on coleoptile length. In seedlings which 

emerged from three inches, the coleoptile was only i - l. mm longer 

than that of seedlings which emerged from 1/2 inch. Most of the 

length of young barnyard grass shoots consisted of first internode. 

Elongation continued until the coleoptile emerged from the soil. 

When the coleoptilar node was located at or about i mm below the 

soil surface, elongation of the first internode and coleoptile 

ceased. 

Soon after emergence and the cessation of first internode elonga- 

tion, the first foliar leaf Frew out beyond the tip of the coleoptile. 

Subsequent leaves followed in order. 



At about the time the first foliar leaf expanded beyond the 

coleoptile, adventitious roots appeared along the lower end of the 

first. internode. More of these roots were produced as time passed, 

proceeding upward on the first Internode until eventually adven- 

titiou roots were present on its whole length. These roots branched 

arid re-branched, and became quite dense. 

The primary root system also continued to grow and raxni±y. 

Most of the primary roots were broken when the seedlin;s were dug, 

so they were not measured. 

When ti or three foliar leaves had expanded from the coleoptile, 

coronal adventitious roots began to grow from the region of the cole- 

optilar node (crown). They eventually became very numerous. 

After the plants were several inches tall and weU supplied with 

coronal roots, tillers grew from buds at the crowns. l'he number of 

tillers per plant varied with the degree of crowding. Plants in the 

center of the beds had few tillers, while they were abundant on 

border plants. 

Once the barnyard grass seedlings emerged, the plants from the 

three depths and two dates of planting appeared the same. All had 

the apical bud at the soil surface and all produced leaves, coronal 

roots arid tillers in a similar manner. The only difference among 

seedlings from different depths of planting was in the length of 

the first internode which was not apparent without digging up the 

plants. eedlinrs from the same de3th at the two planting dates 

differed only in growth rate. 
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Serial scale drawings of seedlings from the six treatments are 

shown in Figures LO through i.3 

3 The scale drawings of barrrard grass were prepared by Mr. L. J. 

Barnhart, Agricultural Aide, Irrigation Experiment Station, 
Prosser, 1ashington. 
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Fig. L0. Development of barnyard grass from seed 
planted inch deep on April 18, 1960. 
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Fig. 41. Development of barnyard grass from seed 
planted l inches deep on April 18, 1960. 
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Fig. 142. Deve1onent of barnyard grass from seed 
planted 3 inches deep on April 18, 1960. 
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Fig. 13. Deve1oinent of barnyard grass from seed planted 
1/2 inch deep on July 7, 1960. 
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Fig. a4. Development of barzard grasa from seed planted 
1 1/2 inches deep on July 7, 1960. 
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Fig. . Development of barrrard grass from seed planted 
3 inches deep on July 7, 1960. 
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FIELD APPLICATIONS OF EPTC FOR 
BARNYARD GRASS CONTROL 

Field applications of EPTC at different depths were made in 

order to compare results in the field with those obtained in the 

detailed greenhouse studies. 

Materials and Methods. On May 18, 1960, EPTC was applied at O, i 

and 3 pounds per acre in a split plot design with four replications. 

Each application was incorporated 1, 3 and inches deep. A roto- 

tiller equipped with a depth control wheel mounted on a garden 

tractor was used to incorporate the EPTC. Main plots were 9 feet 

by 88 inches. Sub-plots vere 3 feet by 88 Inches. The experinent 

was set up in an unused portion of a bean field. The 88-inch 'width 

corresponded to four bean rows, which allowed the plots to be 

ditched and furrow irrigated with the beans. Barnyard grass seed 

had been sown and disked five inches deep in the fine sandy lowrt 

prior to application. 

All broadleaved weeds were removed front the plots. The barn- 

yard grass plants in nine square feet of undisturbed soil between 

the irrigation furrows in each sub-plot were counted on July 1 and 

July 27. 

Results. Excellent barnyard grass control resulted from EPTC at 

i and 3 pounds per acre at all depths of incorporation for about 

a month. At this time, a few barnyard grass plants appeared at 

both rates where the EPTC had been incorporated 1 inch deep. They 

were more numerous at the 1 pound per acre rate. There were no 
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seedlin;s where either rate of EPTC had been incorporated 3 or 

inches deep. No months after planting, a few barnyard rrass seed- 

lings were present where both rates of EPTC had been incorporated 

3 and inches deep. However, many more were present where incor- 

poration had been only 1 inch deep (Table 6). 

Table 6. Average number of barnyard grass in 9 square feet of 
undisturbed soil between irrigation furrows in study 
of rate and depth of incorporation of EPTC. 

Treatments July 1, 1960 July 21, 1960 

1. EPTC © O lb/A 
Incorporated 1 inch 19.3 19.3 
Incorporated 3 inches 16.3 16. 

Incorporated inches 16.3 16.3 

2. EPTC i lb/A 
Incorporated i inch 1.8 
Incorporated 3 inches 0.0 0.3 
Incorporated inches 0.0 0,3 

:3. EPTC @ 3 lb/A 
Incorporated i inch 0. 1.8 
Incorporated 3 inches 0.0 0.3 
Incorporated S inches 0.0 0.3 
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DISCUSSION 

Genera]. 

The results of this inve8tigation are i'npertant because they 

provide basic information concerning the effect of E?TC, an impor- 

tant herbicide, on barnyard rras, a serious weed. In addition to 

these direct results, certain implications of the investigation have 

a bearing on the tho1e area of ed control with soil-applied 

herbicides. A common assurtion among chemical weed control 

specialists is that soil-applied herbicides which injure weeds or 

crops enter the plant via the root system. This is reasonable 

because roots are the plant's main region of water and iineraJ. ab- 

sorption from the soil, and no contrary inforniaLLon with regard to 

herbicide uptake has been available. Exposing barnyard grass roots 

to EPTC did not cause lethal injury to the plant. Instead, lethal 

injury resulted fron exposing the shoot or just the coleoptile. 

Therefore, in the case of EPI'C and barzrard grass the chemical which 

kills the plant enters the shoot directly. Thus the classical 

asswnption does not apply. 

Further investigation is needed to determine the portions of 

other plants responsible for the uptake of injurious amounts of 

various other soil-applied herbicides besides E?rC. Conceivably, 

the efficiency of chemical weed control could be improved thereby. 

Herbicides could be applied in a manner to increase their effective- 

nass in killing weeds and decrease the danger of injuring crop 

plants. For example, when beans (Phaseolus vulgaris L.) are 
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injured by EPTC, leaf ti8sue Is the site of injury as it i in barn- 

yard grass. The author has ob5erved indirect evidence nich suggests 

that EPTC enters the bean jiant by direct foliar uptake. It is 

possible that additional research will confirm that injurious amounts 

of EITC enter beans and other crops via shoots rather than roots. 

LI' this proves to be true, the safety to the crop should be increased 

by planting the seeds shallow in order to minimize the time the shoot 

is exposed to treated soil before emergence. 

In this study, rates of EFI'C used were in the range of concen- 

trations which are used for commercial ed control in the field. 

No effort was made to determine the effect of excessive rates of 

EPTC on barirard grass, which could be quite different from the lower 

rates used. It must be borne in mind that the discussion of results 

which follows is intended to explain what occurs when barnyard 'rass 

seedlings are killed by rates of !PTC which might be used for weed 

control by growers. 

Effect of F2TC on Seed Germination 

Seed germination was not affected by E?TC in any of the tests 

conducted. The percentage emergence was sometimes reduced, but this 

was due to failure of seedlings to emerge after germination rather 

than a direct effect on germination. sven when seeds were placed on 

the surface of moist soïl under high humidity in the presence of 

EPTC vapors, they germinated as well as the checks. 
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Effect of EPTC on 3arnyard kass Leaves 

Whenever barnyard grass seedlin, s were injured by EPTC, injury 

symptoms were seen in the young leaf tissue. The developing foliar 

leaves within the coleoptile turned dark green and appeared water- 

soaked. Often the injured foliar leaves did not develop at all 

beyond the coleoptile, and if they did they were very much distorted 

and abnormal. 

Similar foliar symptoms developed in emerged barnyard grass 

plants which were enclosed in a plastic bag containing EPTC vapors 

after leaves had gro beyond the coleoptile. Leaves which were 

full grown when treated became dark green and appeared water-soaked. 

Younger leaves which were still growing when exposed to EPTC were 

similarly affected. In addition, further growth of these leaves was 

curtailed. l4hen new leaves developed from the affected shoots, they 

were very much distorted and abnormal. Lack of injury to emerged 

barnyard grass sprayed with EPTC in the field was probably due to 

the rapid vapor loss of the herbicide. 

Microscopic comparison of E?TC_injured and normal barnyard grass 

seedlìngs revealed that physical and chemical change8 within the 

mesophyll of the injured seedlins had occurred. Injured plants 

did not have the large intercellular spaces conunon in the mesophyll 

of non-injured plants. Chioroplasts of injured plants had an in- 

creased affinity for the stains used indicating a biochemical change. 

i'urthermore, these chioroplasts were noticeably more concentrated 

near the cell walls. Microscopic examination confirmed the 
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ob8ervation that leaf tissue suffered severe thjury when barnyard 

grass was exposed to EP'rC. 

When the effect of EPTC on the emergence o1 barnyard grass and 

six other annual grasses from seed and quackgrass from perennial 

rhizomes vas studied, it was found that in all the plants except 

corn, leaf tissue was injured. The norma]. emerging shoot8 of these 

grasses differ in developmental morphology. Leaf tissue constitutes 

varying proportions of the total shoot in the different grasses and 

the effect of EPTC on the emerging shoot was governed largely by 

these differences. The amount of elongation made by the emerging 

shoots of plants exposed to PTC was inversely proportional to the 

amount of leaf tissue of which the shoot consisted. Corn was con- 

spicuously different from all the other grasses in that it wa not 

visibly injured by 3 ppm of EPTC. 

Considerable evidence was accumulated which indicated that not 

only was leaf tissue the prime site of E?TC injury, it was also an 

important site of EPTC uptake by the barnyard grass seedling. When 

only the shoot (first internode and coleoptile) was exposed to EPrC 

either as vapor or within the soil, the plants were lethally injured, 

just as they were when the whole plant was exposed. h.zrthermore, 

when only the coleoptile was exposed to EPTC the plants were killed. 

It was also found that barnyard grass seedlings grew quite normally 

when the germinating seed and the roots were in soil having a lethal 

concentration of EPTC, but the shoot was protected. 

This evidence indicates that the susceptible part of the seedling, 
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the leaf tissue, itself, is subject to lethal injury from direct con- 

tact by ErC. The lack of injury to the plant from root exposure 

suggests that direct exposure to the leaf tissue may be the nìain mode 

of uptake of EPTC and that translocation from the roots is unimportant. 

The nature of EPTC-injury and the way injured plants eventually 

recovered also suggest that direct foliar contact is the effective 

mode of exposure. EPTC-injury was progressive. When barnyard grasa 

seedlings re injured, the first foliar leaf always showed symptoms. 

If injury was slight, it was limited to this first leaf and subse- 

quent leaves were normal. As injury became more severe, more leaves 

were affected. The photo of recovering plants which had grown in 

soil containing 1/14 ppm of EPTC shown in Figure S demonstrates this 

progression of injury. 

The developing leaves arid leaf primordia are arranged concen- 

trically in the bud with the first one to exand being external. 

Possibly the progression of injury from outside inward which occurred 

as the rate of EPTC increased was due to deeper penetration by higher 

concentrations of EPTC. EPTC diffusion through leaf tissue reported 

by Yamaguchi et al (37, p. 91-92) supports this possibility. 

If it is true that exposure of developing leaves within the 

coleoptile of grass seedlings occurs by direct penetration of EPTC, 

is it not possible that the tolerance of corn to 3 ppm of E?TC was 

due to more efficient EPTC exclusion by its heavier coleoptile? 

Here is an interesting problem for further research. 

Actually, the progression of EPTC injury was two-fold. More 

severe injury from higher rates of ThPTC progressed to involve more 
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leaves, as was just mentioned. At the same time, injury to individ- 

ual leaves (most obvious in the first foliar leaf) became more 

severe as the rate of EPTC increased (Figure !). 

In these studies, it was shown that EPTC vapors were very effec- 

tive in enterinr the coleoptile of barnyard grass and killin the 

plant. No information was obtained which would indicate whether the 

entrance of E'rC into seedlinRs in moist soil is in the form of 

vapors or aqueous solution. 

No effort was made in the current investiation to study the 

biochemistry involved in the action of EPTC on leaf tissue. This 

ohase of the oroblem deserves further intensive research. 

The coleoptile, being the leaf precediiw the first foliar leaf 

in the crass phyllotaxy, did not show the extreme symptoms of EPTC 

injury that the foliar leaves did. This may be due to the lack of 

chlorophyll in the coleoptile. t was in the chiorophyllous cell8 

of the foliar leaf riiesophyli that severe symptcms of EPTC injury were 

seen, However, certain signs of injury to the coleoptile were ob- 

served. First, the characteristic bulging near the coleoptilar node 

often associated with EPTC injury involved an abnormal outfolding 

of the base of the coleoptile. Furthermore, browning, shriveling, 

and shortening of the coleoptile were caused by EPTC in the barnyard 

grass germinated in paper towels in the presence of EPTC. There was, 

therefore, some effect of EVIC on the colorless leaf tissue of the 

coleotile. However, the most obvious effect was seen in the 

mesophyll of the foliar leaves. Apparently plante die from EPTC 

exposure because of injury to the leaf mesophyil. 
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Effect of EPTC on the First Internode 
of Barnyard Grass 

In addition to the foliar symptors already discussed, the first 

internode of barnyard grass injured by PTC often showed smìptoms, 

being very much kinked. This kinking was invariably limited to the 

portion of the first internode below the soil surface. This suggested 

that the kinking may have resulted from direct contact of the first 

internode in the soil. However, certain other evidence suggested 

that the first internode functioned quite normally. 

For exaiiple, the first internode of EPTC-injured seedlings 

elongated quite normally during emergence. i'urthermore, plants 

which recovered after being injured by EPTC often remained in a 

static condition for several weeks before producing any normal 

leaves. During this time the first internode, the only connection 

between the root system and the apical meristem and leaves, must 

have remained functional. It transported water and resisted attack 

by decay organisms which might be expected to destroy injured plant 

tissue within the soil. 

It seemed possible that the kinking of the first internode might 

be a secondary effect of the injury to the leaf tissue above it. The 

results of several tests indicated this was true. When EPrC-injured 

barnyard grass elongated in loose soil or in paper towels, where 

resistance to elongation was slight, the first internode did not 

become kinked. The resistance of firm soil caused EPTG-injured 

seedlings to develop the kinking symptom. This indicated the kiriking 
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was a secondary effect of EPTC injury rather than a direct effect. 

The lack of kinkiri in the first internode above rround was due to 

the lack of resistance to elongation there. 

It seemed that injury to the coleoptile may have impaired ita 

ability to penetrate the soil during emergence. stem elongation, 

which is due to cell division and elongation in the region of the 

intercalary meristem in the upper part of the first internode, con- 

tinued to push against the coleoptile. Because the coleoptile could 

no longer penetrate the soil efficiently in response to the push 

from below, the first internode became kinked to accommodate its 

o.wn increase in length. i'urther evidence supporting this theory 

was obtained when similar kinking symptoms were induced dthout EPTC. 

when barnyard grass was made to germinate and emerge in tightly corn- 

pacted soil without EPTC, the resistance of the firm soll caused the 

first internode to become kinked. irnilar kinking of the first 

internode was observed when the coleoptile of an emerging barrrard 

grass seedling in the absence of EPTC became lodged while trying to 

penetrate the hole in the tip of a plastic cone. Kinking and coiling 

accommodated the elongation of the first internode when it could not 

push the coleoptile lorward. 

£ürther evidence that the function of the first internode was 

not harmed by EPIC was obtained when lethally injured barnyard grass 

seedlings shod normal geot.ropic resDonse. They bent into an upright 

position when laid horizontally on wet paper for two days. Also, 

adventitious roots developed on the first internodes of EPTC-injured 
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seed11nrs as they do in untreated seed1ins. The lack of observable 

ill-effects at the cellular level in the first internode of barnyard 

grass further supported the theory that this part of the plant is not 

injured by EPTC. 

when barnyard grass seed1ins elongated in paper towels moistened 

with water containing EPTC, the length of the first internode de- 

crea.ed as the rate of EiTC increased. This could suggest a direct 

effect of EPTC on the first internode. Again, it seems more logical 

to explain this reduction in length as a secondary effect of the 

foliar injury. It is known that auxin produced in the coleoptile of 

grasses stimulates shoot elongation, and that auxin destruction by 

light upon emergence causes elongation to cease. It seems reasonable 

that injured coleoptiles would produce less auxin than normal cole- 

optiles. If this is true, it would account for the reduced shoot 

length. 

credible evidence has been presented which indicates the kinking 

of the first internode is a secondary effect and su-':ests that this 

stem tissue continues to function quite normally after the foliar 

tissue suffers lethal EPTC injury. The possibility of some minor 

direct effects on the first internode has not been precluded, however. 

it is possible that EPTC induces a softeiing of the cell walls which 

facilitates kinking. The kinking of the first internode and the 

bulging of the base of the coleopt.ile arc somewhat similar, and may 

be related in cauea 
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Effect of EPTC on Roots of Barnyard Ch'ass 

In the different te3ts conducted in the investigation of the 

effect of EPTC on barnyard ¿rasa, detrimental effects of ¿PIC on 

roots re never observed. In fact, rootin appeared to be enhanced 

by EPTC in sorne cases. The length of the prirnnry roots of barnyard 

grass seedlirn's which ierrninated in paper tols was not reduced by 

increasinu concentrations of EPiC. 

The production of normal coronal and first internode adventi- 

tious roots in the presence of TC vapors by barnyard grass seed- 

lins which had alrea suffered lethal injury to the foliar tissue 

(Figure 21) must be considered as very substantial evidence that 

root tissue is not a site of EPTC injury in barnyard grass. Lack 

of injury to roots exposed to EPTC was also indicated by the normal 

growt..h made by planrs grown with the Drisnary roots exposed to EPTC 

and the shoots protected. 

The lack of injury to the barnyard grass plants from root expo- 

sure indicated the roots were not a site of uptake of E?TC for trans- 

port to the sensitive leaf tissue. Either the EPTC was not absorbed 

by the roots, it was adsorbed but not transported, or it was absorbed 

and chemically changed before transport. 

Considering the distribution of radioactivity throughout the 

plant from an application of tagred EPTC reported by Yamaguchi et al 

(37, p. 91-92) and Fang and Theisen (16, p. 29g-298) and the rapid 

breakdown of EP in plants reported by i'ang and lu (17, p. 91-92) 

the latter possibility seems most likely. 



The persistence of injured plants for several weeks with no 

normal leaves followed by rapid recovery once a normal leaf was 

produced, sw rested that the roots in the soil remained functional 

during the time then normal activity of the plant was impossible 

due to the lack of normal leaves. 

EPTC Application as Influenced by eedlìng Development 

ObBervation of barr-ard grass seedlings from seeds planted at 

three depths in the soil in April and July showed that a consistent 

pattern of emergence was followed. The coleoptile began to elongate 

first. ?urther elongation of the shoot was largely due to elonga- 

tion of the first internode with the coleoptile becoming about 

14 8 mm in length, regardless of the depth in the soil from which 

the seedling emerged. Elongation of the first internode always 

continued until all or nearly all of the eoleoptile emerged. The 

apical meristeni, which is just above the coleoptilar node was always 

located at or just below the soil surface. This was true whether 

seedlirivs emerged from 1/2, 1 1/2 or 3 inches. 

Based on the observations that the site of lethal uptake of 

EPTC is the coleoptile, the susceptible stage of the barnyard grass 

seedling to EPTC exposure is from seed gerrilnation until the cole- 

optile emerges frani the soil. The deeper the seeds were planted, 

the longer it took for the coleoptile to emerge. Emergence took 

lonrer in cool weather than when temperatures were high. Seedlings 

emerged from 1/2 inch in July in about L days. Other things being 
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equal, one would expect EPTC to be more effective in killing plants 

in cool weather than in warm because of the greater time of exposure 

resulting from the slower emergence. 

F'om hvr depth barnyard grass seedlings emerged, the 
sensitive tissue (coleoptile and enclosed foliar leaves) always 

had to pass through the same surface soil. It would seem that the 

most effective application cf a given rate of EPTC in the field would 

be a shallow incorporation of perhaps 1 inch. A lethal concentration 

would then be present to expose the coleoptiles of any emerging 

shoots. Deeper incorporation would dilute the concentration in the 

surface soil, possibly allowing seedlings from seeds near the soil 

surface to escape injury. However, in the field application of 

EPTC at different depths, barnyard grass seedlines were most numerous 

at the shallowest (i inch) incorporation. 

A rate of 3 pounds per acre incorporated 1 inch deep ;ives a 

concentration in the surface inch of soil of approximately 9 ppm. 

This is at least 9 times the concentration needed to kill barnyard 

grass in the greenhouse. It seems likely that rapid loss was 

responsible for the poor barnyard grass control obtained when the 

EPTC was incorporated shallowly. EPTC is known to be a very vola- 

tile compound (1, p. 88) and the shallow incorporation probably en- 

courawed rapid vapor loss. More research is needed to determine the 

method of placement of EPTC in the soil .thich will maintain a lethal 

concentration near the surface for the longest tizne. A recently 

described method of EPTC application (3I, p. 6-7) which the author 



has personally found very effective for barnyard grass control 

involves layering the EPÏC at some depth in the soil without actually 

mixing; it with the soïl. This application method appears very 

promising for efficient use of EPTC. Probably a lethal concentra- 

tion is maintained in the surface soil by diffusion from the layer. 

Thus, a concentration sufficient to kill barnyard grass is present 

to contact emerging shoots, and at the same time a high concentra- 

tion very near the surface which would lead to rapid loss is avoided. 
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CONCLUSIONS 

Barryard grass seedlings are subject to lethal injury by EPTC 

at concentrations of i - 6 parts per million by weight in fine sandy 

loam soil. EP1C at these concentrations does not affect seed germi- 

nation. Death results from injury to the young foliar leaves and 

leaf prirnordia contained within the coleoptile of the developing 

seedling. In addition to being the site of lethal action of EPTC, 

the coleoptile ('rith the enclosed foliar leaves) is an important 

and perhaps the main site of EPTC uptake. The roots appear to take 

up little, if any, of the EPTC which kills the barnyard crass plant. 

Root and stern tissue is nct injured by rates of E?rC which cause 

to 

often becomes kinked into a zig-zag pattern in EPTC-injured barnyard 

crass seedlings. This a7pears to be a secondary response due to the 

direct injury of the leaf tissue rather than a direct effect of EPTC. 
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APPENDIX 

Detailed data are presented in the Appendix. These data are 

presented in swnmary form in the bor of the thesis as summary 

tables, figures or summary statements. 
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Table A. Number of seedlings of barnyard grass from approximately 
60 seeds 2 weeks after planting in soil having various 
concentrations of EPTC. 

ppm EPTC I II III IV Total Average 

O L7 63 63 227 S7 

6 60 238 60 

1/2 63 6)4 52 57 236 59 

1 60 )4 63 50 217 5)4 

a. 1/2 50 57 50 58 215 5)4 

2 60 5]. 53 213 53 

21/2 38 58 )46 52 19)4 

3 65 55 )48 209 52 

35 )42 )46 169 

5 )43 2)4 53 52 172 

6 29 38 29 1)41 35** 

* Means significantly different from check at 5 level of 
probability. 

** Means significantly different from check at 1% level of 
probability. 

LSD (5%) U.8 LSD (1%) - 15.6 



Table B. Lengths in mm of barWard grass seedling parts 5 days after placing seeds in paper towels 
ioistened with water containing 0, 5, 15 and 30 ppm of EPTC. 

O ppm of EPTC 

Rep. I 

Primary ?irst Total 
root internode Coleoptile shoot 

15 92 5 97 
2 73 14 77 
2 90 5 95 
2 76 14 80 

3 88 92 
1 93 14 97 
8 5 88 
1 72 5 77 
1 63 14 6? 
1 77 3 80 
14 99 It 103 
1 71 14 7 
0 78 14 82 

14 714 14 78 
1]. 62 5 67 
3 63 14 6? 
1 71 14 75 

13 59 3 62 
1 59 14 63 
9 59 5 614 

Rep. II 

Primary First Total 
root internode Coleoptile shoot 

2 71 3 714 

i 76 14 60 

h 73 3 76 
i 60 3 63 
i 75 S 80 
2 79 14 83 
1 83 ¿4 87 
1 70 14 714 

1 614 14 68 
o 62 3 65 
1 79 14 83 
2 77 3 80 
1 52 3 55 
1 61 14 65 
3 71 14 75 
1 70 14 714 

1 58 3 61 
11 66 14 70 
2 59 6 
i SO S 55 

Ave. 14.2 75.1 14,2 79.3 Ave. 1.9 67.6 3.9 71.7 

Averages of 2 replications 3.1 71.14 14.1 75.5 



Table B (continued). Lengths in mm of barrard grass seedling parts days after placing seeds in 
paper towels moistened with water containing 0, , l and 30 ppm of EPTC. 

S ppm of EPTC 

Rep. I 

Primary First Total 
root internode Coleoptile shoot 

8 i9 )1 53 
lo 89 1 93 
i 65 2 67 
i 71 L 75 

15 69 L 73 
i 3 50 

lo 67 3 70 
o 68 4 72 
i 68 3 71 
i 71 1 75 
i 62 3 65 
2 66 3 69 

S 68 4 72 
i 65 3 68 
i 59 J4 63 
i 65 4 69 
2 58 3 6]. 

1 60 3 63 
i 51 3 514 

¿4 514 14 58 

Ave. 3i,13 63.6 3.5 67.1 

Rep. II 
Primary First Total 
root internode Ccleoptile shoot 

9 86 14 90 
9 57 14 61 

114 87 3 90 
13 67 3 70 
i 79 2 81 
i 56 S 61 
6 72 3 75 

17 96 3 99 
o 72 3 75 
2 88 3 91 

7 77 3 80 
8 77 3 30 
i 6 3 67 
i 71 3 714 

o 56 2 58 
o 65 3 68 
3 59 3 62 
i 61 14 65 
o 53 2 55 
i 52 3 SS 

Ave. )4.7 69.8 3.]_ 72.9 

Averages of 2 replications 14.1 66.7 3.3 70.0 



Table B (continued). Leri-ths in un of barnyard grass seedling parts days after p1acin- seeds in 
paper tols moistened with water containing O, , l and 30 ap of PTC. 

l ppm of EPTC 

Rep. I Rep. II 
Primary First Total Primary First Total 
root internode Coleoptile shoot root internode Coleoptile shoot 

i 8 2 60 i S2 2 
:15 60 3 63 2 % 2 
O S9 3 62 0 60 2 62 
i 3 2 22 78 1 82 

70 3 73 6 73 3 76 
8 87 3 90 :i. 73 3 76 

22 70 3 73 3 73 )4 77 
1 63 3 66 2 9 3 62 
1 63 3 66 1 61 h 6 
i 2 3 6h 3 67 
1 60 3 63 1 61 2 63 
o 6 2 8 o 2 S7 

11 67 3 70 20 80 h 8h 
1 60 2 62 1 69 3 72 
O 3 7 10 7 3 60 

lo 62 3 6 1 7 3 60 
2 3 62 1 O 2 

16 3 3 6 i h6 2 148 

O 1 3 2 2 

1 2 3 39 3 

Ave. 3.9 6O. 2.8 63.3 Ave. 6.7 6O. 2.8 63.3 

Averages of 2 replications .3 60.S 2.3 63.3 



Table B (continued). Lengths in mn of barnyard grass seedling parts 5 days after placing seeds in 
paper to1s moistened with water containing 0, 5, 15 and 30 ppm of EPTC. 

30 ppm of EPTC (measurements made on the 6th. day) 

Rep. I 

Primary First Total 
root internode Coleoptile shoot 

18 80 3 83 
1 66 70 
1 62 3 65 
0 61 65 
9 68 3 71 
8 51 L 58 
2 59 3 62 
2 67 3 70 
8 69 3 72 
3 L2 2 141k 

0 78 3 81 
1 L7 3 

12 55 5 60 
8 52 3 55 

3 52 
O 142 5 )37 

2 51 14 55 
1 32 3 35 
1 37 3 140 

1 35 5 140 

Ave. 14.1 55.3 3.5 58.8 

Averages of 2 replications 

Rep. II 
Primary First Total 
root internode Coleoptile shoot 

30 149 3 52 

3 36 14 140 

2 61 14 65 
14 57 3 60 

S 53 3 56 
1 39 3 142 

11 58 14 62 

3 36 14 140 

O ¿14 2 146 

11 71 14 75 
O 146 14 50 
3 68 1 69 
1 51 14 55 
1 52 3 55 

15 31 14 35 
2 117 3 50 
11 51 11 55 
O 20 5 25 
1 31 14 35 
2 36 14 140 

Ave. 5.0 146.9 3.5 50.14 

'o 
14.6 51.1 3.5 514.6 



Table C. Lengths in mm of' barnyard grass seedling parts 7 days after placing seeds in paper towels 
moistened wi.th water containing 0, , 15 and 30 ppm of EPTC. 

O ppm of EPTO 

Rep. I 

Primary First Total 
root internode Coleoptile shoot 

Rep. II 

Primary First Total 
root internode Coleoptile shoot 

8 66 I 70 13 82 8 90 
15 98 6 lOL' i 91 6 97 
7 98 7 105 i 80 ¿ 8ì. 

314 93 7 100 2 85 6 91 
13 100 6 106 23 96 7 103 
i 95 5 100 1 103 7 flO 

16 106 9 115 5 90 5 9 
28 106 9 115 o 89 5 9i 

O 97 7 1O1 3 86 9 95 
i 75 5 80 1 97 6 103 
O 98 5 103 1 63 5 68 
32 117 9 126 1 116 6 122 
O 85 5 90 0 82 3 85 
1 81 6 87 0 98 5 103 

22 78 5 83 25 79 5 8)4 

2 71 75 0 81 85 
0 88 3 91 10 66 70 

32 60 5 65 3 87 3 90 
II 60 6)4 0 79 83 

37 5 5 68 72 

Ave 10.9 85.5 5.8 91.3 Ave. )4.9 85.9 5.3 

Averages of 2 replications 7.9 85.7 5.6 

91.2 
'o 

91.3 



Table C (continued). Lengths in mm of barrrard grass seedling parts 7 days after placing seeds in 
paper towels moistened with water containing 0, S, 15 and 30 ppm of EPTC. 

S ppm of EPTC 

Rep. I 

Primary First Total 
root internode Coleoptile shoot 

2 70 14 714 

10 51 14 SS 
2 76 81 
1 89 14 93 
2 S7 3 60 
0 82 3 8S 
14 73 2 7S 
1 96 14 100 
1 93 14 97 
0 71 3 714 

O 66 14 70 
30 51 
0 61 14 6 
0 S]. 14 55 
0 9S 5 loo 
1 70 5 75 
2 72 3 75 
0 69 5 714 

3 76 14 80 
1 77 3 80 

Ave. 3.0 72.3 3.9 76.2 

Averages of 2 replications 

Rep. II 
Primary First Total 
root internode Coleoptile shoot 

25 98 9 107 
8 814 6 90 
2 80 5 85 

S 80 6 86 
o 60 5 65 
1 71 5 76 
14 90 S 95 

15 83 14 87 
i 85 7 92 
s 9° S 95 
3 80 5 85 

3 714 14 78 
114 96 14 100 
6 85 5 90 
o 81 14 35 
1 75 5 80 
1 82 5 87 
2 714 14 78 
o 75 5 80 

11 90 3 93 

Ave. 5.14 81.6 5.1 66.7 

14.2 77.0 14.5 81.5 



Table C (continued). Lengths in mm of barnyard grass seedling parts 7 drs after placing seeds in 
paper towels moistened with water containing 0, , l and 30 ppm of EPTC. 

1 ppm of EPTC 

Rep. I 
primary First To1 
root internode Coleoptile shoot 

i 814 3 87 
1 87 3 90 
2 614 14 68 
2. 80 14 814 

13 3 58 
6 5 70 

2 67 3 7° 
2 56 2 58 

145 62 3 65 
10 38 14 92 
214 88 14 92 
16 76 14 80 
15 75 3 78 
o 66 14 70 
1 32 14 86 
1 78 14 82 
i 66 14 70 
1 5]. 14 55 
O 59 3 62 

20 70 3 73 

Ave. 7.8 70.9 3.6 714.5 

Averages of 2 replications 

Reu. II 
Primary First Total 
root internode Coleoptile shoot 

22 100 5 105 
¿4 86 14 90 
i 90 3 93 
i 80 3 83 
o 57 14 61 

18 83 14 87 
o 73 3 76 
i 79 5 814 

o 714 3 77 

14 97 6 103 
o 66 14 70 
1 714 6 80 
i 714 6 80 
8 67 3 70 
7 65 s 70 
o 69 14 73 
6 62 3 65 
2 39 3 142 

i 1414 3 147 

i 36 14 140 

Ave. 3.9 70,7 14.1 714.8 

5.7 70.8 3.9 714.7 



Table C (continued). Lenrths in mm of barnyard grass seedling parts 7 days after placing seeds in 
paper towels moistened with water containing O, , 15 and 30 ppm of EPTC. 

30 ppm of EPTC 

Rep. I Rep. II 
2r:inary First Total rinary 1irst Total 
root internode Coleqptile shoot root internode Coleoptile shoot 

i SS 3 58 38 52 5 57 
10 56 5 61 23 7t 3 77 
2 68 I 72 5 36 L 

2 67 5 72 l 51 I 58 
3 59 3 62 2 58 3 61 
3 58 b 62 9 3 63 

22 71 75 22 51 3 514 
2 63 67 20 70 14 714 

0 51 ¿4 55 9 ¿45 5 50 
1 61 14 65 1 72 5 77 
32 614 ¿4 68 1 59 3 62 
27 51 ¿4 55 18 62 5 67 
2 71 14 75 15 61 ¿4 6 

18 66 ¿4 70 0 51 14 55 
o So 3 53 1 59 14 63 U 57 3 60 1 ¿46 2 ¿48 

3 59 6 65 o 61 14 65 
i 58 2 60 

¿4 ¿45 5 50 
8 ¿46 ¿4 50 0 5' ¿4 55 

21 ¿414 3 147 7 58 14 62 

Ave. 8,5 58.7 3,9 62.6 Ave, 9.0 56.3 3,9 60.2 

Averages of 2 replications 8.8 57.5 3.9 61.14 
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Table D. Number of barard grass seedlings and percent showing 
sorne degree of first internode kinking 7 days after plant- 

ing in soil containIng 3 porn of EPTC and applying varioua 
pressures to the soil surface. 

Lb/in.2 applied Replication Weighted 
to soil surface I II III IV Average 

o 

Total 32 I7 32 3I 36 

Percent kinked 6 6 6 6 6 

6 

Total lii L3 

Percent kinked 2 7I 60 60 

12 
Total 36 36 36 L3 38 

Percent kinked 9L 92 86 82 

2L 

Total 39 31 38 38 

Percent kinked 100 100 100 9 99 

Table E. Number of barnyard grass seedlings and percent showing 
sorne degree of first internode kinking 7 days after plant- 
ing and applying various pressures to the soil surface. 

Lb/in.2 applied Replication Weighted 
to soil surface I II III IV Average 

o 

No. germinated S2 39 L6 l 

Percent kiriked O 3 0 0 1 

60 
No, germinated 12 L2 39 I2 L1 
Percent kinked 5 81 9 100 82 

120 
No. germinated L7 L1 I7 19 
Percent kinked 79 93 96 98 91 

2 t0 

No. germinated )43 37 30 jJ. 38 

Percent kinked 814 97 100 100 9 



Table F. Pounds weight required to insert a needle of i mm diameter 
1 1/2 inches into soil to which pressures of 0, 60, 120, 

2b0 lb/in.2 had been applied. 

Treatments -- Lb/in.2 
Trials 0 60 120 2L0 

1 .10 2.0 3.1 ¿4.9 

2 .08 2.0 3.1 

3 IlS 1.9 2.8 5.3 

¿4 .15 2.1 3.2 

5 .10 2.0 3.1 

6 .10 2.1 2.9 

7 .07 3.3 3.S 

8 .12 2.1 3.2 5.2 

9 .08 2.1 3.I 

10 .09 2.1 3.3 

Average .10 2.17 3.16 S.26 



Table G. Periodic counts and measurements taken on developing barn- 

yard giaBS seedlings from seeds planted at three depths on 

April 18, 1960. Averages of SO seedlings. 

Depth-____________________________ 
Measurenients inches L/2 L/26 L/27 L/28 I/29 Ij/30 S/i 

Coleoptile 1/2 0 0.2 0.8 1.6 3.).i 3.I t 

length in nmi i 1/2 0 0.1 0.3 0.9 2.3 2.9 3.8 

:3 0 0.0 0.1 O.I 1.3 1.7 3.0 

First inter- 1/2 0 0,1 0.9 3.5 9.2 11.6 13,2 

node length i 1/2 0 0.0 0.1 i.I 8.7 l8.L 27.7 

in imn 3 0 0.0 0.0 0,3 2,3 7,9 21.5 

Total shoot 1/2 0 0.3 1.7 5.1 12.6 16.2 20,0 

length in nun i 1/2 0 0.2 0.3 2.3 11.0 21.5 31.5 

3 0 0.0 0.1 0.6 3.6 9.7 21j.8 

Nnber of 1/2 0 0 0 0 0 0.7 0.8 

foliar leaves 1 ]J2 O O O O O O 0.1 

perplant 3 0 0 0 0 0 0 0 

Percent of 1/2 0 22 60 96 100 100 100 

seeds 1 1/2 0 18 36 76 100 100 100 

germinated 3 0 0 18 36 8ì 100 100 

Percent of 1/2 0 50 67 96 100 100 100 

seedlings having 1 1/2 0 11 28 87 82 100 100 

primary root 3 0 0 0 W4 55 100 100 

Percent .dth 1/2 0 0 0 0 0 0 0 

adventitious roots 1 1/2 0 0 0 0 0 0 0 

on first internode 3 0 0 0 0 0 0 0 

Number of coronal 1/2 0 0 0 0 0 0 0 

roots per plant 1 1/2 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 

Numberof 1/2 0 0 0 0 0 0 0 

tillers per 1 1/2 0 0 0 0 0 0 0 

plant 3 0 0 0 0 0 0 0 



Table C (continued). Periodic counts and measurements taken on 
developing barnyard grass seedlings from seeds planted at 
three depths on April 18, 1960. Averages of SO seedlings. 

Depth 
Measurements inches S/2 S/3 S/Li S/6 /7 /9 

Coleoptile 1/2 ¿j.9 L.3 L.3 ti.6 - 

length in nun i 1/2 .7 .6 L.6 - 

3 3.3 14.0 14.7 4.S 2.7 .l 

i'irst inter- 1/2 13.1 ll.L 12.2 12.0 12.6 - 13.3 
node length i 1/2 3O.L 33.9 3t.O 3L.7 33.6 - 38.0 

in mm 3 30.8 t7.8 0.6 63.7 68. 7.0 

Total shoot 1/2 23.6 23.7 23.9 2.0 28.5 - 27,0 

length in mm 1 1/2 38.6 l.LL I.J )..7 - 0.8 

3 314.3 2.0 :-'i.4 60.2 69.6 7L.8 82.1 

Number of 1/2 1.0 1.1 1.3 1. 1.8 - 2.0 

foliar leaves i 1/2 0.9 0.9 0.8 1.0 1.I - 2,0 

per plant 3 0 0 0 0.1 0.3 0.3 0. 

Percent of 1/2 100 100 100 100 100 100 100 
seeds i 1/2 100 100 100 100 100 100 100 

germinated 3 100 100 100 100 100 100 100 

Percent of 1/2 100 100 100 100 100 - 100 
seedlings having 1 1/2 100 100 100 lOO 100 - 100 
primary root 3 lOO 100 100 100 lOO 100 100 

Percent with 1/2 0 0 30 S2 88 - 100 
adventitious roots i 1/2 0 0 0 I L0 - 100 
on first internode 3 0 0 0 0 0 0 I2 

Number of coronal 1/2 0 0 0 0 0 - 0.3 
roots per plant i 1/2 0 0 0 0 0 - 0.1 

3 0 0 0 0 0 - 0.0 

Ntmiber of 1/2 0 0 0 0 0 - O 

tillers per 1 1/2 0 0 0 0 0 - O 

plant 3 0 0 0 0 0 - O 
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Table G (continued). Periodic counts and measurements taken on 
developing barnyard grass seedlings from seeds planted at 
three depths on April 18, 1960. Averares of 0 seedlings. 

Depth 
Ieasurements inches /11 /13 /16 S/20 /23 6/21 

Coleoptile 1/2 .3 L.2 I.h - - - 

length in mm i 1/2 .1 t.9 .1 - - - 

3 .7 S.3 .6 - - - 

First inter- 1/2 13.7 12.S 13.9 - - - 
node length i 1/2 37.7 36.]. 36.9 - - - 

in min 3 77.6 81.7 - - - 

Total shoot 1/2 37.0 3S.9 L8.L i2.9 72.3 220.S 
length in mm i 1/2 S8.1 8.O 63.7 72.2 81.9 1t0.7 

3 87.2 ß9.3 103.9 103.I 12.1 1o.0 

Number of 1/2 2. 3,0 3. - - - 
foliar leaves 1 1/2 2.6 2.7 3.0 - - - 

per plant 3 1.0 2.0 2.1 - - - 

Percent of 1/2 100 100 100 100 100 100 
seeds 1 1/2 100 100 100 100 100 100 
germinated 3 100 100 100 100 100 100 

Percent of.' 1/2 100 100 100 100 100 100 
seedlinrs having i 1/2 100 100 100 100 100 100 
primary root 3 100 100 100 100 100 100 

Percent with 1/2 100 100 100 100 100 100 
adventitious roots 1 1/2 100 100 100 100 100 100 

on first internode 3 SO 68 86 100 100 100 

Nuiiber of coronal 1/2 0.6 0.8 2.0 1.7 3.0 8.S 
roots per plant 1 1/2 0.3 0.L 0.9 1.S 2.7 6.8 

3 0.0 0.0 0.3 0.6 2.S 6.I 

Number of 1/2 0 0 0 0 0 1.9 
tiler8 per 1 1/2 0 0 0 0 0 1.8 
plant 3 0 0 0 0 0 1.6 



102 

Table H. Periodic counts and measurements taken on developing barn- 
yard grass seedlings from seeds planted at three depths on 
July 7, 1960. Averages of 0 seedlings. 

Depth 
Measurements inches 7/9 7/11 7/13 7/1 

Coleoptile length in mm 1/2 0.5 1.6 ).0 
i 1/2 - 1.8 14.14 L.6 

3 0. - L.3 

First internode length 1/2 , 0.2 6.2 1.l 16.0 
in mm i 1/2 - 12.2 I0.8 )SSS 

3 0.1 - S.3 76.S 

iota]. shoot length in rmn 1/2 0.7 8.1 2I.S 29.5 
1 1/2 - lIt.0 I7.2 56.0 

3 0.6 - 60.6 85.1 

Number of foliar leaves 1/2 0.0 0.1 1.0 1.7 
per plant i 1/2 - 0.0 0.8 1.6 

3 0.0 - 0.0 0.9 

Percent of seeds germinated 1/2 36 66 100 100 
11/2 - 86 loo 100 

3 38 - loo 100 

Percent of seedlings having 1/2 - 79 100 100 
primary root 1 1/2 - 91 100 100 

3 - - 100 100 

Percent with adventitious 1/2 0 0 2 92 
roots on first internode 1 1/2 - O 3I 100 

3 0 - 8 62 

Niznber of coronal roots 1/2 0.0 0.0 0.0 0.0 
per plant 1 1/2 - 0.0 0.0 0.0 

3 0.0 - 0.0 0.0 

Number of tillers per 1/2 0.0 0.0 0.0 0.0 
plant 1 1/2 - 0.0 0.0 0.0 

3 0.0 - 0.0 0.0 
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Table H (continued). Periodic counts and measurements taken on 
developing barnyard grass seedlings from seeds olanted at 
three depths on July 7, 1960. Averages of SO seedlings. 

. 

Depth 
Measurements inches 7/18 7/22 7/29 8/10 

Coleoptile length in nn 1/2 L 3. - - 
11/2 L.7 L.6 - - 

3 S.)4 S.l - - 

First internode length 1/2 12.9 10.7 - - 

in mm 1 1/2 !.1 11.3 - - 

3 78.8 76.8 - - 

Total shoot length in mm 1/2 29.1 .7 117.8 )43.2* 
i 1/2 ;7.9 66.7 121.S I70.l* 

3 93. 103.9 101.9 I69.6* 

Number of foliar leaves 1/2 2.2 1..2 - - 

per plant i 1/2 2.0 3.7 - - 

3 1.7 3.7 - - 

Percent of seeds germinated 1/2 100 100 100 100 
1 1/2 100 100 100 100 

3 100 100 100 100 

Percent of seedlinss having 1/2 100 100 100 100 
primary root i 1/2 100 100 100 100 

3 100 100 100 100 

Percent 4th adventitious 1/2 92 100 100 100 
roots on first internode 1 1/2 100 100 100 100 

3 96 100 100 100 

Number of coronal roots 1/2 0.1 3.0 6.S 1.7 
per plant 1 1/2 0.0 2.1 S.I lL 

3 0.0 1.9 S.LL 18.1 

Number of tillers per 1/2 0.0 0.L 1.3 2.0 
plant 1 1/2 0.0 0.1 0.8 

3 0.0 0.1 0.7 3.0 

* Height above coleoptilar node. 
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Table I. Maximurti, rnininnrn and mean daily temperature (degrees F.) 
from April 18 to June 21, 1960 at three depths in the soil 
where barnyard grass was grown. 

1/2 inch depth 1 1/2 inch depth 3 inch depth 
Date Max. Min. Mean Max. Min. Mean Max. Min. Mean 

I/i8/6o 6I 37 O S6 i ).8 -- -- -- 

19 6L 38 1 7 Il L9 - -- -- 
20 62 12 2 58 L6 S2 57 50 3 
21 69 39 61 39 0 8 ) l 
22 70 38 61 38 ).9 6 )3 19 
23 714 )41 7 66 L -- -- -- 
2I 76 60 70 LjI 7 -- -- -- 
25 8). 39 61 77 I3 70 1. 7 
26 78 Lo S9 68 L6 7 66 ).9 7 
27 83 t 6) 77 L6 61 70 O 60 
28 82 l 66 77 2 6! 73 7 6 
29 92 L5 68 87 L9 68 81 68 
30 96 I6 71 90 l 70 8S 51 69 
/l/6o 92 SO 71 8 69 78 58 68 
2 9)4 0 72 87 3 70 81 S8 71 
3 86 t8 67 79 SI 66 -- -- -- 

)4 90 ¿7 68 OS L8 66 -- -- 

90 )4S 67 86 I9 67 -- -- -- 
6 92 57 7L 86 S8 72 -- -- -- 

7 7)4 3 63 69 % 62 -- -- -- 

8 90 Ih 67 86 I5 6 -- -- -- 

9 914 )49 71 88 S2 70 -- -- -- 
10 99 S3 76 91 6 73 -- -- -- 
11 106 8 82 92 61 76 95 66 80 
12 70 b6 58 66 52 59 69 67 68 
13 7I L3 58 69 L6 57 69 53 61 
1! 8LL Li 62 80 16 63 7L 51 62 
15 92 I2 67 88 I8 68 82 51 66 
16 79 51 65 76 55 65 -- -- -- 

17 8)4 )45 6)4 80 50 65 -- -- -- 
18 87 )43 65 83 )49 66 81 53 67 
19 80 )45 62 75 50 62 73 5)4 63 
20 57 )42 )49 56 50 53 60 51 55 
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Table I (continued). Maxirnun, niininiuin and mean daily temperature 
(degrees F.) from April 18 to June 21, 1960 at three depths 
in the soil where barnyard grass was grown. 

1/2 inch depth 1 1/2 inch depth 3 inch depth 
Date Max. MIn. Mean Max. Min. Mean Max. Min. Mean 

5/21/60 73 37 55 67 ¿3 55 66 16 56 

22 82 37 59 87 L1 65 68 5? 57 
23 91 ¿j.2 66 97 I8 72 82 50 66 

21. 82 ).7 61 82 53 67 76 56 66 

25 83 !2 62 80 L8 6L 75 51 63 

26 82 Li7 6L 78 52 65 73 55 6L 

27 93 !8 70 88 51 69 86 55 70 

28 96 i9 72 88 52 70 88 57 72 

29 101f 55 79 92 56 7I 93 60 76 

30 100 61 80 88 62 75 92 67 79 

31 96 55 75 89 62 75 91 66 78 

6/i/60 92 50 71 89 5). 71 86 60 73 

2 101j 5L 79 100 59 79 96 63 79 

3 106 59 82 95 63 79 98 65 81 

14 107 58 82 97 62 79 98 66 82 

s 1]J4 60 87 98 65 81 100 68 8L 

6 8I 50 67 80 58 69 80 71 75 

7 87 L6 66 83 50 66 82 56 69 

8 88 17 67 8I L9 66 80 56 68 

9 96 149 73 90 5i 72 90 58 7I 

lo 102 5I 78 95 58 76 91 62 78 

li 103 60 81 93 63 78 98 67 82 

12 110 60 85 90 6L 77 100 67 83 

13 1OI 63 83 92 60 76 96 70 83 

1)4 82 59 70 78 62 70 80 66 73 

15 92 57 7I 8L 57 70 82 63 72 

16 90 57 73 86 63 7t 89 67 78 

17 99 L9 7L 93 5t 73 9 60 77 

18 101. 56 Bo 95 60 77 96 6L 80 

19 98 5) 76 88 60 7L 89 63 76 

20 914 51 72 86 56 71 86 60 73 
21 100 51 75 90 SLi 72 91 60 75 
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Table J. Maximum, minimum and 
from July 7 to July 
where barnyard grass 

mean daily 
29, 1960 at 
was grown. 

temperatures 
three depths 

(decrees F.) 
in the soil 

1/2 inch depth i 1/2 inch depth 3 inch deoth 

Date Max. Min. Mean !a.x. Min. Mean ax. Iin. Nean 

7/7/60 97 60 78 92 62 77 91 69 80 

8 105 7 81 100 S9 79 96 6 80 

9 109 62 8S 101 63 82 99 67 83 

10 108 62 8S 10]. 61 82 100 69 8I 

11 110 61 8 102 63 82 100 69 8L 

12 116 6 90 10 67 86 1oL 73 88 

13 96 6L 80 91 68 79 90 76 83 

114 96 8 77 90 60 7 89 68 78 

1 107 60 83 101 60 80 98 66 82 

16 113 66 89 lOS 66 8 10t 71 87 

17 120 71 9 106 71 88 107 76 91 

18 122 72 97 110 7L 92 109 79 9i 

19 122 72 97 110 71L 92 110 80 9 

20 117 68 92 10 71 88 10 78 91 

21 103 6 8t 93 69 81 93 76 8L 

22 91 8 7L 86 60 73 87 68 77 

23 98 2 7 92 73 87 62 7L 

2L io 6 80 100 S6 78 97 62 79 

25 103 61 82 98 62 RO 96 68 82 

26 108 72 90 100 73 86 98 76 87 

27 11 69 92 105 70 87 10I 76 90 

28 105 67 86 96 70 83 9l 76 85 

29 92 60 76 97 61 79 W4 69 76 
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Table K. Number of barrWard grass in 9 square feet of undisturbed 
soil between irrigation furrows in stur of rate and depth 
of incorporation of EPTC on July 1, 1960. 

Treatments I II III IV Total Average 

1. EPTC ' O lb/A 
Incorporated 1 inch 27 1 20 1 77 19.3 
Incorporated 3 inches 17 1L 13 21 6S 16.3 
Incorporated inches 20 12 16 17 6S 16.3 

2. EPTC i) i lb/A 
Incorporated i inch 3 1 0 3 7 1.8 

Incorporated 3 inches O O O O 0 0.0 
Incorporated 5 inches O O O O 0 0.0 

3. EPTC © 3 lb/A 
Incorporated i inch O 0 2 0 2 0.5 
Incorporated 3 inches O O O O 0 0.0 
Incorporated 5 inches O O O O 0 0.0 

Table L. Nnber of barnyard grass in 9 square feet of undisturbed 
soil between irrigat±on furrows in study of rate and depth 
of incorporation of EPTC on July 21, 1960. 

Treatments I II III IV Total Average 

1. E?TC @ O lb/A 
Incorporated i inch 27 15 20 15 77 19.3 
Incorporated 3 inches 18 i! 13 21 66 16.5 
Incorporated 5 inches 20 12 16 17 65 16.3 

2. EPTC o i lb/A 
Incorporat.ed i inch 6 t 3 5 18 
Incorporated 3 inches O O O i 1 0.3 
Incorporated 5 inches O O O i 1 0.3 

3. EPTC O 3 lb/A 
Incorporated i inch O L 3 0 7 1.8 
Incorporated 3 inches O i O O i 0.3 
Incorporated S inches C O O i i 0.3 


