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Previous research has indicated several soil -applied herbi- 

cides are more effective by exposure to emerging shoots than from 

root uptake. Studies were conducted in the greenhouse and growth 

chamber to investigate effects of herbicide placement in soil on 

toxicity to emerging seedlings. 

In these studies, an inch of treated soil was placed above the 

seed, below the seed, or both above and below the seed. The seed 

was placed in the middle of a 1-inch layer of untreated soil. Each 

soil layer was brought to field capacity separately and the entire 

container was covered with a plastic bag. The use of this plastic 

bag avoided the need for irrigation and subsequent herbicide move- 

ment. 

By this method, numerous herbicides were active on oats 

(Avena sativa) primarily through shoot exposure, with root expo- 

sure having little or no effect on foliage growth. These herbicides 



included EPTC (ethyl N, N- dipropylthiocarbamate), dichlobenil 

(2, 6- dichlorobenzonitrile), trifluralin (a, a, a -trifluoro -2, 6- 

dinitro-N, N- dipropyl -p- toluidine), nitralin (2, 6- dinitro -N, N- 

dipropyl-'4- [methylsulphonyl] aniline), propachlor (2- chloro- N -iso- 

propylacetanilide), DCPA (dimethyl 2, 3, 5, 6- tetrachlorotereph - 

thalate), and CDEC (2- chloroallyl diethyl dithiocarbamate). Sin - 

done (isomers of 1, 1- dimethyl -4, 6- diisopropylindanyl ethyl ketone) 

was more effective on sugar beets (Beta vulgaris) and annual rye - 

grass (Lolium multiflorum) through shoot exposure than root expo- 

sure. 

Some herbicides are more effective on oats through root 

exposure. These included bromacil (5- bromo -3- sec -butyl -6- 

methyluracil), R 11913, 1 Nia 11092 (1, 1- dimethyl- 3 -(3 -[ N -tert- 

butylcarbamyloxy] phenyl) urea), pyrazon (5- amino -4- chloro -2- 

phenyl -3[ 2H]- pyridazinone), diuron ( 3 -[ 3,4- dichlorophenyl] -1, 1- 

dimethylurea), and atrazine (2- chloro -4- ethylamino- 6- isopropyl- 

amino-s- triazine). Dicamba (2- methoxy -3, 6- dichlorobenzoic acid) 

and 2, 4 -D (2, 4- dichlorophenoxyacetic acid) were more effective on 

cucumber through root exposure than through shoot exposure. 

Some herbicides appear to be taken up differently by different 

plant species. R 11913 was more effective through shoot exposure 

1No chemical name available, an experimental herbicide of 
Stauffer Chemical Company. 



on sugar beets and more effective through root exposure on oats. 

Atrazine proved more effective on oats through root exposure; how- 

ever, with green foxtail (Setaria viridis) and annual ryegrass, shoot 

exposure was more important when an untreated buffer layer was 

present between the seed and the treated zone. 

The possibility existed that a reduction in transpiration, 

caused by the plastic bag could affect the mode of uptake. In studies 

without the use of the plastic bag, atrazine was still more effective 

on oats through root exposure and more effective on green foxtail 

through shoot exposure. Irrigation in this study was accomplished 

through straws extended into each layer to minimize herbicide move- 

ment. 

We noticed that green foxtail produced secondary roots as early 

as five days after planting or two days after emergence. This indi- 

cated that these newly -formed secondary roots, as well as the emerg- 

ing shoot, could absorb atrazine placed in the shoot region. 

When the buffer layer was removed and atrazine- treated soil 

was placed adjacent to the seed, placement immediately below the 

seed showed the greatest toxicity to both oats and green foxtail. 

This indicates the variation in sensitivity of plants by exposure to 

different parts of the seedling. 

Studies were conducted on varying placement positions of the 

herbicide as well as concentrations. From these studies, proximity 



to the seed was a major factor in increasing toxicity to oat seedlings 

by atrazine and EPTC, and to annual ryegrass seedlings by diuron. 

Atrazine was also more effective to green foxtail and annual ryegrass 

seedlings with increased proximity to the seed. A narrow concen- 

trated layer was more effective than a wider dilute layer with diuron, 

atrazine, and EPTC when placed either above or below the seed. 

With atrazine and diuron, placement of the dilute wider layer com- 

pletely around the seed was just as effective as the concentrated 

layer adjacent to the seed. With EPTC, a concentrated layer adja- 

cent to the seed was more effective than a dilute layer completely 

around the seed. 

The effects of a constant temperature regime (24 C) was com- 

pared with a temperature regime with a low night temperature (2 7 C/ 

13 C) in relation to uptake of EPTC, expressed by toxic action on 

oats. The temperature regime with a low night temperature caused 

a slight increase in toxicity to oats through shoot exposure, as well 

as through root exposure. However, the increase in uptake of EPTC 

through root exposure was considerably greater than through shoot 

exposure. 
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THE INFLUENCE OF HERBICIDE PLACEMENT IN SOIL 
ON TOXICITY TO EMERGING SEEDLINGS 

INTRODUCTION 

Identifying the site of uptake of herbicides as related to phyto- 

toxic action is beneficial in using herbicides more efficiently, as 

well as gaining a better understanding of herbicidal action. In re- 

cent years, a number of workers have shown several herbicides to 

be more effective on grasses when taken up through the emerging 

coleoptil rather than when uptake was through the roots (1, 3, 5, 6, 

9, 10, 11, 12, 16, 18, 21) . 

Determining the site of uptake could be instrumental in new 

and more efficient methods of use, such as incorporation practices. 

For example, a herbicide which acts primarily through the emerg- 

ing coleoptile would be most effective when placed above the seed. 

Mixing this same herbicide in several inches of soil may unneces- 

sarily dilute the portion of the herbicide that is located above the 

seed, where toxic action is greatest. Also, understanding the site 

of entry of a soil - applied herbicide may help explain why some 

herbicides are selective on certain plants only when the herbicide 

is placed properly. 

The objectives of this study were as follows: a) to determine 

the relative importance of shoot versus root uptake as related to 

phytotoxicity for various herbicides, representing several distinctly 



2 

different herbicide classes, b) to determine if an experimental 

technique involving the use of a plastic bag over the pots influ- 

enced shoot or root uptake by influencing transpiration, c) to study 

why atrazine (2- chloro -4- ethylamino -6- isopropylamino -s- triazine) 

was taken up differently by different plant species, d) to determine 

the optimum placement of diuron (3 -[ 3, 4- dichlorophenyl] -1, 1- 

dimethylurea) in the control of annual ryegrass (Lolium multiflorum), 

e) to determine the optimum placement of EPTC (ethyl N, N- dipropyl- 

thiocarbamate) in exerting toxicity to oats (Avena sativa), and f) to 

study the influence of different temperature regimes on the toxicity 

of EPTC to oats when used at various placements in relation to the 

seed. 
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LITERATURE REVIEW 

The principles governing the penetration of dissolved substances 

through cell surfaces are not unique to roots, but can occur in all 

plant cells. Chemical substances can be divided into two broad 

groups based on the manner in which they penetrate into plant cells. 

One group consists of materials that are only slightly ionized, such 

as water and sugars. In entering cells, these compounds follow the 

simple laws of diffusion, moving from regions of high concentration 

to regions of lower concentration. Substances that are highly ionized, 

as mineral salts tend to be, are taken up as individual ions and are 

actively accumulated within the living cell (4). 

Lindquist, Hacskaylo and Davich (13) compared the absorption 

of H3PO4 and phorate (o, o- diethyl S- ethylthiomethyl phosphorodi- 

thioate) by roots of cotton seedlings. H3PO4 was absorbed actively 

at a specific region 20 -40 mm from the tip of cotton seedling rad- 

icles. Phorate absorption was equal at all sites of application on 

the radicles, and was dependent on the volume of radicles or hypo - 

cotyls exposed, suggesting passive absorption. 

Crafts and Yamaguchi (7) indicated that roots have a definite 

protoplasmic control over root absorption. They found barley root 

cells could discriminate between 2, 4 -D(2, 4- dichlorophenoxyacetic 

acid) and dalapon (2, 2- dichloropropionic acid), by retaining 2, 4 -D 



and transporting dalapon to the shoots. 

Root absorption has long been assumed to be the major means 

of uptake for soil -applied herbicides, Muzik, Cruzado and Loustalot 

(17) found monuron to be rapidly taken up by roots of velvet bean 

plants (Stizolobium deeringianum). Other researchers (8, 20) 

found, using radioautography, that simazine was readily absorbed 

by roots of a wide range of plant species. 

In 1960, Crafts and Yamaguchi (7) showed by radioautographic 

methods that several herbicides are absorbed by roots and trans - 
located throughout the entire plant by a number of plant species. 

These herbicides included 2,4 -D, monuron (3 -[ p- chlorphenyl] -1, 1- 

dimethylurea), simazine (2- chloro -4, 6 -bis[ ethylamino] -s- triazine), 
amitrole (3- amino -1, 2- 4- triazole), and dalapon. However, they 

noticed that these herbicides were all absorbed at different rates, 

and were translocated at different rates. 

Using several plants, Lyndsay and Hartley (14) studied the 

response of localized herbicide applications to roots. The herbi- 
cides used have widely different modes of action. IPC (isopropyl 

N- phenylcarbamate), CIPC (isopropyl N -[ 3 -chlorophenyl] carbamate), 
atratone (2- methoxy - -4- ethylamino -6 -is opropylamino -s -triazine), 

and 2, 3, 6 -TBA (2, 3, 6- trichlorobenzoic acid) killed the plant by 

root uptake, regardless of the amount of the root system that was 

exposed. Certain concentrations of MCPA (2- methyl -4- chloro- 

phenoxyacetic acid) and DNOC (3, 5- dinitro -o- cresol) supplied to 

4 
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the entire root system killed the plant, whereas three times that 

concentration supplied to one -third of the root system had little 

effect on the plants. However, still higher concentrations applied 

to one -third of the root system caused death to the plant. 

In 1960, Baker (3) studied the effect of planting depth on CIPC 

toxicity to Echinochloa sp. and to nine rice varieties, eight of which 

have some resistance to this herbicide. With the eight somewhat 

resistant rice varieties, shallow planting was most injurious, but 

the susceptible variety and the Echinochloa sp. were injured at all 

depths of planting. Baker suggested the depth of the first node and 

the roots associated with it were of prime importance. Echinochloa 

sp. and the susceptible rice variety produced its first node near 

the soil surface, regardless of the depth of planting. All the other 

rice varieties produced their first node in soil below the CIPC layer 

and consequently were not injured as severely. 

In recent years, uptake through the emerging coleoptile has 

been shown to be of considerable importance in exerting phytotoxic 

action (1, 2, 5, 6, 11, 12, 16, 18, 19, 21). Dawson (9), working 

with barnyardgrass (Echinochloa crusgalli), found that EPTC was not 

as toxic when taken up through roots, as when it entered through the 

coleoptile. This did not necessarily mean that EPTC did not enter 

the plant by the roots. Yamaguchi (22) obtained evidence for root 

uptake of EPTC by several species, including barnyardgrass. 
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Appleby, Furtick and Fang (1), working with oats showed that the 

differential toxicity of EPTC between shoot and root was due to a 

greater inherent toxicity of EPTC to the shoot, rather than to differ- 

ences in uptake, translocation, or rate of breakdown by the root or 

shoot. More work by Appleby et al. (1) using two other carbamate- 

type herbicides, IPC and diallate (S -2, 3- dichloroallyl N, N- diiso- 

propylthiolcarbamate), indicated that shoot uptake was more impor- 

tant than root uptake in expressing toxic action on oats. 

Friesen, Banting and Walker (11) previously showed that di- 

allate was more toxic to wild oats (Avena fatua) and wheat (Triticum 

aestivum) when exposed to the emerging coleoptile than when exposed 

to the root. They also found that the stages of development of wild 

oats and wheat differed in sensitivity to diallate. With wild oats, 

diallate was more effective when applied immediately above the seed 

or directly below the soil surface. With wheat, only placement 

directly over the seed proved toxic. Parker (18) found that shallow 

incorporation of diallate gave selectivity against wild oats in wheat 

and barley. He stated that the most sensitive region of wild oats 

was at the base of the cotyledon, and that the rate of entry was at a 

maximum in this zone. In wheat and barley, this zone above the 

coleoptile node is moved up considerably later than in wild oats. 

He then postulated that this zone above the coleoptile node rapidly 

loses these characteristics with age. 
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Work by McKinley (16, p. 19 -27) showed DCPA (dimethyl 

2, 3, 5, 6- tetrachloroterephthalate) to be more effective on annual 

ryegrass (Lolium multiflorum) through coleoptile exposure. He 

also found a gradual inhibition of roots as the concentration of 

DCPA increased in the root zone, but no reduction in dry weight of 

the shoot was observed even when the roots were greatly inhibited. 

Parker (19) found more toxicity to the shoots than the roots 

with herbicides such as EPTC, CDEC (2- chlorallyl diethyldithio- 

carbamate), diallate, and CDAA (2- chloro -N, N- diallylacetamide). 

With dichlobenil (2, 6- dichlorobenzonitrile), trifluralin (a, a, a -tri- 

fluoro-2, 6- dinitro -N, N- dipropyl -p- toluidine), and CIPC, he found 

the roots to be more sensitive than shoots. However, Parker (19) 

noted that exposure of roots to a toxic concentration caused severe 

root damage, but had little or no effect on shoot growth, as McKinley 

(16, p. 19 -27) noted with DCPA. 

Coartney and Williams (6) showed atrazine was more effective 

against giant foxtail (Setaria faberii) when placed above the seed 

than below the seed. He suggested that entry of atrazine occurred 

through some portion of the plant other than the primary root sys- 

tem. 

Knake, Appleby and Furtick (12) showed that six herbicides 

were more effective on green foxtail (Setaria viridis) when taken up 

through shoots than when the roots were exposed. These herbicides 
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included amiben (3- amino -2, 5- dichlorobenzoic acid), linuron (3- 

[ 3, 4 -dichlorophenyl] -1 -methoxy -1 -methylurea), trifluralin, E PT C, 

propachlor (2- chloro -N- isopropylacetanilide), and atrazine. 
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GENERAL MATERIALS AND METHODS 

Optimum placement studies of soil -applied herbicides in rela- 

tion to seed position were conducted in the greenhouse. The influ- 

ence of different temperature regimes on placement of EPTC was 

studied in growth chambers. Any deviations from the materials and 

methods in this section will be discussed under the specified experi- 

ment. 

All experiments involved placement of herbicide- treated soil 

in various positions in relation to the seed. Soil was prepared by 

air drying and sifting through an eight -mesh screen for uniformity 

of particle size. When using broadleaved plants, the soil was auto- 

claved for five hours to prevent damping off. Damping off is a dis- 

ease caused by various fungi which infect seeds or seedlings under 

high humidity conditions. The analyses of the sandy loam soil used 

in these experiments can be found in Table 1. 

Table 1. Chemical, moisture tension, and mechanical analyses of sandy loam soil. 

Soil Cf.0 OM 
pH me /100 g percent 

0. 1 atm 0.33 atm. 
percent moisture 

15.0 atm 

6.4 17.66 1.42 28.96 20.75 8.63 

50 -2000 microns 
percent sand 

2 -50 microns 
percent silt 

< 2 microns 
percent clay 

69.75 19. 52 10.73 
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A soil tumbler (Plate I) was used to incorporate the herbi- 

cides into the soil and to bring the soil to field capacity. The soil 

tumbler contained a fixed nozzle that sprayed the solution on the 

soil while the soil constantly tumbled. 

Test plants included in this research were: annual ryegrass, 

green foxtail, oats, cucumber (Cucumus sativus), and sugar beets 

(Beta vulgaris). Oats was most frequently used because of its large 

seed and large uniform seedlings. 

A technique developed by Knake (16) was used in placement 

studies primarily because of the short time involved in establishing 

an experiment. The seed was planted 1.5 inches deep in soil brought 

up to field capacity. Treated soil placed in different positions was 

also brought up to field capacity. Three 8 -inch stakes were placed 

around the inside of each 4. 5 -inch deep by 4 -inch diameter can to 

hold up a 6 -inch by 12 -inch plastic bag, which was held tightly around 

the can by a rubber band. The use of this plastic bag eliminated the 

need for irrigation which might cause movement of the herbicide 

from its original position. Concentrations of the herbicide were 

calculated on the basis of weight of active herbicide per oven dry 

weight of soil. In all cases, plants were clipped at the soil surface 

two to four weeks after planting. The clipped shoots were placed in 

40 X 50 mm weighing bottles, then left in the oven at 90 -100 C for 

24 -36 hours. Dry weights were determined with a micro -balance. 
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Plate I Soil tumbler with fixed nozzle. 

{ 

r . 

Ns. 11,4 
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All data were statistically analyzed and differences deter- 

mined by either the least significant difference or Duncan's multiple 

range test. A completely randomized design was used in each exper- 

iment. 
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EXPERIMENT I. SITE OF UPTAKE OF VARIOUS 
SOIL- APPLIED HERBICIDES 

This study involved evaluating various soil- applied herbicides 

in relation to the relative importance of shoot versus root uptake, 

measured by toxicity to plant shoots. 

Materials and Methods 

The positions of the herbicides used were as follows: an inch 

of treated soil above the seed, below the seed, both above and below 

the seed, and an untreated control, as illustrated in Figure 1. The 

seeds were planted in the middle of an inch of untreated soil placed 

between the layer of soil used to expose the root or the shoot. This 

allowed a O. 5 -inch buffer zone above and below the seed. The buffer 

zone minimized herbicide movement into an untreated region. The 

number of seeds planted of each species were as follows: oats, 16; 

annual ryegrass, 50; green foxtail, 100; cucumber, 6; and sugar 

beets, 16. Three or four observations were used with each treat- 

ment. 

The temperature of the greenhouse in this study was 21 C at 

night and ranged from 21 C to 30 C during the day, with a light inten- 

sity of 1500 foot -candles for 12 -14 hours during cloudy days, and up 

to 8000 foot -candles on clear days. Clear days occurred approximate- 

ly 75 percent of the time. 
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Treated layer 

Seed 

Buffer layer 

Buffer layer 

Treated layer 

Untreated layer 

Figure 1. Cross section of can showing treated layers, 
buffer zone, and seed position. 

Results 

The results of this experiment are given in Table 2. Under 

the conditions described, many herbicides were active on oats pri- 

marily through shoot exposure, with root exposure having little or 

no effect. Also, Sindone (isomers of 1, 1- dimethyl -4, 6- diisopro- 

pylindanyl ethyl ketone), and R 119131 showed more activity through 

shoot exposure on sugar beets. Herbicides more active on oats 

through shoot exposure than through root exposure included EPTC, 

1No chemical name available, an experimental herbicide of 
Stauffer Chemical Company. 

Ti/ 8/ / 
^03 

.41/7 
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Table 2. Effect of herbicide placement in soil on toxicity to various plant species. 

1 
Herbicide 

Concentration 
ppm Test plant 

Avg. dry weight of the shoot 
as percent of control 

for three exposure methods 
Shoot Root Shoot + Root 

EPTC 2.0 oats 13.2 b 101. 1 a 16.4 b 
dìchlobenìl 0. 5 oats 13.7 b 102. 7 a 27.0 b 
bromacil 2.0 oats 112.8 a 67. 6 b 54. 5 b 
atrazine 2.0 oats 101.3 a 85.3 a 48.7 b 

3.0 oats 80.0 b 48.3 c 38.5 c 
4.0 oats 52, 7 b 49. 5 b 45.0 b 

7.5 green foxtail 19.9 b 94, 0 a 17.7 b 
15.0 green foxtail 7. 3 c 80, 4 b 9. 9 c 
3.0 annual ryegrass 81.7 b 77. 1 b 32, 5 c 
4.0 annual ryegrass 32.0 c 65, 4 b 14.2 c 
5.0 annual ryegrass 34.4 c 48.0 b 13. 5 d 

trifluralin 1.0 oats 3.0 c 89, 6 b 6. 5 c 
nitralin 2.0 oats 42.7 b 101, 1 a 48.3 b 
CDEC 8.0 oats 13.5 b 100.3 a 8. 1 b 
R 11913 4.0 oats 106.0 a 65, 0 b 70, 1 b 

15.0 sugar beets 4.2 c 73.6 b 3.4 c 
propachlar 10.0 oats 70.6 b 82.6 ab 73. 9 b 
Nia 11092 12.0 oats 51.6 b 24, 6 c 21.5 c 
DCPA 10.0 oats 41. S d 108, 1 a 51.2 c 
diuron 8.0 oats 94.7 ab 87. 2 b 43.2 c 
Sindone 3.0 annual ryegrass 13.7 b 79. 4 a 22.8 b 

35.0 sugar beets 0.0 c 77.0 b 0, 0 c 
pyrazon 10.0 oats 83.4 a 61.7 b 53.2 b 
2, 4-D 1.0 cucumber 80.5 b 57. 2 c 34, 2 d 
dicamba 0.05 cucumber 107. 7 95. 3 75. 3 

1Herbicide formulations used are listed in Appendix Table 36. 

Different letters (a, b, c, d) denote treatments differ from each other at the 5% level. 
Duncan's multiple range test was used. 
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dichlobenil, trifluralin, nitralin (2, 6- dinitro -N, N- dipropyl -4- 

[ methylsulphonyl] -aniline), CDEC, propachlor, and DCPA. Sin - 

done showed lethal action through shoot exposure on annual rye - 

grass. 

Some herbicides were more active through root exposure. 

These included diuron, bromacil (5-bromo-3- sec -butyl -6- methyl- 

uracil), R 11913, Nia 11092 (1, 1- dimethyl- 3- [3 -(N- tert -butyl- 

carbamyloxy) phenyl] urea), and pyrazon (5- amino -4- chloro -2- 

phenyl-3[ 2H] -pyridazinone), when using oats as the test plant. 

2, 4 -D showed more toxicity through root exposure on cucumbers. 

This was also seen visually when using dicamba (2- methoxy -3, 6- 

dichlorobenzoic acid) on cucumber, but no differences could be 

detected by dry weight or fresh weight. 

Some herbicides appeared to be taken up differently by differ- 

ent plant species, when measuring uptake by toxicity. This phe- 

nomenon was noticed with atrazine, when tested on oats, green 

foxtail, and annual ryegrass. Atrazine was more toxic to oats 

through root exposure, and more effective on green foxtail through 

shoot exposure. Toxic action through shoot exposure was more 

effective than root exposure on annual ryegrass, but the relative 

difference between shoot and root uptake was not as great as with 

green foxtail. R 11913 was more active on oats through root 

exposure and more active on sugar beets through shoot exposure. 
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Another important point illustrated by this experiment was 

the small relative difference between shoot and root uptake by 

some of these herbicides, when measuring uptake by toxicity to 

the shoot. Consequently, the concentration of herbicide used was 

extremely important in exhibiting differences. 
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EXPERIMENT II. SITE OF UPTAKE OF ATRAZINE 
WITHOUT THE PLASTIC BAG. 

In the previous experiment, atrazine was shown to be taken up 

differently by different plant species, when measuring uptake by 

toxicity. Since atrazine is translocated in the xylem (15), it was 

thought that the plastic bag covering the plants could inhibit root 

uptake by reducing transpiration. 

In order to clarify the species differences with atrazine uptake, 

an experiment was designed that involved removing the plastic bag 

and maintaining the other conditions in the previous experiment 

essentially the same. 

Materials and Methods 

Four treatments were involved in this experiment. A treated 

soil layer 1.0 inch wide was placed above the seed, below the seed, 

both above and below the seed, and an untreated control. 

Since this experiment involved removal of the plastic bag, 

irrigation was necessary. In order to minimize mass movement 

of atrazine between layers, straws were inserted in each layer to 

irrigate each layer separately. Furthermore, a thin layer (0.125 to 

0. 25 inch) of coarse quartz sand was placed between layers, as illus- 

trated in Figure 2. This sand layer was utilized to prevent capillary 

movement between layers. 
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Figure 2. Diagram of treated layers with straws for 
irrigation, and sand between layers to 
prevent capillary movement. 

Each soil layer was brought up to field capacity via the straws 

every three days. The amount of water needed to maintain field 

capacity was calculated by determining the moisture content of 

each soil layer in spare cans, in which untreated green foxtail 

plants were growing. 
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The concentration of atrazine used was 2. 0 ppm for oats and 

7.5 ppm for green foxtail. In this greenhouse study, the tempera- 

ture was constant at 24 C with a constant light source of 500 foot - 

candles, supplemented by weak sunlight during the day. 

Results 

As in the previous experiment, this study indicated that atra- 

zine was more effective on oats through root exposure, while green 

foxtail showed more injury when atrazine was exposed to the emerg- 

ing shoot. However, the rate necessary to obtain the same results 

with the plastic bag technique was decreased at least two -fold. This 

indicated that the plastic bag reduced toxicity, but did not alter the 

mode of uptake, resulting in toxic action to oats and green foxtail. 

These results are clearly seen in Plate II and Table 3. 

Table 3. Site of uptake of atrazine without the plastic bag on oats and green foxtail. 

Concentration 
ppm 

Avg. dry weight of the shoot 
as percent óf. control 

for three exposure methods 
Test plant Shoot Root Shoot + Root 

2.0 oats. 45.8 b 26.3 c 25.3 c 

7. 5 green foxtaï.] 8.6 c 3'.9b 6.0 c 

Different letters denote treatments which differ from each other at the 5% level of 
significance. The Duncan's multiple range test was used. 
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Plate II Site of uptake of atrazine resulting in toxic action on oats 
and green foxtail upon removal of the plastic bag. The 
top picture shows atrazine more effective on green foxtail 
through shoot exposure. The bottom picture shows root 
exposure more effective on oats. 
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EXPERIMENT III. PLACEMENT STUDIES OF ATRAZI'NE 
WITH RELATION TO THE SEED 

OF THREE PLANT SPECIES 

The objective of this study was to gain a better understanding 

of species differences in relation to uptake and also to study the effec- 

tiveness of a concentrated narrow band versus a dilute wider band. 

Materials and Methods 

Four placement levels were used in this experiment. Since 

these same placement levels will be discussed again in this thesis, 

the placement levels are called A, B, C, and D, as in Figure 3. 

A 
B 

Untreated soil 

Seed 

Figure 3. Diagram for placement positions. 

C 
'Th 
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This experiment involved 12 treatments (Table 4). Two 

atrazine rates were used for each species, one rate being twice 

the other, so a condition was created where equal amounts of herbi- 

cide were placed in soil at different concentrations. For example, 

A at 4. 0 ppm could be compared with A + B at 2. 0 ppm. 

The species used were oats, green foxtail, and annual ryegrass, 

with 16, 100, and 50 seeds planted per pot respectively. Four obser- 

vations per treatment were used. 

For this study, the greenhouse temperature was 21 C to 30 C 

during the day, and night temperature dropped to as low as 13 C. 

Light intensity ranged from 1500 to 6000 foot -candles during the day. 

Table 4. Treatments for experiment III. 

Placement position 
Concentration in ppm for placement level 

Oats Green foxtail Annual ryegrass 

A 4.0 8.0 4.0 
B 4.0 8.0 4.0 
C 4.0 8.0 4.0 
D 4.0 8.0 4.0 
A+ B 4.0 8.0 4.0 
C+ D 4.0 8.0 4.0 
B+ C 2.0 4.0 2.0 
A+ D 2.0 4.0 2.0 
A+ B 2.0 4.0 2.0 
C + D 2.0 4.0 2.0 
A, B, C, D 2.0 4.0 2.0 
Control - - - 
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Results 

The results of this experiment are summarized in Table 5. 

With oats and green foxtail, placement immediately below the seed 

in region C was the most effective in causing a toxic reaction. This 

is a new concept, since atrazine was more effective on green foxtail 

through shoot exposure when treated soil was not adjacent to the 

seeds. 

With annual ryegrass, a dilute layer placed below the seed 

(C + D) was more effective than placement above the seed (A + B), 

indicating greater toxicity through root uptake. Also placement D 

appeared more effective than placement A on annual ryegrass, which 

is a reversal from the results obtained from experiment I. This 

phenomenon was thought to be affected by temperature regimes, 

and was studied in subsequent experiments with EPTC. 

When atrazine was placed completely around the seed (B + C) 

at the low rate, no difference could be detected when compared with 

placements immediately above the seed (B) or immediately below 

the seed (C) at the high rate, for both green foxtail and annual rye - 

grass. However, with oats, atrazine proved more effective at the 

high rate immediately below the seed (C), than when placed at the 

low rate completely around the seed (B + C). 

Increased effectiveness of atrazine with proximity to the seed 
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was noted in this experiment. With green foxtail, placement immed- 

iately below the seed (C) was more effective than placement 0. 75 

inch below the seed (D). Annual ryegrass showed more injury when 

placement occurred immediately above the seed (B) than 0. 75 inch 

above the seed (A). Atrazine proved to be more effective on oats 

when placed in close proximity to the seed, either above or below 

the seed. 

Table 5. Atrazine placement studies on three species. 

Treatment 
Placement- Concentration 

(high or low rate) 

Avg. dry weight of the shoot 
as percent of control 

oats green foxtail annual ryegrass 

A - high 89.5 b 65. 9 bcd 50. 5 b 
B - high 75. 7 c 56.8 cd 30.9 cd 
C - high 55.9 ef 1 7. 6 fg 23. 1 d 
D - high 72.2 cd 85.9 ab 35.0 bcd 

A + B - high 63.5 de 30. 7 eft 25. 6 d 
C + D - high 48.4 f 18. 1 fg 18.6 d 
B +C - low 65. 9 cd 43.2 def. 27. 7 d 
A + D - low 86. 4 b 85.3 abc 49.9 bc 
A+ B - low 90.4 ab 52.3 de 56.5 b 
C + D - low 63. 9 de 46. 1 def 26. 8 d 

A, B, C, D - low 53. 4 ef 5. 9 g 22.3 d 
Control 100.0 a 100.0 a 100. 0 a 

Different letters denote treatments differ from each other at 
the 5% level of significance by the Duncan's multiple range test. 
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EXPERIMENT IV. OBSERVATIONS ON SECONDARY ROOT 
PRODUCTION OF GREEN FOXTAIL 

Observations of secondary root production were conducted to 

determine if atrazine could possibly be taken up by secondary roots 

of green foxtail, rather than entirely through the emerging shoot. 

Materials and Methods 

This study was conducted under similar conditions as in experi- 

ments I and III. The plastic bag was attached after the soil had been 

brought up to field capacity. Green foxtail seeds were planted 1.5 

inches deep. The temperature in the greenhouse was constant at 

21 C, with light intensity ranging from 1500 to 5000 foot -candles 

during the day. Every two days, green foxtail plants were removed 

from the can and examined. 

Results 

The first observation on the fifth day after planting, which was 

two days after emergence, showed secondary roots already growing. 

These roots were 2 to 3 mm long, extending along the entire length 

of the shoot region in the soil. The longest roots were located closest 

to the seed. This indicates that green foxtail can absorb atrazine 

by secondary roots when atrazine was placed in the shoot region. 
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EXPERIMENT V. OPTIMUM PLACEMENT STUDY 
OF DIURON ON ANNUAL RYEGRASS 

In the Pacific Northwest, diuron is often used for annual rye - 

grass control in winter wheat. At times, erratic results have been 

obtained in the field. This experiment was conducted to determine 

if placement of diuron influenced the control of annual ryegrass. 

Materials and Methods 

In this study, diuron- treated soil was placed in O. 75 -inch bands 

or 1.5 -inch bands. For convenience, these bands are called A, B, 

C, and D, as was done in experiment III (Figure 3). Two rates of 

diuron, 5.0 ppm and 10.0 ppm, were used in this trial to compare 

the effectiveness of a concentrated narrow band versus a dilute 

wider band, each band containing equal amounts of diuron. The 

placement of these bands are listed as follows: 1) Position A 

2) Position B 3) Position C 4) Position D 5) Position A + D 6) 

Position B + C 7) Position A + B 8) Position C + D 9) Position A, 

B, C, D 10) Control. 

The greenhouse temperature in this study was constant at 24 C 

with a 24 -hour light source of 500 foot -candles, supplemented by 

sunlight during the day. 



28 

Results 

The results of this experiment are summarized in Table 6. 

With a O. 75 -inch buffer region above and below the seed, diuron was 

more effective on annual ryegrass through shoot exposure (A) than 

root exposure (D). However, placement immediately below the 

seed (C) was the most effective of the four O. 75 -inch layers. A 

O. 75 -inch band placed immediately above the seed (B) at 10.0 ppm 

was more effective than a 1.5-inch layer above the seed (A + B) at 

5. 0 ppm. Also, a O. 75 -inch placement immediately below the seed 

(C) at 10.0 ppm was more effective than a 1. 5 -inch placement below 

the seed (C+ D) at 5. 0 ppm, indicating greater toxicity through a 

concentrated layer. However, placement completely around the 

seed (B + C) at 5. 0 ppm was equal in effectiveness to a 10.0 ppm 

layer either above (B) or below the seed (C). Also, it was clearly 

seen that placements with closer proximity to the seed were more 

effective than placement 0. 75 -inch away from the seed. 
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Table 6. Optimum placement study of diuron on annual ryegrass. 

Placement sites 

Avg. dry weight of the shoot 
as percent of control 

5.0 ppm 10.0 ppm 

A 91. 8 a 40.3 c 
B 87.7 a 27.7 cd 
C 45.3 c 23.9 de 
D 97.0 a 82.3 b 
A+ D 59.8 b 23.9 de 
B+ C 28.3 3 d 10.9 eft 
A+ B 44.7 c 9.0 fg 
C + D 36. 6 cd 23,5 def 
A, B, C, D 9. 6 e 5. 8 g 
Control 100.0 a 100.0 a 

Different letters denote treatments differ from each other at 
the 5% level of significance by the Duncan's multiple range test. 
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EXPERIMENT VI. OPTIMUM PLACEMENT STUDY 
OF EPTC ON OATS 

This study was initiated as a result of reports indicating con- 

siderable injury from EPTC through root exposure in the field. Pre- 

vious research by Appleby et al. (10), Dawson (9), and Parker (19) 

has indicated EPTC to be relatively more effective on grasses 

through shoot exposure. 

In this study, the effects of four different placement levels 

were examined. Also, the influence of a concentrated narrow layer 

versus a dilute wider layer was studied. 

Materials and Methods 

These experiments consisted of the same treatements as in 

experiment III. Two sets of experiments were conducted, one 

having a high rate of 2. 0 ppm and a low rate of 1.0 ppm, whereas 

the second set had a high rate of 0.8 ppm and a low rate of 0.4 ppm. 

Oats was the test plant in this study. Sixteen seeds were 

planted per pot and four observations per treatment were used. 

Temperature in the greenhouse was set on a diurnal basis, 

with a range of 21 C to 30 C during the day, and as low as 13 C 

during the night. Light intensity during the day ranged from 1500 

to 6000 foot -candles. 
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Results 

A summary of results is tabulated in Table 7. Of major impor- 

tance in the study involving the higher rates was the increase in phy- 

totoxicity through root exposure when compared with the results ob- 

tained from experiment I. Exposure to the shoots (A) showed signifi- 

cantly more activity than root exposure (D), but the relative difference 

between shoot and root exposure was small. This experiment was 

conducted in a greenhouse with low night temperatures, and it was 

thought that the low night temperature caused the increased toxicity 

through root exposure. As a result, further studies were conducted 

in the growth chamber to examine this phenomenon. Results of these 

studies will be reported in a later section of the thesis. 

Placement completely around the seed (B + C) at 1. 0 ppm was 

more effective than exposure in the shoot region (A + B) or the root 

region (C + D) at 1.0 ppm. This indicates increased toxicity to oats 

when EPTC could be placed completely around the seed. Likewise, 

proximity to the seed, either above (B) or below (C) the seed, proved 

to be more effective than placement O. 75 inch away from the seed 

(A or D). 

In the experiment involving the lower rates, 0.8 and 0.4 ppm, 

a concentrated 0. 75 -inch layer (0. 8 ppm) either directly above (B) 

or below the seed (C) showed more phytotoxicity than a dilute 1.5- 

inch layer (0.4 ppm) completely surrounding the seed (B + C). The 

other results obtained in this study with the lower rate, verify the 
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data obtained from the experiment with the higher rate. 

Table 7. Optimum placement study of EPTC on oats. 

Treatment 
Placement level- Concentration 

Avg. dry weight of the shoot 
as percent of control 

A 
B 
C 

- 0.8 
- 0.8 
- 0.8 

ppm 
ppm 
ppm 

93 ab 
30 d 
19 d 

D - 0.8 ppm 93 ab 
A+B - 0.8 ppm 24 d 
C+D - 0.8 ppm 21 d 
B+ C - 0.4 ppm 64 c 
A+ D - 0.4 ppm 107 a 
A+ B - 0.4 ppm 86 b 
C+ D - 0.4 ppm 89 b 

A, B, C, D - 0.4 ppm 27 d 
Control 100 ab 

A - 2. 0 ppm 21 d 
B - 2.0 ppm 6 e 
C - 2.0 ppm 9 e 
D - 2.0 ppm 32 bc 

A+ B - 2.0 ppm 6 e 
C+D - 2.0 ppm 4 e 
B+ C - 1.0 ppm 10 e 
A+ D - 1.0 ppm 38 b 
A + B - 1.0 ppm 24 cd 
C + D - 1. 0 ppm 22 d 

A, B, C, D - 1.0 ppm 4 e 
Control 100 a 

Different letters signify treatments which differ at the 5% 
level of significance by the Duncan's multiple range test. 
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EXPERIMENT VII. THE INFLUENCE OF TEMPERATURE 
REGIMES ON PLACEMENT OF EPTC 

This study was established as a result of the previous experi- 

ment, which indicated the possibility that temperature regimes 

affect uptake of EPTC. The objective of this trial was to determine 

if a low night temperature could increase the relative uptake of 

EPTC through the roots, when measuring uptake by phytotoxic 

action. 

Materials and Methods 

Placement of EPTC in this experiment was either above or 

below the seed. One set of placement positions consisted of a O. 75- 

inch treated band, and a buffer zone O. 75 -inch wide above or below 

the seed. Another set of placement positions involved having a 1. fl- 

inch treated band 0. 5 inch above or below the seed. The 1. 0 -inch 

treated band had a 0. 5 -inch untreated buffer zone above and below 

the seed. The concentrations of EPTC used were 1. 2 ppm and 2. 0 

ppm. Oats was used as the test species. 

Two growth chambers were used in this study, one set at a 

constant temperature of 24 C and the other set on a fluctuating 

basis, 27 C during the day for 12 hours and 13 C during the night 

for ten hours. Temperature during the other two hours varied 
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between 13 C and 27 C. Each growth chamber had a 13 hour day - 

length, with a light intensity of 1200 foot -candles at the plant level. 

Because of the nature of the experiment, the data were evalu- 

ated as a factorial arrangement. Three observations per treatment 

were used. 

Results 

The results of this experiment are summarized in Table 8. 

An increase in phytotoxicity through root exposure was obtained 

with the diurnal temperature regime of 27 C and 13 C. Figure 4 

clearly shows a significant interaction with temperature regimes. 

Low night temperature also caused a slight increase in phytotox- 

icity through shoot exposure, as well as root exposure. However, 

the increase in uptake of EPTC resulting in toxic action was rela- 

tively greater through root exposure than through shoot exposure 

with oats. 
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Table 8. The effect of EPTC placement on toxicity to oats with 
varying temperature regimes. 

EPTC - 1.2 ppm 
Placement 

Avg. dry weight of the shoot 
in mgs for 

different temperature regimes 
27 C/ 13 C 24 C 

Top 1 inch 31.9 54.1 
Bottom 1 inch 81.9 164.3 
Control 193.6 228.9 

EPTC - 2.0 ppm 
Placement 

Avg. dry weight of the shoot 
in mgs for 

different temperature regimes 
27C/13C 24C 

Top 0. 75 inch 30.0 46. 1 

Bottom 0. 75 inch 56.5 148. 0 

Control 193.6 228.9 
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DISCUSSION AND CONCLUSIONS 

Results obtained from experiments involving herbicide place- 

ment in the shoot or root region in soils, indicate that many herbi- 

cides from several different chemical families were more active 

through shoot exposure than through root exposure. This phenome- 

non can be attributed to several factors in the soil environment dur- 

ing shoot emergence. Possibly, the primary reason for greater 

phytotoxicity through shoot exposure rather than root exposure is 

the prolonged and intimate contact of the herbicide with the sensitive 

meristematic tissues of the rapidly growing shoot. Herbicide pene- 

tration into the emerging shoot is at an optimum, since the emerg- 

ing shoot has very little, or no cuticle. 

Another point of importance in this study was the effectiveness 

of strong root inhibitors, as trifluralin and nitralin, when placed 

entirely in the shoot region. With a O. 5 -inch buffer zone between 

the seed and the treated soil layers, a marked reduction in shoot 

growth occurred with treated soil in the shoot region. When treated 

soil was placed O. 5 -inch below the seed, the shoot was not injured. 

However, these strong root inhibitors stopped root growth com- 

pletely when the roots reached treated soil. This limited root sys- 

tem gave no reduction in shoot growth for a three -week period 

when compared to the control. This phenomenon has an important 
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implication in placement of herbicides that are strong root inhibitors. 

Since a plant that is provided adequate moisture and fertility can 

grow normally with a very limited root system, the most effective 

placement would be in the shoot region, which can be accomplished 

by shallow incorporation. Placement of the herbicide in the root 

region may or may not kill the plant, depending upon the amount of 

the root system that would grow into treated soil. Since weed seeds 

are not located at the same level in the soil, placement in the top 

1.0 inch of soil would give the most efficient use of the herbicide. 

Deeper placement would cause unnecessary dilution, as shown by 

Ashton and Dunster (20) with EPTC. 

Site of uptake, measured by phytotoxicity, could also be a 

means for selectivity. A certain herbicide may be taken up more 

effectively by the shoot in one species, and through the root in 

another species. An apparent example of this would be atrazine, 

which was taken up by oats through the roots and was more effec- 

tive on green foxtail through the shoots, when a buffer layer was 

present between the seeds and the treated layers. 

It was thought that the plastic bag cover could reduce uptake 

via the roots, since transpiration would be reduced by using the 

plastic bag. However, removal of the plastic bag caused no differ- 

ence in the mode of uptake. The only apparent effect of the plastic 

bag was in reducing toxicity. 



39 

Green foxtail produced secondary roots as early as two days 

after emergence. This indicates that uptake of atrazine from the 

shoot region could also be accomplished by secondary roots, rather 

than entirely by the coleoptile or emerging shoot. 

Atrazine placement immediately below the seed, with no buffer 

layer, proved to be the most effective placement for both green fox - 

tail and oats. This finding changed the concept of species difference 

in uptake of atrazine, where atrazine was more effective on green 

foxtail through shoot exposure and more important on oats through 

root exposure, when a buffer zone was present around the seed. 

However, placement immediately below the seed would allow the 

newly emerging primary roots to be in intimate contact with treated 

soil. This condition probably creates a favorable situation for the 

most efficient absorption of atrazine. Nevertheless, since there is 

no certainty where green foxtail seeds occur in soil, shallow incor- 

poration of atrazine, or placement in about the top 1.0 inch should 

give the most efficient control of green foxtail. 

The studies involving placement of diuron in relation to control 

of annual ryegrass illustrate some interesting concepts. A concen- 

trated narrow layer was shown to be more effective than a wider 

dilute layer, either above or below the seed. Also, proximity of 

diuron to annual ryegrass seed increased the effectiveness. As 

with atrazine, placement of diuron in the layer immediately below 
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the seed proved to be the most effective placement for phytotoxic 

action. A dilute wider layer completely around the seed was as 

effective as a concentrated narrow band placed adjacent to the seed. 

It now appears that diuron is most effective when in intimate contact 

with annual ryegrass seeds and placement appears to be a major 

consideration in the effective kill of annual ryegrass. 

Placement of EPTC appeared to be most effective adjacent 

to the seed, either above or below the seed. The concentrated layer 

proved to be more effective than a dilute wider band, as was the case 

with atrazine and diuron. However, unlike atrazine and diuron, the 

concentrated layer was more effective than a dilute layer completely 

around the seed. From these studies, the best treatment of EPTC 

would be to have a concentrated band in close proximity to the weed 

seeds. However, like atrazine on green foxtail, close proximity 

cannot be guaranteed and placement above the seed would be most 

effective over a range of conditions. 

A new phenomenon observed in this study was the great increase 

in phytotoxicity of EPTC through root exposure under conditions of 

a diurnal fluctuating temperature regime. A low night temperature 

increased phytotoxicity in general, both through shoot exposure 

and root exposure. However, the increase in phytotoxicity through 

root exposure was considerably greater and was clearly demonstrated. 

Under greenhouse- controlled conditions, atrazine also appeared to 
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be taken up more efficiently by annual ryegrass through root exposure 

under a temperature regime involving low night temperatures. How- 

ever, under a constant temperature regime, shoot exposure was 

more important. This phenomenon is indeed a new concept and 

the reasons why this occurs should be thoroughly studied further. 
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SUMMARY 

Soil placement studies were conducted to compare the relative 

importance of shoot versus root uptake resulting in phytotoxic action 

of numerous soil- applied herbicides. An investigation involving dif- 

ferent modes of uptake of atrazine by different plant species was 

carried out to elucidate this phenomenon. Optimum placement stud- 

ies were conducted with atrazine, diuron, and EPTC to determine 

the most efficient placement for maximum phytotoxicity. The effect 

of different temperature regimes was studied with EPTC, in relation 

to toxicity via shoot and root uptake. The following results were 

obtained: 

1. Numerous herbicides were found to be more active on oats 

through shoot exposure than through root exposure. These 

included: EPTC, dichlobenil, trifluralin, nitralin, CDEC, 

propachlor, and DCPA. Sindone was more effective through 

shoot exposure with annual ryegrass and sugar beets. 

2. Some herbicides were more active on oats through root expo- 

sure. These included: diuron, bromacil, R 11913, Nia 11092, 

and pyrazon. 2,4-D and dicamba showed more toxicity on 

cucumbers through root exposure. 

3. Some herbicides appeared to be taken up differently by different 

plant species. R 11913 was more effective on oats through root 
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exposure and more effective on sugar beets through shoot 

exposure. 

4. Atrazine proved to be more effective on green foxtail through 

shoot exposure, and more effective on oats through root expo- 

sure, but only when an untreated buffer layer was present 

between the seeds and the treated layer. Placement immedi- 

ately below the seed proved to cause the greatest toxicity to 

both oats and green foxtail. 

5. Optimum placement studies indicated that increased proximity 

of atrazine, diuron, and EPTC to the seed greatly increased 

phytotoxicity. A concentrated narrow band adjacent to the 

seed also proved to be more effective than wider dilute bands 

of EPTC. With diuron and atrazine, a concentrated narrow 

band adjacent to the seed was as effective as a dilute wider 

band completely surrounding the annual ryegrass seeds. 

6. A diurnal temperature regime with a low night temperature 

of 13 C considerably increased the phytotoxicity of EPTC 

through root exposure, when compared to a constant tem- 

perature regime. 
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Table 1. Site of uptake of EPTC on oats (2.0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

control 267.2 323, 0 287. 8 292.6 a 

shoot 44. 8 30, 2 41.0 38.7 b 
root 213.4 337. 1 337, 2 295. 9 a 
shoot + root 78.0 17. 7 48.0 47. 9 b 

Analysis of variance 

Source of variation df SS , MS . F value 

Treatments 3 183, 532, 9 60, 177.63 23. 4 ** 
Within treatments 8 20, 935, 8 2,616. 9 
Total 11 204, 468. 7 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

Table 2. Site of uptake of dichlobenil on oats (0. 5 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

control 222. 8 238.2 230. 7 230, 6 a 
shoot 40, 8 27.6 26, 9 31. 7 b 
root 209, 0 241, 8 260, 4 237.0 a 
shoot + root 42, 0 133, 4 11, 8 62, 4 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 106, 079.0 35, 359. 7 29. 4** 
Within treatments 8 9, 613, 4 1, 201.7 
Total 11 115, 692, 4 

* *Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

. 
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Table 3. Site of uptake of bromacil on oats (2.0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I I III Avg. 

control 
shoot 
root 
shoot + root 

267.2 
329.2 
144.0 
153.8 

323.0 
321.5 
217.5 
165.5 

287.8 
318.5 
231.9 
159, 8 

292.6 a 

323.1 a 

197.8 b 

159.7 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 
Within treatments 
Total 

3 

8 

11 

53, 577.0 
6, 167.1 

59, 744,1 

17, 859.0 
770. 8 

23. 2 ** 

* *Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

Table 4. Site of uptake of atrazine on oats (2. 0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

control 
shoot 
root 
shoot + root 

272.3 
290.2 
237.0 
139.5 

305.8 
295.6 
270. 1 

181, 1 

337.0 
340.5 
272. 3 

124.7 

304, 7 a 
308.8 a 

259.8 a 

148.4 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 
Within treatments 
Total 

3 

8 

11 

50, 219.14 
6, 147.52 

59, 396.66 

16, 739. 7 

772.2 
21. 7 ** 

* *Significantly different at the 1% level 
Different letters denote treatments differ at the 5% level. 
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Table 5. Site of uptake of atrazine on oats (3, 0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III Avg. 

control 271.3 305.8 337.0 304.7 a 

shoot 237.5 267.0 227.2 243.9 b 

root 184.1 130.7 126.7 147.2 c 

shoot + root 117.2 114.0 120.8 117.3 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 67, 414.61 22, 471.5 
Within treatments 8 5, 097.80 637. 2 

Total 11 72, 502. 41 

35.3** 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

Table 6. Site of uptake of atrazine on oats (4.0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III Avg. 

control 211. 9 209, 4 208. 5 209. 9 a 

shoot 109.6 95.3 127.0 110.6 b 

root 109.0 113.0 89. 7 103. 9 b 

shoot + root 110, 5 83.8 88. 9 94.4 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 228, 058. 3 79, 019.4 
Within treatments 8 1, 219.2 152.4 
Total 11 229, 277. 5 

498.8 ** 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 
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Table 7. Site of uptake of atrazine on green foxtail (7. 5 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

Control 131.0 134.4 91.1 118.8 a 
shoot 36.7 12.2 21.9 23.6 b 
root 153.9 113.2 68.0 111.7 a 
shoot + root 30, 1 22.2 10.7 21.0 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 18, 670.2 6,223.4 9. 3 ** 
Within treatments 8 5, 347. 1 668.4 
Total 11 24, 017.3 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

Table 8. Site of uptake of atrazine on green foxtail (15.0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III Avg. 

control 124.4 110.7 119.7 118.3 a 
shoot 7.3 12.5 6.0 8.6 c 
root 107.0 85.0 93.2 95.1 b 
shoot + root 11.6 4.1 19.5 11.7 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 28, 758.8 9, 586.3 157. 7** 
Within treatments 8 486.4 60.8 
Total 11 29, 245.2 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 
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Table 9. Site of uptake of atrazine on annual ryegrass (3.0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III IV Avg. 

control 202.9 168.2 206.4 192.2 192.4 a 
shoot 155.2 145.7 182.7 145.0 157.2 b 
root 173.7. 140.8 150. 4 128.8 148.4 b 
shoot + root 90.5 27.4 80.6 51.3 62.5 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 36, 507. 73 

Within treatments 12 5,384,32 
Total 15 41, 892.05 

12, 169.2 
448.7 

27. 1 ** 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

Table 10. Site of uptake of atrazine on annual ryegrass (4.0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III IV Avg. 

control 202.9 168.2 206.4 
shoot 55.9 119.1 38.8 
root 100.2 155.0 126.0 
shoot + root 20.7 28.8 35.0 

192.2 
32.4 

122.4 
25.0 

192.4 a 

61.6 c 
125.9 b 
27.4 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 60, 406.53 20, 135.5 72. 8** 
Within treatments 12 3, 320. 97 276.7 
Total 15 63, 727. 50 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 
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Table 11. Site of uptake of atrazine on annual ryegrass (5, 0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III IV Avg. 

control 202.9 168.2 206.4 192.2 192.4 a 
shoot 55.1 72.3 91.6 45.5 66.1 c 
root 84.0 76.6 101.4 107.0 92.3 b 
shoot + root 25.5 11.5 21.9 44.8 25.9 d 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 60, 406. 53 20, 135.5 72. 8 ** 
Within treatments 12 3,320. 97 267.7 
Total 15 63, 727. 50 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

Table 12. Site of uptake of trifluralin on oats (1. 0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

control 280.5 283.0 269.1 277.5 a 
shoot 10.8 8.5 5.4 8.2 c 
root 233.0 262.0 251.2 248.7 b 
shoot + root 20. 8 3. 2 30. 1 18.0 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 188, 888.2 62, 962.7 543. 3** 
Within treatments 8 927.4 115. 9 
Total 11 189, 815.6 

**Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 
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Table 13. Site of uptake of nitralin on oats (2.0 ppm). 

Dry weight of the shoot in mgs. 

Treatment site I II III Avg. 

control 231.8 235.6 240.2 235.9 a 

shoot 102.7 102.6 96.8 100.7 b 

root 209.7 267.0 239.2 238.6 a 

shoot + root 102.6 102. 8 136.7 114.0 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 51, 128.4 17, 042.8 60. 2 ** 

Within treatments 8 2, 264.3 283.0 
Total 11 53,392.7 

* *Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

Table 14. Site of uptake of CDEC on oats (8.0 ppm). 

Dry weight of the shoot in mgs. 

Treatment site I II III Avg. 

control 239.7 235.0 198.7 244.5 a 

shoot 44.3 30.3 16.3 30.3 b 

root 231.9 240.7 202.9 225.2 a 

shoot + root 12. 8 10. 1 31.3 18. 1 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 120, 986.4 40, 328.8 131. 8** 

Within treatments 8 2, 447.7 306.0 
Total 11 123, 434. 1 

* *Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 
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Table 15. Site of uptake of R 11911 on oats (4.0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

control 
shoot 
root 
shoot + root 

301.0 330.5 
343.3 348.2 
199.1 208, 8 

262.5 195.0 

325.5 
322.5 
214.7 
213.0 

319.0 a 

338.0 a 

207.7 b 

223.5 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 
Within treatments 
Total 

3 39, 219.60 
8 3, 438. 47 

11 42, 658.07 

13, 073.2 
429.8 

41.6 ** 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

Table 16, Site of uptake of R 11913 on sugar beets (15.0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II II Avg. 

control 
shoot 
root 
shoot + root 

71.5 84.0 
4.2 1.2 

61.4 50.0 
4.0 3. 9 

70.7 
4, 1 

55.0 
0 

75.4 a 

3. 2 c 

55.5 b 

2.6 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 
Within treatments 
Total 

12, 327. 7 

8 192.8 
11 12, 520, 5 

4, 109.2 
24. 1 

170.5 ** 

**Significant at the 1% level 
Different letters denote treatments differ at the 5% level. 

3 
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Table 17. Site of uptake of propachlor on oats (10. 0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

control 247. 8 267. 5 243.0 252, 8 a 

shoot 150.8 192.9 191.4 178.4 b 

root 200. 8 175. 9 249,8 208.8 ab 

shoot + root 192, 5 178.9 189.4 186. 9 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 9, 960.56 3, 320, 19 6.0* 
Within treatments 8 4, 407. 15 550. 89 
Total 11 14, 367. 71 

*Significant at the 5% level. 
Different letters denote treatments differ at the 5% level. 

Table 18. Site of uptake of Nia 11092 on oats (12.0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

control 295.0 271.5 235.4 267.3 a 

shoot 140.8 161.5 111.8 138.0 b 

root 61.0 61.9 74.4 65.8 c 

shoot + root 61. 8 46. 3 64.2 56.4 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 84, 868.39 28, 289.5 67. 5 ** 

Within treatments 8 3, 350.08 418.8 
Total 11 88,218, 47 

**Significant at the 1% level. 
Different letters denote treatment differ at the 5% level. 
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Table 19. Site of uptake of DCPA on oats (10.0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III Avg. 

control 242. 4 235. 4 219.7 232.5 b 

shoot 103.5 97.7 90.5 97.2 d 

root 251.3 246.0 256.51 251.3 a 

shoot + root 111.0 127.1 119.1 119.1 c 

1 
Estimated value 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 54, 897. 14 

Within treatments 7 539, 
Total 10 55, 436. 

82 

96 

18, 299.0 
77. 1 

237.3 ** 

* *Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 

Table 20. Site of uptake of diuron on oats (8.0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III Avg. 

control 349.9 385.5 
shoot 380.5 333.2 
root 295.7 348.8 
shoot + root 163.3 155.2 

365.6 
329.3 
315.8 
156.6 

367.0 a 

347.7 ab 

320.1 b 

158.4 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 81,640. 0 

Within treatments 8 3, 736. 3 

Total 11 85, 376. 3 

27, 213.3 
467.0 

58. 3 ** 

* *Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 
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Table 21. Site of uptake of Sindone on annual ryegrass (3.0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III Avg. 

control 100. .51 99.5 101.4 100.5 a 

shoot 19.5 14.0 8.0 13.8 b 

root 76.0 103.0 60.3 79.8 a 

shoot + root 30. 5 35.6 2.5 22. 9 b 

'Estimated value 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 16, 216.50 5, 405. 5 23. 1 ** 

Within treatments 7 1,636. 11 233. 7 

Total 10 17, 852.61 

(*Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 

Table 22. Site of uptake of Sindone on sugar beets (35.0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III Avg. 

control 
shoot 
root 
shoot + root 

56.1 37.0 75.8 56.3 a 

0 0 0 0 c 

52, 5 26. 1 51. 7 43. 4 b 

0 0 0 0 c 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 
Within treatments 
Total 

1 

4 

5 

6, 976.3 
1, 935.8 
8, 912. 1 

6, 976.3 14. 4* 

483. 9 

*Significant at the 5% level. 
Different letters denote treatments differ at the 5% level. 
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Table 23. Site of uptake of pyrazon on oats (10.0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III Avg. 

control 400.8 479.3 403.0 427.7 a 
shoot 377.5 360.9 331.8 356.7 a 
root 199.8 247.3 344.0 263.7 b 
shoot + root 165. 3 226.0 292.2 227.8 b 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 74, 160. 16 24, 120.06 8. 4** 
Within treatments 8 23, 590. 32 2, 948.79 
Total 11 97, 750.48 

**Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 

Table 24. Site of uptake of 2, 4-D on cucumber (1.0 ppm). 

Dry weight of the shoot in mgs. 
Treatment site I II III Avg. 

control 291.6 333. 1 321.4 315.4 a 

shoot 258.8 249.0 253.91 253.9 b 

root 180.6 207.2 153.7 180.5 c 

shoot + root 133.0 119.7 70.6 107.8 d 

1 
Estimated value 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 72, 823. 18 24, 274.4 37. 3 ** 

Within treatments 7 4, 555. 38 650.8 
Total 10 77, 378. 56 

**Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 
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Table 25. Site of uptake of dicamba on cucumbers (0.05 ppm). 

Treatment site 
Dry weight of the shoot in Tugs. 

II III Avg. 

control 324.0 252.3 286.0 287.4 

shoot 309.61 302.8 316.4 309.6 

root 280.5 267.5 273.8 273.9 

shoot + root 217.3 230.7 201.0 216. 3 

Estimated value 

Injury on cucumber was considerably greater through root exposure than through shoot 

exposure, although this could not be shown by dry weight. 

Table 26. Site of uptake of atrazine on oats without the plastic bag cover (2. 0 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III IV Avg. 

shoot 
root 
shoot + root 
control 

262.5 
149.6 
131.8 
601.8 

279.6 
164.3 
139.7 
530.7 

231.7 
145.7 
152.0 
501.8 

240.0 
122.1 
135.9 
578.6 

253.4 b 

145.4 c 

139.9 c 
553.2 a 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 
Within treatments 
Total 

3 

12 

15 

451, 650.23 
8, 720.89 

460, 371. 12 

150, 550. 1 

726.7 
207. 2** 

**Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 
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Table 27. Site of uptake of atrazine on green foxtail without the plastic bag cover (7. 5 ppm). 

Treatment site 
Dry weight of the shoot in mgs. 

I II III IV Avg. 

shoot 11.2 13.7 19.8 7.7 13. 1 c 

root 39, 0 59.5 67.7 63.6 58.0 b 

shoot + root 9.0 7.3 11. 1 8.81 9. 1 c 

control 113.1 153.4 192.2 152.9 152.9 a 

Estimated value 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 3 53, 671, 50 17, 890.5 52, 5 ** 

Within treatments 11 3, 745.62 340.5 
Total 14 57, 417, 12 

**Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 



Table 28. Placement study of atrazine on oats. 

Tr1atment 
Placement -Concentration 

Dry weight of the shoot in mgs. 
I II III N Avg. 

A - 4. 0 ppm 152. 2 200, 1 173, 3 173. 3 175. 5 b 

B- 4.0 ppm 142. 1 165. 2 160. 6 125, 5 148.4 c 

C - 4. 0 ppm 124. 4 116. 1 104. 6 93, 3 109. 6 ef 

D - 4. 0 ppm 163.7 132, 5 158. 6 111. 5 141.6 cd 

A+ B 4. 0 ppm 118. 5 132. 6 123. 2 123. 4 124. 4 de 

C + D 4, 0 ppm 99. 7 94. 4 106. 7 78. 9 94. 9 ef 

B+ C 2, 0 ppm 115. 7 154. 6 123. 7 122. 6 129. 2 cd 

A + D 2, O ppm 176.0 147,1 191.4 162.7 169.3 b 

A+ B - 2. 0 ppm 179. 6 154. 5 183. 1 191. 4 177. 2 ab 

C + D - 2. 0 ppm 128. 7 134. 2 125. 3 112. 8 125. 3 de 

A, B, C, D - 2. 0 ppm 120. 1 96. 7 92. 6 109. 3 104. 7 ef 

Control 197.9 198.6 189.6 198.6 196.0 a 

1Refer to Figure 3. 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 11 45, 896. S 4, 172.4 18. 0** 
Within treatments 36 8, 370. 8 232. 5 

Total 47 54, 267. 3 

60 

* *Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 

- 

- 

- 
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Table 29. Placement study of atrazine on green foxtail. 

Treatment 
Placement - Concentration 

Dry wept of the shoot in mgs. 
I II III IV Avg. 

A - 8. 0 ppm 

B - 8. 0 ppm 

C 8. 0 ppm 

D 8.0 ppm 

A + B - 8. 0 ppm 

C + D - 8. 0 ppm 

28. 1 

25. 7 

7. 5 

47. 1 

22. 2 

9.3 

24. 8 

24. 2 

7. 1 

18. 4 

11. 7 

2.6 

13.2 

24. 7 

5. 7 

41.4 

4. 6 

10.1 

32.4 

10.6 

6. 1 

22.0 

7. 3 

5,0 

24. 6 bcd 

21. 3 cd 

6. 6 fg 

32. 2 ab 

11. 5 efg 

6.8 fg 

B + C - 4. 0 ppm 27. 6 20, 3 9. 7 7. 1 16. 2 def 

A+ D 4. 0 ppm 32. 0 28. 2 38. 5 29. 6 32, 0 abc 

A+ B - 4. 0 ppm 25, 1 14. 4 22. 9 15, 8 19, 6 de 

C+ D 4. 0 ppm 20. 7 9. 1 26. 6 12. 8 17. 3 def 

A, B, C, D 4. 0 ppm 4. 0 2. 5 0. 4 2, 0 2. 2 g 

Control 43.0 39.6 24.7 42.8 37.5 a 

1 
Refer to Figure 3. 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 11 5, 717.44 501. 59 9. 0 ** 

Within treatments 36 2, 013. 53 55. 93 

Total 47 7, 530. 97 

* *Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 

- 

- 

- 

- 

- 



Table 30. Placement study of atrazine on annual ryegrass, 

Treatment 
Placement1 - Concentration 

Dry weight of the shoot in mAs, 

I II III IV Avg. 

A - 4, 0 ppm 33, 0 33, 3 26. 7 14, 2 26. 0 b 

B - 4, 0 ppm 18. 8 14. 9 18. 1 11.6 15.9 cd 

C - 4.0ppm 17.2 13.4 8. 8 $.2 11, 9 d 

D - 4, 0 ppm 9,0 10,4 15,9 36.7 18,0 bcd 

A + B - 4. 0 ppm 9. 4 12, 1 11, 5 19.6 13. 2 d 

C+D -4.0ppm 7,5 11.3 9,6 10,1 9.6 d 

B + C - 2, 0 ppm 11. 7 11,5 15,9 21, 1 15. 1 d 

A + D - 2, 0 ppm 31, 6 28, 3 17.6 25, 4 25. 7 be 

A + B - 2, 0 ppm 35. 3 29.4 13.1 38.5 29, 1 b 

C + D - 2, 0 ppm 14,9 15,9 11.7 12,8 13.8 d 

A,B,C,D - 2.O ppm 9,8 11,2 10,7 14,3 11.5 d 

Control 45, 2 57, 3 50, 9 52, 7 51, 5 a 

1Refer to Figure 3, 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 11 6, 086.81 553.4 13, 2 ** 

Within treatments 36 1, 504.20 41, 8 

Total 47 7, 591, 01 
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**Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 
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Table 31. Optimum placement study of diuron on annual ryegrass. 

Treatment 
Concentration- Placement 

Dry weight of the shoot in mgs. 
I II III IV Avg. 

5. 0 ppm - A 104. 4 150.0 151. 0 116. 8 130. 5 a 
B 138.0 100.3 118. 8 142. 2 124.7 a 
C 91.6 41.8 60. 9 63.3 64.4 c 
D 149. 8 117.0 126. 2 159. 2 138. 0 a 
A+ D 89. 8 86. 9 69. 3 94. 3 85. 1 b 
B + C 35.7 27.7 62.9 34.4 40.2 d 
A+ B 58. 1 81. 8 81. 7 32. 5 63. 5 c 
C + D 48, 2 44. 6 72. 9 42. 6 52. 1 cd 
A,B,C,D 15.9 9.0 16.1 13.9 13.7 d 
Control 142.1 134.5 157.7 134.8 142.2 a 

10. 0 ppm - A 51. 7 52. 8 83. 1 43. 5 57. 8 c 
B 43.9 38.6 34.5 41. 9 39.7 cd 
C 50.0 33.2 26.7 27.6 34.3 de 
D 99. 8 112. 3 130. 6 129, 8 118. 1 b 
A+ D 30. 4 40. 3 47, 7 18. 7 34. 3 de 
B + C 16.3 14.6 15.0 16.3 15.6 efg 
A +B 22. 1 13.0 6.0 10. 5 12. 9 fg 
C + D 46. 7 28.6 33. 7 25. 7 33. 7 def 
A, B, C, D. 6. 5 5. 4 12. 5 8. 7 8. 3 g 
Control 144.0 153.6 139.6 136.8 143.5 a 

1Refer to Figure 3. 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 19 175, 089, 33 . 99, 152.8 462. 1 ** 
Rates 1 25, 411.32 25, 411. 3 127. 4 ** 
Sites 
Rates x Sites 

9 

9 

135, 
14, 

193.59 
484.42 

15, 

1, 

021.5 
609.4 

75. 

8. 

3 ** 

1 ** 
Within treatments 60 11, 966.22 199.4 
Total 79 187, 055. 55 

* *Significant at the 1% level, 
Different letters denote treatments differ at the 5% level for each rate. 

' 



Table 32. Optimum placement study of EPTC on oats. 

Treatment 
Placement - Concentration 

Dry weight of the shoot in mgs. 
I II III IV Avg. 

A - O. 8 ppm 185. 9 194, 2 151. 0 148. 9 170.0 ab 

B 0. 8 ppm 62. 9 57. 7 56. 9 40. 5 54. 5 d 

C 0. 8 ppm 18.9 42.3 18. 9 56.3 34. 1 d 

D - 0, 8 ppm 172.6 147, 8 180. 5 179. 5 170, 1 ab 

A + B - 0. 8 ppm 75. 5 26. 3 28. 6 46. 2 44. 2 d 

C + D - 0. 8Opm 50, 3 31. 6 16. 0 55. 9 38. 5 d 

B+ C - 0, 4 ppm 106. 5 83, 8 126. 0 147. 5 116. 0 c 

A+ D - 0, 4 ppm 168. 5 204. 9 201, 3 205, 1 195, 0 a 

A+ B - 0, 4 ppm 159. 3 151. 4 131, 5 181, 0 155. 8 b 

C+ D - 0, 4 ppm 178. 3 187, 0 146. 9 138. 3 162, 6 b 

A, B, C, D 0, 4 ppm 38. 9 23. 5 52, 7 38. 8 48. 5 d 

Control 202, 7 163, 8 178. 6 184. 4 182, 3 ab 
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1Refer to Figure 3. 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 11 191, 353.00 17, 395. 7 46. 4 ** 

Within treatments 36 13, 493.36 374.8 

Total 47 204, 846.36 

**Significant at the 1% level. 
Different letters denote treatments differ at the 5% level. 

- 

- 

- 
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Table 33. Optimum placement study of EPTC on oats. 

Treatment Dry weight of the shoot in mgs. 

Placementl- Concentration I II III IV Avg. 

A- 2.0 ppm 31. 5 63, 8 57. 1 19. 5 43.0 d 

B - 2.0 ppm 12. 4 13, 2 7.2 14. 5 11. 8 e 

C - 2.0 ppm 23. 0 17. 4 11.6 17. 6 17.4 e 

D - 2.0 ppm 58. 8 73. 5 71.3 60. 1 65, 9 bc 

A + B - 2.0 ppm 16.7 14.6 7,9 10,8 12.5 e 

C+D - 2.0 ppm 3,9 6.2 9.3 9.5 7.2 e 

B+ C - 1. 0 ppm 16.4 27.6 18.7 15, 6 19.6 e 

A + D - 1. 0 ppm 51. 9 77. 3 107. 4 72. 0 77. 2 b 

A+ B - 1. 0 ppm 37. 7 57, 4 76. 7 24. 4 49. 1 cd 

C+ D - 1. 0 ppm 23, 4 39, 1 60. 6 54. 3 44. 4 d 

A,B,C,D - 1.0 ppm 12,2 6.2 2,4 8.0 7,2 e 

Control 215, 5 203, 6 216. 8 178. 8 203, 7 a 

1Refer to Figure 3. 

Analysis of variance 

Source of variation df SS MS F value 

Treatments 11 133, 245. 45 12, 022.3 64.6 ** 

Within treatments 36 6, 701. 39 186.2 

Total 47 138, 946. 84 

**Significant at the 1% level. 
Different letters denote treatments differ at the 5ß/o level. 
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Table 34. The influence of temperature regimes on placement of EPTC on oats (1. 2 ppm). 

Treatment 
Temperature- Placement 

Dry weight of the shoot in mgs. 
II III Avg. 

24 C Constant - Top 1" 

Bottom 1'! 

Top + Bottom 1" 

Control 

27 C Day /13 C Night 

36.3 

146. 1 

39.5 

243.6 

.64.2 

188.8 

37.3 

209.3 

61.7 

158.0 

40. 1 

233.7 

54. 1 

164. 3 

39.0 

228. 9 

Top 1" 39.7 18.2 37, 9 31. 9 

Bottom 1" 102.3 82.7 60.8 81. 9 

Top + Bottom 1" 23.1 17.4 22.8 21. 1 

Control 204.5 181.2 195.0 193. 6 

Analysis of variance 
for top and bottom treatments only 

Source of variation df SS MS F value 

Treatments 3 30, 167.27 10, 055.8 31.0 ** 

Temperatures 1 8, 190. 19 8, 190.2 25.3 ** 

Placement 1 19, 256.04 19, 256.0 59. 4** 

Temperature x Placements 1 2, 721.04 2, 721,0 8.4* 

Within treatments 8 2, 594.32 324. 3 

Total 11 32, 761.57 

*Significant at the 5% level 
**Significant at the 1% level 

I 
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Table 35. The influence of temperature regimes on placement of EPTC on oats (2.0 ppm). 

Treatment 
Temperature -Placement 

Dry weight of the shoot in mgs. 

I II III Avg. 

24 C Constant - Top 3/4" 

Bottom 3/4" 

Top + Bottom 3/4" 

Control 

27 C Day/ 13 C Night 

48. 1 

178.6 

40.4 

243.6 

27.3 

104.8 

51.2 

209, 3 

63.0 

160.5 

25.8 

233.7 

46. 1 

148.0 

39, 1 

228. 9 

Top 3/4" 31.8 33.3 24. 9 30.0 

Bottom 3/4" 52.7 45. 9 70.8 56. 5 

Top + Bottom 3/4" 27. 1 36.5 29.7 31. 1 

Control 204.5 181.2 195.0 193.6 

Analysis of variance 
for top and bottom treatments only 

Source of variation df SS MS F value 

Treatments 3 25, 294.47 8, 431.49 17.0 ** 

Temperature 1 8, 734.45 3, 734.45 17. 6** 

Placements 1 12, 345.67 12, 345.67 24. 9 ** 

Temperature x Placements 1 4, 214.35 4, 214. 35 8.5* 

Within treatments 8 3, 973, 32 496.67 

Total 11 29, 267.79 

*Significant at the 5% level 
* *Significant at the 1% level 
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Table 36. Her bicide formulations used in this study. 

Herbicide Formulation Company 

EPIC 6 lb. /gal EC1 Stauffer Chemical Company 

dichlobenil 50% WP2 Thompson- Hayward Chemical Company 

bromacil 80% WP E. I. duPont deNemours & Company 

at.azine 80% WP Geigy Agricultural Chemicals 

trifluralin 4 lb. /gal EC Elanco Products Company 

nitralin 75% WP Shell Development Company 

CDEC 4 lb. /gal EC Monsanto Chemical Company 

Nia 11092 80% WP Food Machines and Chemical Corporation 
(Niagara Chemicals Division) 

DCPA 75% WP Diamond Alkali Company 

diuron 80% WP E. I. duPont deNemours & Company 

Sindone 2 lb. /gal EC AmChem Products, Inc. 

pyrazon 80% WP AmChem Products, Inc. 

2,4-D 2 lb. /gal amine salt AmChem Products, Inc. 

dicamba 4 lb. /gal DMA salt Velsicol Chemical Corporation 

1 
EC = emulsifiable concentrate 

2WP = wettable powder 


