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Previous research has shown that activated carbon is effective

in inactivating certain herbicides applied as a preemergence treat-

ment. Studies were conducted in the greenhouse to determine the

influence of various factors on the ability of activated carbon to

inactivate herbicides applied after carbon application. Field studies

were conducted to determine the effect of rate of activated carbon on

its ability to inactivate herbicides applied after a band of carbon, 1.0-

inch wide, had been applied.

In the greenhouse studies, annual ryegrass (Lolium multiflorum

Lam. ) was used as the test species, Aqua Nuchar-A was the activated

carbon used, and 3 - (3, 4-dichloropheny1)- 1, 1-dimethylurea (diuron)

was the herbicide used.

The influence of planting depth on the protection obtained was

determined by planting seeds 0. 25, 0. 50, 0. 75, and 1. 0-inch deep.



Plants growing from seeds planted 0.50 inch deep received less

protection than plants growing from seeds planted at the other three

depths.

Sandy loam and clay loam soils were used to determine the

influence of soil type. At least three times more activated carbon

was required with a sandy loam to obtain the same protection as was

obtained on a clay loam soil:

The influence of the rate and band width of activated carbon was

determined by applying 40, 80, and 120 lb per acre of carbon in bands

which were 0.33, 0.67, and 1.0-inch wide. Narrower bands required

more carbon for the same protection. A carbon band which was 1.0-

inch wide provided adequate protection under greenhouse conditions.

The 80 and 120 lb per acre rate of carbon provided only marginal

pr otection.

The type and rate of wetting agent used influenced the protection

obtained. X-77, Surfactant-WK, and Rhodes' Spreader-Activator were

used at rates of 0.3, 0.9, and 2. 7% (v/v) to aid carbon suspension.

All wetting agents reduced the protection when added at rates of 0. 9

and 2.7%, but did not reduce protection when added at 0. 3 %. Rhodes'

Spreader-Activator was less deleterious than the other two wetting

agents tested.

The soil moisture level at the time of carbon and herbicide

application and the amount of overhead irrigation following application



did not significantly affect the protection obtained. Therefore, these

two factors should be manipulated to favor the crop during establish-

rinent.

Field experiments were conducted to test the influence of the

rate of activated carbon on its ability to inactivate herbicides and

protect perennial ryegrass (Lo lium perenne var. Linn L.), bluegrass

(Poa pratensis var. Merion L.) and chewings fescue (Festuca rubra

var. commutata Gaud. ). Activated carbon was applied in a band 1.0-

inch wide at 0, 150, and 300 lb per acre. Four herbicides - 3-tert-

buty1-5-chloro-6-methyluracil (terbacil), diuron, 2-chloro-4-

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

bis(ethylamino)-s-triazine (simazine) - were applied to all test

species. Diuron had the greatest safety margin for the three species

tested, but terbacil showed good selectivity on bluegrass, also. A

minimum of 300 lb per acre of activated carbon was required for

acceptable protection. Good weed control was obtained with all

herbicide treatments.



Factors Influencing the Effectiveness
of Activated Carbon Used to Protect

Newly-Seeded Grasses From Herbicides

by

Ronald James Burr

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1970



APPROVED:

Redacted for Privacy
Associate Professor of Faris Mops

in charge of major

Redacted for Privacy

Headskf Department of Farm Crops

Redacted for Privacy

V

Dean of Graduate School

Date thesis is presented July 22, 1969

Typed by Mary Jo Stratton for Ronald James Burr



ACKNOWLEDGEMENTS

My sincere appreciation to Dr. Arnold P. Appleby for his

guidance throughout my graduate program, and for his critical review

and helpful suggestions concerning this manuscript.

My gratitude to Dr. W. Orvid Lee for his guidance and helpful

suggestions during my research, and for his critical review and

suggestions for this manuscript.

My appreciation is expressed to Dr. Malcolm E. Corden for his

critical review and suggestions for this manuscript, and for serving

on my graduate advisory committee.

My thanks to the National Institute of Health for financial

assistance during my graduate program.

My most sincere appreciation to my wife, Sara, for her under-

standing during my graduate program, and for typing of the rough

draft of this manuscript.



TABLE OF CONTENTS

INTRODUCTION

Page

1

LITERATURE REVIEW 3

Types of Adsorbents 3

Effect of Activated Carbon on Plant Growth 5

Activated Carbon to Increase Effectiveness
of Pesticides 6

Activated Carbon to Inactivate Herbicide
Residues 7

Techniques of Inactivating Soil Residues
Already Present 9

Techniques of Protecting Crop Plants From
a Preemergence Herbicide 12

GREENHOUSE EXPERIMENTS 15

General Methods and Materials 15

I. Influence of Planting Depth on Protection 16

Methods and Materials 16

Results 16

II. Influence of Soil Type on Activated Carbon
Rate and Band Width 18

Methods and Materials 18

Results 19

III. Influence of Band Width on Activated Carbon
Rate 21

Methods and Materials 21
Results 22

IV. Influence of Types and Rates of Wetting
Agent 24

Methods and Materials 24
Results 24

V. Influence of Water Applied After Carbon
and Herbicide Application 26

Methods and Materials 26
Results 27

VI. Influence of Soil Moisture at Time of
Application 27

Methods and Materials 27
Results 30



FIELD EXPERIMENTS USING ACTIVATED CARBON TO
PROTECT PERENNIAL RYEGRASS, BLUEGRASS, AND
CHEWINGS FESCUE FROM PREEMERGENCE
HERBICIDES

Page

32

Methods and Materials 32
Results 33

I. Perennial Ryegrass 33
II. Bluegrass 34
III. Chewings Fes cue 37

DISCUSSION AND CONCLUSIONS 40

SUMMARY 43

BIBLIOGRAPHY 45

APPENDIX 48



LIST OF FIGURES

Figure Page

1 Influence of planting depth of ryegrass on
inactivation of diuron with activated carbon
at various rates. 17

2 Influence of soil type and carbon band width
on protection of ryegrass with activated
carbon. 20

3 Influence of carbon band width on protection
of ryegrass from diuron. 23

4 Influence of type and rate of wetting agent
on protection of ryegrass from diuron with
activated carbon. 25

5 Influence of water applied 12 hours after
activated carbon and diuron application. 28

6 Influence of soil moisture at the time of
activated carbon application on the protec-
tion of ryegrass from diuron. 31

7

8

9

Influence of rate of activated carbon on its
ability to inactivate preemergence herbicides
to protect perennial ryegrass.

Influence of rate of activated carbon on its
ability to inactivate preemergence herbicides
to protect bluegrass.

Influence of rate of activated carbon on its
ability to inactivate preemergence herbicides
to protect chewings fescue.

35

36

38



LIST OF APPENDIX TABLES

Table Page

1 Influence of planting depth of ryegrass
on inactivation of diuron (3 lb per acre)
with activated carbon at various application
rates. 48

2 Analysis of variance for data in Table 1. 48

3 Influence of soil type and carbon band
width on protection of ryegrass from
diuron (2. 5 lb per acre) with activated
carbon. 49

4 Analysis of variance for data in Table 3. 50

5 Influence of carbon band width and rate of
activated carbon on protection of ryegrass
from diuron (2.5 lb per acre). 51

6 Analysis of variance for data in Table 5. 51

7 Influence of type and rate of wetting agent
on the ability of activated carbon to protect
plants from diuron (3. 0 lb per acre). 52

8 Analysis of variance for data in Table 7. 52

9 Influence of overhead irrigation after
treatment with activated carbon and diuron
(3. 0 lb per acre) on the ability of carbon
to protect ryegrass. 53

10 Analysis of variance for data in Table 9. 53

11 Influence of soil moisture at the time of
activated carbon application on the
protection of ryegrass from diuron (3
lb per acre). 54

12 Analysis of variance for data in Table 11. 54



Table Page

13 Influence of rate of activated carbon on
its ability to inactivate preemergence
herbicides to protect perennial ryegrass. 55

14 Analysis of variance for data in Table 13. 55

15 Influence of rate of activated carbon on its
ability to inactivate preemergence herbicides
to protect bluegrass. 56

16 Analysis of variance for data in Table 15. 56

17 Influence of rate of activated carbon on its
ability to inactivate preemergence herbicides
to protect chewings fescue.

18 Analysis of variance for data in Table 17.

57



FACTORS INFLUENCING THE EFFECTIVENESS
OF ACTIVATED CARBON USED TO PROTECT

NEWLY-SEEDED GRASSES FROM HERBICIDES

INTRODUCTION

Improving the insufficient selectivity of many herbicides between

crop and weed species offers an excellent opportunity for enhancing

their effectiveness. Frequently, however, a crop may be grown on

such limited acreage that commercial development of a new herbicide

with sufficient selectivity may not be warranted. Recently, activated

carbon has been used to inactivate herbicides around crop seeds and,

thus, increase the selectivity of herbicides.

Increased selectivity is desirable because the need for a weed-

free environment for maximum crop production is becoming increas-

ingly evident as research on weed competition continues. Not only is

the qua:- tity of production influenced, but the quality of production is

affected also. For example, in grass seed production, high purity

standards are required to obtain maximum economic returns.

Herbicides are not available to selectively remove weedy grass from

desirable seedling grass species. A technique of applying a 1-inch

band of activated carbon on the soil surface directly over the seed has

been used in alfalfa (Linscott and Hagin, 1967) and sugar beets

(Brenchley, 1968) to protect them from a preemergence herbicide.

The feasibility of using this technique to protect newly-seeded grass
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was studied, and the influence of various factors on the protective

action of carbon was determined.

The research reported in this thesis was conducted, both in

the greenhouse and field, to determine the influence of several factors

on the protection from preemergence herbicides with activated carbon.

These included (1) depth of seeding, (2) soil type, (3) bandwidth and

rate of application of activated carbon, (4) type and amount of wetting

agent added for carbon suspension, (5) amount of water applipd

following carbon application, and (6) soil moisture when carbon was

applied.
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LITERATURE REVIEW

Types of Adsorbents

Herbicide residues have been a problem since the introduction of

herbicides. To overcome this problem, various types of adsorbents

have been tested and their efficiency and relative effectiveness of

herbicide adsorption have been determined for several herbicides.

The types of adsorbents studied include clays, exchange resins, muck

soil, non-activated carbon, and activated carbons.

Weber, Perry and Upchurch (1966) found that organic, cationic

herbicides, 6, 7 -dihydrodipyrido- (1, 2-a:2', 1'- c)pyrazidiinium

(diquat) and 1, 1 -dimethy1-4, 4'-bipyridinium (paraquat), were

preferentially adsorbed on both kaolonite and montmorillonite clays

up to the cation exchange capacity. They also found that 2-methoxy-

4, 6-bis(isopropylamino)-s-triazine (prometone), in the molecular

form, was adsorbed by montmorillonite but not by kaolinite. Coffey

and Warren (1969) studied adsorption of herbicides by bentonite and

found it also to be effective in adsorbing organic, cationic herbicides

such as paraquat.

Adsorption efficiencies of montmorillonite, kaolinite, and

bentonite were compared (Weber et al., 1966; Coffey and Warren,

1967) with the adsorption efficiency of activated carbon and the relative

effectiveness was determined. Diquat and paraquat were adsorbed
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strongly by the clays, but all other herbicides tested were adsorbed

more readily by activated carbon.

Weber et al. (1966) studied anionic exchange resins and observed

that both 2, 4-dichlorophenoxyacetic acid (2, 4 -D) and prometone were

adsorbed, but prometone was less readily adsorbed. Koren, Foy and

Ashton (1967) and Coffey and Warren (1969) investigated both cationic

and anionic exchange resins and found them to be less effective than

activated carbon in adsorption of most herbicides. Coffey and Warren

(1967) also investigated finely ground muck soil as an adsorbent and

found it to be much less effective than activated carbon in adsorbing

most herbicides.

Brenchley (1968) studied the adsorption efficiency of both

activated and non-activated carbon and found that non-activated carbon

was less effective. In fact, the non-activated carbon was three times

less effective in inactivating 2-chloro-4, 6-bis(ethylamino)-s-triazine

(simazine) residues than the least efficient activated carbon tested,

and six times less effective than the most efficient activated carbon.

Different types of activated carbon varied in efficiency of herbicide

adsorption.

Several factors can influence the effectiveness of activated

carbon as an adsorbent. The most important factors (Atlas Chemical

Industries, Incorporated, 1965) are the source of carbon, the method

of activation, and the particle size. Various materials, such as
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lignite, wood, coal, bone, paper mill black ash, pine stumps, or nut-

shells, are used as carbon sources. Pure, high quality carbon sources

such as lignite and wood are necessary for the most efficient activated

carbon. In manufacturing activated carbon, the raw material is

burned and then treated at high temperature with an oxidizing agent.

Four of the most common oxidizing agents used are air, steam,

sulfuric acid, and phosphoric acid. Once the carbon has been

activated by an oxidizing agent, it is ground to the desired particle

size. Smaller particles increase the adsorption efficiency of acti-

vated carbon. High quality activated carbon will have 600 to 1200

square meters of surf ace area per gram of carbon, which is equiva-

lent to 70 to 140 acres of surface area per pound of carbon. The high

surface area-to-weight ratio aids in the high efficiency of adsorption.

Also important in determining the efficiency of activated carbon is

the method of activation. Steam- and acid-activated carbons are the

most efficient adsorbents. The most efficient activated carbon would

be one which is manufactured from pure lignite or wood, steam- or

acid-activated, and ground into very small particles or "powdered. "

Effect of Activated Carbon on Plant Growth

The increasing interest in using activated carbon to protect

plants from phytotoxic chemicals raises the question of what effect

the carbon has on plants. Kratky (1969) attempted to answer this
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question when he dipped tomato (Lycopersicon esculenturn Mill. )

plants into an activated carbon slurry and observed that the tomatoes

were injured when the foliage was dipped, but no injury resulted when

only the roots were dipped. Activated carbon application must be done

carefully to avoid excessive foliage contact.

Vantsis and Bond (1950) observed an enhancement of pea (Pisum

sativum L.) plant growth with the addition of 0.5 to 2. 0% activated

carbon to their sand culture. The enhancement of growth was attrib-

uted to the adsorption of harmful root or microorganism excretions or

to the adsorption of excess nutrients. Activated carbon produces a

favorable pH in the medium, also. Another possible explanation of

growth enhancement was presented by Hellerman (1947), who found an

increased uptake of calcium, phosphorus, and chlorine when activated

carbon was added to the nutrient solution. He suggests that increased

uptake results from adsorption of organic substances normally

accumulated around the roots, or adsorption of root secretions and

intermediate products of their decomposition by bacteria, which frees

the active absorptive surface of the roots.

Activated Carbon to Increase Effectiveness of Pesticides

Bards ley (1966) used activated carbon to fortify low organic

matter soil and increase the phytotoxicity ofoc, oc, oc-trifluro-2, 6-

dinitro-N, N-dipropyl-p-toluidine (trifluralin). Activated carbon was
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added to a soil with 0. 6% organic matter, until the soil contained 1.5,

3. 0, and 6. 0% organic matter. Trifluralin was then surface applied

at 2 lb per acre and sealed in containers to equilibrate for 10 days.

The phytotoxicity of trifluralin in this fortified soil was then compared

with that in non-fortified, low organic matter soil. Increased toxicity

was observed with the fortified soil and was attributed to increased

adsorption of trifluralin vapors in the soil.

Activated carbon has been used to decrease the phytotoxicity of

insecticides and to increase their persistence and effectiveness.

Thurston (1953) and Rodriquez, Maynard and Smith (1960) found that

activated carbon reduces phytotoxicity of certain insecticides. They

used different types of activated carbon and found that several were

effective in reducing phytotoxicity, however, differences in adsorp-

tion efficiency were observed. Bardner (1960) found that the phyto-

toxicity of other insecticides could be reduced with activated carbon,

and also observed that the systemic activity of particular insecticides

could be prolonged by the slow release of the insecticide from activated

carbon. Not only can systemic activity be prolonged, but the effective-

ness of seed and soil treatment insecticides can be prolonged (Martin,

1960) by adsorption of insecticides on activated carbon.

Activated Carbon to Inactivate Herbicide Residues

Lucas and Hamner (1947) reported the first use of activated
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carbon in conjunction with herbicides when they outlined its usefulness

in inactivating water-soluble 2, 4-D formulations in spray tanks. They

found that oil-soluble formulations were less readily inactivated by the

carbon solution than were the water-soluble formulations.

Protecting crop plants from soil herbicide residues already

present is another use of activated carbon. Ahrens (1965a) studied

carbon-to-herbicide ratios in an effort to establish rates of activated

carbon required to inactivate a particular herbicide. In experiments

involving inactivation of simazine and 2-chloro-4-ethylamino- 6 -

isopropylamino-s-triazine (atrazine) residues in the soil, he found

that the carbon-to-herbicide ratio changed with the herbicide applica-

tion rate. When 1 lb per acre of simazine or atrazine was applied,

200 lb per acre of activated carbon were required to reduce injury to

oat (Avena sativa L. ) plants to less than 10%. He found that 2 lb per

acre of simazine or atrazine required 800 lb per acre for the same

injury reduction. The carbon to herbicide ratio at 1 lb per acre was

200:1, but at 2 lb per acre increased to 400:1. Ahrens (1966a), in later

experiments, determined carbon-to-herbicide ratios for several

other herbicides. In these experiments, he used oats as the test

species and determined the carbon-to-herbicide ratio which gave less

than 10% injury. The following is the list of carbon-to-herbicide ratios

he reported: dimethyl -2, 3, 5, 6-tetrachloroterephthalate (DCPA) -

25:1; 3-(3, 4- dichlorophenyl)- 1, 1-dimethylurea (diuron) or 3-(p-



9

chloropheny1)-1, 1-dimethylurea (monuron) - 50:1; ethyl-N, N-

dipropylthiolcarbamate (EPTC) or 2, 6 -dichlorobenzonitrile (dichlo-

benil) - 100:1; and trifluralin, 5 -bromo-3 -sec-buty1-6-methyluracil

(bromacil), N, N-dimethy1-2, 2- diphenylacetamide (diphenamid),

simazine, or atrazine - 200:1. These values should not be used as an

absolute measure of the amount of activated carbon required per

pound of herbicide, but rather to indicate the relative amounts

required for the various herbicides. The rate of herbicide application

and the soil type to which it is applied will both influence the carbon-

to-herbicide ratio.

Techniques of Inactivating Soil Residues Already Present

Different techniques of applying carbon to soil have been

developed. One technique that has been successful in inactivating

herbicide residues in the soil is the broadcast application of activated

carbon with subsequent incorporation into the soil where it can adsorb

some of the herbicide. Ahrens (1965a) was successful in reducing

simazine and atrazine residues in the soil to a level where crops could

be grown safely. He applied activated carbon in a water suspension

lnd as the dry material. No differences in protection of cabbage

(Brassica oleracea var. capitata L. ) and tomato transplants were

observed, but the dry application was more effective in protecting

beans (Phaseolus vulgaris L. ) and table beets (Beta vulgaris L. ).
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Ashley and Rahn (1967) were unable to completely inactivate atrazine

residues by incorporation of activated carbon into the soil by discing,

however, some reduction in injury was obtained. This failure to

inactivate atrazine could have been due to inadequate incorporation of

the carbon by discing or an insufficient rate of carbon application for

the level of herbicide residue present.

Brenchley (1968) overcame phytotoxicity to oats from residues

of atrazine, bromacil, and diuron by incorporation of activated carbon

in soil. Diuron was most readily inactivated and bromacil was least

readily inactivated. Locascio (1967) obtained some protection from

dichlobenil residues with activated carbon, but was not completely

successful for rates of dichlobenil greater than 2.5 lb per acre.

One disadvantage of the broadcast technique of incorporating

carbon is the loss of weed control in the treated area. Robinson (1965)

developed a technique of applying activated carbon only around the

crop plants to minimize this problem. He used a layer of carbon that

completely surrounded the roots of strawberry (Fragaria sp. ) plants

and allowed for some expansion of the root system before the roots

left the protected area. He obtained adequate protection by this

technique, but equipment is not commercially available to make this

application economically feasible.

Another technique used in protecting crop plants, and still

maintaining adequate weed control, is that of root dipping. The
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originators of the root dip technique were Arle, Leonard and Harris

(1948), who moistened sweet potato (Ipomoea batatas, Lam. ) sprouts

and dusted them with activated carbon to prevent injury from 2,4-D

that was applied as a preemergence treatment. Nearly complete

protection from 2, 4 -D was obtained. Since this original use, root

dipping has been effective in protecting many crop transplants from

herbicides. This technique has been used on a wide variety of crops

including strawberries, woody ornamentals, tomatoes, peppers

(Capsicum sp. ), and herbaceous perennials.

Two methods have been used to apply the activated carbon to the

roots. One method used is to moisten the roots with water and swirl

them in dry activated carbon, and the other method is to dip the roots

into a slurry of activated carbon. Ahrens (1965b) and Schubert (1967)

both have used the moistened root technique and obtained satisfactory

protection. Ahrens observed that activated carbon improved the

selectivity of strongly adsorbed herbicides when the crop had some

inherent tolerance. Schubert used 33 different herbicides at normal,

two times, and five times normal rates and found the carbon root dip

effectively protected the plants from all herbicide rates. Flagg and

Bayer (1966) and Kratky (1969) used the technique of dipping the roots

into a slurry of activated carbon. Flagg and Bayer used a slurry

containing 0.75 lb of activated carbon in 2 quarts of water, but did not

obtain adequate protection from simazine residues for their dipped
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strawberry plants. Kratky used a slurry containing 1 lb or activated

carbon in 1 gallon of water and was successful in preventing reduction

in the number of strawberry mother plants or runners. He also

dipped tomato transplants in the slurry and prevented stand loss from

atrazine residue; however, yield was reduced. Ahrens (1966b, 1967)

obtained protection for woody ornamental, tomato, pepper, and

strawberry transplants by dipping the roots in activated carbon. He

used several herbicides and found that differences in protection varied

with the susceptibility of the species to the particular herbicide. The

conclusion reached by several research workers is that the carbon

root dip, whether by the moistened root or slurry technique, is effec-

tive in protecting plants only if they have some inherent tolerance to

the herbicide.

Techniques of Protecting Crop Plants
From a Preemergence Herbicide

Inadequate herbicide selectivity between crop and weed species

is an area where activated carbon can be used in conjunction with

herbicides. The root dip technique has successfully protected crops

from preemergence, soil active herbicides as shown by Ahrens (1965b,

1966a, 1966b), Coffey and Warren (1967), and Robinson (1965).

Other techniques of using activated carbon have also increased crop

tolerance.

Kratky (1969) developed a technique to protect direct-seeded
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crops from a preemergence herbicide, and still maintain adequate

weed control. A mixture of activated carbon and of vermiculite (mixed

in a ratio of 1 lb activated carbon to 3 liters of vermiculite) was

placed in a hole 0.75 inch deep and 1.0 inch in diameter directly over

the seed. The vermiculite was added to prevent crusting of the

activated carbon to aid in crop emergence. This technique effectively

reduced herbicide injury, but still allowed good weed control. Soy

beans (Glycine max Merr. ), cucumbers (Cucumis sativus L. ), and

barley (Hordeum vulgare L.) were protected from 2 lb per acre of

simazine with 99% weed control. This technique also protected

cucumbers, beets, cabbage, and tomatoes from 12 lb per acre of

3-(3, 4- dichlorophenyl)- 1-methyl-l-butylurea (neburon) with 93% weed

control.

Ripper (1956) developed a technique for applying a continuous

band of activated carbon to a partially filled seed furrow. Equipment

was developed to perform the operations of opening the furrow,

planting, partially filling the furrow, applying activated carbon, filling

the furrow completely, and applying a preemergence herbicide.

Ripper developed this technique to protect the crop, but not the weeds

germinating above the carbon band. He successfully protected sugar

beets (Beta vulgaris L. ) from 2, 4-D, 2, 4, 5, -trichlorophenoxyacetic

acid (2, 4, 5 -T), isopropyl-N-phenylcarbamate (propham), and EPTC;

but he was unsuccessful in protecting sugar beets from trichloroacetic
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acid (TCA). Good weed control was obtained in the crop row.

Brenchley (1968) applied activated carbon in the furrow with sugar

beet seeds and obtained protection from 12 lb per acre of 5-amino-4-

chloro-2-pheny1-3(2H)-pyridazinone (pyrazon) and 8 lb per acre of 2-

chloro-N-isopropylacetanilide (propachlor). Bromacil at 1.5 lb per

acre was too phytotoxic, but some injury reduction was observed.

Weed counts indicated that control in the row was nearly equal to that

between the rows where no carbon had been applied. Brenchley also

used a technique of applying a 1-inch band of activated carbon directly

over the seed. He found that protection for the sugar beets was

comparable with the carbon applied in the furrow.

Linscott and Hagin (1967) also used the technique of applying a

1-inch band of activated carbon on the soil surface directly over the

seed. They protected alfalfa (Medicago sativa L. ) seedlings from 2-

i s opr opylamino-4- ( 3 -methoxypr opylamino)- 6 -methylthio- s -triazine

(G-36393), but the weeds under the carbon band were also protected.

Higher rates of activated carbon were required than was theoretically

postulated. Linscott and Hagin attributed this tothe possibility that

(1) some herbicide outside the band was washed into the banded area,

(2) many adsorptive sites were in contact with the soil and did not

affect the herbicide, or (3) the carbon spray did not cover the soil

surface completely in the treated band.
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GREENHOUSE EXPERIMENTS

General Methods and Materials

Experiments were conducted in Oregon State University green-

house facilities where day and night temperatures were approximately

70 F and 60 F, respectively. Plastic pots - 4.25 by 4.25 by 4.0

inches - were filled with sandy loam soil and 25 annual ryegrass

(Lolium multiflorum Lam. ) seeds were planted 0.25 inch deep in each

pot. Activated carbon (Aqua Nuchar-A) was suspended in water

containing 0. 5% wetting agent (v/v) and was applied as a broadcast

treatment to the soil surface with an overhead, variable speed, track-

mounted greenhouse sprayer. This sprayer also was used for sub-

sequent application of 3-(3,4-dichloropheny1)-1,1-dimethylurea

(diuron). Diuron was broadcast applied with 50 gallons of water per

acre as the carrier. Each treatment was replicated four times. An

overhead fogging nozzle, attached to a garden hose, was used to apply

additional moisture as needed. The plants were grown for 30 days

and then all plant foliage in each pot was harvested at the soil surface

and placed in glass weighing bottles. These bottles were then placed

in a circulating air, drying oven and dried for 24 hours at 85 C. Dry

weight of the harvested foliage was then determined by weighing the

harvested plant foliage on a Mettler balance. The dry weight values

were recorded and converted to percent of control weight for data
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presentation. Variations in methods or materials will be noted in the

section dealing with each particular experiment.

I. Influence of Planting Depth on Protection

Methods and Materials

The influence of planting depth on the rate of activated carbon

required for protection of newly-seeded grass was studied in this

experiment. Plastic pots were filled to within 0.25, 0.5, 0.75, and

1.0 inch of the top with sandy loam soil and 25 annual ryegrass seeds

were placed on the soil surface in each pot. The pots were then filled

with soil. Activated carbon was suspended in water containing 0. 5%

Surfactant-WK and broadcast applied at 0, 50, 100, or 150 lb per acre.

All pots, except control pots, were sprayed with 3 lb per acre of

diuron and placed on a greenhouse bench in a split-plot design. The

foliage dry weight was determined for each pot. The data are

expressed as percent of control weight.

Results

Results of this study are presented in Figure 1 and Appendix

Tables 1 and 2. Plants growing from seeds planted 0.5 inch deep

received significantly less protection than plants growing from seeds

planted 0.25, 0.75, or 1 inch deep when either 50 or 150 lb per acre

of activated carbon was applied, and significantly less protection than
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plants seeded at either 0.25 or 0.75 inch when 100 lb per acre of

activated carbon was applied. Seeds planted 0.5 inch deep produced

plants with less dry weight at all carbon application rates. The

increased diuron toxicity to plants seeded 0.5 inch deep may have been

caused by concentration of the herbicide at this depth, thereby allowing

greater uptake by the seedlings.

All carbon application rates (50, 100, and 150 lb per acre)

significantly reduced diuron toxicity. Seeds planted 0.25 inch deep

received the most protection from 100 and 150 lb per acre of activated

carbon. Seeds planted 0.5 or 0.75 inch deep received significantly

greater protection from activated carbon applied at 100 lb per acre.

No significant differences in the amount of protection from any carbon

application rate were observed for seeds planted 1 inch deep, however,

all carbon application rates provided significant protection when

compared with treatments receiving no carbon.

II. Influence of Soil Type on
Activated Carbon Rate and Band Width

Methods and Materials

Sandy loam and clay loam soils were used to determine the

effect of soil type on the rate of activated carbon required for protec-

tion of grass seedlings. Plastic flats (9 by 12.25 by 4 inches) were

filled with the appropriate soil type and three rows, each containing
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60 annual ryegrass seeds and spaced 3 inches apart, were planted in

each flat. Activated carbon was suspended in water containing 0. 5%

Surfactant-WK and applied at 0, 40, 80, or 120 lb per acre as bands on

the soil surface over each row. The bands were 0.33, 0.67, and 1

inch wide and were applied to the rows in each flat at random. The

bands were made by placing a template on the soil surface and applying

the activated carbon with an overhead greenhouse sprayer. Diuron,

at 2.5 lb per acre, was applied as a broadcast treatment after the

carbon bands had been applied. The flats were arranged on a green-

house bench in a split-split plot design. The dry weight of the foliage

from each row was determined and converted to percent of control

weight for data presentation.

Results

Results are presented in Figure 2 and in Appendix Tables 3 and

4. Highly significant differences were found between the amounts of

activated carbon required for protection on the sandy loam and clay loam

soils. A higher rate of carbon was required with the sandy loam soil

for the same protection; in fact, at least three times more carbon was

required with the sandy loam soil to obtain the same protection as that

obtained on the clay loam soil.

Large variation was obtained with the various band widths used.

This variation resulted from the difficulty of accurately placing
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the activated carbon band directly over the seed row, and prevented

obtaining reliable information on the effects of band width. Significant

protection was obtained for all rates and band widths of activated

carbon, except the 0.33 inch band on sandy loam soil where the 40 lb

per acre rate of carbon was not significantly different from the control.

III. Influence of Band Width on
Activated Carbon Rate

Methods and Materials

Variation in response from different carbon band widths in the

previous experiment necessitated repetition of the portion of the

experiment dealing with the influence of band widths on the rate of

activated carbon required for protection. Plastic flats were filled with

sandy loam soil and three rows, each containing 60 annual ryegrass

seeds, were planted in each flat. Activated carbon was suspended in

water containing 0.5% Rhodes' Spreader-Activator and was applied at

0, 40, 80, or 120 lb per acre in 0.33, 0.67, and 1 inch bands on the

soil surface directly over the seed. The templates used in the

previous experiment were modified to allow more accurate placement

of the carbon bands. Diuron was applied as a broadcast treatment at

2. 5 lb per acre. The flats were subsequently arranged in a split-plot

design on a greenhouse bench.
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Results

Results are presented in Figure 3 and Appendix Tables 5 and 6.

No significant protection was obtained from any rate of activated

carbon applied in a 0.33 inch band over the seed, however, an increase

in dry weight was observed as the carbon rate increased. Activated

carbon applied in a 0.67 inch band over the seed at 40 lb per acre

provided significant protection for the annual ryegrass seedlings, but

the 80 and 120 lb per acre rates provided better protection. All carbon

application rates (40, 80, and 120 lb per acre) applied in a 1-inch

band provided significant protection for the seedlings, but no

significant differences were observed between these rates.

In all cases where activated carbon was applied, a significant

increase in protection was obtained as the band widths were increased.

The results of this experiment indicate that a lower rate of

activated carbon is required for the same amount of protection as

band width is increased. Activated carbon applied in a 0.67 inch band

at 120 lb per acre supplied approximately the same protection as 40 lb

per acre applied in a 1 inch band. This emphasizes the importance of

adequately covering the soil surface over the seed to insure protection

with activated carbon; however, increasing band width also increases

the number of weed seeds protected by the carbon band.
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IV. Influence of Types and Rates of Wetting Agent

Methods and Materials

Activated carbon is difficult to get into suspension and once it is

in suspension, it requires good agitation to maintain the suspension.

Wetting agents aid both the initial suspension and maintenance of the

suspension. If wetting agents are used with activated carbon, their

influence on the effectiveness of protection must be determined.

Three wetting agents (X-77, Surfactant-WK, and Rhodes'

Spreader-Activator) were used at rates of 0.3, 0.9, and 2.7% (v/v),

and the effectiveness of protection was compared with carbon applied

without wetting agent. Plastic pots were filled with sandy loam soil

and 25 annual ryegrass seeds were planted in each pot. Activated

carbon was suspended in water containing the appropriate wetting

agent at the prescribed rate and was applied at 50 lb per acre as a

broadcast treatment. Diuron was then applied at 3.0 lb per acre as a

broadcast treatment and the pots were arranged on a greenhouse

bench in a split-plot design.

Results

Results are presented in Figure 4 and in Appendix Tables 7 and

8. The protection obtained from activated carbon was not significantly

reduced when the three wetting agents were added to the carbon
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suspension at 0. 3 %, but a significant reduction in protection was

observed when either 0.9 or 2. 7% was added. No significant change

in protection was found between the 0.9 and 2. 7% rates of X-77.

Surfactant-WK and Rhodes' Spreader-Activator both showed signifi-

cant reductions in protection as the rates were increased from 0.3 to

0. 9% and from 0.9 to 2. 7 %. The results of this experiment indicate

that wetting agents vary in their influence on the protection obtained

with activated carbon. Rhodes' Spreader-Activator was significantly

less detrimental to protection with activated carbon than were X-77

or Surfactant-WK at either 0.9 or 2.7% rates. The proper choice of

wetting agent and its rate are important in obtaining maximum pro-

tection with activated carbon.

V. Influence of Water Applied After
Carbon and Herbicide Application

Methods and Materials

The amount of water applied after planting is an important

factor in the successful establishment of grass seedlings because

optimum moisture is necessary for germination and early growth of

seedling grasses. The influence of water applied following treatment

on protection from a herbicide with activated carbon must be deter-

mined. Plastic pots were filled with air-dry sandy loam soil and 25

annual ryegrass seeds were planted in each pot. Activated carbon
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was suspended in water containing 0. 5% Rhodes' Spreader-Activator

and was applied at 100 lb per acre. Diuron was applied at 3 lb per

acre. Twelve hours later the following amounts of water were

applied: 0, 0.5, 1. 0, 1.5, 2. 0, and 3. 0 inches. Normal watering with

a fogging nozzle was initiated 36 hours later and continued throughout

the duration of the experiment. The pots were arranged on a green-

house bench as a completely randomized design. The dry weight of

the foliage from each pot was determined and is expressed as percent

of control weight.

Results

Results are presented in Figure 5 and in Appendix Tables 9 and

10. No significant differences were found among any of the water

application rates. Nearly complete protection for the grass seedlings

was obtained with activated carbon. This indicated that the amount of

irrigation applied after treatment should be determined on the basis of

need for and availability of additional water. Also, heavy rains

following treatment would not be detrimental to the protection

obtained with activated carbon.

VI. Influence of Soil Moisture at Time of Application

Methods and Materials
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Adequate soil moisture at planting is important for rapid germ-

ination and emergence of grass seeds. The influence of soil moisture

at the time of applying the activated carbon was studied to determine if

the soil moisture level affects the rate of carbon required for

protection. Air-dry sandy loam soil was used and water was added to

obtain the following moisture levels: air-dry, 25, 50, and 75% of

field capacity. Water was added to the soil in a rotating soil tumbler

which consists of a rotating drum with a fixed nozzle mounted inside.

The soil was added to the drum and the drum was then sealed. Water

was added to the soil as the drum was rotating until the appropriate

soil moisture level was obtained. The soil was then tumbled for an

additional 3 minutes to uniformly mix the soil.

Plastic pots were filled with soil at the appropriate moisture

level and 25 annual ryegrass seeds were planted in each pot. Activated

carbon was suspended in water containing 0.5% Rhodes' Spreader-

Activator and applied at 100 lb per acre. Diuron was then applied at

3.0 lb per acre and the pots were arranged on a greenhouse bench in

a completely randomized design. The pots were watered with a

fogging nozzle as they required additional moisture. Dry weight of

the foliage from each pot was determined and converted to percent of

control weight.
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Results

No significant differences were found among the moisture

levels. It appears that the soil moisture level does not affect the

ability of carbon to inactivate herbicides. Therefore, moisture levels

most favorable for seed germination and growth should be of prime

importance in determining proper seeding time. The results are

presented in Figure 6 and in Appendix Tables 11 and 12.
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FIELD EXPERIMENTS USING ACTIVATED
CARBON TO PROTECT PERENNIAL RYEGRASS,

BLUEGRASS, AND CHEWINGS FESCUE
FROM PREEMERGENCE HERBICIDES

Methods and Materials

Field experiments were established on October 3, 1968 at

Hyslop Agronomy Farm, with soil conditions excellent for rapid

emergence. The objectives of the experiments were to determine the

effectiveness of activated carbon (Aqua Nuchar-A) in protecting

perennial ryegrass (Lolium perenne var. Linn L. ), bluegrass (Poa

pratensis var. Merion L.) and chewings fescue (Festuca rubra var.

commutata Gaud. ) from various herbicides and to determine the

herbicide(s) giving the best weed control with the least grass injury.

The grass seed was planted 0.5 to 1. 0 -inch deep with Inter-

national planters mounted on a toolbar of an International Cub tractor.

To facilitate planting, a split-plot design was used in each experiment.

Rows were spaced 12 inches apart and activated carbon was applied in

a band 1.0-inch Wide directly over the seed with a 4006 T-Jet flat-fan

nozzle. The nozzle was mounted behind the packer-wheel and was

aligned directly over the seed. Activated carbon was suspended in

water containing 0. 5% X-77 (v/v) and the suspension was maintained

by vigorous by-pass agitation in the tank. Application rates of

activated carbon were 0, 150, and 300 lb per acre. These rates are

on a broadcast basis in the 1. 0 -inch band and the actual amount of
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carbon applied per acre planted was 0, 12.5, and 25 pounds. Each

carbon rate was applied to 12 rows of each grass species. Each

treatment was replicated three times. The herbicides used were 3-

tert-buty1-5 - chloro-6-methyluracil (terbacil), 3 -(3, 4 -dichlor opheny1)-

1, 1 -dimethylurea (diuron), 2 - chloro- 4 - ethylamino-6 -is opropylamino-

s-triazine (atrazine), and 2-chloro-4, 6-bis(ethylamino)-s-triazine

(simazine). Application rates, based on active ingredients, were

0.75, 1.0, and 1.25 lb per acre of terbacil; 2.0, 2.5, and 3.0 lb per

acre of diuron; 1.5 lb per acre of atrazine; and 2.0 and 2.5 lb per

acre of simazine. These herbicides were applied as broadcast

preemergence treatments with a bicycle-wheeled plot sprayer on

October 7, 1968. The herbicide plots were 8 by 50 feet and were

perpendicular to the seeded rows. The delay in herbicide application

was caused by rainfall which prevented earlier application.

Visual evaluations of percent grass and broadleaf weed control

and percent stand reduction were made on February 25, 1969, and

subsequently analyzed to determine differences among treatments.

The only variation in methods and materials was the grass

species used because each species was tested in a separate experiment.

Results

I. Perennial Ryegrass

Activated carbon applied at 300 lb per acre significantly reduced
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the toxicity of all herbicides. At 150 lb per acre, activated carbon

significantly reduced only diuron toxicity (Figure 7). When 300 lb per

acre of carbon was applied, terbacil at 1.25 lb per acre was most

phytotoxic to perennial ryegrass, followed by simazine at 2.5 lb per

acre. Terbacil at 1.0 lb per acre, atrazine at 1.5 lb per acre, and

simazine at 2.0 lb per acre were not significantly different in phyto-

toxicity, but were significantly more phytotoxic than terbacil at 0.75

lb per acre or diuron at 2.0, 2.5, and 3.0 lb per acre.

Good weed control was obtained with all herbicides. Grass weed

control ranged from 93 to 100% and broadleaf weed control ranged

from 97 to 100%. However, some weeds were protected by the

activated carbon band and grew in the row.

Diuron had the greatest safety margin of all herbicides tested

and provided excellent grass and broadleaf weed control. A minimum

of 300 lb per acre of activated carbon is required for acceptable

protection of perennial ryegrass from the herbicides tested. Terbacil,

simazine and atrazine require more than 300 lb per acre for good

protection. The detailed results are presented in Appendix Tables

13 and 14.

II. Bluegrass

Results are presented in Figure 8 and in Appendix Tables 15

and 16. Significant differences in phytotoxicity were observed where
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no activated carbon had been applied, because terbacil was less phyto-

toxic to bluegrass than were simazine, atrazine, or diuron. Activated

carbon, applied at 300 lb per acre, provided satisfactory protection

for bluegrass from all herbicides. Diuron was the only herbicide

tested that exhibited significant phytotoxicity reduction with 150 lb per

acre of activated carbon. Simazine at 2.0 and 2.5 lb per acre and

atrazine at 1.5 lb per acre were significantly more toxic to bluegrass

than were diuron at 2.0, 2.5, and 3.0 lb per acre and terbacil at 0.75,

1.0, and 1.25 lb per acre when 300 lb per acre ofsactivated carbon

were applied.

Both diuron and terbacil provided good weed control with little or

no stand reduction when 300 lb per acre of carbon were applied. These

herbicides could be used in conjunction with activated carbon for

establishment of bluegrass, provided adequate carbon was applied.

III. Chewings Fescue

Results are presented in Figure 9 and in Appendix Tables 17

and 18. Significant protection from all herbicides tested was

obtained with 300 lb per acre of activated carbon. At 150 lb per acre,

activated carbon protected chewings fescue from diuron but not the

other herbicides. With 300 lb per acre of activated carbon, terbacil

at 1.25 lb per acre was the most phytotoxic followed by simazine at

2. 5 lb per acre and then atrazine at 1.5 lb per acre. No significant
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differences in stand reduction were found among terbacil at 0.75 and

1.0 lb per acre, simazine at 2.0 lb per acre, and diuron at 2.0, 2.5,

and 3.0 lb per acre.

Less protection from these herbicides was obtained for chewings

fescue than for perennial ryegrass or bluegrass, indicating that a

higher rate of activated carbon may be required for chewings fescue

if this practice is adopted on a commercial basis.
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DISCUSSION AND CONCLUSIONS

The use of activated carbon to protect newly-seeded grass from

preemergence herbicides has resulted in a great deal of excitement

among grass seed producers. In fact, several seed producers in

western Oregon have used activated carbon on a commercial basis in

conjunction with preemergence herbicides. Some risk was involved

because the influence of factors affecting activated carbon as a

protectant and the rate of activated carbon required for protection had

not been determined.

Several factors were studied to determine their influence on the

rate of activated carbon required for protection of newly-seeded grass

from a preemergence herbicide. Soil type had a profound influence on

the amount of activated carbon required for adequate protection.

Lighter soils required more carbon than heavier soils for the same

degree of protection. This would be expected because heavier soils

have more adsorptive sites and thereby inactivate more of the

herbicide in the soil.

Soil moisture levels at the time of carbon application were

studied also. No influence on the rate of carbon required was observed

for the moisture levels tested. Therefore, the moisture level at

planting should be most favorable for rapid germination and

emergence of the seed.
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A minimum of 300 lb per acre (on a broadcast basis) of

activated carbon was required for acceptable protection from most

herbicides. The rate required was influenced by the type and amount

of wetting agent used to aid suspension of the activated carbon, but if

0. 3% or less wetting agent was used, no detrimental influence

resulted.

A band of activated carbon 1.0-inch wide, applied on the soil

surface directly over the seed, protected newly-seeded grass from

most herbicides. Weed seeds germinating under the carbon band were

also protected, therefore, band width should be minimized to reduce

the number of weeds protected by the carbon bands. The amount of

irrigation following activated carbon application did not influence its

ability to protect the crop plants. Thus, irrigation following treat-

ment should be planned to meet the needs of the seedling grass and

herbicide.

Diuron had the greatest safety margin of the herbicides tested

and still provided excellent weed control. The greater safety margin

was expected because diuron is more readily adsorbed by activated

carbon than the other herbicides tested (Ahrens, 1966a).

The practice of applying a 1-inch band of activated carbon on the

soil surface over the seed has been worked out fairly well for fall

seeding of grasses, but more work needs to be done for application of

this practice to spring seeding. A few seed producers in western
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Oregon have used this practice on a commercial basis, both in the fall

and spring, with good success; however, more research is needed

before the practice can be recommended.

The use of a 1-inch band of activated carbon as a protectant may

be applicable to other crops, such as direct-seeded vegetables, but

more research is needed before such a practice should be used

commercially.

Another possibility is the application of activated carbon in a

circular spot over the seed with precision planted crops, thereby

protecting fewer weed seeds than with a continuous band. If such a

practice could be developed, then the need for thinning and hand-hoeing

would be virtually eliminated and allow greater economic return to the

grower.

Knowledge of the influence of various factors on the use of

activated carbon as a protectant will allow more rapid expansion of

its use in other areas, because the groundwork has been laid on which

to build. Future research should be conducted to select the best

herbicide for a particular species and the rate of activated carbon

required to protect the species from the herbicide.
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SUMMARY

Greenhouse studies were conducted to determine the influence on

protection of planting depth, soil type, rate and band width of

activated carbon, type and rate of wetting agent, amount of subsequent

irrigation, and soil moisture levels at time of application. Field

studies were conducted to determine the herbicide and activated

carbon rate combination that provided the best weed control with least

injury to perennial ryegrass, bluegrass, and chewings fescue. The

results obtained were:

1. Grass seed should be planted at the depth most favorable for

germination and growth, but not at the depth that the herbicide

will concentrate with subsequent leaching.

Z. Lighter soils required more activated carbon than heavier soils

for equal protection.

3. Narrower carbon bands required more activated carbon for

equal protection. A 1. 0-inch band was adequate under field

conditions.

4. Wetting agents used at greater than 0. 3% (v/v) caused a reduction

in protection.

5. The amount of soil moisture at planting and the amount of

subsequent irrigation did not affect the protection obtained with

activated carbon.
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6. Diuron had the greatest safety margin for the three grass species

tested, but terbacil on bluegrass also showed adequate selectivity.

Excellent weed control was obtained with all herbicides.

7. A minimum of 300 lb per acre of activated carbon was required

for protection of all species when a 1-inch band was applied.

8. A few weed seeds were also protected by the carbon band, but

could be removed easily by hand-roguing while the crop was

small.
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APPENDIX



Appendix Table 1. Influence of planting depth of ryegrass on inactivation of diuron (3 lb per acre) with activated carbon at various application
rates. (1)

Activated carbon
Planting depth

0.2S inch 0. 50 inch 0.75 inch 1.00 inch
lb per acre

I II III IV avg I II III IV avg I II III IV avg I II III IV avg

0 6 14 7 7 8.6 6 13 7 7 8.3 7 26 7 13 13.2 6 6 7 8 6.7

50 76 63 80 96 78.9 57 69 106 54 71.9 86 84 99 63 83.0 95 83 107 73 89.4

100 92 96 113 130 107.6 67 95 112 89 90.9 93 115 113 97 104.4 97 92 94 105 97.0

150 93 87 96 124 100 56 89 92 71 76.9 74 100 87 91 87.8 81 100 86 79 86.4

(1) Data are presented as % of control weight.

Appendix Table 2. Analysis of variance

Source of variation df SS MS F value

Replications 3 1, 565. 62 521.87 2. 21

Rates of carbon 3 80, 41 2. 20 26, 804.07 113.72**

Replications x rates 9 2, 1 21. 28 235. 70

Depth of planting 3 1, 321.18 440. 39 3. 1 96*

Depth x rate 9 1, 1 95. 22 1 32. 80 0. 964

Replication x depth 9
36 4, 961.21 1 37. 81

Replication x depth x rate 27

Total 63 91, 576.71

**
Significantly different at the 1% level

*
Significantly different at the 5% level



Appendix Table 3. Influence of soil type and carbon bandwidth on protection of ryegrass from diuron (2.5 lb per acre) with activated carbon. (1)

Carbon band width
Activated carbon

0. 33 inch 0.67 inch 1.00 inchlb per acre
II III IV avg I II III IV avg I II III IV avg

Sandy loam soil

0 7.2 8.1 13.9. 10.3 9.9 7.3 9.7 7.9 9.5 8.6 8.5 7.2 9.7 15.8 10.3

40 8. 3 16.4 13.3 11. 7 12.4 24.0 29.0 20.3 27. 3 25. 2 39.0 30.1 20. 3 41.1 32.6

80 23.2 11.4 16.8 26.2 19.4 41.0 40.8 33.5 41.2 39.1 5 7. 3 62.5 64.0 49.8 58.4

120 4.9 45.3 11.7 21.1 21.0 42.1 47.6 51.6 39.1 42.6 62.1 62.8 62.0 66.6 63.6

Clay loam soil

0 1 3. 8 12. 9 18. 3 20. 2 16. 3 21.0 17.0 41.9 26.4 26. 6 24.6 17.5 17. 2 17. 4 19. 2

40 37.8 30.1 23.3 30.4 30.4 5 3. 4 38.4 46.5 46.0 ,46.1 63.3 94.3 60.7 72.7 72.8

80 25.1 45.3 36.5 46.7 38.4 78.2 45.8 91.8 61.7 69.4 94.1 69.3 92.4 62.2 79.5

120 42.5 62.6 5 7. 6 56.4 5 4. 8 70.4 72.6 68.6 91.2 75.7 80.5 79.0 75.6 92.2 81.8

(1) Data are presented as % of control weight.



Appendix Table 4. Analysis of variance.

Source of variation df SS MS F value

Replications 3 59.88 1 9. 96 0.3215

Soil type 1 11,770.51 11,770.51 189. 60**

Replication x soil type 3 186.24 62.08

Carbon rate 3 24, 737. 70 8, 245.90 82.68**

Rate x soil 3 1, 034.10 344.70 3.46*

Replication x rate 9
18 1, 795.14 99.73

Replication x rate x soil 9

Band width 2 11, 838. 44 5, 91 9. 22 7.00**

Width x soil 2 1 24. 32 62.16 0.07

Width x rate 6 3, 731.27 621.88 0.74

Width x rate x soil 6 1, 01 4.1 9 169.03 0.20

Replication x width 6

Replication x width x soil 6
48 4, 056. 78 845.16

Replication x width x rate 18

Replication x width x rate x soil 18

Total 95 60, 348.57

* *
Significantly different at the 1% level.

*
Significantly different at the 5% level.



Appendix Table S. Influence of carbon band width and rate of activated carbon on protection of ryegrass from diuron (2.5 lb per acre). (1)

Carbon band width
Activated carbon 0.33 inch 0,67 inch 1.00 inch

lb per acre
III IV aye I H III IV avg I II III IV avg

0 7.4 9.8 16.8 13.0 11.8 7.1 13.7 11.0 12.8 11.2 16.8 11.3 11.2 10.3 12.4

40 13.6 21.0 15.7 25.5 19.0 16.0 21.9 25.4 59.3 30.7 26.6 32.3 44.0 62.8 41.4

80 30.1 31.6 13.1 27.0 25.5 50.0 41.5 37.4 51.0 45.0 52.4 46.5 47.3 48.3 48.6

120 29.6 25.3 32.4 42.3 32.4 43.5 37.4 51.7 44.1 44.2 48.5 45.2 55.4 54.5 50.9

(1) Data are presented as % of control weight.

Appendix Table 6. Analysis of variance.

Source of variation df SS MS F value

Replications 3 704.1 234.7 1.567
Carbon rate 3 6, 933.6 2, 311.2 15.427 **

Replication x rate 9 1, 348.4 149.8
Band widths 2 2,166.2 1,083.1 35. 200

**

Width x rate 6 791.4 131.9 4.290*
Replication x width 6

24 738.5 30. 8
Replication x width x rate 18

Total 47 12, 682.2

**
Significantly different at the 1% level.

Significantly different at the 5% level.



Appendix Table 7. Influence of type and rate of wetting agent on the ability of activated carbon (1) to protect plants from diuron (3.0 lb per acre).(2)

Percent wetting agent (v/v)

Type of wetting agent 0. 3% 0.9% 2.7%

I II III IV avg I II III IV avg I II III IV avg

X-77 92.6 78.6 78.3 96.2 86.4 32.4 14.7 10.2 10.4 17.1 17.4 20.1 20.3 10.9 17.2

Surfactant-WK 72.0 62.0 115.8 80.4 82.6 22.5 23.2 40.5 28.1 28.6 37.3 4.3 6.9 7.1 13.9

Rhodes' Spreader- 109.0 79.0 82.5 94.2 91.2 38.7 67.8 103.6 80.8 72.7 37.2 38.4 55.8 68.2 49.9
Activator

(1) Activated carbon applied at 50 lb per acre.

(2) Data are presented as % of control weight.

Appendix Table 8. Analysis of variance.

Source of variation df SS MS F value

Replications 3 926.62 308.87 1. 3629

Type of wetting agent 2 7, 367.58 3,683.79 16. 2546**

Replication x type 6 1, 359.78 226.63

Rate of wetting agent 2 23, 825.69 11, 912.85 489.4351
**

Rate x type 4 2, 860.92 715.23 2.9385
*

Replication x rate 6
18 4, 381.18 243.40

Replication x rate x type 12

Total 35 40, 721.77

**
Significantly different at the 1% level.

*
Significantly different at the 5% level.
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Appendix Table 9. Influence of overhead irrigation after treatment
with activated carbon (1) and diuron (2) on the
ability of carbon to protect ryegrass (3).

Water(4) I II III IV avg

0 inch 94.7 90.2 111.6 110.6 101.8
0.5 inch 97.0 100.7 98.5 81.8 94.5
1.0 inch 121.1 89.3 109.2 90.1 102.4
1.5 inch 90.6 106.5 126.0 95.5 104.7
2.0 inch 98.4 105,0 100.3 110.0 103.4
3.0 inch 87.6 104.5 110.2 76.7 94.8

(1) Carbon applied at 100 lb per acre
(2) Diuron applied at 3 lb per acre
(3) Data are presented as % of control weight
(4) Applied 12 hours after carbon and herbicide application

Appendix Table 10. Analysis of variance.

Source of variation df SS MS F value

Among treatments 5 399.23 79.85 0.510 NS

Within treatments 18 2,831.05 157.28

Total 23 3, 2.30.28

NS Not significantly different at the 5% level



Appendix Table 11. Influence of soil moisture at the time of activated carbon application on the protection of ryegrass from diuron (3 lb per acre).(1)

Percent of field capacity
Activated carbon

0% 25% 50% 75%
lb per acre

I II III IV avg I II III IV avg I II III IV avg I II III IV avg

0 15.2 15.1 16.7 13.3 15.1 13.9 19.7 33.5 25.7 22.7 14.5 18.7 30.0 36.7 25.0 31.6 43.1 40.2 18.0 33.2

100 100.3 78.0 82.4 97.1 89.5 101.4 105.6 101.8 100.3 102.3 89.6 99.5 80.9 78.1 87.3 94.2 97.3 84.3 99.6 93.9

(1) Data are presented as % of control weight.

Appendix Table 12. Analysis of variance.

Source of variation df SS MS F value

Among treatments 3 539.84 179.95 2.738 NS

Within treatments 12 788.72 65.73

Total 15 1,328.56

NS Not significantly different at the 5% level.



Appendix Table 13. Influence of rate of activated carbon on its ability to inactivate preemergence herbicides to protect perennial ryegrass. (1)

lb per acre

Rate of activated carbon (lb per acre)
Percent weed control0 150 300

I II III avg I II III avg I II III avg grass broadleaf

Terbacil 0.75 98 95 95 96.0 98 95 95 96.0 5 0 5 3..3 92.7 100
If 1.00 99 100 99 99.3 99 99 99 99.0 20 15 15 16.7 97.7 100
If 1.25 99 98 98 98.3 99 98 100 99.0 35 50 45 43.3 99.0 99.0

Diuron 2.0 100 100 100 100 15 30 45 30.0 0 0 0 0 100 97.0
it 2.5 100 100 100 100 15 30 45 30.0 0 0 5 1.7 100 98.0
If 3.0 100 100 100 100 20 60 65 48.3 0 0 5 1.7 100 99.3

Atrazine 1.5 100 100 100 100 100 100 100 100 15 15 20 16.7 100 100

Simazine 2.0 100 100 100 100 100 100 100 100 5 5 30 13.3 100 100
II 2.5 100 100 100 100 100 100 100 100 15 20 40 25.0 100 100

(1) Data are presented as % stand reduction.

Appendix Table 14. Analysis of variance.

Source of variation df SS MS F value

Replications 2 532 266 2.71
Rates of carbon 2 107,752 53,876 549.75

**

Replication x rate 4 392 98

Herbicides 8 14,297 1,787 39.71**

Herbicide x rate 16 15,009 938 20.84**

Replication x herbicide 16
48 2,175 45

Replication x herbicide x rate 32

Total 80 140,157

* *
Significantly different at the 1% level.



Appendix Table 15. Influence of rate of activated carbon on its ability to inactivate preemergence herbicides to protect bluegrass. (1)

lb per acre

Rate of activated carbon (lb per acre)
Percent weed control0 150 300

I II III avg I II III avg I II III avg grass broadleaf

Terbacil 0.75 40 20 10 23.3 20 20 10 16.7 0 0 0 0 92.7 100
If 1.00 50 45 20 38.3 60 45 15 40.0 0 0 5 1.7 97.7 100
If 1.25 70 50 25 48.3 70 50 25 48.3 0 0 0 0 99.0 99.0

Diuron 2.0 100 100 100 100 0 10 10 6.7 0 0 5 1.7 100 97.0
If 2.5 100 100 100 100 10 10 10 10.0 0 5 5 3.3 100 98.0
il 3.0 100 100 100 100 20 20 20 20.0 5 0 0 1.7 100 99.3

Atrazine 1.5 100 100 100 100 100 100 100 100 10 5 15 10.0 100 100

Simazine 2.0 100 100 100 100 100 100 100 100 5 15 15 11.7 100 100
II 2.5 100 100 100 100 100 100 100 100 5 10 15 10.0 100 100

(1) Data are presented as % stand reduction.

Appendix Table 16. Analysis of variance.

Source of variation df SS MS F value

Replications 2 490 245 1.44

Rates of carbon 2 75,811 37,906 222.98**

Replication x rate 4 678 170

Herbicides 8 31,952 3,994 58.74**

Herbicide x rate 16 32,850 2,053 30.19**

Replication x herbicide 16
48 3,265 68

Replication x herbicide x rate 32

Total 80 145,046

* *
Significantly different at the 1% level.



Appendix Table 17. Influence of rate of activated carbon on its ability to inactivate preemergence herbicides to protect chewings fescue. (1)

Rate of activated carbon (lb per acre)

lb per acre 0 150 300 Percent weed control
I II III avg I II III avg I H III avg grass broadleaf

Terbacil 0.75 100 100 100 100 100 100 100 100 10 10 25 15.0 92.7 100

1.00 100 100 100 100 100 100 100 100 20 25 25 23.3 97.7 100

1.25 100 100 100 100 100 100 100 100 70 40 50 53.3 99.0 99.0
Diuron 2.0 100 100 100 100 10 15 25 16.7 5 10 20 11.7 100 97.0

2.5 100 100 100 100 15 20 35 23.3 0 10 20 10.0 100 98.0
11 3.0 100 100 100 100 20 20 40 26.7 0 15 25 13.3 100 99.3

Atrazine 1.5 100 100 100 100 100 100 100 100 15 35 50 33.3 100 100

Simazine 2.0 100 100 100 100 100 100 100 100 20 10 25 18.3 100 100

2.5 100 100 100 100 100 100 100 100 25 30 65 40.0 100 100

(1) Data are presented as % stand reduction.

Appendix Table 18. Analysis of variance.

Source of variation df SS MS F value

Replications 2 817 408.5 2.52
Rates of carbon 2 80, 013 40, 006.5 246. 95**

Replication x rate 4 648 162.0
Herbicides 8 19,817 2, 477.1 57.08 **

Herbicide x rate 16 21, 970 1, 373.1 31.64**

Replication x herbicide 16
48 2, 085 43.4

Replication x herbicide x rate 32

Total 80 125, 350

**
Significantly different at the 1% level.




