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SOME EFFECTS OF CMU (3-para-chlorophenyl-1,1- 

dimethylurea) AS A FREEMERGENCE HERBICIDE 

ON PEPPERMINT, POTATO AND GRAIN CROPS. 

I INTRODUCTION 

The practice of ki11in weeds by the ue of 

herbicides has become 'e1ì etab11shed. owever, even be- 

fore this era of phytotoxlc chemicals, it wa weil known 

that labor and time w'uld he saved if control could be 

achieved when the weeds were in the zoe1ng etage. Des- 

troying the weeds soon after they germinate helps to nro- 

vide favorable conditions for crop growth early in the 

season, thus leading to rsater yields. For these reasons 

considerable emphasis hs 'been placed on preemergence 

herbs cides. 

A preernergence herbicide is usually applied to 

the soil after the crop is planted but before it has 

emerged. The soil is relatively free of weeds at the time 

of application as it has usually been well tilled prior to 

seeding. A good preemer;ence herbicide should inhibit the 

growth cf weeds wit!rlout preventing te normal development 

of the crop. It sìould also give sufficient residual 

effect to enable the crop to continue to enjoy maxImum 

growth WIth a mium cf weed corrpetition during the 

growing season. Finally, the chemical should not be so 

persistent tha t it will injure the growth of other crops 

which rn.y follow. 
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The chemical CIÇU was being used experimentally 

as a soil sterilant when the investigations reported here 

were first undertaken. However, there ere indications 

that it might have sorno value as a preemergence herbicide 

when applied at low rates and, as very little was known as 

to its mode of actIon or its effect on weeds and crop 

plants, it was felt that a useful contribution might be 

made b obtaleirig sorne data on these points. 

In order to limit t'ne problem somewhat, it was 

decided to use only 3 crop types: peppermint, potatoes and 

grains. Peptermint, an oil producing prennial, is a crop 

of considerable economic Imnortance In Oregon. Also, be- 

cause oL' the nature of its growth, it is one in which weed 

control constitutes a major production cost. As a general 

rule, the longer a field is left in peppermint, the greater 

Is te efrort required to ke3 it clean. At present, 

fields which might otherwise be expected to produce good 

yields for 25 or more years often decline rapidly after 3 

or 4 years. Potatoes, like peppermint, propagate vege- 

tatively. However, as potatoes produce their harvest from 

tubers, the two crops may be expected to respond diffo- 

rently to the use of preemergence herbicides. Although 

the need for chemical weed control in potatoes is probably 

not as ur!ent as it is in peppermint, the apDlication of 
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a suitable material would greatly reduce the time and 

labor needed in the production of a good crop. Again, the 

use of preomergence sprays might enable growers to plant 

rows closer tosether, thus making possible higher yields 

per acre. The grins, reproducing as they do from seeds 

high in dry matter, seemed to offer a suitable complement 

to the other two crop friaC&. 

In this study it was necessary initially to con- 

firm. the herbicidal characteristics of CMU and obtin an 

indication of the weed species which it would control. 

Secondly, an assessment was nade of its effect on the 3 

crops, including its influence on yields and some aspect 

of crop quality. This was done to determine any deviation 

from 'norma1 develorment as mentioned in the definition 

of a preemorgence herbicide above. Finally, an attempt 

was made to add information which might help to elucidate 

the mechanism by which this chemical affects plant growth. 



4 

II REVIEW OF LITFFATU1E 

The properties of CMU 

Information, or te herhicidal activity of 

3- (p-chlorophenyl)-1,1 dirnethyl urea was first recorded 

by Bucha and Todd (6, pp. 493-4) in 1951. II. S. patent 

2,655,444 for CMV, ssu.ed to E. I. duPont de Nemours and 

Co. on Octoter 13, 1053 (43, 943d), describes the rrethod 

of making CMU by a dropwise addition of p-chlorophenyl 

isocyanate to diethy1anire in doxane. 
CtY has a so1ubilty of 230 ppm at 25°C and it 

melts at 169.°C - 170.4°C. It is a whIte crystalline 

product when pure but is usually marketed a an P0% wet- 

table powder. CMTJ differs froii many organic compounds In 

being non flarnab1e. It s also non volatile and non cor- 

rosive. It can be dissolved in ethyl alcohol and acetono 

much more eaiiy than in water an has a very low vapor 

Dressure of 5 X lO7niin. of mercury. By cornarIson the 

iopropy1 ester of 2,4-D h9.s a vapor pressure of 

10.5 x io and is 20,000 ties more voltI1e than CMU 

(23, p. 99). In a saturated water solution C.MU has a pH 

of 6.26. The LD50 of CtJ by adminIstrtion to male 

rats is apnroxlmate.ly 3,500 millIgrams per kilograrM of 

body reight. It is thus much less toxic to rats than 15 

2,4-D. A 33.': paste produces no skin irritation8 In guinea 

pigs (30, p. 41). 
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Mode of action 

CMU or its toxic breakdown products are usually 

taken in through the root sy$tes of p1nts and travel to 

the aerial parts through the xylem tissue (22, p l7). 

It has been demonstrated, however, that the chemical can 

also be taken in by foliage or sterns in toxic amounts 

(4, p. 330), (9, p. 6). Minshall (33, p. l2) lists 5 

different CU effects: necrotic blotching, wilt, stem col- 

lapse, partial bleaching of leaves and rapid ysilowing and 

abscission of leaves. He suggests that one reason for the 

coThp ' rative lack of information ori the mode of action of 

rn4U is that the visible symptoms mark the end point rather 

than the beginning of toxic action at t.he site of acti- 
vity. Christoph and Fisk (9, p. 7) observed a "plugging" 

of xylem vessels in barley and collapse of catbium and 

disorganizatio. of phloern in tomatoes and soybans. Ex- 

ciseci roots wore rown successfully for 3 months in ste- 

rile nutrient containing sufficient herbicide to kill in- 

tact plants in weeks. This indicated that the toxic 

action of CU was primarily on the aerial part of the 

plant (4, p. 330). Piper and Freed (37, p. 92) have re- 

ported on an apparent decrease in nitrate nitrogen uptake 

in CMU treated plants and a decrease in reserve sugars 

present in the stems of the plants. These conditions 
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paralleled the effects which 2,4-D brought about in the 

beans and sunflowers they tested. 
There is little or no effect on the germination 

of the majority of seeds in the presence of CU even when 

the herbicide is aprlicd at relatively high rates. The 

killing action is apparent on the developing seedl±n,, 

however, and the new plants usually die within 2 or 3 

weeks from the date of emergence but ray even lest longer 

depending on plant apecies and the effective amounts of 

CU which are present (30, pr. 41-42). Root tip division 

in onions has been decreased or prevented by 4 hour ex- 

posures to 2 parts per million o! CU. 4ost of the cell 

nuclei were found to be at the resting stage, the CU ap- 

parently preventing furtter mitosis (24, p. 65). 

Factors influencing herhicidal effects 

Because of its low solubility, CU does not 

leach readily from soil. Another i.portant character- 

istic which influences its residual effect is its ad- 

sorption by soil colloids. Thus it has been observed that 

for the same toxic effect clay soils require more of the 

chemical than do sandy soils and high organic soils need 

more than do those in which the organic content is low. 

Loustalot £. (29, p. 52) showed that sandy soils 

retained CMU toxicity longer than did soils with higher 
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clay content. Dallyri (14, pp. 13-20) i among those who 

have deinon8trated the influence of different levels of or- 

gartic matter on the rate of application required. 

Sherburne and Freed were able to esta1îsh coefficients 

which iniicted tht CU adsorptIon ws highly correlated 

with organic matter content and with soil co11oids Ad- 

sorption of CMU was inversely, and tc a much smaller ex- 

tent, corre1ted with pH (40, p. ì5!). Loustalot 

(29, p. 52)., Cowart (12, p. 45) and nv>re recently Hill 

!_: b_i. (23, pp. 102-3) have indicated that CMU dissipation 

in soil i largely a matter of biological breakdown. How- 

ever, CMU is effective over a 1oner period at comprable 

rates than any known herbicide with the possible exception 

of t-e closely related corpound 3,J(dichlorophenyl)l,1 

dirnethyl urea, known commercially as Karmex DW. Cowart' 

claims that both these compounds will reach innocuous 

levels in the soil types he tested within 4-12 months 

after trating at 1, 2, or 4 lbs. per acre, Karmex DW 

having the lonr;er residual effect. 

Ji.ohorts (3g, pp. 36-7) lists a number of annual 

and winter annual weeds in the order of their tolerance to 

CMU applied at 0.25 to 2 lbs. per acre. Ivy leafed speed- 

well and common fumitory required the higher rate while 

shepherd's purse and annual blue grass succumbed with 
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0.25 lbs. per acre. Five others were intermediate. 

Carson et al, (8, p. 166) louna crab ,ras5 seedlings re 

sistant to 2.4 lbs. of CMU applìed as a preemergence spray 

to asp.ragUs. 

Effects on pepperniint, potatoes anc 'rains 

Larsen and Warren (28, p. 144) report that (.4 

lbs. of CÎU used as a preemergenco spray on peppermint 

growing on riuck soil gave only paitia1 control of weeds as 

compared to sprays in which Clic at lbs. per acre were 

used. There was no apparent effect on the growth or yield 

of peppermint. 

Cobb (10, p. l) was among the earlier investi- 
gators reporting increased yields of potatoes resulting 

from the uso o! CHU as a preenergence herbicide at I and 

2 lb. rates. Ny1un (34, 4 13E), working with muck 

soils, indicated 'ieod control of 2O and at 1.5 and 3 

lbs, with no apparent adverse effects on the vthes. 

Tu1ers were not harvested in this case. Paviychenko and 

Jestrop (36, p. 138), using a different soil type, oh- 

tamed an 83% kill at 1,5 lbs. with rio great difference in 

weed control at the 3 lb, rate. The latter workers ob- 

tamed significant ±nereases in yields over the hoed 

checks and highly significant Increases over the unhoed 

checks, the higher rate of CNU being much better than the 



lower in this respect. Cobb (il, p. 256) obtained his 

highest yields ith 2 lbs. of CTJ per acre but in contrat 

Aldrich and Campbell (2, p. 243) found that rates over i 

ib. would reducc vine growth arid yield6. Sawyer and 

Dallyn (39, p. 22e) ot both reduced yieid of tubers and 

reduced specific gravity us1r 1.5 lbs. cf CU per acre. 

Eastwood and Cobb (15, p. l63), in their first trials, 

found some difftrences in chip color in potatoe hrvested 

from plots sprayed with 2 lbs. of CU. However, in later 

experiments in succeedin seasons, there was no signifi- 

cant difference in chip color. Nor were there significant 

differences in reducing augar content, specific gravity, 

or taste values where CMU hd been used. These investi- 

gators got a highly significant interaction between herbi- 

ciäe and potato variety (16, p. 253). 

Little work with CVU in wheat, oats or br1ey 

has been recorded. Knowles used i lb. of CÎU with 4 oz. 

of 2,4-D per acre for control of tartary buckwheat in 

barley (26, p. 150). Four lbs. of CMU per acre reduced 

the stand of both ihat and wild oats by 3O in Friesents 

trials (20, p. 2). In this case the plants were in the 

5 and 6 leaf stage when application t-as made. The sur- 

viving. plants appared to be normal. Taylor (42, p. 3) 

used i to 3 lbs, of CMU on wheat, barlcy, flax, peas, 

and corn and decided that furthar trials were arrnted 
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as good control of a.nuai weeds was achlcved. Yield in- 

creases were recorced i'o at least one Ievcl of treatment 

for each of the crops tested, Noii and Odland (32, p. l2) 

reported that, low rates of C1U applied as preenergence 

spvays ori peas have given good weed control with little 

pea injury. Jasmin and erguson (24, p. 63) have recorded 

that peas will tolerate up to 2 lbs. of CU per acre. 



III MATERIALS AND !.!ETIIODS 

Field, greenhouse and laboratory facilities at 

both Oregon State College, Corvallis, Oregon and the UrL- 

versity of British Colwnbia, Vancouver, B. C., Canada were 

used between 1051 and 1955 to complete these studies. 

Three trials with peppermint were located on the College 

East Farm in Corvallis an the 4th trial for oil quality 

analysis Was set up on the worth Blacker farm. The soil 

underlying both these areas is a Chehalis sandy loam with 

a pli of' 6.3. The remaining peppermint experiment and all 
the potato and grain p10th were located on the Agronomy 

Field, University of British Colurnia on an Alderwood 

sandy loam soil of pH 6.1. 

Peppermint originally obtained from a grower in 

the Clatskanie area o. Oregon in the spring of 1951 was 

used in all trials. Clonai material was shipped from Cor- 

valli to Vancouver and incresed in the greenhouse before 

setLing out in the field. Keewick blight resistant 
potatoes of foundation class were obtained from the same 

grower for each of the two years in which potato field 
trials were conducted. Other potato varieties for creen- 

house testing were obtained from the British Colurbia 

Potato Show. Thatcher wheat, Eagle oats, Vantage barley 

and Bluebell peas were used in the spring grain trials 
while Cornell wheat, winter Turf oats, Olympia barley, 
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Tennessee barley, hite 1inter barley and Trebi barley 

were u30d in the fall sown plots Trebi is ordinr1ly 

used as a spring barley in Canada but in the milder areas 

it eerns to do well when used s a winter barley also. 

Commercial wettable CMU produced by I. duPont de 

Nernours and Co. Inc. was used throughout, while the other 

chenica1s used were samples provided by various commercial 

firms, 1]. rates of CMU used refer to amounts of the pure 

compound per nere except when pnrts per million are indi- 

cated. 

Table 1. Peppermint f±eld trials. 

Year 1951 1952 1953 1954 1954 

Trial No. i 2 3 4 5 

Fteze 5 x 10 5 x 20 7.5 x 66 14.5 x 33 ' 
A. x 4 

Treatments 20 15 6 8 

itepflcations 4 4 3 3 4 

Ap;lied Ju1r 31 May l, Nay 16 April 14 May 6 

June 23 

Weed and/or aug. 9, July 1 July 29 July 14 3ept.14, 
crop ratings 1f 1953 

sept. Aug. 20, 
16, 17 25 

April Sept. i 

19,1952 

Harvested - Aug. 30 --- Aug. 24 Aug. 25 
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The first herbicidal treatments on peppermint 

were applied to the newly rooted transplants which were 

in rows 42 inches aprt. Subsequent arp1icrtions were 

made as preemergence sprays, the rows being ill defined 

owing to the sDread of the plants. Plots 'were not set out 

on land which had been sprayed previously. A randomized 

block design with 3 or 4 replications was ueä in each 

trial. Liquid herbicides were applied with a bicycle type 

sprayer having a 3 nozzle adjustable boom delivering 100 

gallons of spray per acre at 40 lbs. pressure per square 

inch. In the tolerance trial a waterin can was used to 

apply approximately 400 gallons per acre to the 16 square 

foot plots. 
In the first experiment when dusts were applied 

they were mixed with dry soil and spread by hand. Ferti- 
1izin and overhcad irrigation were done as reaured to 

maintain normal plant growth. Data were collected prom 

2 x 2 or 4 x 4 foot quadrats, from fresh weights and as 

visual ratins. A scale of 5 points was used for visual 
estiin2tes except for maturity ratings when a 3 point scale 

(1- full b1oo, 2- only buds showing and 3- no buds appar- 

ent) was found satisfactory. Plant yields vere taken when 

the plants were in full flower at which time the number and 

size of oil glands and leaves are usually at their maximum. 

Some indication of growth differences due to the herbi- 

cides was obtained by subtracting the harvest weight of 
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the individual plants obtained the season before the her- 

bielde was applied from the weight obtained fter treat- 

:nent. Plots were harvested with a sickle. 

In order to obtain data on oil glands, a count 

was xnad.e when control plants were mature as follows: 5 

leaves from each plot were chosen from 5 randomly selected 

stalks, each leaf being taken from the thIrd node down; 

5 counts were iade froni the center section of the under 

side of each leaf, a reading of the number of glands 

intercepted by a nicrometer scale in the microscope ocular 

being recorded in each case. Thus 100 separate counts 

were made for each treatment. 

Distillation was done with a pilot plant which 

had a capacity of 35-50 lbs. of fresh hay, Oil for quality 

evaluation was drawn from the composited yield of 3 repli- 

cates and numbered samples were forwarded to the AJ. Todd 

Company at Kalamazoo, MichIgan for flavor analysis. 

Another set of samples was sent to the duPont de Nemours 

Company for residue analysis. 

Soil pH tests on the peppermint plots were made 

with a Beckman meter, samples being taken in duplicate 

from each plot with each sample consisting of a vertical 

slice 0.5 inch thick and 3 inches deep. These samples 

were then thoroughly mixed for each plot and a repre- 

sentative sub-sample selected for the teste 
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The nutrient solution for the peppermint tests 

was composed of the following salts mde up to 9 litres 

for each container: 

i M Ca(NO3)2.4H20 4.5 ml/litre 

i M 2.3 ml/litre 

i M MgO4'7H2O 2.3 ml/litre 

i M iron solution (FeCj3 and 
tartane acid) 1.0 ml/litre 

Eighteen plants each approximately 10 inches 

high were supported in a plywood frame by means of cotton 

plugs so the roots dipped into the solution, Evaporation 

was reduced to a minimum. Air was bubbled evenly into the 

solution in each container by means of a model B-2 Marco 

air pump with irdividual air tubes. Plants were dried in 

paper towelling before fresh weií;hts were taken. 

Potatoes were seeded ±n 33 foot rows, each row 

being a single plot. Twontyfour sets were placed in e . ch 

furrow, making a total of 4. lbs. 3 oz. per set. The 

rows were 3.5 feet apirt. ach row received 1.5 lbs. of 

10-20-10 fertilizer or i oz. per set placed between the 

sete in th.e row. Sets were covered approximtely 4 inches 

deep. The fertility of the soil was lower in the area 

used for the second seasonts planting. T1s condition 

was reflected in the yields. 



Table 2. 

Year 

Trial No. 

Flot size (fLet) 

T r e a t e n t s 

Replications 

Ap pii od 

Weed and/or 
crop ratings 

Hrve st ed 

Potato field trials. 

1953 

i 

2 x 33 

8 

3 

Nay 3 

July 1 

P.ug. 28-Sept. i 

1954 

2 

2 x 33 

14 

3 

June 10, July 16 

Sept. 2 

Oct. 8-16 

16 

Treatrents were applied in randonized block de- 

sign with 3 replications. A Dobbins portable 3 gallon 

tank sprayer equipped with a single Tee-jet fan type 

nozzle was u5ed to cover a 2 foot swath the length of each 

row. The tre:4tments were applied 2 days after seeding, 3 

passes bein used to cover each plot. All control plots 

were cleared of weeds at hilling tiïe during the first 

trial but an additionl set of unweeded plots was pro- 

vided the second season. For the SES and Sesin sprays ap- 

plied post emergence and used without a previous preemer- 

gence spray, the soil was kept .. lean by cultivation until 

the chemical was applied 5 weeks after seeding. Virus in- 

fected hills were removed t hilling time and allowance 

was made for these missing hills in the total yield data. 
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Weed counts in the potatoes were made by placing a i x 3 

foot frame 4 timos at regular intervalo along the row and 

summing the resulting counts for each plot. Visual osti- 

mates on a i to 5 bsis were also made. All rows vere 

hand dug. 

Potatoes were iraded through a grid with 2 x 2 

inch squares which allowed the passage of potatoes up to a 

maximum weih of 3 oz. Specific gravities, measured by 

the single tuber method of Jdgar (16, pp. 729-731) were 

taken on the first s crop after it had been in 

storage for ( months. Ton tubers averaging 6-7 oz. were 

measured from each row in order to arrive at the average 

specific gravity. In the second triai dry matter tests 

were made with a ]$eweil Hydrometer using 10 lb. samples 

(a) 2 weeks after harvest and (b) 6 months after harvest. 

For the cooking tests a random selection of 12 tubers of 

6-7 oz. size from a composite sample of the 3 replications 

Was made. These tubers were then cut transversely in half 

and the stem ends of 2 tubers were washed, peeled, quar- 

tered and boiled in 150 mi of tap water for 20 minutes, 

then drained and allowed to cool on large watch glasses. 

The cooked potatoes were then examined for discoloration 

and sioughing. These tests were repeated 6 times using 2 

tubers from each of. the treated groups and 2 tubers rom 

the control for eacii run. The cut seed halves were 



aberved Por enzytic broning at. half hour and hour 

intervals after cuttin. 

The greenhouse varietal tests for CMU tolerance 

were done in lar Medalla crocks of 2 gallon capacity. 

Half the crocks contained normal j'reerìhouse soil, the 

others contained 300 parts per id.liion of CMU on dr 

soil weight basis. Fron unlfora. sized tubers 3 eyes were 

extracted with a sharp spoon. The resulting seed piece 

wa3 approximately .75 inch across at the eye and I inch 

long. These eyes were then placed in th treated soil i 

inch deep and 3 simibr eres from the same tuber were 

piRced in the untreated soil. Two tubers, i.e. 4 pots, 

were used to represent each variety. The apical bud was 

avoided ir each case. Moisture in the crocks was kept at 

field capacity. Observations on growth response were made 

at intervals and aftor i rnnth the pots were dumped and 

the fresh weiht of the whole plant was taken in each 

case. 

Ashing was done on a 10 gram (fresh weight) sam- 

ple selected by quartering slices cut from the center of 

12 tubers. Eight and one-half hours at 550°C. were re- 

quired in the muffle furnace. 

Greenhouse trials using cereals and peas ïere 

designed with 2 objects in mind: (a) to determine the 

rates of CÌW which could be used without causing the death 
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of the crop plants and (b) to note the effect of this che- 

ìtical on dry weights and protein. It was felt that with 

the information from these trials, field experiments could 

be establLthed with more confidence. 

Table 3. Grain_field trials. 

Year 1953 1953-4 1954 l95 

Trial No. 1 2 3 4 

Plot sIze 
1 66 1 x 33 1 z 20 1 z O 

Tr.atments 4 3 x 2 2 

Varietjes 4 6 4 5 

Rep1icatIozs 3 3 3 3 

Applied May 24 Oct. 12 June 3-4 May 31 

Harvested Aug. 25- July 20 Sept. Sept. 27 
Sept. 11 (Trebl) 15-30 

Aug. 5-7 

The cereals here 3eeded in the field at the rate 

of i oz. per 66 feet of row except in the case of White 

inter br1ey for which seed wa limited. The seeding 

rate In this instance was approximately .75 oz. per row. 

The peas were seeded at 9.5 oz. per row. RO8 were 30 

inches ap: rt, each row being a single plot. Again . ran- 

domized block wIth 3 replications and 3 er 4 treatments 

was used in each trial except for the winter raíns where 

a split plot design was used in which half the area 
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received 100 lbs, of nitrogen per acre in the form of 

33.5 ammonium nitrate as a preplanting treatment. In 

this case each plot became 33 feet long, h1f of a 66 

foot row receiving added nitroen and the other half not. 

cvU treatents were applied just at emergence of the grain 

usi.ng a Dobbins hand sprayer and covering the row i foot 

vide over the seede One hundred gallons of spray per acre 

were applied in each case. One half of each 20 foot row 

was 8prayed with 2 lbs. of CMU per acre in th varietal 

tril5, the remainder of the row being left as a control. 

Again varieties were randomized and 3 repitcations were 

used. The areas between rows were kept clean with a gar- 

den cultivator, care being taken not to encroach on the 

treLted ground. Tiller counts for wheat, oats and barley 

were taken July 3-6 as the total of the culnis enclosed by 

a frame 2 feet long inserted at the f, 16 and 24 foot 

mrks in -fach plot. Fures for each 33 foot row thus 

represent all the cuims in a 6 foot sample. Vsuai weed 

ratir.:s were made usin». the l-f scale as mentioned for 

peppermint and potatoes. Plots were harvested with a 

sickle allowing 2.5 to 5 feet, varyin with te length of 

the row, for border effect, e:Acept in the varietal trials 

where the whole treatment (10 feet) was h'rvested. It was 

not possible to dry the grain artificially after har- 

vesting the crop the first season, but sheaves were dried 
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at 1OOF. for as long as required the second year. 

Threshing was done in a head thre5her after the whole 

sheaf, i.e. the harvest from a ingie plot, had been 

weighed. The .rain alone wa weighed after threshing. 

Weights per bushel were made with a standard Winchester 

measure. Protein determinations were made with a rtodif1ed 

Kjeldahl procedure U8iflg selenium granules as the cata- 

iyst Two gram saìnçles of the cereal seeds were analyzed 

and 1 gram samples of peas and eed1infr; cereals were used 

(33, p. 12). The stancard Pi.. O. A. C. method for ashing 

was followed (33, p 193). Seeds were ground in a i1ey 

mill before being oven dried at 1000C. for both protein 

and ash determinations. All greenhouse triais were done 

in duplicate or triplicate usinp number 20 Gingham Nono- 

cups as containers. $eedlings were grown 5 weeks before 

harvesting. Germition tests were run in sand using 50 

seeds per cup with three replications. Other tests with 

seedlings were run in Alderwood sandy loam soil. 

A biological assay for CU was developed. A 

number of niant snecies were screened to determine whether 

any would be suitable for a radicle measurenent method 

simi1r to that described by Grant and Feady (21, np. 

39-44). Of those tested the most suitable seed as Argen- 

tine rape. When the 10 ion est radicles of rape seedlings 

were averaed, amounts of CW as low as 10 parts per 
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million in aqueous solution couit be ascertained in 96 

hours at room temp'raure. In the soil tests th rape 

seed was placed on the soil surface. Ten centimetro 

petri dishes were used as containers, 50 seeds being 

placed in each dish. Organic matter determinations of 

souls were made by use of Walkicy's dichromate procedure 

(43, pp. 251-264). 



IV TESULTS 

P e pp e rin i rit 

The iBt trial on peppermint transplants was de- 

sifned as a prelir'inary screening to assess the herbicidal 

value of various chemicals nd to note their effect on the 

crop plants. The treatments graphed in figure 1 were the 

most promisin. CMU gave good weed control in this 

Initial trial, Its residual effect held for 7 weeks and 

to some extent even over winter as counts at 34 weeks 

indicate (Apperidi table 1). 

Peppermint damage may have resulted In several 

cases because the mint was 6- Inches hi:h when sprayed. 

Sodium pentachiorophenate (FCP-Na) was added to the group 

of treatments for the 2nd trial. Figure 2 illustrates the 

relative weed arid plant responses of the best treatments 

in this test. Both C'U arid FCP-Na gave good weed control 

and the effect ori plant yields and maturity appeared en- 

couraging. Preliminary observations concerniní- the de- 

laying effect of CIPC which were made the ist sea5on were 

confirmed In this trial (treatinents D and O) . However, 

cIPc seered to control grassy weeds better than any other 

treatment. S3 applied as a post emergence spray fol- 

lowing C}U also showed a delaying effect on peppermint 

maturity and reduced the fresh weight of harvested 
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Figure 1 Weed azi peppermint counts after application of herbicides 

(Trial 1). Counts expressed as percentages of the controls. 
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Table 4. Summary of peppermint and weed species counts 9 weeks after application 
of preemergence sprays. 
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iiepperrnint. Endothal whch had given prornie in the ist 

Lrjai was found to have a short residual eff:ct. As a 

conscquence th presence or weis Li the eridothal treated 

plots greatly reduced the weight ot' mint hay. 

Although the di.fferenes in fresh weight of hay 

were not significant in this trial it was felt that the 

results re sufficiently encouraging to warrant addition- 

al tests. The 3rd trial was designed to assess the nature 

of the weed growth being controlled with each chendcal and 

to obtain sufficient hay for distillation. It was not pos- 

sible to coziplete the latter objective but counts were 

:i:de of 12 different weed species present, exclusive of 

quack grass. None of the treatments was able to restrict 

this species. É surrìary of this data app 'ars in table 4. 

CNU and PCP-Na again appeared to give the best weed con- 

trol mainly because of the inhibitory effects which they 

are able to exert on pigweed. CI?C applied at a rate 

which gave satiefactory weed control reduced the amount of 

peppermint below that of the control. If quack rass had 

been considered in the weed counts, the POP-Na plots would 

have shown much higher totals. Other grassy weeds were 

also more noticeable on the area treated with rCP-Na than 

on the CMU areas. The residual effects of DNBP-anine 

under the conditions of this experiment were not suffici- 

ent to give 9 week control. Sin.i1arly 10 lbs, of TCA-Na 
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Figure 3 Peppermint harvest weights ar oil yields after tre8tment 

with proemergence herbicides (TrIal 4). 
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were insufficient for good weed control. At higher rates 

there would have been some danger of damaging the 

peppermint. 

The new compound Karmex DW, which closely re- 

sembles C!U, appeared promising in trial 4e The hay and 

oil yields based on the composite of 3 relicates are 

shown in fi»ure 3. Good weed control was obtained with 

all 4 urea treatments, the new Karmex D giving the best 

over-all results. PCP-Na again satisfactorily Inhibited 

the development of the broad leafed specIes during the 

growing period of the peppermint, but again did not re- 

strict the grasses, DNBP-ainine applied at double the rate 

used on the previous experiment was still effective for 

less than 30 days. The small seeded broad leafed species 

showed regrowth at this tine. Tains and heavy irrigations 

which were needed for maximum peppermint developîient un- 

doubtedly helped to reduce the effectiveness of the DNflP- 

am.tne. In no case wa control achieved for the perennial 

weeds such as Canada thistle, toad flax, horsetail and 

quack grass which were common in the area. Karmex D at 

4 lbs. per acre caused some injury to the quack rass and 

the toad flax. No visible injury to the mint plants was 

apparent from any treatyr!erlt. CU at 4 lbs. per acre gave 

the only reduction In peppermint hay yield. The total oil 

yield and oil per lb. of hay even in this case wore higher 
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than tho control, however. In the quality test made by 

the A. M. Todd Co., oli samples from the urea treated 
plots did not differ frorn those of the control. Residue 

analysis of the oil has rot been roihie up to the time 

of writing. The presence of mterials in natural pepper- 

mint oil which lrterfere with the colorirnetric test for 
CMU has !nade it diffIcult to obtain a quantitative analyt- 
ical procedure for thts herbicide. 

The final field trial. on pepperrr.int was estab- 
lished to obtaIn more precise data on the effect of dif- 
fering rates of C1U. F.íure 4 shows the resulta of the 
treatments. It is apparent Uat increasing rates have 

caused a corresponding reduction in thr growth of the pep- 

ernint. At the , 10, and 12 lb. rates there has been an 

actual loss in fresh weight between harvests. In addition 
the increasing rates have delayed the saturity, given 

better weed control and significantly increased the 

acidity of the soil. 

Table 5. An1ysis of vari;nce - pH of peppermint soil 
11 rnonths after applying C?U. 

Variation due to Degrees of sean equarea i value 
freedom 

Total 31 

Treatments 7 5.21 4.42 

Blocks 3 1.14 

Error 21 1.1 
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Weeds in the plots conisLed almost entirely of 

cat's ear, dandelion, corn spurrey, annual rye ¿rass, vel- 

vet rais and quack grass. Except rcr the quack grass 

these weeds were well eontrolle in moat of the replicates 

where rates of 2 lbs. or more per acre had beexi applied, 

The older quack grass planta continued to live even at the 

highest rates of application although they appeared to be 

severely affected by the CNU 

Peppoi'rnint plants grown t'or a week in nutr1rit 

solutions with 3 res of CMU showed conp&rable weight 

gains to those indicated in figure 4. 

Table 6. Iiresh weight gains shown by peppermint plants 
after crowing for one week in nutrIent solutions 

- containing varying amounts of CMU. 

.2PiQ C M U jniin 
o 49 

50 :39 

100 39 

200 3 

Potatoes 

In the 1953 trial with potatoes, eight preemer- 

genee treatments were used. Table 7 illustrates the rei- 

ative effects which each treatnent had on the potatoes arid 

weeds, The weedz present included ladysihuwb, srnartweed, 
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wild buckw!eat, iamb s quirters, redroot pigweed, corn 

spurrey, shepherdts purse, creeping yellow cress, norse- 

tail, annual blue grass, ientuck blue grass and quack 

gras 3. 

Table 7. Yield, specific gravity and weed counts from 
potato plots treated with preeriergence 
herbicides. 

Treatrnerì t 
(lbs,/A) 

DNi3P-amine 3 
C1U 2 

CMU 4 
C!4U 6 

cIPc 9 

PCP-Na 20 

TCA 10 

Control 

Total Yield 
o. »ield /hill 3.G. }umber of weede 

hills (lbs.) (lbs.) (before hilling) 

65 149.6 2.3"- 1.1OR 
65 151.6 2.3 l.10 40 

43 147.1 2.3 l.112 14 

63 115.4 1. 1.107 6 

52 65.]. 1.3 1.105 260 

69 146.6 2.1 1.105 27 

65 122.1 19 1.105 398 

64 106.6 1.7 1.104 1006 

For :r1Ptc, L.S.D. ,Oi 0.cL. 

For specific gravity, L.S.D. ( .05 .0041. 

Good weed control and a high yield per plant 

wore given by the 2 and L lb, treatments of CMU. Six lbs. 
of c:u per acre has reduced the yield to 1.8 lbs. per 

plant which is only slightly higher than the unweeded con- 

trol. The yields of 2.3 lbs. per plant for DNBF-arnine at 

3 lbs. and CMU at the 2 and 4 ib. rates are highly sig- 

nificant, The specific gravity of the potatoes harvested 

from the CMtJ 4 lb. por acre plots was also significantly 
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different from the controls. 

Table . Analysis of variance. 
(a) Yields per plant for potatoes treated with 

preenergence herbicide8. 

Variation due to Degrees of 1ean squares F value 
freedom 

Total 23 

Blocks 2 0.03 

Treatments 7 0.52 10.4 

Error 14 0.05 

(b) Specific gravity of potatoes treated with 
preerurcnce ierhicidea. 

Variation due to Degrees of ean squares F value 
tre edom 

Total 23 

Blocks 2 13.04 

Treatments 7 19.33 

Error 14 5.61 

3.45x 

Figure 5 indicates the relative effects of the 

1954 treatments on yields and dry matter. The highest 

yield per plant was recorded for the combination treatment 

of CU at 2 lbs. per acre as a preemergenee spray plus 4 

lbs. per acre of SS applied 5 weeks after seeding. This 

treatment also gave the highe8t total yield of large tu- 

bers althouh the percentage of large tubers was higher in 

several other treatments. All chemical applications gave 
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higher yields of large tubers than the controls except 

where Dalapon was applied at 4 lbs. per acre post 

emergence. 

Weed control vas best where CMV hd been used t 
6 lbs. per acre but was very good in those plots where CU 

was used at 2 lbs. in combination with DNBP-arnine and 

PCP-Na. At 4 lbs. per acre CU has shown a slight reduc- 

tion in yield compared with the 2 lb. rate. As the weed 

control was much better at 4 lbs. and the potato olants 

thus had less competition, the yield reduction may indi- 
cate that potato growth was being restricted by the chemi- 

cal. ieed species present were similar to those in the 

ist trial, The control plot CK- which was weeded at 
hilling time shows poorer yields than the unweeded control. 
Disturbance of the root system or drying out of the upper 

soil layers due to the pulling of the wseds ray have 

caused this. 
In general, ry matter content taken after 6 

months of storage parallels the readings made 2 weeks 

after di.ing. A significantly high dry matter for the 

potatoes from the CMV 4 lb. per acre treatment to cor- 

respond with that of tne previous season has not mater- 

ialized. This treatment does have the highest dry zratter 

after 6 months' storage, however, but it shares the po- 

sitlon with the treatment CMV 2 lbs. plus SES 4 lbs. The 
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treatment CMV 2 lbs. plus Seem 4 lbs. had the lowest dry 

matter content for both periods. 

It was observed that the Dalapon treated pota- 

toes exhibited a brownish discoloration and skin roughen- 

ing which was largely confined to the seed end. No other 

abnornalities were noticed rn th treated pQtatoes. 

The results of the potato variety test are given 

below. 

Table 9. Fresh weights of root and top taken as a percen- 
tage of control 5 weeks after planting for 5 

potato varietlee_growing in 300 ppt. C?U. 

Vari Percent of control 
i'arly Epicure 46 

Early Rose 44 

Katandin 41 

Keswick 39 

Netted Gem 3L 

Fjure 6 i1iustrtes 2 of' the crocks of potatoes 

used to obtain the information in Table , The plants 

growing in the CMU treated soil nade their appearance at 

the same time as the cöntrols and ali eyes produced plants. 

After emergence, however, the treated plants produced 

smaller, lighter colored leaves with shorter stem inter- 

nodes. Seventeen days after planting the older leaves 

were showing tjr necrosis and upward curling at the edges. 

Both these conditions were more developed on the 2 early 



varieties. When the trial was terminated after' 5 weeks 

growth it was noted that the plants in the treated soil 

were not Initiating new tubers while the controls had new 

potatoes varyiri' from 0.25 inch to 1 inch in diameter. 

Figure 6 Effects of CMU at 
300 ppm. on the ¿arly Epicure 
potato, i r:tonth after planting. 

Cooking tests were made on potatoes from con- 

trol plots (CF-W), and from plots sprayed with C'U at 2 

lbs. per acre and CU at 4 lbs. per acre. No discolora- 

tion was produced in any of the tested tubers. Similarly 

no differences in rate or Intensity of enzymatic browning 

could be discerned (Figure 7). 
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Figure 7 Typical results of cooking 
arid cuttin, tests with CU treated 
potatoes. 

The results of the ash determina.tions are given 

in table 10. 

Table 10. Per'c«ritae ash resulting from preernergence 
treatrnents with CVU at 2 rates. ______ ________ 

CU/A Percent ash - 
(lbs.) dry weight basis 

0 4.07 
2 3A7 

4 3.69 

r1r a i n s 

Seedling trials 

Figures and 9 illustrate sorne of the data ob- 

tamed from the grtìer!hus trials. The 4 lb. per acre 

rate erious1y inhibited growth or killed the plants of 

all the species represented. In the oats, for example, no 

living material was available for weighing in those pots 



ligure 8 Dry weights of roots and tops (single plant basis) 

of C1VV treated grains 5 weeks after seeding. 
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treated at the hi her rate. A decrease in dry wei'ht of 

both roots and tore was apprrent wfth increasIng rate3 of 

the chemical. It can be seen also that the decline In 

root growth weL'ht, la more rapid than the decline in the 

weight ot tops. In barley this trend is evident sooner 

than L9 the case with wheat and oats. The slight stimu- 

lation which occurs at the 0.25 lb. rate in both roots and 

tops in barley is also reflected in the protein contents 

of barley and wheat (fiure 9). Both percentage protein 
and total protein have been raised. Ill rates of CMU have 

,4ven an increase n perccntage protein in barley and an 

increase has occurred in 3 of the 5 rates in peas and 

wheat. 

Spring grain triais 

The results of the field experiments established 
in the spring of 1953 on the basis of the information 
gained from the preliminary greenhouse trials are depicted 

in figure 1. Yields of grain have been increased at the 

o. ; acd i lb. pr acre rates in each case, the barley and 

peas showing the greatest response. The pattern for the 

straw to grain ratio is not quite as clear as that for the 

grain yield. Barley and peas show a depression at the 0.5 

1k:. rate while oats and wheat show an increase over the 

control at this rate. However, the 2 lb. per acre treat- 
ment has given a greater proportion of straw than the 
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control for all 4 crops. The figures for 1000 kernel 

weights aro also somewhat irregular but 'gain the kernels 

resulting fron the 2 lb. per acre treatment are consis- 

tsutly heavier than those from the control plots. 

In the seed, the percentage protein was usually 

higher when CMU was used except where 0.5 and 1 lb. rates 

were used on the peas. Total protein is as high or higher 

in the treated plots also, except in the oats at the 2 lb. 

per acre rate. 

Only the peas and oats yielded sufficient grain 

to enable weights per bushel to be measured. These data 

are given in table 11. The low weights recorded in the 

2nd arid 3rd replications for peas reflect the fact th . t 

sorte post harvest sprouting and mold had occurred in the 

samples harvested from these 2 p1ot. 

Table 11. Averaged weights per bushel of peas and spring 
oatsfron plots treated with OMU. 

CMU/A Peas Oats 
(lbs,) (lbs.j (lbs.) 

O 66. 36.3 

6.3 35.7 

i 6.5 33. 

2 64.7 34.3 

weeds pDesent in the spring grain plots were 

veri simili r to those found in the potatoes. An exception 
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was annual sow thistle which was present In the gr&ln but 

nob the potatoes. Th main weeds in the í'rain were ladys- 

thumb and wild buckwheat. WEed contrai at the 2 lb. per 

acre rate of CU was excellent. The 0.5 1h. tratrnents ap- 

peared slightly better than the cont.rol rowe with the i 

lb. per acre rate being Intermediate In weed control. The 

weeds which persisted in the treated are.s were usually 

the perennials, i.e. creeping yellow cress, quack grass 

and horsetail, although even th.se sioied effects of the 

chemical. 

Varietal recpone to CU application is given in 
table 12. 

In this trial, with grain yield as a criterion, 

the barleys as a :roup appear to be more sensitive to 2 

lbs. of CMU than are wheat or oats. Considerable over- 

lapping is apparent, however, e.g. Vantage barley could 

be considered more resi;tant than 2 of the wheat varieties 

and 3 of the oat varieties. It is of interest to note 

that the hulless oat Brighton was the most sensitive of 

the oats in this test.. The 2 row barley Sonalta is mid- 

way between the 6 row varieties in its response. 

Table 13 and table 14 represent data collected 

from rep1antin in 19.4 the seed which came from plots 

treated in 1953. 



Table 12, Relat±ve tolranceb of 15 eprin cereal 
varieties to 2 lbs. of CMU per acre. 

Variety Yield of grain Percent of 
Treated Untreated control 

WHEAT 
Thatcher 9 1]. 
Cascade 13 1 72 
Red Bobs 6 10 60 
Redmari 7 14 50 
líarquis 4 9 M 

Average: 63 

OAT E. 

Victory 29 3 76 
Ajax 23 3 63 
Eagle 21 40 53 
eavor 13 46 

Brighton 10 24 
Avrae: 5? 

E A LEY 

46 

Vantage 15 2 54 
Trebi 15 30 50 
Sonalta 14 30 47 
0111 9 27 33 
Montcalm 3 33 j 

Average: 3 

Table 13. Percentage erminat1on of grain from plots 
treated with CMIJ. 

Treatment Wheat Barley Oats Peas 

Control 96 

2 lbs. C1U/A 92 

95 99 

94 a2 

A slight but consistent decrease in germination 

has been caused by the CMU application. The peas, with a 

12: decrease, have suffered the most. 
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rr tabit 14 the t1rt et of protein meaeure- 

r;ent3 wa obtintd by ar1yzinj sunp1e grown froi seed 

troted the year fore and retretd. The second set of' 

fi,ures represntt the an13rei of ed from p1ot sprayed 

only once. 'eed used lfl the eeord ease was the anc as 

th control seed of the first -roup. 

Table 8prtn barley protein contert. Ietreated plots 
coptred with t;oe receiving a single 
treatnerit. __________________ 

d rzotrdj9 CU/A _jttreed eed 
Fercert Total protein ïereent Total. protein 
protein Coz.) (lbs.jproteinj 
11.3$ 2.4 0 lO.B5 3.9 
11.06 3.1 10.63 3.7 

l2.1 2, 1. 11.6 3.4 

12.44 1.6 2 12.50 2.5 

The uae of Ç}U n 2 successive seasons appera 
to give higher protein rercentez arid lower total protein 
than when the chica1 wa used in only the second season. 
The control piot, however, differ in the .ame manner. As 

thç contr'olc ere both sown from the same lot of eod the 
data becorite difficult to interpret. It is to be noted 

that the protetti percentages of the i lb. and 2 1h. treat- 
ents in both groups again exceed those of the controle. 

In two cases treatnont. h .. :iven increased total protein 
In cp neon with corttro1. 
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iinter grain trials 

The winter ;::rain trials wore conducted with only 

2 rates of CMU instead of 3. One hundred pounds of nitro- 

gori per acre was applied as a proplanting treatment on 

half the area under test. 

Figure 11 represents the averaged responses of 4 

barley varieties. The added nitrogen has caused startling 

reductions in yield, tillering and 1000 kernel weiç:hts. 

These reductions continuo to be evident when ÇU has been 

added. The differences in tiliering were quite consistent 

in barley but in the single oat and wheat varieties this 

effect was reversed (Appendix table 12). The straw to 

grain ratio remained tI e same with and without added nitro- 

gen but became less with additional CMU. The herbicide 

did not produce the same effect on the spring grains 

(Figure 10). 

The weed ratings in the winter barleys showed 

irnprovesent where n±trogen was present, the difference at 

the 2 lb. rate of CMU being quite rrirked. On the control 

plots the added nitrogen had not affected the numbers arid 

size of weeds present. The CMU x nitrogen interaction 

would have been significant with an F value of 3.30 in 

table 15. 
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ble 15. Analysis of variance - weod ratino in 
winter barley. 

Variation due to Degrees of ean F value 
freedouii 3quare 

Total 71 

Pep1ication 2 6.70 

Iitroen 1 4,00 

Nitrogen eplica.ticne 2 0.35 

Varieties 3 2.10 

Varieties x NItro en 3 1.77 

Error (a) 12 0.92 

CMU 2 23.00 76.7 

CU x Varieties 6 0.20 

CMU x Nitrogen 2 1.30 3.02 

CU x Nitrogen x Varieties 6 0.10 

.hrror (b) 32 0.34 

The weeds observed in the plots were as follows: 

c.t's ear, wild buckwheat, ladysthumb, groundsel, filaree, 

cudweed, corn spurrey, timothy, hairy vetch, red c1ovr, 

dandelion, sheep sorrel, narrow leafed plantaii, broad 

leafed plantaIn, pineapple weed, wild radish, creeping 

yei10 cress, qutek grass and annual b1u. s the 

weed ratings anai,zed in table 15 were made 10 months 

after seeding it is apparent that applications of CU have 

been effective over a consicerable period of time. Le- 

rowi.h was evident tn all the trrted areas but there was 

much less where the higher rate had been used. 



Figure 12 CFIU treated Trebi barley. 
Note the relative resistance of this 
variety to 2 lbs. of C1'U per acre ard 
the weed control achieved in the 
treated rows. 

In general both percentage and total protein 

have been reduced in those winter grain plots which re- 

ceived added nitrogen (Fi»ure 13). Again some increses 

in both percentage and total protein have been obtained 

where CI4U has been applied. Birds attacked the maturing 

oats and made yield data unreliable. Consequently it was 

not possible to arrive at figures for total protein for 

oats. Even the percentage protein results are valid only 

ir the birda selected at randor from the treated and un- 

treated rows alike. It was noted that CU applied at the 

2 1h, per acre rate delayed the ripening of the oats by 

several days. This was evident with the barley and wheat 

as well but was not as pronounced as with the oato. 
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Figure 13 Protein percentages and total protein in winter grain troni 

plots treated with CMU with and without added nitrogen. 
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Figure 14 CJU treated Winter Turf 
Oats. Iote the tlue green color and 
bushy appearance of piant which sur- 
vivsd the 2 lb. per acre treatment. 

The ash analyses of a winter rheat and a spring 

barley y indicate a trerd which s characteristic of 

CMU treated grains. 

Table 16. Average ash contents of grains grown on 
CMU treated plots. 

C N U / A Cornell winter wheat Vantage spring barley 

O l.7I4 

i 1.7L< l.92 

2 1.7W 
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Bio1oica1 assay 

Figure 15 shows the results of a biological 

assay devised ta test the effect of varying temperatures 

on CMU toxicity The rapeseed method gave satisfactory 

results in this experiment and in the trial represented 

in figure 16. Both figures 15 and 16 emphasize the 

important rolo which microorganisms apparently play in 

the breakdon of CMU in soil. 



V DISCUSSION 

The application of GNU to several crops has made 

possible the examnation of a variety of responses. As a 

result several interesting facets of the problem have been 

uncovered, each or which could be pursued with profit. Tn 

the following discussion an attempt will be made to draw 

attention to those features of CU action which might be 

developed further. 

The herbicidal action of NU 

CNU applied s a preemrgenc spray at i and 2 

lbs. per acre gives control of the majority of weed spe- 

cies coimonly found in fields of peprermint, potatoes or 

grain. Tboe weeds which have food reserves under:round 

or which have deep root systeme are potentially more re- 

sistant to CU action. Most of the common weeds have 

small, shallow germinating seeds and fortunately even per- 

enrilal seedlings can be conrolled by ONU if the roots 

come in contact with the chemical. CMU was particularly 

effective again8t germinating pìweed and when total 

counts were considered the value of the chemical was 

largely due to its ability to control this weed. 

The method by which the effectiveness of a her- 
bicide is measured should be considered when comparisons 

are made. Total weed counts, even of individual weeds, 
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do not convey the whole picture for several reasons. For 

example, it Is difficult to make single counts for quack 

grass, and again, how does one neasure the compotin; abil- 
ity of the different weed species with the crop and with 

one ano'her? Harvest wei(ht8 of weeds and crop are valu- 
able but do not give information on what has happened at 

various stages during the growing season. Visual esti- 

mates are rapid and if made with care dill parallel actual 

counts quiLe closely, but they lack the actual growth 

measurements which the investigator often feels are de- 

sirable. ihenever possible all three of these methods 

were used in this study. There is a need for studies on 

the size of plot required for the assessment of crop 

yield3 and weed popultions. In the first trials with 

peppermint the plots were found to be somewhat small, and 

in trials 3 and 4 the plot size was incresed substan- 

tially. 
It is of interest to speculate on the coneen- 

tration at which CU is effective in trie soil solution 

when it is apolied at 2 lbs. per acre. Soils vary con- 

siderably in weight and field capacity but if we assume 

that an acre of soil weighs 2,000,000 lbs. to a depth of 

6.67 inches and has a field capacity of 2C., thon the 

water in the top inch will weigh approxImately 60,000 lbs. 
If all the CU applied, i.e. 2 lbs., went into solution 



and was available to plant roots it would 

concentration of 33 parts per million. H 

the material is bound up by soil coiloids 

microorganisms and more may be leached to 

that the chemical in the top inch of soil 

fective at 5 parts ptr million or less. 
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be present in a 

owever, much of 

or attacked by 

lower depths so 

is probably ef- 

In assessing the residual value of OMU it would 

seem that organic matter, temperature and moisture sup- 

plies of the soil cannot escape consideration. These are 

the 3 gross factors which contribute most to the optimum 

development of the soil microorganisms. The microorgan- 

isms in turn have been shown to reduce the phytotoxic ef- 

fect of CMU in the soil. The rate and time of the appli- 

cation and the soil type on which it 13 placed are also 

important. To the above factors which influence the el- 

fectiveness of the CVU in the soil, it now appears that 

another factor can be added - the amount and availability 

of nitrogen fertilizer. It is probable that weed response 

and perhaps crop response to CMU can be influenced because 

nitrogen increases the succulence of the plants or de- 

creases root development or both. 

The increased weed control given by using ad- 

ditional nitroen with winter barleys is evident in table 

11. Plants on a high nitrate diet have been shown to ex- 

hibit an increased sensitivity to 2,4-D (3, p. 236). 
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Fosib1y CMU Is able to take advntage öf a ferttiizer In- 
duced susceptibility in much the rne manner. In the pre- 
sent experLient the fertilizer as applied as ammonium ni- 
trate. It is thus not possible to state whether either the 

ammonium or the nitrate ions would be able to Induce this 
condition if applied alone, Nitrogen is known to decrease 

the penetrating ability of cereal roots (4, p. 177), 
(13, p. 671), (31, p. 619). Applied in the fall to wInter 
grains, nItrogen applications undoubtedly interfere with 

the spring growth and subseqnent development. Thus re- 
stricted root growth probably accounts for the decreased 
yields apparent where n1troen was used, Moreover as the 

nitrogen treated plants produce less root growth, a higher 
proportion of the roots would be present in the zone which 

conLained trie CMU. This wou1c seen to be one explanation 

for the Increased kill of weeds which occurred on those 

plots which received both CU and nitro;en. It might also 
explain the yield decreases In Lhe winter barleys where 

CMU sprays were applied over the nitrogen application. 

The averae yield decrease in the controls for 4 varieties 
with added n'trogen was 25. With 1. and 2 lbs, of CU per 

acre, decreases of 31 and 29 in grain yields can be 

calculated where nitrogen was added, when compared to 

those plots similarly treated with CMU but having no extra 

nitrogen. 
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Crop damage 

A8 wa8 anticipated, the rates of CMU which gave 

the best control of the weeds often did damage to the 

crops coricerned There seems little doubt that rates of 

over 2 1hs. per acre hve reduced yields as general rule 

for the crops and conditions of this study. The use of 

ever 2 1hs. per acre for weed control in rain crops would 

appear to he uflwise unless the crop variety was ptrticu- 

larly resistant or the soils were hih in organic matter 

and/or collolda. 

Peppe rmint 

The yield and quality of the oil produced are 

prirne considerati'n when any chemicals are used on pep- 

permint. Buyers are careful to the point of refusing pur- 

chase if they suspect that herbicides, insecticides or 

fungicides have been applied to the crop. The need for a 

means of detecting the presence of CU In the oil is 

therefore important if the herbicide is to be used in a 

commercial way on peppermint. The analysis should go 

further so that the influence of CMV on the production of 

the menthol arid esters of the oil is known as e11. In the 

toleranco trial with CU it seems unlikely that the number 

of oil glands possessed by the leaves was influenced by 
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the rate of application. At least the counts do not 

demonstrate a trend which i significant. The size of cil 

glands did not differ with differences in treatrent. Thus 

any reductions in oil yield which result fron treatment 

with CMU are presumably brought about by a reduction in 

total foliage. 

Eecent work with DNBP-aiine in peppermint has 

3hown that this chemicRl will control the soil horno 

baidiospores of the peppermint rust disease (7, pp. 6-7). 
A combnction of CMU with DN3P-amin would appear to be 

useful for both discase control and weed control in this 

crop. 

Potatoes 

In the trials on potatoes an attempt was made 

to determine the usefulness of CNtY used alone and in corn- 

binatlon with other herbtcides. It would seen that no 

studies 1ive baen made to obtain information on the corn- 

patibility of CU wIth other chemicals at preomergence 

rates. This type of information would yield basic data 

which could l3ad to a more efficient use nf weed killers. 

The combinations of CMU with DNBP-amine and C?U with 

PC?-Na both seened prom.isin, as preernergence sprays. 
Again IPC with CU, which was not tried, would probably 

give better control of sorne grasses, chikweeds and 
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Veronica spp. than would CMU used alone. Post emergence 

spraying with the hormone type herbicides can be done more 

efficiently and at less cost when CMU has been used before 
the crop is visible. In the present study the C?U-EE3 

coibination on potatoes gave the highest yield. The 

treated plots were not cultivated in any way except to 

hill them. 

At the rate of 2 Ls. per acre C ;ave satis- 
factory yield responses In the potato crop. So far no- 

thing is known about the influence of the herbicide on 

such important factors es the vitamin C, protein and sugar 

contents. The single serles of ash detrminat1ons indi- 
cated that CMU may be causing a diversion of the mineral 

constituents away from the tubers-. in potatoes the 

maturing process may continue after the crop is harvested. 
It is thus possible that. normal dry matter increases which 

occur after a period of storage might be accelerated or 

otherwise modified n the CMU treated samples. }-o;ever, 

additional trials are needed to confirm the recorded in- 
croase in dry matter indicated for the C'U treated pota- 

toes which were tested 6 months after harvesting. 

Gereral effects on ¿rains 

CMU may have a place In the control of weeds ifl 

grains for although 2,4-D has proven to be of great help 
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to the grower, it is not a panacea for ue under 11 con- 

ditionß. Grassy weed8 often increase in fields where 

2,4-D has been used for several eason. It may he diffi- 

cult also to et nìachinery on winter grain 1.nd to spray 

during the fall and spring thn many winter annual weeds 

may be producinL seed and coiipet1ng with the growth of t;he 

grain crop. A useful place for a herbicide like (»t1 could 

be found in experimenta.1 work where sra .. li piot of grain 

or other crops are grown Again, it could be valuable to 

t1ìe 'cornrncrciaï nurseryman and the seed grower. }3ut in all 

these cases it is important to know what effecta CU 

exerts on the next ;enration of seed. It i known that 

hormone herbiclies 8prayed on woedz3 and crops can canse 

abnormal growth in 3eedling of the next genr'ration, Such 

effects have cen recorded in dade1ion, lettuce, cotton 

and red kicney bears (3, p. 232). Yoreover, some concern 

hs been expressed that 2,4-D ny he influencinE the here- 

dity neehanisrns in grain, particularly if ppiied at times 

when meristernatic tissue IS most receptive (44, pp. 22-27) 

In the trials run on the germination of wheat, o . ts, barley 

and peas in the present experiment no abnormal growth wa 

recorded but there appeared to be a decrease in gerani- 

nation for the progeny of plants treated at the 2 lb. 

level of CU. This also appli'd to peas in the 2 lb. 

treatnient which had been selected carefully on the basis 
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of their sound appearance. This effect of CYU merits 
further investiciation. 

The straw to grain ratios were lower with added 

CU in the winter grains but not in the 
sprint; grains. 

Why this should be so is not clear. Cereal grains are 
high in potash and nitroj;en. A more complete knowledge 

of the function of CMU in controlling the uptake and die- 
position of theu elements in the plant would be useful 
in this case. 

In the treated spring oats, all but one of the 

measurements indicated weights per bushel which were below 

those of the controls. If we assurie that all the oat sam- 

plea were at the anc moisture content after 5 months 

sLorage then the weight per bushel of theso oats reflects 
their plumpness, roundness arid density. oever, slight 
differoncos in threshing ana cleaning procedure can modify 

the test eiht to soae extent The need for large num- 

ber of samplu thus becomes apparent. Tho sie of plots 
asid number of samples needed for the several grains was 

beyond the scope of this study. 

The 1000 kernel weights for the spring oats 
given in Aptendix table C show only small variations be- 

tweon treated and control samples. This was true also of 

the wheat andbarley but the CMU treatments on peas seemed 

to have increased the size of the seed over that of the 
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controls at each rate. In the winter br1eys the 1000 

kernel weights indicate a definite trend. With or without 

added nitrogen the averaged weight have increed as CìU 

has been added. The lower straw to grain ratio of this 

crop compared to the spring barleys has already been noted. 

The amount of tillering is apparently not a factor in this 

increase in kernel size as there are slightly more tillers 

at the i 1h. rate than wtth the control barleys and only 

slightly less at the 2 lb. rate. 

The effect of u protein content 

Perhaps the most interesting effect of CMTÎ on 

crops studied has been its influence on the protein 

in the leaves of grain seedlings and in the kernels of 

the mature plants. Not only hs percentage protein been 

raised in the great majority of cases but often total pro- 

tein as well. That this is an effect of CMU pj is 

evidenced by the fact that completely weed free plants 

also show the increases. Wheat, oats, barley arid peas 

all responded in ;reater or less degree. Applications of 

this finding to both forage and grain quality can be en- 

visaged. It is of interest to note again the similarity 

of this response with tho3e brought about in grains as a 

result of 2,!-D applications. Aitken et al. (1, p. 324) 

report that the protein data in their 2,4-D treated spring 
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grains were often higher than the controls and that the 

i creases were greater Lor wheat than for the other grains. 

The greatest increase in protein percentage in the spring 
grains of the present study also occurred in wheat but the 
data are too meagre to lend definite support to this 
observation. 

VarietaL responses to CU 

There is evidence that potato and grain varie- 
ties differ considerably in their response to CU. One 

might conjecture that trie use of crops in which even 1r- 
gez' differences exist within the species might give ad- 

ditional valuable clues to the mode of action of CMU. The 

2 early maturing potato varieties showed GNU toxicity 
symptoms more rapidly than did the 3 later maturing vari- 
eUes, possibly due to their accelerated metabolic rate. 
After i !nonth's growth, however, by which time they micht 

have been expected to absorb far greater qu;ntities of CMU 

from the luxury supnly in the soil, they still showed the 

highest comparativo weights per plant. However, in this 
case one exlenat1on may be that the early varieties had 

been able to attain greater growth weight before the slow 

acting CMtJ was able to exert its full effects, and that a 

longer growth period would have evened out the differences. 
The tests with the 15 varieties of cereals seem to 



Indicate that it would be wise to determine the reaction 

of a given variety previous to any extended treatment with 

the herbicide. There is considerable varition from the 

mean in the satter of to1rance to CMU. 

oot/tor ratios 

Tho method by which CMU exerts its toxic action 

within the plant has not beet resolved so far. The prob- 

lem seems to call for a cooperative effort between field 

and laboratory workers. Accumulated plant analyses in- 

eluding the activity of various enzymes, and the use of 

tracer material should do much to solve the riddle. The 

following observations and comtents hAve been sugested 

b the present undertaking. 

Grain seedlings showed a definite trend toward 

decreased root/top ratio with additional CMtJ. It is well 

known that higlier moisture conditions in the root area 

will bring about such a condlt±on (13, p. 669). As planta 

were watered uniformly in this experiment, the treated 

seedlings could have transpired less water due to an in- 

ability to develop sufficient leaf surface or because of 

reduced metaholisni. As a rsuit there could have been 

more moisture available in those monocups which had re- 

ceived the CMII. flowover, Bonner (5, p. 311) emphasizes 

that high water stress will cause protein hydrolysis in 
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leaf tissue resultinr in moveient of soluble nitrogenous 
ateria1 away from the leaf. Presumably this has not oc- 

curred as the treated leaves are generally high in protein 

coìptred to the controls. 

knother possth1 expltnatiori lies in the amount 

of nitrogen which le .av ilable to the plants. Increasing 
the nitrogen suppl±e to the root decreases the relative 
root growth in relation to the tops (iR, p. 671), (31, 

p. 61.9). the same soil wa used in all treat:ents and 

CMU was te only variable, the increasing nitrogen sup- 

plies could only occur 1f the absorbing roots were made 

more permeable to the nitrate and ammnoniu'n cornounds al- 
ready present. Moreover, thIs ncrose in pernmability 
could not allow the passage oP other Ofl3 such as those 

containing phosphoru3 or the effects of the nitrogen ex- 

c35s WOUld be modified. A t.t1rd and possibly more logical 
explan.ticn of the decreased root/top ratio i that the 

CMU was exertin- a deNntte toxic effect on the roots 
themse1vs by restricting the devlopmnt o' new tissue. 
Th usefulness of the rapeseed assay depends on the inhi- 
bition of radicle development. It has also been noted 

(9, p. 9), (24, p. 65) that mitotic divisions in roots 

have been arrested by C1U treatment. 



Deficiency symptoms 

Leaves of plants suffering from CU toxicity are 

customarily a lighter greer color than untreated p1nts. 

Seedlings often emergo from the soil showing this reduced 

pigmentation. s the toxic action progresses, the older 

leaves develop necrotic areas which begin at the tip and 

gradually progress to the other parts of the leaf blade. 

Lack of nitrogen, potassium, iron and magnesium appeared 

to be indicated on the individual crops at various times 

but when all species ee considered toa'ethcr the symptoms 

seemed most similar to nitrogen cr iron deficiency. 

Iron is needed for the development of the chioro- 

phyll in green plants although it does not form a part of 

the chlorophyll molecule . However, no appreciable trans- 

fer of iron occurs from the older to the younger leaves 
and it is invariably the latter which exhibit symrtoms of 

iron deficiency first. s CU symptoms always show on the 

older leaves first thIs would seem to eliminate the possi- 

biutr of iroìi being rendered unavailable by the herbicide. 

e should note here that no after cooking discoloration 

was shown in the cooking test with CU treated potatoes. 
Juul (25, p. l-152) hs shown th.t after cooking darken- 
ing results when the ferrous ions of the tuber combine 

with an o-diphenol to give a colorloss or faintly colored 

compound. This compound oxidizes in ir to form the dark 
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colored ferne mater11 fapilir in potatoes which are 

poor cookers. In the present tests the sterr. ends of ech 

tuber were cooked because they usu11y cortain h1Eíher 

percent of o-diphenols th9n the apical ends. If CU is 

influencing the iobiiity of iron, additional tests wit1 

tubers which blacker readily could ascertain whether it 

was h;ving a eequestering effect similar to soie of the 

compounds which were u$ed by Smith and Vuneta (41, p. 404). 

In contrast to iron, nitrogen is shifting cor 

tinually in the plant. The ief protein is in a constant 

state of breakdown and resnthess. Thus fctors which 

influance either the synthesis or the dsgradation of ero- 

tein may alter the net. protein level. high carbohydrate 

level in the leaf gives sore protection against protein 

hydrolysis but the 1ev1s riedd are higher than those 

found in normai leaves (5, p. 312-313). At present thore 

is no comprehensive picture of the carbohydrate 3tatus of 

CMU affected leaves, o that it t .. s not pos$ibie to 8tat 

for ecamp1e whether a high suar level might be of impar- 

tance . Again h s :C9fl suggested tha t a given protein 

level may be in equilibrium with varying total amino acid 

levels in the plant. Protein level thus may he lirrted by 

the availability of particulr amino aidc rather than by 

the total amino acid level (5, p. 316). It is po$sibie 

that in CMU treated plants increasing amounts of the 
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criticti aiirio acide are hein sent u by the root stems. 
The aeri1 parts would thus chow increased protein in 

foliage arid seed. To cortrihite to the 1rotei puz1e ;o 

have the previo13r xnentioned oh3ervatiorï by Piper and 

Freed (37, p, 92) tbt nitrate nitrogen uptake in CMU 

treated plants i decreasod and that aerial appiloation of 

CU results in toxic action above the point of appli- 

cation2. 

In deciduous plants chlorophyll breaks down and 

the nitrogenous naterials go back into the plants before 

leaf abscision, the older ieave coiamonly being first to 

lose their c1ilorophll in tui wa It would be of in- 

terest to know whether the leaves which have been con- 

pletely destroyed by CMU would contain as rnuch nitrogen as 

those which are chiorotic only. 

Anthocyanin formation 

'v'hen the dried eed1ings of CU treated .birioy 

were examined it w nvtìc&d that the leaves of all 

treated samples lacked the red pigmentation which appeared 

in the controls. Thit pigment is presumably an aritho- 

cyanin. 

$everal factors may have been repoxsible for 

the non appearance cf the red color. It is known that the 

2 This latter point has been demonstrated in unpublished 
work by the same authors. 
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acidity of plant colis is biportartt ir regulating antho- 

cyariin production, e.g. the red hydrangea flowers tend to 

be more acid than the blue ones, Is CMU causing a ch'nge 

in cell p11 sufficIent to reduce thIs pigmentation? In 

SO1T casos, notably :n fruits, it has been observed that 

coloring develops only when the fruit i exposed to light 

waves in the range of 3600 to 4500 Angstrorns. CU aay in- 

fluence the absorption of this blue li:ht by depleting the 

chlorophyll which is able to utilize the light in these 

wave lengths. 

A8 anthocvanirLs are glucosides the dispo3ition 

of the carbohydrate fraction of the leaf, particulrly the 

of interest. It is known that re- 

ductions in the available nitrogen supply in the soil 

favor anthocyanin foreation. It less nitrogen is avail- 

able, reltive1y smaller anounts of carbohydrates are uti- 

lized in the synthesis of amino acids and more are avail- 

able for anthocyanin forxwtion (31, p. 34). Conversely 

it follows tha.t ii' CU had been responsible for the ac- 

cumulation of more protein there would be relatively less 

carbohydrate available and less anthocyaniri developing. 

It should also be observed tiiat if photosynthesis is re- 

stricted because of a decr:ased amount of chlorophyll, 

less carbohydrate will be available to the tops and a 

higher percentage protein could readily develop. An 
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increase in the shoot/root ratio would also occur. This 

effect hs been discussed earlier. 

Delayed flowering and maturity 

Another change which occurred in the CMU treated 
crots was a delay in flowering. This wa& quite marked in 

pepperrint, th delay increasing with increasing dosage. 

any of the p] ente sti il had not produced flower s at liar- 

vest time. SJrilar1y seed r.penin and the maturing of 

the leaves was noticeably later on the grain plots treated 
with the }eavier rate of CMTJ. The fioering of the CU 

treated potatoes did not seem to be unduly delayed but the 

treated rows remained greener much longer than did the 

controls. 
An apparent delay in the maturity of the peas oc- 

curred which was difficult to distinuish in the growing 

crop. hen the peas were harvested, 2 replications of the 

2 lb. per acre treatment appeared to be much more succu- 

lent than ny of the other arrnles. At threshing time 

these peas showed some germination in the pods and had 

developed same mold. 

This condition of delayed maturity might be ex- 

plained readily by using it as an example to illustrate 
the familiar carhohydrate/nitroien ratio concept. Pro- 

teins have been shown to be high in treated plants, 
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therefore flowering is delayed. However, tLís theory does 

not give a sufficient explanation for many observed plie- 

nornena among plants and modern plant physlo.logists incline 

fiore to other, less direct approaches to the problem of 

flower initiation. IL s known that photoperiodic and 

texriprature ch-angEs will inf1unce floerin, periods and 

that the basic st1iiului probably results from hornorial 

action (:3, pp. 291-29). Moreover, leaves can "perceive" 

the photoperiodic t1inulus and pass it on to the men- 

stematic tissue which initiates the flower buds, Perhaps 

in sone way CMTJ is bie to slow or prevent this procese by 

interfering with the enyzzìe responsible for the production 

of the hormone, (t second posibi1ity is that the depleted 

chlorophyll common in leaves suffering from CNU toxicity 

nay be incapahie of absorbing the proper wave iength8 of 

li;ht needed to activate the procos. It would be of in- 

teret to copare the transnuittance curve of chlorophyll 

from leaves ìrade chiorotic with T!U with the curve for 

normal chlorophylle AS nentioned above, the CU seemed to 

delay the natural development of the foliage in potatoe8 

and grains. Perhaps a second meclìanis controls thi8 piie- 

nomenon, but Audu5 (3, p. 299) reporte ti at when naphthyl 

acetic acid was used as .n !nhiLìtor of flower foruation 

it was observed that there vere corresponding changea in 

the vegetative growth of barleys0 This indicated that 
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the auxin acted on the plant as a whole, and not only in 

the nitition of floral development. 



VI PY 1\v1) 

Field, greenhouse and l3boratory trials were 

conducted to determine the value of UU as a preeinergence 

herbicide when used on peppermint, potatoes and grains. 

The effect of the chemical on some aspects of crop growth 

has been noted for each of the crops used. Observations 

have been made on the physiological action of the herbi- 

cide. The results presented and discussed in this study 

have been confined largely to those which seeìed of major 

importance. These findings and certain conclusions de- 

rived therefrom may be enumerated briefly as follows: 

1. Compared to other herbicides tested on peppermint 

CMU gave good weed control with little apparent crop 

damage. 

2. Increasing rates of CNiJ on peppermint above 2 

lbs. per acre reduced hay yield, delayed maturity and sig- 

nîficantly increased the soil acidity. 

3. There was no apparent effect on the number of 

peppermint oil glands per unit area of leaf when CMU was 

used, and at 2 and 4 lbs. per acre there was no detectable 

difference in oil quality. 

4. Good weed control with no crop damage was achieved 

by using 2 lbs. of CYU per acre as a preenergonce spray on 

potatoes and combinations of this herbicide with other 

pre- and post emergence sprays appeer promising for weed 
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control in this crer. 
5. In one trial a significant increase in specific 

gravity cf potatoes wa recorded for the L lb. per acre 

treatment. 

6. No differences in ftor cooking blackering or 

cnzyctie browning were noted in te (P treated potatoee 
but treated potatoes showed leso ash than the controls. 

7. Two lbs. of CMIJ per acre would appear to be too 

high for most grains under the conditions of these triais, 
although the yields cf soie winter brieys re not 

greatly reduced by this rate. 
Dry weights of roots and topo were decreased t 

all levels ;hen CU was used as a preemergence treatnent 
with seedling graine, and the root/top ratio was decreased 

with increasing dosage in each crop. 

9. Nitrogen used as a preplanting treatment with the 

winter crains increased the ability of ChU to control the 

weeds. Yields of barley on the nitrogen plus CU treated 
plots re lowe red, probably because et a decrease in the 

nunber of tillers produced. 

lo. Straw to grain ratios icre lower and 1000 kernel 

weights higher in CMU treated wirter arains. 
11. In te spring and winter grains tested, the ash 

content of the seed appeared to increase with increasing 

arrounts of CJ. 



l2 In the grain3, the percentage protein of both 

seedlings and kernels wa usually rais::d. with CMU treat- 
ment, and often total protein was increase1 as well. 

13. A poss1b1 carry over of CMU effects to the seed 

was noted, there being a reduction in the gerrination of 

grain hrvested from treated plants. 

14. Varietal differences in response to the herbicide 

were noted in potatoes and cereals. 

15. It is suggested that deficiency symptoms caused 

by CMIJ most closely resemble those resulting from a lack 

of nitrogen. This would imply that more nirogen is being 

. constantly diverted into protein synthesis and that less 

is available for other uses, such building c1orophyl1 

molecules. 

16. Anthocyanin was absent in the dried seedlings cf 

CMU treated barley. It is possible that a result of the 

increased accumulation of protein in the tissue may be a 

reduced supply of the sugars with a consequent restriction 
of anthocyanin formation as the latter is a glycosicle. 

17. The CMIJ induced delay in flowering and plant 

maturity may be th result of an interference in the for- 

matiori or functioning of the enzyme which is responsitie 

for the production of thc flowering hormore in the plant. 
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VIII APPENDIX 

Table 1. Weed and plant counts in peppermint plOts fol- 
lowing the application of herbicides. Figures 
represent percentages of controle. 

3 weeks 7 weeks 3l.i weeks 
Treatiient after after after 
frate per acre) treating treating treating 

Mint Weeds Mint Weeds 

Control 100 lOO 100 100 100 

cU 2 lbs. 80 10 67 71 

CMUh.lbs. s :, 10 9 hi 

SES 14 iba. 3 100 S8 loo 102 

SES 8 lbs. 0 80 83 80 69 

cIPc :3 lbs. s ioo 62 100 22 

CIPC6lbs. 87 80 66 100 12 

MH 3 lbs. 113 100 107 100 80 

MH 6 lbs. :io5 59 107 0 86 

Ii 3 lbs. b 80 hO 80 82 

IPC6lbs. 66 100 69 100 61 

Endothal b lbs. 13 36 3h 67 78 

Endothal 8 lbs. 18 33 38 9 76 

CaCN2 300 lbs. 7h 67 83 100 nO 

SES 2 lbs., CIPC b lbs. 71 80 72 100 

SES b lbs., CIPC 2 lbs. 79 9 90 100 39 

SES 2 lbs., II'C b lbs. 8 9 66 ao 71 

SES b lbs., I 2 lbs 89 100 93 100 32 

Very little pepperntint was showing at this time. 



Table 2. Average maturity ratings and weights of fresh 
peppermint per plot after various herbicidal 
treatments. 

Maturity ratings: i mature, i.e., well 
in flower 

2 - buds 
:3 no buds showing 

Average Weeds 
Treatment Average fresh weights (% of 

(lbs./A) maturity (lbs.) control) 

Jndothal 4 4. S5 4 1.9 1.0 89 

Endothal 4 4 (NH4)2SO4 i 1.6 1,1 105 

Endothal 4 CI?C 6 2.7 0.6 72 

Endothal 4 2,3 0.8 87 

CNU24SES4 :3.o 1.1 4 

CI4U 2 + (JH4)2SO4 1.8 2.5 0.4 

CMU 2 4. CIPC 6 3.0 2.1 4 

cU 2 2.6 1.7 4 

CaCN2 1000 2.9 0.7 113 

PCP-Na 10 1.1 4.0 29 

FCP-Na 20 1.8 4.8 23 

?CP-Na 30 1.4 1.9 7 

PCP-Na 10 + CIPO 6 2.9 3.1 17 

cIPc 6 1.5 1.7 66 

Control 1.3 0.3 100 



Table 3. Harvest weights and oil yields of peppermint 
from plots treated with preemergence herbicides. 

Treatment Green wt. Oil yield Oil/lb. hay 
(lbs./A) (lbs.) (cc) (cc) 

CMU 2 142 250 1.76 

CMU 4 73 114 1.56 

Karmex DW 2 210 303 1.44 

Karmex DW 4 230 3O 165 

CIPC 6 169 275 L62 

PCP-Na 40 21 370 170 

DNBP-arnine 6 166 270 1.63 

Control 114 100 0.88 



Table 4. Summary of field tolerance of peppermint plants 
to CMU. 

Treatment Charge in Maturity Oil Plot deed 
(lbs. CMU fresh weight rating glands pH rating 
per acre) (%) 

0 100.0 4. 559 6.00 3.3 

1 76.5 4.0 556 6.07 3. 

2 40.2 3.5 586 6.09 2.8 

4 36.3 3.0 643 6.04 2.5 

6 16.9 2.5 603 5.91 2.0 

8 -21.0 1.8 557 5.92 1.0 

10 -61.0 2.0 579 5.85 1.5 

12 --46.7 1.3 543 5.76 1.8 



Table 5. Yields, dry iatter and weed control data from potatoes treated with CMU 
alone and in combination with other herbicides. 

Total Dry matter Crop Weed 
Treatment No. yield Yield/hill S 2 6 rating rating 
(rate per acre) hills (iLs.) (lbs.) large weeks months (visual) (visual) 

CNU 2 lbs. 70 

CMU 4 lbs. 67 

CVU 2 and 
Dalapon 4 lbs. 6 

Dalapon 4 lbs. 70 

CMI) 2 and 
Seem 50W 4 lbs. 6 

Sesin 50W 4 1hs. 70 

CMI) 2 and S1S 4 lbs. 64 

SES 4 lbs. 70 

CMU 2 and PCP 20 1hs. 6 

PC? 20 lbs. 69 

CMI) 2 and 
Premerge 3 lbs. 69 

Premerge 3 lbs. 57 

Control (CM-W) 72 

Control (CM) 72 

99.5 1.4 57 lLl 19.0 4.0 2.3 

6.5 1.3 5 lg.2 19.4 5.0 0.3 

p3.5 1.2 47 ig.i 19.0 3.0 2.3 

55.0 o.g 24 1.6 19.3 1.0 3.3 

92.5 1.4 55 17.8 l.5 4.0 1.7 

94.5 1.4 59 Ig.4 19.1 4.3 0.7 

110.0 1.7 56 i.2 19.4 4.0 1.7 

Pg.0 1.3 52 l.3 19.0 2.7 0.7 

99.5 1.5 59 l.4 19.2 4.3 1.0 

95.0 1.4 57 1.2 19.1 2.7 3.0 

90.0 1.3 5 ig.i 1.6 3.3 0.7 

75.5 1.3 56 17.9 l.,7 3.0 2.7 

49,5 0.7 32 lLl 19.0 1.3 0.7 

55.5 o.a 40 l.6 19.3 0.3 5.0 



Table 6. Percentage and total protein in CÍU treated 
grains 5 weeks after seeding. 

WHi.ÀT BI\RLIY NA3 
C!U/A Percent Tota]. Percent Total Percent Total 
(lbs.) (gins) (gins) (gins) 

0 26.76 0218 27.45 0.191 37.44 0.838 

2759 0.234 28.01 0.197 32.26 0.738 

29.18 0.191 34.24 0.151 31.68 0.427 

1 26.60 0.154 32.48 0.133 41.42 0.802 

2 26.01 0.135 32.13 0.101 43.27 0.453 

4 27.94 0.150 30.46 0.087 40.66 0.221 
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Table 7. Plot yields (lbs.) of CU treated spring grains. 

Treatment i3arley Oats Wheat Peas 
Total Grain TotalGran Total Grain Total Grain 

Rep. I 

Control 3.4 1.5 ii.g 3.9 2.9 1.1 4.9 2.1 
lb. CNU 4.4 1.7 14.1 4.5 4.4 1. 6.9 3.9 

i lb. CMIJ 5.4 2.4 14J 4.7 3.0 1.2 4.9 2.1 
2 ib. CMU 5.4 2.1 10.9 3.4 2.9 1.2 6.4 3.1 

J!.!J II 

Control 3.4 1.6 12.7 4.5 2.2 1.0 5.4 2.g 
lb. CMU 9.9 4.4 11.6 4.0 4.4 1.4 7.4 3. 

1 lb. CNTJ 5.9 2.6 11.5 4.3 2.7 1.1 7.9 4.2 
2 lb. Ci4U 4.9 1.9 .3 2. 2.4 1.0 7.9 3.0 

Reo. III 

Control 5.4 2.4 E.5 3.4 3.0 1.3 7.4 3.3 
lb. CMU 5.4 3.1 12.2 4.3 2.5 1.1 7.4 3. 

1 lb. C4U 9.4 4.3 .4 3.3 2.g 1.2 10.9 4.9 
2 lb. CNU 7.4 2.6 6. 2.4 2.4 1.0 9.4 3.1 

Table . 1000 kernel weights (grns.) of C4U treated 

- 
sprin grains. 

CYtI/A (lbs.) Barley Oats Wheat Peas 

o 36.75 26.70 27.64 257.6 

3.50 26.54 27.77 275.5 

i 37.33 26.6g 27.20 261.9 

2 37.5 27.01 2.00 279.4 



92 

Table 9. Yield and protein from spring grain treated 
with varying rates of CFU. 

Yielda Protein of grain 
CMU/A Grain Straw Straw to Percent Totai 
(lbs,) (lbs.) (lbs.) grain (lbs,) 

BARLEY 

0 5.5 6.7 1.2 10.20 0.49 
9.2 105 1.1 10.93 0.89 

1 9.3 11.4 1.2 10.58 0.86 
2 6.6 11.1 1,7 10.75 0.62 

OEA TS 

o ii. 21.2 1.8 11.04 1.14 
12.8 25.1 1,9 11.26 1.26 

1 12.3 22.2 1.8 11.51 1.24 
2 8.6 17.4 2.0 11.80 0.89 

w i-i i A T 

0 3.4 3.7 1.1 13,12 0.39 
4.3 7.0 1.6 13.44 0.51 

1 3.5 5.0 1.4 13,13 0.40 
2 3.2 4.5 1.4 14,63 0.41 

PEA S 

O 8.2 9.5 1.2 22.83 1.64 
11.5 10.2 0.9 22.53 2.27 

J. 11.2 12.5 1.1 21.90 2.15 
2 9.2 14.5 1.6 24.31 1.96 

Grain at 12% moisture. 
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Table 10. YIelds of winter grains treated with CHU. 

Grain Straw 
yields (oz.) yields (oz.) 

Straw Straw 
C4U/A _I: 4N -N to N to 
(lbs.) grain grain 

Trebi barley O 46 34 45 1.0 3]. 0.9 
i 46, 31 45 1.0 31 1.0 
2 41 39 

- 

42 1.0 36 0.9 - 
01ypIa barley O 

- 

63 3 66 1.1 52 1.4 
i 65 41 73 1.2 45 1.1 
2 57 36 50 0.9 3E 0. 

WhiLe winter O 59 45 64 1.1 46 1.0 
barley i 6 49 6g 1.0 49 1.0 

2 59 40 54 0.9 37 0.9 

Tennessee O 55 46 67 1.2 51 1.]. 

barley i 69 42 69 1.0 44 1.1 
2 6 39 69 1.0 42 1.1 

Cornell wheat O 37 36 61 1.6 75 2.1 
1 37 33 65 1. 67 2.0 
2 34 33 66 2.0 6]. i.a 

Grey winter O 47 70 114 2.4 146 2.1 
oats 1 30 43 100 3.3 131 2.9 

2 21 27 47 2.2 72 2.7 

K Ail the winter oats sut'fered bird damage and yields 
are therefore unreliable. 
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Table 11. Percentage and total protein in the 8eed of 

winter (rain8 treated with CMU. 

Percentage Total protein 
CMU/A protein (oz.) 
(lbs.) -N +N -N 

Trebi barley O 7.94 7.94 3.2 2.4 
3. 9.31 8.44 3. 2.3 
2 9.18 3.3 3.0 

Olympia barley O 9.19 7.94 5.2 2.6 
i 9.56 .57 5.4 3.]. 

2 9.50 9.37 4.7 3.0 

Cornell wheat O 9.52 9.46 3.1 
i 9.9 10.32 3.2 3.0 
2 10.5 10.20 3.2 2.9 

Grey winter oats O 11.1 11.63 
i 12.00 12.06 
2 11.63 12.75 

All the winter oats suffered bird danage and yields 
are thercfore unre1iab1e 
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Table 17. Tiller counts on winter grains, with and 
without added nitrogen at loo lbs. per acre. 

Control J. lb. C4U 2 lbs. CMU 
NoN N NoN N NoN 

added added added added added added 

BARLßY 

Tobj 171 2O 225 247 23 279 

Olympia 22 354 305 329 254 31 

White wtnter 1 14 192 216 159 175 

Tennessee 343 330 300 3 244 3 

Barley totals: iQ 110 1096 

2122 2172 1991 

OATS 

Winter turf 751 617 426 240 226 

1409 1043 466 

H EA T 

Cornell 323 301 307 274 262 261 

629 51 523 



Table 13. Average weed ratings of winter grains at 
harvest (1O months) aftr CMU preemergence 
treatr:ents. 

(5 very weedy; O clean) 

i lb. 2 lbs. 

- 
Control CìU CMU 

Trebi barley No N added 4.0 3.3 3.0 
N dded 5.0 3.7 2.? 

0lymria barley No N added 4.0 3.0 2.0 
N added 3.7 3.0 1.3 

hite winter No N added 4.3 3.7 3.0 
barley N added 4.0 2.3 1.7 

Tennessee barley No N added 4.7 4.0 3.? 
N added 4.3 3.0 1.7 

Cornell wheat No N added 4.0 3.3 2.3 
N added 3.7 2.3 2.0 

Winter turf oats No N added 1.7 0.7 1.7 
N added 0.3 0.0 1.0 

Summary 

Averae 3.6 2.7 2.1 

No N added 3.6 3.0 2.6 
N added 3.5 2.4 
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Common and scientific names of weeds used in text. 

Annual blue grass ! annua L. 
Annual rye grass Loliuni multiflorum Lam. 
Pnnua1 sow thistle Sonchus oleraceus L. 
Broad leaf plantain PlantaKo major L. 
Canada thistle Cirsium arvense Scop. 
Cat's ear Hypochaeris radica L. 
Chickweeds Stellaria media L. and 

Cerastium vulgatuni L. 
Common fumitory Fumaria officinalis L. 

Creeping yellow cress Joria sylve8tris (L.) Bess. 
Cudweed Gnathalium uliginosum L. 

Dandelion Taraxacum officinale L. 
Dog fennel Anthemis cotula L. 
Filaree 'rodiuin cicutarium (L.) LHer. 
Groundsel Senecio vulgaris L. 
Hairy vetch Vicie villosa Benth. 
Horsetail Euisetuui app. 
Ivy leafed speedwell Veronica hederaefolia L. 

Kentucky blue grass Foa pratensis L. 

Knotweed Poly&onum aviculare L. 

Ladysthumb Polygonum persicaria L. 

Lamb's quarters Chenopodium album L. 
arrow leaf plantain Plantago lanceolatp L. 

Figweed Amaranthus rotroflexus L. 
Pineapple weed Matricaria matricariodes (Less.) 

Port ex 
Quack grass Agropyron repens Beauv. 
Red clover Trifolium pratense L. 
Sheep sorrel Rumex acetosella L. 
Shepherdts purse Capsella Bursa-pastoris Medic. 
Smartweed Polygonum Hydropiper L, 

Tinothy Fhleurn pratense L. 

Toad flax Linaria yulgaris Hill. 
Velvet grass Ho1cu lanatus L. 
Wild buckwheat Polygonuni convolvulus L. 
vi1d lettuce Lactuca ecariola L. 

ild radish Raphanus raphanistrum L. 
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Herbicide3 referred to in the text and appendix 

CaCN2 

C'PC 

Da].apon 

DNBP-amine 

Endothal 

'PC 

Karinex DW 

PC P-Na 

SES 

Seem OT 

calciun cyanamide 

is oproy1 N- (3-ch1oropherr1) carbamate 

a, a, diohioropropionic acid 

i,6 dinitro o-sec. butyipheno]., 
alkanolamine salts 

disodium 3,6 endoxohexahydrophthalate 

isopropyl N-phenyl carbarnate 

3-(3 ,14-.dichlorophenyl )-1, 1-dimethylurea 

rnaleic hydrazide 

pentachiorophenol, sodium salt 
sodium 2,ldichlorophenoethyl sulfate 

2,1idichiorophenetq1 benzoate 
(G wettable) 

TGA-.Na trichioroacetic acid, sodium salt 


