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FACTORS INFLUENCING PRE-ERGENT 
WEED CONTROL WITH CHEMICALS 

IN VEGETABLE CROPS 

INTRODUCTION 

Chemical weed control is rapidly becoming an impor- 

tant practice in the production of crops. The contro]. of 

weeds has always been a serious problem and one that re- 

quires considerable time and energy. The control of weeds 

in vegetable crops is especially Important because of the 

great deal of hand labor required to keep these crops clean 

and assu.re economic returns. 

Selective herbicides have been developed for many 

crops, for example, grasses and grains, but few selective 

herbicides have been developed and are adapted for weed 

control in vegetable crops. Consequently, pre-emergence 

weed control has begun to play an Increasingly important 

part in the development of suitable weed control programs 

for vegetable crops. Satisfactory weed control before 

emergence of the crop may completely solve the weed problem 

for the entire life or growing season of the crop. 

In order to develop suitable programs of pre-emer- 

gence weed control in vegetable crops, it was felt neces- 

sary to studr some of the factors and conditions that may 

have an important bearing in determining the success of the 

treatment. 
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The objectives of the following experiments were to 

investigate the effects of materials, rates of application, 

soil types, moisture, and cultivation on pre-emergerice weed 

control in vegetable crops. 



3 

REVIEW OF LITERATJRE 

The problem of weed control is of great concern to 

man. It has been estimated that the annual losses in the 

United States from weeds exceed the combined losses caused 

by animal diseases, plant diseases, insects, rodents, and 

predatory animals. An estimate of three billion dollars 
was made in 1937 as the annual loss from weeds (32, pp. 12- 

18), but with changing econonic conditions the figure is 

probably much hiLther today. 

Probably the heaviest loss caused by weeds results 

from their competition with crops for available moisture, 

nutrients, space, and light. The reduction in yield of all 

farm, orchard, azid garden crops because of weed competition 

is estimated at about ten per cent. 

The presence of weeds and weed seeds in farm producta 

makes necessary a very large amount of extra labor and a 

large number of extra tools. Weed contamination of many 

crop seeds reduces their quality and market value. 

In addition, a large number of weeds act as host8 

for fungi, bacteria, and insects, rendering the crop 

enemies more destructive and more difficult to control. 

Several of the common weeds are poisonous to livestock, 

while others, such SS wild garlic, impart an undesirable 

flavor to the milk from cows that graze upon them. Still 

other weeds, such as poison oak (Rhus diversiloba) and 
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poison ivy (Rhus toxicodendron), cause much suffering and 

distress, and many victims of hay fever can trace their al'- 

fliction to the pollen of weedy plants (28, pp. 26-36). 

Cultural control of noxious weeds is the oldest type 

of control known. Clean cultivation has long been used in 

row crops and field crops, but because of high labor and 

equipment costs, this method has led to research to find 

less expensive methods. 

Biological control of weeds has proven successful in 

a number of cases. Outstanding examples of this type are 

prickly-pear cactus (Opuntia app.) control on range lands 

(29, pp. 769-770), lantana control by seveial insects in- 

troduced into Hawaii (40, PP. 81-82), and $t. Johnawort 

(Hypericum perforatum) control through introduction of 

Chrysolina hyperici and C. gamellata (19, pp. 56-57; 20, 

p. 167). 

Plant competition is a type of weed control that is 

not too extensively employed. It is known that plants com- 

peto with each other l'or available moisture, nutrients, and 

space. The competition between like species is not as 

deleterious to the plants involved as competition between 

unlike species. 

The use of chemicals for weed control has increased 

in popularity within the last decade. Certain soil steri- 

lants, such as sodium chlorate (32, pp. 253-254) and sodium 
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arenite (32, PP. 298-302), have been used for many years, 

but because of poisonous properties or danser in handling, 

these chemicals are being replaced by less harmful ones. 

However, these chemicals still have a definite place in the 

control of certain noxious perennial weeds and in soil 
sterilization along ditchbanka, roadways, aid right-of-ways. 

Temporary soil sterilants, such as ammonium sulfa- 

mate (11, p. 312) and trichioroacetic acid (27, p. 8), are 

also used for the control of certain hard-to-kill perennial 

weeds. These materials have been particularly successful 

against such weeds as quackgrass (Agropyron repens) and 

poison oak. Unlike the chlorate and arsenite compounds, 

they have an effective period of two to three months rather 

than one to two years. 

Soil fumigants (12, p. 52) have likewise been used 

with considerable success in weed control. however, be- 

cause of high cost and difficulty in application, the de- 

mand for these materials as weed killers is decreasing. 

Selective weed control is thought of as the removal 

of weeds and undesirable plants from a growing crop without 

any damage to the crop plants. Selective control through 

the use of chemicals is based upon several different prin- 

ciples, one being that of biochemical specificity which is 

exhibited by the growth-regulating materials, such as 2,4- 

dichiorophenoxyacetic acid and naphthalene acetic acid. 



Perhaps Orte of the best examples of this type of selective 

weed control is the use of 2,4-dichiorophenoxyacetic acid 

(2,4-D) for the control of broad-leafed weeds in grasses 

and grains. Another type of selective weed control is 

achieved by placement spraying. Selective control of weeds 

in corn has been reported (33, p. 422) by using 2,4-D in 

basal applications to young plants. 

In 1948 Crafts (8, pp. 85-86) explained that modern 

herbicides, such as the phenoxyacetic acid compounds and 

N-phenyl carbamates, depend upon solubility in the plant 

cuticle to gain entry into the plant. Nonpolar compounds 

are more soluble in oils and can, therefore, pass through 

the cuticle of leaves readily, whereas polar compounds, 

which are more soluble in water, enter with difficulty. 

Polar compounds are also readily absorbed by the roots of 

plants. The cuticle does not form a perfect covering, 

especially on young leaves. It is for this reason that 

polar compounds, or the salts of the growth regulators, are 

so effective on young plants. On the other hand, on leaves 

that have a heavy, waxy cuticle, nonpolar compounds, or the 

eaters of the growth regulators, for example, are more 

effective. 

The physiological action of 2,4-dichlorophenoxyacetic 

acid on plants was studied by Rasmussen in 1947 (31, pp. 

367-390) using roots of dandelion (Taraxacuxu officinale) 
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and by Smith in 1948 (35, Pp. 70-83) using bean stem tissue. 

Both workers found that au.xin treatment causes a rapid mo- 

bilization of carbohydrate reserves with an increased uti- 

lization in the regions of meristematic activity. This is 

followed by a reduction in photosynthesis and an eventual 

destruction of available carbohydrate reserves. 

Another basis for selectivity is the principle of 

differential wetting, such as occurs during the spraying of 

peas with dinitro-selective herbicides (45, p. 347; 3, p. 

32). The chemical material, in this case, is not able to 

wet or remain on the leaves of the pea plants, which have a 

heavy, waxy covering; hence, it can cause no injury. On 

the other hand, it kills the cells of plant tissue that it 

is able to wet. 

In 1946 Lachman (22, p. 14), Warren (43, p. 419), 

and Sweet, Kunkel, and Raleigh (39, p. 477) reported the 

selective weeding of carrots and parsnips with petroleum 

products having an aromatic content of 10-15 per cent by 

volume and a boiling range not higher than 3000_5500 F. In 

1947 Sweet (37, p. 8) reported results at Cornell showing 

that Stoddard Solvent or dry cleaning fluid can be used 

successfully on such crops as carrots, parsnips, dill, and 

knob-celery. Crafts (9, pp. 8-lO) in 1947 likewise re- 

ported the success of using certain cleaner's solvents and 

paint thinners for weeding carrots and related crops. He 
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showed that unsaturated compounds, aromatic and olefirilo, 

are largely responsible for the toxicity of oils. Distil- 

lates in the gasoline range are highly selective and leave 

little oily flavor, but are too dangerous to use, while 

heavy oils, such as diesel oil and smudge-pot oils, are 

toxic to carrots as well as weeds, and stove oil may be in- 

jurious to very young plants in the two-leaf stage. In 

1948 Havis (17, p. 545) reported that aromatic hydrocarbons 

possess greater toxicity than olefins and paraffins. 

Other materials have also been used for selective 

wood control in vegetables. In 1945 Wain (42, p. 120) and 

Grigsby and Barrons (16, p. 308) reported the use of dilute 

solutions of sulfuric acid for the control of weeds in 

onions. Hedlin (18, p. 504) reported successful control of 

weeds in onions with calcium cyanamide and with dilute 

solutions of potassium cyanate. Pendleton and Freed (30, p. 

4.49) gave recommendations for controlling weeds in sugar 

beets in the Pacific Northwest using sprays of sodium 

nitrate and sodium chloride. 

Canson and Moulton (5, p. 203) reported satisfac- 

tory control of chickweed (Stellaria media) in strawberries 

with fall applications of IPC (0-isopropyl N-phenyl carba- 

mate) at rates above four pounds per acre. They found 

yield of treated plants was equal to that of untreated 

hand-weeded rows and found injury at only the rate of 25 



pounds per acre. 

Lachman (24, pp. 54-544) reported that isopropyl 

N-phenyl carbamate la valuable as a selectivo herbicide in 

that it effectively kills grasses with little or no harm to 

broad-leafed plants. He found that beans, spinach, beets, 

and set onions were especially resistant to the compound. 

Freed and Blerman (14, p. 5) gave recommendations 

for the control of annual grasses in alfalfa, legume seed 

crops, strawberries, and bulb crops, using fall applica- 

tions of IPC. 

Many materials have been tested for toxicity to or- 

ganisms. The studies were made In order to throw light on 

the relationship between chemical structure of molecules 

and toxicity to living organisms. As early as 1920, 

Tatterafield and Roberts (41, p. 231) reported a study of 

the chemical constitution of organic compounds In relation 

to toxicity to wireworms. They found that aromatic hydro- 

carbons are, on the whole, more toxic than aliphatlo hydro- 

carbons, and that certain groups, when introduced into the 

bonzerie ring structure, have a decided influence on toxici- 

ty. They also found that certain physical properties of a 

chemical will limit its activity. It appears that vapor 

pressure is one of the important properties determining the 

effectiveness of a particular treatment. In any homologous 

series of chemicals, it was found that as the molecular 
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weight increased the toxicity increased to a point where 

some physical property of the chemical, such as vapor pres- 

sure, acted to limit or reduce the activity. 

Crafts (7, pp. 417-418), in his study on a series of 

dinitro compounds of the substituted phenols, found that 

the secondary butyl dinitro phenol had the highest toxicity 

because of high solubility In oil. It could pass readily 

into plant cells through the cytoplasmic membranes. The 

phenolic compounds with fewer or more carbon atoms in the 

side chain had reduced solubility and reduced toxicity. 

Freer and Soiferle (15, pp. 736-741) also studied 

the relationship between chemical structure and toxicity of 

compounds. From the investigation of 6,155 organic corn- 

pounds on insects, they found that certain groupings viere 

associated with greater toxicity than others. For example, 

nitrogen-containing groups were found to apper in com- 

pounds of low toxicity, while chlorine-bearing compounds 

were found to have high toxicity. Dichiorodiphenyltri- 

chioroetharie (DDT) and hexachiorocyclohexane have high per- 

centages of chlorine and also have high toxicities. 

The application of certain principles of toxicology 

to plants as well as to insects was demonstrated by Crafts 

(7, p. 417) in his study of the substituted phenols. He 

found that dinitro compounds were more toxic than nitro, 

chloro, or nitro-chioro compounds, and that the toxicity of 
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phenols increased with increasing numbers of carbon atoms 

in the alkyl side chain up to five carbons. More than five 

carbons resulted in lowered activity, quite possibly by 

modification of the compound. 

Freed (l3, pp. 285-286) correlated certain physical 

constants of some alkyl esters of N-phenyl carbamic acid 

with their phytotoxicity. 11e found that a "Q" function of 

the chemicals, which was determined by multiplying the 

molecular refractivity by the factor of the melting point 

of the derivative divided by the boiling point of the par- 

ent alcohol, correlated very closely with the phytotoxicity 

of the materials. He concluded that certain fundamental 

physical measurements nade to show something of the geome- 

try of the molecule can be correlated with toxicity. 

Pre-emergence weed control in vegetable crops has 

developed largely because other methods have not been 

satisfactory for one reason or another. The use of culti- 

vation results in sharply increased labor costs. Selective 

weed control materials have been developed for a limited 

number of vegetables, but for the large majority, however, 

no suitable means of selective weed control have been found. 

Accordingly, pre-emerence control begins to play an 

important part in the development of suitable weed control 

programa. 

The successful application of pre-emergence weed 
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control is based upon certain basic concepts. Each time 

the soil is tilled, weed seeds are brought to the surface 

inch or so where they find suitable conditions for germina- 

tion and growth. If a large portion of these weed seeds 

germinate and the resulting plants are destroyed, the weed 

problem could be reduced, providing there were no further 

disturbance of the soil to bring up a new crop of weed seed. 

In 1945 Grigsby and Barrons (16, p. 308) reported on 

pre-emergence burning and the use of chemical sprays on 

onions, canning peas, carrots, and parsnips. They concluded 

that pre-einergence treatments are most likely to prove 

valuable with crops that are slow to emerjze when 1± 

grown from seed. 

:a1n (42, p. 120) in 1945 reported the successful 

control of weeds in onions through the use of a pre-emer- 

gence application of 13.5 per cent sulfuric acid followed 

by a post-emergence treatment of 10 per cent sulfuric acid. 

No damage to the crop or reduction in yield was indicated. 

Ïn 1946 Shafer (34, p. 406) found that sprays of 

Socony-Vacuum Savosal No. 5 and a dinitro compound applied 

a few days before the emergence of asparagus seedlings ef- 

fectively killed weeds and had no apparent effect on the 

asparagus. 

In 1947 Lachman (23, p. 342) found that Stoddard 

Solvent was especially useful as a pre-emergence herbicide 
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for vegetable crops. Warren, Buchholtz, and Hernandez 

(46, p. 381) reported successful weeding of corn and onions 

with pre-planting soil treatments using 2,4-D. Pre-enier- 

gonce treatments using 2,4-D resulted in some reduction in 

stand and yield, but appeared to warrent further study. 

Sweet and Havis (38, pp. 512-513) reported in 1948 

on pre-emergence sprays tested on radishes, beets, and 

spinach. They found that when seeds had germinated, excel- 

lent control was obtained with petroleum fractions of boil- 

ing range below 6500 F. Dinitro-o-secondary butyl phenol 

In oil also gave good control of weeds. In addition, they 

found that applications made Immediately after planting 

were more toxic to the vegetables than those made just 

prior to crop emergence. 

Also in 1948 Warren and Hernandez (4P, p. 525) re- 

ported the control of weeds in sweet corn and onions with 

pre-emergence treatments, using the sodium and triethanol- 

amine salts of 2,4-D. The estor formulations were found to 

give slightly better weed control, but caused injury to 

the crop. 

In 1948 Anderson and Wolf (2, p. 457) reported fur- 

thor studies on the use of 2,4-D for pre-emorgenco weeding 

of field corn. They found that treatments made Immediately 

after planting wore more injurious than those made on five 

to eight days following planting. Wolf and Ahlgren (49, 
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p. 570) found that weeds wore controlled most effectively 

in corn by pro-emergence applications of calcium cyanamide. 

Corn yields were doubled through the use of 300 pounds 

granulated cyanamid per acre and 600 pounds granulated and 

pulverized cyanamid per acre. 

Lachman (25, p. 433) in 1948 found that a two per 

cent solution of potassium cyanate at the rate of 80 gal- 

ions per acre is effective in controlling small, annual 

weeds in fields of set onions. This herbicide should be 

applied as a side spray and not as a direct foliar spray. 

He also found that 75 to 150 pounds of cyanamid dust as a 

pre-emergence application is effective for controlling 

weeds for several weeks. 

Warren and Ellis (47, p. 307) reported successful 

weeding of onions with pre-eniergence applications of amine 

2,4-D at one pound per acre acid equivalent, cyanamid dust 

at 200 pounds per acre, 9.4 per cent pentachlorophenol in 

oil at 2- gallons, and the sodium salt of pentachiorophenol 

at 7.5 pounds per acre. 

Alban and Keims (1, pp. 531-532) reported satisfac- 

tory weeding of vegetables with Stoddard Solvent at 100 

gallons per acre applied pro-emergence at a period favorable 

for rapid weed germination. Pre-emergence applications of 

2,4-D resulted in injury to all vegetables tested except 

sweet corn, snap beans, inung beans, asparagus, and potatoes. 
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Certain Lactors, other than the chemical material 

itself, have an important bearing upon the effectiveness of 

chemical weed control treatments. Dearborn, Sweet, and 

Havis (10, pp. 539-540) found through greenhouse trials 

that rainfall after treatment with ammonium salt of 2,4-D 

resulted In increased percentage of malformation of corn. 

Other reports (47, p. 307; 44, p. V-14) have indicated that 

rainfall occurring within a few days after treatment has 

resulted in increased injury to the planted crop. The 

moisture content of the soll has been found to be one or 

the important factors determining the length of residual 

effect of 2,4-D (4, pp. 322-323; 21, p. 332). As soil 

moisture content increases, the length of residual effect 

of 2,4-D decreases. 

Temperature also has a bearing upon the effective- 

ness of weed control treatments. Marth and Davis (26, 

p. 470) found that plants of early winter cress (Barbarea 

yema) and narrow-leaved plantain (Plantago lanceolata) 

were more rapidly killed at temperatures between 650 and 

900 F. than between temperatures of 320_650 F. The rate of 

inactivation of 2,4-D In the 8011 is also increased with 

increases in temperature (4, pp. 322-323; 21, p. 332). The 

rate of Inactivation of 2,4-D is also increased by the 

presence of organic matter In the soil. Brown and Mitchell 

(4, pp. 322-323) report that the activity of soil 
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microorganisxn8 aeems to be responsible for the increased 

rate of inactivation of 2,4-D in the soil In the presence 

of organic matter and increased temperature and moisture. 

Wolf and Ahlgren (50, p. 28) found that time of 

application of 2,4-D affects the success of pre-emergence 

treatments. Since 2,4-D .ills the weed seedlings as they 

begin to germinate, they conclude that the best time to 

apply Is just when the weed seeds are sprouting. 

Jorgensen and Flamner (21, p. 33) reported that soll 

type appears to have sorne effect upon chemical weed control 

treatments. They found that 2,4-D In equal amounts Is more 

effective on sandy soils than muck soils, possibly because 

the 2,4-D becomes Inactivated by being adsorbed by soll 

colloids. 
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The field work dealing with the problem of pro- 

emergence weed control in vegetable crops was carried out 

near Corvallis. The experimental area was located on the 

Beech farm of the Agricultural Experiment $tation. Soil 
type on the farm was predominately Chohalis sandy loam. 

In general, irrigation in the Willamette Valley is 
necessary for successful germination and growth of vege- 

table crops during the summer. Supplemental moisture was 

supplied through the use of overhead sprinkler irrigation. 
The weeds present in the experimental area were pre- 

dominately annuals. They included wild mustard (Brassica 

campestris and B. arvenais), lambsquarter (Chenopodium 

album), pigweed (Amaranthus retroflexus), and knotweed 

(Polygonum aviculare). The number of these weeds present 

ranred as high as twelve per square foot at the time of 

treatment, with an average of about five per square foot. 
The highest percentage of the weeds, approximately 

60 per cent, was the wild mustard, with lambaquarter 15 per 
cent, pigweed 15 per cent, and knotweed 5 per cent. 

During the suimrier of 1948, the experimental area was 

under cultivation for the control of quackgrass (Agropyron 

repens). Control, in general, was good; however, sorno 



quackgrass was able to survive and was present in the plots. 

Approximately five per cent of the weeds were quackgrass. 

Field trials were conducted over a period of two 

years beginning in the spring of 1949. Two plantings were 

made, on May 25 and August 13 in 1949. During 1950 plant- 

ings were made on June 3, July 2, and August 20. 

The field work included comparisons of materials in 

both pro-emergence and post-emergence treatments, different 

rates of application, the influence of rainfall or irriga- 

tion on the effectiveness of the treatment, and the effect 

of cultivation following application of the materials. 

The field trials wore always established using rep- 

licated plots in a randomized block type at' experimental 

design (36, p. 265; 6, p. 94). Since the differences be-. 

tween materials were quite large in most cases, a more coin- 

plicated type of experimental design for detecting small 

differences was not employed. 

Experimental plots wore always established on land 

that had been disced, harrowed, and worked down to a satis- 

factory aeedbod. The vegetables used for test plants in- 

cluded beans, peas, onions, cabbage, beets, corn, spinach, 

cucumbers, and lettuce. All plantings were made using a 

"Planet Jr." one-row seeder. The size of plots was either 

one-quarter square rod or one-half square rod. 

Data that cre taken included counts on the emergence 
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of the crop plants, ratine: of and observations on growth 

and condition of the plants, 1/10,000 acre quadrat counts 

of the weeds, and estimations on the per cent control of 

weeds. 

The crop planta were not grown to maturity and no 

harvest yields were taken except on one experiment. One 

planting of table beets treated with a post-emergent appli- 

cation was carried through to maturity and harvested. In 

all other experiments the plants were allowed to grow until 

they were well established and cavo indications of develop- 

in3 into normal, healthy, plants, after which they were 

disced under. After preparation of the aeedbed, new plant- 

ings were made as quickly as possible. It was not believed 

necessary to grow the plants to maturity in all cases, 

since a large number of materials were tested and it was 

assumed that healthy, well-established planta would produce 

an average yield. 

The chemicals, for the most part, were of commercial 

grade. Table i includes a list of the materials used and 

certain of their properties. 

A number of olla were used in the pre-emergent ap- 

plications. Table 2 lists the olla and certain of their 

properties. 

With the exception of calcium cyanamide, all the 

materials used in the field trials were applied with a 
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three-gallon compressed air sprayer of the knapsack type. 

The sprayer was fitted with a small hand boom carrying two 

'Teejet" nozzles, size 6504. This type of nozzle is cali- 

brated to apply 0.4 gallon of water per minute at 40 pounds 

per square inch pressure. Water sprays were applied at the 

rate of 80 gallons per acre. 

The oils were all applied with the small hand 

sprayer at rates of 40, 60, and 80 gallons per acre. 

A one-gallon can was fitted on the bottom with a 

fine screen and used as a small hand duster. Calcium 

cyanamide was applied in this manner. 



TABLE 1. 

Chemicals Used 

Solubility in Range of 
Polar Nonpolar rates used 

Material Code Name solvents solvents Formulation per acre 

Calcium cyanamide CaCN2 slightly -- powder 80-240 lbs. 
soluble 

Sodium acid cyanami.de NaHCN2 soluble -- crystalline 20-80 lbs. 

Potassium cyanate KOCN soluble -- crystalline 10-50 lbs. 

Ammonium thiocyanate Ammonium very -- crystalline 20-50 lbs. 
thiocyanate soluble 

Trichioroacetic acid TCA very -- crystalline 10-20 lbs. 
(sodium salt) soluble 

Ammonium sulfamate Animate soluble -- crystalline 20-40 lbs. 

0-isopropyl-N-phenyl IPC -- soluble wettable 2-4 lbs. 
carbamate powder and 

emuls ive 
O-isopropyl-N-3--chloro- 3Cl-IPC -- soluble emulsiva 2-4 lbs. 

phenyl carbamate 

Dinitro-o-secondary DNG -- soluble liquid 3/4-2 qts. 
butyl phenol 

Ammonium dii-iltro Sinox W soluble -- liquid 1-2 lbs. 
secondary amy]. 
phenate 

-J 



TABLE i (Continued) 

Solubility in Range of 
Polar Nonpolar rates used 

Material Code name solvents solvents Formulation per acre 

Ammonium dinitro-o- DNS slightly -- liquid 1-2 lbs. 
secondary butyl phenate soluble 

Sodium pentachloro- NSPCP soluble -- liquid 4-10 lbs. 
phena te 

Sodium 2,4,5-trichioro Na 2,4,5- slightly -- liquid 6-10 lbs. 
phenato TCP soluble 

Sodium 2,,4,6-tetra- Na 2,3,4,6- slightly -- liquid 6-10 lbs. 
ohlorophenate TCP soluble 

Pentaohlorophenol PC? -- soluble emulsivo 4-8 lbs. 

Disodiuiu 3,6-endoxy Endothal soluble -- liquid 2-4 iLs. 
hexa hydro phthalate 

2,4-dichiorophenoxy 2,4-D -- soluble sodium and 1-2 lbs. 
acetic acid amine salt 

2-methyl, 4-chioro- MCPA -- soluble sodium salt 1-2 lbs. 
phenoxy acetic acid 

Sodium 2,4-dichioro- 2,4-D ethyl soluble -- crystalline 4-8 lbs. 
phenox ethyl sulfate sulfate 

Dichloral urea DCU -- soluble wettable 10-20 lbs. 
powder 

Ethyl xanthogen Xanthogen -- slightly slurry 10-15 lbs. 
disulfide disulfide soluble 



TABLE i (Continued) 

Solubility in Range of 
Polar Nonpolar rates used 

Material Code name solvents solvents Formulation per acre 

Maleic hydrazide Mii soluble -- liquid 1-2 lbs. 

Sodium chloride NaC1 very -- crystalline 300-600 lbs. 
soluble 

Sodium nitrate NaNO3 very -- crystalline 300-600 iba. 
soluble 

Potassium sulfate K2504 soluble -- crystalline 300-600 lbs. 

Urea Nu-Green soluble -- pellet 320-480 lbs. 

Ferrous sulfate FoSO4 soluble -- crystalline 40-160 lbs. 
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TABLE 2. 

Oils Used 

Oils 

10-90% 
Distillation 

Range °F. 

Approxiniat e 
Content of 

Aromatica and 
Urisaturates 

Diesel oil 369-660 25% 

Shell 10 322-368 18% 

Shell 20 548-700 65% 

standard No. 1 325-370 18% 

Standard No. 2 550-700 65% 

Pentox Selective 325-370 18% 

Associated Diluent 260* low 20-25% 

Golden Bear No. 1* high high 

Golden Bear No. 2* high high 

Golden Bear No. 
3* 

high high 

Associated Avon* high 78% 

Stove 011* high 15-18% 

* 
The exact data on these oils not known. 
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Greenhouse Trials 

he greenhouse trials conducted in this series of 

investigations were carried out in the Oregon State College 

greenhouses. The trials included studies on the various 

materials, comparisons of their toxicity, the effect of 

soil type on toxicity, and the effect of irrigation on tox- 

icity of the materials. 

The test plants used in the greenhouse trials in- 

ciudad garden peas, red table beets, and wild mustard. 

Gallon cans were used L'or test plots with the material be- 

ing applied both as dusts and sprays. Two or more replica- 

tions were used for all trials and comparable checks were 

used for comparisons. 

The materials tested included calcium cyanamide, 

sodium acid cyanamido, potassium cyanate, ammonium thio- 

cyanate, 0-isopropyl i-phenyl carbamate, 0-isopropyl N- 

3-chlorophenyl carbamate, sodium 2,4-d ichiorophenoxy ethyl 

sulfate, dinitro-o-secondary butyl phenol, sodium trichioro- 

acetate, disodium 3,6-endoxy hexa hydro phthalate, di- 

chloralurea, maleic hydrazide, pentachlorophenol, ferrous 

sulfate, Shell 10, Standard No. 2, Golden Bear No. 1, 

Associated avon, and stove oil. 



EXPERIÏIENTAL RESULTS 

Field Trials 
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Preliminary field trials were started in the spring 

of 1949 when a number of materials were tested in both pre- 

emergence and post-emergence treatments on several vege- 

tables. The early trials consisted of a survey of nateri- 

als on peas, beans, beets, lettuce, squash, cucumbers, 

cabbage, and spinach. 

Tables 3 through 10 suimnarize the results of the 

early pre-emergence treatments. In the tables, the per 

cent stand of plants in all cases is based upon the stand 

of plants in the control plots. The plant rank indicates 

the amount of injury caused by the treatment. Rank i in- 

dudes 0-20 per cent injury, 2 includes 21-40 per cent, 3 

includes 41-60 per cent, 4 includes 61-80 per cent, and 5 

includes 81-100 per cent injury. The amount of injury was 

deterìined by observations on the degree of burning, stunt- 

irig, chiorosis, and death of plants. The weed counts and 

percentage control of weeds are the average of the replica- 

tions for each particular treatment. 

Table 3 indicates that the combination of dinitro 

general herbicide and IPC gave the best control of weeds 

with no damage to the peas. Several other materials, 

namely, dinitro general berbicide (DNG) plus DCU, 
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TABLE 3. 

Pro-emergence on Peas 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

xaterial rate count control plants rank 

CaCN2 160 lbs. 3 93 84 1 
200 lbs. 4 88 86 2 

NH4SCN 20 lbs. 6 82 109 3 
4Olbs. 3 93 95 4 

Ammonium 20 lbs. 21 38 109 1 

sulfamate 40 lbs. 6 82 91 1 

DNG 1/2 qt. 3 93 109 1 

3/4 qt. 3 93 100 2 

DNG plus 1/2 qt. 
IPC 4 lbs. 4 88 107 1 

DNG plus 3/4 qt. 
IPC 4 lbs. 1 97 104 1 

11MG plus 3/4 qt. 
DCU 10 lbs. 1 97 107 2 

DNG plus 3/4 qt. 
DCU 15 lbs. 1 97 109 3 

IPC 2 lbs. 11 68 105 1 
4lbs. 50 0 84 1 

Associated 
Diluent 260 40 gal. 3 93 109 1 
plus diesel 60 gal. 2 94 104 2 
oil ________ 

Control -- 34 0 100 1 



dinitro general herbicide alone, and Associated Diluent 260 

plus diesel oil, gave good control of weeds, but gave some 

plant injury. 

Table 4, -iving the results of pre-emergence trials 

on beans, shows that Standard No. 2 gave the best control 

of weeds and no damage to the beans. Other materials that 

also gave good results were the sodium salt of pentachioro- 

phenol, potassium cyanate, dinitro general herbicide plus 

IPC, and Associated Diluent 260 plus diesel oil. 

Table 5 presents information on pre-emergence weed 

control in beets. This table indicates that the Golden 

Bear oils gave the best control of weeds with the least 

damage to the beets. A mixture of Associated Diluent 260 

and diesel oil emulsified in water also gave good weed con- 

trol, but caused damage to the emerging beets. 

Table 6 shows no material tested was entirely satis- 

factory for pre-emergence weed control in lettuce. Of the 

chemicals under study, those that gave good control caused 

serious damage to the lettuce plants. 

Table 7, gIving the results of pre-emorgenco on 

squash, shows that Standard No. 2 gave the best weed con- 

trol and least damage to the squash plants. 

Table B indicates that ammonium thiocyanate and 

dinitro general herbicide appeared to give the best control 

of weeds In cucumbers with the least damage. Standard 
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TABLE 4. 

Pre-emergence on Beans 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

Material rate count control planta rank 

CaCN9 160 lbs. 6 80 102 
200 lbs. 3 90 115 1 

0CN 30 lbs. 1 96 105 1 
5Olbs. 1 96 120 2 

NH4SCN 20 lbs. 4 86 106 3 
40 lbs. 2 93 102 4 

Ammonium 20 lbs. 46 0 109 1 

sulfamate 40 lbs. 10 66 81 2 

TCA 101b3. 3 90 105 2 
20 lbs. 2 93 lOO 3 

Xanthogen 10 lbs. 41 0 111 2 
disulfide 15 lbs. 21 28 113 2 

Na PCP 6 lbs. O 100 98 1 
10 lbs. 1 96 120 1 

Na 2,4,5- 6 lbs. 2 93 109 1 
TOP 10 lbs. 2 93 lOO i 

Na 2,3,4,6- 6 lbs. 2 93 113 1 
TCP 10 lbs. 2 93 124 1 

DNG 3/4 qt. i 96 100 1 
1qts. 3 90 90 2 

DNG plus IPC qt. 1 96 105 1 
© 4#/ acre 3/4 qt, i 96 100 2 

Yiettable 2 lbs. 63 0 90 1 
IPC 4lbs. 45 0 95 1 

Standard 40 gal. 96 85 1 

No. 2 60 gal. 0 100 102 1 
80 gal. 0 100 90 1 

Golden Bear 40 gal. 1 96 95 2 
No. 1 

Golden Bear 40 gal. 2 93 105 2 
No. 2 

Golden Bear 40 gal. 1 96 75 2 
No. 3 

Associated 
Diluent 260 40 gal. 1 96 90 
plus diesel 80 gai. 1 96 95 
oil 

Control -- 29 100 
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TABLE 5. 

Pre-emergence on Beets 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

Material rate count control plants rank 

CaCN 
2 

80 lbs. 21 

- 

0 137 1 

120 lbs. 12 29 68 2 

NH4SCN 20 lbs. 10 78 128 2 
40 lbs. 6 87 128 3 

AmmonIum 20 lbs. 35 23 116 1 

sulfamate 40 iba. 19 58 140 1 

qt. 1 98 96 2 
DNG 3/4 qt. 3 93 65 3 

1qts. 3 93 49 4 

DNG 3/4 qt. 2 lbs. 3 93 70 3 
plus IPC 4 lbs. 1 98 39 4 

DNG 3/4 qt. 10 lbs. 1 98 93 3 
plus DCU 15 lbs. 1 98 39 4 

Wettable 2 lbs. 48 0 116 1 
IPC 4 lbs. 43 4 135 1 

DCU 10 lbs. 48 0 96 1 
15 lbs. 43 4 133 1 

Xanthogen 10 lbs. 15 67 93 1 
disuif ide 15 lbs. 9 80 93 1 

Golden Bear 60 gal. 3 93 65 2 
No. 1 

Golden Bear 60 gal. 6 87 114 1 
No. 2 

Golden Bear 60 gal. 3 93 68 2 
No.3 _____________________________________ 

Associated 
Diluent 260, 80 gal. 3 93 75 2 
diesel oil 
and water 

Control -- 45 0 100 1 
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TABLE 6. 

Pre-emergence on tttuc 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

Mater.a1 rate count control plants rank 

CaCN2 80 lbs. 16 0 72 2 
120 lbs. 5 69 60 2 

NH4SCN 30 lbs. 1 95 8 5 
5Olbs. 0 100 0 5 

DNG 3/4 qt. 0 100 0 5 
1qts. 0 100 4 5 

ettable 2 lbs. 18 0 160 1 
IPC 4 lbs. 14 13 88 1 

Standard 
No. 2 

40 gal. 0 100 
80 gal. 0 100 

24 
16 

4 
4 

Control -- 16 -- 100 1 
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TABLE 7. 

Pro-emergence on Squash 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

Material rato count control plants rank 

CaCN2 60 lbs. 10 17 68 2 
120 lbs. 3 75 89 2 

NU SCN 30 lbs. 1 92 75 2 
5Olbs. 1 92 54 3 

DIG 3/4 qt. 1 92 57 2 
lqts. 1 92 82 3 

Yettab10 2 lbs. 18 0 86 2 
IPC 4lbs. 17 0 61 2 

Standard 40 gal. O loo 54 2 
TO 2 80 gal. O 100 75 2 

Control -- 12 -- 100 1 
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TABLE 8. 

Pre-emerf)ence on Cucumbers 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

Material rate count control planta rank 

CaCN2 80 lbs. 17 0 110 1 
120 lbs. 4 75 91 1 

NH4CN 30 lbs. O 100 119 2 
5Olba. 1 94 91 2 

DNG 3/4 qt. O loo 68 2 1qts. 1 94 91 2 

Wettable 2 lbs. 12 25 76 3 
IPC 4 lbs. 14 13 68 3 

Standard 40 gal. 0 100 86 3 
No. 2 80 gal. 0 100 95 3 

Control -- 16 -- 100 1 
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No. 2 gave good weed control, but resulted in serious 

damage to the plants. 

Table 9 indicates that calcium cyanamide plus IPC 

gave the best results as pre-erriergenco on cabbage. Calcium 

cyanamide alone and Golden Lear No. 1 also gave good con- 

trol with little damage to the cabbage plants. 

Table 10, which presents the results of the pre- 

emergence trials on spinach, indicates that the combination 

of emulsive lFG and diesel oil gave good control of weeds 

with little damage to the spinach plants. Diriitro general 

herbicide alone also gave good results. 

Tables 11 through 15 summarize the rO3ultS of pre- 

emergence treatments made during the summer of 1950. These 

include trials on sweet corn and table beets and trials to 

determine the effect of irrigation and cultivation on weed 

control. 

Table 11 indicates that sodium acid cyanarnide gave 

the best control of weeds with the least injury to the corn 

plants. Diesel oil and Standard No. 2 gave better weed 

control but caused serious injury to the plant. The 

sodium salt of 2,4-D also gave good results. 

It appears from Table 12 that sodium acid cyanamide 

and Standard No. i gave the best control of weeds with 

little or no injury to the beets. 
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TABLE 9. 

Pre-ernergence on Cabbage 

Ave. Per cent 
Acre weed weed Plant 

Material rate count control rank 

CaCN2 160 iba. 5 94 1 
200 lbs. 4 95 1 

Wettable IPC 2 lbs. 3 97 1 
plus CaCN2 4 lbs. 4 95 1 
200 lbs./acre 

Xanthogen 10 lbs. 45 30 2 
disulfide 15 lbs. 37 66 3 

Golden Bear 40 gal. 8 91 1 
No. 1 60 gal. 5 94 1 

Control -- 89 -- i 
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TABLE 10. 

Pre-einergence on Spinach 

Ave, Per cent Per cent 
Acre weed weed stand of Plant 

Material rate count control plants rank 

CaCN2 80 lbs. 29 0 137 2 
120 lbs. 12 .57 53 3 

DNG 3/4 qt. 2 93 74 2 
1* qts. 1 96 116 2 

IPC plus DNG 2 lbs. 2 93 42 3 
© 1 qt./acre 

Wettable 2 lbs. 32 0 142 1 
IPC 4lbs. 27 4 84 1 

Emulsivo IPC 3 lbs. 1 96 74 2 
plus diesel 
oil @ 20 gal. 

DCU 10 lbs. 37 0 42 1 
15 lbs. 19 32 149 1 

Xanthogen 10 lbs. 4 86 90 1 
disuif ido 15 lbs. 4 86 111 1 

Standard 60 gal. 0 100 74 3 
No. 2 

Golden Bear 40 gal. 2 93 63 2 
No. 1 

Golden Bear 60 gal. 2 93 79 2 
No. 2 

Golden Bear 60 gal. 1 96 63 2 
No. 3 

Associated 
Diluent 260, 80 gal. 2 93 58 2 
diesel oil 
and water 

Control -- 28 0 100 1 
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JABJ 11. 

Pro-emergence on Sweet Corn 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

Material rate count control plants rank 

CaCN2 120 lbs. 14 26 81 1 
240 lbs. 7 63 72 J. 

NaHCN2 40 lbs. 8 50 72 1 
8Olbs. 2 90 90 1 

Sodium salt 1 lb. 7 63 80 1 
of 2,4-D 2 lbs. 7 63 75 2 

2,4-D ethyl 4 lbs. 10 47 76 2 
sulfate 8 lbs. 15 21 78 3 

DCIJ 10 lbs. 10 47 79 1 
20 lbs. 11 42 90 2 

DNG plus 1 pt. 2 90 77 2 
diesel oil 

5 gal./acre 

DNG plus 2 pts. 0 100 77 2 
diesel oil 
@ 5 gal./acre 

Diesel oil 40 gal. 1 95 66 2 
80 gal. 0 lOO 57 3 

Standard 40 gal. 0 100 91 2 
No. 2 80 gal. 0 100 69 3 

Control -- 19 0 100 1 



TABLE 12. 

Pre-emergence on Beets 

Estimated 
Ave. Per cent per cent 

Acre weed weed stand of Plant 
Material rate count control plants rank 

NaHCN2 40 lbs. 2 82 95 1 

SOibs. 1 91 90 1 

CaCN2 120 lbs. 5 54 70 2 
240 lbs. 1 91 45 3 

KOCN 10 lbs. 6 45 95 1 

2Olbs. 3 73 90 1 

Dinitro 2 lbs. 1 91 25 4 
selective 

DNG lqt. 1 91 10 5 

DNG plus diesel qt. 0 100 0 5 
oil@5gal. lqt. 0 100 0 5 
per acre 

Diesel oil 40 gal. 3 73 15 5 
8Ogal. 1 91 10 5 

IPC 4lbs. 8 27 80 2 

301-IPC 4 lbs. 8 27 50 3 

KOCN plus IPC 10 lbs. 1 91 40 3 
@ 4 lbs. per 20 lbs. 1 91 40 3 
acre 

KOCN plus 3Cl- 10 lbs. 0 100 25 4 
IPC @2 4 lbs. 20 lbs. 0 100 25 4 
per acre 

Endothal 2 lbs. 5 54 80 2 
4lbs. 4 64 80 2 

Pentachioro- 4 lbs. 1 91 15 5 
phenol 8 lbs. 0 100 10 5 

Xanthogen 5 lbs. 3 73 70 2 
disulfide 10 lbs. 2 82 50 3 

2,4-D ethyl 4 lbs. 6 45 50 3 
sulfate 8 lbs. 3 73 30 4 
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TABLE 12 (Continued) 

Estimated 
Ave. Per cent per cent 

Acre weed weed stand of Plant 
iaterial rate count control plants rank 

Shell 10 40 gal. 4 64 90 1 
BOgal. 1 91 90 1 

Standard 40 gal. 4 64 90 1 
No. 1 80 gal. 1 91 90 1 

Pentox 40 gal. 2 82 90 1 
selective 80 gal. 0 100 80 2 

Control -- 11 -- lOO 1 
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Table 13 gives the results of a trial on beans on 

which irrigation water was applied following application of 

the chemicals. Table 14 gives the results of a similar 

trial on beets. It will be noted that moisture appeared to 

increase slightly the percentage weed control and the 

amount of injury to the vegetable plants. The chemicals 

highly soluble in water appeared to have a greater increase 

in toxicity than those insoluble in water. 

The effects of cultivation upon weed control with 

certain chemicals and beet stand are demonstrated in Table 

15. Cultivation was done after application of the chemi- 

cals and after the beets had emerged. There does not ap- 

pear to be any difference in the amount of injury on the 

cultivated and non-cultivated beets, however, weed control 

seems to be slightly better in the non-cultivated plots. 

The slightly higher weed populations in the cultivated 

plots are perhaps due to the disturbance of the soi], bring- 

ing more weed seeds into favorable conditions for germina- 

tion. 

The results of the post-emergence trials are aunima- 

rized in tables 16 through 19. Materials that appeared to 

give the best results for selective weed control in peas 

were dinitro selective herbicide and wettable IPC. These 

materials did not appear to cause any injury to the peas. 
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TABLE 13. 

Effect of Irrigation on Beans 

Irrigation Non-irrigation 
Per cent Per cent 

Acre weed Plant weed Plant 
Material rate control rank control rank 

CaCN2 200 lbs. 91 1 94 1 

KOCN 30 lbs. 62 1 77 i 

Animate 40 lbs. 50 1 58 i 

TCA 20 lbs. 100 3 84 1 

NH43CN 40 lbs. 94 3 74 1 

DNG 1/2 qt. 94 3 90 3 

DNS lib. 94 1 94 1 

Wettable IPC 4 lbs. 62 1 0 1 

IPC plus DNG 2 lbs. 91 1 90 
@ i qt./acre 

Control -- 0 1 0 
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TABLE 14. 

Effect of Irrigation on Beets 

Irrigation Non-irrigation 
Per cent Per cent 

Acre weed Plant weed Plant 
iaterial rate control rank control rank 

NaHCN2 80 lbs. 67 1 62 1 

KOCN 20 lbs. 89 1 89 1 

DNG lqt. 83 5 46 4 

Sinox W 2 lbs. 83 5 85 4 

2,4-D ethyl 
sulfate 

8 lbs. 94 5 77 5 

IPC 4lbs. 0 2 0 2 

301-lFG 4 lbs. 22 4 0 3 

Diesel oil 80 gal. 44 2 38 2 

Control -- O i O i 
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TABLE 15. 

Effect of Cultivation on Beets 

Cultivation No cultivation 
Per cent Per cent 

Acre weed Plant weed Plant 
iater jal rate control rank control rank 

NaÌiCN2 80 lbs. 37 1 48 1 

KOCN 20 lbs. 75 1 100 1 

DNG lqt. 88 4 86 4 

Sjnox W 2 lbs. 88 4 95 4 

2,4-D ethyl 8 lbs. 100 5 100 5 
sulfate 

IPC 4 lbs. 8]. 2 52 2 

3C1-IPC 4 lbs. 95 4 95 4 

Diesel oil 80 gal. 50 3 43 3 

Control -- O i O i 
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TABLE 16. 

Post-emergence on Peas 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

Material rate count control plants rank 

CaCN2 60 lbs. 33 15 80 2 
80 lbs. 33 15 78 3 

Animate 10 lbs. 30 23 83 2 
2Olbs. 43 0 70 3 

KOCN 15 lbs. 13 64 73 3 
30 lbs. 11 72 67 3 

NH4SCN lO lbs. 31 20 70 3 
20 lbs. 15 62 74 3 

DNS 1/2 lb. 11 72 82 1 
3/4lb. 6 85 90 1 

2,4-D 1/2 lb. 17 56 75 3 
amino 3/4 lb. 34 13 70 3 lib. 29 26 73 3 

Wettable 2 lbs. 49 0 83 1 
IPC 4 lbs. 26 33 78 1 

DCU 10 lbs. 22 44 75 2 
15 lbs. 26 33 75 2 

Xanthogen 10 lbs. 32 18 73 2 
disulfide 15 lbs. 26 33 75 2 

Control -- 39 0 100 1 
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Table 17, giving the results of a selective trial on 

beets, shows that NaC1, NaNO3, and wettable IPC cause no 

injury to beets and can be used with safety. KOCN gave a 

better control of woods than the other materials, but 

resulted in serious injury to the beet plants. 

The results ol' the post-emergence trial on spinach 

are given in Table 18. Vettabla lFG appears to be the only 

material causing no injury to the spinach. Other materials 

gave better control of weeds, but caused serious injury to 

the spinach plants. 

Table 19 gives the results of a selectivo trial on 

beets for which harvest yields were taken. IPC appeared to 

give the highest yield of beets, but with a poor weed con- 

trol. Nu-Green (urea) resulted in high yields and with a 

better control of weeds. Other materials giving good re- 

suits were NaC1 and NaNO3. 
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TABLE 17. 

Post-emergence on Beets 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

aterial rate count control plants rank 

NaC1 60 lbs. 10 37 107 1 
80 lbs. 12 25 72 1 

NaNO3 60 lbs. 8 50 171 1 
80 lbs. 10 37 71 1 

Vvettable 2 lbs. 14 12 93 1 
IPC 4 lbs. 13 19 61 1 

KOCN 15 lbs. 8 50 54 3 
3Olba. 6 63 18 4 

Control -- 16 0 100 1 
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TABLE 18. 

Post-emergence on Spinach 

Ave. Per cent Per cent 
Acre weed weed stand of Plant 

Material rate count control plants rank 

NaC1 60 lbs. 8 33 136 2 
8Olbs. 13 0 45 3 

NaNO3 60 lbs. 6 50 73 2 
8Olbs. 12 0 36 3 

Wettable 2 lbs. 20 0 73 2 
IPG 4 lbs. 10 17 100 1 

KOCN 15 lbs. 15 0 9 5 
3Olbs. 5 58 0 5 

Control -- 12 0 100 1 
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TABLE 19. 

Selective Trials on ieets 

Estimated 
per cent 

Acre weed Plant Harvested 
Material rate control rank weights* 

KOCN 8 lbs. 10 3 22.4** 
16 lbs. 45 4 24.8 

NaC1 320 lbs. 5 1 46.2 
480 lbs. 15 1 34.2 

NaNO3 320 lbs. 5 1 38.8 
480 lbs. 10 1 45.1 

Fe304 80 lbs. 5 2 32.8 
160 lbs. 5 2 29.4 

Nw-Green 320 lbs. 5 1 49.6 
480 lbs. 15 1 45.6 

Malelo 2 lbs. 0 4 20.4 
hydraz ido 

DCU 10 lbs. 0 2 40.4 

DNS 1 lbs. 25 4 24.0 

Na PCP 4 lbs. 20 3 30.6 

Na 2,4,5-TCP 4 lbs. 15 3 35.6 

Endothal 2 lbs. 20 3 33.7 

IPC 4 lbs. 0 1 56.2 

Control -- 0 1 36.8 

* Given in pounds 
**Surn of two replications 



Greenhouse Tri.als 

The results of the greenhouse trials are given in 

tables 20 through 23. These included trials on the effect 

of soil type on peas and beets, trials on the effect of 

moisture following application of the chemicals, and tests 

on the toxicity of materials In both pre-emergence and 

post-emergence applications. 

Table 20 gives the results of the effect of soil 

typo on toxicity of materials. The materials appeared to 

be slightly more toxic on sandy soil than on clay soil. 

The loss of activity on heavier-textured soils may be due 

to adsorption of the chemicals by the soil colloids. 

Table 21 shows the effects of moisture on toxicity 

of materials to beets. The toxicity of NaTICN2 and 2,4-D 

ethyl sulfate appeared to be slightly increased by the ap- 

plication of water after the chemicals were applied. 

Tables 22 and 23 give the results ol' tests of 

materials on seed beets in pro-emergence and post-emergence 

applications. IPC and FoSO4 appeared to cause the least 

injury to the beets in pro-emergence treatments. NaHCN2 

gave a slightly bettor weed control, but resulted in sorno 

injury. NaC1 appeared to give the best results when ap- 

plied as a post-emergence treatment. IPC caused no Injury 

to the beets, but gave a poor control of weeds. 



TABLE 20. 

Effect of Soil Type 

Sandy Soil Clay Soil 
Acre Peas Beets Poas Beets 

Material rate No. No. Wt. No. Wt. No. Wt. 

CaCN2 100 lbs. 26 21.16 23 0.94 20 26.44 19 1.31 
200 lbs. 19 18.81 13 0.94 20 22.78 4 0.27 

NH4SCN 20 lbs. 21 8.53 0 0 20 13.40 0 0 

40 lbs. 19 5.80 0 0 17 8.66 0 0 

PCP 6 lbs. 17 16.89 6 0.20 23 22.77 8 0.32 
10 lbs. 26 25.26 0 0 21 23.40 0 0 

IPC 2 lbs. 22 19.01 2 0.13 23 27.16 6 0.55 
. 

4 lbs. 18 15.18 2 0.13 24 23.16 11 0.48 

Golden Bear 40 gal. 23 22.80 11 0.60 19 19.98 24 1.72 

No. 1 60 gal. 14 12.00 15 0.88 24 27.59 15 1.00 

Standard 40 gal. 17 15.86 2 0.05 11 12.28 18 0.86 

No. 2 60 gal. 17 14.30 7 0.20 14 18.93 3 0.07 

Control -- 14 13.16 12 0.77 17 12.16 8 0.76 

Analysis of Variance on Peas 

Sum of Degrees of 'iean F L.S.D. 

Variation Squares Freedom Square 5 

Replications 96.0000 1 96.0000 6.8156 8.18gm. 
Treatments 676.2981 12 56.3582 4.0012 
Error 169.0221 12 14.0852 
Total 941.3202 25 

*A1l weights in grams 
(n 
o 
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TA3L 21. 

Effect of Moisture on Beets 

IrrigatIon Non-Irrigation 
Acre No. of No. of 

Material rate plants Wt. plante Wt. 

CaCN2 160 lbs. 8 1.51 2 0.12 

NaHCN2 40 lbs. 0 0 8 0.99 

KOCN 10 lbs. 29 6.55 27 4.61 

DNG lqt. O O O O 

IPC 4 lbs. 38 7.18 21 2.54 

3C1-IPC 4 lbs. 29 1.65 22 1.33 

2,4-D ethyl 4 lbs. 0 0 4 0.12 
sulfate 

Control -- 21 8.22 30 6.31 

* Total of four replications 
**A11 weights in grams 
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TABLE 22. 

Pro-emergence on Beets for Seed 

Est I ma ted 
per cent 

Acre weed Plant 
Material rate control rank 

CaCN2 120 lbs. 20 5 
240 lbs. 50 5 

Nai-ICN2 40 lbs. 20 1 

80 lbs. 60 2 

DNG 3/4 qt. 80 2 
l qts. 95 2 

FoSO4 80 lbs. 20 1 
160 lbs. 50 1 

IPC 4 lbs. lO 1 
6lbs. lO 1 

Shell 10 40 gal. 10 5 
60 gal. 10 5 

Associated Avon 40 gal. 70 5 
60 gal. 85 5 

Stove oil 40 gal. 10 5 
60 gal. 10 5 

Control -- 0 1 
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TABLE 23. 

Post-emergence on Beets for Seed 

Estimated 
por cent 

Acre weed Plant 
Material rate control rank 

NaHCN2 20 lbs. 65 2 
40 lbs. 80 2 

DNG 3/4 qt. 90 3 
].- qts. 95 

Fe304 40 lbs. 40 1 
80 lbs. 70 2 

IPC 3 lbs. 10 1 
6lbs. 15 1 

3C1-IPC 3 lbs. 20 2 
6].bs. 50 2 

NaC1 240 lbs. 50 1 
480 lbs. 90 1 

Control -- O i 
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Table 24 2urnmarizes the materials tested and ranks 

them as to their suitability for weed control in vege- 

tables. Table 25 lists the vegetable crops tested and the 

chemical materials giving the best control of weeds with 

least injury to vegetable plants. 
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TABLE 24. 

Summary of Materials 

Material Rank* Remarks 

CaCN2 2 May result in some injury 

NaHCN2 i Suitable for pre-ernergence 
KOCN i Effective only on small weeds 

NH4SCN 4 Residual activity resulting in injury 

Ammate 3 Gives poor control of weeds 

Na TCA 4 Results in injury to veCetables 

DNG 3 Long residual activity causes injury 

DNS 2 Suitable for selective treatment on 
peas 

Sinox W 2 Residual action causes injury 
IPc J. Selective for grasses 
3C1-IPC 2 Long residual effect causes some in- 

jury 

DCU 2 Gives poor control of weeds 

Xanthogen 2 Gives poor control of weeds 
disulf ido 

PcP 2 Residual action causes injury 
NaPCP i Suitable for pro-emergence 

Na 2,4,5-TCP 3. Suitable for pro-emergence 

Na 2,3,4,6-TC? i Suitable for pro-emergence 
Endothal i Suitable for pro-emergence 

2,4-D 1 Suitable for pro-emergence in corn 

2,4-D ethyl 3 Long residual activity causes injury 
sulfato 

Standard No. 1 1 Suitable for pro-emergence 

Standard No. 2 3 Residual activity causes injury 

Diesel oil 2 Residual activity causes injury 
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TABLE 24 (Continued) 

1iatorial Rank* Remarks 

Shell 10 1 3uitablo for pro-emergence 

Shell 20 2 Residual activity causes injury 

Golden Bear 2 Residual activity causes injury 
No. i 

Golden Bear 2 Residual activity causes injury 
io. 2 

Golden Bear 2 Residual activity causes injury 
No. 3 

Pentox i Suitable for pro-emergence 
se leo t i ve 

Associated i Suitable for pro-emergence 
Diluent 260 

NaC1 i Suitable for post-emergence on beets 

NaNO3 i Suitable for post-emergence on beets 

Fe304 i Suitable for post-emergence on beets 

Nu-Green i Suitable for post-emergence on beets 
(urea) 

i1aleic 3 Results in injury 
hydraz ide 

Associated 5 Results in injury 
Avon 

Stove oil 5 Results in injury 

* 
'1 -- iiaterjal 
2 -- Material 
3-- Material 
4 -- Material 
5 -- Material 

suitable for pre-emergence use 
may cause some injury to vegetables 
results in considerable injury to crop 
unsatisfactory for pre-emergence use 
unsatisfactory; causes serious injury 
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TABLE 25. 

Summary of Crop and Suitable v1ateria1a 

Suitable Type of Rate of 
Crop Iiaterial8 Application Application 

Beets NaHCN2 Pro-emergence 40 lbs. 
per acre 

Standard No.1 Pro-emergence 40 gal. 
per acre 

IPC Pro-emergence 4 lbs. 
per acre 

Beets NaC1 Post-emergence 520 lbs. 
per acre 

IPC Post-emer;ence 4 lbs. 
per acre 

Beans NaPCP Pro-emergence 6 lbs. 
per acre 

Na 2,4,5-TCP Pro-emergence 6 lbs. 
- 

per acre 
Peas IPC plus DNG Pre-emergence 2 lbs. 

t 3/4 qt./acre per acre 
DNS Post-emergence 3/4 lbs. 

per acre 
Corn NaHCN2 Pre-energence 40 lbs. 

per acre 
Na 2,4-D Pro-emergence 1 lb. 

per acre 
Lettuce IPC Pro-emergence 4 lbs. 

per acre ____________________________ 
Squash CaCN2 Pre-emergence 120 lbs. 

per acre 
Cucumbers CaCN2 Pre-emergence 80 lbs. 

per acre 
Cabbage CaCN2 Pro-emergence 160 lbs. 

per acre 
Spinach IPC Pro-emergence 2 lbs. 

per acre 
Xanthogen Pro-emergence 15 lbs. 
disulfide per acre 



DISCUSSION 

It can be readily seen from the data presented that 

the material it3elf eem to be the rnot important factor 

affect1n; the use of chemicals for pre-emerent weed con- 

trol in veetab1e erops. The properties of each particular 

chemical determine the use to which it may be put. Certain 

rnaterial3 are very 3elective in their action, such as 2,4-D 

and IPC; others, such as dinitro general herbicide and 

pentachiorophenol, kill all vegetation they contact. Cer- 

tain naterials, suci a jotes3iurn cyanate and 8odium acid 

cyanamide, have little or no residual activity when applied 

to the 3oil, while othera, such a sodium 2,4-dichioro- 

phenoxy ethyl $ulfate and certain of the heavy oils, re:iain 

effective for perioda u to two weeks. IPC is a chemical 

which has both these properties. It haa a residual activi- 

ty up to four weeks and is very selective, killing grasses 

and not harming broad-leafed plants. In practically all 

the tables reported, IPC appeared to have poor weed kill- 

ing properties. This was due primarily to the fact that 

broad-leafed weeds, especially wild mustard, grew very 

readily in the plots treated with this chemical. 

The desirable type of material for pre-emergent weed 

control seeris to be one that possesses both selectivity and 

residial action. Aoat materials in use todaj are not of 

this type. Sodium acid cyanamide, which gave such good 



Figure 1. 

Figure 2. 
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Figure 1 shows table beets treated with 
a pre-emergence application of Standard 
No. 1 at 80 gallons per acre. 

Figure 2 shows table beets treated with 
a pre-emergence application of sodium 
acid cyanainide at 80 pounds per acre. 



results for pre-emerent control of weeds in beets as shown 

in Figure 1 and Table 12, is primarily a contact material 

having very little residual activity. rThe light oils, such 

as Standard No. i and Shell lO, likewise are contact herbi- 

cides possessing little residual activity. 

Cyanamid gave rood results as shown in Table 4 when 

used as a pre-emer;ent herbicide on beans. hen used on 

beets, lettuce, and spinach, it resulted in injury to the 

vegetable plants and gave only fair control of weeds. This 

material requires dew or a slight amount of moisture on the 

plant parts to be effective. The lack of moisture may have 

accounted for the varying results. 

Potassium cyanate seemed to be very effective in 

killing sr:iall weeds, but relatively ineffective ar:ainst 

weeds larger than two inches. It has very little residual 

action and usually causes no injury to emerging vegetable 

plants. When combined with IPC, as in Table 12, however, 

serious injury to the emerging beets resulted. 

Ammonium thiocyanate is a contact nteria1 having 

considerable residual effect and, in most cases, resulted 

in serious injury to the vegetable plants. 

3everal materials thought to be safe for pre-eraor- 

gent weed control now appear to have too long a residual 

action to be recommended for use in vegetable crops. 

Dinitro general herbicide, both alone and in combination 
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with die3el oil, appears to be of this type. Vhen used as 

a pre-emergent herbicide, it resulted in severe injury to 

beets, lettuce, squash, cucumbers, spinach, and corn. 

From the data presented in both field and greenhouse 

tests, it would seem that rainfall or irrigation occurring 

within a few days following application of the chemical 

might have an effect upon the success of the treatment. 

Tables 13, 14, and 21 indicate that moisture within a few 

days after application of the chemical tends to increase 

the activity of the material both toward the vegetables and 

weeds. The increased activity may be due to moisture 

leaching or carrying the chemical into the soil and into 

intimate contact with the sprouting seeds. Materials that 

are highly soluble in water are more easily leached and 

result in increased toxicity. 

The rate of application of the chemicals has an 

important bearing on their use. The data show the t an in- 

crease in the rate of application in both pre- and post- 

emergent treatments resulted in increased toxicity to the 

vegetables as well as to the weeds as would be expected. A 

material can be used at such a high rate as to completely 

eliminate the vegetable plants and weeds; on the other hand, 

the material can also be used at such a light rate as to 

give no indication of weed control. 

The type of soil in which the vegetables are being 
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crown appears to have an affect upon the activity of the 

cheiical materials used for pre-emergent weed control. 

Table 20 indicates that the chemicals are more effective on 

sandy soils than on clay soils. This observation tends to 

substantiate the conclusion of Jorgensen and Hamner (21, 

p. 333) who found that 2,4-D in equal amounts was more ef- 

fective on sandy soils than on muck soils. The loss of 

activity on heavier soils may be due to the fact that the 

material may become adsorbed by the soil colloids. 

Table 15 indicates that cultivation of the soil at 

some time after application of the material and after the 

crop has emerged has little effect upon the activity of the 

chemical treatment. In most cases, except where the 

chemical had a long residual effect, most of the activity 
would have been lost by the time of cultivation. However, 

cultivation did seem to bring about the germination of a 

new crop of weeds. This was probably due to the fact that 

the cultivation brought fresh weed seeds to the top inch or 

so of soil where they found suitable conditions for germina- 

tion and growth. 
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SUMMARY AND CONCLUSIONS 

Studios conducted the past two years on the use of 

chemicals have indicated their value for pre-emeront weed 

control in veetable crops. The studies were carried out 

in both field and greenhouse trials on beets, beans, corn, 

peas, cabbage, lettuce, cucumbers, squash, and spinach. 

Theï Involved pro-emerçent and post-emergent applications 

and a study of the factors inf1uencin effectiveness of the 

treatments. 

The following factors have been found to affect the 

results obtained with chemicals: 

1. The chemical material itself 

(a) teree of selectivIty 

(b) Lenth of residual effect 

2. RaInfall or irrigation following application of 

the chemicals 

3. Soil type in whIch the crop is grown 

4. cultivatIon following emergence of the crop 

5. Rate of application of the materials 

These factors .nust be considered in order to obtain 

the best results with the chemicals. 

The chemical material itself seems to be the most 

important factor affecting the results obtained with pro- 

emerent chemical weed control. 
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Of the materials investigated, sodium acid cysnamide 

appears very promising, having contact killing action with 

little residual effect. 

The ii:hter, low aromatic content oils appear very 

promisinh for pre-omergent weed control in vegeta:1es. 

These possess contact kuhn action with short residual 

effect. 

Certain materials originally thought to be safe for 

pro-emergent use now appear to have too long a residual 

action in the soil, resulting in severe damage to the 

emerging crop. This is true of the combination of dinitro 

general herbicide and diesel oil, dinitro general herbicide 

alone, and the heavier oils. 

Rainfall or irrigation following application of the 

materials seems to result in an increase in activity, 

especially of those soluble in water. The chemicals appear 

to be more effective on sandy soils than clay soils. 

Cultivation tends to bring about an increase in the weed 

populations. Rate of application of the chemical seems to 

be a critical factor in determIning the success of any 

treatment. 

From this work it may be concluded: 

1. that the chemical and rate oi' application are the 

most important factors affecting pre-emergent 

weed control in vegetables, 
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2. that solubility and residual effect influence 

the resulta obtained with chemicals. 1aterials 

soluble in water are ::ìore easily leached in the 

soll down to the region of seed ermination. 

aterials with a long residual effect may result 

in injury to the emerging crop. 

3. that certain crop species are more susceptible 

to injury from chemicals than others, and that 

certain crops possess a tolerance for a particu- 

lar chemical, 

4. that moisture tends to increase the activity of 

chemicals used for pre-oxnerent weed control, 

especially those soluble in water, 

5. that chemicals seem to be more effective on 

lighter than heavier textured soils, 

6. that the ideal type of material for pre-eìnerent 

weed control in vegetables sees15 to be one 

possessing both selectivity for the weeds arid 

residual action, 

7. that the substitute type of material for pre- 

siergent weed control possesses contact killing 
action with short residual activity, 

8. that additional work is necessary before recom- 

inendations can be made for pre-emerent weed 

control in veetables with chemicals. 
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