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ABSTRACT 

Combinations of pyrazon (5-amino-4-chloro-2-

phenyl-3(2H)-pyridazinone) and dalapon (2,2-dichloro-

propionic acid) were applied to the foliage of mustard 

(Brassica japonica (Thunb.) Sieb.f cultivar Southern Giant 

Curled) and sugarbeets (Beta vulgaris L,, cultivar Spreckels 

301-H)seedlings. Growth, as measured by fresh and dry 

weights of shoots and roots of mustard, was reduced by 

pyrazon. Dalapon-pyrazon combinations reduced growth more 

than either dalapon or pyrazon alone. Synergistic inter

actions were found with pyrazon-dalapon combinations of 

15 to 90 mg/3300 cm^ of pyrazon plus 15 to 75 mg/3300 cm^ 

of dalapon. Significant synergism occurred with pyrazon-

dalapon combinations when pyrazon or dalapon alone did not 

greatly reduce mustard plant growth. Sugarbeets were only 

slightly affected by treatments. 

• Pyrazon labeled with 3-4C in the pyridazinone ring 

was absorbed by both mustard and sugarbeets in the following 

order: pyrazon < pyrazon plus dalapon < pyrazon plus 

surfactant < pyrazon plus dalapon plus surfactant. Mustard 

leaves absorbed i4C-pyrazon more rapidly and in greater 

quantities than did sugarbeet leaves. Absorption differ

ences were greater between species on a mg dry leaf basis 

x 
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than on a per leaf basis. Translocation of -^Opyrazon 

from treated leaf blades was not detected in either species 

with any treatment. Thin-layer chromatography of ethanol 

extracts of leaves treated with ^C-pyrazon revealed a 
\ 

metabolite in mustard and sugarbeets. Sugarbeet leaves 

metabolized -^C-pyrazon more rapidly than mustard. The 

per cent of absorbed pyrazon which was metabolized in 

mustard leaves increased from 2% or less at 1 hr after 

treatment to 10% at 144 hr after treatment. The per cent 

of metabolite from sugarbeets increased from 10% to over 

90%. At the 24-*hr harvest metabolism of pyrazon in sugar-

beets did not keep pace with increased pyrazon absorption 

by treatments. The per cent nonmetabolized absorbed 

pyrazon was in the following order: pyrazon = pyrazon 

plus dalapon < pyrazon plus surfactant < pyrazon plus 

dalapon plus surfactant. 



INTRODUCTION 

Pyrazon (5-amino-4-chloro~2-phenyl-3(2H)-pyri-

dazinone) was introduced in 1962 as a selective herbicide. 

It has been effective in controlling annual broadleaf 

weeds in sugarbeets (Beta vulgaris L.). Recently, post-

emergence applications of pyrazon in combination with 

dalapon (2,2-dichloropropionic acid) have broadened the 

spectrum of weeds controlled to include grass weeds not 

controlled by pyrazon alone (8, 30, 43, 47, 52). Also, 

the possibility of dalapon increasing the toxicity of 
/ 

pyrazon to broadleaf plants has been suggested (37, 43). 

This increased phytotoxicity may be the result of 

either an additive or synergistic interaction of the herbi

cide combination, Differences in herbicide absorption, 

translocation, or metabolism may be involved in an inter

action. 

This study was conducted to determine: (a) effects 

of dalapon on the phytotoxicity of pyrazon to mustard 

(Brassica japonica (Thunb.) Sieb., var. Southern Giant 

Curled) and sugarbeets, (b) type of interaction caused by 

dalapon-pyrazon combinations, and (c) effects of dalapon 

on the absorption, translocation, and metabolism of pyrazon 

in mustard and sugarbeets. 

1 



LITERATURE REVIEW 

Pyrazon 

Pyrazon was chosen from 500 pyridazinone deriva

tives tested for herbicidal activity (9). Selectivity was 

obtained with both postemergence and preemergence applica

tions (9) . 

Many experiments have been conducted testing the 

effectiveness of this herbicide for control of broadleaf 

and grass weeds, damage to sugarbeets, factors influencing 

its effectiveness, and its use in combination with other 

chemicals. Recently, research has been conducted to de

termine the mechanism of herbicidal activity of pyrazon. 

Effect of Pyrazon on Plant 
Growth 

Pyrazon used alone has shown varied success in 

controlling weeds and has at times adversely affected 

sugarbeets. Although some grass control has been achieved 

(3/ 12), control of annual broadleaf weeds has been more 

successful (7, 9, 12, 20, 48). 

Various factors such as methods and time of applica 

tion, temperature, rates, and soil types have influenced 

the herbicidal activity of pyrazon. . Pyrazon has been 

applied preplant, preemergence, emergence and postemergence 

2 
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Preemergence applications have given better control of 

weeds than postemergence in some cases (13, 14). Preplant 

applications have proven better than preemergence applica

tions (31) and soil incorporation has given better weed 

control than surface applications (13, 44). 

Annual broadleaf weeds with 2, 4, and 6 true leaves 

and grass weeds in the 2- to 4-leaf stage have been con

trolled by 5 lb/A of pyrazon applied postemergence. In 

the 6-leaf stage grasses were less susceptible (12). Good 

control has also been obtained when weeds were in the 

"cotyledon" stage (9). 

Between 10 and 30 C, higher rates of both post-

emergence and preemergence applications of pyrazon were 

needed at lower temperatures than at higher temperatures 

to give control of rape (Brassica napus L.) (14). Warmer 

soils (27 vs. 10 C) improved weed control in field trials 

(45), Higher clay contents (14, 45) and high organic 

matter content of soils (8) reduced pyrazon effectiveness. 

Adsorption and immobility of pyrazon in soils were positively 

correlated with organic matter content (38) which reduced 

pyrazon effectiveness. 

Rates of pyrazon used have generally varied from 

2 to 6 lb/A, In one study, 2 to 2.5 lb/A resulted in poor 

weed control. Rates of 4 and 5 lb/A controlled weeds 
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without sugarbeet injury while rates of 6 and 7.5 lb/A 

reduced the sugarbeet stand (13). 

A major problem with pyrazon in addition to in

consistent weed control and lack of grass weed control has 

been the injury of sugarbeets. Higher rates needed for 

single applications have caused injury (13, 14, 20). Sugar-

beets have been injured at some stages of growth and not 

at others. Reports have included injury from postemergence 

applications in the early- to late-cotyledon stage (14, 

28), and in the 6-leaf stage (12). Greater sugarbeet 

injury has been reported in a sandy loam than in a clay 

loam soil (14). Higher temperatures also increased sugar-

beet injury (12, 14), Least injury occurred when pyrazon 

was applied on calm, overcast days (9) with temperatures 

below 27 C (42) or 22 C and a relative humidity of 40 to 

70% (9) . The addition of a nonphytotoxic oil for post-

emergence applications when sugarbeet leaves were less than 

6.5 cm long has resulted in damage. In the same study 

pyrazon with water alone did not cause injury (14). 

Mainly because of the poor grass control relative 

to annual broadleaf weed control by pyrazon, a large number 

of herbicides including dalapon have been used in combina

tions with pyrazon, 

Pyrazon plus dalapon improved broadleaf weed con

trol compared to pyrazon (3 6). The combination improved 
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(43) or gave similar (8) control compared to pyrazon plus 

the potassium salt of endothall (7-oxabicyclo [2.2.1] hep-

tane-2,3-dicarboxylic acid). Pyrazon plus dalapon applied 

postemergence at rates generally ranging from 3 to 6 lb/A 

of pyrazon and 2 or 3 lb/A of dalapon improved weed control 

(8, 30, 36, 43, 47, 52). A surfactant accelerated the rate 

of herbicidal action and improved weed control of a pyrazon-

dalapon combination (43). Early dry weather reduced the 

effectiveness of this combination (8, 51). 

Pyrazon-dalapon combinations have given satisfactory 

control in some locations. In other areas poor weed con

trol and/or injury to sugarbeets resulted. These variable 

results appear to be influenced by soil types, weather 

conditions including rainfall, relative humidity, and soil 

and air temperature. The time of application has been 

critical in some cases. 

Absorption and Translocation 

Studies with red beet (Beta vulgaris L.), millet 

(Setaria italica L.), and tomato (Lycopersicon esculentum 

Mill.) (41), red beet (35), and common lambsguarters 

(Chenopodium album L.) and sugarbeets (16, 17) showed that 

pyrazon was readily absorbed by the roots and translocated 

to the leaves. Root absorption and translocation were 

greater in millet and tomato than in sugarbeets (41). 
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Pyrazon accumulation in common lambsquarters was greater 

than in sugarbeets (16, 17). . 

Foliar-applied 14C-pyrazon was absorbed more 

readily by tomato than by red beet or millet (41) and more 

rapidly by common lambsquarters than sugarbeets (17). 

Pyrazon apparently did not move out of the treated leaf 

(17, 41). 

Metabolism 

Stephenson and Ries (41) used pyrazon labeled 

with tritium in the phenyl ring and found a metabolite 

containing the phenyl ring in red beet but not in tomato 

or millet. Ries et si. (35) used infrared spectroscopy, 

thin-layer and gas liquid chromatography and identified 

in red beet a metabolite (of root absorbed ^H-pyrazon) as 

N-2-chloro-4-phenyl-3(2H)-pyridazinone glucosamine. 

Stephenson and Ries (42) grew sugarbeets in soil 

treated with ^C-pyrazon. At intervals from 1 to 16 weeks 

following treatment the shoots and soil were analyzed for 

metabolites. One metabolite was found in the soil and three 

in the plant. Shoots were extracted with ethanol and metab

olites separated by thin-layer chromatography, with a 

benzene:ethanol 60:40 v/v solvent system. 

Most of the radioactivity in the shoots 1 week 

from treatment was in a metabolite identified previously 



7 

(35) . At 16 weeks two more metabolites were found in the 

shoots, one identified as 5-amino-4-chloro-3(2H)-pyrida-

zinone, the same metabolite found in the soil. Smith and 

Meggitt (39) subsequently reported degradation of pyrazon 

to this compound in the soil. Stephenson and Ries (42) 

reported a decrease in recovery of radioactivity over the 

16-week period. This was attributed to either volatiliza

tion losses of a breakdown product or absorption by the 

clay pots used in the experiment. 

Frank and Switzer (16) used technical pyrazon in 

nutrient solutions to isolate n-pyrazon and iso-pyrazon 

from sugarbeets and common lambsquarters. A breakdown of 

n-pyrazon to iso-pyrazon was indicated. The degradation 

was more rapid in sugarbeets. In a separate study they 

reported that pyrazon was broken down in the soil by micro

organisms (15) . 

O 
Frank and Switzer (17) found that JH-pyrazon 

labeled in the phenyl ring was metabolized rapidly by the 

roots,, petioles, and leaf blades of sugarbeets. Metabolism 

by common lambsquarters occurred only in the roots. 

Mode of Action 

The photosynthetic process has been found to be 

affected by pyrazon. New growth in barley (Hordeum vulgare 

L.) (24) and dry matter production in common lambsquarters 
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(16) were reduced by pyrazon. The inhibition of new growth 

in barley seedlings could be overcome by exogenous sucrose 

(24). Reduced dry matter production was followed by de

creased moisture content of common lambsquarters. When 

accumulation of pyrazon in tissue was twice the level which 

affected dry matter production plants wilted and died (16). 

In vivo CO2 fixation in barley seedlings (24), 

sugarbeets, oats (Avena sativa L.)/ tomato, French beans 

(Phaeseolus vulgaris L.) and Viola tricolor L. (49) and 

in vivo O2 evolution in common lambsquarters and sugar-

beets (16) was inhibited by pyrazon. No in vitro species 

differences in O2 evolution between sugarbeets and common 

lambsquarters were found but in vivo O2 reduction was much 

greater in common lambsquarters and was correlated with 

herbicide accumulation in leaf tissues (16). 

Pyrazon inhibited the Hill reaction in isolated 

chloroplasts of common lambsquarters and sugarbeets (16) 

and barley (24). 

Chlorophyll and chloroplast structural integrity 

and in vivo and in vitro respiration rates in sugarbeets 

and common lambsquarters were not affected by pyrazon (16), 

Basis of Selectivity 

The basis of selectivity has been postulated to be 

due to the glucoslyation of the 5-amino group by resistant 
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species (42) . The dephenylated compound detected was 

attributed to degradation in the soil. Frank and Switzer 

(16, 17) concluded from their studies on common lambs-

quarters and sugarbeets that the differences in the amount 

of pyrazon in leaf tissues because of metabolism by sugar-

beets were the basis of selectivity between the species. 

Further evidence that the metabolite of pyrazon 

is nontoxic was reported by van Oorscholt (49). Uptake 

of CC>2 by a number of plants decreased following a short 

root exposure to 5x10"^ M pyrazon. Following the short 

exposure to pyrazon, oats, tomato, French beans and Viola 

tricolor L. gradually regained C02 incorporating ability 

but their original photosynthetic ability was not attained,. 

Sugarbeets were able to immediately regain their CO2 uptake 

capacity which indicated detoxification of pyrazon. Hilton 

et al. (24) reported CO2 fixation capacity of sugarbeets 

recovered in 3 days after a root solution containing 

pyrazon was replaced with one without pyrazon. 

Dalapon 

Considerable research has been conducted on the 

use of dalapon. • Much of this research has been discussed 

in books by Audus (2), Crafts (5), and Klingman (27) and 

in a review by Hilton, Jansen, and Hull (23). 
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Dalapon is a selective herbicide that affects 

monocots more readily than dicots. Young, vigorous plants 

are most susceptible to foliar applications of dalapon 

(1, 19), particularly where humidity is high (40). 

Dalapon enters the plant and is translocated as 

the intact molecule through the vascular tissues (10) to 

meristerns (6, 10). Dalapon is not readily metabolized by 

either susceptible or tolerant species (11). Accumulation 

differences occur between plant species. These differences 

have been positively correlated with growth inhibition of 

roots in some plants (32, 33). However, greater amounts of 

dalapon may also accumulate in tissues of more tolerant 

plants than in tissues of more sensitive plants. Therefore, 

species differences in sensitivity on the tissue or cellular 

level were indicated (10, 37). 

The morphological changes of plant growth, such as 

excessive tillering in barley, stunting, and malformation 

of buds and roots caused by dalapon may be the result of 

two types of physiological action. There is evidence for 

(21, 22, 23, 26, 34, 37) and against (25, 32, 33, 46) the 

idea that dalapon acts primarily by interfering in pyruvate 

and/or pantothenic acid metabolism, Dalapon has also been 

shown to arrest mitosis during late prophase (18, 32). 



MATERIALS AND METHODS 

Mustard and sugarbeets were treated with foliar 

applications of pyrazon and dalapon alone and in combina

tions with a surfactant (Nekal BX-78),1 to determine the 

effect of dalapon on the phytotoxicity of pyrazon. Several 

pyrazon-dalapon combinations with surfactant were used to 

determine if an interaction occurred with the two herbi

cides. Treatment induced growth reductions were analyzed 

statistically to determine if dalapon-pyrazon combinations 

caused an antagonistic, additive, or synergistic inter

action. Synergistic interaction, in this study, refers 

to co-operative action of discrete herbicides such that 

the total phytotoxic effect, such as reduced plant growth, 

is greater than the sum of the phytotoxic effects taken 

independently. Additive interaction refers to the situa

tion where co-operative action is equal to the sum of the 

independent actions. Antagonistic is the opposite of 

synergistic. 

Pyrazon labeled with "^C in positions 4 and 5 of 

the pyridazinone ring was utilized to determine the effect 

^Chemicals were supplied by AmChem Products, Inc., 
Ambler, Pa. 

11 
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of dalapon and a surfactant on the absorption, transloca

tion, and metabolism of pyrazon by the two species. Plants 

were germinated and grown in a greenhouse and laboratory 

analyses were conducted at The University of Arizona, 

Tucson, Arizona from April 1969 to March 1970. 

Phytotoxicity 

Growth and Treatment of Plants 

Seeds were germinated in vermiculite (Experiments 

I and 2) or 20-mesh sand (Experiments 3, 4, and 5) moistened 

with distilled water. Following germination, seedlings 

were alternately watered with distilled water and one half 

strength Hoagland's complete nutrient solution. Seedlings 

of uniform size were transplanted to vermiculite (Experi

ments 1 and 2) or sand (Experiments 3, 4, and 5) in plastic 

pots 9 to 11 cm in diameter and 8 cm in height with three 

3 mm holes in the bottom. A second plastic pot 9.5 to 

II by 4.5 cm was placed under each pot to allow subirriga-

tion. Greenhouse temperatures were regulated by a thermo-

statically-controlled heater and evaporative cooler. Plants 

were grown under normally occurring light (approximately 

23,000 lux) and under a light bank when needed to maintain 

a day length of approximately 16 hr. 

Chemicals were applied to uniform plants using a 

compressed air sprayer to which a 25 ml stainless steel 
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tube had been attached between the shut off valve and 

nozzle. Potted plants to be treated were evenly spaced 

within an area 1 by 0.3 m (3300 cm^) . A 10 ml-aliguot 

of a stock solution of a treatment was pipetted into the 

steel tube and applied at a pressure of 1.4 to 1.8 kg/cmA 

while passing the nozzle three times over the area. Plants 

were sprayed in all experiments between 11:00 AM and 1:00 

PM. 

Plants were placed on a greenhouse bench following 

spraying in a randomized complete block design with replica

tions along the temperature gradient created by the evapora

tive cooler. Sand or vermiculite was covered with a layer 

of beaded styrofoam prior to spraying. This was removed 

after spraying to prevent root uptake of the herbicides. 

Preparation of Treatment 
Solutions 

Chemicals used were technical pyrazon, dalapon, 

and surfactant. Pyrazon was ground to pass through a 

screen with 0.246 mm openings and a 650067 nozzle tip. 

Stock solutions were prepared prior to use in each experi

ment. Chemicals were weighed on an analytical balance, 

placed in a flask, and the desired volume of distilled 

water added with a pipette. Technical pyrazon was not 

totally soluble in distilled water at the rates used and 

even when ground did not readily stay in suspension. 
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However, a satisfactory suspension could be maintained in 

a flask by swirling the pyrazon-water mixture as an aliquot 

to be sprayed was removed with a pipette. Both dalapon 

and the surfactant were readily soluble in distilled water 

at the rates used. 

Harvest of Plants 

Mustard plants were harvested as soon as the most 

effective treatment resulted in death of plants. Harvest 

was 6 to 9 days after treatment. Plant death was char

acterized by total chlorosis and a shriveling of leaves 

and stems. 

Interveinal chlorosis was the first visible pyrazon 

symptom on mustard plants. The chlorosis generally began 

2 days after treatment. Chlorosis progressed and on 

severely affected plants included the entire leaf. Wilting 

and shriveling of plants soon followed total chlorosis. No 

other morphological changes were observed. Higher rates of 

dalapon used in this study produced leaf margin chlorosis 

of mustard plants. In a few instances the interveinal 

areas of leaves arched following severe leaf margin chloro

sis, but nonchlorotic tissue appeared healthy. Dalapon 

treatments did not kill mustard plants. Sugarbeets showed 

no symptoms and were harvested at the same time as the 

mustard plants. 
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At harvest, plants were divided into shoots and 

roots by cutting at the apex of the hypocotyl thickening 

located at the sand level. Roots were not analyzed in 

Experiment 2. Sand or vermiculite was washed from roots 

with water and roots were blotted with paper towels. The 

20-mesh sand was easier to wash from roots and was used in 

all but the first two experiments. Each plant part was 

placed immediately into a plastic bag and stored at 20 C 

until weighed. Previous tests and checks of several samples 

from each experiment showed no loss of weight from plants 

during the interval between cutting and weighing which was 

as much as 4 hr. 

Fresh weights were determined on an analytical 

balance, plastic bags were opened and plant samples dried 

at 70 C, and the bag and contents reweighed. This process 

was convenient and avoided loss of plant material. 

Effect of Pyrazon, Dalapon, and 
Surfactant on Growth of Mustard 
Plants (Experiment 1) 

This experiment was conducted to determine effects 

of dalapon on the phytotoxicity of pyrazon and/or pyrazon-

surfactant treatments to mustard plants. 

Five mustard seedlings in the 2 true-leaf stage 

were transplanted to each plastic pot after germination 

in vermiculite. When plants had reached the 4 to 6 true-

leaf stage 24 pots were selected for treatment. Chemicals 
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were applied at the following rates expressed as mg/3300 

2 
cm : pyrazon 62.5, dalapon 93.8, and surfactant 62.5. 

p 
One pound per acre approximately equals 36 mg/3300 cm . 

Eight treatments were used; each of the chemicals alone, 

in all possible combinations, and an untreated control. 

Preliminary experiments had shown that rates of pyrazon 

higher than 90 mg/3300 cm2 were capable of killing mustard 

seedlings in the 2 to 4 true-leaf stage without dalapon. 

Therefore, rates of pyrazon above 90 mg/3300 cm2 were not 

included in any experiments. Each treatment was replicated 

three times in a randomized complete block design. Plants 

were harvested 6 days later. Fresh and dry weights of shoots 

were then determined. 

Effect of Pyrazon, Dalapon, and 
Surfactant on Growth of Sugarbeets 
(Experiment 2) 

This experiment was conducted to determine effects 

of dalapon on the phototoxicity of pyrazon and/or pyrazon-

surfactant treatments to sugarbeets. Plants in the 2 true-

leaf stage were selected for transplanting from vermiculite. 

Five plants were transplanted to each pot in 20-mesh sand. 

Uniform plants in the 4 to 5 true-leaf stage were treated 

with the eight treatments used in Experiment 1, Treatments 

were replicated three times in a randomized complete block 

design. Fresh and dry weights of shoots were determined 

at harvest 6 days after treatment. 
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Effect of Combinations of Pyrazon and 
Dalapon with Surfactant on Growth of 
Mustard Plants (Experiment 3) 

Mustard seeds were germinated in plastic pots for 

this experiment. Seedlings in an early 2 true-leaf stage 

were thinned to 6 per pot. Thirty-two pots of plants in 

the 2 to 4 true-leaf stage were selected and sprayed. Two 

replications of 16 treatments were applied in a 4 by 4 

factorial arrangement of a randomized complete block design. 

The four levels of pyrazon and dalapon in mg/3300 cm^ were 

0, 15, 45, and 75. Surfactant at 60 mg/3300 cm^ was in

cluded in all treatments. Plants were harvested 6 days 

after spraying and fresh and dry weights of shoots and 

roots determined. Fresh and dry weight values obtained 

were analyzed statistically to determine if dalapon-

pyrazon interactions occurred over the range of herbicide 

rates used and the nature of any interaction obtained. 

Average maximum and minimum temperatures during the 

experiment were 26 and 18 C. Average maximum and minimum 

relative humidity readings were 87% and 49%. From spraying 

to harvest average maximum and minimum temperatures were 

24 and 18 C, and average relative humidity readings were 

75% and 42%. 
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Effect of Combinations of Pyrazon and 
Dalapon with Surfactant on Growth of 
Sugarbeets (Experiment 4) 

Seedlings in the 2 true-leaf stage were transplanted 

six to a pot and later sprayed when plants were in the 4 to 

5 true-leaf stage. Treatments were a control, and pyrazon 

o 
at 60 and 90 mg/3300 cm in all combinations with dalapon 

at 0, 30, 60, and 90 mg/3300 cm2. Sixty mg/3300 cm2 of 

surfactant were included in each treatment. The nine 

treatments were replicated four times in a randomized 

complete block design, plants were harvested 7 days after 

treatment. Fresh and dry weights of shoots and roots were 

determined and analyzed for treatment effects. 

Average maximum and minimum temperatures during the 

experiments were 26 and 18 C. Average relative humidity 

readings were 81% and 48%. From spraying to harvest aver

age maximum and minimum temperatures were 22 and 16 C while 

average relative humidity readings were 71% and 46%. 

Effect of Combinations of Pyrazon and 
Dalapon with Surfactant on Growth of 
Mustard Plants (Experiment 5) 

Experiment 5 consisted of 35 treatments. There 

were seven levels of pyrazon: 0, 15, 30, 45, 60, 75, and 

90 mg/3300 cm2 and five levels of dalapon: 0, 30, 50, 70, 

and 90 mg/3300 cm2 applied in all combinations. Sixty 
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9 
mg/3300 cm of surfactant were included in all treatments 

except the control. Each treatment was replicated four 

times. 
• i 

Mustard seedlings were transplanted six to a pot 

when in an early 2 true-leaf stage. Uniform plants in the 

2 to 4 true-leaf stage were selected for treatment and pots 

arranged in a randomized complete block design. Plants 

were harvested 9 days later and fresh and dry weights of 

roots and shoots determined. 

Fresh and dry weight values were analyzed sta~ 

tistically to determine if dalapon-pyrazon interactions 

occurred over the range of herbicide rates used and the 

nature of any interaction obtained. 

Average maximum and minimum temperatures during the 

experiment were 24 and 17 C. Average relative humidity 

readings were 70% and 39%, From spraying to harvest av

erage maximum and minimum temperatures were 26 and 17 C 

and average relative humidity readings were 63% and 31%. 

Statistical Procedures 

All fresh and dry weight data were subjected to 

analysis of variance. All values in tables are averages 

of replications in the randomized complete block designs. 

Interaction values were calculated from per cent 

control values for each combination as follows: Control 

(100)+combination-pyrazon-dalapon. 
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Confidence Intervals (CX) were calculated as fol

lows : 

_ „\1 Error mean square/number of replications 
Standard error - 2 mean of control 

CI = Interaction + (t x standard error) where t is the 

appropriate tabulated value of Student1s t distribution 

(4). 

Absorption, Translocation, and Metabolism 

Following the phototoxicity studies an additional 

study was conducted to determine if dalapon or surfactant 

altered the absorption, translocation, and metabolism of 

•^C-pyrazon. 

Counting Procedure 

Activity of *^C was determined in a Packard Tricarb 

liquid scintillation spectrometer model 3320. .Efficiency 

was 85% with the gain set at 8.5% and window settings at 

50 and 1000. 

The fluor used was PPO (2,5-diphenyloxazole) at 

5 g/1 of toluene (29). Ten ml of fluor was used in each 

scintillation vial. Both glass and plastic scintillation 

vials were used. No quenching from the plastic vials was 

detected if counted within 24 hours of addition of toluene. 

Two-minute counts were made on all samples. Quenching was 
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determined by the internal standard method (29) using either 

l^C-toluene of ^c-pyrazon in toluene. 

An experiment was conducted to determine if the 

counting efficiency of expected samples was unchanged by 

the addition of an internal standard. Solutions containing 

substances to be encountered in subsequent samples were 

prepared. These included dark, medium, and light 80% 

ethanol plant extracts, and 80% ethanol plus 1 cm^ of silica 

gel from a thin-layer chromatography plate. Plant extracts 

later obtained from ^C-pyrazon treated leaves were in the 

light to medium range. One half ml of each of the three 

plant extracts and a 1 cm section of silical gel plus A 

0,5 ml of 80% ethanol were placed in separate scintillation 

vials with 10 ml of PPO fluor. Labeled -^C-toluene was 

added to each vial.in 10, 25, or 100 ill aliquots. Nine 

additions were made. Total disintegrations per minute 

{dpm) after each addition ranged from 30 to 167,800. 

After each addition the vials were counted and counts ob

tained plotted against the amount added. Values were 

determined on duplicate samples. 

Linearity was obtained from all samples and quench

ing was low. Counting efficiency should be the same after 

addition of the standard to samples obtained in subsequent 

experiments. 
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Preparation of Treatment 
Solutions 

Stock solutions of pyrazon, pyrazon plus dalapon, 

pyrazon plus surfactant, and pyrazon plus dalapon plus 

surfactant using technical chemicals were made in dis

tilled water. The pH values were 5.4, 4.0, 5.4, and 4.0 

respectively. Rates in mg/10 ml were pyrazon, 45; dalapon, 

70; and surfactant, 60. Pyrazon was ground to pass through 

a screen with 0.246 mm openings and a 650067 nozzle tip. 

In addition, corresponding solutions using -^c-

pyrazon, technical dalapon and surfactant were made. A 

l4C-pyrazon stock solution was made by dissolving 5 mg 

(104 yC) of -^C-pyrazon in 25 ml of distilled water. 

Solutions containing 2.33 mg/ml of dalapon or 2,13 mg/ml 

of surfactant were prepared in distilled water. These 

solutions were used to make four 1 ml solutions of -^C-

pyrazon plus dalapon plus surfactant in the same weight 

ratios as the stock solutions. Twenty-five yl of these 

1 ml solutions each contained 4 jig (8.32 x 10""^ jjC) of 

l^c-pyrazon. 

Growth and Treatment of Plants 

Mustard and sugarbeet seeds were germinated and 

seedlings grown in 20-mesh sand in a greenhouse. Distilled 

water was added to keep seeds moist until germination. 

Following germination, water and one-half strength Hoagland's 
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solution were applied alternately as needed. Seedlings in 

an early 2 to 4 true-leaf stage were transplanted, one to a 

pot, to plastic pots. Plants were subirrigated until har

vest, Forty-eight sugarbeet and forty-eight mustard plants 

were selected for uniformity when in the 2 to 4 true-leaf 

stage. 

Plants were first sprayed with the four stock 

solutions containing technical pyrazon, as in the phytotoxi-

city experiments. Twenty-five ml of a corresponding solu

tion containing 4 yg of ^C-pyrazon were applied with a 

lambda pipette to the adaxial surface of the third true-

leaf (fully expanded) of each plant following spraying. The 

l^c-pyrazon treated mustard leaves were approximately 1.5 by 

3,0 cm; sugarbeet leaves, 2.0 by 5.0 cm. A small amount 

of petroleum jelly was placed at the base of each leaf 

blade prior to application to prevent solutions running 

down the petiole. 

Harvest of Plants 

Plants were harvested 1, 24, 72, and 144 hr after 

treatment. The method of harvest for all treatments, 

harvest times, and the two plant species was the same. 

Each -^C-pyrazon treated leaf blade was cut from a plant, 

placed in a glass scintillation vial containing 6 ml of 

80% ethanol and rinsed for 30 seconds. The leaf was then 
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partially removed from the vial and rinsed with 2 ml of 

80% ethanol from a syringe. This was repeated with a 

second scintillation vial also containing 6 ml of 80% 

ethanol and again rinsed with 2 ml of 80% ethanol from a 

syringe. The leaf was then placed in a vial, capped, and 

placed on dry ice. 

The rest of the plant was then cut into (a) petiole 

below the *^C-pyrazon treated leaf blade, (b) stem, (c) rest 

of shoots, and (d) roots. Each plant part was placed in a 

labeled vial and frozen. All plant parts were later freeze-

dried and weighed prior to determination of absorption, 

translocation, and metabolism of -^C-pyrazon. 

Roots were removed by placing the plastic pot over 

an 800 ml beaker, flooding the sand with 100 ml of 100% 

ethanol. Most of the root material could be removed with 

tweezers. The sand was washed with two more 50 ml aliguots 

of absolute ethanol to remove radioactivity from the sand. 

The ethanol in the 800 ml beakers from the sand was dried, 

2 ml of ethanol added and 0,5 ml aliquots pipetted to 

scintillation vials and counted. No detectable radio

activity was found in the sand washings. 

Determination of Nonabsorbed 
14C-pyrazon 

Radioactivity rinsed from the leaves (nonabsorbed) 

was determined by drying the ethanol rinses in the 
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scintillation vials, adding 10 ml of fluor and counting. 

Counts from the two washes for each leaf were added to

gether after correction for any quenching. Quenching of 

the nonabsorbed samples was determined by pipetting 50 yl 

of a toluene solution of l^C-pyrazon which contained 1.5 

x 105 cpm. Quenching was generally less than 2%. 

Determination of Ethanol-
Extractable l^C-pyrazon 

A soxhlet apparatus with 25 by 80 nun Whatman thim

bles connected to a 125 ml round bottom flask was used to 

extract the ^C-compounds from plant parts. Twelve soxhlets 

were arranged under two heaters so one plant division of a 

species for a given harvest time could be extracted simul

taneously. Plant parts were placed in a thimble, crushed 

with a glass rod and extracted with 60 ml of 80% ethanol for 

a minimum of 10 hours. Preliminary experiments had indi

cated nearly 100% of the radioactivity could, be extracted 

in 8 h£. 

Following extraction the 125 ml-boiling flasks 

1 * 

containing the ethanol and extracted C-compounds were 

placed on a rotating evaporator and the ethanol dried. 

The sample was transferred to a 3-dram vial with eight 

0.5 ml washings of anhydrous methanol. A rubber policeman 

on a glass stirring rod was used to rub the inside of the 
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flask with each washing to facilitate removal of radio

activity , 

After the final 0.5-ml wash of the flasks, an addi

tional 0.5 ml of methanol was transferred to a scintilla

tion vial to check for completeness of removal of radio

activity from the flasks. This was done on all flasks 

used to extract ^C-pyrazon-treated leaf blade samples and 

spot checked with other samples. No radioactivity was 

detected except for low amounts in a few samples from the 

leaf blades. 

The transferred samples were dried by blowing warm 

air over the open vials. Two hundred yl of anhydrous 

methanol were then added to each vial with a lambda pipette 

and vials capped. Twenty five yl aliquots of each sample 

were transferred to scintillation vials for quantitative 

determination of radioactivity. Quenching was determined 

by adding 100 yl of ^^C-toluene equal to 3800 cpm. 

Leaf blades treated with ^C-pyrazon were checked 

for radioactivity following extraction by placing the leaves 

directly into scintillation vials, adding fluor, and count

ing. Quenching was again determined by addition of 100 yl 

of 4C~toluene. Radioactivity remaining in leaf blades 

following extraction was usually less than 1% of the amount 

extracted and never exceeded 2%. 
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The counts per minute obtained from ethanol ex

tractions of the leaf blade and the leaf material following 

extraction were added together following corrections for 

quenching. 

Determination of Metabolism of 
Pyrazon by Mustard and Sugarbeets 

An ascending thin-layer chromatography technique 

similar to the one described by Stephenson and Ries (42) 

was utilized to determine possible metabolites of pyrazon. 

Silica gel G, mixed in the ratio 1:2 w/v with glass dis

tilled water was used to coat 20 by 20 cm glass plates at 

a thickness of 25 y. The plates were then heated in an 

oven at 105 C for 1 hr. 

By removing a small width of silica gel with a -

sharpened pencil, vertical lines 1 cm apart and a hori

zontal line 15 cm from the origin were drawn on each plate 

prior to spotting. A 10 yl aliquot from each leaf blade 

extract sample was spotted. The plates were allowed to 

develop to the 15 cm line using 200 ml of a 60:40 benzene: 

ethanol solvent (42) in a glass tank. 

The vertical lines in the gel allowed for several 

samples to be spotted on each plate and assured that the 

compounds from each spot remained in the 1 by 15 cm area 

of each strip. Portions of each strip 1 by 1 cm were re

moved sequentially and placed in separate scintillation 
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vials. One-half ml of anhydrous methanol and 10 ml of the 

PPO fluor were added to each vial and samples were counted. 

Preliminary tests showed that addition of the methanol 

increased the number of counts per minute to give approx

imately 100% recovery of radioactivity spotted. Apparently, 

since pyrazon was only slightly soluble in toluene (31), 

the methanol facilitated elution of the ^C-pyrazon from 

the gel. 

Where activity of the extract was low as in the 

1-hr and 24-hr harvest samples, the samples were concen

trated to 50 yl before spotting. Preliminary studies 

showed no measurable change in per cent metabolite or 

original molecule from concentrating samples. A similar 

check was made on a few samples from the 24-hr harvest 

before and after concentrating. Quenching was again de

termined with ^^C-toluene and correction made where neces

sary. 

Rf values of the -^C-pyrazon stock in water, ^C-

pyrazon in methanol, and "^C-pyrazon boiled for 10 hr in 

80% ethanol in the presence of sugarbeet leaves were com

pared. No change in the original molecule was caused by 

methanol or the extraction procedure. 



Statistical Procedures 

All data were subjected to analysis of variance. 

All values are averages of replications in the randomized 

complete block design. 



RESULTS AND DiSCUSSION 

Phytotoxicity 

Effect of Pyrazon, Dalapon, and 
Surfactant on Growth of Mustard 
Plants (Experiment 1) 

Visual pyrazon symptoms began approximately 2 days 

after treatment. Chlorosis was most pronounced and pro

gressed most rapidly on pyrazon plus dalapon plus surfac

tant-treated plants. Dalapon induced leaf margin chlorosis 

was slight. Six days after treatment plants were harvested 

and fresh and dry weight of shoots and roots measured to 

determine treatment effects on growth. 

The four treatments which contained pyrazon reduced 

growth of shoots and roots compared to the control, dalapon, 

surfactant, and dalapon plus surfactant treatments (Table 

1). The addition of dalapon to either pyrazon or pyrazon 

plus surfactant increased these reductions. Significantly 

lower shoot fresh weights as compared to the control re

sulted from the pyrazon plus dalapon plus surfactant treat

ment . 

Large variations in this experiment occurred because 

of the failure of some plants or parts of plants to be af

fected by the herbicides. This variation was possibly 

30 



Table 1. Fresh and dry weights of shoots and roots of mustard plants treated with 
pyrazon, dalapon, and surfactant arid their combinations (Experiment 
1) . 

Rate 
Fresh weight g Dry weight mg 

Treatments mg/3300 cm^ shoots roots shoots roots 

No herbicide 0 6.47ab^- 1.56abc 690ab 84ab 

Surfactant 62.5 8.37a 2.89ab 946a 163a 

Dalapon 93.8 8.13a 3.19a 918a 160ab 

Dalapon plus 
surfactant 

93.8 + 62.5 6.49ab 2.OOabc 749ab 108ab 

pyrazon 62.5 4.03abc . 0.80bc 4 4 Sab 49ab 

Pyrazon plus 
surfactant 

62.5 + 62.5 3.51bc 1.09abc 449ab 64ab 

Pyrazon plus 
dalapon 

62.5 + 93.8 2.73bc 0.66bc 404b 37ab 

Pyrazon plus 
dalapon plus 
surfactant 

62.5 4- 62.5 *t~ 
93.8 

0.79c 0.48c 280b 25ab 

^-Values in a column followed by the same letter are not significantly 
different at the 5% level according to Duncan's multiple range test. 
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caused by poor coverage of leaves by the spray, especially 

s. 

when pyrazon was applied without surfactant, or the lack 

of sensitivity of the plants to the spray because of their 

size. Although broadleaf weeds have been controlled by 

pyrazon in the 4- to 6-leaf stage (12), results from this 

and preliminary studies showed that more consistent effects 

on mustard with pyrazon were obtained when plants were in 

the 2 to 4 true-leaf stage. 

Effect of Pyrazon, Dalapon, and 
Surfactant on Growth of Sugarbeets 
(Experiment 2) 

Growth of sugarbeets in an early 4 to 6 true-leaf 

stage was not significantly affected by any of the treat

ments 6 days after application (Table 2). Pyrazon and 

dalapon symptoms were not noticeable. Sugarbeets were 

resistant to pyrazon, dalapon, surfactant combinations 

which reduced growth of mustard plants in Experiment 1. 

Experiment 1 was conducted concurrently with Experiment 2. 

Since the greatest and most consistent herbicide 

effects were produced when the surfactant was included with 

the pyrazon and dalapon treatments, surfactant was included 

in all subsequent experiments. Subsequent experiments were 

designed to test the effectiveness and type of herbicide 

interaction of several rates of dalapon-pyrazon combina-
« 

tions, 



Table 2. Fresh and dry weights of shoots of sugarbeets treated with pyrazon, 
dalapon, and surfactant and their combinations (Experiment 2). 

Treatments 

Chemical 
Rate 
mg/3300 2 cm 

Fresh weight 
g 

Dry weight 
mg 

No herbicide 0 4.70a1 952a 

Surfactant 62.5 5.21a 1017a 

Dalapon 93.8 4.46a 954a 

Dalapon plus surfactant 93.8 62.5 4.69a 992a 

Pyrazon 62.5 4.65a 971a 

Pyrazon plus surfactant 62.5 + 62.5 5.13a 934a 

Pyrazon plus dalapon 62.5 + 93.8 4.98a 983a 

Pyrazon plus dalapon 
plus surfactant 

62.5 
62.5 

+ 93.8 + 4.64a 881a 

1Values in a column followed by the same letter are not significantly 
different at the 5% level according to Duncan's multiple range test. 
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Effect of Combinations of Pyrazon and 
Dalapon with Surfactant on Growth of 
Mustard Plants (Experiment 3) 

Visual symptoms were similar to those obtained in 

Experiment 1. Most pronounced pyrazon symptoms occurred 

with pyrazon plus dalapon plus surfactant treatments. 

Symptoms progressed more rapidly with higher pyrazon rates. 

Plants were harvested 6 days after treatment and fresh and 

dry weights determined. Values were analyzed for treatment 

effects and the nature of possible interactions. 

The relative effectiveness of pyrazon-dalapon 

combinations on growth of mustard plants as measured by 

fresh weight is presented in Table 3. Applications of 
o 

pyrazon alone at 15 mg/3300 cm slightly increased growth 

whereas applications of 45 and 75 mg/3300 cm2 decreased 

growth of shoots compared to the control although not 

significant. Applications of dalapon alone at 15 and 45 

mg/3300 cm2 increased and application of 75 mg/3300 cm2 

decreased growth of shoots compared to the control. Again, 

these effects of dalapon were nonsignificant. 

All combinations of pyrazon plus dalapon reduced 

shoot growth compared to the control. Significant reduc

tions resulted from applications of pyrazon at 45 and 75 

2 
mg/3300 cm plus dalapon at the same rates, and the pyrazon 

at 15 with dalapon at 75 mg/3300 emirate. At any given 

level of either pyrazon or dalapon an increase in the rate 
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Table 3, Fresh weight of shoots of mustard plants treated 
with combinations of pyrazon and dalapon with 
surfactant (Experiment 3). 

Dalapon 
mg/3300 cm 

Fresh weight g 

Dalapon 
mg/3300 cm 

Pyrazon mg/3300 cm2 Dalapon 
mg/3300 cm 0 15 45 75 

0 3 ,37abc-'- 3.44ab 2.32cde 2. 34cde 

15 4 . 02a 2.71bcd 2.49bcde 2. 33cde 

45 3 ,44ab, 2.33cde 2,02de 1. 96 de 

7 5  2 ,85bcd 2.08de 1.61ef 0. 93f 

•'•Values followed by the same letters are not sig
nificantly different at the 5% level. 

of the other herbicide decreased growth. All combinations 

of dalapon plus pyrazon at 15, 45, and 75 mg/3300 cm2 re

duced shoot growth compared to corresponding rates of the 

herbicides applied alone, except the dalapon at 15 plus 

pyrazon at 45 mg/3300 cm2 combination. Pyrazon plus dalapon 

applied at the highest rate of each significantly reduced 

growth compared to the highest rate of each applied alone. 

All interaction values from pyrazon-dalapon combinations 

for fresh weight were negative indicating a synergistic 

effect (increased phytotoxicity) (Table 4). 
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Table 4, Fresh weight expressed as per cent of control 
with interaction values of shoots of mustard 
plants treated with combinations of pyrazon 
and dalapon with surfactant (Experiment 3). 

Per cent of control with interaction 
values in parenthesis1 

Dalapon Pyrazon mg/3300 cm2 

mg/3300 cm2 0 15 45 75 

0 100 102 69 69 

15 119 80 (-41) 74 (-14) 69 (-19) 

45 102 69 (-35) 60 (-11) 58 (-13) 

75 85 62(-25) 48(-6) 28 (-26) 

•'•Negative interaction values indicate synergistic, 
positive values antagonistic, values near zero additive 
effect of combinations. 

Confidence interval (.95) for interaction = ± 45 

o 
The 45 and 75 mg/3300 cm rates of pyrazon without 

dalapon resulted in dry weights of shoots which were sig

nificantly less than the control (Table 5). Dalapon alone 

did not reduce growth as measured by dry weight of mustard 

o 
shoots. The 15 mg/3300 cm rate slightly increased growth, 

the 45 and 75 mg/3300 cm^ rates had little effect. 

All combinations of pyrazon with dalapon resulted 

in shoot dry weights which were significantly less than 

the control. Only two combinations, pyrazon at 45 and 
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Table 5, Dry weight of shoots of mustard plants treated 
with combinations of pyrazon and dalapon with 
surfactant (Experiment 3). 

Dry weight mg 

Dalapon 
mg/3300 cm2 

Pyrazon mg/3300 cm2 Dalapon 
mg/3300 cm2 0 15 45 75 

0 326abX 274bc 206cd 210cd 

15 361a 234cd 226cd 220cd 

45 334ab 197cd 205cd 194cd 

75 322ab 193cd 196cd 158d 

Values followed by the same letter are not sig
nificantly different at the 5% level according to Duncan's 
multiple range test. 

75 mg/3300 cm2 plus dalapon at 15 mg/3300 cm2, did not i 

decrease shoot growth compared to the corresponding rates 

of pyrazon alone. Interaction values were negative again 

indicating a synergistic effect of dalapon-pyrazon combina

tions {Table 6). 

Decreases in growth of mustard roots as measured 

by fresh weight were caused by all treatments of pyrazon 

without dalapon as compared to the control (Table 7). The 

75 mg/3300 cm rate significantly reduced root growth. 

Dalapon without pyrazon did not .significantly affect root 
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Table 6, Dry weight expressed as per cent of control with 
interaction values of shoots of mustard plants 
treated with combinations of pyrazon. and dalapon 
with surfactant (Experiment 3). 

Per cent of control with interaction 
values in parenthesis-*-

Dalapon Pyrazon mg/3300 cm2 
/nnn n ic A G mg/3300 cm 0 15 45 75 

0 100 84 63 64 

15 111 72 (-23) 69 (-5) 68 (-7) 

45 102 60 (-26) 63 (~ 2) 60 (~ 6) 

75 99 59 (-24) 60 (-2) 48 (-15) 

^Negative interaction 
positive values antagonistic, 
effect of combinations. 

Confidence Interval (.95) for 

values indicate synergistic, 
values near zero additive 

interaction = ± 32, 

Table 7. Fresh weight of roots of mustard plants treated 
with combinations of pyrazon and dalapon with 
surfactant (Experiment 3). 

Fresh weight g 

Dalapon Pyrazon mg/3300 cm2 

mg/3300 cm2 0 15 45 75 

0 2.163b1 2.07abc 1.59bcd 0.94de 

15 2,43a 1,60bcd 1.37cde 1.19de 

45 2,28ab 0.91de 1.19cde 1.08de 

75 2,40a 1.15de 1.28de 0. 76e 

•'•Values followed by the same letter are not sig
nificantly different at the 5% level according to Duncan's 
multiple range test. 



growth although the values obtained were higher than the 

untreated control. 

All combinations of pyrazon plus dalapon signifi- , 

cantly reduced root growth as compared to the control 

except the 15 mg/330 0 cm2 combination. All combinations 

o 
of pyrazon with dalapon except the pyrazon 75 mg/3300 cm 

with dalapon at 15 and 45 mg/3300 cm2 treatments resulted 

in lower root fresh weight compared to corresponding treat 

ments of dalapon or pyrazon. These reductions were sig-

nificant for the 15 mg/3300 cm pyrazon plus 45 and 75 

2 . 
mg/3300 cm dalapon combmatxons. 

All interaction values were negative except the 

pyrazon at 75 plus dalapon at 45 mg/3300 cm2 treatment 

(Table 8). Two significant synergistic values were ob-

tained from application of pyrazon at 15 mg/3300 cm plus 

dalapon at 45 and 75 mg/3300 cm2. 

Mustard root growth expressed on a dry weight basi 

was slightly increased by pyrazon at 15 mg/3300 cm (Table 

9). The 45 and 75 mg/3300 cm2 rates reduced root growth 

compared to the control, the latter being significant. 

Higher rates of dalapon without pyrazon decreased growth 

of mustard roots, but not significantly. 

Treatments containing pyrazon with dalapon in all 

combinations yielded lower root dry weights than the con

trol. All treatments with combinations of pyrazon plus 
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Table 8. Fresh weight expressed as per cent of control 
with interaction values of roots of mustard 
plants treated with combinations of pyrazon and 
dalapon with surfactant (Experiment 3). 

Per cent of control with 
interaction values in parenthesis1 

Dalapon Pyrazon mg/3300 cm2 

mg/3300 cm2 0 15 45 75 

0 100 96 74 44 

15 . 112 74 (-34) 63 (*-23) 55 (-1) 

45 106 42 (-60) 55 (-25) 50(0) 

75 110 53 (-53) 59 (-25) 35(-19) 

Negative interaction values indicate synergistic, 
positive values antagonistic, values near zero additive 
effect of combinations. 

Confidence Interval (.95) for interaction = ± 46. 

Table 9, Dry weight of roots of mustard plants treated 
with combinations of pyrazon and dalapon with 
surfactant (Experiment 3). 

Dry weight mg 

Dalapon 
mg/3300 cm2 

Pyrazon mg/3300 cm2 Dalapon 
mg/3300 cm2 0 15 45 75 

0 263ab1 268a 189abcd 94cd 

15 256ab 177abcd 116bcd 98cd 

45 249ab 84cd 123abcd 9 led 

75 230abc 94cd 132abcd 72d 

^Values followed by the same letter are not sig
nificantly different at the 5% level according to Duncan's 
multiple range test. 
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dalapon at 15, 45, and 75 mg/330 0 cm except pyrazon at 

75 plus dalapon at 15 mg/3300 cm2 decreased root growth 

compared to corresponding rates of dalapon or pyrazon. 

All combinations of pyrazon at 15 and 45 mg/3300 

p 
cm with dalapon resulted in negative interaction values, 

which indicated a synergistic response of dalapon-pyrazon 

combinations (Table 10). Small positive values resulted 

from treatments of 75 mg/3300 cm2 of pyrazon plus dalapon. 

No interaction values were significant. 

Table 10. Dry weight expressed as per cent of control with 
interaction values of roots of mustard plants 
treated with combinations of pyrazon and dalapon 
with surfactant (Experiment 3). 

Per cent of control with interaction 
values in parenthesis^-

Pyrazon mg/3300 cm2 

mg/3300 cm2 0 15 45 75 

0 100 102 72 36 

15 97 67(-32) 44(-25) 37(4) 

45 95 32(-65) 47 (-20) 35(4) 

75 88 36 (-54) 50(-10) 27(3) 

*1 
xNegative interaction values indicate synergistic, 

positive values antagonistic, values near zero additive 
effect of combinations. 

Confidence Interval (.95) for interaction = + 70. 
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Effect of Combinations of Pyrazon 
and Dalapon with Surfactant on 
Growth of Sugarbeets (Experiment 
4) 

Herbicide treatments did not cause significant 

differences in average fresh or dry weights of sugarbeet 

shoots or dry weight of roots (Table 11). A significant 

reduction from the control occurred in root growth, as 

measured by fresh weight, from the 60 mg/3300 cm pyrazon 

plus 60 mg/3300 cm^ dalapon treatment. No trends were 

observed with increasing rates. Visual pyrazon and dalapon 

symptoms were not apparent as in Experiment .2. Plants were 

harvested 7 days after treatment. 

In Experiment 4 and Experiment 2 sugarbeet plants 

were not greatly affected by combinations of pyrazon and 

dalapon that caused severe chlorosis and death to mustard 

plants. Sugarbeet plants were at a later stage of growth 

than mustard plants, however. 

Effect of Combinations of Pyrazon 
and Dalapon with Surfactant on Growth 
of Mustard Plants (Experiment 5) 

Growth, on a fresh weight basis, of mustard plants 

treated with several rates of pyrazon-dalapon combinations 

with surfactant is presented in Table 12. Visual pyrazon 

symptoms were most evident from pyrazon-dalapon combina

tions , Symptoms were similar on mustard plants treated 

with 30 to 90 mg/3300 cm^ of pyrazon with dalapon. Some 
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Table 11. JFresh and dry weights of shoots and roots of 
sugarbeets treated with combinations of pyrazon 
and dalapon with surfactant (Experiment 4). 

mg/33 00 cm^ Fresh weight g Dry weight mg 

Pyrazon Dalapon Shoots Roots Shoots ROOts 

0 0 13.Seab1 7.72ab 2,180ab 780a 

60 0 14.70a 8.54a 2,500a 880a 

60 30 13.00b 7.03bc 2,000b 790a 

60 60 13.33ab 6.13c 2,090b 640a 

60 90 13.20b 7.14bc . 2,090b 710a 

90 0 12.96b 7.08bc 2,200ab 760a 

90 30 12.47b 7.29bc 1,940b 730a 

90 60 13.59ab 7.27bc 2,230ab 750a 

90 90 13,45ab 7.81ab 2,130b 880a 

^Values in a column followed by the same letter are 
not significantly different at the 5% level according to 
Duncan's multiple range test. 
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Table 12, Fresh weight of shoots of mustard plants treated 
with combinations of pyrazon and dalapon with 
surfactant (Experiment 5). 

Fresh weight g 

Dalapon 
mg/3300 cm 

Pyrazon mg/3300 cm2 Dalapon 
mg/3300 cm 0 15 30 45 60 75 90 

0 3.25 3,30 2.88 3.19 2.77 2.97 2.73 

30 3.32 2.88 2.35 2.01 2.05 2.14 1.98 

50 2.75 2.64 2.20 1.48 1.95 1.83 1.24 

70 2,49 2.06 1.79 1.30 1.35 1.65 1.27 

90 2.12 2.25 1.53 1.85 1.60 1.91 1.30 

LSD (.05) = 0.69 ' LSD (.01) = 0.92 

malformation of leaves occurred with higher applications 

of dalapon alone. Malformations were not noticeable from 

dalapon-pyrazon treatments. Higher rates of pyrazon plus 

dalapon caused death of plants 9 days after treatment. 

Plants were then harvested and fresh and dry weights 

determined. Values were analyzed for treatment effects 

and the nature of possible interactions. 

Applications of pyrazon alone at rates of 30 to 90 

9 
mg/3300 cm reduced growth of mustard shoots compared to 

the control and the 15 mg/3300 cm2 rate (Table 12). Dalapon 
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applied without pyrazon at 30 mg/3300 cm2 slightly increased 

growth. Applications of 50 to 90 mg/3300 cm2 of dalapon 

reduced shoot growth compared to the untreated control or 

the 30 mg/3300 cm2 rate of dalapon. The reductions from 

the 70 and 90 mg/3300 cm rates were significant. 

Treatments containing pyrazon plus dalapon in all 

combinations resulted in lower shoot fresh weights com

pared to the control. These weights were significantly 

less than the control for all treatment combinations except 

p 
the pyrazon at 15 plus dalapon at 30 and 50 mg/3300 cm 

rates, 

All combinations of pyrazon plus dalapon decreased 

growth of shoots compared to treatment with the cor

responding level of either dalapon or pyrazon except for a 

slight increase from the pyrazon at 15 plus dalapon at 90 

mg/3300 cm2 treatment. These reductions were significant 

from treatment with combinations of pyrazon at 45 to 90 

mg/3300 cm with dalapon. 

An increase in dalapon from 30 to 70 mg/3300 cm 

with a given level of pyrazon generally caused lower fresh 

weights. Shoot fresh weights from plants treated with 

pyrazon at 45 to 90 mg/3300 cm2 plus dalapon at 50 to 90 

mg/3300 cm2 and at 30 mg/3300 cm2 with dalapon at 70 and 90 

mg/3300 cm2 did not differ significantly. 
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All interaction values were negative indicating a 

synergistic effect of dalapon-pyrazon combinations (Table 

13), Dalapon at 30 to 70 mg/3300 era2 plus pyrazon at 45 

mg/3300 cm2 and dalapon at 50 plus pyrazon at 90 mg/3300 

cm produced significant synergistic interactions. 

Pyrazon without dalapon caused lower shoot dry 

weights compared to the control (Table 14). Dalapon at the 

2 
90 mg/3300 cm rate decreased while the other rates of 

dalapon alone increased shoot growth as measured by dry 

weights compared to the control, although not signifi

cantly. 

Compared to the control, applications of pyrazon 
/ 

plus dalapon decreased shoot growth in all cases. Reduc

tions were significant from treatment with all combina

tions of pyrazon and dalapon at rates of 30 to 90 mg/3300 

cm2 except dalapon at 90 plus pyrazon at 75 mg/3300 cm2. 

Applications of pyrazon plus dalapon generally 

resulted in lower shoot dry weights compared to corres

ponding levels of pyrazon or dalapon. However, only a few 

treatments caused significant growth reductions compared to 

pyrazon. There were generally no significant differences 

between dry weight of shoots of mustard plants treated with 

pyrazon plus dalapon at 30 to 90 mg/3300 cm . 

All interaction values for dry weight of shoots 

were negative except those obtained from the dalapon at 



Table 13. Fresh weight expressed as per cent of control with interaction values 
of shoots of mustard plants treated with combinations of pyrazon and 
dalapon with surfactant (Experiment 5) 

Per cent of control with interaction values in parenthesis^ 

Pyrazon mg/3300 cm2 

mg/3300 cm2 0 15 30 45 60 75 90 

0 100 102 89 98 85 91 84 

30 102 89 (-15) 72 (--19) 62 (--38) 63 (--24) 66 (--27) 61 (--25) 

•50 85 81(-6) 68 {--6) 46 (--54) i 
o
 

KD 

-10) 56 (--20) 38 (--31) 

70 77 63(-6) 55 (--11) 40 (--35) 42 (--20) 51 (--17) 39 (--22) 

90 65 69(2) 47(--7) 57 (--6) 49 (--1) 59 (--3) 40 (--19) 

^Negative interaction values indicate synergistic, positive values 
antagonistic, values near zero additive effect of combinations. 

Confidence Interval (.95) for interaction = ± 30 
Confidence Interval (.99) for interaction = ± 42 
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Table 14, Dry weight of shoots of mustard plants treated 
with combinations of pyrazon and dalapon with 
surfactant (Experiment 5). 

Dry weight mg 

Dalapon Pyrazon mg/3300 cm2 

mg/3300 cm 0 15 30 45 60 75 90 

0 326 311 256 280 246 270 258 

30 404 299 240 239 223 241 213 

50 382 292 254 187 251 230 195 

70 351 248 245 205 202 227 188 

90 298 269 213 255 221 278 217 

LSD (.05) = 61 
LSD (.01) = 82 

90 plus pyrazon at 45 to 75 mg/3300 cm2 treatments (Table 

15). Significant synergistic interactions were obtained 

with treatments of dalapon at 30 mg/3300 cm plus pyrazon 

at 15 to 90 mg/3300 cm2, dalapon at 50 with pyrazon at 45 

and 90 mg/3300 cm , and dalapon at 70 plus pyrazon at 15, 

45, and 90 mg/3300 cm2. 

Treatment with pyrazon without dalapon decreased 

root growth on a fresh weight basis (Table 16). Signifi

cant reductions in growth from the control were caused by 

treatments of 30, 60, and 75 mg/3300 cm2 of pyrazon without 

dalapon. Dalapon increased root growth at the 30 mg/3300 



Table 15. Dry weight expressed as per cent.of control with interaction values 
of shoots of mustard plants treated with combinations of pyrazon 
and dalapon with surfactant (Experiment 5). 

*1 
Per cent of control with interaction values in parenthesis 

Dalapon Pyrazon mg/3300 cm2 

mg/3300 cm2 0 15 30 45 60 75 90 

0 100 95 79 86 75 83 79 

30 124 92(-27) 74(-29) 73 (-37) 68(-31) 74 (-33) 65(-38) 

50 117 90(-22) 78(-18) 57(-56) 77(-15) 71(-19) 60(-36) 

70 108 76(-27) 75(-12) 63(-40) 62(-21) 70(-21) 58(-38) 

90 91 83(-3) 65(-5) 78(1) 68(2) 85(11) 67(-3) 

^•Negative values indicate synergistic, positive values antagonistic and 
values near zero additive effect of combinations. 

Confidence Interval (.95) for interaction = ± 26 
Confidence Interval (.99) for interaction = ± 36 
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Table 16, Fresh weight of roots of mustard plants treated 
with combinations of pyrazon and dalapon with 
surfactant (Experiment 5) . 

Fresh weight g 

Dalapon Pyrazon mg/3300 cm2 

mg/3300 cm2 0 15 30 45 60 75 90 

0 2.00 1.92 1.35 1.70 1.20 1.46 1.50 

30 2.46 1.62 1.24 1.20 1.40 1.20 1.16 

50 1.93 1,48 1.24 0.75 1.24 1,12 0.90 

70 1.58 1.20 1.14 0.76 0.98 1.04 0.71 

90 1.10 1.40 0.85 1.31 0.91 1.16 0.93 

LSD (.05) = 0.53 
LSD (.01) B 0.70 

2 9 
cm level. Above the 30 mg/3300 cm level increasing 

dalapon rates decreased root growth. Ninety mg/3300 cm2 

of dalapon caused significantly lower root fresh weights 

compared to the control. 

All combinations of pyrazon plus dalapon reduced 

root growth compared to the control. Significant re~ 

ductions were obtained from combinations of pyrazon at 

30 to 90 mg/3300 cm with dalapon at the same rates, and 

pyrazon at 15 mg/3300 cm2 plus 70 and 90 mg/3300 cm2 of 

dalapon. 
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Combinations of dalapon with pyrazon usually re

duced root growth compared to corresponding levels of 

either chemical alone. Hoot fresh weight from treatments 

of pyrazon plus dalapon at 30 mg/3300 cm2 and higher were 

generally not significantly different from each other. 

Significant synergistic interaction values (Table 

17) were obtained from the following treatments: pyrazon 

at 45 mg/3300 cm2 plus 30 and 50 mg/3300 cm2 of dalapon, 

2 
and pyrazon at 15 and at 90 mg/3300 cm plus dalapon at 

30 mg/3300 cm2. 

Applications of pyrazon without dalapon did not 
• - -• 

significantly reduce mustard root growth as measured by 

dry weight (Table 18). Dalapon at the 30 mg/3300 cm2 rate 

significantly increased root growth compared to the con

trol. Root growth was increased by dalapon at the 50 

2 
mg/3300 cm rate and decreased by the two higher rates of 

dalapon alone, but not significantly, 

Pyrazon plus dalapon treatments all reduced root 

growth compared to the control. Seven of these were 

p 
significantly less than the control: 75 mg/3300 cm of 

pyrazon plus 30 and 50 mg/3300 cm2 dalapon, 45 and 90 

mg/3300 cm2 of pyrazon plus 70 mg/3300 cm2 of dalapon, 

and 30, 60, and 90 mg/3300 cm^ of pyrazon plus 90 mg/3300 

crn* dalapon. 



Tablfe 17. Fresh weight expressed as per cent of control with interaction 
values of roots of mustard plants treated with combinations of 
pyrazon and dalapon with surfactant (Experiment 5). 

Per cent of control with L interaction values 
• • ••• 1— in parenthesis-1-

Dalapon 
mg/3300 cm^ 

Pyrazon mg/3300 cm^ Dalapon 
mg/3300 cm^ 0 15 30 45 60 75 90 

0 100 96 68 85 60 73 75 

30 123 81(-38) 62(-29) 60 (-48) 70 (-13) 60(-36) 58 (-40) 

50 96 74(-18) 62(-2) 77 (-44) 62(6) 56(-13) 45(-26) 

70 79 60(-32) 57(10) 38 (-26) 49(10) 52 (0) 36 (-18) 

90 55 70(19) 42(19) 66(26) 46(31) 58 (30) 46(16) 

•'•Negative interaction values indicate synergistic, positive values 
antagonistic, values near zero additive effect of.combinations. 

Confidence Interval (.95) for interaction = ± 38 
Confidence Interval (.99) for interaction = ± 50 
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Table 18. Dry weight of roots of mustard plants treated 
with combinations of pyrazon and dalapon with 
surfactant (Experiment 5), 

Dry weight mg 

Dalapon 
mg/3300 cm2 

Pyrazon mg/3300 cm2 Dalapon 
mg/3300 cm2 0 15 30 45 60 75 90 

0 112 108 120 111 89 95 107 

30 161 97 74 91 81 64 80 

50 127 85 81 66 72 63 . 69 

70 103 86 85 53 68 69 57 

90 72 69 51 76 62 73 57 

LSD (.05) = 48 
LSD (.01) = 63 

Pyrazon plus dalapon treatments compared to their 

corresponding levels of each herbicide applied alone re

duced root growth in most comparisons. Decreased growth 

was not apparent with increasing rates of combinations of 

herbicides. 

There were negative interaction values for all 

comparisons but two (Table 19). Significant negative inter

actions resulted from treatments with dalapon at 30 mg/3300 

cm2 plus 15, 30, 45, 75, and 90 mg/3300 cm2 of pyrazon, 

and dalapon at 50 plus pyrazon at 45 mg/3300 cm . 



Table 19. Dry weight expressed as per cent of control with interaction values 
of roots of mustard plants treated with combinations of pyrazon and 
dalapon with surfactant (Experiment 5). 

Per cent of control with L interaction values in parenthesis*1* 

Dalapon 
mg/3300 cm2 

Pyrazon mg/3300 cm2 Dalapon 
mg/3300 cm2 0 15 30 45 60 75 90 

0 100 96 107 99 77 78 95 

30 144 80(-60) 66 (-85) 75(-68) 72 (-49) 52 (-70) 71(-68) 

50 113 70(-39) 72(-48) 54 (-58) 64(-26) 52 (-39) 54(-54) 

70 92 70(-18) 76(-23) 43 (-48) 54(-15) 57(-13) 51(-36) 

90 64 57(-3) 46(-25) 62(-1) 55(14) 60(18) 51(-8) 

^Negative interaction values indicate synergistic, positive values 
antagonistic, values near zero additive effect of combinations. 

Confidence Interval (.95) for interaction = ± 58 
Confidence Interval (.99) for interaction = ± 80 
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Wilting and chlorosis of mustard plants were re

flected in reduced growth on both a fresh and dry weight 

basis in Experiments 1, 3, and 5, Growth expressed on a 

fresh weight basis gave similar results as expressed on a 
i 

dry weight basis. However, fresh weights of shoots were 

relatively lower than dry weights of shoots compared to 

the control from mustard plants which showed the most 

advanced pyrazon symptoms. This agrees with reports that 

wilting is associated with death of pyrazon-treated plants 

(16) . Several workers have reported interference with the 

photosynthetic process by pyrazon (16, 24, 49) and reduced 

dry weight was expected. Since pyrazon was not translocated 

out of treated leaves in this and other studies (17, 41), 

reduced dry matter production of roots was possibly due to 

interference with photosynthesis. 

Field trials have suggested that dalapon in com

bination with pyrazon improved broadleaf weed control (37, 

43). Pyrazon at the rate used in Experiment 1 reduced 

growth, on a fresh and dry weight basis, of shoots and roots 

of mustard plants. The addition of dalapon to pyrazon or 

pyrazon plus surfactant caused further reductions. As in 

Experiment 1, growth of roots and shoots in Experiment 3, 

and 5 was reduced more by dalapon-pyrazon combinations than 

by either herbicide alone. This indicated either an addi

tive or synergistic interaction between dalapon and pyrazon. 
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Negative (synergistic) interaction values were ob

tained from most combinations and several were significant. 

Synergism in some cases was partially due to increased 

weight of plants treated with dalapon, particularly at the 

lower rates used in Experiments 3 and 5. Although synergism 

was indicated, a comparison of weights of plants treated with 

pyrazon without dalapon would be more meaningful in terms of 

increased effectiveness of these herbicides. However, for 

most rates of dalapon and pyrazon used in this study, dala

pon increased pyrazon toxicity to mustard. Measurable 

synergistic effects were obtained at rates of pyrazon plus 

dalapon where pyrazon did not severely reduce mustard 

weights. 

Absorption, Translocation, and Metabolism 

Nonabsorbed -^C-pyrazon 

There was a decrease in the amount of ^C-pyrazon 

rinsed from mustard leaves with time for each chemical 

treatment (Table 20), although no additional amount was 

rinsed from leaves treated with pyrazon plus dalapon plus 

surfactant at 144 hr after treatment. 

The amount of ^C-pyrazon rinsed from mustard 

leaves was in the order pyrazon > pyrazon plus dalapon > 

pyrazon plus surfactant > pyrazon plus dalapon plus sur

factant at each harvest time of 1, 24, 72, and 144 hr. 



Table 20. Radioactivity rinsed from mustard leaves treated with 156,000 counts 
per minute of 14C-pyrazon alone and in combination with dalapon and/ 
or surfactant. 

Counts per minute of ^C-pyrazon 

Hours after application 

Treatment 1 24 72 144 

Pyrazon 151, 000a1 150 , 000a 146 , 000a 138,OOOabc 

Pyrazon plus dalapon 150, 000a 143 ,OOOab 135 , OOOabc 131,OOOabc 

Pyrazon plus 
surfactant 148, 000a 122 ,00 Obcd 119 , OOOcde" 103,OOOde 

Pyrazon plus dalapon 
plus surfactant 139, OOOabc 100 , OOOe 73 ,000f 74,OOOf 

^Values followed by the same letter are not significantly different at 
the 5% level according to Duncan's multiple range test. 
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The smallest differences were between the pyrazon and pyra

zon plus dalapon treatments. Radioactivity rinsed from 

mustard leaves treated with pyrazon plus dalapon plus sur

factant was significantly less than the amount rinsed from 

the other three treatments at the 24-, 72-, and 144-hr 

harvests. The cpm of ^C-pyrazon obtained from ethanol 

rinses of pyrazon plus surfactant treated leaves were sig

nificantly less than cpm obtained from the pyrazon or 

pyrazon plus dalapon treated leaves at 144 hr. 

A decrease in ^C-pyrazon rinsed from sugarbeet 

leaves, with increasing time to 72 hr followed by a level

ing off between 72 and 144 hr, was found (Table 21). Sig

nificant differences in the amount of *^C-pyrazon rinsed 

from sugarbeet leaves with time occurred with all chemical 

treatments except pyrazon. The largest decrease was with 

the pyrazon plus dalapon plus surfactant treatment. 

At the 72 and 144-hr harvests the average amounts 

of -^C-pyrazon rinsed from the leaves was in the order 

pyrazon > pyrazon plus dalapon > pyrazon plus surfactant > 

pyrazon plus dalapon plus surfactant. At the 24, 72, and 

144 hr harvests the only treatment comparisons that showed 
/ 

no significant differences were between the pyrazon plus 

dalapon and pyrazon plus surfactant treatments. 

There were large differences' between the two 

species in the amount of 14C-pyrazon rinsed from the 



Table 21. Radioactivity rinsed from sugarbeet leaves treated with 156,000 
counts per minute of -^C-pyrazon alone and in combination with 
dalapon and/or surfactant. 

Counts per minute of ^C-pyrazon 

Hours after application 

Treatment 1 24 72 144 

Pyrazon 155, OOOab1 153,OOOabc 152,OOOabc 152,OOOabc 

Pyrazon plus dalapon 156, 000a 143,OOOdef 137,OOOfg 140,OOOefg 

Pyrazon plus 
surfactant 149, OOObcd 146/000cde 137,000fg 136,OOOg 

Pyrazon plus dalapon 
plus surfactant 153, OOOabc 136,OOOg 118,OOOh 113,OOOh 

^Values followed by the same letter are not significantly different 
at the 5% level according to Duncan's multiple range test. 



treated leaves. More was rinsed from sugarbeet leaves in 

all comparisons of treatments at each harvest time except 

the pyrazon plus dalapon treatment at the 24-hr harvest. 

The ethanol extracted ^C-compounds (not all radio

activity extracted was "^C-pyrazon) presumably represented 

pyrazon which entered the leaf. A comparison of differ

ences in extractable *^C-compounds, therefore, is more 

meaningful in terms of the effect of treatments on the 

plants than the "rinsed" values. 

Ethanol-Extractable "de
compounds 

With each interval after treatment the amount of 

radioactivity extracted from mustard leaves generally in

creased (Table 22). No additional radioactivity was ex

tracted from leaves treated with pyrazon plus dalapon plus 

surfactant after 72 hr. Chlorosis of plants treated with 

pyrazon plus dalapon plus surfactant was evident at 72 hr 

and plants were completely chlorotic at 144 hr. An altered 

physiological state associated with leaf chlorosis may be 

why absorption of pyrazon did not increase between 72 and 

144 hr. 

The amount of "'•^C-compounds extracted at each of 

the four harvest times was: pyrazon < pyrazon plus dalapon 

< pyrazon plus surfactant < pyrazon plus dalapon plus sur

factant. These differences were large. Roughly 1.5 to 



Tab16 22. Ethanol-extracted -^C from mustard leaves treated with 156,000 counts 
per minute of -^C-pyrazon alone and in combination with dalapon and/ 
or surfactant. 

Counts per minute of 

Hours after application 

Treatment 1 24 72 144 

Pyrazon l^OOd1 4,500d 7,900d 13,700cd 

Pyrazon plus dalapon 2, 900d 9,500cd 17,600cd 18, 400cd 

pyrazon plus surfactant 6,800d 32,OOObc 31,800bc 46,300b 

Pyrazon plus dalapon 
plus surfactant 16 flOOcd 52,600b 80 ,300a 

\ 

75,800a 

^•Values followed by the same letter are not significantly different at 
the 5% level according to Duncan's multiple range test. 
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2.0 times as much radioactivity was extracted from pyrazon 

plus dalapon-treated mustard leaves, 3.5 to 7.0 times as 

much from pyrazon plus surfactant and 5.5 to 11.5 times 

as much from the pyrazon plus dalapon plus surfactant 

treated leaves as from the pyrazon-treated mustard leaves. 

As much radioactivity was extracted from the pyrazon plus 

dalapon plus surfactant-treated mustard leaves 1 hr from 

treatment as was extracted from pyrazon-treated leaves 

144 hr following treatment. More than twice as much *^C 

was extracted from mustard leaves when dalapon was added 

to pyrazon plus surfactant. This was true 1, 24, and 72 

hr following treatment. At 144 hr slightly less than twice 

as much was extracted. Approximately the same increases 

in extractable ^C-compounds occurred when dalapon was 

added to the pyrazon treatment. 

14 
The amount of C*-compounds extracted from sugar-

beet leaves was generally greater with each increase in 

time following application of any of the four treatments 

(Table 23). There was a non-significant decrease at 144 hr 

compared to 72 hr with the pyrazon plus dalapon treatment. 

The rate of absorption for all treatments was greatest 

initially and then declined with time. 

As with mustard the *^C extracted was in the order 

pyrazon < pyrazon plus dalapon < pyrazon plus surfactant < 

pyrazon plus dalapon plus surfactant at each of the four 



Table 23. Ethanol-extracted C from sugarbeet leaves treated with 156,000 
counts per minute of -^C-pyrazon alone and in combination with 
dalapon and/or surfactant. 

Counts per minute of 

Hours after application 

Treatment 1 24 72 144 

Pyrazon goog1 3,200g 3,600g 5,700fg 

Pyrazon plus dalapon 1,900g 8,800ef 12,900cde 11 ,.4 0 Ode 

Pyrazon plus 
surfactant 2,400g 11,lOOde 14,600cd 15,200cd 

Pyrazon plus dalapon 
plus surfactant 4,500fg 17 f200c 22,700b 30,700a 

Values followed by the same letter are not significantly different at 
the 5% level according to Duncan's multiple range test. 
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harvest times. Differences in -^C extracted per treatment 

were large and fairly consistent at each harvest time. 

14 
About 2 to 3,5 times as much C was extracted from pyrazon 

plus dalapon treated leaves as from pyrazon treated leaves. 

Also compared to the pyrazon treatment, 2.5 to 4 times as 

much *^C was extracted from pyrazon plus surfactant treated 

leaves, and 5 to 6 times as much from pyrazon plus dalapon 

plus surfactant treated leaves. The amount of 1^C extracted 

from pyrazon plus dalapon plus surfactant-treated sugarbeet 

leaves was significantly greater than the amount extracted 

from the other treatments at the 24, 72, and 144-hr har

vests. The -same--was true for the pyrazon plus dalapon and 

pyrazon plus surfactant treatments compared to the pyrazon 

treatment. The addition of dalapon to either pyrazon or 

pyrazon plus surfactant approximately doubled the 

extracted at each harvest. 

Comparing the two species, more was extracted 

from mustard leaves from each chemical treatment at each 

harvest. At any harvest the extracted from pyrazon-

treated mustard leaves was about twice the amount extracted 

from pyrazon-treated sugarbeet leaves. Differences for the 

other treatments were: pyrazon plus dalapon, 1.5; pyrazon 

plus surfactant, 2.5 to 3; and pyrazon plus dalapon plus 

surfactant 3 to 3.5. 
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Extracted "^C per mg dry weight of mustard leaf 

(Table 24) gave similar trends to "^C extracted per leaf. 

There was an increase in amount of extracted per mg 

with time. No significant increases were obtained after 

the 72-hr harvest with any of the treatments. 

Comparing the pyrazon treatment with the pyrazon 

plus dalapon and pyrazon plus surfactant treatments, the 

relative amounts of ^C-compounds.extracted per mg of dry 

mustard leaves were similar to the amounts extracted per 

leaf. A greater relative difference occurred with the pyra

zon plus dalapon plus surfactant treatment on a mg basis 

because of a slowing of growth caused by the pyrazon plus 

dalapon plus surfactant treatment. 

With each treatment there was a rapid uptake of 

pyrazon per mg of dry sugarbeet leaves (Table 25). Over 

half of the amount extracted at 144 hr was extracted at 

24 hr. At each time of harvest, *L4C extracted by treatment 

was in the order pyrazon < pyrazon plus dalapon < pyrazon 

plus surfactant < pyrazon plus dalapon plus surfactant. 

The per cent increases in absorption by treatments on a 

mg dry leaf basis were comparable to those obtained on a 

per leaf basis, Dalapon added to pyrazon or pyrazon plus 

surfactant clearly increased pyrazon absorption per mg dry 

leaf or per leaf. 



Table 24. Ethanol-extracted C per mg of mustard leaves treated with 156,000 
counts per minute of ^C-pyrazon alone and in combination with 
dalapon and/or surfactant. 

Counts per minute of -^C 

Hours after application 

Treatment 1 24 72 144 

Pyrazon 120a1 250a 440ab 520ab 

Pyrazon plus dalapon 130a 460ab 1,060abc l,080abc 

Pyrazon plus 
surfactant 400ab 1,830abcd 2,040bcd 2,420cd 

Pyrazon plus dalapon 
plus surfactant 840abc 2,990d 

« 

51500e 5,210e 

•'•Values followed by the same letter are not significantly different at 
the 5% level using Duncan's multiple range test. 
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Table 25. Ethanol-extracted C per mg of sugarbeet leaves 
treated with 156,000 counts per minute of 
pyrazon alone and in combination with dalapon 
and/or surfactant. 

Counts per minute of -^C 

Hours after application 

Treatment 1 24 72 144 

Pyrazon 30a1 70a 80a 110a 

Pyrazon plus dalapon 50a 210ab 300b 240b 

Pyrazon plus 
surfactant 80a 370b 350bc 340bc 

Pyrazon plus dalapon 
plus surfactant 110a 510cd 550d 800e 

•^Values followed by the same letter are not sig
nificantly different at the 5% level according to Duncan's 
multiple range test. 

A species by treatment comparison of "^C extracted 

on a mg dry leaf basis showed that absorption differences 

were approximately twice the differences obtained on a per 

leaf basis. For example, where 3 to 3.5 times as much 

was extracted from pyrazon plus dalapon plus surfactant-

treated mustard leaves as from pyrazon plus dalapon plus 

surfactant-treated sugarbeet leaves, 6 to 10 times as much 

was extracted on a mg dry leaf basis. Sugarbeet leaves 

were approximately twice as heavy as mustard leaves. 
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Species differences in absorption of foliar-applied 

pyrazon have been previously reported (17, 41). However, 

species selectivity is not due totally to absorption dif

ferences. Metabolism of pyrazon by resistant species has 

been postulated to be the basis for selectivity (16, 17, 

42, 49). From the magnitude of absorption differences 

between species in this study it seems possible that sugar-

beet resistance to pyrazon may be partially due to reduced 

absorption. 

The increased phytotoxicity in Experiment 1 when 

dalapon was added to pyrazon and in Experiments 1, 3, and 

5 when dalapon was added to pyrazon plus surfactant treat

ments can be explained by increased absorption. As pre

viously pointed out, dalapon added to pyrazon or the pyrazon 

plus surfactant treatment roughly doubled the amount of 

pyrazon entering a mustard leaf. These differences also 

occurred with sugarbeet leaves. 

Translocation 

14 
Translocation of C-pyrazon out of leaf blades 

was not detected in either species with any treatment. 

Ethanol extractions of petioles, stems, rest of shoots, 

roots, and sand yielded no radioactivity. This agrees with 

previous findings that foliar applied pyrazon is not trans

located (17, 41). 



Recovery of Radioactivity 

There was a slight decrease in the total amount of 

radioactivity recovered from mustard leaves at the 144-hr 

harvest (Table 26) . However, the lowest amount was still 

96% of the total applied. 

14 
Table 26. Total C recovered from mustard plants treated 

with 156f000 counts per minute of C-pyrazon 
alone and in combination with dalapon and/or 
surfactant. 

Counts per minute of -^C 

Hours after application 

Treatment 1 24 72 144 

Pyrazon 153, 000 154, 000 154, 000 152, 000 

Pyrazon plus dalapon 153, 000 153, 000 152, 000 149, 000 

Pyrazon plus 
surfactant 155, 000 154, 000 150, 000 149, 000 

Pyrazon plus dalapon 
plus surfactant 155, 000 152, 000 153, 000 150, 000 

LSD (.05) = 4,000 
LSD (.01) » 6^000 
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In general, -^C recovered from sugarbeet leaves 

decreased after 72 or 144 hr (Table 27). This was not true 

with the pyrazon treatment. About 9 0% was recovered from 

the pyrazon plus dalapon plus surfactant treatment after 

144 hr. This may indicate some loss of an unknown metabo

lized fraction, but measuring errors are possible. 

Table 27. Total C recovered from sugarbeets treated with 
156,000 counts per minute of -^C-pyrazon alone 
and in combination with dalapon and/or surfactant. 

Counts per minute of -^C • 

Hours after application 

Treatment 1 24 72 144 

Pyrazon 156, 000 156, 000 156, 000 158 ,000 
i 

Pyrazon plus dalapon 158, 000 152, 000 150, 000 151 ,000 

Pyrazon plus 
surfactant 152, 000 158, 000 151, 000 151 ,000 

Pyrazon plus dalapon 
plus surfactant 157, 000 153, 000 141, 000 144 ,000 

LSD (.05) = 4,000 
LSD (.01) = 6,000 
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Metabolism 

No radioactivity was found beyond the 12^ centi

meter of the 1 by 15 cm thin-layer chromatography strips. 

Centimeters 13 through 15 were not included in the analyses. 

Counts per minute per centimeter were expressed as a per 

cent of total activity per strip (Tables 28 and 29). Areas 

representing the origin (centimeter 1), metabolite (centi

meters 2 to 6), and pyrazon (centimeters 7 to 12) were also 

expressed as a per cent of total activity per strip (Tables 

30 f 31) . 

Rf values for pyrazon were 6.0 to 6.7 and 2.7 to 

3.3 for the .metabolite from both mustard and sugarbeet 

ethanol extracts. Definite peaks were obtained. Boiling 

^C-pyrazon with sugarbeet leaves for 10 hr in 80% ethanol 

did not cause any radioactivity to appear in the metabolite 

area. The metabolite was not an artifact of the extrac

tion procedure. 

In most cases a small amount of radioactivity was 

associated with the origin. This may have been partially 

due to trailing radioactivity on the plates. A low area 

generally occurred after the origin. However, it was not 

included as part of the metabolite. 

No significant increase in radioactivity at the 

origin was found with time for any treatment from mustard 

extracts (Table 30). The metabolite significantly increased 



Table 28. Per cent of total radioactivity by centimeter from thin-layer 
chromatography of ethanol extracts of mustard leaves. 

Harvest Centimeter 

Treatment 
time 
in hr 1 2 3 4 5 6 7 8 9 10 11 12 

Pyrazon 1 1 . 9  0 . 0  0 . 2  1 . 6  1 . 2  - 1 . 5  0 . 2  4 . 0  4 6 . 7  3 8 . 6  8 . 0  - 0 . 8  Pyrazon 
2 4  0 . 9  - 0 . 3  0 . 0  0 . 8  - 0 . 1  1 . 1  1 . 0  1 9 . 2  4 5 . 1  1 7 . 6  1 3 . 7  0 . 1  
7 2  0 . 5  - 0 . 5  1 . 2  .  3 . 1  0 . 9  .  1 - 2  1 . 0  1 6 . 6  6 3 . 8  ' 9 . 3  3 . 2  - 0 . 3  

144 • 1 . 7  1 . 2  0 . 7  2 . 5  3 . 8  1 . 5  1 . 3  0 . 9  4 7 - 3  3 8 . 5  1 . 1  - 0 . 5  

Pyrazon 1  .  1 . 5  0 . 8  - 0 . 9  0 . 6  0 . 4  0 . 2  0 . 5  1 . 4  3 6 . 0  5 4 . 6  4 . 8  0 . 1  
plus 2 4  0 . 4  0 . 1  0 . 5  •  1 . 8  2 . 4  1 . 3  2 . 6  3 . 1  6 6 . 5  2 1 . 0  0 . 5  0 . 2  
dalapon 7 2  1 . 5  0 . 6  1.1 2 . 9  3 . 0  1 . 2  2 . 0  1 , 4  3 4 . 3  4 5 . 5  5 . 4  1 . 1  dalapon 

144 1 . 5  0 . 4  2 . 4  3 . 3  2 . 3  1 . 5  4 . 4  5 . 1  3 6 . 5  4 0 . 4  2 . 2  - 0 . 1  

Pyrazon 1  0 . 6  0 . 1  1 . 0  0 . 0  0 . 4  0 . 5  1 . 9  1 5 . 1  3 7 . 3  3 8 . 1  4 . 7  0 . 4  
plus 2 4  '  0 . 6  0 . 3  0 . 5  1 . 6  1 . 4  1 . 0  1 . 1  1 0 . 6  3 8 . 2  4 3 . 1  1 . 4  0 . 2  
surfac .  7 2  1 . 1  0 . 3  0 . 9  2 . 3  1 . 5  0 . 8  0 . 9  2 . 0  4 2 . 1  4 2 . 0  5 . 6  0 . 4  
tant 144 1 . 9  0 . 8  0 . 8  3 . 9  2 . 4  1 . 2  1 . 3  1 . 1  3 2 . 1  4 6 . 4  7 . 7  0 . 4  

Pyrazon 1  0 . 4  0 . 1  0 . 1  - 0 . 3  0 . 5  0 . 4  0 . 6  4 . 1  3 7 . 6  4 9 . 8  6 . 4  0 . 4  
plus 2 4  0 . 7  0 . 2  0 . 4  1 . 5  1 . 5  1 . 1  1 . 0  6 . 2  4 8 . 3  3 2 . 3  6 . 6  0 . 3  
dalapon 7 2  1 . 2  0 . 4  1 . 0  2 . 6  1 . 0  0 . 7 '  1 . 3  1 . 1  5 4 . 1  3 5 . 2  1 . 2  0 . 3  
plus 144 3 . 2  0 . 8  1 . 0  1 . 4  0 . 8  0 . 7  1 . 2  6 . 4  3 4 . 6  4 7 . 8  2 . 0  0 . 2  
surfac
tant 

<1 
to 



Table 29. Per cent of total radioactivity by centimeter from thin-layer 
chromatography of ethanol extracts of sugarbeets. 

Harvest Centimeters 

Treatment in hr 1 2 3 4 5 6 7 8 9 10 11 12 

Pyrazon 1 2.7 2.4 1.0 5.6 5.1 2.5 5.3 6.2 23.6 22.0 17.0 6.6 Pyrazon 
24 5.0 4.6 4.7 17.4 33.2 5.7 12.3 3.0 4.4 2.7 5.4 1.8 
72 2.3 2.8 6.3 18.8 30.6 18.2 3.7 1.1 1.8 3.9 2.9 7.5 
144 6.0 6.3 13.7 29.6 24.6 7.3 1.1 4.1 1.9 2.4 2.0 1.1 

Pyrazon 1 3.3 2.9 2.8 5^1 3.2 3.4 2.6 2.0 20.9 23.3 24.7 5.9 
plus 24 1.5 4.2 7.9 13.7 24.4 22.9 5.7 3,9 3.2 • 5.4 5.3 1.9 
dalapon 72 2.2 3.1 6.0 16.1 35.1 21.0 6.8 0.3 0.5 1.7 1.6 5.4 dalapon 

144 5.2 4.9 14.8 21.5 26.6 19.6 4.6 1.0 0.7 0.9 0.4 0.0 

Pyrazon 1 1.9 1.2 2.4 4.2 4.8 5.9 1.0 10.8 19.8 21.5 20.6 6.0 
plus 24 3.1 1.8 4.5 11.5 14.8 17.8 12.2 8.0 10.5 3.6 2.7 9.7 
surfac- 72 2.2 3.4 7.0 17.5 33.8 19.4 8.9 0.8 0.5 2.0 1.6 2.9 
•tant 144 4.1 3.5 11.3 23.3 24.7 27.5 2.5 0.5 1.1 0.9 0.4 0.2 

Pyrazon plus 1 1.1 0.5 2.0 5.1 3.3 2.9 1.1 7.2 23.7 27.1 19.6 6.4 
dalapon 24 1.2 1.7 3.7 7.6 13.7 12.8 7.5 2.5 13.2 16.4 16.2 3.5 
plus sur 72 4.0 2.9 7.5 14.2 26.0 29.4 8.1 0.3 0.5 3.3 2.7 1.0 
factant 144 3.4 4.9 14.5 23.9 25.1 22.2 2.8 0.6 0.9 0.9 0.6 0.2 



Table 30. Per cent of total radioactivity found in the origin, metabolite, 
and pyrazon from thin-layer chromatography of ethanol extracts 
of mustard leaves. 

Location 
of 
Radio- . 
activity 

Time after treatment in hours 

24 72 144 

Treatments 

PD PS PDS PD PS PDS PD PS PDS PD PS PDS 

Origin 1.9 1.5 0.6 

Metabolite 1.4 1.1 2.0 

0.4 0.9 0.4 0.6 0.7 0.5 1.5 1.1 1.2 1.7 1.5 1.9 3.2 

0.7 1.5 6.0 4.8 4.6 6.0 8.9 5.9 5.7 9.7 9.9 9.1 4.8 

Pyrazon 96.7 97.4 97.4 98.9 97.6 93.7 94.6 94.7 93.5 89.6 93.0 93.2 88.6 38.6 89.0 92.1 

NOTE: P = pyrazon, D = dalapon, S = surfactant. 

LSD (.05) = 3.5 
LSD (.01) = 4.5 



Table 31. Per cent of total radioactivity found in the origin, metabolite, 
and pyrazon from thin-layer chromatography of ethanol extracts 
of sugarbeet leaves. 

Tide after treatment in hours 

1 24 72 144 
Location _ : 

of * Treatments 
Radio- ——^ 
activity P PD PS PDS P PD PS PDS P PD PS PDS P PD PS PDS 

Origin 3.1 2.8 1.9 1.8 9.1 6.2 4.0 3.9 4.8 5.5 6.2 7.8 12.4 10.8 8.3 8.3 

Metabo
lite 18.5 16.5 18.4 13.8 74.4 76.3 60.5 43.1 77.4 84.1 85.7 84.1 77.7 86.3 88.2 88.4 

Pyrazon 78.4 80.8 79.7 84.4 16.6 17.5 35.6 53.1 17.8 10.3 8.1 8.1 10.1 2.9 3.5 2.3 

NOTE: P = pyrazon, D = dalapon, S = surfactant. 

LSD (.05) = 9.8 
LSD (.01) = 13.0 
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from 2% at less than 1 hr from harvest to nearly 10% at 

the 144-hr harvest. There was less metabolite from pyrazon 

plus dalapon plus surfactant-treated mustard leaves at 

144 hr compared to the other treatments. Trailing radio

activity resulted in higher activity in the first centi

meter. However, the percentage of original molecule was 

higher for this treatment which would indicate less break

down into the metabolite. Little further metabolism of 

pyrazon by pyrazon plus dalapon plus surfactant-treated 

mustard leaves occurred after 72 hr as plants were exten

sively chlorotic after approximately 72 hr from treatment. 

Mustard plants in this experiment were able to 

metabolize the pyrazon molecule although nearly 90% re

mained as the original molecule 144 hr after treatment. 

Hoot absorbed pyrazon was not metabolized by millet or 

tomato (41). Lambsquarters roots, but not petioles or 

leaf blades, metabolized root absorbed pyrazon (17). 

Although mustard leaves are quite susceptible to pyrazon 

(24) they differ from other susceptible species in their 

ability to degradate pyrazon. 

Decreases in per cent metabolite caused by treat

ments at each harvest could occur because of increased 

absorption rates. Enzymes responsible for pyrazon break

down might not be able to keep pace with the greater influx 

of pyrazon. However, increases in per cent metabolite 
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caused by treatments at each harvest were not correlated 

with decreased absorption. Increased phytotoxicity of 

the dalapon-pyrazon combinations was due to absorption dif

ferences and not to metabolism differences. 

Sugarbeet leaves as previously reported (16, 17, 

42) were able to metabolize the pyrazon molecule quite 

rapidly (Table 31). Some metabolite was present 1 hr fol

lowing treatment. Metabolism increased with time until 

nearly all of the original molecule had been metabolized 

144 hr following application. 

Significant differences with sugarbeets occurred 

among treatments in -the per cent of metabolite at the 24-

hr harvest. These differences were inversely proportional 

to the amount of radioactivity extracted from the treated 

sugarbeet leaves. Values ranged from 74% metabolite from 

the pyrazon treatment to 43% metabolite from the pyrazon 

plus dalapon plus surfactant treatment. Apparently, the 

ability of the sugarbeet leaves to metabolize pyrazon was 

not directly proportional to absorption rate. 

The increase in activity in the origin may have 

been due to trailing radioactivity on the plate or possibly 

represented a second metabolite. Regardless of the exact 

nature of the associated with the origin there were 

large differences between species in the amount of pyrazon 

remaining as the original molecule. At 144 hr there was 
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less than 5% pyrazon in ethanol extracts of sugarbeet 

leaves compared to 90% in mustard extracts. 

The ability of resistant plants to metabolize 

pyrazon is in agreement with previous findings (16, 17, 

35, 41, 42). Species selectivity could be due to de

toxification of pyrazon by resistant species as postulated 

(16, 17, 41, 42, 49). However, absorption differences 

could be important. This study confirms reports that 

pyrazon-sensitive plants absorb foliar-applied pyrazon 

more readily than resistant sugarbeets or red beets (17, 

41) . 

Even if the metabolite formed was nontoxic to plants 

the large difference in absorption between mustard and 

sugarbeets in this study could partially account for species 

selectivity. On a per leaf basis, 144 hr following treat

ment, from 1.5 to 3 times as much pyrazon was absorbed by 

mustard leaves as by sugarbeet leaves. Pyrazon rates could 

be increased by these factors on sugarbeets to result in 

equal quantities of pyrazon in a leaf of each species. For 

example, plants treated with ^C-pyrazon were treated with 

technical pyrazon at a rate of 45 mg/3300 cm^. Pyrazon 

plus dalapon plus surfactant was the only treatment which 

killed mustard plants. Twenty-four hr after treatment 

approximately three times as much pytazon was extracted 

from mustard leaves as from sugarbeet leaves treated with 
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pyrazon plus dalapon plus surfactant. An equivalent treat-

ment on sugarbeets would be 135 mg/3300 cm . On a mg dry 

leaf basis species were different by a factor of 6 which 

2 
would make a rate of 270 mg/3300 cm on sugarbeets equivalent 

o 
to 45 mg/3300 cm on mustard plants. This is 7 Kg/ha (about 

8 lb/A), Six and 7.5 lb/A have reduced sugarbeet stands (13). 

With an amount of pyrazon in a sugarbeet leaf 

equivalent to the amount in a mustard leaf the amount of 

non-metabolized pyrazon could be injurious to sugarbeets. 

Although sugarbeets were able to metabolize pyrazon more 

rapidly than mustard plants absorption differences may be 

important in accounting for species selectivity. 

Effect of surfactants on herbicidal activity have 

been extensively reviewed and the increased absorption of 

pyrazon by the surfactant was expected. The reason for 

increased absorption of pyrazon by dalapon was not deter

mined in this study. 

Solution pH was lowered by dalapon and could in

crease absorption. Increased absorption of (2,4-dich~ 

lorophenoxy)acetic acid has been associated with decreased 

pH and is discussed by van Overbeek (50). Solubility of 

pyrazon could be increased by acidic conditions which might 

increase absorption. 

Fugure studies on the effect of pH on pyrazon absorp

tion might determine if the dalapon effect was a pH one. 



SUMMARY 

Mustard and sugarbeet plants grown in a greenhouse 

were treated with foliar applications of pyrazon and dala-

pon. Experiments were conducted in 1969 and 1970 at The 

University of Arizona, Tucson, Arizona. 

Effect of dalapon and pyrazon on fresh and dry 

weights of shoots and roots of mustard and sugarbeets was 

measured in five experiments. Three experiments were with 

mustard and two were with sugarbeets. 

Pyrazon labeled with in the pyridazinone ring 

was used to study the effect of dalapon and/or surfactant 

on the absorption, translocation, and metabolism of foliar-

applied pyrazon. 

Rates in Experiments 1 and 2 were pyrazon 62.5, 

dalapon 93.8 and surfactant 62.5 mg/3300 cm2 alone and in 

all combinations. Rates in Experiment 3 ranged from 0 to 

75 mg/3300 cm2 pyrazon and dalapon with 60 mg/3300 cm2 sur

factant in all combinations. Rates in Experiment 4 were 

60 and 90 mg/3300 cm2 pyrazon and 0, 30, 60, and 90 mg/3300 

2 9 
cm dalapon with 60 mg/3300 cm surfactant in all combina

tions, and a control. Rates of pyrazon and dalapon ranged 

from 0 to 90 mg/3300 cm2 with 60 mg/3300 cm2 surfactant in 

all combinations in Experiment 5. 

80 
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Plants were harvested when visual symptoms indicated 

a treatment had killed mustard plants. Sugarbeets were 

harvested at approximately the same time. At harvest, 

6 to 9 days following treatment, plants were divided into 

shoots and roots and fresh and dry weights were measured. 

Four treatments; pyrazon, pyrazon plus dalapon, 

pyrazon plus surfactant, and pyrazon plus dalapon plus 

surfactant were applied in the absorption, translocation, 

and metabolism study. Pyrazon, dalapon and surfactant were 

applied as carrier solutions at rates of 45, 70, and 60 

o 
mg/3300 cm , respectively. Twenty-five yl aliguots of 

corresponding solutions containing 8,32 x 10"^ uc {183,000 

dpm) of ^C-pyrazon with unlabeled dalapon and surfactant 

in the same weight ratios as in the carrier solutions were 

applied to mustard and sugarbeet leaves. Plants were har

vested 1, 24, 72, and 144 hr after treatment. 

Growth of mustard, as measured by fresh and dry 

weight, was reduced by pyrazon in Experiments 1, 3, and 5. 

Dalapon added to pyrazon or pyrazon plus surfactant further 

reduced growth of mustard roots and shoots in Experiment 1. 

Several combinations of pyrazon plus dalapon were more ef

fective in reducing plant weight than pyrazon or dalapon 

alone in Experiments 3 and 5. 

Negative interaction values, indicating a syner

gistic effect of dalapon-pyrazon combinations were obtained 
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with many coniliinations in Experiments 3 and 5. Significant 

synergism was found where treatments with pyrazon or dalapon 

alone did not greatly reduce plant weights. 

Sugarbeets in Experiments 2 and 4 were not _ greatly 

affected by treatments which showed the relative resistance 

of sugarbeets to pyrazon. 

Absorption of 14c-pyrazon by treatment was in the 

following order: pyrazon < pyrazon plus dalapon < pyrazon 

plus surfactant < pyrazon plus dalapon plus surfactant for 

each species. The addition of dalapon to pyrazon or pyrazon 

plus surfactant increased toxicity to mustard by increasing 

pyrazon absorption. Mustard leaves absorbed 14 c~pyrazon 

more rapidly and in greater quantities than did sugarbeet 

leaves. Absorption differences between species were 

greater on a mg dry leaf basis than on a per leaf basis. 

Translocation of l4c-pyrazon out of treated leaves 

of either species was not detected for any treatment. 

Mustard leaves were able to metabolize pyrazon, 

but did so more slowly than sugarbeet leaves. After 144 hr 

mustard had metabolized 10% of absorbed 14 c-pyrazon; sugar

beets, nearly 100%. 

Twenty-four hr after treatment the per cent of 

absorbed pyrazon which was not metabolized by sugarbeets 

was as follows: pyrazon = pyrazon plus dalapon < pyrazon 

plus surfactant < pyrazon plus dalapon plus surfactant. 
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This order coincided with absorption rates indicating that 

pyrazon metabolism by sugarbeets did not keep pace with 

increased absorption. 

Quantities of pyrazon in sugarbeet leaves equivalent 

to amounts in a mustard leaf on a per leaf or mg dry leaf 

basis, may be metabolized slowly enough to cause toxicity 

to sugarbeets. Thus, absorption differences as well as 

metabolism differences may account for selectivity to 

pyrazon by mustard and sugarbeets. 
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