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Studies with fluorodifen-   were conducted to gain more informa- 

tion about its field performance and the  influence of light quantity, 

quality and timing of exposure on its  phytotoxic properties.     Uptake 

and trans location in three plant species were also investigated. 

These studies were aimed at evaluating the usefulness of this chemi- 

cal as a selective herbicide for controlling weeds in beans 

(Phaseolus vulgaris L. ) in Oregon. 

Field data compiled for a period of three consecutive years 

indicated that the highest yields of green beans were obtained when 

fluorodifen was applied at a rate of 6 lb/A preemergence.    At • 

higher rates,   crop injury was noticeable in the form of shortening 

of midrib and necrotic lesions on hypocotyls and other plant tissues 

Official name given by the Weed Science Society of America.    Trade 
name is Preforan.     Chemical name is p-nitrophenyl- a, a, a- 
trifluoro-2-nitro-o-tolyl ether. 



such as cotyledons that came into contact with the herbicide. 

Occasionally these symptoms were observed at rates as low as 

1 lb/A under an unspecified set of conditions occurring in the field1-. 

A combination of fluorodifen applied preemergence and cultivation 

two weeks after emergence of the crop provided the best weed controls 

Shading the crop at different stages of development did not provide an 

explanation for the cause of stem lesion development,   but when shade 

was provided from application until the first true leaf,   phytotoxicity 

was noticeable.     Three soil types and two watering regimes did not 

provide significant,   consistent phytotoxicity or stem burning. 

By the use of neutral density filters,   different intensities of        . 

light with the same spectral emission were obtained in growth cham- 

bers.     Bean and soybean plants were more sensitive to fluorodifen at 

low levels of light.     The percentage dry weight reduction decreased as 

the light intensity increased from 1, 000 to 2, 000 ft/c.     In determining 

the critical period in which light enhances fluorodifen injury to beans 

and soybeans,   it was found that plants exposed to light on the second 

to third day after planting were most severely injured.     When filters 

were used to evaluate the  influence of light quality on fluorodifen 

toxicity to beans and soybeans,   these plants were more sensitive to 

fluorodifen when exposed to yellow and red light than when exposed to 

blue or white light.     Phytotoxic symptoms were observed especially 



under yellow light.     Exposure to light at the time of crop emergence 

resulted in the greatest phytotoxicity. 

14 
Autoradiography and radioassay results indicated that      C- 

fluorodifen was absorbed mostly within six hours after application. 

The distribution pattern remained fairly constant in beans and soy- 

beans with the largest percentage of activity remaining in the treated 

portion at all times.     Greater mobility of the label was observed in 

cucumber plants with some acropetal and basipetal movement 

recorded from the treated leaves  12 hours after applications.     Cover- 

ing the treated leaf did not alter the uptake of fluorodifen in any of the 

three plant species.     Following applications to stem and roots,   a 

similar pattern was observed,   rapid uptake but little or no mobility. 

The unicellular algae Chlorella was used to assess the effect of 

fluorodifen on photosynthesis and respiration of green plant tissues. 

It was found that the growth of Chlorella was severely affected by low 

concentrations of fluorodifen in the  light.    The same herbicide concen- 

trations had no effect in the dark.     Under the conditions of this study, 

fluorodifen caused just  a slight increase in the respiration of 

Chlorella,   while photosynthesis was severely inhibited at concentra- 

tions of 1 ppm of fluorodifen. 

In a separate study,   the persistence of fluorodifen in soil sub- 

jected to different environmental conditions was evaluated by gas 

chromatography.     Fluorodifen was degraded more readily under high 

temperatures,   provided that the  soil was  dry. 
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THE RESPONSE OF BEANS TO FLUORODIFEN AS 
AFFECTED BY LIGHT AND OTHER FACTORS 

INTRODUCTION 

Oregon leads the nation in the production of green beans for 

processing.     In 1972 there were 35,000 acres  planted (41) with an 

average yield of 3. 7 1 tons/acre,   representing an approximate value 

of 20 million dollars.     Weed competition can cause great losses to the 

bean crop through reduction of yield and quality.     Without some kind 

of weed control,   the crop loss would be nearly 100%.    The use of 

herbicides has become widespread,   if not indispensable,   in the pro- 

duction of vegetable and field crops;   increasing costs and scarcity of 

labor have made hand weeding too expensive and sometimes 

impossible. 

With attempts to minimize residues,   with concern for ecological 

changes as a result of continued use of a single herbicide,   and with 

interest in new planting and other cultural techniques,   there is a   con- 

tinuous search for new weed control programs. 

In 1968,   fluorodifen (p-nitrophenyl a,  a, a-trifluoro-2-nitro-p- 

tolyl ether,   hereafter referred to as fluorodifen),       was  introduced for 

weed control in soybeans.    At that time,   this herbicide appeared 

Introduced by the CIBA Conapany as a formulated product with the 
trade name Preforan. 



promising in controlling weeds in green beans,   however their 

response to the chemical had not been fully evaluated. 

In preliminary screening trials the best weed control without 

phytotoxicity to beans was accomplished at a rate of 6 lb/A.    At 

higher rates crop injury was observed in the form of shortening of the 

mid-rib of primary leaves and burning or    necrosis   of hypocotyls and 

other plant tissues such as cotyledons that came into contact with the 

herbicide.     Occasionally these symptoms were observed at rates as 

low as  1 lb/A under unspecified conditions occurring on the field. 

There were two basic needs for study:    1) to gain more 

information about fluorodifen performance in the field under conditions 

prevailing in the Willamette Valley,   information that could be passed 

along to the growers,   and 2) to detect and isolate the conditions and/or 

set of conditions that may be responsible for fluorodifen toxicity to 

beans. 

To accomplish these objectives,   studies were conducted in the 

field to determine the effects of fluorodifen on bean plants as affected 

by rates,   time of application,   cultivation,   soil moisture and soil type. 

Experiments were undertaken to evaluate the influence of light intensity, 

length of exposure of treated plants to light and light quality on the 

toxic action of fluorodifen to beans.     Also,   the uptake and translocation 

of fluorodifen in beans and other plant species was measured.    The 

unicellular algae,   Chlorella was  used to assess  the  effect of fluorodifen 



on photosynthesis and respiration of green plant tissues,    A root bio- 

assay was conducted to ascertain the effect of fluorodifen on non 

photos ynthetic plant tissue.     The persistence of fluorodifen in soil 

subjected to different environmental conditions was evaluated by 

means of gas liquid chromatography. 

The studies reported here are in the form of four papers,   each 

of these written for possible publication,   plus a series of supple- 

mentary studies considered significant to be included in this work,   but 

not intended for publication. 



GENERAL REVIEW OF LITERATURE 

In the United States two diphenylether herbicides are being 

marketed at the present time.     One is fluorodifen sold by CIBA GEIGY 

Corporation under the trade name of Preforan and by NOR AM 

Corporation under the trade name of Soyex.     The other diphenylether 

herbicide is nitrofen marketed by ROHM and HAAS Company under 

the trade name TOK.     Both compounds have contact and soil residual 

activity and are effective on nearly the same plant species  (45). 

Figure  1 shows the structural formulae and some of the properties of 

these two compounds. 

These herbicides and many others of the same family have been 

largely developed by the Japanese chemical industry.     In 1 967, 

Matsunaka and Inada (29) classified this family of herbicides  into two 

groups.     Compounds with substituents  in the ortho position required ~~1 

light for activation,   while compounds with meta substituents were 

regarded as being active in light or dark.     Fluorodifen and nitrofen 

belong to the first category.     This distinction aroused the interest of 

investigators studying mode of action and structure-activity relations 

of diphenylether herbicides.     It has been demonstrated (34) that this 

requirement for light is not due to direct photochemical activation of 

fluorodifen but activation occurs only in the presence of the plant. 



NOa 

FLUOR ODIFEN NITROFEN 

Molecular weight:    328. 2 

Physical state,   color and odor: 
crystalline,   yellow,   odorless 

Melting point:    90 to 930C 

Vapor pressure:    mm Hg 
7 x 10-8    (20OC) 

Solubility:    readily in acetone, 
less than 2. 0 ppm in water 

Acute toxicity to rats (oral 
:LD50)    15, 000 mg/kg (tech. ) 

Molecular weight:    284. 1 

Physical state,   color and odor: 
free flowing solid,   dark 
brown color 

Solubility:    readily in acetone, 
insoluble or very low in water 

Acute toxicity to rats (oral 
L,D50) 2630 - 134 mg/kg 
(tech. ) 

Figure  1.    Structural   formula and   properties  of   two  dyphenylether 
herbicides being sold in the United States (45). 



Walter,   Eastin and Merkle (43) suggested that crop injury due to 

fluorodifen is due mostly to contact action.    However,   when they 

14 followed the trans location pattern of      C fluorodifen in several plant 

species,   i. e. ,   soybean,   sorghum,   peanut and morning glory,   they 

found higher concentrations  in the lower stems of morning glory and 

sorghum than in either of the other species.    They observed that more 

herbicide was translocated following root than foliar applications. 

Since morning glory and sorghum seedlings are more susceptible to 

fluorodifen than soybean and peanut,   they concluded that there is an 

apparent correlation between the extent of translocation and the 

susceptibility of the plant species.    Rogers (36) found that in soybean, 

fluorodifen tends to be   absorbed more by the roots and he did not 

observe any significant translocation towards the shoot of the plants. 

Eastin (13) working with peanuts,   reported that  fluorodifen is rapidly 

absorbed from nutrient solution but only 6. 5% of radiolabeled chemical 

absorbed is translocated to the shoot after  144 hours. 

Some work has been done on the breakdown of fluorodifen. 

Rogers (36) reported that a large amount of radiolabeled herbicide 

(about 50%)  in root-treated soybean and cucumber  persists as the 

intact herbicide and this was found in the roots 24 hours after treat- 

ments.     Further,   Rogers suggested that soybeans have a detoxifying 

mechanism in which the first step is the cleavage of the ether 

linkage,    followed by the  formation of several degradation intermediates. 



He indicated that cleavage of the ether linkage   precedes   the   reduc- 

tion of the nitro substituent on the trifluoro-methyl portion of the 

molecule.     Results obtained by Rogers are consistent with those 

obtained by Eastin (13) with peanut seedlings and later with cucumber. 

Eastin has done extensive work on degradation of fluorodifen. 

Reports from studies in peanut seedlings  ( 13) suggested that the major 

pathway of degradation was hydrolysis of the ether linkage and reduc- 

tion of the 4-nitrophenol to form 4-aminophenol.    As an alternate 

pathway,   he proposed as a first step (same as Rogers),   the reduction 

of one of the nitro groups,   followed by hydrolysis of the ether linkage. 

Eastin also indicated that the major detoxification of fluorodifen 

occurred in the roots of peanut seedlings,  the metabolites being trans- 

located later to the shoot. 

From the work of Eastin ( 13) and Rogers  (36)  it can be concluded 

that the rate of degradation of fluorodifen in soybean and peanut seed- 

lings  is sufficient to serve as protective mechanism if the metabolites 

formed are relatively non-phytotoxic. 



RESPONSE OF BEANS TO FLUORODIFEN APPLICATIONS 
IN THE FIELD 

Abstract 

The response of beans to fluorodifen at several rates and times 

of applications were evaluated.     Best results were obtained at 6 lb/A 

preemergence.    A combination of fluorodifen and cultivation two 

weeks after the emergence of the crop provided the best weed control. 

Shading the crop at different stages of development did not provide an 

explanation for the cause of stem lesion development,   but when shade 

was  provided from emergence of the crop until the first true leaf, 

phytotoxicity was noticeable in the form of leaf midrib shortening. 

Three types  of soils and two watering regimes did not induce signifi- 

cant,   consistent phytotoxicity or stem burning. 

Introduction 

Fluorodifen has received considerable attention in recent  years 

as a new herbicide for use on small seeded legumes,   beans,   soybeans, 

peanuts and other crops.    According to Ebner (15) it is a very versatile 

herbicide and controls a wide range of weed species at rates as low as 

3 lb/A.     In preliminary field observations at O. S. U.   the best weed con- 

trol without phytotoxicity to beans was accomplished at 3 lb/A.     At rates 

higher than 6 lb /A,   crop injury was observed in the form of shortening 



of the mid rib of primary leaves and burning or necrosis    of hypocotyls 

and other plant tissues.     Occasionally these symptoms were observed 

at rates as low as  1 lb/A under unspecified conditions occurring in 

the field.      Earlier studies     (34) revealed that this injury to bean 

seedlings occurred only when seedlings came in contact with the 

herbicide,   therefore it was a contact action but conditioned by other 

factors.    These factors were moisture,   light,   temperature,   soil type 

or a combination of these.    The mobility of fluorodifen within plants 

is very limited according to work done by Zastin (13).     The present 

studies were conducted   for   two  consecutive years to:    a) gain more 

information about the field performance of fluorodifen,   namely,   what 

rates,   time of application and cultivation was optimum for controlling 

weeds   in beans without phytotoxicity,   and b) to ascertain whether soil 

moisture,   light conditions and soil type    have any effect on fluorodifen 

phytotoxicity to beans. 

Materials and Methods 

Rates,   Time of Application, 
and Cultivation 

In a study of bean seedling response to fluorodifen,   rates of 

0,   6 and 12 lb/A were applied preplant,   preemergence and post 

emergence_to the crop.    The preplant treatmeRt was incorporated into 

the soil after application to -a depth of 3 inches with a PTO driven 
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rotary tiller.    Spraying was done with a small experimental plot 

sprayer using water as the carrier at the rate of 40 GPA.   The swath 

of the sprayer's boom was 10 feet and the nozzles 8002.       The plot size 

was  10 x 150 feet;  only the two center rows were evaluated.     The 

experimental design was a randomized block with four replications. 

Other data recorded at each time of application but not reported here, 

included soil condition and moisture,   temperature of the air and soil, 

wind and sunlight.     The soil was a Chehalis silty clay loam with 

characteristics shown in Table  1. 

Table 1.     Chemical and Mechanical Analysis of Three Soils from 
Oregon State University Vegetable Research Farm. 

7~                 Soil         O. M.            CEC              Sand          Silt               Clay 
 pH (%)        (me/lOOg) (%) (%) (%) 

Chehalis silty 
clay loam 6.00 3.43 30.50 1.49       64.13 34.38 

Newberg sandy 
loam 6.14 1.42 17.60 69.75        19.52 10.73 

Newberg 
sand 6.00 0.71 12.70 80.62 9.33 10.05 

In a second experiment to assess weed control and bean response 

to fluorodifen application and cultivation,  the same plot layout and 

location as  in the preceding experiment was used.    All applications of 

fluorodifen were made    preemergence to the crop at the rate of 4 lb/A. 

TeeJet Agricultural Spray Nozzles,   3204 Randolph St. ,   Bellwood, 
Illinois    60104. 
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Tillage treatments are shown in Table  3 ..    In both experiments plots 

were evaluated for crop injury each week for three weeks starting at 

emergence of the plants.     Weed control was evaluated at the end of 

the third week.     Pods were hand picked,   graded and then fresh and 

dry weights determined. 

Moisture and Light Factors 

To investigate the influence of light and moisture on bean seed- 

ling response to fluorodifen applications,   a field trial was carried out 

using the treatnaents as listed on Table   4 .    A high density planting 

with rows 7 inches apart was used for this trial.    A randomized block 

design with four replications and a plot size 9 x 20 feet was used. 

Shades were made and placed horizontally above the soil surface. 

These shades were made of cardboard and were completely opaque to 

direct sunlight on plants from which data were obtained.     The har- 

vested area was composed of the four central rows,   5 feet long and 

accounted for approximately 1 square yard.     The light intensity was 

recorded daily at noon,   both under the shades and outside of the 

shades.     On the average,   the readings were 400 ft/c  -  100 under and 

6, 000 ft/c - 1000 outside the shades.    Herbicide applications were 

made with a small experimental plot sprayer under the same condi- 

tions as described in the preceding experiment.    The sequence of 

treatment applications was as follows:    Those plots that required water 
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after applications were sprayed.     Immediately afterward,   1  inch of 

water was provided by sprinkler irrigation.    About 6 hours later the 

rest of the herbicide treatments were applied.     The following day the 

shades were erected.     On two occasions,   at emergence and after 

emergence,   the crop was sprinkler irrigated with about 1-1/2 inches 

of water.     This was accomplished late in the evening with the shades 

removed.     Three weeks after the bean plants emerged,   they were 

clipped at the soil surface,   counted and the dry weights recorded. 

Moisture and Soil Type 

This  experiment was set up to investigate the effects  of fluoro- 

difen toxicity to bean plants  in two soil types and with two soil 

moisture conditions.     The effects of a medium textured (Chehalis silty 

clay loam) and a sandy soil (Newberg sand)    as characterized in Table 

1 were combined with normal irrigation (keeping the soil at field 

capacity) and excessive irrigation (approximately 7 inches of water 

applied) to provide the treatments listed in Table    5.     Irrigations 

were provided after herbicide applications and at the time of plant 

emergence. 

Two slightly different formulations (batches) were used in this 

trial but since no differences in response were observed, these data 

were combined. Each formulation was tested at application rates of 

1 and 3 lb/A.     All applications were made    preemergence.     A 



13 

randomized block design was used,   each plot being 6x16 feet and 

consisting of two rows 3 feet apart.     Plots were evaluated for control 

of certain weed species as well as an overall rating of weed control 

1 week after bean emergence.     Three weeks after  emergence bean 

plants were clipped at the soil surface,   counted,   dried and weighed. 

Results 

Rates,   Time of Application, 
and Cultivation 

In analyzing the effect of rates on yields,   it can be seen in 

Table   2   that the general tendency was for plants to yield more when 

fluorodifen was applied at 6 lb/A than 1.2 lb/A.     On the other hand,   it 

was observed that at the higher rate,   plant injury was consistently 

more severe.     This factor is probably responsible for the lower yields. 

Weed control was nearly the same at both rates.    The timing of 

herbicide application with respect to crop emergence was very 

important (Table   3 ).     The highest yields,   optimum weed control and 

least crop injury was obtained when fluorodifen was applied pre 

emergence to the crop.    Although post emergence herbicide applica- 

tions resulted in a moderate    degree of weed control when evaluated 

2 and 3 weeks after application.,    it was observed that weeds had a 

tendency to outgrow the effects of the herbicide if they had naore than 

four true leaves at the time they were treated.     Crop injury was 
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severe when fluorodifen was applied post emergence.     This appeared 

as a rapidly developing necrosis in leaf blade tissue contacted by the 

herbicide. 

No translocated effects were observed; bean plants that were 

affected by the herbicide recovered quickly and new leaves that 

developed after the herbicide application appeared completely normal. 

The type of phytotoxicity observed at 12 lb/A in   preplant incorporated 

and   preemergence applications was somewhat different and appeared 

as shortening of the midrib    in the first true leaves and occasionally 

in the first trifoliate leaf.    Also,   some necrosis was detected in stem 

tissues,   especially at the high rates.     These symptoms,   stem necrosis 

and mid rib shortening,   increased in severity for 2 weeks after 

emergence but were outgrown later.     No bean plant was killed due to 

herbicide toxicity in this experiment.     Finally,   when fluorodifen was 

used preemergence and at   6   lb/A,   the greatest percentage of fresh 

pods was sieve number 5 and above.     For the other treatments,   the 

pods did not reach sieve number 5.     The explanation for this may be 

that plants with less weeds were subjected to less physiological 

stresses,   therefore the pods reached maturity sooner. 

Cultivation significantly increased yields when compared to non 

cultivated plots.     Yields were the same when plots were tilled 2 weeks 

after emergence and when tilled at that time and again 2 weeks later, 

indicating the critical effect on competition in the first 2 weeks after 
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crop emergence.     Tillage only 4 weeks after emergence resulted in 

significantly reduced yields.     The degree of weed control obtained 

was closely related to the number of tillages but there was not a close 

relationship between yields and number of tillages.    For example,   two 

tillage operations in comparison to the undisturbed plots improved 

weed control much more than they increased yields. 

No significant crop injury was observed in any of the treatments 

listed in Table   3 .     Cultivation produced higher  fresh weights of sieve 

size number 6 and under in the following order;    tilled 4 weeks after 

emergence > tilled 2+4 weeks after emergence > tilled 2 weeks 

after emergence.    This correlation did not apply for total yields. 

Moisture and Light Factors 

Watering had some effect on the decrease of yields.     The high- 

est dry weights were obtained when no irrigation was applied through- 

out the duration of the experiment.     The next highest yields were 

obtained when irrigation was  provided before herbicide applications. 

Finally,   when irrigation was  provided after herbicide applications, 

the lowest yields were obtained.     It is probable that in this last case, 

a small degree of incorporation was accomplished and accordingly, 

a longer life of the phytotoxic molecule obtained.     In relation with 

shading,   the most critical period for yield decrease was when shade 

was applied from emergence of the crop,   up to the first true leaf. 
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Shading from herbicide application until emergence of the plants pro- 

duced the highest dry weights.     Intermediate yields were obtained 

when the plots were shaded from application to first leaf and when no 

shade was provided.     In general,   the most critical time for fluorodifen 

phytotoxicity to beans was at the time of emergence of the plants and 

up to about 5 days later.     It was speculated that low light conditions 

together with low temperatures under the shades favored a slower 

degradation of the herbicide; therefore,   the explanation for the higher 

degree of phytotoxicity that was observed under the shade  (Table 4). 

Moisture and Soil Type 

A measurement of stem burning was omitted because of lack of 

evidence.     Good weed control was accomplished under typical soil and 

normal water conditions.    Second best was under sandy soil and nor- 

mal water.     Whenever excess of water was provided,   weed control 

was not as effective.     It was speculated that too much water brought 

about a considerable reduction in the concentration of the herbicide at 

the soil surface.     There was a tendency to control the weeds more 

effectively in sandy soil.     These differences  can be accounted for by a 

better control of grasses in sandy soil than in typical soil as can be 

seen in Table 6.     Final dry weights  of plants   (Table 5) were affected 

by watering regimes but a correlation could not be established.    In 

typical soil,    plants weighed more  under excess  of water.     In sandy 
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soil plants weighed more under normal water.     The stand density was 

somewhat thinner in sandy soil under excess of water.     In typical 

soil,   watering did not cause a significant difference in plant stand. 



Table 2.     Effect of Two Rates of Fluorodifen and Time of Application with Respect to 
Emergence of Bean Seedlings on Yields,   Weed Control and Injury to Bean Plants. 

Rate 
(lb/A) 

6 
12 

6 
12 

6 
12 

Crop response ratings3. 

Weeks after emergenc< 
(tons /A) rating0- 1 2 3_ 

_   Yield Weed control Weeks after emergence 
Treatment . .a 

Pre plant inc. 6 2. 1 20 
1. 9 20 

Pre emergence                     6                         3. 5 90 
3.0 90 

Post emergence                    6                         1. 8 40 
1. 5 50 

Untreated check                   0                         0. 8 0 

0 0 0 
20 30 20 

10 0 0 
20 30 20 

_ 80 70 
- 90 80 

Rating scale:    0 = no effect,   100 = complete plant destruction (see Appendix A,   Table 1). 
Weed control,   average of three rating dates 
LSD (for yields):    .01 =  1.9;       .05=1.3 

oo 
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Table 3.    Effect of Fluorodifen at 4 lb/A and Cultivation Practices on 
Yields,   Weed Control and Injury to Bean Seedlings. 

Treatment 
Yield 

(tons/A) 

Weed 
control 
rating 

Crop response ratings3- 

Weeks after emergence 
1 2 3 

Undisturbed 

Tilled 2 weeks 

2.2 30 

after emergence 2. 7 50 

Tilled 2+4 weeks 
after emergence 2. 7 60 

Tilled 4 weeks 
after emergence 2. 2 40 

Untreated check 1. 1 0 

Hand weeded 
check 3. 1 100 

10 

0 

0 

10 

10 

0 

0 

0 

0 

0 

Rating scale:    0 = no effect,   100 = complete plant destruction (see 
Appendix A,   Table 1). 
Weed control,   average of three rating dates 
LSD (for yields):    . of =  1. 8; .    . 05 = 1. 3 - 
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Table 4.     Effect of Fluorodifen on Bean Seedlings when Shade was 
Provided at Different Stages of Development of the Crop 
under Three Watering Conditions.    Values Given are 
Dry Weights,  Average Grams of Three Replications. 

Average effect 
of shading 

Shading 
Watering 

wo wi W2 

From application 
to emergence 44 42 41. 42 

From application 
to first leaf 43 42 27 37 

From emergence 
to first leaf 43 25 22 30 

No shade 42 34 39 38 

Average effect 
of watering 43 36 30 

LSD for watering:    . 05 = 2. 6;    . 01 = 2. 7 
LSD for shading:    .05 = 3.4;    .01 ='3.'5     - 
LSD for watering x shading:    .05 = 5.9;    .01 = 6.1 

a 
W = no water 

W = water before applications 

W = water after applications 
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Table 5.     Effect of Fluorodifen on Weed Control and Phytotoxicity to 
Bean Seedlings in Two Soils under Two Watering Regimes. 

Rate Weed Dry weight Plant density 
Water (lb/A) control 

(%) 
(g/m2) (plants /m2) 

Newberg Sand 

Normal 3 90.0 7. 0 b 25. 6 b 
Excess 3 43. 5 5. 8 a 24. 9 a 

C he ha 1 is Silty Clay Loam 

Normal 3 91. 8 6. 7 a 27. 9 c 
Excess 3 57. 3 7. 7 b 26. 7 b, c 

Means followed by the same letter are not significant different at . 05 
level of probability using Duncan Multiple Range Test. 

Table 6.     Percentage of Control of Individual Weed Species by 
Fluorodifen at 3 lb/A in Two Soil Types. 

„   .,                      „              .^  a       Lambs-      Pig-        Rye-    Barnyard 
Soil                     Composite ^ , 
 ' quarter       weed      grass       grass 

Newberg 
Sand 55 78 67 94 98 

Chehalis Silty 
Clay Loam 75 99 97 70 67 

Composite consisted of annual sowthistle,   groundsel,   mayweed. 
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RESPONSE OF BEAN AND SOYBEAN SEEDLINGS 
TO FLUORODIFEN AND LIGHT 

Abstract 

By the use of neutral density filters,   different intensities of 

light with the same spectral emission were obtained in growth 

chambers.     Bean and soybean plants were more sensitive to fluoro- 

difen at low levels of light.     The percentage dry weight reduction 

decreased as the light intensity increased from 1, 000 to 2, 000 ft/c. 

In determining the critical period in which light enhances fluorodifen 

injury to beans and soybeans,   it was found that plants exposed to 

light on the second to third day after planting were most severely 

injured.     Filters were used to evaluate the influence of light quality on 

fluorodifen toxicity to beans and soybeans.     Plants were more sensi- 

tive to fluorodifen when exposed to yellow and red light than when 

exposed to blue or white light.     Significant phytotoxic symptoms were 

observed,   especially under yellow light.     Exposure to light at the 

time of crop emergence resulted in the greatest amount of phyto- 

toxic it y. 

Introduction 

Light is the most important factor in plant growth and photo- 

synthesis  is the most important phenomena regulated by light.     The 
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interaction of light with plant growth hormones was recognized as 

early as  1926 by Went with his coleoptile curvature test.    More 

recently in 1967,   Matsunaka (27) postulated that fluorodifen needed the 

presence of light to become active.     In addition,   he suggested that \ 

fluorodifen will block the photoreceptor quality of xanthophylls. 

Moreland et al.   (30) found that diphenylether herbicides  (of which 

fluorodifen is a member) interfere with the electron transfer system 

and ATP synthesis,   reactions that are related to light.     As reported in 

a later chapter of this work,   it was found that fluorodifen inhibits 

growth and photosynthesis of Chlorella. 

With the development of improved light sources of better 

spectral distribution and greater wavelength bandwidth,   it is possible to 

study with more accuracy the response of herbicide treated plants that 

have been subjected to a continuous spectrum,   as well as to restricted 

parts of the visible spectrum,   as is the case when plants are allowed 

to grow exclusively under colored light by the use of filters. 

The aim of the experiments that follow was to ascertain the 

relation of fluorodifen toxicity to beans by studying the effect of light 

intensity,   the effect of length of exposure  of fluorodifen treated bean 

and soybean plants to normal light,   and finally,   to evaluate the effect 

of light quality on fluorodifen toxicity to bean and soybean plants. 
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Material and Methods 

Light Intensity 

These experiments were conducted in growth chambers with a 

combination of fluorescent and incandescent lamps,   giving the spec- 

tral distribution shown in Figure   1.     To obtain different intensities 

with the same spectral distribution,   neutral density filters were used. 

After testing a number of materials,   cheesecloth was found to provide 

adequate attenuation without a significant change in spectral distribu- 

tion.     Light intensities were:    2,000,   1, 000 and 500     (t 100) ft/c and 

darkness.     Pots containing five seeds  of beans or soybeans were 

sprayed prior to crop emergence with fluorodifen at rates of 0,   3 or 

6 lb/A.     These pots were filled with quartz sand which was kept near 

field capacity with half strength Hoagland solution (Appendix A,   Table 

1).     Light treatments were not applied until crop emergence,   four days 

after planting.     Unless otherwise stated,   the temperature in the 

growth chamber was 28   C,   photoperiod 24 hours and relative 

humidity 95%.     Dry weights were taken 10 days after planting and 

injury ratings  (Appendix A,   Table 3) reflecting leaf burning and 

hypocotyl girdling were recorded.     Control plants were grown at the 

same light intensity but were not treated with herbicide.    A random- 

ized complete block design with three replications was used. 
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Length of Exposure to Light 

For a second experiment,   one growth chamber was kept dark 

while the other was kept continuously lighted (2, 000  - 100 ft/c).    After 

planting bean and soybean seeds,   fluorodifen was applied at the rate 

of 0,   6,   and 9 lb/A.     One set of pots was  exposed to light for the  10 

day duration of the experiment.     Other sets were held in the dark for 

1,   2,   3,   4,   5,   6 and 7 days and then placed in full light.    Emergence 

occurred between the third and fourth day after seeding and herbicide 

application.    The cotyledons had extended above the soil surface by the 

fourth to fifth day after planting.     Data were recorded as   ratings   of 

hypocotyl lesion development (Appendix A,   Table 3) and seedling dry 

weight at each of the intervals of exposure to light. 

Effect of Light Quality 

In a third experiment,   filters were used for subjecting the plants 

to specific wavelengths of light.       These sheets of acrylic were 

suspended just below the light source inside the growth chanabers.     The 

colors used were blue,   yellow,   red and transparent.     The spectral 

transmittance of each colored filter,   compared to the transparent 

2 
filter,   is plotted in Figure  2 .       Pots were planted,   treated with 

Colored acrylic plexiglas was purchased from Foress Sign Co. , 
Corvallis,   Ore. 

2 
Measured with a  1401  model DB Beckman recording spectrophoto- 
meter. 
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fluorodifen at 0,   3 and 6 lb/A and transferred to the dark chamber. 

From the time of bean emergence 3 days after planting and applica- 

tions,   plants were subjected to continuous lighting for 8 days.    At that 

time,   plants were cut off at the soil surface and dry weights recorded. 

Plants were examined daily for injury symptoms. 

To further evaluate fluorodifen response to light quality, 

another experiment was set up with conditions similar to those just 

reported.    Seedlings of beans and soybeans were treated with 0,   3 

and 6 lb/A of fluorodifen after planting.    At emergence these seed- 

lings were either kept in the dark or exposed to red or yellow light 

(2, 000 ft/c) for 2,   6,   12 or 24 hours and then returned to the dark 

chamber.     Data were recorded   as ratings   of hypocotyl lesion develop- 

ment at each of the intervals of exposure to light. 

Results 

Light Intensity 

The effect of light intensity on the dry weight of bean plants 

treated with fluorodifen is presented in Figure   3.     The dry weight 

reduction resulting from herbicide application decreased as the light 

intensity increased from 1,000 to 2,000 ft/c.     Toxicity symptoms 

were observed at 2, 000 ft/c but were not reflected in significant 

growth reductions.    Apparently,   seedlings were more sensitive to 
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fluorodifen at low levels of light (500 and 1, 000 ft/c).     There is also a 

possibility that a greater concentration of the herbicide persisted 

under these conditions.    Green beans were slightly more sensitive 

than soybeans,   especially at the 1, 000 ft/c level as can be seen in 

Table 1. 

Table 1.    Stem Lesion Development as Caused by 
Different Intensities of Light upon 
Fluorodifen Treated Plants. 

Light Intensity (ft/c) 

Beans 

Soybeans 

500 1,000 1, 500 2,000 

4a 5 3 1 

4 4 3 2 

a 
Average of three replications.     Rating scale:    0 = no 
effect,   10 = complete kill (Appendix A,   Table 3). 

Length of Exposure to Light 

After  10 days,   seedling dry weight of beans and soybeans was 

nearly the same (Figure    4).     Plants grown in full light or in complete 

darkness for the entire duration of the, experiment were not signifi- 

cantly injured.     Those plants that germinated in the dark and were 

then transferred to full light on the second or third day after planting 

were severely injured.     These plants were emerging from the soil 

with cotyledons and hypocotyls in contact with the soil surface at the 

time of first exposure to light.    Severe necrosis occurred on the 
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cotyledons and hypocotyls.     Data for stem lesion development are 

presented in Table 2.     If the plants were allowed to remain in the dark 

until the 4th,   5th,   6th,   or 7th day after planting,   then necrosis occur- 

red only on the hypocotyls.     Cotyledons from these plants had not been 

in contact with the treated soil surface for several hours prior to full 

light exposure.     These results agree with preliminary findings by 

Gates  ( 17) in soybeans.    Gates suggested that soybeans were able to 

metabolize fluorodifen to a non-phytotoxic chemical if not activated by 

light within hours after uptake.     More recently,   Shimabukuro (39) 

reported the isolation of an enzyme which was  present in hypocotyls 

of several plant species,   a glutathione-S-transferase,   which catalyzes 

the cleavage of fluorodifen.    At present,   no attempt to correlate the 

presence of this enzyme with light conditions has been made. 

Table 2.    Stem Lesion Development as Caused by Different Lengths 
of Exposure to Light of Fluorodifen Treated Plants. 

Days of S eedlings in Da rk after Plant: ing 
an id Herbicid e A ppl ication 

1 2 3 4 5 6 7 8 9 

Beans 3a 3 8 7 6 4 4 5 0 

Soybeans 1 1 6 6 6 6 6 5 0 

a 
Average of three replications.     Rating scale:    0 = no effect,   10 = 
complete kill (Appendix A,   Table 3). 
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Effect of Light Quality 

The data presented in Figure   5   are dry weights of herbicide 

treated and untreated plants under four spectral light distributions. 

There was a general agreement between the expression of phytotoxic 

symptoms appearing on fluorodifen treated plants and the lower dry 

weights from the yellow (580 (xm) and red (690 fim) light treatments. 

These lower yields were the results of stunting associated with the 

toxicity symptoms caused by the herbicide since no response was 

observed in the untreated checks under each particular light color. 

Lesion development was not observed on the stem.     Blue light did 

have an effect in decreasing dry weights but it was less marked than 

yellow.    Ashton ( 3 ) in a similar experiment but working with atrazine 

and monuron,   reported a decrease in yields,   also in the red regions 

(658 (am).    He concluded that chlorophyll a and b were the principal pig- 

ments  involved in the toxicity symptoms caused by these herbicides. 

Further evidence was found that yellow or red light is harmful to 

fluorodifen treated plants.     Table 3 summarizes the results of that 

experiment.    As compared to treated plants left in the dark,   signifi- 

cant injury occurred on plants under yellow or red light with more 

pronounced injury under yellow light.     Beans were slightly more 

affected than soybeans.    The amount of injury increased as the length 

of exposure to light increased. 
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Table 3. Hypocotyl Lesion Development in Bean and Soybean at Two 
Rates of Fluorodifen and Four Lengths of Exposure to Red 
and Yellow Lights. 

Rate                                        Hours of Exposure 
(kg/ha) ^7k 2 6 12 2r 

Bean 
yellow light 0 0. 0 0. 0 0. 0 0. 0 0.0 

6 0. 0 0. 0 4. 0 5. 3 8.0 
9 0. 0 1. 6 4. 6 7. 0 7.0 

red light 0 0. 0 0. 0 0. 0 0. 0 0.0 
6 0. 0 0. 0 0. 0 4. 0 6.0 
9 0. 0 0. 0 2. 6 7. 6 5.0 

Soybean 
yellow light 0 0. 0 0. 0 0. 0 0. 0 0.0 

6 0. 0 3. 0 0. 0 3. 3 7. 3 
9 0. 0 0. 0 3. 0 4. 6 5.0 

red light 0 0. 0 0. 0 0. 0 0. 0 0.0 
6 0. 0 1. 0 0. 0 4. 3 4. 3 
9 0. 0 0. 6 0. 6 2. 6 5. 3 

3. Average of three replications.     Rating scale:    0 = no effect,    10 
complete kill (Appendix A,   Table 3). 
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ABSORPTION AND TRANSLOCATION OF FLUORODIFEN BY 
CUCUMBER,   SOYBEAN AND BEAN PLANTS 

Abstract 

14 
Autoradiography and radioassay results indicated that       C- 

fluorodifen was absorbed mostly within 6 hours after application.     The 

distribution pattern remained fairly constant in beans and soybeans 

with the largest percentage of activity remaining in the treated portion 

at all times.     Greater mobility of the label was observed in cucumber 

plants with some acropetal and basipetal movement recorded from 

the treated leaves  12 hours after applications.     Covering the treated 

leaf did not alter the uptake of fluorodiien in any of the three plant 

species.    Following applications to stem and roots,   a similar pattern 

was observed,   rapid uptake but little or no mobility.     The practical 

implication of absorption and translocation depends upon the basic 

mode of action of fluorodifen.     It is proposed that in susceptible plants 

such as cucumber,   the herbicide is translocated more readily. 

Introduction 

The use of    preemergence herbicide applications to soil has 

increased considerably over the past few years.     Consequently,   the 

localization of the herbicide in the soil and the site of uptake by the 

young  seedlings,   as  well as  the  capacity to translocate the chemical, 
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are receiving considerable attention.    Limited available information 

indicates a relatively rapid penetration of fluorodifen into roots and 

leaves of peanut       cucumber and soybean.     Trans location,   however, 

in   acropetal   arid   basipetal   directions   was found to be limited and 

somewhat inversely related to the degree of tolerance of each specie 

( 13,    14,    36).     Pollak (34) has done preliminary studies  of uptake of 

fluorodifen by beans  (considered to be resistant) and found they do not 

have a preferential site of uptake between roots and hypocotyls,   as 

compared,   for example,   to barnyard grass (regarded as being sus- 

ceptible) that absorbed the herbicide readily through the coleoptile. 

The following studies were carried out to determine if differ- 

ential absorption and translocation could explain the susceptibility or 

resistance to fluorodifen of cucumber (susceptible),   soybean (resis- 

tant) and bean (resistant).     For this purpose,   fluorodifen was applied 

to the root media,   to the stem and to the leaves,   exposing the plants 

to the chemical for different time intervals.    Another objective of this 

experiment was accomplished by covering the treated leaf with 

aluminum foil.     This was  expected to disrupt the normal photosyn- 

thate translocation pattern,   thereby permitting an evaluation of the 

role of photosynthates in fluorodifen translocation. 

Material and Methods 

The uptake and translocation of fluorodifen was  studied with 
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autoradiography and standard radioassay methods.    Parallel experi- 

ments were carried out to obtain an estimate of the qualitative fate of 

fluorodifen with autoradiographs and to obtain quantitative data on 

distribution by radioassay. 

Seedlings of cucumber,   soybean and bean were grown in sterile 

sand and periodically fed with half strength Hoagland solution 

(Appendix A,   Table 1).     Leaves,   stem or roots were treated with 10 jil 

14 
C-fluorodifen (specific activity 8. 3 mCi/mM),   the resulting dose 

being 0. 1 fiCi of activity in 1 (JLM of herbicide per plant.     For root 

treatments,   fluorodifen was added to 100 ml of full strength nutrient 

solution.     The upper one-third of the roots were kept above the solu- 

tion to provide for some aeration.    Applications to leaves were made 

on the base of the midrib   in a lanolin ring with a microsyringe.    Stem 

treatments were made with a microsyringe in the portion immediately 

above the cotyledonary node.     The ex_perimental periods were 6,   12, 

24,   48 or 96 hours.     Three containers,   each with two plants,   were 

used for each treatment.     Untreated control plants were maintained 

to serve as blanks in the radioactivity detection by counting.     Upon 

termination of each treatment,   plants were washed with distilled 

water three times,   blotted dry,   placed in a plant press and frozen. 

When all treatments were completed,   plants for the autoradiographs 
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were mounted,   covered with saran wrap and exposed to a film for 

3 weeks at -20  C. 

The plant material being assayed quantitatively for radioactivity 

was washed in distilled water three times and partitioned as follows. 

When the leaf was treated,   plants were divided in upper section, 

treated leaf,   middle section and lower section.    When stem or root 

was treated,   plants were divided in upper section,   middle section and 

lower section.     Upper section was defined as the second true leaf 

internode and above,   middle section as from cotyledonary node to 

second true leaf node (this not included) and lower section below the 

cotyledonary node.     Each section was oven dried,   weighed and homo- 

genized in 30 ml of acetone.     Radioactivity was measured inalO rnl 

aliquot with a Geiger-Muller tube and sealer.    An evaluation of 

fluorodifen absorption was made by comparing total counts from all 

sections of a plant with a spiked sample,   while counts in individual 

sections other than the treated one were used as an indication of 

translocation. 

In order to obtain more information on translocation,   one set of 

treatments   included covering the herbicide treated leaf with the pur- 

pose of determining if acropetal  or  basipetal  fcranslocation is 

affected by the flow of photosynthates. 

Kodak Medical X-ray Film,   purchased at General Electric X-ray, 
Portland,    Ore. 
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Results 

Autoradiographs and radioassays of the three plant species 

14 treated with      C-fluorodifen indicated that considerable absorption of 

the herbicide had occurred 6 hours after treatment.     The distribution 

pattern at different time exposure intervals remained fairly constant 

for beans and soybeans.     In plants harvested up to 4 days after treat- 

ments (Figures 2 and 3),   the radiolabel remained in areas of accumu- 

lation,   decreasing slightly with time but the distribution pattern did 

not change substantially.     Greater mobility of the label was observed 

in cucumber plants.     Twelve hours after treatments,   fluorodifen 

started moving out of the treated leaf and was translocated both basi- 

petally and acropetally,   regardless of whether the treated leaf was 

covered or not,   with more of the total radioactivity remaining in the 

treated leaf at all times.     Covering the treated leaf did not alter the 

uptake of fluorodifen in all three plant species but some upward move- 

ment toward the actively developing young leaves and shoot apex was 

observed in beans and soybeans 48 and 96 hours after treatment. 

14 Absorption of      C-fluorodifen by stem and roots was also very rapid 

in all three plant species, as the greatest percentage of radioactivity 

was observed 6 hours after applications (Tables 1, 2, and 3). From 

the distribution patterns of radioactivity after stem and root applica- 

tion as  seen in Figures   1,   2,   and 3,   it can be concluded that the 
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mobility from these application points is very limited.    Some basi- 

petal movement was observed in  beans  12 hours after applications. 

The practical implication of absorption and translocation depends 

upon the basic mode of action of fluorodifen.     Observations by the 

author indicate that there is a rather striking  difference in the relative 

susceptibility of soybeans and beans to   preemergence applications  of 

fluorodifen as contrasted to post emergence applications. Thus,   the 

limited translocation of fluorodifen in some plants could be a nnajor 

factor in its relative resistance to   preemergence applications. 
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14 
Table 1.    Time-course of       C-Fluorodifen Absorption and Trans- 

location in Cucumber Plants.     Data Tabulated are Radio- 
activity as Percentage of Total Recovered. 

Hours after treatment 
12 24 48 96 

0 13 11 10 13 
73 40 53 56 37 
0 10 12 12 18 
_ _ _ 0 3 

0 13 14 18 23 
4 37 28 20 19 
0 2 14 18 17 
_ _ _ 0 0 

Treated uncovered leaf 

Upper section 
Treated leaf 
Mid section 
Lower section 

Treated covered leaf 

Upper section 
Treated leaf 
Mid section 
Lower section 

Treated stem 

Upper section 
Mid section 84 83 
Lower section 

Treated root 

Upper section - 
Mid section - 
Lower section 43 26 15 

Each figure is the average of three determinations. 

0 41 65 
83 80 79 
0 5 10 

0 2 
0 5 

20 15 
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14 
Table 2.    Time-course of      C-FluoridLf en Absorption and Trans- 

location in Soybean Plants.     Data Tabulated are Radio- 
activity as Percentage of Total Recovered. 

Hours after treatment 
12 24 48 96 

4 34 
65 2.1 
0 0 
0 3 

Treated uncovered leaf 

Upper section - 
Treated leaf 70 70 68 
Mid section - 
Lower section - 

Treated covered leaf 

Upper section 
Treated leaf 79 75 
Mid section 
Lower section 

Treated stem 

Upper section - 
Mid section 90 84 84 
Lower section - 

Treated root 

Upper section - 
Mid section - 
Lower section 90 81 80 

0 18 20 
75 61 20 
- 0 0 
_ 0 0 

2 0 
84 80 
0 10 

0 0 
5 10 

80 80 

Each figure is the average of three determinations. 
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Hours after treatment 
12 24 48 96 

Treated uncovered leaf 

Upper section 
Treated leaf 
Mid section 
Lower section 

72 71 63 
0 20 

63 20 
0 8 
0 0 

Treated covered leaf 

Upper section 
Treated leaf 
Mid section 
Lower section 

86 85 
0 15 30 

85 64 20 
- 0 0 
_ 0 3 

Treated stem 

Upper section 
Mid section 
Lower section 

- - - 0 5 
80 70 60 65 60 
0 10 20 10 10 

Treated root 

Upper section 
Mid section 
Lower section 53 47 47 

0 0 
0 0 

45 33 

Each figure is the average of three determinations. 
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Figure 1.    Mounted plants (above) and autoradiographs (below) of cucumber seedlings, 48 hours after treatment with 0. 1 fj. Ci of     C fluorodifen. 

A-B treated leaf, uncovered.    C-D treated stem.   E-F treated root. i 



Figure 2.    Mounted plants (above) and autoradiographs (below) of soybean seedlings,  48 hours after treatment with 0. 1 uCi of ^C fluorodifen. 
A-B treated leaf, uncovered.    C-D treated stem.    E-F treated root. 



14, Figure 3.    Mounted plants (above) and autoradiographs (below) of bean seedlings, 48 hours after treatment with 0. 1 [iCi of      C fluorodifen. 
A-B treated leaf, uncovered.    C-D treated stem.    E-F treated root. 
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FLUORODIFEN EFFECTS ON GROWTH,   RESPIRATION AND 
PHOTOSYNTHESIS OF CHLORELLA 

Abstract 

The unicellular algae Chlorella was used to assess the effect of 

fluorodifen on photosynthesis and respiration of green plant tissues. 

It was found that the growth of Chlorella was severely affected by low 

concentrations of fluoridifen under light*    Herbicide concentrations up 

to 0. 5 ppm had no effect in the dark.     Under the conditions of this 

study,   fluorodifen caused a slight increase in the respiration of 

Chlorella while photosynthesis was severely inhibited at concentra- 

tions of 1 ppm of  fluorodifen. 

Introduction 

The test organism used in these studies was a simple plant 

(Chlorella pyrenoidosa Sorokin)    hereafter referred to as Chlorella , 

selected because of its  rapid growth rate under light,   as well as its 

adaptability to heterotrophic growth conditions.     Chlorella is also 

versatile for laboratory work because the similarity of it to a green 

cell of the higher plants in possessing the same complex of pigments in 

the plastid.     The effectiveness of the Chlorella bioassay for compounds 

Strain 211-8K from the Department of Botany and Plant Pathology, 
Oregon State  University. 
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suspected of being photosynthetic or respiratory inhibitors has been 

widely substantiated by researchers working with herbicides  (24,    31, 

32). 

Two sets of experiments were carried out.     In the first,   the 

growth of Chlorella was evaluated in media treated with fluorodifen 

and kept in the dark and in the light.     In the second,   the effect of 

fluorodifen on respiration and photosynthesis of Chlorella was assessed. 

Material and Methods 

Fluorodifen Effect on 
Growth of Chlorella 

A sterile medium (Table  1) was prepared as a modification of 

that of Addison and Bardsley (2).     Five milliliters from an actively 

growing stock culture were mixed with 145 ml of sterile nutrient 

solution contained in a sterile cotton plugged culture vessel with 

attached air filter.     The culture vessel was a 38 x 300 mm test tube 

bearing a 5 mm diameter glass gas-inlet tube entering from the 

bottom.     The lower rim of the gas-inlet tube was notched to cause the 

gas to enter the culture medium as  streams  of small bubbles.     The 

air filter,   fashioned from a 10 cm drying tube loosely packed with 

cotton,   was attached to the outer end of the gas-inlet tube.     The liquid 

cultures were incubated in a suitable rack between banks of "daylight" 

fluorescent lamps.     The culture vessels  were connected to a manifold 
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and a mixture of 5% CO_  in air was constantly bubbled through each 

vessel at a rate of about 100 cc per minute.    This rate was sufficient 

to supply more than enough CO_ and to maintain the algae cells  in 

suspension.    The same arrangement,   but with the lights turned off, 

was used for the heterotrophic studies.     Temperature was regulated, 

conducting the experiments in a constant temperature room at 25  C. 

After determining the cell concentration in the inoculum,   a lag phase 

in the cell growth was observed and it was found that a 5 to 6 day 

period fell within the range where growth was linearly related to time. 

Franz et al.   (16) considered 8 to 9 days the time at which inhibition 

due to over population starts.     Fluorodifen applications were made 

5 days after inoculation.     Preliminary studies were used to establish 

an I      value.     Under light conditions,   fluorodifen concentrations of 

0,   0.05,   0.01, and 0. 005 ppmv were used.     Chlorella population 

density was estimated for each culture vessel with a hemacytonmeter at 

the time of herbicide applications and 24,   48 and 72 hours after. 

Fluorodifen Effect on Respiration and 
Photosynthesis of Chlorella 

A Gilson Differential Respirometer,   model GRP 14 was used for 

these experiments.     Five   milliliters   were extracted from the stock 

culture and centrifuged.    Fresh weight per ml of culture was calculated 

and obtained according to guidelines given in Appendix B.    Three 
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milliliters of the stock culture containing 0. 05 g of Chi ore 11a and 3 ml 

of 0. 01 M phosphate buffer (pH 7. 1) were placed in a standard,   single- 

armed Warburg vessel.     For measuring respiration,   the "direct 

method" of Umbreit,   Burris and Stauffer  (40) was used with the center 

well of each vessel containing 0. 2 ml 20% KOH and a paper wick to 

absorb   CCL.     Herbicide applications were made by placing 2 ml of a 

fluorodifen emulsion (or 1. 0 ppmv    in the side arm of the vessel)and 

emptying this into the main chamber of the vessel 1 hour aft.er the 

beginning of each experiment.     This time was allowed for thermal and 

vapor equilibrium of the systems.    After the valves were closed the 

manometer readings were recorded at 30 minute intervals for 2 hours. 

Controls consisted of water instead of herbicide in the side arm. 

Respiration was expressed as |j.l of O    used per gram of fresh weight; 

photosynthesis was expressed as p.1 of gas evolved per gram of fresh 

weight.     Photosynthesis was analyzed by recording the gas exchange 

during the following sequence of 30 minute periods;    1)  a dark period 

to determine the rate of respiration; 2) a   period during which the cells 

were illuminated; and 3) a   second dark period.     The true rate of 

photosynthesis was calculated with a formula given by Umbreit, 

Burris and Stauffer (40) (Appendix B). 
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Results 

Fluorodifen Effect on 
Growth of Chlorella 

As shown in Figure  1,   in the presence of light Chlorella was 

extremely sensitive to fluorodifen.     Growth was inhibited within 24 

hours by concentrations as low as 0. 05 ppm and a 50% reduction in 

cell number was observed after 48 hours at 0. 01  ppm concentration. 

Herbicide concentrations up to 0. 5 ppm had no effect in the dark 

(Figure    2).    A tendency of the cells to overcome the effect of fluoro- 

difen was observed 72 hours after applications when the culture was 

kept under light. 

Fluorodifen Effect on Respiration and 
Photosynthesis of Chlorella 

The analysis of the results of respiration and photosynthesis 

were based on the assumptions that;    1) respiration proceeded at the 

same rate in light and dark periods; 2) the gases exchanged were only 

0_ and CO_; and 3) the measurements were only a reasonable estimate 

since CO_   could inhibit,   stimulate  or alter the  path of metabolism of 

Chlorella and that CO_  can inhibit the utilization of sugars  in respira- 

tion (Pasteur effect). 

Figure 3 shows the effect of fluorodifen on respiration of 

Chlorella.     The rate of 0_   uptake followed almost the same pattern as 
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the one of the control.     Under conditions of this study,   fluorodifen 

caused just a slight increase in the respiration of Chlorella. 

Photosynthesis was  severely inhibited by the concentrations of 

fluorodifen used in this experiment (Figure  4),     Rogers  (36),   working 

with cucumber and soybean in vitro and using standard manometric 

procedures,   found similar results.     In his studies,   fluorodifen 

inhibited photosynthesis at concentrations of 1 and 2 ppm in both plant 

species with an accompanying slight stimulation of respiration. 
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Table 1.   . Nutrient Solution Composition for Growth 
Medium of Chlorella.     NGY Broth for 
Autotrophic Growth in Light. 

Reagent 

KN03 

NaCl 

Na  H  PO    (ANH) 

NaH  PO^  •   H00 2       4 2 

CaCl2 •   2H20 

MgS04 •   7H20 

H3B03 

MnCl2 •   4H20 

ZnSO, •   7H00 4 2 

MoO    (85%) 

CuSO,, •   5H_0 4 2 

Fe citrate •   5H  O 

Amount 
(g/D 

1. 62 

0. 93 

0. 28 

0. 82 

0. 14 

0. 49 

0. 28 

0. 17 

0. 02 

0. 01 

0. 03 

0. 18 

For heterotrophic growth in dark, the above nutrients 
in the same quantity plus: glucose, 0. 5 g/1 and yeast 
extract,   0. 25 g/1. 
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Figure 2.   Effect of six concentrations (in ppm) of fluorodifen on the growth of Chlorella in dark. 
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SUPPLEMENTARY STUDIES 

Introduction 

A root bioassay was conducted to ascertain the effect of 

fluorodifen on non photosynthetic tissue.     Root bioassay is a method 

widely used for rough quantitative analysis of herbicides,   as well as 

occasionally for qualitative analysis.     Parker (31) developed a tech- 

nique which is simple and fast,   especially for inhibitors of non 

photos ynthetic systems.     In a separate study,   the persistence of 

fluorodifen in soil subjected to different environmental conditions was 

evaluated by gas chromatography. 

Material and Methods 

Root Elongation Bioassay 

Two growth chambers,   both set at 24  C and 80% relative 

humidity,   were used for this  experiment.     One chamber was kept 

continuously dark while the other was continuously lighted,   so that 

growth inhibition could be determined under both conditions.    Accord- 

ing to Matsunaka (29),   light is required for fluorodifen to produce 

phytotoxic responses.     The following herbicide concentrations were 

used in this experiment:   0,   10,   100,   1,000 and 10,000 ppm.    Seeds of 

soybeans were pregerminated for 2 days.     Ten seeds of each with the 
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same root   length   were    selected   and   placed   in   a   plastic 

disposable Petri dish.     Quartz sand (200 g) was mixed with 25 ml of 

herbicide solution.     The sand-herbicide mixture was placed in the 

Petri dishes which were then taped shut and placed at an angle of 15 

from the vertical.     The    roots    grew   downward   against   the 

Petri dish,   where their lengths were recorded after 24 and 48 hours. 

Each treatment was  replicated three times in a randomized complete 

block design. 

Persistence of Fluorodifen in the Soil 

Forty grams of greenhouse potting soil (sandy loam with 12% 

organic matter) was placed in 3-1/2 inch Petri dishes and sprayed 

with 6 lb/A of fluorodifen.    The Petri dishes were then transferred to 

growth chambers  (10     or 30   C) and treated as  indicated in Table    1 . 

Soil was kept constantly moist (near field capacity) or allowed to dry. 

Light treatments included exposure to full light (approximately 3,000 

ft/c) or samples were kept in dark by wrapping the Petri dishes  in 

aluminum foil.    At the end of 4 weeks the soil was assayed by means of 

gas liquid chromatography.     The procedure  of extraction analysis and 

quantitation of the samples was according to established guidelines 

(11).     The instrument utilized was a Hewlett-Packard 5700 Gas 

Chromatograph with a Nickel 63 Electron Capture Detector.    The 
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column used was a 4' x 2 mm 4/1  - 7% - DC210/0V17,   100/200 HPW. 

Results 

Root-Coleoptile Elongation Bioassay 

Fluorodifen inhibition of root-coleoptile growth in the presence 

and absence of light is illustrated graphically in Figures   1    and  2 . 

The effect of light appeared to be very small during the first 24 hours. 

After 48 hours the reduction in root-coleoptile growth of all plant 

species became consistently greater under both light and dark condi- 

tions.     Oats appeared to be somewhat more sensitive to the test than 

the other plant species. 

Persistence of Fluorodifen in the Soil 

Of the three variables studied,   soil moisture had the greatest 

effect on fluorodifen degradation,   with more loss of the herbicide 

occurring in the dry soil.     Fluorodifen was degraded more readily 

under high temperatures provided that the soil was dry,   while under 

moist conditions the effect of temperature was less marked on degrada- 

tion.     Finally,   in soil samples left under light,   fluorodifen was broken 

down faster than when the soil was in the dark.     Results are sum- 

marized in Table    1 . 



Table 1.    The Concentration of Fluorodifen in Soil 4 Weeks after Applications under 
Different Moisture,   Temperature and Light Conditions. 

 Fluorodifen (ppm)  
Temperature ——:— —  A r. 

T1.              1_.                           /o_.                      Moist          Dry              Average effect          Average effect 
Illumination                         C)                           .,                  .,                         ,,.   ,. , 
 soil Soil of light of temperature 

Light 10 102.4 81.8 
30 206. 1 78. 6 

Dark 10 88. 1 96. 4 
30 204.4 121.4 

Average effect 
of moisture 150. 2 94. 5 

117. 2 92. 1 

127.5 152.6 

LSD . 01 (among soil moisture) = 3. 3 

LSD . 01 (among light or dark) = 3. 8 

LSD . 01  (among temperature)    = 3. 5 
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Figure 1.    Effect of fluorodifen on 24 hr root and coleoptile elongation of four plant Species in the light or dark. 
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Figure 2.   Effect of fluorodifen on 48 hr root and coleoptile elongationcof four plant species in the light or dark. 
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GENERAL DISCUSSION AND CONCLUSIONS 

Under field conditions,   6 lb/A of fluorodifen applied pre- 

emergence controlled a wide range of weeds conamon to Oregon with- 

out significant harm to the bean crop.     This represents a rate twice 

as much as recommended by the manufacturer and is a good indication 

for the potential use of this herbicide in beans.     The best performance 

was obtained in    preemergence treatments which makes this a conveni- 

ent herbicide.    At higher rates,   for example 12 lb/A,   phytotoxicity to 

beans was consistent in the form of shortening of the mid rib  in the 

first true leaf while the same was occasionally observed in the first 

trifoliate leaf.     These symptoms serve as a basis for the following 

conclusions:    1) fluoridifen is not readily absorbed or  detoxified     in 

the soil surface; 2) translocation in beans is limited or a degradation 

pathway exists;  3) stem burning could be explained in the following 

way.   When fluorodifen was placed on the surface of the soil,   there was 

a prolonged and intimate contact with the very thin epider.mic   '< 

tissues of the rapidly growing shoot..    The'herbicide penetration was 

at an optimum since the emerging shoot has very little or no cuticle. 

An added reason for this type of phytotoxicity is the fact that fluorodi- 

fen has very low water solubility (less than 2 ppm) and strong lipo- 

phylic properties. 
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The fact that cultivations 2 weeks after emergence had a marked 

effect on weed control and final yields was attributed more to an 

improvement of the physical conditions of the soil rather .than inter- 

actions with the herbicide. 

The response of the treated bean crop to shading was significant 

but not as dramatic as expected.     It was evident that low light condi- 

tions together with low temperatures under the shade favored a slower 

degradation of the herbicide,   therefore the explanation for the higher 

degree of toxicity that was observed under the shade.     By watering 

after the herbicide applications,   a small degree of incorporation was 

accomplished.     Probably this factor was also responsible for the 

longer life of the phytotoxic molecule.   .These were present in amounts 

large enough to cause phytotoxicity but not in amounts large enough to 

cause complete destruction of the crop.     This is because,   up to the 

time of emergence of the bean plants,   fluoridifen had no effect on 

stand density under either irrigation condition. 

The literature cited indicated that different types of soils with 

different organic matter content did not substantially alter the response 

of   plants   to    fluorodifen.       In   these    studies,     no   difference    in 

effect    of fluorodifen to beans was observed  in   soils   of  different 

textures,   as well as under different watering regimes or a combination 

of these.     Probably this is an indication of a rather  loose   binding 

mechanism between fluorodifen and the soil colloid. 
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The importance of light in toxicity to bean,   soybean and cucum- 

ber seedlings treated with fluorodifen was evident.     The dry weight of 

plants treated and exposed to 500 ft/c was less than the dry weight of 

the controls.     Dry weight reduction decreased as light intensity 

increased from 1, 000 to 2, 000 ft/c.     Preliminary conclusions are that 

activation   of  fluorodifen within the plants  is more effective at lower 

rates of photosynthesis than at higher rates.     In a related study in 

determining the effect of different lengths of exposure to light on 

fluorodifen treated plants,   the earlier observation was confirmed-- 

that the expression of phytotoxic symptoms is photosensitive.    Those 

plants that were emerging with both cotyledons and hypocotyls in 

contact with the soil surface at full light exposure suffered heavy 

necrosis.     This factor was more important in the phytotoxicity than 

the length of exposure to light per se. 

To the present time,   no major work has been done on the 

influence of light quality   on the phytotoxicity of herbicides to plants. 

Matsunaka (27) linked the requirements for photobiochemical activation 

of fluorodifen with the presence of xanthophylls.    An experiment was 

conducted placing treated plants under blue,   yellow,   red and normal 

or transparent light.    Those plants under yellow and red light yielded 

less dry weight in respect to their untreated checks  (also placed under 

the same light) as compared to plants under blue or normal (trans - 

parent) light.     It can be  speculated that the pigments  involved were 
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mostly chlorophylls a and b,   as well as some carotenoids and xantho- 

phylls,   since the peak of absorption of these pigments is near 675 (jun, 

or the zone between yellow and red. 

When studying a new herbicide,   a very important step is a 

comprehensive investigation of the uptake and translocation by tolerant 

and susceptible plant species.     The fate of fluorodifen has been investi- 

gated widely  in several plant species but no major work has been done 

in green beans.    Results published so far indicate a relatively rapid 

penetration of fluorodifen into roots and leaves of all plants.    Trans- 

location,   however,   in both acropetal and basipetal directions was found 

to be limited and somewhat inversely related to the degree of tolerance 

of each specie     Also,   in most cases the material that migrated from 

treated to non treated areas was subsequently shown to be metabolites 

or conjugates rather than the original intact herbicide.     Perhaps this 

indicates possible sites of action. 

In preliminary studies of uptake of fluorodifen (34) it has been 

found that beans do not have a preferential site of uptake between roots 

and hypocotyls as compared,   for example,   to barynard grass,   that 

absorbed the herbicide readily through the coleoptile.     Data presented 

on experiments reported here further substantiate the fact that beans 

do absorb fluorodifen equally through roots,   hypocotyls or leaves,   but 

little or no translocation occurs. 
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14 
Radioactivity in all sections of      C fluorodifen treated soybeans 

indicated that considerable absorption occurred after 6 hours,   but 

there had been little or ho translocation.     With time,   there was a 

progressive increase in the quantity of radioactivity appearing in all 

plant segments but the bulk of the radioactivity persisted in the treated 

14 
sections.     Observations of      C fluorodifen treated cucumber plants 

indicate that penetration of the herbicide had occurred readily and 

translocation was sonaewhat greater than in beans and soybeans and 

mainly in the acropetal direction. 

It is possible that in those plants in which some translocation 

occurs,   such as cucumbers,   fluorodifen will act as an inhibitor of 

cyclic electron transport and phosphorylation,   as postulated by 

Moreland et al.   (30).     However,   in beans,   for example,   in view of the 

limited acropetal transport,    it appears doubtful that fluorodifen would 

act as Moreland et al.   proposed; therefore the mode of action should 

be sought in other systems.     The rapidity of the herbicidal action 

connected with the apparent destruction of certain tissues  (as observed 

in bean hypocotyls) suggested undertaking an observation of the cell 

walls and give more credit to recent theories about fluorodifen mode of 

action.    Shimabukuro (39) isolated an enzyme,   a glutathione-S- 

transferase,   which was specific in catalyzing the cleavage of fluorodi- 

fen.    This enzyme was present only in rapidly elongating cell tissue, 

such as  pea,   peanut and squash hypocotyls,   and also in corn seedling 
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shoots.    Shimabukuro did not elaborate if the reaction in producing 

this  enzyme was photosensitive or affected by moisture or temperature. 

Van Assche and Ebert (42) suggested that fluorodifen upset the osmotic 

balance of cells by disorganizing the plant cuticle and cell membrane. 

This was first due to the effect of fluorodifen in dissolving the waxy 

cuticle and later at the cell membrane level,   a photobiochemical 

reaction mediated by peroxidase activity and oxygen dependency. 

Fluorodifen did not seem to have a significant effect on non 

photosynthetic plant tissue,   for example,   elongation of coleoptiles of 

oat,   bean or soybean plants.     On the other hand,   the influence on 

photosynthetic plant tissue was evident as seen when the data for 

growth reduction of Chlorella treated with fluorodifen were analyzed. 

Growth was inhibited in the light by concentrations as low as 0. 05 

ppmv 24 hours after applications.     It was assumed that  fluorodifen 

inhibited growth by a disruptive effect on the photosynthetic mechanism. 

Other herbicides, such as DCMU,   which are known to be photosynthetic 

inhibitors have also been shown to inhibit growth of Chlorella in the 

same way under light.     This was further confirmed using a Gilson 

respirometer.     It was found that fluorodifen caused a slight increase 

in respiration of Chlorella,   while photosynthesis was severely 

inhibited.     It is not possible to speculate.based on this experiment,at 

what level of the photosynthetic process fluorodifen is acting,   but it 

may be worth mentioning that when sucrose was  added to the growing 
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media,   it did not counteract the phytotoxicity of fluorodifen.    Ashton 

( 3 ) reported that with compounds such as the triazines that inhibit the 

Hill reaction,   phytotoxicity was overcome by adding sucrose.     As with 

fluorodifen,   if we assume that no more than one mode of phytotoxicity 

is operative,   the theory of Moreland et al.   (30) is valid in the sense 

that the mode of action of fluorodifen is by inhibition of the cyclic 

electron transport and phosphorylation systems. 

The disappearance of fluorodifen from soils under different 

moisture,   light and temperature conditions was monitored using 

electron capture gas chromatography.    The degradation of fluorodifen 

is rapid at the soil surface under light,   high temperature and dry 

conditions.     This  suggests that volatility and photodecomposition are 

important means of dissipating the herbicide. 
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APPENDIX A 

Appendix Table I.    Recipe for Half Strength Hoagland's Solution. 
(modified from Machlis and Torrey,   1956) 

Final volume Stock solution to 
in distilled prepare 1 liter 

Stock Amount water of final solution 
Solution <K) (liters) (ml) 

1 M Ca(N03) •   4H20 

1 M KNO 

1 M MgSO. 

1 M KH  PC), 2       4 
-a 

Fe chelate 

708. 3 

303. 3 

120. 4 

136. 1 

42. 5 

5 

5 

2 

1 

pH of final 
solution 
adjusted to 
6. 8 by adding 
25 ml 4N KOH 
per 50 liters 

Micronutrients 

The iron chelate used in the solution was Geigy's Sequestrene 330. 
Fe chelate (sodium ferric diethylene triamine pentaacetate) 

The micronutrient stock solution contained 2. 86 g HQB04;  1. 81 g 
MnClz •   4H20;    0. 11 g ZnClz;    0. 07 g CuS04 •   5H20; and 0. 025 g 
Na2Mo04 •   2H20 per liter. 
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Appendix Table 2.     Guideline for Measuring Plant Response in the 
Field,   the 0 to 100 Rating System. 

Description of 
main Detailed Description 

Rating 
categories 

0 No effect No weed control 
No crop reduction or injury 

10 Slight effect Very poor weed control 
Slight crop discoloration or stunting 

20 Poor weed control 
Some crop discoloration,   stunting, 

or stand loss 

30 Poor to deficient weed control 
Crop injury more pronounced,   but 

not lasting 

40 Moderate effect Deficient weed control 
Moderate injury,   crop usually recovers 

50 Deficient to moderate weed control 
Crop injury more lasting,   recovery 

doubtful 

60 Moderate weed control 
Lasting crop injury,   no recovery 

70 Severe effect Weed control somewhat less than 
satisfactory 

Heavy crop injury and stand loss 

80 Satisfactory to good weed control 
Crop nearly destroyed,   a few surviving 

plants 

90 Very good to excellent weed control 
Only occasional live crop plants  left 

100 Complete effect Complete weed destruction 
Complete crop destruction 



80 

Appendix Table 3. Guide Used for Evaluating Specific Plant 
Injury; Burning and Girdling Rating Scale. 

Rating Effect 

0 No burning,   plants normal 

1 Traces 

2 Spots occasionally,   more than one 

3 Spots consistent but small 

4 Marked spots 

5 Plants can either survive or not 

6 Burning in leaves and stems 

7 General necrosis 

8 Girdling 

9 Severe girdling and necrosis,   only few 
green spots remain 

10 Plants dead 



81 

Appendix Table 4.     Common and Botanic Names of Plants Mentioned 
in this Thesis.     This Nomenclature follows the 
Designations of the Weed Science Society of 
America. 

Common 
Name 

Scientific Name 

Bean 

Cucumber 

Corn 

Oat 

Peanut 

Rice 

Sorghum 

Phaseolus vulgaris L. 

Cucumis sativus L. 

Zea mays L. 

Avena sativa L. 

Arachis hypogea L. 

Oryza sativa L. 

Sorghum vulgare Pers. 

Annual sowthistle 

Barnyard grass 

Groundsel 

Lambsquarter 

Mayweed 

Morning glory 

Pigweed 

Ryegrass 

Sonchus  oleraceous L. 

Echinochloa crusgalli (L. ) Beauv. 

Senecio vulgaris L. 

Chenopodium album L.. 

Anthemis cotula L. 

Ipomea purpurea L. 

Amaranthus retroflexus L. 

Lolium multiflorum Lam. 
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Appendix Table 5.     Common and Chemical Names  of Herbicides Men- 
tioned in this Thesis.     This Nomenclature Follows 
the Designations of the Weed Science Society of 
America. 

Common 
Name 

Chemical Name 

Atrazine 2 -chloro-4-(ethylamino) -6-isopropylamino- 
s -triazine 

DCMU or monuron 3-(p-chlorophenyl) -1, 1-dimethylurea 

DNOC 4, 6-dinitro-o-cresol 

2, 4-D (2, 4-dichlorophenoxy) acetic acid 

fluorodifen p-nitrophenyl-o;, a, ar-trifluoro-2-nitro-p- 
tolyl ether 

IAA indole-3-acetic acid 

nitrofen 2, 4-dichlorophenyl-4-nitrophenyl ether 
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Formula Used for Computing Photosynthesis 
(from Umbreit,   Burris and Stauffer,   1964) 

h     U     4. 4.U • WO l 2 P&R photosynthesis    =      -     1/Z 
minutes minutes minutes 

K R_ P&R 

where       h =   manometer readings  in mm 

R =    respiration recorded in the dark,   periods  1 and 2 

P&R    =    photosynthesis and respiration,   recorded when 
the lights were on 

Procedure for Estimating Cell Concentration 
of Chlorella using a Hemacytometer 

Count cells in five large squares (each large square = 16 small 
squares) on each end of the hemacytometer plate. 

Prepare a new slide and count again.    Average the number of 
cells from the four counts. 

-4 3 
Calculate volume (80 small squares) x (2. 5 x 10        mm   / 

. , 2 , small squares) 
200 x 10       mm   ,   or 2 x 10       mm  .     Therefore,   the volume 
of 80 small or 5 large squares    =   2 x 10     cm  . 

Calculate concentration.     The cell concentration in the original 
tube is; 

Average no.   cells in 5 
large squares         _        cells/cm    or cells/ml in 
_       ,_-5 3 the culture vessel 
Z x 10       cm 


