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INTRODUCTION 

The benefits of using herbicides have been demonstrated 

repeatedly, but less is known about the risks involved in the use of 

herbicides. Any herbicide movement out of its field of application 

increases the potential damage to sensitive plants and animals. 

Herbicides move through the air by herbicide drift. Spraying 

equipment, application methods, and spray additives have been devel-

oped to reduce the amount of drift. Unfortunately, none have been 
.• 

shown to eliminate drift without reducing herbicide effectiveness. 

1 

Dicamba ( 3,6-dichloro-o-anisic acid) has the potential to cause 

drift injury. Dicamba controls certain broadleaf weeds in corn 

(�mays L.), small grain, and pasture, but soybeans (Glycine� L.) 

are extremely sensitive. Since soybeans are often grown near corn, 

drift injury to soybeans can occur from dicamba application to co�n. 

The growth stage and variety influence the sensitivity of soybeans to 

many herbicides and, therefore, may influence the sensitivity of soy-

beans to dicamba. 

The extent of dicamba drift is not known. In cases of drift 

injury, the causative agent is difficult to identify and the effect of 

the drifting agent on production is difficult to determine because of 

inadequate comparisons. The objectives of this research were to 

determine: (1) tolerant growth stages for soybeans challenged with 

· dicamba, (2 ) varietal tolerance to dicamba, ( 3) dicamba residue by 

analysis of soybean -foliage, and (4 ) the extent of dicamba use and 

drift occurrence in southeastern South Dakota.� 



LITERATURE REVIEW 

Herbicide drift is the movement of a herbicide in droplet or 

va por form to a nonta rget area (7,27,37 ,42,61) . Possible adverse 

effects of drift are: (1 ) damage and/or contamina tion to nearby 

crops , (2) detrimenta l effects on the general environment, and 

(3) reduction in trea tment effec tiveness (33,37 , 51) . 

The fa c tors which infl uence drift are: (1 ) spray formula tion, 

(2) wind conditions, (3) nozzle height, and (4) droplet size. Vapor 

drift of systemic herbicides is also affected by the ra te of chemical 

penetra tion a nd transloca tion (42). 

The first fa c tor , spray formula tion, a ffec ts mainly vapor 

drift. According to Brinkma n (11), volatility of  dicamba ma y be af­

fected by different additives. Gentner (23) found tha t dicamba 

(dimethylamine salt) vapors were more phytotoxic to pinto beans than 

2 ,4-D [(2,4-dichlorophenoxy) a cetic a cid propyl ene glycol butyl ether 

esters] , but not as phytotoxic as picloram (4-arnino-3,5,6-

trichloropicolinic a cid potassium salt) . 

2 

The second fa c tor affec ting drift is wind conditions. Wind 

direction determines the risk of injuring a particula r  nearby field, 

while wind velocity determines the amount of spray drift (61). Nordby 

a nd Sku terud (37) reported that 1.5 percent of a spray with 305 µ. mass 

median diameter (MMD) dropl ets drifted in a 1.5 m/s wind, but 7.0 per­

cent of  the spra y drifted in a 4 m/s wind. With very sta ble con­

ditions, a n  inversion condition can exist where ground l evel air is 
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cooler tha n higher l evel air. Under these conditions, fine dropl ets 

do not rise but form a cloud which ma y eventua l l y move a nd settle on a 

sensitive crop (10) . Yates a nd Ake sson (62) reported that under very 

stable  condition s, spra y residue in pla nts one-fourth mil e downwind 

was 1 . 18 ppm. Under conditions with wind from 8 to 16 mph, the amount 

o f  residue col lected wa s 0.40 ppm. 

The third factor a f fecting spra y drift is nozzl e  height . Nordby 

a nd Skuterud (37) reported that drift increa sed from 7 percent of the 

spray with 40 cm high nozzles to 14 percent with 80 cm high nozzles. 

Low nozzle height results in less drift becau se wind velocities a re 

l ess  close to the ground, a nd the amount of time that the fa lling drop­

lets a re subject to the wind is les s  (7,29,61) . 

The fourth fa ctor a f fe cting spray drift is spray droplet size. 

Droplets l ess  than 100 µ in diameter a re the most prone to drift 

(8, 9) . Courshee (16) reported nea rly 100 percent of a spray consisting 

of dropl ets les s  tha n 100 µ drifted in a n  8 mph wind with a 15 in. 

high nozzle. 

Droplet size is in fluenced by nozzl e chara cteristics a nd spra y­

ing pres sure (8) . Most nozzles produce a w_ide range of  droplet sizes 

(7 , 30). Mayba nk (29) estima ted that 20 percent of the total spra y 

volume of  typical herbicide nozzles is pote ntia l ly subject to drift. 

But l er (7) found that with a flooding f l at fa n nozzle a n  increase in 

pressure from 10 to 50 psi decrea sed the volume median diameter (Vf..D) 

of droplets from 600 µ to 300 µ· Bode, et �· (3) found that 8002 



fla t fa n nozzles avera ged 100 percent more drift than 8002 low pres­

sure nozzle s. 

4 

Although large droplets reduce drift, they also reduce herbi­

cide effectivenes s. Behrens (2) reported tha t droplet spa cing wa s of 

major importance in 2 ,4 ,5-T [(2,4,5-trichlorophenoxy) a cetic a cid] 

effectiveness on cotton (Gossypium hirsuturn L.) a nd mesquite (Prosopis 

juliflora L.). He found tha t a t  lea s t  72 droplets per square inch were 

necessary for maximum effectivenes s. Unfortuna tely , eight times a s  

much liquid is required to apply a given number of  200 µ droplets as  

an equa l number of 100 µ.droplets (1 ,31) . McKinla y, et&· (32) re­

ported that three to six times a s  mu ch a c tive ingredient of 2 ,4-D 

wa s necessary with 200 to 400 µ. droplets to produce the inhibition 

ca used by 100 µ. droplets. Buehring , et  �· (12) found tha t in almost 

a ll tests a fla t fan nozzle with 375 µ. Mfv[) droplets produced better 

weed control than homogeneous sprays of 200 µ., 400 µ. ,  a nd 600 µ. drop­

lets. 

Nozzles a nd spray additives which reduce  drift continue to be 

developed. The objective is to elimina te fine droplets without in­

crea sing large droplet size and number (29) . 

Bode (3) compared raindrop, TK-2 flooding , 8002 LP, and 8002 

fla t fa n nozzles for spra y drift. With an  a verage  wind velocity of 

5.3 m/s ,  4 .4 percent of the spra y drifted using raindrop nozzles. 

Flooding fla t fan nozzle s  with an avera ge wind of 3 .0 n/s produced 2.6 

percent drift. With an average wind of 3.3 m/s u sing 8002 LP low 



pressure nozzles, 4 .0 percent of the spra y drifted . Fla t fan 8002 

nozzles w i th average wind veloc ity of 4.2 m/s ha d 16. 5 percent drift. 

Wa ter-in-oil inverted emulsions have been shown to reduce 

drift . Drawba cks in their use include instab ility, increa sed phy­

toxic i ty, a nd increa sed number of large droplets (8 ) .  

Butler, Akes son, a nd Ya tes ( 8 )  studied droplet s ize dis­

tr ibu tions of spra ys conta ining commerc ially ava ilable dr ift reduc ing 

adjuvants Da ca gin, Vistik, and Norbak. All the a djuvants shifted the 

droplet spectrum upward. The spra y soluti on without adjuvant had a 

droplet s ize spectrum ra nging from 80 to 600 �· Norba k produced the 

most un i form droplet spectrum with a droplet s ize range of 300 to 

1 , 800 �· The use of  these adjuvants ha s been limited by their sensi­

tivity to sa lts, longer m ixing time requirements, and h igh c6st ( 33 ) . 

Bode, Butler, a nd Goering ( 3 )  made drift c omparisons with 

Nalco-Trol concentra tions ranging from 0 .031 to 0.125 percent . In 

general, low concentrations decrea sed total drift depos its 15 to 20 

percent, and high concentra tions decrea sed total dri ft depos its 70 to 

80 percent. 

Bouse (4) studied the use of foam adjuvants with a ir inducting 

nozzles a nd concluded that they had no adva nta ge for dri ft c ontrol 

over spra ys produced by a ir inducting nozzles without the adjuva nt. 

5 

In s ome comparisons the drift deposits between 1.83 and 6.1 m downwind · 

were s ignificantly increa sed with the additions of foam adjuva nts. 

Dr ift control mea sures and methods of drift pred iction have not 

eliminated drift. The empha s is ha s been to esta blish realistic  levels 



that will prevent significant crop damage (29). Growth stage and 

variety of the crop may influence the amount of damage which occurs. 

Studies have been conducted to evalua te soybean tolerance to various 

herbicides applied at various growth stages (45,46,54,59). 

Slife (45) applied 2,4-D to Hawkeye soybeans to control broad­

leaf weeds. Five rates ranging from 0 to t lb/A were applied 

6 

a t  four growth stages ranging from 3 to 32 in. With later applications 

yield and plant height reductions were more severe. Seed yields were 

not affected by 1/16 or 1/8 lb/A of 2,4-D applied before soybeans were 

9 in. tall. The high rates affected yield at all stages. Germination 

was reduced by ' the 1/2 lb/A rate at all stages and by the 1/4 lb/A 

rate at the last two stages. 

Smith (46) applied silvex [2-(2,4,5-trichlorophenoxy) propionic 

acid], 2,4,5-T, and 2,4-DB [4-(2,4-dichlorophenoxy) butyric acid] to 

Lee soybeans. Rates of 0.01 to 0.25 lb/A applied at the 5-trifoliate 

growth stage were more injurious than applications made at the early 

bloom stage. Although vegetative stage applications did not delay 

maturity, bloom stage applications did. Silvex applica tion -at the 

bloom stage reduced germination. 

Dicamba was applied by Wax (59) at  rates ranging from 1/8 to 

4 oz/A to Harosoy 63 soybea ns in the 3-trifoliate (prebloom) and 

8-trifolia te (bloom) growth stages. At both stages dicamba caused 

petiole and stem curvature followed by cupping and crinkling of leaves. 

Yield was reduced about 20 percent by the 1/8 oz/A dicamba rate ap­

plied at the bloom stage , but at the prebloom stage, a 1 oz/A dicamba 
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rate was required to produce the same yield reduction. Height was 

reduced an average of 9 in. by prebloom applications and 1 2  in. by 

bloom applications. Dicamba caused the greatest maturity delay when 

applied at the bloom stage. One hundred seed weight was reduced by 

prebloom stage applications and increased by bloom stage applications. 

Dicamba had 1 i ttle effect on germination when applied before bloom 

stage, but at the bloom stage 1/2 and 1 oz/A rates reduced germin­

ation. Seedlings from these treatments had leaf malformations. 

Thompson and Egli (54 ) also noted that progeny from dicamba 

treated plants lacked vigor and had malformations of first trifoliate 

leaves ranging from slight crinkling to complete restriction of ex­

pansion. Dicamba applications at podfill of 0. 56. kg/ha prevented 

seed production and applications of 0 . 03 and 0 . 22 kg/ha prevented 

normal seed germination. Only 36 to 50 percent of the seed from 

plants treated with 0 . 03 kg/ha dicamba at the flowering stage germin­

ated normally. Seeds from plants treated at flowering or pod fill 

with 0 . 03 kg/ha dicamba were planted in a greenhouse and approximately 

50 percent of the seeds emerged. 

Differences in crop tolerance to dicamba application at various 

growth stages have been noted with other crops (22, 36 , 41 , 42) . Gener­

ally early and very late growth stages are most tolerant (41 ,43). 

Quimby, et 21.· (43 )  reported germination reduction from dicamba ap­

plication to wheat (Triticum aestivum L. ) in one of two years tested. 

Nalewaja (36 )  reported germination reduction in flax (Linum 

usitatissimum L. ) . 
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Use of tolerant soybean varieties could reduce losses caused by 

drift (47). Fribourg and Johnson (21) treated 185 soybean varieties 

with 2,4,5-T during the bloom stage. Yields were reduced by 40 to 50 

percent in 10 percent of the varieties, and by 85 to 95 percent in 

another 10 percent of the varieties. 

Fribourg and Johnson (21) also tested 185 soybean varieties in 

the greenhouse for tolerance to 2,4-D. A single microdroplet was 

applied to the first trifoliate leaf while the seedlings were in the 

1-trifoliate stage. The second trifoliate leaf was measured and re­

duction in leaf size varied from 25 to 90 percent. 

Walters and Caviness (57) reported that Phytophthora root rot 

resistant varieties were also more resistant to 2,4-DB. Applications 

of 0.2 lb/A of 2,4-DB caused drastic yield reductions in suspectible 

.varieties 'Jackson' and 'Lee', but yields of resistant varieties 

'Semmes' and 'Lee 68' were not reduced. In growing areas not infested 

by Phytophthora root rot there was no difference in variety response 

to 2,4-DB. 

Smith and Caviness (47) studied the response of 10 soybean 

varieties to propanil (3',4'-dichloropropionanilide). Propanil was 

applied at the 3-trifoliate stage at rates of 0.56 and 3.36 kg/ha. 

'Davis', 'Hood', and 'York' varieties exhibited the most chlorosis, 

necrosis, and yield reduction from treatments. Slight to moderate 

damage occurred to 'Hill', 'Lee', 'Lee 68', 'Pickett', 'Semmes', 

'Bragg', and 'Dare' varieties. 



Differential varietal responses to recommended soybean herbi-

cides have been noted. Stanton and Frans (52) found that 'Hale 7', 

'Clark 63', and 'York' varieties were sensitive to dinoseb (2-§.£.£-

butyl-4, 6-dinitrophenol), but 'Bragg', 'Lee 68', and 'Pickett' 

varieties were tolerant. Burnside (5) reported that 4.5 kg/ha 

linuron [ 3-(3,4-dichlorophenyl)-1-methoxy-l-methylurea] reduced yield 

9 

of 'Harosoy 63' by 5 percent and of 'Ford' by 31 percent. Hardcastle, 

Wilkinson, and Young (26) reported height, stand, and yield reductions 

from metribuzin [4-amino-6-tert-butyl-3-(methylthio)-i!§.-triazine-

5(4H)one] application to 'Coker 102'. No reductions were noted with 

'Bragg', 'Hampton', 'Bienville', 'Coker 318', and 'Hardee' varieties. 

Wax, Bernard, and Haynes (58) tested the 338 varieties in the u. s. 

Department of Agriculture soybean germplasm collection for tolerance 

to bentazon (3-isopropyl-1H-2,l,3-benzothiadiazin-(4)-3H-one 2,2-

dioxide), bromoxynil (3,5-dibromo-4-hydroxybenzonitrile), chloroxuron 

(3-[p-(p-chlorophenoxy) phenyl]-1, 1-dimethylurea), and 2,4-DB. 

One u. s. cultivar 'Hurrelbrink' and 10 introductions from Japan were 

highly sensitive to the four herbicides. 

Dicamba metabolism and residue analysis in soybeans has not been 

studied, but metabolism of dicamba in sensi.tive weeds occurs slowly 

(13,14,15,28). Chang (14) found that in tartary buckwheat (Fagopyrum 

tataricurn (L.) Gaertn) 10 percent of the dicamba was detoxified 20 days 

after treatment. Magalhaes (28) reported that dicamba was not degraded 

by purple nutsedge (Cyperus rotundus L.) during the first 10 days after 

treatment. Chang (13) found that 54 days after treating Canada thistle 



(Cirsium arvense (L.) Scop. ) with 14 C dicamba, 63 . 1  percent of the 

recovered radioactivity in the treated leaf was still in the form of 

unaltered dicarnba. 

Morton,.Robison, and Meyer ( 35 ) studied the persistence of 

dicamba in range grasses and found the half life of dicamba to be 

approximately two weeks in silver beardgrass (Andropogon saccharoides 

Swartz. ) , little bluestern (&. scoparius Michx. ) , and dallisgrass 

( Paspa lum dilatatum Poir. ). Marked reductions of dicarnba concen-

trations in green tissue occurred after rainfall, but without rainfall 

the reductions were gradual. Important reductions were not found in 

dead tissue; therefore, dilution of dicamba by increased plant growth 

after rainfall may have occurred. 

Evidence that a pesticide use may cause unreasonable risk to 

man or the environment triggers a Rebuttable Presumption Against 

Registration (RPAR ) by the Environmental Protection Agency (EPA ). A 

preliminary plan of the u. s. Department of Agriculture in cooperation 

with the State Universities and the EPA includes assessment teams to 

study the biologic, econoo1ic, environmental, and health risk impli-

cations of the RPAR (55). 

The effect of dicamba use on the environment has not been fully 

determined. The extent of dicamba drift occurrence is difficult to 

determine. Only one case of dicamba drift injury was reported to the 

South Dakota Department of Agriculture in 1975.1 Results of a survey 

1 Personal correspondence with C. Ray Peery, Pesticide Section 
Director, South Dakota Department of Agriculture. 



1 1  

of county agents in five midwestern states indicated that in 1 97 1 , 

between 124 and 136 herbicide drift cases were reported in Minnesota 

and between 256 and 278 cases were reported in Iowa. The county 

agents suggested that farmers were reluctant to report pesticide 

incidents because they felt that incidents were distorted out of 

proportion (19) .  

Dicamba contamination of water appears to b e  minor except when 

applied to or drifted over the surface. Tests wit� aerial spraying of 

forests indicated that the highest concentrations of dicamba.in streams 

occurred immediately after spraying ( 38 ,48) . No residue was found in 

water after 1 1  days in one study and after 30 days in another study, 

even after intense rainfall or in the late spring when the stream flow 

consisted mainly of ground water. 

Health risks have been determined by toxicity tests. Results 

of these tests indicate that dicamba is slightly toxic with an acute 

oral toxicity of 1 , 040 mg/kg. Toxicity is low for honey bees 

(Anthophora mellifera) , fish, birds, and larger animals ( 17- , 31 , 34 ) . 

Dicamba fed to dairy cows was excreted in the urine, and none was 

found in the milk ( 53) . 

Although dicamba ia only slightly toxic, it is considered to be 

a potential mutagen. Fishbein ( 20 ) classified dicamba, along with 

several other herbicides, as a possible mutagen because of its 

structural and biological similarities to known mutagens. The list 

of potential mutagenic herbicides included linuron, simazine [ 2-chloro-
-

4,6-bis( ethylamino) -�-triazine], atrazine ( 2-chloro-4-( ethylamino) -6-



( i sopropylamino ) -�-tr iazine ) , monuron [3- ( .e.-chlorophenyl ) -l , 1 -

dimethylurea],  2 ,4-DB , and dicamba i n  decrea s ing order of  rela t ive 

mutagenic  effic iency. Stud ies have not been conducted to determine 

the true mutagenicity of these herbicides . 

12  

Information concerning usage patterns is necessary in order to 

determine the benefits a nd economic importance of d icamba use. In 

1 975 , commercial applicators in South Dakota trea ted 161 , 973 A with 

dicamba a l one or in combination with other herbicides. Of this total, 

1 21 , 646 A were sprayed with ground equipment and 40 , 327 A with aer ia l  

equipment (50 ,51 ) . Dicamba was sprayed on 1 12 , 647 A of c orn , 46, 931 A 

of small grain,_ and 2 , 395 A of other crops or uses . 

Custom appl ication does not necessarily give a true p ic ture of 

herbic ide use . Results of a survey in five midwestern s ta tes in dicate 

that the fol l owing proportion of farmers a ppl ied their own herbic ides : 

Illinois, 90 percent ; Iowa , 78 percent ; Ka nsa s ,  67 percent ; M innesota , 

89 percent; and Missour i ,  80 percent ( 1 9) . The results of a survey 

conducted in  Utah in 1 969 indica te tha t commerc ia l a ppl ica tors appl ied 

only 1 2  l b  of the 2 , 904 lb (a ctive ingred ient ) of d icamba used (56) . 

This research was conducted to determine dif ferences in s oybean 

growth stage a nd variety sensitivity to dicamba which could be utilized 

to reduce s oybean drift injury. These results and those obtained by 

the res idue a na lysi s study should also aid in interpreting the cause 

and effects of injury in drift incidents. In anticipation of possible 

EPA action against dicamba use, a survey of dicamba use in south­

eastern South Da kota wa s  conducted . 
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As a note, in February, 1977, dicamba was listed by the Office 

of  Special Pesticide Reviews (OSPR ) of the EPA as a possible candi­

date for RPAR. The group sending the RPAR to the OSPR was the 

Office of Pesticide Program's (OPP ) Pesticide Episode Reporting 

System ( 39) . No reason for the action was given, but it may be due 

to dicamba drift reports or possible dicamba mutagenicity. 
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MATERIALS AND METHODS 

Soybean Growth Stage Experiment 

Field Procedure 

This experiment was conducted at the James Valley Research and 

Extension Center at Redfield in 1974, and at the South East South 

Dakota Research and Extension Center at Centerville in 1975 and 1976. 

Planting information and experiment plot size are noted in Table 1 .  A 

randomized complete block design with four replications was used. 

Dicamba ( dimethylamine salt ) was applied at different rates (Table 1) 

and soybean growth stages (Table 2). 

In 1974, application was made with a compressed air sprayer 

mounted on an IH Cub tractor. The sprayer was equipped with TeeJet 

8002 flat fan nozzles which applied 187 liters of spray solution per 

hectare with a 2.8 kg/cm2 pressure and a 4.8 km/hr ground speed. The 

nozzles were 46 cm above the tops of the plants. Climatic conditions 

at each application date are noted in Table 2. 

In 1975 and 1976, applications were made with a bicycle wheel­

type compressed air sprayer equipped with TeeJet 80015 flat fan noz­

zles. The nozzles were spaced 51 cm apart and adjusted at 46 cm above 

the tops of the plants. A spray volume of 187 l/ha was sprayed 

at 2.2 kg/cm2 pressure. The sprayer was pushed approximately 3 . 2 

km/hr. 



Table 1. Planting, plot, and application rate information for soybean growth stage 
experiments. 

Planting Informationa 

Year Variety Date Rate Depth Plot Size Dicamba Rates 
(kg/ha) (cm) (m) (kg/ha) 

1974 Jacques 109 5-25 68 5.0 3.0 by 7.6 0.001, o .on, 0.056 

1975 Corsoy 5-29 67 2.5 3.0 by 15.2 0.001, 0.011, 0.056 

1976 Corsoy 5-25 62 4.0 2.3 by 15.2 0.011, 0.028, 0.056 

a16 cm row spacing in all three years. 

...... 
(Jl 
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Tabl e 2 .  Clima tic conditions a t  time of  dicamba a ppl ication to 
soybeans in the growth stage experiments . 

A pplica tion Growth Time of Air Relative 
Date Sta ge Day Tempera ture Humidity 

(OC) (%) 

1974 
6-27 1 to 2-trifol ia te not recorded 19 80 

7-4 3 to 4-trifol iate not recorded 18 73 

7 - 1 2  6 to 7 -trifol ia te not recorded 23 82  

7 -1 9  7 -tr ifolia te not recorded 22 84 

1 975 
7 -18  early bl oom 8:30 p . m .  31 52 
8-5 ea rly pod 7 : 00 a .m .  26 82 

1 976 
7-7 ea rl y bloom 3:00 p .m .  38 45 

7 -14 mid-bl oom 1:30 p . m . 35 50 

7 -26 early pod 11 :  30 a .m. 27 76 

8-1 2  late pod 3: 30 p.rn. 29 32 

Weeds were control l ed by ma chine cultivation a nd rogueing . In  

1 975 , summer fa ll ow the previous year reduced the weed probl em. A 

35 cm ba nd of a la chl or [2-chl oro-2' , 6' -d iethyl -N- (methoxymethyl ) 

a ceta ni l ide] wa s applied at  3 .4 kg/ha in 1 976 .  

I n  1 974 a nd 1 975 , 3 .0  m of the two center rows of  ea ch plot 

were cut a nd thres hed with a sma l l  pl ot thresher. I n  1976, the two 

center rows of ea ch  plot were combined with a Massey Harris  35 combine . 
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Measurements 

Plant heights were taken before harvest each year. In 1975, an 

average of three random measurements was recorded, and in 1976, an 

average of six random measurements was recorded. 

In 1976, maturity ratings were made visually on September 23. 

Plants with 50 percent yellow pods were rated as being seven days from 

harvest. If 50 percent of the pods were green, maturity was esti­

mated to occur in 14 days. Plants with all green pods were estimated 

to mature in 21 days. 

Harvested samples were cleaned, and plot weights were recorded. 

In 1976, test weights and 1,000-seed weights were taken. 

Germination tests were conducted on seed from treated plants. 

One hundred seeds from each plot were germinated for six to eight 

days at 20°c. The tests were begun on January 30, 1975; June 24, 1976; 

and November 1, 1976. 

An analysis of variance was conducted on all data and the 

treatment means for the first two years were compared by Dunnett 's  

procedure and by  orthogonal comparisons in 1976. 

Seeds from plants treated in 1975 were planted under field 

conditions at Centerville on May 26, 1976. The soil was loam contain­

ing 33.6 percent sand, 46.7 percent silt, and 19.9 percent clay. 

Organic matter content was 4.2 percent, and the pH was 6.6. At 

planting time the soil was rn°c and moist at 5 cm. One hundred seeds 

were planted per plot at a depth of 4 cm with a hand planter. A 

randomized complete block design with four replications was used. 



P lots were 0 . 8 by 6 . 1  m .  The number of plants per plot  was recorded 

9, 1 5, 21 , a nd 41 da ys a fter planting . Dry weight mea surements were 

made from sampl es col lected 41 da ys a fter pla nting . Twenty randomly 

c hosen plants were ha rvested per pl ot . An a na lysi s  of va riance wa s 

c onducted a nd treatment means were compared us ing Duncan's mul tiple 

range tes t .  

Var iety Experiment 

Field  Procedure 

1 8  

Thirteen sta ndard a nd commerc ia l soybea n varieties �da pted for 

southern South Dakota were pla nted at Centervil l e  on May 27 , 1976 . 

The se  var iet ies  va ried in ma turity group c la ss i f ica tion a nd in l ea f  

s hape . 'SRF' var i eties are narrow-lea ved commercia 1 varieties . 

'SRF-100' i s  the onl y variety cla ssif ied a s  ma turi ty group zero . 

Varieties  c la s s i f ied a s  group one a re :  'Chippewa' , ' Hodgson', 

'SRF-1 50 ' , a nd ' Stee l e' .  Varieties c l a s s i f i ed a s  group two are : 

'Corsey', ' Harcar', 'We l l s',  'SRF-200', 'Amsoy 71' , a nd 'Bees on' . 

Varieties c la s s if ied a s  group three a re 'Woodworth' and 'Wayne'. 

These  var ieties were pla nted in nine-row str ips . Planting depth wa s 

4 cm a nd the pla nting rate varied  due to d if ferences  in seed s ize 

among var ieties . The treatments were randomized vii thin varieties and 

repl ica ted four times . Plot s ize wa s 2 . 3 by 1 5 . 2  m. Weeds were con­

tro l l ed by broa dca st ing 1 . 1 2  kg/ha trif lura l in (�,2_ ,� ,-trif luoro-

2 , 6 -d initro-N, N-d ipropyl -.Q.-toluidine ) , ma chine cult iva tion ,  and 

rogueing . Dicamba was a ppl ied a t  0 .028 kg/ha on  Jul y  7 ,  Jul y  24, a nd 



August 2 with the bicycle-type sprayer. The climatic conditions at 

application are noted in Table 3. The plots were harvested with a 

Massey Harris 35 combine. 

Table 3. Clhratic conditions at time of dicamba application to soy­
beans in the variety experiment. 
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Appl ica ti on 
Date 

Time of 
Day 

Air 
Temperature 

( OC ) 

Relative 
Humidity 

(�6) 

7-7-1976 

7-24-1976 

8-2-1976 

12:30 p.m. 

·7:00 a .m. 

3: 30 p.m. 

Measurements 

37 48 

27 80 

29 36 

Visual injury estimates were made on August 3, and maturity 

estimates were made visually on September 14 and gravimetrically on 

September 21. Criteria for estimating maturity have been outlined 

previously. Gravimetric measurement of maturity was made by randomly 

selecting six plants per plot, placing them in plastic bags, and 

refrigerating them at 2�2oc. The foliage and pods were weighed 

separately, dried, and weighed again to determine moisture content. 

An average of_ six random height measurements was recorded per 

plot. Plot samples were cleaned and plot weights, test weights, and 



1 , 000-seed weights were ta ken . Ana lys i s  of  varia nce of  the da ta wa s 

computed a nd orthogona l compa risons or Dunnett's procedure were used 

to compare treatment means.  

Res idue Analys is  Experiment 

Corsoy soybea ns were pla nted a t  Centerville on May 26, 1976. 

The seed wa s planted in 76 cm rows a t  a depth of 4 cm and a seedl ing 

rate of 62 kg/ha . P l ots were 3 .0 by 7 . 6 m a nd ra ndomized in a com­

plete bl ock design with four repl ications. Weeds were control led by 

a broa dca s t  applicat ion of trifl ura l in a t  1 . 12 kg/ha a nd rogueing. 

20 

D i ca mba wa s a ppl ied at  ra tes of  o.o, 0 .011, 0.028 , a nd 0 .056 

kg/ha on July 16 when the soybea ns were in the mid-bloom sta ge . Ap­

pl ica tion was made with a bicycle -type spra yer a t  7:30 a .m .  when the 

a ir tempera ture wa s 1 5°C .  Immedia te ly a fter a ppl icat ion a pproxima tely  

2 kg of fol ia ge were random! y co l lec ted from ea ch plot . The pla nts 

were cut a pproximately  2 cm above the ground surfa ce a nd pla ced in. 

pla stic  bags . Control pl ots were sampl ed f irst to reduce contamin­

a ti on. The samples  were stored at -1s0c. Fol ia ge samples were ta ken 

7 a nd 18 da ys a fter appl ica tion. A fter ha rve s t ,  fol iage and seed 

samples  were shipped to the EPA Organic  Chemica l s  Labora tory in Denver, 

Colorado for a na lysi s . The res idue wa s extra c ted , esterif ied ,  and 

then a na lyzed by ga s chromatography . An  a na lys is  of varia nce was con­

ducted on the data a nd treatments were compared by orthogona l compari -

sons . 



Dicamba Use Survey 

A farmer survey was conducted in Turner, Lincoln, Union, and 

Clay counties of southeastern South Dakota. In 1 975 , these counties 

contained 55 percent of the state's total soybean acreage (49 ) . Al­

so, 4 , 236 ha of corn were treated with dicamba by commercial appli­

cators in 1 975 ( 51 ) . 
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A list of farmers was obtained from the property tax listings 

in each county. All persons with a taxable agricultural property 

value over $2 , 500 were included in the population. The value was 

lowered to $1 , 000 if a person had over 1 , 000 bu of grain on hand. The 

random sample consisting of 5 percent of the population in each town­

ship was selected using a random number table. Information was 

obtained by telephone contact. Another selection was made from the 

population if: ( 1 ) telephone contact could not be made after three 

attempts, (2) the farmer's telephone number could not be obtained; 

(3) the farmer had moved to a different area, (4) the farmer was no 

longer living, or ( 5 ) the farmer refused to participate in the survey. 

The responses were tabulated for each county and expressed as per- . 

centages of  the sample. 
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RESULTS AND DISCUSSION 

Growth Stage Experiment 

The risk of drift injury may be reduced by applying dicamba to 

corn when soybeans are most tolerant to dicamba. To determine the most 

tolerant growth stage of soybeans; several rates of dicamba were ap­

plied to soybeans .in various stages of growth. 

Visual effects of dicamba on soybeans included cupped leaves, 

bent stems, grayish leaf margins, abnormal pods, maturity delay, and 

plant height reduction. Leaf and stem injury appeared 1 to 14 days 

after application and persisted through the season. Higher dicamba 

rates caused more severe visual injury. Wax, £!al. (59) described 

similar morphological effects from dicamba. 

Soybean maturity was delayed more by the higher rates of 

dicamba than by lower rates (Table 4 ) . The 0.028 kg/ha rate applied 

at the mid-bloom stage produced the same amount of maturity-delay as 

the 0.056 kg/ha ra�e applied at the early bloom stage. Maturity de­

lay of soybeans treated at early pod stage was similar to the maturity 

delay of soybeans treated at the late pod stage. These results indi­

cate that soybeans may be delayed in maturity when challenged at any 

stage of  grov1th; however, the most sensitive stages of growth occur at 

mid-bloom stage or thereafter. This agrees with Wax, et .21· (59) who 

reported that dicamba when applied to soybeans in the mid-bloom stage 

delayed maturity most. 

At rates above 0.001 kg/ha dicamba application inhibited plant 

growth, thereby reducing plant height (Tables 5,
_ 

6, and 7) • The 
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Table 4. Maturity delay of Corsoy soybeans caused by dicamba treat-
ment at various rates and application date (1976). 

Soybean Maturity Delay 
Growth Sta�e at Time of Treatment 

Dicamba Early Mid- Early Late 
Rate Rate Bloom Bloom Pod Pod 

{kg/ha) Mean (days) (days) (days) (days) 

0 0 0 0 0 0 

0.011 3.5 3 4 4 3 
0.028 12.0 7 12 14 15 
0.056 14.8 � 12 13 19 15 

Growth stage mean 5.5 1.2 9.2 a.2 

ANALYSIS OF VARIANCEa 

Source DF MS 

Di camba Rate 3 765.31** 
(0.0,0.011) vs (0.029,0.056) ** 1 2, 127 .52 

O.O vs O.Oll 1 105.12** 

0.028 vs 0.056 1 63.28** 

Growth Stage 3 43.26** 
(EB,MB) vs (EP,LP) 1 92.64** 

EB vs MB 1 2a.12** 

EP vs LP· 1 9.03 

Rate x stage interaction 9 17.07** 

*,**significant F-test at the 0.05 and 0.01 levels, respectively. 
aused orthogonal comparisons. 
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Table 5. Yield, plant height, and germination of Jacques 109 soybeans 
treated with dicamba at various rates and growth stages 
(1974). 

Soybean Growth Dicamba Plant 
Stage at Time Rate Yield Height Germination 
of Treatment (kg/ha) (kg/ha) (cm) (%) 

1-2 trifoliate 
0.001 833 93 90 
0.011 905 88 92 
0.056 833 77 92 

3-4 trif oliate 
0.001 920 80 92 
0.011 855 69** 92 
0.056 669 59** 92 

6-7 trifoliate 
0.001 989 93 89 
·o .011 862 56** 90 
0.056 665- 45** 93 

7 trif oliate 
0.001 954 80 90 
0. 011 763 46** 93 
0.056 388* 36** 88 

No herbicide 837 92 90 

*,**Significant at the 0.05 and 0.01 levels, respectively, using 
Dunnett's procedure. 
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Table 6. Yield, plant height, and germination of Corsoy soybeans 
treated with dicamba at various rates and growth stages 
( 1 975 ) . 

Soybean Growth Dicamba 
Stage at Time Rate Yield Height Germination 
of Treatment (kg/ha) (kg/ha) (cm) (%) 

Early bloom 
0.001 548 47 86 
0.011 391* 40 79 
0.056 368* 40 76 

Early pod 
0.001 561 54 85 
0.011 589 47 74 
0.056 114* 50 59** 

No herbicide 579 49 89 

*,**significant at the 0.05 and 0.01 level s, respectively, using 
Dunnett ' s  procedure. 
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Table  7. He ight of Corsoy soybeans trea ted with d icamba a t  various  
ra tes a nd dates of appl ica tion ( 1976) . 

Soybean Height 

Growth Sta ge a t  T ime of  Treatment 

Di�amba 
Rate 

( kg/ha ) 

Early Mid- Ear l y  
Ra te 
Mea n 

Bloom Bl oom Pod 
(cm ) ( cm ) ( cm ) 

0 60 56 61 
o .on 54 . 46 46 
0 . 028 48 38 43 
0 .056 46 36 38 
Growth stage mea n  44 47 

Source 

ANALYSIS OF VAR IANCE 
DF 

Dica mba Ra te 
Growth Stage 
Ra te x stage i ntera ction 

3 
3 
9 

COMPARISONSa 

DF 

Early Bl oom Stage 
o .o vs (0 .011 , 0 . 028 , 0 . 056 
0 . 01 1 vs (0 . 028 , 0 . 056 ) 
0 .028 vs 0 . 056 

Mid-Bl oom Stage _ 
o . o  vs (o .01 1 ,o . 029 , 0 . 056) 
0 . 01 1  vs (0 . 029 , 0 . 056 ) 
0 . 028 vs 0 .056 

Early Pod Stage 
o .o vs (0 . 01 1 , 0 . 028 , 0 . 056 ) 
0 . 01 1  vs (0 .029 ,0 . 056 ) 
0 .028 vs 0 .056 

La te Pod - Stage 
o .o vs ( 0 .01 1 ,0 .028 , 0 . 056 ) 
0 .01 1  vs ( 0 . 028 , 0 . 056 ) 
0 .028 vs 0 .056 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

58 
56 
51 
53 
54 

MS 

Late 
Pod 
( cm ) 

64 
66 
61 
58 
62 

98 . 22** 
1 64 . 85** 

12. 02** 

MS 

139 .06** 
22 .43** 
0 . 60 

161 . 33** 
12 . 33* 
6 . 12 

23 . 80** 
7 .82 
2 .76 

0 . 99 
19 . 98** 
5 . 61 

*, **signifi ca nt F-test a t  the 0 .05 and 0 . 01 l evel s ,  res pectively .  

aOrthogona l c omparisons of  rates within ea ch growth sta�e by 
. 

pa rtition ing the effects of rate a nd the ra te x stage intera ction . 



0 .056 kg/ha ra te did not inhibit pla nt growth more than the 0 .028 

kg/ha rate (Ta bl e  7 ) .  In  1 974 , he ight tended to be reduced more a s  

pla nts  neared the 7-trifol ia te stage (Table  5 ) . Plants trea ted at  

the early  bloom stage tended to  be  shorter tha n those trea ted a t  
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la ter stages  ( Ta ble s  6 and 7 ) . He ight wa s not reduced by a ppl ica tions  

at  the 1 to 2-trifol ia te stage or  the pod sta ges  ( Tables  5 ,  6 ,  and 7 ) . 

Results  obta ined by Wa x ,  et tl· (59 )  indica te that a ppl ica tions a t  

m id-bloom tend t o  cause greater he ight reduction tha n  a ppl ica tions 

at prebl oorn stage . 

These  results indica te tha t dicamba a ppl ica tion during ra pid 

vegetat ive growth ca uses the greatest he ight reduction . Dry we ight 

a ccumula tes s l owly i n  young pla nts since they have few meristeniatic  

reg i on s . A s  the  number of  meristema tic regi ons increases , the ra te of  

dry ma tter a ccumula tion in leaves , petioles , and stems increa ses . 

Max imum growth ra te occurs from the beg inning of  f l owering to the 

beginning of pod f i l l  ( 25 ) . Consequentl y ,  at thi s  stage  growth 

inhibition caused by dicamba ha s the greatest  effect  on tota l dry 

we ight a nd pla nt he ight . Pla nts treated before this stage ma y par­

tia l l y recover and produce some vegeta tive growth during the bloom 

stage .  A fter the bl oom stage , l ittle vegetative growth occurs so  plant 

height is not reduced by pod stage appl ica tions . 

A s  with he ight, d icamba appl ication a t  the ea rl y bl oom sta ge 

caused the grea test yield reduction (Tables  6 and 8 )  • In  1975 , the 

0 . 01 1  kg/ha ra te reduced yield at the earl y bloom stage but not at the 

early pod indicating grea ter soybean sens itivity at  the early bloom 
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Ta ble 8 • Yield of Corsoy soybea ns treated with d i carnba at  various 
ra tes a nd growth stages ( 1 976 ) . 

Soybean Yield 
Growth Stage a t  Time of Trea tment 

Dicamba 
Rate Rate 

( kg/ha ) Mea n 

0 819  

0 .0 1 1  727 

0 .028 537 

0 .056 362 

Growth s tage mean 

Source 

Dicamba Rate 

Early Mid-
Bloom Bl oom 

( kg/ha ) ( kg/ha ) 

720 912 

476 674 

327 589 

272 301 

449 61 9 

ANALYS IS OF VARIANCEa 

DF 

( 0 . 0 , 0 .01 1 ) vs (0 . 029 ,0 .056 ) 
3 -

l 

o .o vs 0 .011  
0 .028 vs  0 .056 

Growth Stage 
(EB , MB ) vs ( EP ,LP ) 

EB vs MB 
EP vs LP 

Ra te x stage intera ction 

l 
1 

3 
1 
1 
1 

9 

Ea rly  
Pod 

( kg/ha ) 

806 

769 

450 

341 

592 

Late 
Pod 

( kg/ha ) 

837 

989 

782 

532 

785 

MS 

146 . 96** 

371 . 00** 
14 .89  
54 . 71** 

67 . 10** 
94 . 1 1** 
51 . 26** 
65 . 92** 

e . 12 

*, **significa nt F-test at  the 0 . 05 a nd 0 .01 level s ,  respective l y. 

aUsed orthogona l comparisons . 
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s tage (Tabl e 6) . The low yield from the 0 . 05 l b/A a ppl i ca t ion ra te at  

the earl  Y pod stage may have been caused pa rt ia l l y  by  harvesting l oss  

ra ther tha n by  reduced seed product ion . Since thi s  trea tment caused a 

dela y in ma turity, some pods were imma ture a t  harves t  a nd the seed 

c ould not be threshed . D icamba appl ications before the 7-tr ifoliate 

sta ge (Table 5 )  or a fter the early pod stage  (Ta bl e 8 )  d id not re­

duce  yield .  

Furthermore , Wax , � a l . ( 59 )  reported yield reduction from 

d icamba a ppl ied a t  the bl oom stage but not from d icamba a ppl ied a t  

the 3 t o  4-tr i fo l ia te stage . These results suggest the yield reduction 

ca n be minim ized if  di camba is  appl ied be fore s oybeans in the area are 

bl ooming .  This recommendation is included in the preca ut ions g iven 

for the dicamba trea tment for weed control in corn (60 ) . In  South 

Da kota , satisfa ctory weed control can be obta ined usua l l y  by a ppl i­

ca tions before this stage . 

The growth stage when drift occurred is  the mos t importa nt 

fa ctor to c ons ider when estimating the a ffect of d icamba dr ift on 

yield . Visua l symptoms do not necessarily indica te yield reduction . 

but may be a n  ind ica tion of the amount of dr ift tha t occurred . The 

correla tion between he ight and yield wa s s ignifica nt when d icamba wa s 

a ppl ied a t  the early bloom stage or la ter (r =  0 . 81 ) ,  but no corre­

la tion existed between he ight and yield with a ppl ica tions be fore earl y  

bloom . The c orrela tion between yield and ma turity delay wa s negative 

(r = -0 . 56 ) . 
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Test weights and 1 , 000-seed we ig hts were ta ken to determine the 

effects of d i camba on soybean seed qua l ity, and to a id in  the inter­

preta tion of yield d ifferences . 

Dicamba increa sed test weight a t  a ll ra te s of  a ppl ication re­

gardless  of soybea n stage ( Ta ble 9 ) . Apparently,  d icamba caused a 

cha nge in  the s eed which resulted in increa sed test we ight . The 0 .011  

and 0 . 056 kg/ha rates increased test we ight more· than the 0 . 028 kg/ha 

ra te . These resul ts are diff icult to expla in . 

One thousand seed weight wa s increa sed by d icamba a ppl ica t ion 

at the m id-bl oom and late pod stages (Ta bl e 10 ) . A l l  three rates of 

a ppl ica tion at the mid-bloom stage caused s imilar increa ses in seed 

weight . The 0 .028 a nd 0 . 056 kg/ha ra tes a ppl ied a t  the la te pod stage 

caused grea ter increa ses in seed we ight tha n the 0 . 01 1 kg/ha ra te . 

Wax ,  � !!!_ . (59 ) a ttributed increase in seed we ight from d icamba 

a ppl ica tion to a reduction in the pod number a nd a reductio� in the 

number of seeds per pod . With fewer seeds per pla nt the seed atta ined 

greater we ight . Also , fewer pods on the upper portion of the plant 

produced seed s ince more d icamba wa s deposited on the upper porti on 

of the plant tha n on the l ower portion . Pods on the upper nodes nonn­

al ly produce sma ll er seeds , which reduce 1 , 000-seed we ight . 

D icamba a ppl ication be fore pod fill  did not a ffect germina tion 

(Tables  5 ,  6 ,  and 11 ) . Only the 0 .056 kg/ha ra te a ppl ied a t  the early 

pod sta ge reduced germination in 1975 (Ta ble 6 ) . In  1 976 , a l l  ra tes 

appl ied at the earl y pod stage caused s imilar reductions  in germination 

(Ta bl e 1 1 ) . However , 
·
when appl ied at the la te pod -stage the 0 .028 a nd 
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Table 9 .  Test weight o f  Corsey soybeans trea ted with dicamba a t  
various ra tes and growth stages ( 1 976 ) . 

D icamba 
Rate Rate 

( kg/ha ) Mean 

o .o 74 . 2  

O .Ol l 74 . 9  

0 .028 74 .7  

0 .056 75 . 1  

Growth stage mean 

Source 

Dicamba Rate 

Soybean Test Weight 
Growth Stage at Time of Trea tment 

Early Mid - Early Late 
Bloom Bloom Pod Pod 

( kg/hl ) ( kg/hl ) ( kg/hl ) ( kg/hl ) 

74 .4 

74 .7  

74 .7 

75 .0  

74 .7 

74 .0  

74 . 7  

74 . 8  

75 . 2  

74 . 7  

ANALYSIS OF VARIANCEa 

DF 

74 .0  

75 . 2  

74 . 9  

75 . 2  

74 . 8  

74 . 3  

74 . 9  

74 . 5  

74 . 8  

74 . 6  

(0 . 0 , 0 .01 1 )  v s  (0 .029 ,0 .056 ) 
3 
1 

1 . 31** 
1 . 50** 

o . o vs 0 .01 1 

0 .028 vs 0 . 056 

Growth Stage 

Rate x sta ge interaction 

l 

l 

3 

9 

l . 9Q** 

0 .48* 

0 . 09 

0 . 12 

*,**signi ficant F-test at  the 0 .05 and 0 . 01 level s ,  respectively .  
aUsed orthogona l compa risons . 

ll 
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Table 1 0 .  One thousand seed weight of Corsoy soybeans treated with 
d icamba at vari ous rates and growth stages ( 1 976 ) . 

Dicamba 
Rate 

( kg/ha) 

o .o 
O.Oll 
0 .028 
0 .056 

Rate 
Mean 

1 35 .0 
143 . 0  
145 . 8 
146 . 1  

Growth stage mean 

Source 

Dicamba Rate 
Growth Stage 

Soybean 1 , 000 Seed Weight 
Growth Stage at Time of Treatment 

Early Mid- Early Late 
Bloom Bloom Pod Pod 

( gm ) ( gm ) ( gm ) ( gm) 

1 32 . 9  1 3 9 .0 
1 34 . 9  1 54 . 3 
1 29 . 3  1 57 . 2  
1 29 . 9  1 57 . 5  
13 1 . 8  1 52 . 0  

ANALYSIS OF VA RIANCE 

DF 

1 33 . 4 1 34 . 5  
1 35 . 5  147 . 1  
1 40 . 3 1 56 . 3  
1 39 . 7  1 57 . 4 
1 37 . 2 148 . 8  

MS 
--

434 . 75** 

Rate x stage interaction 

3 
3 
9 

145 . 8 1** 
1 32 . 97** 

COMPA RISONsa 

DF 

Early Bloom Stage 
o .o vs (o. 0 1 1 ,o. 02s ,o.056 ) 
0 . 01 1 vs ( 0 . 028 , 0 .056 ) 
0 . 028 vs 0 .056 

Mid-Bloom Stage 
o . o vs ( 0 .01 1 , 0 . 028 , 0 . 056 ) 
0 . 01 1 vs (0 .028 , 0 . 056 ) 
0 . 028 vs 0 .056 

Early Pod Stage 
o.o  vs ( 0 . 01 1 , 0 . 028 , 0 .056 ) 
0 .0 1 1  vs ( 0 .028 , 0 . 056 ) 
0 .028 vs 0 .056 

Late Pod Stage 
o.o vs (0 . 01 1 , 0 .028 , 0 .056 ) 
0 . 0 1 1  vs ( 0 . 028 , 0 .056)  
0 �028 vs 0 . 056 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

MS 

6 . 68 
75 . 26 

0 . 78 

903 . 94** 
24 . 81 

0 . 10 

23 . 80** 
7 . 82 
2 . 76 

0 . 99 
1 9 . 98** 

5 . 61 

*,**Signi ficant F-test at the 0 . 05 and 0 .01  l evel s, respectively. 
ao th 1 · ens of rates within each growth stage by 

r ogona cornpar1s  
· t t · 

partitioning the effects of rate and the rate x
.
stage in erac ion. 
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Table  1 1 . Germination of seed from Corsoy s oybeans whi ch had been 
trea ted with d icamba at various ra tes and growth stages 
( 1 976 ) .  

Soybean Seed Germina tion 
Growth Stage at Time of Treatment 

D icamba 
Rate 

( kg/ha ) 

Early Mid- Early Late 
Ra te 
Mean 

Bloom Bl oom Pod Pod 
(%) (%) (% ) (%) 

0 
0 . 011  
0 . 028 
0 .056 

68 . 8  
62 .8  
51 . 5  
54 . l  

Growth stage  mean 

67 . 9  
72 . 2  
68 . 5 
70 . 9  
69 . 9  

66 . 0  
72 .5  
61 . l  
66 . 0  
66 .4  

Source 
ANALYSIS OF VARIANCE 

DF 

Dicamba Rate 
Growth Sta ge 
Rate x s ta ge interaction 

3 
3 
9 

COMPARISONsa 

DF 

Early Bloom 
o . o vs (o .0 1 1 , o . 028 , o . os6 ) 
0 . 0 1 1  vs (0 .028 , 0 .056 ) 
0 .028 vs 0 .056 

Mid-Bloom 
o . o vs (o . 0 1 1 , o . 02s , o .056 ) 
0 .01 1 vs ( 0 . 028 , 0 . 056 ) 
o ·. 028 vs o . 056 

Early Pod 
o . o  vs (0 . 01 1 , 0 . 028 , 0 .056 ) 
0 .0 1 1  vs ( o . 02a , o . 056 ) 
0 . 028 vs 0 .056 

Late Pod 
o .o vs (o . 01 1 , o . 02a , o . 056) 
0 .01 1 vs (o . 02s , o .056 ) 
0 . 028 vs  0 . 056 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

70 . 0  
56 . 2  
53 . l  
52 . 5  
58 . 0 

. 71 . 2  
50 . 2  
23 . 2  
27 . 1  
42 . 9  

MS 

1 , 080 . 60** 
2 , 349 . 09** 

428 . 55** 

21 .33 
17 . 51 ' 
1 1 . 28 

13 . 02 
213 .01* 
47 . 5:3 

112 .00** 
31 . 51 
0 . 78 

4 , 265 .76** 
1 , 675 . 10** 

30 . 03 

*,**Significant F-test at 0 .05 and 0 . 01 level s ,  respectively .  

aOrthogona l compa risons of  rates within each growth sta�e by . 
· · · h f f  t f rate and the rate x stage interaction . 

partitioning t e e ec s o 
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0 .056 kg/ha ra tes of  dicamba caused grea ter germina tion reductions  

than  the O .Ol l kg/ha rate . Soybean emergence wa s reduced by  the same 

treatment of 1 975 , which caused a reduction in germina tion (Table · 1 2 ) . 

The 0 .0 1 1  kg/ha ra te of dicamba a ppl ied a t  ea rly  pod ma y ha ve de la yed 

emergence . Thi s  i s  indica ted by the difference between emergence 9 

a nd 1 5  da ys a fter pl anting . 

Germ i na tion tests in this  study do not a gree entire l y  with 

those of Wax ,  et tl. ( 59 ) . They reported no gerrn ina ti on reduction 

from a ppl ica tions made  a t  prebloorn stage , but they reported a re ­

duction in  germ i na tion caused by d i carnba a ppl ied a t  the bl oom stage . 

Thompson a nd Egl i  ( 54 )  reported tha t under greenhouse  cond itions , 50 

percent emergence  wa s obta ined from seed of  pla nts treated with 0 . 03 

kg/ha of d icamba a t  bl oom and podf il l stages . Seedl ings in the 2 to 

3-tr ifol ia te sta ge had l ea f  abnorma l ities a nd l e s s  dry we ight tha n  

norma l seedl ings . In my study, leaf  abnorma l ities a nd dry we ight 

reductions  were not a pparent (Ta ble  13) . Since dry we ights were ta ken 

at la ter growth sta ges , the progeny ma y have overcorne effects of 

d icarnba trea tment . Unusua l swel l ings a pprox ima te l y  1 cm from the root 

cap of the rad ical  were noted in seed l ings in the germ ination tests . 

D icamba a cc umu la tion in  the seed may have caused the reduct ion in  ger­

m ina ti on when d icamba wa s a ppl ied at the reproductive growth stage . 

D icamba moves with the photosynthate to the metabol ic  s inks , which at  

seed forma ti on is  the pod ( 1 3 , 14 , 15 , 59 ) . Abnorma l ities  observed on 

seedl ings may be an indica tion of d icamba presence in the seed . 
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Ta ble  12. Emergence of progeny from Corsey soybea ns which were 
trea ted with d icamba at var ious ra tes  and growth stages 
in  1 975 . a 

Soybea n Seed Emergence 
Da ys After Pla nting 

Soybea n Growth D icamba 9 1 5  Stage  of Time Rate 21 4 1  
of Trea tme nt ( kg/ha ) (%) (%) (% ) (%) 

Earl y bloom 
o . oo 63 . 5a -c 7 1 . 2a -b 7 1 . 2a -c 72 .0a -d 
0 .001 62 . Sa -c 64 . Sa -c 62 . 5a -f 66 . 8a -e 
O .Ol l 54 . Sc-e 64 . 5a -c 64 . 5a -e 64 . Sa -e 
0 .056 53 . Sc-e 65 . 2a -c 64 . 2a -e 63 . 5a -e 

Early pod 
o .oo 66 . 2a -c 74 . 0a -b 72 . 2a -c 74 . 3a -b 
0 .001 63 . 2a -c 74 . 2a 74 . 0a -b 70 .0a -e 
O .O l l  44 . Se -f 59 . Sb-d 59 . 5b-f 56 . 8c -f 
0 . 056 37 . 2f 47 . 2e -f 49 .0f  47 . 8 f  

a Means fol l owed by d ifferent letters ind icate s igni f icant d i fference 
at the 0 . 05 l evel using Duncan ' s  multipl e ra nge test .  
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Table  1 3 .  V igor of progeny from Corsoy soybea ns which had been treated 
with dicamba a t  various rates a nd growth stages  in 1 975 .a 

Soybean Growth 
Stage  a t  Time 
of Trea tment 

Early bl oom 

Earl y pod 

Dicamba 
Ra te 

( kg/ha ) 

o .oo 
0 .001 
O .Ol l 
0 .056 

o . oo 
0 .00 1 
0 .0 1 1  
0 . 056 

Dry Weight 
per Pla ntb 

(gm )  

3 . la 
3 . 2a 
3 .4a 
3 . 2a 

3 .3a 
2 . 6a 
2 . 4a 
2 . sa 

aMeans fol l owed by dif ferent letters ind icate signi f icant d ifference 
a t  the 0 �05 l eve l using Duncan ' s  mul tiple range tes t .  

hory we ights ta ken  41 da ys a fter pla nting . 

-
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Appl ications before the pod stages probably caused fl owers to abort 

or prevented seed forma tion . Seeds were a lready being formed when 

pod stage a ppl ications were made , and d icamba wa s transloca ted into 

the seed . "'1.aturity delay caused by d icamba appl ica tion may a l so in­

fluence germination .  Seed germination increases  a s  the seed matures 

( 6 ) ; therefore , a ki l l ing frost  before the proper seed maturity may 

reduce germination . Ana lys is of dicamba res idue in seed with reduced 

germinat ion might a id in determining the cause o f  germination re­

duction . 

Variety Experiment 

Dicamba was appl ied at three dates to 13  soybean varieties to 

detennine variet ies tolerant to dicamba . S ignif icant intera ctions 

between variety, dicamba trea tment , and treatment da te were observed ; 

therefore , da ta was ana lyzed using orthogona l c omparisons of trea ted 

to �ntreated pl ots for each date . 

L ea f  and stem abnorma l ities were rated . This  rating dis­

regarded height reduction . A zero ra ting ind ica tes no  injury and a 

100 percent ra ting indicates death . A sl ight amount of dri ft injury 

occurred on s ome of the controls ; but ,  apparently yield was not 

a ffected . 

D icamba a ppl ica tion resul ted in s ignificant l ea f  injury to a l l  

varieties except ' SRF -100 ' (Table 14 ) . Furthermore ,  a l l  var ieties 

-



Table  1 4 .  

Soybea n 
Variety 

SRF-100 

Chippewa 

Hodgs on 

SRF-1 50 

Steele  

Corsoy 

Ha re or 

SRF-200 

We l l s  

Arnsoy 7 1  

Bees on 

Woodworth 

Wa yne 

38 

varie ies  treated with dicamba V i sua l injury on 13 soybea n · t • 
a t  var ious dates ( 1 976 ) .a 

Ma tur ity 
Group 

0 

I 

I 

I 

I 

I I  

I I  

I I  

I I  

I I  

I I  

I I I  

I I I  

D icamba 
Ra te 

( kg/ha ) 

0 
0 .028 
0 
0 .028 
0 
0 .028 

0 
0 .028 

0 
0 .028 
0 
0 .028 

0 
0 .028 

0 
0 . 028 

0 
0 . 028 

0 
0 . 028 

0 
0 . 028 

0 
0 .028 

0 
0 . 028 

Soybea n V i sua l I nj u r y  

Appl i ca ti on Da te 

7-7 
(%) 

0 
0 

0 
23** 

0 
20** 

0 
23** 

0 
0 

3 
8 

2 
18�-

2 
18** 

0 
1 2* 

0 
17** 

7 -24 
(%) 

3 
5 
3 

20** 

5 
8 

0 
12* 

0 
1 5** 

5 
22** 

0 
22** 

2 
20** 

3 
1 8** 

0 
17** 

0 
1 2* 

0 
20** 

0 
1 5** 

8-2 
(%) 

2 
8 
0 

21**-

o 
22** 

0 
12* 

0 
22** 

3 
18** 

3 
27** 

0 
28** 

0 
28** 

3 
23** 

3 
25** 

3 
20** 

0 
30** 

* ** ' S igni f icant F -test at  the 0 .05 and 0 . 01 l eve l s ,  respectively .  

aused orthog ona l compar isons of trea ted and untrea ted pl ots for each 

date a nd variety by pa rtitioning the e f fects of  rate  and the rate 

x da te , ra te x variety , and rate x da te x va riety intera ct ions .  

.. 
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were r e du c ed i n  he i g ht by a ppl i ca tion of d i ca mba ( Ta bl e 1 5 ) . D i camba 

redu c ed he i g ht more for la ter ma tur i ng va r i e t i e s  t ha n  f or ea rl i er 

ma tur i n g  va r ie t i es . A pos s i b l e  e x pl a na t i on f or t l) i s  m i g h t  be t ha t  

v e g e ta t iv e  growt h ra te a t  the l a s t  a pp l i c a t i o n  wa s l e s s · for the 

ea r l i e r  var i e t i e s  t ha n f or t he la ter ma tur i ng va r i et i es . Ther e f or e , 

p l a n t  he i g ht wa s n o t  r edu ced . 

D u e  to the wide ma tur i t y  d i f f ere n c e s  a m o ng the va r i et i es , 

ma tu ri ty d e l a y wa s d i f f i cul t to detec t .  One c ou l d  v i s ua l l y  d e te c t  

d e l a ys i n  ma tu r i t y  o f  the ea r ly ma tur i ty va r i e t i e s  but c ou l d  n o t  

de te c t  d e l a ys i n  ma tu r i ty o f  the l a ter ma tur i ng v a r i e t i e s  ( Ta bl e 1 6 ) . 

One we e k  a f ter v i sua l e s t ima tes o f  ma tur i ty wer e  ma de , pod mo i s ture 

s a mp l e s  were ta ken . A t  th i s  da te , d e l a ys i n  ma tur i t y  c ou ld be 

re c og n i ze d  in l a ter ma tur i ng va r i e t ies bu t n o t  i n  ea r l i e r  ma tur i ng 

va r i e t i e s  ( Ta b l e 17 ) . 

D i ca mba d e la yed ma tur i ty f or a l l va r i e t i e s , bu t va r i e ta l 

d i f fer e n c e s  in re s po n s e  to d i carnba a ppea r  t o  ex i s t . ' SRF - 1 50 '  wa s 

the o n l y va r i e ty o f  group one ma tur ity tha t wa s n o t  d e la ye d by the 

f ir s t  two d i c a mba a ppl ica t i o n s  ( Ta b l e  1 6 )  • 

A s sum ing tha t pod m o i sture c on ten t corr e l a tes w i t h  ma tur i t y ,  

' Ch i pp ewa ' a nd ' S te e l e ' va r ie t i es were d e l a yed rnore tha n ' Hodg s on ' 

a nd ' SRF -150 ' ( Ta bl e 17 ) .  However , con s i d e r i ng v i sua l ra t i ng s , 

' Hodg s on ' wa s d e la yed more by the f i rst two d ic amba a ppl i c a ti o n s  tha n 

' SRF -1 50 ' ( Ta bl e 1 6 )  • 
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Table  1 5 . P la nt  he i g h t  of 13  s oybean varieties treated w ith d icamba 
a t  various da tes ( 1 976 ) .a 

Soybe a n Height 
A ppl i ca t ion Date 

Dicamba 
Ma tur ity Ra te 7 -7 7 -24 8-2 

Variety Group ( k9/ha ) ( cm )  ( crn ) ( cm ) 

SRF -100 0 0 44 53 54 
0 .028 27** 44* 46 

Chippewa I 0 70 72 76 
0 .028 36** 63* 69 

Hodgs on I () 66 69 76 
0 .028 42** 59* 71  

SRF -150 I 0 45 48 55 
0 .028 24** 42 53 

S te e l e  I 0 84 83 82 
0 .028 40** 61** 75 

Corsoy I I  0 72 70 7 1  
0 .028 37** 56** 7 1  

Harcor I I  0 90 90 89 
0 . 028 52** 67-H- 88 

SRF -200 I I  0 8 2  80 86 
0 .028 45-}(·* 64** 69** 

We l l s  I I  0 83 82 8 1  
0 . 028 49** 66** 70** 

Arnsoy 7 1  I I  0 89 83 82 
0 .028 46*•* 70** 73* 

Beeson I I  0 78 79 76 
0 . 028 48** 55** 68* 

Woodworth I I I 0 74 73  69 
0 . 028 40** 51-** 58 

Wa yne I I I  0 84 85 88 
0 . 028 50** 51iC-* 60** 

*
�

**
S ig n i f i ca n t  F -test at  the 0 .05 and 0 . 01 leve l s ,  respectively .  

a Used orthogona l comparisons of treated and untrea ted pl ots for ea ch 

da te a nd var iety by pa rt i t i on i ng the ef fects of  ra te a nd the ra te 

x da te , ra te x variety ,  and rate x date x variety intera ctions .  
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Table  1 6 .  Ma turity of 1 3  soybea n varieties trea ted with d icamba at 
var ious da tes ( 1 976 ) . a 

Da ys to f'a turi ty 
Dicamba Appl ica tion Da te 

Soybea n Maturity Ra te 7 -7 7 -24 8 -2 
Var iety Group ( kg/ha ) 

SRF - 1 00 0 0 -1  -1 -1 
0 .028 5** 8*-K-

8** 

Chippewa I 0 1 1 1 
0 . 028 1 0** 1 0** 1 5** 

Hodgs on I 0 2 2 2 
0 . 028 9·H- 1 1  �'""* 1 2** 

SRF-150 I 0 3 2 2 
0 . 028 6 6 9** 

Stee le  I 0 3 3 3 
0 .028 1 2** 10** 1 6** 

Corsoy I I  0 5 5 5 
0 . 028 12** 1 2* 16** 

Ha rcor I I  0 9 9 8 
0 .028 1 2  17** 20** 

SRF -200 I I  0 1 2  1 2  1 2  
0 . 028 1 5** 1 1  18** 

Wel l s  I I  0 9 9 9 
0 . 028 14?:-* 17** 23** 

Amsoy 7 1  I I  0 1 3  1 3  1 3  
0 . 028 1 3  14  22** 

Beeson I I  0 15  1 4  14  
0 . 028 1 7  1 9* 25** 

Woodworth I I I  0 1 6  1 6  1 6  
0 . 028 1 6  22* 22** 

Wa yne I I I  0 1 9  1 9  1 9  
0 . 028 22 26-H- 23* 

*, �"*Signi f ica nt F-test at the 0 . 05 and 0 . 01  level s ,  respectivel y .  

a. used orthogona l comparisons of trea ted and untrea ted pl ots for 

each da te and variety by pa rtitioning the e f fects o f  rate a nd the 

ra te x date , ra te x variety, and rate x date x variety intera ct ions . 

-
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T a b l e  17 . P od m o i s ture c o ntent o f  1 3 s oybea n va r i et i e s  tr ea ted w i th 
d i ca mba a t  va r i ou s  da tes ( 1 976 ) . 

Soybea n 
Va r i e ty 

SRF - 1 00 

C h i pp ewa 

Hodg s o n  

SRF - 1 50 

S te e l e  

C o r s o y  

Ha r c o r  

SRF-200 

We l l s 

Amsoy 7 1  

Be e s on 

Woodworth 

Wa yne 

Ma tu r i ty 
Gr oup 

0 

I 

I 

I 

I 
I I  

I I  

I I  

I I  

I I  

I I  

I I I  

I I I  

Control 
(%)  

10 

1 1  

10  

10 

9 
1 1  

1 1  

10 

14 

13 

21 

20 

28 

Soybea n P od Mo i s ture Content 

Appl i ca t i o n  Da t e  

7 -7 7 -24 8 -2 
( 9&) (%) (% ) 

1 6  
20** 

1 2  

14 
35** 

1 3  

1 3  

1 4  

1 6  

17 

36** 

29 

13  

17  

14  

13  

17* 

1 5  

35** 

1 3  

40** 

1 8  

46** 

49** 

62** 

14  
20** 

1 5  

17* 

26** 
20** 

21** 

35** 

45** 

47** 

65** 

61** 

62*->E· 

* B· 
' S ig n i f i c a n c e a t  th e  0 . 05 a nd 0 . 01 l eve l s , r e s pe c t iv e l y , u s ing 

Du n n e t t ' s pr ocedu re . 

-



There was no correla tion between yield a nd ma turity or yield 

a nd visua l injury ,  but the correla tion between he ight a nd yield wa s 

highly  s ignif ica nt (r = 0 . 67 ) . This ma y ind ica te tha t  d icamba appl i­

ca tions causing v isua l injury or maturity dela y do  not  necessaril y  

reduce yield . 

D icamba a ppl ica tion reduced the yield of a l l var ieties except 

' We l l s ' ,  ' SRF-200 ' ,  a nd ' Woodworth' (Tabl e 18 ) .  Tolerance i s  

probabl y  due to factors other than ma tur ity s ince these  varieties 

d iffer in  matur ity a nd s ince yie ld was reduced in  var ieties with 

s imilar  maturity .  
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The 1 , 000-seed we ight increa sed in most varieties a s  a result  

of d icamba a ppl i ca tion a t  the last two dates (Ta ble 1 9 ) . The variety 

' Steel e '  had i ncrea sed 1 , 000-seed we ights for a l l da tes of a ppl i­

ca tion . The f irst appl ica tion reduced the seed we ight of  ' SRF-200 ' 

and ' Amsoy 71 ' . 

Dicamba a ppl ica tion increased the test we ights of early  

ma turi ng varietie s , but decreased the test weights of la te ma turing 

varieties (Ta ble  20 ) . 

Res idue Ana lys i s  Experiment 

D icamba in  soybean fol iage can be detected by res idue a na l y-

s is .  The amount detected was significantly  influenced by the amount 

a ppl ied a nd the sampl ing date . 

-



Ta ble  18 . 

Soybean  
Variety 

SRF -100 

Chippewa 

Hodgson 

SRF-150 

Steel e 

Corsoy 

Hare  or 

SRF -200 

We l l s  

Arnsoy 71  

Beeson  

Woodworth 

Wa yne 
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Yie ld  of  13  s oybean variet ies trea ted w i th d i camba a t  
var i ous da te s  (1 976 ) . a 

Ma tur ity 
Group 

0 

I 

I 

I 

I 

I I  

I I  

I I  

I I  

I I  

I I  

I I I  

I I I  

Dicamba 
Ra te 

( kg/ha ) 

0 
0 . 028 

0 
0 . 028 

0 
0 . 028 

0 
0 .028 

0 
0 . 028 

0 
0 . 028 

0 
0 . 028 

0 
0 . 028 

0 
0 . 028 

0 
0 .028 

0 
0 . 028 

0 
0 . 028 

0 
0 . 028 

Soybea n  Yield  
Appl i ca t i on Date 

7 -7 
( kg/ha ) 

476 
105* 

1 , 569 
640�"* 

1 , 1 53 
7 14** 

564 
1 85* 

1 , 330 
499** 

1 , 1 66 
799* 

1 , 377 
1 , 256 

1 , 543 
1 , 306 

1 , 555 
1 , 319  

1 , 568 
1 , 107** 

1 , 599 
1 , 069** 

764 
51 1 

1 , 1 91 
1 , 252 

7 -24 
(kg/ha ) 

830 
564 

1 , 538 
1 , 488 

1 , 1 56 
1 , 21 5  

60 8 
556 

1 , 332 
1 , 324 

1 , 262 
1 , 1 1 3  

1 , 361 
1 , 239 

1 , 8 1 0  
1 , 521  

1 , 660 
1 , 578  

1 , 621  
1 , 463 

1 , 554 
1 , 435 

892 
7 1 2  

1 , 109  
997 

8-2 
(kg/ha ) 

908 
531 

1 , 623 
1 , 433 

1 , 353 
1 , 1 63 

61 1 
900 

1 , 460 
1 , 212  

1 , 250 
1 , 007 

1 , 478 
1 , 036** 

1 , 666 
1 , 402 

1 , 526 
1 , 251 

1 , 704 
1 ,459 

1 , 644 
1 , 207** 

.660 
647 

1 , 34 1  
992* 

* , **Signi fi cant F -test a t  the 0 .05 and 0 .01 l evel s ,  respectivel y .  

a Used orthogona l  compa risons o f  treated a nd untrea ted pl ots for 

ea ch da te a nd var iety by part ition ing the e f fects of  rate a nd the 

ra te x da te , ra te x va riety , a nd ra te x da te x va r iety intera ctions .  

-
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Ta bl e 1 9 .  O� e th�u sa nd seed we ight o f  13  s oybe a n va r i e t i e s  trea ted 
w i th d i camba a t  va r i o u s  da te s ( 1 97 6 ) . a 

S oybea n 1 , 000 Seed We ight 

D i carnba 
Appl i ca t i on D a t e  

Soybea n Ma tur i ty Ra te 7 -7 7 -24 8 -2 
Var i e ty Gr oup ( kg/ha ) ( gm )  ( gm ) ( gm )  

SRF - 1 00 0 0 1 24 1 25 1 24 
0 . 028 1 28 1 36* 147** 

Chippewa I 0 1 34 1 33 135  
0 . 028 1 28 1 41 169** 

Hodg s o n I 0 1 34 1 4 1  1 36 
0 .028 143* 1 4 1  1 74** 

SRF -150 I 0 1 22 1 25 1 22 
0 . 028 1 22 1 33* 1 47** 

S te e l e  I 0 141 1 36 147 
0 . 0 28 1 54** 1 62** 1 78** 

C ors oy I I  0 1 27 1 36 1 3 1  
0 .028 1 1 9 1 45* 1 50** 

Ha r e  or I I  0 1 1 8  1 1 9  1 25 
0 . 028 1 1 3  1 44** 145** 

SRF - 200 I I  0 1 27 1 29 1 28 
0 . 028 1 1 9* 1 36 146** 

We l l s I I  0 1 35 1 40 138 
0 .028 1 21 1 64** 1 60** 

Ams o y  71 I I  0 1 40 137 138 
0 . 028 1 23** 1 55** 160** 

Bee s on I I  0 1 50 1 59 148 
0 .028 1 44 1 88** 165** 

Woodworth I I I  0 1 22 1 20 1 20 
0 . 028 1 1 6  1 4 1 �-* 137** 

Wa yne I I I  0 139  1 41 146 
0 . 028 1 4 6  1 69** 1 7 2** 

* , **s igni f icant  F -te st a t  the 0 . 05 a nd 0 . 0 1  l eve l s , r e s pe c t ive l y . 

a used orthog o na l c ompar i sons of trea ted and untrea ted pl o ts for ea ch 

da te a nd va r i e ty by partit ioning the e f f e c t s  o f  ra te a nd t h e  ra te 

x da te ,  ra te x va r i e ty ,  a nd ra te x da te x v a r i e ty i n te ra c t i on s .  

-
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Ta ble 20 . Test weight of  13  soybea n varieties trea ted with d icamba 
a t  va rious dates ( 1976) .a 

Soybea n  Tes t  Weight 

D icamba 
Appl i ca tion Da te 

Soybea n Ma turi ty Ra te 7 -7 7 -24 8-2 
Va r iety Group ( kg/ha ) ( kg/hl )  ( kg/hl ) ( kg/hl )  

SRF -100 0 0 69 . 1  70 . 7  70 . 9  
0 .028 69 . 6  7 1 . 7* 7 1 .3  

Chippewa I 0 70 . 7  70 . 8  70 . 3  
0 . 028 1 2 . 0** 12 . 9** 73 .0"** 

Hodgson I 0 70 . 8  12 . 2  71 . 9  
0 . 028 73 . 6** 72 . 8  73 . 7*-X-

SRF-1 50 I 0 72 . 8  73 . 2  73 . 2  
0 . 028 72 . 5  73 . 5  74 . 9** 

Stee le  I 0 72 . 6  7 3 . 4  73 . 0  
0 .028 72 . 9  73 . 8  73 . 6  

Cor s ey I I  0 74 . 2  74 . l  74 .4 
0 .028 74 . 4  74 . 6  75 . 0  

Hare or I I  0 75 . 8  74 . 5  75 . 1  
0 . 028 75 . 6  75 . l  76 . 0  

SRF -200 I I  0 75 . 3 75 . 0  75 . 0  
0 . 028 74 . 9  75 . 0  76 . 1* 

Wel l s  I I  0 12 . 9  72 . 8 73 . 2  
0 .028 73 . 2  72 . 4 73 . 9  

Amsoy 71  I I  0 74 . 6  74 . 5  74 . 6  
0 .028 74 .4 74 .4 75 . 2  

Beeson I I  0 74 . l  74 . 3  74 . 6  
0 . 028 73 . 8  73 . 3* 74 . 4  

V/oodworth I I I  0 73 . 5  73 . 7  74 . 0  
0 . 028 73 . 3  73 . 2  73 . 1* 

Wayne I I I  0 73 . 5  74 . 0  73 .4  
0 . 028 73 . 7  72 . 9* 73 . 8  

* , **s igni f icant F -test at the 0 .05 and 0 .01 l evel s ,  respect ively .  

aused orthogona l compa r isons of trea ted a nd untrea ted pl ots for 

each da te and variety by partitioning the e ffects of  ra te and the 

rate x date , ra te x variety , and ra te x date x var ie ty intera ctions . 

-



A sign i f icant intera ction wa s observed between a ppl ica tion 

ra te and sampl ing da te . Soybea n foliage from trea ted pl ots sampled 

immed ia tel y  a fter d i camba appl ica tion had higher d icamba res idue 

l eve l s  tha n fol ia ge from untreated pl ots (Figure 1 ) .  However , very 

l ittl e d i f ference wa s observed between the ra tes of a ppl i ca tion . 

Thi s  i s  d i ff icul t  to expla in since res idue l evel s would be expected 

to correspond c losely wi th the rate a ppl ied . 

One· week a fter dicamba appl ica tion the res idue l evel s  were 
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less tha n l evel s  immedia tely a fter appl ica tion for a l l  a ppl ica tion 

ra tes , but the reduction wa s greater with the two lower ra tes (Figure 

1 ) . Cha ng a nd Vande� Born (13) reported s imi lar reductions  in dicamba 

recovered from Ca na da thistle . Nine da ys a fter d icamba a ppl ica tion 

they were a ble  to recover only 60 percent o f  the dicamba a ppl ied .  

Six  percent o f  the d icamba recovered wa s on the l ea f  surfa ce .  A fter· 

nine da ys the recovery percentage rema ined fa irl y  constant . Cha ng 

and Va nder Born ( 13 )  ind ica ted tha t the dicamba l oss during the f irst 

n ine days wa s due ma inly to evapora tion . D icamba res idue on the 

leaves could a l so be reduced by ra infa ll , but in our s tudy only 

0.18 cm of  ra in  fel l during the week a fter a ppl ica tion . 

D icamba res idue levels  became indetectable between 7 and 18 

da ys a fter a ppl ication s ince 18 days a fter a ppl ica tion there wa s no 

difference between control and trea tment res idue l eve l s .  These 

resul ts do not necessa rily indicate dicamba brea kdown because  d icamba 

meta bol ism i s  slow in sens itive . pla nts (13, 14, 15, 28). Rather ,  d i camba 

..... 
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D i  c a m  ba Ra t e s  

( kg / h a ) 
0-0 O · O 
� 0 · 0 1 1 
8--fJ - 0 .  02 8 
0-0 0 · 0 5 6  

0 7 1 8  
DAYS AFTE R  APP L I C AT ION 

F i gure 1 .  D i ca mba r e s idue in s oybea n f o l ia g e  o ,  7 ,  a nd 18  da ys 
a fter a ppl i ca ti on . 

-



r e s idue ma y ha v e  been d i l u ted by pl a n t gr owth . P la nt growth wa s 

s t imu la ted by 3 . 28 cm o .f  ra i n fa l l  betwe e n  the s e c on d  a nd th ird 

samp l i n g  da t e s . Morton , e t  a l .  ( 35 )  r e ported m a r k ed redu c t i ons 

o f  d i ca mba r e s id u e  i n  gra ss a fter ra i n fa l l . T hey a ttr i buted the s e  

redu c t i o n s  to d i camba re s idue d i l u t i o n  b y  p l a n t  gr owth . 

No s i g n i f ica n t  res idue l eve l s  were d e t e c t e d  in the s e ed o f  

trea ted pl a nts . S eed g erm ina t ion wa s n ot r edu c ed by d i camba a pp l i ­

ca t i on . 

None o f  the samp l e s  a na l yzed were w itho u t  d i camba re s idu e . 

The pre s en c e  o f  d ica mba in the contr o l s  ma y be the r e su l t  o f  s pra y 

dr i f t ,  a na lys i s  error , or c onta m i na t i on dur ing sampl i n g . Wha tever 

the ca u se , the r e su l ts were not ser i ous l y  a ff e c te d  by the e rror . 

D i camba Us e Survey 

A te l ephon e  s u rvey o f  growers i n  four s o u thea s tern S outh 

Da kota c ou n t i e s vJa s cond uc ted to de term in e  d i carnba u sa g e  pa tterns 

re l a t ing to : hecta res trea ted , number of u s er s , dr i ft pr o b l em s  

e n c ou n te d , a nd f u tur e u s e . T h i s  informa t i on i s  importa n t  i n  

eva l ua t i on o f  the ben e f i ts a nd r i s ks invo lved i n  d i ca m ba u s e . 

D u e  to samp l ing error , resu l ts rna y va r y  from the tru e  popu ­

l a t ion . A c cord i ng t o  Sa br o s ky ( 44 ) , with a sampl e s i z e o f  1 60 ,  i f  

4 9  
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the true percentage is 50 , the percenta ge obta ined from the sampl e 

might ra nge from 40 to 60 . I f  the true percenta ge is  10 , the results 

might range from 6 to 14 percent . The resu l�s in thi s  s tudy shou ld 

be more a ccurate s ince random samples were ta ken from ea ch  township 

in the survey area , thereby g iving better representa tiveness . 

D icamba u sers surveyed trea ted 2 , 431 ha in 1 976 (Tabl e 21 ) . 

Users in L incoln County trea ted the most hectares , fol l owed by Clay,  

Turner , a nd Union Counties . In southeastern South Dakota , dicamba 

i s  used ma inly to control Ca na 
.. 
da thistle ;  therefore , d icamba use 

pa tterns fol l owed patterns of Ca na da thistle  d istr ibuti on .  County 

weed board estima tes of Canada thi stle infesta t ion in ea c h  county in 

1 975 were a s  fol l ows : L incoln , 3 , 600 ha ; Cla y,  2, 000 ha ; and Un ion , 

650 ha ( 18 ) . No est ima te of Canada thistle  infesta tion was g iven for 

Turner County . 

E ighty-three percent of the hectares trea ted with d icamba 

were corn . Approxima tely 20 percent of the corn grown in the survey 

area was trea ted with dicamba . D icamba wa s appl ied to a pproxima tely 

one-third of the corn ra ised in Lincoln County . Greater tolerance 

of corn to d icamba tha n  2 ,4-D encourages  the use of  dicamba on corn . 

Thir ty-one percent of 159 farmers used d icamba in 1 976 (Tabl e 

22) . A grea ter percentage of L incoln and Union County farmers u sed 

dicamba than in Turner and Clay County farmers • In  L incol n County, 

41 percent of the farmers used dicamba compared to 20 percent in 

Turner County . 

-
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Table 21 . D icamba users , hectares per user , a nd hec tares of corn , 
sma ll gra in , and pa sture treated with d icamba in  1976 by 
fanners surveyed in Clay ,  L incol n ,  Turner , a nd Union 
Counties of South Da kota � 

Counties Tota l 
Crop Cla y,  L incol n ,  Turner , Uni on per Crop 

Corn : 
Hectares treated 391 1 ,056 308 270 2 , 025 
Number of users 7 17 10 1 2  46 
Hectares  per user 56 62 31 23 44 

Sma l l  Gra in :  
Hectares trea ted 263 0 28 22 313 
Number of  users 2 0 1 l 4 
Hectares per user 132 0 28 22 78 

Pa sture:  
Hectares trea ted 28 36 10 1 9  93 
Number of users 2 3 1 3 9 
Hectares per user 14 12 io 6 10  

Tota l hectares treated 682 1 , 092 346 31 1 2 , 431 

Tota l hecta res per usera 49 

aAverage of 50 users surveyed . Some farmers used d icamba on more tha n  
one crop . 

-



Tabl e 22 . Farmers surveyed 
experience using 

Farmers surveyed 

Fa rmers who have used 
d icamba 

Percent of  tota l surveyed 

Farmers who used d icamba 
in 1976 

Percent of  tota l surveyed 
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in southea s tern South Da kota who have had 
dicamba . 

Counti e s  

Clay, L incoln , Turner , Uni on Tota l  

26 46 54 33 159 

1 1  27 20 1 6  74 

42 59 37 48 47 

7 19  1 1  13 50 

27 41 20 3 9  31 

-



The hecta res trea ted per user ra nged from 4 ha or l ess  to 280 

ha (Ta bl e 23 ) ; the average per farmer wa s 47 ha . Approxima te ly  one­

third of the d icamba us ers treated between 21 and 40 ha . 

Most  of the d icamba users did the ir own a ppl i ca ti on .  Onl y  

three o f  the 50  d icamba users hired commerc ia l a ppl ica tors a nd two 
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of these a l so appl ied some dicamba themselves . Six of the 50 d icamba 

users in 1 976 were f irst time users ; ind ica ting tha t most trea tments 

were a ppl i ed by farmers with experience in us ing d icamba . 

Seven o f  the 50 d icamba users reported drift  inj ury on soy­

beans (Ta bl e 24 , ca ses 1 to 7 ) .  One drift incident resulted from 

c ommercia l a ppl ica t ion (Table 24 , case 7) . This was the only drift 

inc ident reported by dicamba users tha t caused inj ury to a ne ighbor' s 

soybeans ; it involved 8 to 12 ha . Five o f  the seven drift occurrences 

injured l es s  than 4 ha . In the other ca se , dicamba drift injured 

4 to 8 ha . 

Al l but two of  the dicamba dri ft incidents occurred before 

soybeans were in the bloom stage . Only  one farmer thought tha t yield 

was reduc ed , and he estimated the yield reduction at l e s s  than 10 p·er­

cent . E i ther the dicamba concentra tion wa s not high enough to reduce 

yield--the soybea ns were in tolerant growth stages--or the farmers 

did  not notice yield reductions that occurred . 

The d icamba users having probl ems with drift  trea ted a n  average 

of  89 ha , which is  nea rly twice as many hectares as the average  per 
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Ta bl e 23 . D istribution of dicamba use among users surveyed in 1 976 
in Cla y,  L incoln , Turner , a nd Un ion Counties of  South 
Da kota . 

Number of Dicamba Users 

Counties Hectares 
Trea ted Cla y ,  L inc oln , Turner , Uni on Tota l 

Less than 4 3 3 6 

4 - 10 1 1 1 3 

1 1  - 20 1 3 5 9 

21 - 40 2 3 4 8 17 

41 60 2 2 

61 80 3 1 4 

81 100 1 1 

101 1 20 1 3 4 

1 21 140 l l 2 

141 1 60 0 

161  180 1 1 

More than 180 1 1 

50 



Tabl e 24 . Ca ses of drift injury on soybea ns reported in 1 976 when 159 fa rmers were surveyed 
in Cla y,  Lincol n ,  Turner , and Union Counties of South Da kota . 

Ca se 
Number 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
1 1  
12  
13 
14 

15 

16 
17 
18 

Individua l 
Respons ible 

owner 
owner 
owner 
owner 
owner 
owner 

commercia l 
appl icator 

neighbor 
neighbor 
ne ighbor 

owner 
owner 
owner 

county 
appl icator 
county 
appl icator 
uncerta in · 

neighbor 
uncerta in 

Chemical  
Involved 

d icamba 
dicamba 
dicamba 
d icamba 
d icamba 
dicarnba 

d icamba 
d icamba 
dicamba 
dicamba 

2 ,4-D 
2 ,4-D 

picl oram 

uncerta in 

uncerta in 
uncerta in 
uncerta in 
uncerta in 

Hectares 
Injureda 

4-8 
less tha n 4 .0 
less tha n 4 . 0  
less than 4 . 0  
less than 4 .0 
less than 4. 0  

8-12 
l ess than 4 .0  
less  than 4 .0 
less than 4 .0  
less  than 4 .0 
l ess than 0 . 5  
less than 0 . 5  

less than 0 . 5 

less than 4 .0 
less than 1 . 0 
less than 1 . 5 
less than 4 .0 

Growth Stage 
Injured 

bloom 
25 cm to before bl oom 
25 cm to before bl oom 
25 cm to before bl oom 
25 cm to before bloom 
emergence to 24 cm 

bl oom 
emergence to 24 cm 

p 
emergence to 24 cm 
25 cm to before bl oom 
25 cm to before bl oom 
emergence to 24 cm 

bloom 

emergence to 24 cm 

25 cm to before bl oom 
25 cm to before bl oom 
emergence to 24 cm 
25 cm to before bloom 

Yield 
Reduction 

none 
none 
none 
none 
none 
none 

less tha n 
10 % 
none 
none 

uncerta in 
none 

uncerta in 
10 - 1 9  % 

uncerta in 

10 - 19 % 
none 
80 % 
none 

aThe farmers were not asked to spec ify the hectares injured if less than 4 .0 ha . If  they did ,  
the response i s  ind ica ted . 

(JI 
(JI 



user . S ix of the ca ses involving drift occurred when fa rmers were 

trea ting corn , and the other incident occurred when a fa rmer spra yed 

a fence l ine with a high ra te of  dicamba . Earl ier , he had trea ted 

80 _ ha of corn without problems . No drift inc idents occurred from 

d icamba a ppl ica tion to sma l l  gra in because these a ppl ica tions are 

made before soybea ns are susceptible to drift injury . 
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A l l  of the d icarnba users who experienced dri f t  injury had used 

dicamba a t  l ea st once be fore 1976 .  Three of thes e  users did not know 

the cause of dri ft . Three others blamed windy conditions . One 

a ppl ica tor sa id tha t vapor dri ft ca used the injury . 

Three soybea n growers reported d icamba dr ift injury from 

appl ica tions ma de by neighbors (Table 24 , ca ses  8 to 1 0 ) . In ea ch  

cas e ,  l es s  than 4 ha  of  soybea n s  showed injury symptoms . A lthough 

one fanner wa s uncerta in , none of the farmers ind ica ted tha t  the 

yield was reduced . 

Bes ides the_ dri ft ca ses known to be caused by d icamba , eight 

s oybean growers reported other drift injury c a ses  (Tabl e 24 , ca ses 

1 1 -18 ) . None of these cases involved more than 4 ha o f  s oybeans  

a nd the estima tes o f  yi eld reduc tion ra nged from · none to  80 percent . 

The herbic ides caus ing injury were 2 ,4-D in two ca ses a nd 

picloram in one ca s e . In the other five cases the growers  d id not 

know wha t chemica l caused the injury ,  but they were sure tha t the 

inj ury was caused by herbicide drift . 
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D icamba ca n probably be ru led out a s  the cause of injury in two 

of the cases involving an unknown herbic ide . Dr ift injury was caused 

by c ounty roads ide spra yers in these ca ses (Ta bl e 24 , cases 14 and 15 ) . · 

Di camba proba bly would not have been used because of the da nger of 

dri ft and the higher cost  of  chemica l  as  compared to 2 , 4 -D .  

I n  1 97 6 ,  d icamba drift inj ury did not a ppear to be a ma j or 

probl em . Although drift injury did oc cur on soybeans , the number of 

hectares a ffected wa s sma l l , and the effects on yield were s l ight to 

none . Most  of the d icamba drift occurred on the users ' own soybeans . 

In 70 percent of the d icamba drift ca ses , injury occurred a fter s oy­

bea ns had reached the he ight of 25 cm . 

About the same amount of dicamba wil l  be used in 1 977 as  wa s 

used in 1 976 . Of a l l  the farmers surveyed , 41 indica ted they wil l  use 

dicamba in 1 977 (Table 25 ) . Another 35 farmers were undec ided . Three 

o f  the farmers pla nning to use dicamba wil l  be f irst t ime users . -one 

of the fa rmers who used dicamba in 1 976 plans not to use  d icamba in 

1977 , but 13  users were undec ided about us ing d icamba in 1 977 . 

The 41 farmers who wi l l  be us ing dicamba in 1 977 ind ica ted tha t  

they wil l treat 2 , 1 83 ha (Table 26) . This is  a n  average  o f  5 3  ha per 

fa rmer--sl ightly higher tha n the 1976 average of 49 ha . 

The ma in fa ctors influenc ing dicamba use in the survey area are 

the need for Canada thistle control and the risk of d icamba drift .  

Apparently, the fa rmer with a n  extensive Ca nada thistl e problem was 

more wil l ing to risk drift injury than one with a l esser problem .  The 
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Tabl e 25 . Fa rmer s surve yed i n  1 97 6  in C l a y ,  L in c o l n , Tur ner , a nd 
Uni o n  Cou n t i es o f  South Da kota who p l a n  t o  u s e  d i camba , 
do n ot p l a n  to use d i camba , or a re u nd e c i d ed a bout 
d i c amba u s e  in 1 977 . 

Count i e s  
T o ta l  

Cla y ,  L i n c o l n ,  Tur ner , Un i o n  ( Number ) (o'} /0 

Wi l l  use d i camba 6 1 7  9 9 41 26 

Wi l l  not use d i camba 1 7  20 30 1 6  83 52 

Undec ided 3 9 1 5  8 35 22 

Ta bl e 26 . He c ta re s  of c orn , sma l l  gra in , a nd pa s tu re t o  be trea ted 
w i th d i c amba i n  1 977 by the fa rmers surveyed in C l a y ,  
L in co l n , Turner , a nd Un i on Cou n t i e s  who pla n t o  u s e  d i camba . 

Count i e s  
Tota l 

Cr o p  Cla y ,  L inco l n , Turner , Un i on ( ha ) 

C orn 245 l , 002 238 292 1 , 777 

Sma l l  gra in 263 0 28 22 3 1 3  

Pa s ture 28 36 1 0  1 9  93 

2 , 183 
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farmers u sing d icamba in pa st  years who d id not have s evere thistl e 

problems may have qu it us ing it . This is  ind ica ted by the d i fference 

between the number of farmers who have used d i camba in the pa st a nd 

those who used i t  in 1 976 (Table 22) . 

The sma l l  d i f ference between 1 976 use and the use  pla nned for 

1977 is an ind ica tion tha t farmers presentl y usi ng dicamba feel that 

the benef its of use outwe igh the ri sks of drift . Thi s  was true even 

among the d icamba users who had drift injury . None of them sa id tha t 

they wi l l  not us e d icamba in 1 977 , a l though two were undec ided . 

Since  most of  the d icamba users are experienced , the drift  

inc idents should c ontinue to be  minor . Although they were not a sked 

d irectly,  it wa s apparent by their comments that many u sers were 

pra cticing precautions recommended for dicamba u se . 
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SUMMARY AND CONCLUSIONS 

Growth Stage Experiment 

Soybea ns are  most sensitive to dicamba at the early bloom 

growth stage . The greatest yield a nd height reductions occurred from 

trea tments a t  thi s stage . Height wa s reduced by d i camba injury a t  a l l  

stages , with the e_xcepti on of  very early a nd very late growth stages . 

However , yield wa s reduced by dicamba inj ury oc curr ing a t  the bl oom 

a nd early pod s tages . 

Seed test  we ight was increased by high rates of d icamba . The 

1 ,000 -seed we ight wa s increased by dicamba inj ury occurr i ng a t  m id­

bl oom a nd late pod . D icamba injury a t  podfill  reduced germination and 

emergence . 

Va riety Experiment 

A l l  dicamba trea tments to the 13 soybea n va r ieties c� u sed visual 

inj ury symptoms . Y ield  wa s reduced by dicamba a ppl icat i on to a ll 

var ieties except ' SRF-200 ' , ' We l l s ' ,  a nd ' Woodworth ' . 

Res idue Ana lysis  Experiment 

D icamba res idue could be detected in soybean fol ia ge 7 da ys 

but not 18 days a fter appl ica tion . The amount of dicamba detec ted 

a fter a ppl ication depended on the amount a ppl ied and on the sampl ing 

da te .  
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D icamba Use Survey 

Thirty-one percent of the fanners surveyed u sed d icamba in 

1 976 . They treated a tota l of  2 , 431 ha . Most users had used dicamba 

in previous years . Dicamba wa s a ppl ied ma inly by farmers . Dri ft 

inc idents a ppeared to be minor . In most ca ses ·there wa s no est ima te of 

yield reduction . About the same amount of d icamba i s  expected to be 

u sed in 1 977 . 
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