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Table 1 

Soil s used for atrazine bioassay study. 

Soil textural class sand si It clay O. ~"1. CEC 

% (meq/100g) 

Sandy loam 77 11 12 0.6 7.8 

Loam 31 45 24 2.0 15.8 

Clay loam 24 36 40 2.2 30.5 

Treated soil was stored dry in covered glass jars until 

needed. Seven ounce styrofoam drinking cups, with holes 

in the bottom for drainage, were used as pots. After soil 
was added to the cups they were placed in a large tray in 

a randomized block design with five replicates and 
sub-irrigated until completely wet. Great Western Mono-Hy 

D-2 sugarbeet seeds were prepared for planting by wrapping 

them in paper towels and soaking them under cold, running 

water for about one hour. The seeds were then transferred 
to a dry paper towel and allowed to air-dry for about 15 

minutes. The partially dried seeds were treated with 

thiram (tetramethylthioramidisulfide) by shaking in a 

small plastic bag. Ten or more seeds were planted per 

cup, and the surface of each cup was then covered with 

styrofoam beads to reduce moisture loss. After emergence 

plants were thinned to five per cup. Earlier experiments 

had shown that length of the first true leaf (blade and 

petiole) was a reliable growth measurement to predjct 

atrazine presence. Sugarbeets were grown 18 days in Heldt 

and Ascalon soil, but it took 29 days to reach the same 

growth stage in Weld soil. At these times the length of 
the first true leaves for five plants per pot was measured. 

FIELD STUDIES 
To relate the effect of atrazine on sugarbeet growth in 
the greenhouse to that observed in the field, a two-year 

field experiment was performed. Corn wa~ planted on May 
15, 1975 in a randomized block with four replications. 
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Atrazine was a pplied preemergence four days later at rates 

of 2 . 0,1.0,0.5,0.25,0.125 and 0 lb ai/fJ. .. ,Ll,ll plots 

were hoed several times during the growing season to control 

annual and perennlal weeds. In October, the center two rows 

of corn were hand harvested from each plot. Fresh and dry 

welght s were recorded and y ield of corn silage was calcu­
lated i n ton s per acre. 

I n Apri l, 1976 , after plowing to about 10 inches, Mono-Hy 

0- 2 sugar beet s eeds were planted in the same plots. After 

eme rg en ce s uga r beets were thinned to one plant per foot of 

row . Spri nkl e r irri gation was used and hand weeding 

empl oye d as nece s sa ry in all plots to prevent excessive 

weed competition. Vi s ual injury ratings were made during 

the season. In October, the center two rows of sugarbeets 

in each plot were harvested. Roots were topped, washed, 

weighed, and two random samples of 15 roots were analyzed 

for purity and sucrose. 

CHEMICAL STUDIES 

To determine total residual concentrations of atrazine 

present in soil at the time sugarbeets were grown, soil 

samples were chemically analyzed. Soil samples from each 

plot were taken in May, 1975 soon after initial atrazine 

treatment. Samples were taken again at corn harvest 

(October, 1975), after sugarbeets were planted (April, 

1976) and following sugarbeet harvest (October, 1976). All 

samples were frozen for later extraction and analysis. 

Atrazine was e xtracted from soil by reflu x ing 50 g for one 

hr in 90 % acetonitrile/water (v/v). The e xtract was added 

to a separatory funnel and e xtracted with two 25 ml portions 

of methylene chloride, which were combined, dried, and 

transferred to an alumina column for clean up. After 

elution with benzene-ether (60:40) samples were brought 

to an appropriate volume in benzene for analysis. 

Atrazine was detected using an electron capture gas 
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chromatograph and a Dohrmann-Envirotech halogen specific 

microcoulometer. Analysis with electron capture showed 

that atrazine could be detected with a linear range of 

1-10 nanograms (Ng). However, even after sample clean up, 

many impurity peaks resulted, so only the microcou 'lometer 

was used. Operating conditions were: 

Injection port temperature 21 5° C 

Column 200 ° C 

Transfer section 280°C 

Combustion oven 800°C 

Outlet section 720°C 

Argon flow rate 40 ml/mltl 

Oxygen flow rate 100 ml/min 

A 30 cm long 2 mm 10 glass column was packed with 5% SE-3 0 

on 60/80 mesh gas-chrom Q. On low gain with a range o f 300 

ohms the linear range of detection was 10 to 100 Ng. 

Injection volumes from 2 to 10 ~l were used. 

RESULTS AND DISCUSSION 

BIOASSAY STUDIES 

An atrazine concentration of 0.2 ppmw or higher killed 

sugarbeets, while 0.1 ppmw atrazine seriously affected 

sugarbeet growth in all three soil types (Table 2). Data 

are expressed as percent of the untreated control rather 

than length of the first true leaf and represent the average 

of several experiments conducted in each soil type. Curves 

s how i n g per c e n tag e 0 f con t r 0 1 g row t h vs. a p p 1 i e d a t.r a z i n e 

concentration were drawn for each soil. From the regress~on 

equations obtained for these curves, the percentage decrease 

in sugarbeet growth for any applied atrazine concentration 

was calculated (Table 3). Although these data are lmpor­

tant, they have little practical value except as a general 

guideline, as they are based on the quantity of atrazine 

applied rather than on the amount which is available to 

affect sugarbeet growth. The relationship between the two 

has not been determined. Nevertheless, it is significant 

that growth was suppressed 50 % in all three soils at 
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Table 2 

Growth of sugarbeets in the greenhouse in three soils treated with 
atrazine. 

Atrazine concentration Growth as %of untreated control a 

in soil (ppmw) sandy loam loam clay loam 

0 100a 100a 100a 

0.0031 89b 56b 119a 

0.0063 83b 58b 92a 

0.0125 82b 55b 82b 

0.025 84b 20c 30c 

0.05 68c 16c lld 

0.1 17d 5d 2d 

0.2 0 0 0 

0.4 0 0 0 

0.6 0 0 0 

a Values in one column followed by the same letter are not 
significantly different at the 1% level of probability according 
to Duncan's multiple range test. 

Table 3 

Calculated concentration of atrazine required to decrease sugarbeet 
growth in greenhouse bioassay studies. 

Soil Growth suppression Atrazine 

(%) (ppmw) 

Sandy loam 10 .0050 

25 .0150 

50 .0590 

Loam 10 .0148 

25 .0184 

50 .0272 

Clay loam 10 .0063 

25 .0087 

50 .0163 
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atrazine concentrations of 0.059 ppmw or less and that 

there was a difference between soils. Fifty percent growth 

suppression occurred at 0.059, 0.0272 and 0.0163 ppmw in 
sandy loam, loam, and clay loam soil, respectively. This 

relationship is not surprising given the well documented 

adsorptive characteristics of soils with higher amounts of 

clay and organic matter which decrease herbicide effects. 

Reflective of greater variability and the lack of precision 

in measuring small amounts the same consistency between 

soils was not shown for 10 and 25% growth suppression. 

FIELD STUDIES 

Corn yields from each atrazine treatment and the untreated 

plots were not significantly different (Table 4). As 

determined by visual injury ratings, there was slight dam­

age to sugarbeets in plots treated with the lowest three 

rates of atrazine and extensive damage in plots treated 

with 1.0 and 2.0 lb ai/A. Atrazine applied at 1 or 2 

lb ai/A decreased sugarbeet yield but did not affect 

percent sucrose or purity. Root yields from plots treated 

with 0.25 and 0.5 lb ai/A were not different from the 

control while a slight and unexplained increase over the 

control weight was found for 0.125 lb ai/A atrazine. 

The two highest rates decreased yield more than 50 %. 

C H Ul1 U\ L STU DIES 

Chemical analysis is necessary to relate the amount of 

atrazine applied in the bioassay and in field plots. The 

data in Tables 2 and 3 show that extremely small quantities 

of atrazine greatly decrease growth of sugarbeets in 

bioassay studies. The two highest rates of applied atra­

zine reduced sugarbeet yield in the field (Table 4). 

The limit of chemical detection capability using the 

microcoulometer was 0.1 ppmw of atrazine present in soil. 

Lower levels of atrazine can be detected by extracting 

larger amounts of soil and by employing extraordinary 

analytical care. These measures were beyond the scope 

of the present study. Without extensive clean-up and 

analytical techniques beyond our capability, we could not 
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Table 4 

The affect of atrazine on corn yield and sugarbeet yield. 

Atrazine Corn silage yield Sugarbeets - 1976 
applied 1975 1975 Visual i nj ury Sucrose Purity Yieldb 

(lb ai/A) (T/A) (%) (%) (%) (T/A) 

0 3.4a 0 18 a 95. 8a 24.1 b 

0.125 3.2a 15 17 . 7a 95.4a 26.0a 

0.25 3.3a 8 18.1 a 95.8a 24.7ab 

0.5 3.6a 15 17. 8a 95.4a 23.8b 

1.0 3.3a 65 16.4a 93.9a 11 .3c 

2.0 3.7a 98 17.3a 95.1 a 10.3c 

a 0 = no lnJury, 100 = complete kill of sugarbeets. Average of 
visual ratings over several observation dates . 

b ~1eans followed by different letters are significantly different at 
the 5% level as determined by Duncan's multiple range test. 

detect atrazine levels at or below 0.05 ppmw or appro xi­

mately 10 Ng in 50 g of soil. Eberle and Gerber (2) 

chemically detected 0.04 ppm of ametryn, and biologically 

detected 0.2 ppm with tame oats and 0.02 ppm with Chlorella 

pyrenoidosa. Thus, their chemical sensitivity was about 

equal to ours but their bioassay species were not as 

sensitive. In sugarbeet bioassay studies the median con­

centration was 0.05 ppmw and four concentrations were lower. 

Thus, the minimum detectable concentration was 0.1 ppmw. 

No atrazine was dete c ted in these samples, but it was 

detected in soil treated with 0.1 to 0.6 ppmw. If the 

con centrations of atrazine applied in the field are con­

verted to ppm, with the assumption that initially applied 

atrazine was uniformly distributed throughout the top three 

in c hes of soil, one can calculate that ppm approximately 

equals lb ai / A. The three lowest concentrations applie d 

in the field should have been detectable with our analytical 

method but were not. Because the field was plowed in the 

fall of 1975, atrazine was distributed through the top 10 

in c hes of soil and further diluted. In addition, 50 % or 
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more of the atrazine applied in 1975 would have been de­

graded by the time the sugarbeet crop was planted in 1976, 

further reducing the likelihood of detecting the lowest 

concentrations (3). Thus, the three lowest concentrations 

could not be detected. 

We concluded from the greenhouse and field studies 

that sugarbeets are extremely sensitive to low residues 

of atrazine. Our results also indicate that the sugarbeet 

is a more sensitive analytical tool than the microcou1ometer 

for detecting low levels of atrazine but perhaps not for 

precise quantification. We were unable to develop a 

correlation between chemical and biological analyses 

because the sugarbeet plant was surprisingly more sensitive 

to low soil residues of atrazine than suspected and gas 

chromatographic analysis was not sensitive enouoh to detect 

atrazine levels that the sugarbeet could. Any amount of 

atrazine detected by chemical assay should alert a grower 

to the distinct possibility Of sugarbeet injury. 

SUMMARY 

A study was conducted to determine levels of residual 

atrazine in soil that injure succeeding crops of sugarbeets 

~nd to correlate the results of biological and chemical 

assays. Concentrations of 0.2 ppm or higher killed sugar­

beets while 0.1 ppmw seriously affected sugarbeet growth in 

three soil types. Sugarbeets are a more sensitive 

analytical tool than gas-liquid chromatography with 

detection by microcou1ometry. Because of this sensitivity 
to low soil residues of atrazine, correlation between 


biological and chemical assay was not possible. An y 


amount of atrazine detected by chemical assay should alert 


a grower to the distinct possibility of sU9arbeet injury. 
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