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Summary
The value of bioassays largely depends on the applicability of the techniques
used. Factors such as specie, cultivar and seed size of test plant, temperature
regime, pot size, plant population and period between planting and harvesting
have an important effect on results. Similar results were obtained at light
intensities of 400 and 1000 mol m''s1. Fresh and dry mass of top growth and
leaf area were reliable parameters, while chlorophyll fluorescence values
were acceptable indicators of atrazine injury as early as 14 days after
planting. The presence and condition of weed plants may serve as indicators
of plant available atrazine residues in soil.
Introduction
Bioassays are regularly used to determine the feasibility of planting sensitive
crops in soil previously treated with atrazine. Plant available atrazine in soil
may vastly differ under different edaphic and environmental conditions (3) . A variety

of field, laboratory, foliar and substrate assay techniques has been described in
the literature. Extensive reviews have been written by Santelmann (4) and Horowitz

(2) . Appleby (1) identified a number of factors that may influence results obtained
with bioassays. As in the case of laboratory analyses, various quick bioassay methods

may have the limitation that atrazine available to a specific crop plant in a specific
soil may not be predicted accurately. As errors may be very costly, standardization
of bioassay techniques could be of great value to the crop industry. In this study,
some of the factors that may affect results obtained with conventional bioassays
were investigated.
General Procedure
A series of experiments were laid out according to the completely randomized design.

Unless specifically mentioned, five replications were used and similar techniques
were followed in all the experiments. The soil was a kaolinitic sandy soil (8% clay;
0.06% C; pH (water) 5.8) . The various atrazine rates (mg a.i. kg-1) were attained
by pre- mixing the appropriate volumes of diluted atrazine (500 g a.i. L-') with the
soil in each pot. One litre plastic pots with five plants per pot, were kept in
mechanically controlled greenhouses at 27/18' ( ±2)'C day /night, at 13 hour
daylength. Soil water was replenished to field capacity twice daily. At 27 days

after planting leaf area, fresh and dry mass of green top growth and plant height

were determined. Test plants and cultivars were: Arachis hypogaea L. cv Sellie;
Gossypium hirsutum L. cv K111; Glycine max (L.) Merrill cv Ibis, Helianthus annuus

L. cv PNR 7225; Fagopyrum esculent urn Moench cv SA Standard; Echinochloa fnirnentacea

(Roxb.) Link; Triticum aestivum L. cv Inia; Avena sativa L. cv Saia; Lolium
multiflorum Lam. cv Midmar; Amaranthus hybridus L.; Bidens bipinnata L.; Eleusine
indica (L.) Gaertn.and Tagetes minuta L.
Test plants
Separate experiments were conducted with nine crop plants. Summer crops were grown

at 30/20'C and winter crops at 22/18'C. Atrazine rates (mg kg') that caused a
statistically significant loss in top growth dry mass of more than 50 %, compared

to the controls, were: Fagopyrum and Triticum <0.025; Avena 0.025; Helianthus
0.025 0.05; Lolium, Echinochloa and Glycine 0.05 0.10; Gossypium and Arachis

0.10 - 0.25.
In another experiment some crop and weed species were grown together at 27/18'C

in a mixed stand in 5 kg pots at nine atrazine rates, applied to the soil surface,
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at planting. The soil contained 12% clay, 0.04% C and the pH (water) was 6.0. Atrazine
rates (g a.i. ha -1) causing significant reductions in top growth mass of more than
50% were: Bidens 10; Amaranthus 20; Avena and Helianthus 100; Eleusine 200;
and Glycine and Tagetes 400.

According to the above results the relative order of sensitivity to atrazine thus,
was: Bidens > Amaranthus > Fagopyrum; Triticum > Avena > Helianthus > Eleusine >
Lolium; Echinochloa; Glycine > Tagetes > Gossypium; Arachis.

Cultivars and seed size
Relative tolerance to atrazine was investigated in 10 sunflower, 13 dry bean
(Phaseolus vulgaris L. and Ph. coccineus L.) and four groundnut cultivars. In
sunflower four showed reductions in top growth dry mass of more than 50% at 0.025
and six at 0.05 mg kg-1. Differences were small, which indicates relatively little
scope for utilizing cultivar tolerance in the practical farming situation.

Dry bean cultivars grown in nutrient solution showed significant top growth
reductions of >50% in six at 0.1 and in another six at 0.2 mg L -1. Large White Kidney
was not significantly lower than the control at 0.2 mg L -'. Similar results were
obtained in the field. A linear correlation (r = 0.98) was found between seed size
and atrazine sensitivity.

In groundnuts, Selmanie showed slightly more tolerance than Harts, Sellie and
Norden. Within the cultivar Sellie significant reductions in top growth dry mass
of more than 50% occurred at 0.05; 0.10; and 0.25 mg kg-' atrazine for seed sizes
of 180 -270; 330 -470; and 530 -670 mg, respectively.

Temperature regime
The effect of temperature regime (30/20; 25/15; 15/15'C day /night with 13 hours
daylight) on atrazine tolerance was investigated for six crop plants. At the same
atrazine rates groundnuts, wheat and soybeans were more severely injured at the
higher temperature regime, while sunflowers, Japanese millet and buckwheat did not
exhibit significant differential tolerance at the three regimes.
Light intensity
Identical atrazine bioassays with oats cv. SWK 001 were simultaneously conducted
in the greenhouse and in growth cabinets at 27/17'C day /night at 13 hours daylight.
Light intensity in the growth cabinet was ± 400 mol m -2 s -1 and in the greenhouse,
at pot level on a sunny day at noon, ± 1000 mol m-2 s 1, which was ± 75 80% of daylight.
The interaction effect light intensity x atrazine rate was non significant for the
parameters leaf area, plant height and fresh and dry top growth mass.

Pot size
A wide range of atrazine rates was applied to soil samples of 200, 500, 1700 and
3600 g. Five plants were grown per pot. Separate experiments were conducted with
groundnuts, Japanese millet, soybeans and sunflower. In all the test crops a specific
degree of injury occurred at lower atrazine rates in the 1 700 and
3 000 g soil samples than in the smaller samples. This can be ascribed to the larger
amounts of plant available atrazine in the larger samples.

Plant Population
Oat plants were grown at populations of 5, 20 and 80 plants per pot in 1.5 kg of
soil. Seven rates of atrazine were applied. Atrazine rates at which a 50% reduction
in leaf area and dry top growth mass occurred, increased as the number of plants
per pot increased, ranging from 0.03 for five plants per pot to >0.10 mg a.i. kg-
' of soil for 80 plants per pot.

Period between planting and harvesting
Five crop plants per pot, grown at 29/22'C day /night, were harvested at 15, 20,
25, 30 and 35 days after planting. Significant reductions in top growth mass
manifested sooner at higher than at lower atrazine concentrations. At low
concentrations significant reductions in yield manifested at 20 days for wheat,
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25 days for sunflower and soybeans, 30 days for Japanese millet and 35 days for

groundnuts. Longer growing periods would obviously be required at lower temperature

regimes.

Parameters measured
Results from the above mentioned experiments have shownthat the order of sensitivity

and reliability of the various parameters to reflect atrazine injury was: dry mass/

fresh mass of live above- ground tissue leaf area > plant height. Visual injury

symptoms such as chlorosis and necrosis were indicators of atrazine injury in some

plants, but were unsatisfactory parameters for quantifying yield losses.

Chlorophyll fluorescence
Results of chlorophyll fluorescence assays on leaves of 14 dayold, directly-seeded,

oat plants showed that atrazine concentrations of 0.025 and 0.05 mg kg-'

in soil, which caused >50% reduction in dry mass, gave significantly higher

I : P values than the control. Similar results were obtained 72 hours after

transplanting 14 day old oat plants into atrazine treated soil, according to the

Stanford De Ment method (5).

Discussion and Conclusion
For the prediction of the effect of plant available atrazine residues in soil on

a follow -up crop, representative soil samples fromdifferent layers in the particular

field should be used in replicated bioassays, with the same species, cultivar and

seed size as the follow -up crop. Alternatively a smaller seed size or a more sensitive

cultivar or species may be used. A suitable soil sample per pot would be about 2

kg and the number of plants per pot should be the same, or less than the equivalent

population per plant row or unit area in the field. Temperature regime and daylength

should preferably be in the range expected for the beginning of the growing season

of the follow -up crop, with a tendency towards a higher regime. Greenhouses or growth

cabinets with a sufficient light source are suitable. A period of 3 to 5 weeks from

planting to harvesting should be allowed, depending on the test crop. Fresh mass

measurements would be satisfactory, while visual symptoms, such as chlorosis and

necrosis, could only serve as additional proof of severe injury. Chlorophyll

fluorescence measurements in the latter half of the suggested test period may be

of value in reaching a decision at an earlier stage.
From the above it is clear that bioassays conducted under controlled conditions

would be preferable to those conducted by the average farmer in a less acceptable

environment. Experimental stations should therefore, provide this service to

farmers. A practical method, that could assist in decision making, would be to be

on the look out for weeds which are more sensitive to atrazine than the crop to

be planted. The presence of healthy Amaranthus and /or Bidens plants in a field would

be an indication that most crops could be planted with safety, while the presence

of Tagetes would only be of value if more resistant crops such as groundnuts, cotton

or soybeans are to be planted. More research on the relative resistance of weed

and crop species should, however, be conducted.
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