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Bioassay techniques and procedures for the determination of photosynthetic inhibitors in situ,

in vivo, and in vitro are reviewed.

Examples of bioassays for herbicide development and research are given.

Bioassay techniques used in herbicide investiga-
tions are based on the response of a living organism
to different concentrations of a chemical.

Bioassays for determination of herbicides in soils
and water can be classified in different ways:

1. Location: Greenhouse-, growth chamber-, and
laboratory tests.

2. Medium: Treatment in substrate-free medium

(Hydroculture with nutrient solution or soil
water extract).
Treatment in sorption-free medium (Hydroponic
culture in vermiculite, perlite, cellulose, agar-
agar, quartz-sand or other supports). Treatment
in sorptive medium (soils with surface treatment,
uniform incorporation, or treatment of layers
with a herbicide).

3. Time consumption: Short-time-bioassays (min-
utes — some days) with algae, chloroplasts, mito-
chondria, plant tissues, leaf discs, CO,- or O,-
measurement. Long-time-bioassays (growth tests
during 3 — 30 days) with whole plants.

Dose-response relation of bioassays depends
strongly on the age and stage of development of the
indicator plant and on growth conditions (environ-
ment). Results are estimated visually (symptoms
like necrosis, chlorosis, epinasty and deformations)
or by objective measurements expressed direct or as
percentage of the control plant by the ED;- (median
effective dose), GR;,- (median growth reduction),
EC;y- (median effective concentration) or IDj,-
value (median inhibition dose). For quantifying the
results appropiate controls and standards must be
included in each experiment.

Reprint requests to Dr. Wilfried Pestemer.
0341-0382 /79 / 1100-0964 §$ 01.00/0.

For photosynthetic inhibitors (ureas, diazines,
triazines, triazinones, uracils, some amides and car-
bamates and dipyridylium salts) many methods are
outlined:

A lot of short-time-bioassays based on the effect
of herbicides on the oxygen development produced
by photosynthesis in Chlorella sp. [1] and estima-
tion of this oxygen by the bioluminescense system
of pholobacteria [2], a biological oxygen monitor
[3] or by Warburg apparatus [4]. The growth
reduction of microalgae in nutrient solution [5, 6]
or on agar-plates [7] and the creeping movement
of blue algae [8] are described as rapid and in-
expensive methods for determining the inhibitory
effect of herbicides. The chlorophyll production of
Chlorella pyrenoidosa [9] and the measurement of
culture turbidity or extractable pigments [10, 11]
are usable methods. Further on different Lemna sp.
are very susceptible to photosynthetic inhibitors.
Evaluation is based on the number of individual
plants, their fresh or dry matter [12, 13], their
bleaching effect [14] and their nitrate reductase
activity and chlorophyll content [15]. Other short-
time-bioassays are based on tissue culture systems
[16, 17], the inhibition of chlorophyll formation
in etiolated and excised tissues [18], the different
accumulation of leaf tissue starch [19], the light
nitrite reduction of cucumber leaf discs [20] and
on the observation that leaf discs floated on liquid
medium sink in a few hours if photosynthesis was
inhibited [21].

Long-time-bioassays with whole plants (so-called
growth tests) are probably the most commonly used
ones in herbicide research. The response of the test
plant is closely related to that of a crop or weed in
the field. There are numerous plant species used for
bioassays and referred in some compilations [22 —
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25]. Photosynthetic inhibitors do not affect germina-
tion or seedling growth during the first 3 —8 days
after sowing, retardation of growth occurs only
after food reserves in the endosperm were consumed.
Therefore the content of food reserve can be deter-
mined in a dark germination test and substracted
from all yield results to give the matter yield under
herbicide stress [24]. Another technique is to use
pregrown selected uniform plants in a system in-
volving nutrient solution or soil [26]. Bioassays
are suitable for estimating the biological activity of
herbicides. Chemical and physical procedures are
only used to identify substances. Comparative
studies of instrumental and bioassay methods are
listed by Hurle [22]. They showed in some cases
satisfactory agreement, but residues determined

[1] Y. T. Tchan, J. E. Roseby, and G. R. Funnell, Soil
Biol. Biochem. 7, 39—44 (1975).

[2] Y. T. Tchan and C. M. Chou, Acta Phytopath. Acad.
Scient. Hung. 12, 3—11 (1977).

[3] R. R. Schmidt, Med. Fac. Landbouw. Rijksuniv. Gent,
41/2, 1229—1242 (1976).

[4] W. Blass and G. Voss, Schriftenr. des Vereins f.
Wasser-, Boden- und Lufthygiene 37, 21 —30 (1972).

[5] S. J. L. Wright, Some methods for Microbiological
Assay, pp. 257—269 (R. G. Board and D. W. Love-
lock, eds.), Academic Press, London, New York and
San Francisco 1975.

[6] V. M. Thomas, L. J. Buckley, J. D. Sullivan, and
M. Ikawa, Weed Sc. 21, 449—451 (1973).

[7]1 S. J. L. Wright, Bull. Env. Cont. Toxic. 14, 65—70
(1975).

[8] G. Benecke, Z. f. Wasser- u. Abwasser-Forschung 10,
195—197 (1977).

[9] B. A. Kratky and G. F. Warren, Weed Sc. 19, 658 —
661 (1971).

[10] J. S. Wells and W. E. Chappell, Proc. 19th N East
Weed Cont. Conf., 449—450 (1965).

[11] C. A. Atkins and Y. T. Tchan, Plant and Soil 27,
432—442 (1967).

[12] B. Zawadski, Proc. 19th Int. Hort. Congress, Warsaw,
240 (1974).

[13] M. Damanakis, Weed Res. 10, 77—80 (1970).

[14] H. H. Funderburk and J. M. Lawrence, Nature 199,
1011—1012 (1963).

[15] M. Decleire, W. de Cat, and R. Bastin, Z. Pflanzen-
physiol. 77, 315—322 (1976).

965

chemically were sometimes higher or lower. Various
factors could explain this anomalous results [27].
The bioassays described above have been used to
investigate many scientific and practical aspects of
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ture and temperature. The results of these investiga-
tions give a good survey of phytotoxicity, plant
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form the basis for their responsible use in practise.
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