
www.vigyanvarta.com Vol-4, Issue-1 Yeranaidu et. al. (2023) 

 
 

January, 2023                                                                                                                       41 |P a g e  
 

        Vigyan Varta An International E-Magazine for Science Enthusiasts                                           E-ISSN: 2582-9467 

         Popular Article 

         

Evolution of Herbicide Phytotoxicity and 

Herbicide Persistence in Soil by Bioassay 

Method     

Y. Yernaidu1*, R.B. Ardeshna2, P. Sravani3, T. Sunil Kumar4 and K. Sriram5 

1,4 Ph.D Scholar, Department of Agronomy, Navsari Agricultural University, Navsari, Gujarat, 
2Associate professor, Department of NRM, Navsari Agricultural University, Navsari, Gujarat, 

3Ph.D Scholar, Department of Agronomy, Junagadh Agricultural University, Junagadh, Gujarat, 
5M.Sc. Scholar, Department of Agronomy, Central Agricultural University, Imphal, Manipur. 

Corresponding Author 
Y. Yeranaidu 

Email: yernaiduyalla@gmail.com 

 

 
Keywords 

  

Bioassay, Herbicide residues, Injury symptoms and Contaminated 

How to cite this article

 

 

 

 

Yerinaidu, Y., Ardeshna, R. B., Sravani, P., Kumar, T. S. and Sriram, K. 2023. Evolution of 

Herbicide Phytotoxicity and Herbicide Persistence in Soil by Bioassay Method.  

Vigyan Varta 4(1): 41- 44. 

. 

 

 

. 

. 

OPEN ACCESS 

ABSTRACT 
A bioassay is a technique for determining if herbicide (or other chemical) residues are 
present and bioavailable in soil or water at high enough concentrations to adversely affect 
plant growth. This is a simple, economical, and direct method to determine if it is safe to 
seed or plant into areas previously treated with herbicides or into soil with an unknown 
history of herbicide use. In its simplest form, a bioassay uses susceptible plants to identify if 
the herbicide is present in concentrations high enough to inhibit germination and alter plant 
growth. However, scientists sometimes use sensitive bioassay species to estimate herbicide 
concentrations in soil and water, and to identify unknown herbicide residues from exhibited 
injury symptoms. When newly seeded or established plants show seemingly unexplained 
symptoms of injury, stress, or decline. Also, when seeding or planting sensitive plant species 
into areas previously treated with residual herbicides. Topsoil from abandoned farm land 
can often contain herbicide residues that can injure many plants. Another too common 
occurrence is the presence of herbicide residues in compost (both commercial and 
municipal). Additionally, if you suspect that another product may have been contaminated 
with an herbicide, both the product and treated soil can be tested using a bioassay. 
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INTRODUCTION 

esidual or soil applied (i.e., pre-

emergence or post emergence) 

herbicides can provide many benefits 

to weed managers. In contrast to foliar-applied 

(post emergence) herbicides that only affect the 

weeds present at the time of the application, 

residual herbicides persist in the soil and have 

activity on weeds that germinate after the 

application. Depending on the chemistry of the 

specific herbicide, the rate applied, weed 

spectrum in the field, and environmental 

conditions, weed control may last for several 

weeks or months. When performance problems 

arise with residual herbicides, they usually take 

the form of either unexpectedly short or 

unexpectedly long residual activity. As 

illustrated in the line diagram below, our goal 

with residual herbicides is to apply a sufficient 

rate of the product to keep the concentration in 

soil above some threshold level (the yellow 

dashed line) during the growing season (the 

specific level varies among specific 

herbicide/weed/environment situations). 

Steps for conducting a Bioassay: 

Collect representative soil samples: 

a. Sample from areas suspected of having 

herbicide residues as well as areas which 

are known to be free of herbicides. You 

will use the herbicide-free soil for 

comparison. 

b. Take separate samples from high spots, 

low spots, and different soils. Also sample 

areas where sprayer overlap may have 

resulted in an over-application. 

c. Take soil cores. Remove the thatch (if 

present) and keep only the upper two 

inches of soil as most residual herbicides 

will be bound in this zone. On sandy soils 

sample to four inches. 

d. Take several samples from an area and 

combine them. You need enough soil to fill 

several pots in which you will grow the 

bioassay plants (I suggest 3- to 4-inch 

pots). 

e. For contaminated compost, collect 

samples from the centre of the pile and 

from the edges. Run separate bioassays on 

these samples.  

 Seed and grow for about three weeks 

a. Seed or transplant (tomato) the bioassay 

species in "clean" and "contaminated" soil. 

Place the pots in a greenhouse or on a 

sunny window sill and keep them watered 

(do not waterlog).  

b. Add a small amount of fertilizer to ensure 

plants will grow. Watch the plants for 

about three weeks (after germination) then 

evaluate plant growth. Plants need to be 

large enough to observe symptoms.  

c. Oats or ryegrass grown in "clean" soil 

should be about four inches tall when you 

evaluate the plants. Broadleaf indicator 

plants should have three to four true leaves 

(not counting the seed leaves). 

d. Examine the overall growth, leaves, and 

roots. Look for stunting, yellowing (or 

other discoloration), abnormal leaf or stem 

growth, and root swelling or stunting. 

Indicator Species: 

Various organisms can serve as an indicator for 

a given herbicide and conversely, many 

herbicides though belongs different chemical 

groups, can be tested by the same organism.  

Microorganisms also have been used in some 

bioassays (Hess, 1980).  The indicator species 

should be sensitive to minute amounts of the 

R 
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chemical and should respond by clear, easily 

observable and measurable symptoms.  

Herbicide bioassays are usually conducted with 

sensitive plant species referred as indicator / 

test species.  Cucumber, sorghum mustard 

soybean, oat and minor millets are some 

commonly used indicator plants in herbicide 

bioassays. 

Assessment Parameter: 

The response of indicator plants to herbicides 

can be evaluated in various ways. 

A) Germination Tests: 

Many herbicides strongly inhibit the 

germination of sensitive species but few tests 

have been based simply on germination 

numbers. Sublethal concentrations frequently 

produce an inhibition of radical of radical or 

shoot elongation which is dose related in a 

range sufficiently large to allow valid 

measurements.  Typically, the root or shoot 

elongation is observed after a period of 24 – 96 

hours.  Cucumber, sorghum and oat are the 

main species used in germination tests but they 

are not sensitive to photosynthetic inhibitors 

(Kratky and Warren 1971). 

B) Assessment of Plants: 

Determination of dry weight is most common 

assessment used in bioassay. Generally, the 

tops only are weighed since the separation of 

roots from soil is laborious. Observation based 

on fresh weight and dry weights generally give 

good estimations. For many photosynthesis 

inhibitors shoot growth is reduced before the 

appearance of the injury symptoms. 

Measurement of plant height or leaf length 

provide an assessment of herbicidal activity 

which may replace weighing. While leaf length 

is easily measured on monocots, other 

measurement may be considered on the other 

species. For instance, the petiole of the first 

trifoliate leaf of legumes gives dependable 

estimation. 

 

C) Physiological and Morphological Effects: 

The physiological, bio-chemical and structural 

modifications of plants induced by herbicides 

can be used for bioassay assessment. Reduction 

of photosynthetic activity by photosynthesis 

inhibitors has been measured or leaf discus (De 

Silva et al., 1976). Chlorosis may be evaluated 

by determining chlorophyll content through 

spectrophotometer (Horowitz 1970). Duffy 

(1972) estimation the decrease in viability of 

root tissue with a modified tetrazolium test. 

D) Symptoms: 

Symptoms which are typical of a certain group 

of herbicides or of a given compound can be 

used for qualitative assay and if the intensity of 

symptoms are dose related, it can also be used 

for quantitative determinations. Ex. Epinasty of 

cotton have been used to measure the effect of 

2, 4 – D. 

4. Application of Bioassay: 

Bioassay procedures have been used to 

investigate many practical aspects of herbicide 

behaviours in the environment.  The different 

methods and approaches in herbicide research 

based on bioassay are outlined below: 

A) Soil Effects: 

The effect of soil factors on herbicidal activity 

may be determined by bioassay and correlate 

phytotoxicity with relevant soil physical and 

chemical characteristics. 

B) Dissipation from Soil Surface: 

Bioassays have been used in experiments 

dealing with the process of dissipation from soil 

surface especially volatilization and 

photodecomposition. In volatility studies, a 

source at a sink for herbicide vapours may be 

set up in a closed container or treated soil may 

be exposed to an air flow.   
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C) Movement in Soil: 

Various bioassay methods have been developed 

for studying the movement of herbicides in soil.  

In field experiments soil samples may be taken 

from different depths and assayed.  In 

laboratory leaching studies using soil columns, 

various methods have been used to assess the 

movement of co pounds.  Nishimoto and 

Warren (1971) also developed bioassay 

techniques to examine upward and lateral 

movement of herbicides. 

D) Degradation and Persistence: 

Soil samples at different depths may be 

collected from the herbicide applied plots and 

assayed in the laboratory.  A similar procedure 

has been used to follow dissipation of 

herbicides in water (Hiltribran, 1962). 

E) Residual Effect: 

The residual effect of herbicides on succeeding 

crop can be assessed using bioassays. 

What to do if Herbicide Residues 

There are basically three options. 

Leave the soil fallow for one growing season 

before planting. Plant another species which is 

tolerant of the herbicide, such as selecting a 

different turfgrass species or installing a woody 

ground cover bed. Incorporate (rototill) 

activated carbon into the soil to a depth of four 

to six inches. The recommended amount to 

detoxify herbicide residues is 100 lb activated 

carbon per acre for every pound of herbicide 

active ingredient (AI) per acre suspected to be 

present. Be aware that activated carbon does not 

detoxify all herbicide residues. Therefore, it is 

advisable to determine if the activated carbon 

can effectively detoxify the herbicide residues.  

 

 

 

Mix 1⁄2 ounce (dry measure) of activated carbon 

in 1 quart of water. Add 1 fluid ounce of this to 

each 4-inch pot of soil. Dump the soil in a bag 

and mix well, then return the soil to the pot and 

run the bioassay. If the plants grow well, 

proceed with the application of activated carbon 

to the field. If the plants are still stunted, contact 

your local Cooperative Extension office for 

additional assistance.  

CONCLUSION: 

A bioassay is a simple, inexpensive, and 

accurate way to determine if herbicide residues 

are present at high enough concentrations to 

affect seedling emergence or plant growth. By 

conducting a bioassay on new top soil or in new 

seedlings previously treated with an herbicide, 

you may avoid wasted time and seed, thus 

saving you time and money in the long run. 
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