
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/322924221

Herbicide bioassays

Presentation · February 2018

DOI: 10.13140/RG.2.2.10812.95361

CITATIONS

0
READS

596

2 authors:

Some of the authors of this publication are also working on these related projects:

Economics View project

Integrated farming System Research View project

Harsha Kn

Indian Cardamom Research Institute

20 PUBLICATIONS   70 CITATIONS   

SEE PROFILE

Surinder Singh Rana

CSK HPKV Palampur

627 PUBLICATIONS   1,597 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Surinder Singh Rana on 04 February 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/322924221_Herbicide_bioassays?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/322924221_Herbicide_bioassays?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Economics-71?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Integrated-farming-System-Research?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Harsha-Kn-2?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Harsha-Kn-2?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Indian_Cardamom_Research_Institute?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Harsha-Kn-2?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Surinder-Rana?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Surinder-Rana?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/CSK_HPKV_Palampur?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Surinder-Rana?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Surinder-Rana?enrichId=rgreq-29289ff3d5dadab37cf2da711cc00911-XXX&enrichSource=Y292ZXJQYWdlOzMyMjkyNDIyMTtBUzo1OTAxNDQyMDk5NjA5NjZAMTUxNzcxMjc1Mjc1Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Herbicide Bioassays 

Harsha KN and Surinder Singh Rana
Department of Agronomy, 

CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur 176062, HP, India
Email: ranass_dee@yahoo.com

DOI: 

2018



Plant bioassay: 
• Bioassays are experiments that use living things

to test the toxicity of chemicals.
• A simple, inexpensive, accurate and direct

method of determining if it is safe to grow
crops on farmland previously treated with
known herbicides or on cropland with an
unknown history of herbicide use.

• A bioassay can detect if herbicide or chemical
residues are present in the soil at
concentrations high enough to adversely
affect crop growth, yield and quality.



Bioassays should be conducted:
Øwhen newly seeded or established plants exhibit abnormal

growth / injury
Øwhen seeding or planting on areas previously treated with

herbicides known to be residual, such as imazethapyr
Øwhen using abandoned farmland, which may contain

herbicide residues such as picloram or triazines
Øwhen using non-cropland, such as railways, roadsides,

storage areas, and industrial sites that may contain
residues of chlorsulfuron and picloram
Øwhen purchasing livestock manure or topsoil of unknown

origin



Front row: Bromacil contaminated soil
Back row: Check soil
The photograph was taken 20 days after seeding



Advantages

• major tool for qualitative and quantitative 
determination of herbicides

• phototoxic activity of the herbicide molecule 
is being measured

• not generally necessary to extract the 
herbicides from the substrate

• more economical, less difficult to perform and 
do not require as much expensive equipments 
as in chemical analytical methods



Plant bioassay 
procedure
Selecting bioassay species

The accuracy of a bioassay 
depends on two factors:

1. Sampling technique
2. Depth and area of soil sampled

For best results, the test must be 
conducted about one month before 
seeding time.



Test species for various groups of herbicides



Seeding and growing bioassay species
i. To minimize variables in plant growth, make three to four 10 or 15 cm pots for each soil

sample.
ii. Assay pots should contain no drainage holes at the bottom to prevent the leaching of

chemicals.
iii. Seed 10 to 15 seeds of specifically sensitive bioassay species in the pot (clean &

contaminated Soil samples).

iv. A laboratory control, made up of sterilized herbicide-free potting soil, is usually added as
a further check.

v. Make the soil to be bio assayed wet by adding water close to field capacity. Only one
plant species is seeded per pot. Label the pot.

vi. Place the pots in a greenhouse with day/night temperatures of 22/18°C and a
photoperiod of 16hr day/8hr night.

vii. Let the plants grow for at least three weeks and continue to observe them regularly.
Water as required, taking extreme caution to avoid over-watering.



Assessment Parameter

• Germination tests
• Assessment of plants
• Physiological and Morphological Effects
• Symptoms



A) Germination Tests:

v Many herbicides strongly inhibit the germination of sensitive species but few
tests have been based simply on germination numbers.

v 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.

v Typically, the root or shoot elongation is observed after a period of 24 – 96
hours.

v Cucumber, sorghum and oat are the main species used in germination tests
but they are not sensitive to photosynthetic inhibitors (Kratky and Warren
1971).0



B) Assessment of Plants:
Determination of dry weight is most common assessment used in bioassay.

I. Generally, the tops only are weighed since the separation of roots from soil 
is laborious.

II. Observation based on fresh weight and dry weights generally give good 
estimations.

III. For many photosynthesis inhibitors shoot growth is reduced before the 
appearance of the injury symptoms. 

IV. Measurement of plant height or leaf length provides an assessment of 
herbicidal activity which may replace weighing.

V. While leaf length is easily measured on monocots, other measurement may 
be considered on the other species. 



C) Physiological and Morphological Effects:

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 of 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.



Evaluating plant growth and injury

• To accurately diagnose herbicide injury, you need to be able to recognize
herbicide-related symptoms .

• Depending on the type and/or concentration of residues, injury symptoms
usually appear within 10 to 20 days after plant emergence.

• Examine the plants of each species for stunting of growth, yellowing or
discoloration of leaves or stems, abnormal leaf and stem growth, and root
swelling or stunting.

• The plants may be photographed two to three weeks after emergence.

• The approximate concentration of herbicide residues in a soil is estimated by
comparing the test plants with existing standard dose-response bioassays.



A soil bioassay conducted with tomato showing 
imazethapyr dose-response
1 ppb (parts per billion) = 1μg/litre (IX rate of imazethapyr = 50 g /ha = 42 
ppb).
Plants photographed 20 days after emergence



A soil bioassay conducted with faba bean showing 
picloram dose-response in ppb



A soil bioassay conducted with tame oat showing 
imazethapyr dose response
Plants photographed 20 days after emergence



A soil bioassay conducted with green foxtail showing 
trifluralin dose response
1 ppm (parts per million) = 1 mg/litre









Application of bioassays

A) Soil Effects
B) Dissipation from Soil Surface
C) Movement in Soil
D) Degradation and Persistence
E) Residual Effect



Recommendations
When residues of any herbicide or herbicide group are detected
(confirmed) in a submitted soil sample, growers can follow these
guidelines:
Ø Leave the soil fallow for one or more growing seasons, depending on the

level of residues, before planting sensitive crops.
Ø Plant a crop species that is tolerant of the detected herbicide residue.

incorporate activated carbon into the soil to a depth of 15 cm (6 inches)
if for a small area or on a horticultural crop.

Ø Conduct a bioassay before planting high-priced, sensitive crops such as
potatoes or genetically modified (GM) canola, particularly if you
suspect herbicide residue.

Ø Consult with an agricultural crop specialist if herbicide residue is a
concern.

Ø Remember, if you incorporate a soil-applied herbicide and end up with
a crop failure in a given year, you can only fallow the land, or time
permitting, replant with the same or similar crop.
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