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Abstract
Biochar assists to reclaim the soil environment through absorbing the toxic compounds and its optimum
application has a significant role to detoxify the glyphosate residues from soil that improves soil properties.
Therefore, this study was carried out to detoxification of glyphosate soil residues by biochar amendments and to
finding the suitable biochar application rate in crops. In this study, successfully applied of glyphosate to the
upper 2-3cm of the top soil display the moderate toxicity for seedling growth but this negative effect has been
mitigated by 5% biochar application. In control, leaf chlorophyll content was higher and showed better
performance than biochar treatment. Among the all biochar treatments, Gly+ch10% indicates slightly higher
shoot fresh biomass than all biochar treatments but no significant difference found in shoot dry weight. In root
morphology, the biochar amendment and glyphosate treatment did not show significant difference in fine roots
production. For instance, optimum application of biochar influences to enlarge the total root length, which
has positive effect to uptake the mineral nutrient from the deeper part of soil. On the other hand, higher rate of
biochar application has negative impact on shoot and root growth. These findings are suggesting that biochar
amendments (5-10% v/v) can mitigate absorbs effects of herbicidal residues and there is no toxic effect of
glyphosate resides. For a successful introduction of biochar application in agriculture field acts as a huge amount
of carbon sink and increased crop production as well as positive effect to mitigate climate change.
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Introduction

Glyphosate phytotoxicity causing the impairment of

Glyphosate is a major water polluting herbicide and

overall vital metabolic processes, such as protein

biochar is being effectively used to remove Glyphosate

synthesis and photosynthesis (Bott, 2010a). It is

from soil residues. In long term application of high

rapidly translocated to stems, leaves, and roots of the

residues of glyphosate confirmed delayed degradation

entire plant and ultimately accumulating in young

and are harmful for the crop. Biochar can be used to

growing tissues furthermore meristematic regions of

remove or bind herbicide residues in soil at the time

the roots, shoots, rhizomes, tubers, stolons of plants

of seeding (Hossain et al., 2020). It effectively

(Bingham et at. 1997; Sprankle et al., 1975). It is

absorbing of phytotoxic glyphosate residues in soils is

reported that half-life times of glyphosate range

still debated but few studies recommended that the

varied from 1-197 days but in agricultural soil less

poisonous effects of glyphosate in the soil as well as

than 60 days (Giesy et al., 2000). Moreover,

crops (Dallegrave et al., 2003; Gasnier et al., 2009).

glyphosate adsorption is mainly depending on soil pH
and soil organic matter (SOM) buts it’s has a dual role

High residues of glyphosate confirmed delayed

in soil sorption capabilities (Gerritse et al., 1996;

degradation and these residues are harmful to the

Gimsing et al., 2007; Gimsing et al., 2004; Gimsing et

crops and soils environment (Neumann et al., 2012).

al., 2007a). Several investigations show soils can

Soil amendment of biochar is a promising technique

exhibit great variability in their ability to degrade

to bind pollutants makes them very suitable for

glyphosate (Franz, 1985; Mamy et al., 2005; Sørensen

remediation of agricultural soils (Beesley et al., 2011;

et al., 2006). Glyphosate herbicide might be

Kookana, 2010). Besides, glyphosate is a major water

occurring degradation and these residues are harmful

polluting herbicide and active charcoal is effectively

to the crop. As per recommendation, glyphosate is

used to delaying degradation and its harmful impact

applied pre-sowing and it must be degraded or bind

on the crop (Neumann et al., 2012). Conversely,

before seeding. As bio-charcoal is being used to

biochar has an effect on soil texture, structure,

remove herbicide, it can be used to remove or bind

porosity, density and particle size distribution.

herbicide residues in soil at the time of seeding. For

Additionally, biochar contains highly condensed

this reason, a hypothesis that biochar amendments

aromatic structures which resist decomposing in the

can minimize the glyphosate residual effect on plant

soil and could mitigate up to 12% of current

growth and carried out the research for detoxification

anthropogenic CO2 emissions (Lehmann, 2006;

of glyphosate soil residues by biochar amendments

Waiman et al., 2012; Woolf et al., 2010). Biochar

and to finding the suitable biochar application rate in

influences soil bulk density (Major et al., 2010),

crops. The main aim of this study was to assess the

changes soil pH, cation exchange capacity (CEC),

1) testing

electrical conductivity (EC) and nutrient levels

glyphosate

(Amonette et al., 2009; Gundale et al., 2007;

2) determination of optimum dose of biochar,

of

perspectives
residues

by

for

detoxification

biochar

of

amendments,

Lehmann et al., 2011; Liang et al., 2006). Macro and
microstructure of soil particles with biochar (Downie

Materials and methods

et al., 2009) effect reduce the concentration of soluble

Pot

compounds (Gundale et al., 2007) and also changes

measurements, allow the investigation of the plant

of chemical (Nguyen et al., 2010) and physical

under semi-controlled conditions without distracting

properties (Downie et al., 2009) of soil. Biochar

effect of heterogeneous environmental factors such as

application helps to enhance plant growth yield,

types of farming, soil biota, microorganism, and

reduce leaching of nutrients, increase the retention

microbial activities in the soil environment. The

capacity of fertilizer in soil (Xu et al., 2012) and have

experiment was carried out at open field condition on

a large surface area to reducing pollutant from soil

the 15th of March 2015. Wheat (Triticum aestivum)

environment (Beesley et al., 2011).

was used as a test plant. The soil was collected from

experiments,
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field
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Tahirpur Upazilla, Sunamganj district, Bangladesh

Data collection from the experiment

with fallow land. To get a homogeneously substrate,

Germination%

the soil was sieved by hand using a quadratic sieve of

germination, out of 10 seeds sown, was recorded for

45cm side length and a mesh diameter of 2mm.

each treatment, after 24-hour interval and percentage

Roundup Ultramax® formulation as active ingredient

were calculated using the following formula:

glyphosate was used for all the experiments.
Germination% =

Calculation:

Number

of

seeds

Number of seeds germinated
× 100
Number of seeds sown

Biochar was collected from Shibalaya Upazilla of
Manikganj District, Bangladesh. Glyphosate solution

SPAD value measurement

was applied directly to the soil and homogenously

SPAD value of wheat leaves was collected from each

mixed to the used soil volume. Depending on the aim

plant and measured to determine the nutrient status of

and approach of the experiment, a waiting time has

the plants. The chlorophyll meter SPAD-502 Plus was

been given for the glyphosate 24 hours before sowing

used to measure the SPAD value. The SPAD value was

of the wheat seeds. After waiting times 10 seeds of

taken from each youngest fully developed leaves and

wheat (Triticum aestivum cv.) were sown into each

finally got an average value of chlorophyll content.

pot at sowing depth of 2.5cm then fine sand was used
to cover the top layer of pot to reduce evaporation.

Fresh and Dry biomass of Shoot and Root: After
harvesting shoots were cut above the top soil level
and weighed the fresh biomass. The fresh shoots were

Experimental design and treatment
Completely

dried in oven at 40°C for 3 days and dry matter was

Randomized Design (CRD) with four treatments and

determined by weighting. In case of root biomass, the

four replications. Roundup Ultramax® was applied in

same method took place after carefully washing soil

soil with or without different doses of biochar in

and removal of all organic and biochar particles.

The

experiment

was

laid

out

in

different treatments. The soil was homogeneously
mixed and prepared a pot (400 g/pot). The treatment
was Soil Mixed with Roundup Ultramax® 6L/ha
(Gly); Roundup Ultramax® at 6L/ha dose with 5%
v/v Biochar (Gly + Biochar 5%); Roundup Ultramax®
at 6L/ha dose with 10% v/v Biochar (Gly + Biochar
10%) and Roundup Ultramax® at 6L/ha dose with
20% v/v Biochar (Gly + Biochar20%). From this
solution applied dose was 10mL-kg soil (Bott, 2010b).
After filling, pots were incubated for 24 hours before
sowing, and then 10 seed of winter wheat were sown
in each pot. After every 24 hours pots were watered

Root morphology: Before oven dry, roots were
preserved in 20% ethanol solution. The root system
was distributed on the scanner plate and scanned with
a scanner (Epson Perfection V700 Photo, Epson, USA)
of the image of each treatment. The image was
analyzed with WinRHIZO software to observe the root
morphology. Root length was measured considering
the diameter classes (0.0-0.2mm, 0.2-0.4mm, 0.40.6mm,0.6-0.8mm,0.8-1mm, 1-1.2mm and >1.2mm)
of the total root system. Total root length and total root
average diameter were also measured.

(soil moisture level 70%) and randomized, after 48

Statistics analysis

hours data were recorded and photos was taken.

Statistical analysis of variance was performed by

Plants were removed from the pots and washing out

using Sigma plot 12 statistics software package by

the root systems with water at the end of each

comparing means through one-way-ANOVA (Sigma

experiment. Finally, roots and shoots were separated

plot, Systat Software. Inc. U.S.A).

and took the fresh weight. Shoots were dried at

60oC

for 24 hours and weighed for shoot dry weight. Roots

Results

were preserved in 20% alcohol solution for further

Emergence% of seedlings

root morphology study then roots were also dried at

Seeds emerged after 4th days of seeding. The

60oC

treatments among different biochar content did not

for 24 hours and dry weight was taken.
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show any significant differences in emergence
percentage of seeds per unit of time. Gly+ch10%
treatment showed a better emergence rate than other
treatments. At first control, treatment showed lower
emergence percentage, but after 6th-day control,
gly+ch5% and gly+ch20% treatments showed the
similar result of emergence percentage of seeds.
Among

biochar

amendment

treatments,

slower

germination percentage was found for gly+ch5%
treatment at the beginning of emergence. After 7th
days all values reached above 90% at the end of
emergence, whereas the highest value was revealed
for gly+ch10% that was higher than 97% in
emergence (Fig.1).

Fig. 2. Soil Plant Analysis (SPAD) values showing
leaf chlorophyll content of winter wheat seeds (cv.
Isengrain) after 7th of seeding. Every data point show
average treatment values of 4 independent replicates.
Treatment letters were as followed: gly= soil with
glyphosate,

gly+ch5%=glyphosate

with

biochar

amendment of 5%, gly+ch10%= glyphosate with
biochar amendment of 10%, Gly+ch20%=glyphosate
with biochar amendment of 20%. Error bars
indicating standard error. Different letters above the
bar indicating significant differences (α = 0.05).
Fresh and dry biomass of Shoot
Fig. 1. Percentage of emerged wheat seeds among
different biochar amendment treatment per day after
seeding. Every data point show average treatment
values of 4 independent replicates. Treatment letters
were

as

followed:

Gly=soil

with

glyphosate,

gly+ch5%=glyphosate with biochar amendment of
5%, gly+ch10%=glyphosate with biochar amendment
of

10%,

gly+ch20%=glyphosate

with

biochar

amendment of 20%.
Fig. 3. Shoot developmental stage of winter wheat

Leaf chlorophyll content
SPAD value was taken 7th days after seeding and
different treatments showed different patterns of

(cv.Isengrain) seedling after 7days of emergence
compared with the glyphosate-treated control, shoot

chlorophyll content. Glyphosate treated control

fresh

showed significantly better performance compared

Gly+ch5% and Gly+ch10% biochar amendment

with an additional application of 5% biochar

treatment.

treatments. Glyphosate treated control performed

amendment treatment showed significant difference

higher SPAD value than all the other treatments.

with gly+ch20% treatments. In the comparison of

Among glyphosate with biochar treatment, Gly+ch5%

biochar treatments, biochar with addition 10%

treatment

treatment seemed to increase shoot fresh weight

was performed

poorly

compared to

gly+ch10% and gly+ch20% treatments respectively.

weight

was no

Gly+ch5%

significant difference at
and

Gly+ch10%

compared to all other biochar treatment.
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Fresh and dry biomass of root
Compared with the glyphosate-treated control, root
fresh weight was significantly increased in the variant
with additional application of 5% biochar. No
significant

differences

were

detectable

for

the

remaining treatments. Among biochar treatment,
Gly+ch5% performed better root fresh weight and
Gly+ch5% showed worse root weight than other
biochar treatment.
Fig. 4. Shoot fresh values of winter wheat of different
treatments 7th days after seeding. Every data point
show average treatment values of 4 independent
replicates. Treatment letters were as followed: Cont=
soil with glyphosate, gly+ch5%=glyphosate with
biochar amendment of 5%, gly+ch10%=glyphosate
with biochar amendment of 10%, gly+ ch20%
=glyphosate with biochar amendment of 20%. Error
bars indicating standard error. Different letters above
the bars indicating significant differences (α = 0.05).
Shoot dry weight showed a similar pattern to fresh

Fig. 6. Root fresh weight values of winter wheat of

weight, besides Gly+ch10% treatment was performed

different treatments 7th days after seeding. Every

slightly higher than all other treatments. Among

data point show average treatment values of 4

biochar amendment treatments, gly+ch5% was shown

independent replicates. Treatment letters were as

significant

followed:

differences

to

Gly+ch20%.

Whereas

Cont=

soil

with

glyphosate,

Gly+ch20% was performed lower production of shoot

gly+ch5%=glyphosate with biochar amendment of

fresh biomass than all other three treatments.

5%, gly+ch10%=glyphosate with biochar amendment
of

10%,

gly+ch20%=glyphosate

with

biochar

amendment of 20%. Error bars indicating standard
error. Different letters above the bars indicating
significant differences (α = 0.05).
In case of root dry weight, the difference among
different biochar amendment and without biochar
amendment

had

almost

disappeared.

Besides

Gly+ch5% treatment that had higher root dry weight
Fig. 5. Shoot dry weight values of winter wheat of

than other treatments. On the other hand, glyphosate

different treatments 7th days after seeding. Every

treated control without showed worse performance in

data point show average treatment values of 4

case of root dry weight than other treatments.

independent replicates. Treatment letters were as
followed:

Cont=

soil

with

glyphosate,

Root morphology

gly+ch5%=glyphosate with biochar amendment of

Root morphology of the experiment did not show any

5%, gly+ch10%=glyphosate with biochar amendment

significant difference among all treatment in the

of

biochar

diameter range 0.0 to 0.5 mm. Biochar treatments

amendment of 20%. Error bars indicating standard

did not perform mitigation effect in fine root

error. Different letters above the bars indicating

production

significant differences (α = 0.05).

treatments.

10%,

gly+ch20%=glyphosate

with
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However, biochar amendment treatment showed
better result in root length in comparison to
glyphosate control in coarse diameter class.

Fig. 9. Total root length of winter wheat of different
treatments 7th days after seeding. Every data point
show average treatment values of 4 independent
replicates. Treatment letters were as followed: Cont=
soil with glyphosate, gly+ch5%=glyphosate with
Fig. 7. Root dry weight values of winter wheat of

biochar amendment of 5%, gly+ch10%=glyphosate

different treatments 7th days after seeding. Every

with biochar amendment of 10%, gly+ch20%=

data point show average treatment values of 4

glyphosate with biochar amendment of 20%. Error

independent replicates. Treatment letters were as

bars indicating standard error. Different letters above

followed: Cont= soil with glyphosate, gly+ch5%

the bars indicating significant differences (α = 0.05).

=glyphosate

with

biochar

amendment

of

5%,

gly+ch10%=glyphosate with biochar amendment of
10%,

gly+ch20%=glyphosate

with

biochar

amendment of 20%. Error bars indicating standard
error. Different letters above the bars indicating
significant differences (α = 0.05).

Fig. 10. Root average diameter of wheat seedlings of
different treatments 7 days after seeding. Data show
average treatment

values

of

four

independent

replicates. Treatment letters were as followed: Cont =
soil with glyphosate, gly+ch5% = glyphosate with
biochar amendment of 5%, Gly+ch10% = glyphosate
with biochar amendment of 10%, Gly+ch20% =
Fig. 8. Root length of winter wheat seedlings (cv.
Isengrain) of different treatments 7th days after
seeding. Showing fig.: Cont= soil with glyphosate,
gly+ch5%=glyphosate with biochar amendment of
5%,

Gly+ch10%=

glyphosate

with

biochar

amendment of 10%, Gly+ch20%= glyphosate with
biochar amendment of 20%. Data show average
treatment values of four independent replicates. Error
bars indicating standard error.

glyphosate with biochar amendment of 20%. Error
bars indicating standard error.
Comparing with glyphosate control and Gly+ch20%,
total root length per plant was significantly increased
invariant with addition of biochar5%. The biochar
application had a positive effect on the root length
compared to

glyphosate

control

treatment.

In

addition, Gly+ch5% treatment performed higher in
root length among all the treatments.
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Similarly, the worse root length was observed in case

dry biomass stands in a close relationship with the

of the glyphosate control treatment. In comparison to

nutrient status of the plants. Shoot fresh weight

all other biochar treatments Gly+ch5% showed higher

showed a significant difference among Gly+ch5%,

in root length than all other biochar treatments.

Gly+10% and Gly+ch20% treatment however, in the

There was no significant difference found in case of

case of Gly+ch10% showed a slightly higher value of

root average diameter.

shoot fresh biomass than all the other biochar
treatments. On the other hand, Gly+ch20% treatment

Discussion
Biochar

is

was performed worse than all other treatments.
so

beneficial

organic

Probably the reason behind it was the higher rate of

contaminants, it is important to examine the

biochar application could suppress shoot and root

mechanism

per

growth (Solaiman et al., 2012). Shoot dry weight

recommendation glyphosate is applied pre-sowing

showed the similar result as like as shoot fresh

and it must be degraded or bind before seeding. The

weight. A significant difference was observed in the

treatments

content

case of root fresh weight. Gly+ch5% treatment

performed better in emergence percentage of seeds

showed significant differences in root fresh weight

per unit of time. Gly+ch10% treatment showed a

with control treatments and had higher biomass

better emergence rate than all other treatments.

production than other three treatments. The possible

Among different treatments, glyphosate control

explanation could be negative long term effects of

treatment showed lower emergence percentage which

glyphosate application reducing nutrient uptake and a

was according to the expectation that long term

mitigation effect by biochar are visible when

glyphosate application has a negative effect on both

comparing shoot and root weights of glyphosate

seed germination and plant growth by glyphosate

control and biochar amendment treatment. Root dry

(Neumann et al., 2012). Among biochar amendment

weight showed similar the result as compared to fresh

treatments, slower emergence percentage was found

weight (Fig7). Compared with the glyphosate-treated

for

of

control, total root length was significantly increased

emergence, whereas the highest value was revealed

in the variant with additional application of 5%

for gly+ch10% that was higher than 97% in

biochar. As mentioned before, biochar has a binding

emergence. Many studies revealed that addition of

capacity

biochar decreases the leaching of glyphosate(Jones et

retention to a great extent (Lehmann, 2006) and in

at. 2011). As it was that biochar can do amendment in

consequence could have led to enhanced root growth

soil with high residues of glyphosate. The relationship

of biochar treatments in comparison to glyphosate

between the biochar amendment and chlorophyll

control treatments. In this prospect, Gly+ch5%

content is not completely clear yet. Glyphosate

treatment performed higher in root length and on the

control

better

other hand the worse root length was observed in the

performance than variant with additional biochar 5%.

case of Glyphosate control treatment. These findings

Some studies showed that biochar can bind NO3- and

are suggesting that glyphosate mediated root damage

NH4+ (Clough & Condron, 2010). This could be a

can be mitigated by biochar amendment.

of

biochar

among

gly+ch5%

to

treatment

sorption.

different

treatment

adsorb

in

showed

As

biochar

the

beginning

significantly

for

herbicide

molecules

and

nutrient

possible explanation of leaf chlorophyll concentration
being lower in the biochar amendment treatment

Conclusion

than glyphosate control treatment. Among glyphosate

Biochar has been proved as an efficient sorbent of

with biochar amendment treatments, gly+ch10% and

various

gly+ch20% performed significantly similar than

compound. It offers an opportunity to bind binding

gly+ch5% on the sampling date. Gly+ch5% treatment

organic pollutants in the environment due to its high

performed significantly worse than gly+ch10% and

sorption

gly+ch20% treatments respectively. Shoot fresh and

decomposition.
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In this experiment, the treatments among different

Funding

biochar content were performed better in emergence
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relationship with the nutrient status of the plants. In

Authors' contributions
Conceptualization, M.A.S.J.; data curation, M.A.S.J.;
writing—original draft preparation, M.A.S.J, A.S,
S.R.S., M.A.R.; writing—review and editing, M.A.S.J.
and A.S, M.A.R; supervision, M.A.S.J.; data analysis
and

visualization,

S.R.S.,

M.A.R.;

project

the comparison of control, biochar treatment seemed

administration, A.S.; funding acquisition, All are

to increase shoot fresh weight compared to without

equally contributed. All authors revised, read, and

biochar treatment. The possible explanation could be

approved the final manuscript.

negative long term effects of glyphosate application
reducing nutrient uptake and a mitigation effect by

Acknowledgements

biochar is visible when comparing shoot and root

I would like to acknowledge the contributions of

weights

amendment

several of my researcher who conducted research and

treatments. Shoot dry weight showed significantly

co-authored articles with me on this topic over the

similar result as like as shoot fresh weight. Root dry

years. In particular, I would like to acknowledge

of

control

and

biochar

weight showed similar result as compared to fresh
weight. Root morphology results of the biochar
amendment treatments and glyphosate treatment did
not

show

significant

difference

in

fine

roots

production. These findings are suggesting that
biochar amendments (5-10% v/v) can mitigate

contributions by Ashutus Singha (Sylhet Agricultural
University) for technical assistance and Lab facilities
during the experiment.
References

absorbs effects of herbicidal residues and there is no

Amonette J, Joseph S. 2009. Characteristics of

toxic effect of glyphosate resides. For a successful

biochar: microchemical properties. Chapter 3. In:

introduction of biochar application in agriculture field

Lehmann J, Joseph S (eds) Biochar for environmental

acts as a huge amount of carbon sink and increased

management science and technology. Earthscan, London.

crop production as well as positive effect to mitigate
climate change.

Beesley L, Moreno-jiménez E, Gomez-eyles JL,
Harris E, Robinson B, Sizmur T. 2011. A review

Ethics approval and consent to participate

of biochars ’ potential role in the remediation ,

Not applicable.

revegetation and restoration of contaminated soils.
Environmental

Consent for publication

Pollution,

159(12),

3269-3282.

https://doi.org/10.1016/j.envpol.2011.07.023

Not applicable.
Availability of data and materials

Bingham S, Segura J, Foy C. 1980. Susceptibility of

The datasets generated and/or analyzed during the

several grasses to glyphosate. Weed Sci 28, 579-585.

current study are included in this study.
Bott
Competing interests

2010a.

Rhizosphere

processes

as

determinants for glyphosate damage of non-target

The authors declare that they have no competing
interests.

S.

plants. Dissertation, Institute for Plant Nutrition,
University of Hohenheim.

33 | Jiku et al.

J. Bio. & Env. Sci. 2020
Bott

S.

2010b.

as

Gimsing A, Borggaard O. 2007. Phosphate and

determinants for glyphosate damage of non-target

glyphosate adsorption by hematite and ferrihydrite

plants. Dissertation, Institute for Plant Nutrition,

and comparison with other variable-charge minerals

University of Hohenheim.

Clay Clay Miner 55, 108-114.

Clough TJ, Condron LM. 2010. Biochar and the

Gimsing A, Borggaard O, Jacobsen O, Aamand

nitrogen

J, Sørensen J. 2004. Chemical and microbiological

cycle:

Rhizosphere

processes

introduction.

Journal

of

Environmental Quality, 39(4), 1218-1223.

soil

characteristics

controlling

glyphosate

https:// doi. org/10.2134/jeq2010.0204

mineralisation in Danish surface soils. Applied Soil
Ecology, 27(233), 242.

Dallegrave E, Digiorgio F, Soares R. 2003. The
teratogenic potential of the herbicide glyphosate-

Gimsing A, Szilas C, Borggaard O. 2007. Sorption

Roundup in Wistar rats. Toxicology Letters, 142, 45-52.

of glyphosate and phosphate by variable charge tropical

https://doi.org/10.1016/S0378-4274(02)00483-6

soils from Tanzania, Geoderma 138, 127-132.

Downie A, Crosky A, Munroe P. 2009. Physical

Gundale MJ, Deluca TH. 2007. Charcoal effects

properties of biochar. In: Lehmann J, Joseph S.

on soil solution chemistry and growth of Koeleria

(Eds.), Biochar for Environmental Management:

macrantha in the ponderosa pine/Douglas- fir

Science and Technology.

ecosystem. Biology and Fertility of Soils 43, 303-311.
https://doi.org/10.1007/s00374-006-0106-5

Franz J, Mao M, Sikorski J. 1997. Glyphosate: A
Unique Global Herbicide. American Chemical Society,

Hossain MM, Singha A, Jiku AS, Sarker SA,

chapter 4.

Alam A, Sinha SR. 2020 Sustainable Management
Approach for Sucking Pests Control in Betel Leaf of

Franz JE. 1985. Discovery, development and

Bangladesh.

chemistry of glyphosate. In E. Grossbard and D.

https://doi.org/10.1186/s42269-020-00310-2

Atkinson

(eds.),

The

Herbicide

Bull

Natl

Res

Cent

44(1),

51.

Glyphosate,
Jones DL, Edwards-jones G, Murphy DV. 2011.

Butterworth and Co. Ltd, Toronto.

Soil Biology & Biochemistry Biochar mediated
Gasnier C, Dumont C, Benachour N, Clair E,

alterations in herbicide breakdown and leaching in

Chagnon M, Séralini G. 2009. Glyphosate-based

soil. Soil Biology and Biochemistry 43(4), 804-813.

herbicides are toxic and endocrine disruptors in

https://doi.org/10.1016/j.soilbio.2010.12.015

human cell lines. Toxicology 262, 184-191. https://
Kookana R. 2010. The role of biochar in modifying

doi.org/10.1016/j.tox.2009.06.006

the environmental fate, bioavailability, and efficacy of
Gerritse RG, Beltran J, Hernandez F. 1996.
Adsorption of atrazine, simazine, and glyphosate in

pesticides in soils: a review. Australian Journal of Soil
Research 48, 627-637.

soils of the Gnangara Mound. Western Australia.
Lehmann J. 2006. Bio Char sequestration in

Aust. J. Soil Res 34, 599-607.

terrestrial
Giesy JP, Dobson S, Solomon KR. 2000.
Ecotoxicological Risk Assessment for Roundup ®
Herbicide 35-120.

ecosystems

-

A

review.

Mitigation

Adaptation Strategy for Global Change 11, 403-427.
Retrieved

from

http://www.scopus.com/inward/

record.url?eid=2-s2.0-41049094980&partnerID =tZ
O tx3y1

34 | Jiku et al.

J. Bio. & Env. Sci. 2020
Lehmann J, Rillig MC, Thies J, Masiello C,

Solaiman ZM, Murphy DV, Abbott LK. 2012.

Hockaday WC, Crowley D. 2011. Biochar effects

Biochars influence seed germination and early growth

on soil biota – A review. Soil Biology and

of seedlings. Plant and Soil 353, 273-287.

Biochemistry 43(9), 1812-1836.

DOI: 10.1007/s11104-011-1031–4.

https://doi.org /10.1016 /j.soilbio.2011.04.022
Sørensen S, Schultz A, Jacobsen O, Aamand J.
Liang B, Lehmann J, Solomon D, Kinyangi J,

2006. Sorption, desorption and mineralisation of the

Grossman J, O’Neill B, Neves EG. 2006. Black

herbicides glyphosate and MCPA in samples from two

Carbon Increases Cation Exchange Capacity in Soils.

Danish soil and subsurface profiles. Environmental

Soil Science Society of America 70(5), 1719-1730.

Pollution 141, 184-194.

https://doi.org/10.2136/sssaj2005.0383
Sprankle P, Meggitt W, Penner D. 1975.
Major J, Rondon M, Molina D, Riha SJ,

Adsorption, action and translocation of glyphosate.

Lehmann J. 2010. Maize yield and nutrition during

Weed Science, 23, 235-240.

4 years after biochar application to a Colombian
savanna oxisol. Plant and Soil 333(1-2), 117-128.

Waiman CV, Avena MJ, Garrido M, Band BF,

https://doi.org/10.1007/s11104-010-0327-0

Zanini GP. 2012. Geoderma A simple and rapid
spectrophotometric method to quantify the herbicide

Mamy L, Barriuso E, Gabrielle B. 2005.

glyphosate in aqueous media . Application to

Environmental

adsorption

fate

of

herbicides

trifluralin,

isotherms

on

soils

and

goethite.

metazachlor, metamitron and sulcotrione compared

Geoderma 170, 154-158.

with that of glyphosate, a substitute broad spectrum

https://doi.org/10.1016 /j.geoderma.2011.11.027

herbicide for different glyphosate-resistant crops.
Pest Manag Sci 61, 905-916.

Woolf D, Amonette JE, Street-Perrott FA,
Lehmann J, Joseph S. 2010. Sustainable biochar

Neumann G, Afzal J, Römheld V. 2012. Neue

to

Erkenntnisse

von

Communications 1, 56. Retrieved from http://www.

für

nature.com/ncomms/journal/v1/n5/full/ncomms105

Winterweizen

zur
im

Nachbauproblematik
Direktsaatanbau.

Kulturpflanzenwissenschaften

(340h),

Institut

mitigate

global

climate

change.

Nature

Universität

Hohenheim. Präsentation in Powerpoint.

Xu G, Lv Y, Sun J, Shao H, Wei L. 2012. Recent
Advances in Biochar Applications in Agricultural

Nguyen

BT,

Lehmann

J,

Hockaday

WC,

Soils: Benefits and Environmental Implications.

Joseph S, Masiello CA. 2010. Temperature

Clean - Soil, Air, Water

Sensitivity of Black Carbon Decomposition and

https://doi.org/10.1002/clen.201100738

Oxidation. Environmental Science and Technology
44, 3324-3331.

35 | Jiku et al.

40(10), 1093-1098.

