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ABSTRACT

The phytotoxic effects of Justicia adhatoda L. were investigated on cauliflower, broccoli, tomato, foxtail
millet and barnyard grass. The experiments were carried out under laboratory and in pot experiments.
Six different aqueous methanol extract concentrations (control, 0.001, 0.003, 0.01, 0.03 and 0.1 g DW
equivalent mL* extract) were tested in the laboratory and six aqueous extract concentrations (control,
1.0, 2.0, 3.0, 4.0 and 5.0 g DW mL" extract equivalent) were evaluated in the pot experiment. Results

KEYWORDS

Phytotoxicity showed a reduction in germination and growth (shoot length, root length and biomass weight) at
Plant extracts higher extract concentration compared to control. The leaf extracts from J. adhatoda showed that the
Justicia adhatoda foxtail millet and barnyard grass are germinating below 50 % both in the laboratory condition and in

Sustainable crop production the pot experiment at their maximum concentration. When maximum extracts have been applied, we
have found less than 0.5 cm of shoot and root of foxtail millet and barnyard grass. Maximum dry
weight reduction was observed in foxtail millet and barnyard grass at the same concentration. The
findings show that J. adhatoda may have phytotoxic potential and thus contains phytotoxins.
Therefore, J. adhatoda can be used in sustainable crop production as a mulch or soil additive to

suppress weeds.

Allelopathy or phytotoxicity can be a secure
alternative approach in the agricultural ecosystem for
sustainable weed management. Many medicinal
plants have been acknowledged as phytotoxic plants.
Several researchers have studied the allelopathic or
phytotoxic nature of some plant species on a wide
range of plants and weeds. (4, 8-11). Therefore,
researchers are paying close attention to allelopathic
or phytotoxic behaviour of plants as an alternative
method for safe and ecological management of weeds
(11-13).

Introduction

The favourable or deleterious biochemical
relationship between plants and microorganisms is
known as phytotoxicity or allelopathy. It implies any
direct or indirect effect of one plant species on
another plant species or micro-organism by producing
secondary metabolites (1, 2).

The population of the world growing difficulties
to improve the crop productivity. Weeds are the key
obstacles to effective crop production. Globally, weeds
caused greater yield losses (about 34%) to pests (3, 4).
Farmers generally depend on synthetic herbicides for
managing weeds in their crop areas. Synthetic
herbicides often cause overwhelming adverse
environmental and human health impacts (5).

Although a myriad of pharmacological properties
of J. adhatoda L. has been investigated, but very little
information on phytotoxic potentialities has been
reported. The present attempt has been taken to
evaluate the phytotoxic potentiality of J. adhatoda
which will the possibility for selecting new candidates
for phytotoxic plants. The aim of the study was

Researchers are now involved in sustainable
biological alternative strategies to minimise the
environmental effect of synthetic agrochemicals (6, 7).

© Khan et al. (2021). This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited (https://creativecommons.org/licenses/by/4.0/).

To cite this article: Khan M S |, Kaium A, Sarkar B K, Begum R, Begum N, Islam M A, Chowdhury M T I, Habib M, Hakim M A. Potencies of Justicia adhatoda L. for its
possible phytotoxic activity. Plant Science Today. 2021;8(2):289-292. https://doi.org/10.14719/pst.2021.8.2.1044

Plant Science Today, published by Horizon e-Publishing Group, is covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, etc.
Full list at http://www.plantsciencetoday.online


https://creativecommons.org/licenses/by/4.0/
mailto:sirajsau@sau.edu.bd
https://doi.org/10.14719/pst.2021.8.2.1044
https://doi.org/10.14719/pst.2021.8.2.1044
http://www.plantsciencetoday.online/
https://doi.org/10.14719/pst.2021.8.2.1044
http://www.horizonepublishing.com/
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.2021.8.2.1044&domain=horizonepublishing.com

290 ['Z3 KHAN ET AL

therefore to evaluate the phytotoxic activity of J.
adhatoda.

Materials and Methods
PART-A

The study was performed in the laboratory and in pot
experiments in the Department of Agricultural
Chemistry of Sher-e-Bangla Agricultural University
(SAU), Bangladesh.

Condition of pot experiment

The temperature and relative humidity of the net
house were recorded during the study period in the
SAU weather station. The average minimum and
maximum temperatures were respectively 15.4 °C to
38.20 °C, and the average relative minimum and
maximum humidity were 30.30 and 80.20 %,
respectively.

PART-B
Collection of Plant samples and test species

Leaves of J. adhatoda were collected from Sher-e-
Bangla Agricultural University (SAU) Campus, Dhaka,
Bangladesh (23° 77" N latitude and 90° 33' E longitude)
during January 2017. The plant has been identified
by Professor Asim Kumar Bhadra, Director of
Landscape and Crop Conservation centre, Sher-e-
Bangla Agricultural University (NCBI: txid141317).
Five test species; three dicotyledonous: cauliflower
(Brassica oleracea), broccoli (Brassica oleracea var.
italica), tomato (Solanum lycopersicum) and two
monocotyledonous: foxtail millet (Setaria italica) and
barnyard grass (Echinochloa cruss-gali Beauv L.)
were used in this experiment. The seeds of
cauliflower, broccoli and tomato were collected from
Bangladesh Agricultural Research Institute (BARI),
Gazipur, Bangladesh whereas; foxtail millet and
barnyard grass were bought from the local farmer’s
field of Japan. Cauliflower, broccoli and tomato seeds
were chosen due to their known growth patterns and
weed species were considered due to their
detrimental effects on crops (4, 14-16).

PART-C
Extraction procedure

The leaves were washed with tap water, sun-dried
and dried in an oven for 3 days at 60 °C. The dried
leaves were powdered and held at 4 °C before
extraction in aerated polybag in the refrigerator. 50
gm powder leaves were extracted with 80% (v/v)
aqueous methanol for 72 hrs filtered through
Whatman 1 filter paper. The residue was re-extracted
for 24 hrs and purified again. The two filtrates were
then combined and evaporated at 40 °C in rotary
evaporator (HAHNVAPOR-HS-2005S, Korea). The
filtrates were filled with methanol and distilled water
and homogenised into 250 ml volumetric flasks by
manual shaking. The ready stock solution was held at
4 °C in the fridge until the final test concentration
was ready.

PART-D
Bioassay of Laboratory

An aliquot of leaves with final concentrations of the
ml* laboratory of 0.001, 0.003, 0.01, and 0.1 gm DW of
ml? extract dissolved in the 50 ml methanol and
added in a filter layer of 6.0 cm Petri dish. Methanol
extracts in filter paper were evaporated in the air-
flow and then applied 1.3 ml of 0.05 % (V/V) aqueous
solution (Tween 20) (polyoxyethylene sorbitan
monolaurate). Twenty seeds from each test species
were placed on filter paper in Petri plates. The
control consisted of filter paper moistened with
Tween 20 without leaf extracts. The Petri plate coated
with aluminium foil and polyethene paper, were put
in the growth chamber (RGX-250E, China) under 25 °C
for 96 hrs with light intensity of 2,500 lux. The seeds
that showed signs of emerging 1 mm radicle from the
seed coat are considered to be germinated (15, 16).
Germination of seeds was reported at 12 hr intervals
for 96 hr until the germinated seed were constant.
Showing short, dense and spiral hypocotyl seedlings
and sunken primary root was considered in
abnormally germinated seeds (14). During counting
these forms of irregular or dead seedlings were
removed. Germination percentage (%G) is measured
as the number of seeds germinated in total days as a
proportion of the number of seeds shown as a
percentage in each procedure (15). Each experiment
was replicated three times with the random design
pattern. After 48 hr incubation, shoot and root dry
weights of the seedlings were assessed. The growth
bioassay experiment was performed with minor
modifications with the similar pattern of our
previous study (4).

PART-E
Bioassay of pot experiment

Final assay concentrations of 1.0, 2.0, 3.0, 4.0 and
5.0 g DW equivalent extract ml* for the net house
was dissolved in the required volume of distilled
water and added to the pot. Then, 20 seeds were
placed in each pot (previously well prepared and
filled with deep red brown terrace type soil). The
control treatment was added only distilled water
without any extracts of J. adhatoda which
described the above section. The pots in the net
house were arranged in a completely random
design for 96 hrs. The progress of germination was
inspected and data collected every 12 hrs and
lasted up to 96 hrs. The seedlings were considered
abnormally germinated seeds with small, dense
and spiralling shoots and stunted primary root
(14). The shoot and root weights of the seedlings
were measured after 48 hrs of incubation. A
growth bioassay experiment was performed with
minor modifications according to our previous
study (4, 16).

PART-F
Statistical analysis

Statistically, the data collected for various trial have
been analysed to see the substantial difference
between treatments. The average value of all
parameters was estimated and Anova was calculated.



Significant differences between treatments were
calculated with the Tukey’s t-test (P < 0.05). Statistic
10 computer software was used for statistical
analysis.

Results and Discussion

Effect of aqueous methanol and aqueous extracts of
leaves obtained from J. adhatoda on germination

Wide range of variability on the percentage of
germination of cauliflower, broccoli, tomato,
foxtail millet and barnyard grass was found in the
aqueous methanol and aqueous extracts of J.
adhatoda leaves (Supplementary Fig. 1 & 2). With
0.1 g DW extract ml?, 30% of germination was seen
in cauliflower and barnyard grass in the
laboratory. In the context of a net house, 40% of
germination was detected in cauliflower, while
30% of germination was detected in barnyard grass
species with 5.0 g DW extract ml*. The maximum
germination (90% to 100%) was observed at 0.001 g
DW equivalent ml! extract in the laboratory
conditions, while the least germination was
observed at 1.0 gm DW equivalent extract ml™
(Supplementary Fig. 1 & 2). The results indicated
that the reduction trend of germination (%) was
proportional to the applied extract concentrations
that mean higher inhibitory effects were found at
higher concentration and lower at a lower
concentration. From those figures, it was also clear
that the maximum value of germination (%) was
observed at the control treatment compared to the
rest of the treatments. Based on different treatment
effects of five selected test plants, high phytotoxic
effects were observed in the monocotyledonous
plants (foxtail millet and barnyard grass) and
comparatively low phytotoxic effects were shown
in dicotyledonous plants (cauliflower, broccoli and
tomato) in both laboratory and net house
condition. On the other hand, among the
dicotyledonous plant cauliflower showed much less
effect followed by broccoli and tomato. The results
indicated that the monocotyledonous test plants
were more vulnerable than dicotyledonous species
to J. adhatoda leaf extracts. The same pattern of
findings was narrated by the researchers (4, 15,
1cf7).

Effect of the aqueous methanol and aqueous
extracts obtained from leaves of J. adhatoda on
the shoot and root length (cm)

Effects of aqueous methanol and aqueous leaf
extracts from J. adhatoda on the length of the shoot
and root of all test plants are shown in
Supplementary fig. 3 & 4. The lowest inhibition of
shoot length was found in cauliflower in all
treatments compared to control. The shoot length
values were 1.69, 1.56, 1.37, 1.03 and 0.90 cm,
respectively with concentrations of the
corresponding extract of 0.001, 0.003, 0.01, 0.03 and
0.1 gm DW in laboratory conditions. On the other
hand, the maximum inhibitions of shoot length were
observed in barnyard grass and the values were 1.51,
1.08, 0.92, 0.80, 0.52 and 0.25 cm at 0.001, 0.003, 0.01,
0.03 and 0.1 gm DW equivalent extract ml*
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concentrations, respectively in the laboratory
condition (Supplementary Fig. 3). Our findings were
similar with previous our report (15). Shoot and root
lengths were found to decrease with increasing
treatment concentration in all test species. The
inhibitory effect of the extracts on test plants may be
a range of mechanisms such as lower mitotic activity
in growing parts of the plant, lower ion absorption
rate, inhibition of photosynthetic respiration and
malfunctions of enzyme activity (18, 19). The root
lengths of 2.58, 2.45, 2.42, 2.31 and 2.22 cm were
found in cauliflower, broccoli, tomato, foxtail millet
and barnyard grass respectively whereas, root
lengths of 1.81, 1.72, 1.70, 0.39 and 0.37cm were
observed with 0.1 gm DW e extract mL-1lin the
laboratory condition (Supplementary Fig. 3). Some
previous study (4, 10, 17) have also found a common
pattern of inhibitory trends. Besides, maximum
inhibition of the root and shoot length was observed
in a concentration of 5.0 gm DW extract equivalent
ml?, while the lowest inhibition was reported at a
concentration of 1.0 gm DW equivalent ml? at a net
house state. We found the higher inhibition in the
monocotyledonous species than dicotyledonous and
root inhibition was the most pronounced than shoot
inhibition in the net house. We found a similar trend
of findings that were described by the researchers
(20).

Analysis of the correlation between J. adhatoda
extract concentration and shoot and root growth
were strong negative associations for all the test
species and the Pearson correlation coefficient in the
laboratory condition ranged between -0.792 to
-0.948 (p<0.01). Correlation analysis between J.
adhatoda extract concentration and shoot and root
growth represented the strong negative correlation in
all the test species, and the Pearson correlation
coefficient varied from -0.792 to -0.948 (p<0.01) in
the laboratory condition. On the other hand, J.
adhatoda also had a rather good negative association
extract concentration of shoot and root growth and
the Pearson correlation coefficient in the net house
environment ranged from -0.943 to -0.991 (p<0.01)
(Supplementary Table 1 & 2). Our findings were
confirmed by the similar findings described by the
researchers (19).

Effect of the aqueous methanol and aqueous
extracts of leaves obtained from J. adhatoda on
dry weight

The effect of aqueous methanol extracts leaves
obtained from J. adhatoda on dry weight (DW) of five
selective plants are seen in Supplementary fig. 5. Dry
weight inhibition has been enhanced by increased
extract concentration. The control treatment showed
0.051, 0.049, 0.048, 0.046 and 0.044 gm DW in the
laboratory and 0.048, 0.045, 0.045, 0.043 and 0.041 gm
DW in the net house for cauliflower, broccoli, tomato,
foxtail millet and barnyard grass, respectively. The
highest dry weight decrease of all test species was
recorded at 0.1 and 5.0 gm DW equivalent extracts
ml?, respectively. (Supplementary Fig. 5). The
concentrations of leaves extract obtained from J.
adhatoda inhibited the dry weight of all
monocotyledonous species. Similar findings were
found by the researchers (16, 21).



292 ['Z3 KHAN ET AL

Conclusion

Aqueous methanol and aqueous leaf extracts from J.
adhatoda had an inhibitory effect on the germination,
shoot length, root length and dry weight of five test
plants, including two weeds. The results of our study
indicated that this medicinal plant has phytotoxic
potential and may have phytotoxins. Thus, this
species may also be used for the isolation and
detection of the active substances to replace synthetic
herbicides which could be used to integrate weed
control in sustainable farming systems.

Acknowledgements

We are thankfully acknowledged to the Ministry of
Science and Technology (MoST), Bangladesh for
supporting financial assistance (Grant number:
12601-120005400) to complete the study. The authors
are also highly acknowledged to the farmers of Miki-
Cho, Kagawa, Japan for supporting barnyard grass
seed.

Authors’ contributions

For conceptualisation: MSIK and BKS conducted the
experiments: AK and MAH; systematic analysis: MAH
and RB; drafting and preparation of original draft: AK
reading, reviewing and editing: MAH, NB, MAI, MTIC
and AK supervision: The final manuscript was read
and accepted by all contributors.

Conflict of interests

Authors do not have any conflict of interests to
declare.

Supplementary files

Supplementary Fig. 1-5
Supplementary Table 1, 2

References

1. International Allelopathy Society. Allelopathy. [Internet].
India. The Society; 1996. Available form: http://allelopathy
society.osupytheas.fr/about/

2. Cheng F, Cheng Z. Research Progress on the use of plant
allelopathy in agriculture and the physiological and ecological
mechanisms of allelopathy. Front Plant Sci. 2015;6:1-14.
https://doi.org/10.3389%2Ffpls.2015.01020

3. Jabran K, Mahajan G, Sardana V, Chauhan BS. Allelopathy for
weed control in agricultural systems. Crop Prot. 2015;72:57-65.
https://doi.org/10.1016/j.cropro.2015.03.004

4. Khan MSI, Kato-Noguchi H. Assessment of allelopathic
potential of Couroupita guianensis Aubl. POJ. 2016;9:115-20.
https://doi.org/10.21475/p0j.160902.p7526x

5. Macias FA, Oliva RM, Varela RM, Torres A, Molinillo JMG.
Allelochemicals from sunflower leaves cv. Peredovick.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Phytochemistry 1999;52:613-21. https://doi.org/10.1016/S0031-
9422(99)00141-7

Xuan TD, Tawata S, Khanh TD, Chung IM. Biological control of
weeds and plants’ pathogens in paddy rice by exploiting plant
allelopathy: an overview. Crop Prot. 2005;24:197-206.
https://doi.org/10.1016/j.cropro.2004.08.004

Petroski RJ, Stanley DW. Natural compounds for pest and weed
control. ] Agric Food Chem. 2009;57:8171-79.
https://doi.org/10.1021/j£803828w

Fujii Y, Parvez SS, Parvez MM, Ohmae Y, Iida O. Screening of
239 medicinal plant species for allelopathic activity using the
sandwich method. Weed Biol Manage. 2003;3:233-41.
https://doi.org/10.1046/j.1444-6162.2003.00111.x

Chu C, Mortimer PE, Wang H, Wang Y, Liu X, Yu S. Allelopathic
effects of Eucalyptus on native and introduced tree species.
Forest Ecol Manag. 2014;323:79-84.
https://doi.org/10.1016/j.foreco.2014.03.004

Kato-Noguchi H, Takami Y. Allelopathic activity and
allelopathic substances in Jackfruit leaves. ] Trop For Sci.
2015;27:277-81.

https://www .frim.gov.my/v1/JTFSOnline/jtfs/v27n2/277-281.pdf

Begum K, Shammi M, Hasan N, Asaduzzaman M, Appiah KS,
Fuji Y. Potential allelopathic candidates for land use and
possible sustainable weed management in South Asian
ecosystem Sustainability. 2019;11:1-18.
https://doi.org/10.3390/su11092649

Khanh TD, Hong NH, Xuan TD, Chung IM. Paddy weed control by
medicinal and leguminous plants from Southeast Asia. Crop
Prot. 2005;24:421-31. https://doi.org/10.1016/j.cropro.2004.09.020

Bais HP, Weir TL, Perry LG, Gilroy S, Vivanco JM. The role of
root exudates in rhizosphere interactions with plants and
other organisms. Annu Rev Plant Biol. 2006;57:233-66.
https://www.annualreviews.org/doi/10.1146/annurev.arplant.5
7.032905.105159

Islam AKMM, Khan MSI, Kato-Noguchi H. Allelopathic activity
of Litchi chinensis Sonn. Acta Agr Scand B-SP. 2013;63:669-75.
https://doi.org/10.1080/09064710.2013.850531

Khan MSI, Islam AKMM, Kato-Noguchi H. Evaluation of
allelopathic activity of three mangoes (Mangifera indica L.)
cultivars. Asian ] Plant Sci. 2013;12:252-61.
https://doi.org/10.3923/ajps.2013.252.261

Hussain F, Rasool A, Aziz K, Raisham S, Aziz S, Badshah L,
Hussain W. Allelopathic inhibition of germination, seedling
growth and cell division of selected plant species by Calotropis
procera (Ait) Ait. Plant Science Today. 2020;7:1-8.
https://doi.org/10.14719/pst.2020.7.1.606

Suzuki M, Khan MSI, Iwasaki A, Suenaga K, Kato-Noguchi H.
Allelopathic potential and an allelopathic substance in mango
leaves. Acta Agr Scand B-SP. 2016;67:37-42.
https://doi.org/10.1080/09064710.2016.1215517

Rice EL. Allelopathy [e-book]. 2™ ed. New York (USA):
Academic Press; 1984:320. Available form:
https://elsevier.com/books/allelopathy/rice/978-0-08-092539-4

Rob MM, Kato-Noguchi H. Study of the allelopathic activity of
Garcinia pedunculata Roxb. POJ. 2019;12:31-36.
https://doi.org/10.21475/p0j.12.01.19.pt1773

Farooq M, Hussain T, Wakeel A, Cheema ZA. Differential
response of maize and mungbean to tobacco allelopathy. Expl
Agric. 2014;1-14. https://doi.org/10.1017/S0014479714000106

Wu AP, Li ZL, He FF, Wang YH, Dong M. Screening
allelochemical-resistant species of the alien invasive Mikania
micrantha for restoration in South China. PLoS One. 2015;
10(7):1-14. https://doi.org/10.1371/journal.pone.0132967

»


./http:%2F%2Fallelopathy%20society.osupytheas.fr%2Fabout%2F
./http:%2F%2Fallelopathy%20society.osupytheas.fr%2Fabout%2F
https://horizonepublishing.com/journals/index.php/PST/article/view/1044/612
https://horizonepublishing.com/journals/index.php/PST/article/view/1044/612
https://doi.org/10.1371/journal.pone.0132967
https://doi.org/10.1017/S0014479714000106
https://doi.org/10.21475/poj.12.01.19.pt1773
https://www.elsevier.com/books/allelopathy/rice/978-0-08-092539-4
https://doi.org/10.1080/09064710.2016.1215517
https://doi.org/10.14719/pst.2020.7.1.606
https://doi.org/10.3923/ajps.2013.252.261
https://doi.org/10.1080/09064710.2013.850531
https://www.annualreviews.org/doi/10.1146/annurev.arplant.57.032905.105159
https://www.annualreviews.org/doi/10.1146/annurev.arplant.57.032905.105159
https://doi.org/10.1016/j.cropro.2004.09.020
https://doi.org/10.3390/su11092649
https://www.frim.gov.my/v1/JTFSOnline/jtfs/v27n2/277-281.pdf
https://doi.org/10.1016/j.foreco.2014.03.004
https://doi.org/10.1046/j.1444-6162.2003.00111.x
https://doi.org/10.1021/jf803828w
https://doi.org/10.1016/j.cropro.2004.08.004
https://doi.org/10.1016/S0031-9422(99)00141-7
https://doi.org/10.1016/S0031-9422(99)00141-7
https://doi.org/10.21475/poj.160902.p7526x
https://doi.org/10.1016/j.cropro.2015.03.004
https://doi.org/10.3389%2Ffpls.2015.01020

