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ABSTRACT

Parthenium (Parthenium hysterophorus L.) is an exotic weed that has spread in different
parts of Punjab, Khyber Pakhtunkhwa, and Kashmir to an alarming extent and is now
threatening natural vegetation and ecosystems. In the present study, laboratory
bioassays were carried out to evaluate the effect of heavy metal ion Cr(VI) on
germination and root/shoot growth of parthenium. Five concentrations of the metal ion
viz. 10, 20, 40, 80, and 160 ppm were used in the experiment. A gradual decline in
germination and growth of seedlings was recorded with the increase in metallic ion
concentration. Lower concentrations viz. 10, 20, and 40 ppm reduced seed germination
by 11, 15, and 37% over control, respectively. Likewise, 10, 20, and 40 ppm metal
solution reduced shoot length by 35, 67, and 93%, root length by 69, 93, and 95%, and
plant dry biomass by 47, 69, and 97% over control, respectively. An 80 ppm solution of
Cr(VI) completely arrested the germination. This study concludes that parthenium is
highly susceptible to Cr(VI) stress, where an 80 ppm solution of these metallic ions can
completely stop the germination of parthenium seeds.
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INTRODUCTION global threat to biodiversity and economy
(Javaid and Anjum, 2005; Chetty et al.,

Parthenium is an American native weed
species that has been spread in more than
50 countries in Asia, Africa, and Australia
and has become a threat to both natural
and agroecosystems (Al Ruheili et al.,
2022; Javaid et al., 2022). It is known for
its negative effects on the production of
pastures and crops (Riaz and Javaid,
2011) and ill effects on human health
(Kaur et al., 2014). Characteristics such
as abundant seed and allelochemicals
production, high competitiveness against
other plant species, fast-spreading
capability, unsuitability as a grazing weed,
and absence of natural enemies in new
environments have made this weed a

2022). In Pakistan, it has vastly spread to
different parts of Punjab, Kashmir, and
Khyber Pakhtunkhwa (Javaid and Riaz,
2012). Parthenium is mostly found along
roadsides, in grazing pastures, on waste
and undisturbed lands, and in some crops,
especially in vegetables where plants are
planted at a certain distance (Javaid and
Anjum, 2005). The weed is known to
cause allergic problems in almost all the
countries where it has been established
(Allen et al., 2018).

Human activities directly or indirectly
contaminate the soil through various
pollutants, including heavy metals.

Contamination of agricultural lands results
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in less yield and production of various
crops, along with hazardous effects on
both human and animal health. Heavy
metals are a big source of soil
contamination (Nagajyoti et al., 2010; Liu
et al., 2022). Micro-elements participate in
many physiological processes, and they
are essential for the proper growth of
plants (He et al., 2005). However, they
could be toxic when they cross optimal
doses and inhibit plant growth-related
processes. Chromium is toxic even at a
very low concentration (Marschner, 2011).
Chromium is present in two oxidative
forms viz. Cr(II1) and Cr(VI) (Andrade et
al., 2022). The latter is the hazardous
form of chromium and may inflict serious
health problems such as allergies,
including skin rashes, nose irritations,
nosebleeds, weakened defense systems,
ulcers, genomic alteration, and liver and
kidney damage (Teklay, 2016). The main
reasons of chromium contamination in the
soil are leather processing units, landfill
leachate, industrial wastes, human
activities, metal plating, automobile
exhausts, improper incineration, excessive
use of pesticides and fertilizers, cement
manufacturing factories, metallization,
metal finishing, tobacco emissions, acid
manufacturing plants and paper producing
industries (Kaur et al., 2011). Chromium-
based compounds are extremely toxic for
plant growth. Although some crop plants
are not affected by traces of Cr (Huffman
and Allaway, 1973), most plants are
affected by Cr even at 100 pM kg™
concentration (Davies et al., 2002). The
plants having metal stress by various
reduction reactions show detrimental
growth that leads to low water potential
and an imbalance of nutrients (Prasad et
al., 2005). Studies have confirmed that
under chromium stress, plants synthesize
less viable chlorophylls and carotenoids
(Farid et al., 2017). The present study
was carried out to assess the effect of
Cr(VI) on germination and early seedling
growth of parthenium under in vitro
environment.

MATERIALS AND METHODS
Preparation of Cr(VI) solutions

A stock solution of 100 mL of 160 ppm
Cr(VI) was prepared by dissolving

potassium dichromate in distilled water. It
was serially double diluted to prepare 80,
40, 20, and 10 ppm solutions.

Laboratory bioassays

Mature, dark brown fruits of parthenium
were picked in February 2022 and sun-
dried to separate the husks from the
seeds. Healthy seeds of uniform size were
separated to be used in the laboratory
bioassay. In sterilized Petri plates, a layer
of filter paper was set, and 25 parthenium
seeds were uniformly distributed on it.
Thereafter, 2.5 mL solutions of five
concentrations (10, 20, 40, 80, and 160
ppm) were added to each respective plate.
There were four replicates of each
concentration of Cr(VI). The experiment
was carried out at room temperature for
10 days. On the last day, germinated
seeds in each Petri plate were counted,
and the data were transformed into
percentage germination in each Petri
plate. Lengths of the shoot and root of
each seedling were recorded with the help
of a scale, and the data of each plate were
averaged for each studied parameter.
Seedlings in each Petri plate were
collectively dried, and their composite
weight was recorded (Javaid et al., 2020).

STATISTICAL ANALYSIS

All the data about germination and shoot
and root growth were analyzed by one-
way ANOVA. Thereafter, the LSD test was
applied using Statistix 8.1 software to
calculate the difference among the
treatments at P<0.05.

RESULTS AND DISCUSSION

Effect of Cr(VI) on germination of
parthenium

Germination of parthenium seeds was
adversely affected by the solution.
Germination gradually declined to zero
with the increase in the concentration of
Cr(VI) in the solution. In general, all five
applied Cr(VI) concentrations exhibited
significant (P<0.05) adverse effects on
germination. In the three lower
concentrations, viz. 10, 20, and 40 ppm,
the germination was 89, 85, and 63%,
which was 11, 15, and 37% lower than
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the control, respectively. An 80 ppm
solution of Cr(VI) completely arrested the
germination of parthenium seeds (Fig. 1
and 2A). Previously, a 120 pM solution of
Cr(VI) reduced the germination of
mungbean seeds by 45% (Singh et al.,
2021). Similar adverse effects of
chromium have also been reported on the
germination of six leguminous plants (Jun
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et al., 2009), Hibiscus esculentus (Amin et
al., 2013), and tomato (Brasili et al.,
2020). The poor germination under Cr-
stress could be due to inhibited amylase
activity or activation of proteases by Cr
following a decline in the transport of
carbohydrates to the germ (Shah et al.,
2010).

Cr(VI1) concentration (ppm)

Figure 1. Effect of different concentrations of Cr(VI) on germination and seedling growth
of parthenium in laboratory bioassays.

Effect of Cr(VI) on the growth of
parthenium

Shoot length was the highest in the
control (2.16 cm). Application of different
concentrations of Cr(VI) solution gradually
and significantly reduced shoot length to
1.4, 0.72, and 0.16 cm under the effect of
Cr(VI) concentrations of 10, 20, and 40
ppm, that was 35, 67 and 93% lower than
the control, respectively. There was no
growth beyond 40 ppm concentration (Fig.
1 and 2B). The effect of Cr(VI) on root
length was more severe than the effect of
corresponding concentrations on shoot
length. Maximum root length was
recorded in control (2.14 cm) that was
reduced to 0.66, 0.16, and 0.10 cm due to
10, 20, and 40 ppm solution of Cr(VI). In
terms of percentage decrease, 10, 20, and
40 ppm solutions of Cr(VI) reduced root
length by 69, 93 and 95% over control,
respectively (Fig. 2C). Since roots were
the first part of the plant that absorbs
Cr(VI) solution from the surrounding
solution, therefore, they were affected
more severely than the shoot. In many
previous studies, similar effects of
allelopathic plant’s extracts (Javaid et al.,
2011) and fungal metabolites (Javaid et
al., 2021; Khan et al., 2022) have also
been reported on root growth of
parthenium. The reduction in root length
under Cr stress could be attributed to Cr

buildup in root cells and the damaging of
cells at the root tip (Singh et al., 2021).
Roots generally accumulate 10-100 times
additional Cr than aerial parts (Zayed et
al., 1998).

The effect of the application of Cr(VI) on
fresh and dry biomass of parthenium
seedlings is presented in Fig. 2 C and D.
Fresh weight in control was 270 mg which
was reduced to 133, 75, and 12 mg when
10, 20, and 40 ppm Cr(VI) solutions were
applied resulting in 51, 72 and 96%
decrease over control, respectively.
Likewise, the dry weight of seedlings in
control was 72 mg which was diminished
to 38, 22, and 2.32 mg due to the
application of 10, 20, and 40 ppm Cr*®
solutions resulting in 47, 69, and 97%
reduction over control. There was no
biomass production in 80 and 160 ppm
Cr(VI) solutions. Negative effects of
chromium stress have also been reported
on root and shoot length and plant
biomass of mungbean (Singh et al.,

2021), rice (Chen et al., 2017), and
chickpea (Singh et al., 2020). Cr
accumulation influences different

metabolic processes inside the plant body
that cause various physiological and
morphological defects in plants (Shah et
al., 2010; Adrees et al., 2015).
Suppression in the growth of plants due to
Cr stress may be attributed to a reduction
in chlorophyll formation, embarrassment
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of electron transport, liberation of Mg*?
from chlorophyll molecules (Panda and
Choudhury, 2005; Shah et al., 2010), and
modifications in nitrogen metabolism such

as negative effects on nitrogenase,
glutamate dehydrogenase nitrite, and
nitrate reductases, and glutamine

synthetase (Sangwan et al., 2014).

CONCLUSION

Parthenium germination and early growth
were found highly susceptible to Cr(VI)
stress. A concentration of 10 ppm can
significantly suppress germination and
shoot/root growth of parthenium. An 80
ppm  concentration of Cr(VI) can
completely control the germination of this
weed.
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Figure 2. Effect of different concentrations of Cr(VI) on germination and seedling
growth of parthenium in laboratory bioassays. Vertical bars show standard
errors of means of five replicates. Values with different letters at their top
show significant difference (P<0.05) as determined by LSD Test.
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