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Abstract

Presence of metals in the environment may have adverse impacts on the essential components of ecosystem
particularly the phototrophs, In order to assess impacts of heavy metals on Tradescantia pallida, plants were
grown in pots (5 L capacity) under control and the metal treatment of MnCl, (10 mM L™), CuCl, (10 mM L),
CoCl, (10 mM L), FeCl; (10 mM L™), NiCl, (10 mM L™), ZnCl, (10 mM L™) and 10 mM combinations of
MnCl, + CoCl,, CuCl, + FeCl; and NiCl, + ZnCl,. Results showed that the Fv/Fm (indication of the
maximum and effective photochemical quantum yield of PS Il) was > 0.70 for the control (0.773) and Mn
(0.705), Fe (0.700), and Cu + Fe (0.709) exhibiting small impact of these metals or combination on the
photosynthetic machinery. However, the Fv/Fm value <.70 for Cu (0.645), Co (0.116), Ni (0.440), Zn (0.553),
Co + Mn (0.363), and Ni + Zn (0.617) treatments clearly showed adverse impact of these metals and
combination on the photosynthetic processes. The greatest negative impact observed by Co treatment alone or
with the combination of Mn (Co + Mn). The study highlighted reduced negative impact of Cu metals when
used in combination with Fe. However, it is clear from the present study that Tradescantia pallida plants are
under stress in the presence of heavy metals. It also confirms that presence of heavy metals in ecosystem can
cause reduction in the overall primary productivity of the Tradescantia pallida.
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1 Introduction

Presence of excess heavy metals in the environment due to natural calamities, industries, mining, agricultural
and other human activities is deleterious. Heavy metals influence not only plant growth and reproduction but
also human health (Alengebawy et al., 2021; Felix et al., 2010; Su et al., 2014). Over accumulation of Reactive
Oxygen Species (ROS) affecting various regulatory processes such as programmed cell death, cellular
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transport, enzyme associated processes etc., have been observed due to chromium toxicity (Wakeel et al.,
2020). The effect of heavy metals on plant growth and metabolism has been studied extensively but the effect
of plant exposed to a single heavy metal has received much attention than the combined effects of multiple
metals at the same time. Although contaminated terrestrial and aquatic environments usually contain a mixture
of substances. Metals such as copper (Cu), zinc (Zn), cobalt (Co), and iron (Fe) are essential for various
metabolic activities in plants (trace amount). But excess of these metals adversely affect plant metabolism
(Hall, 2002) and it does create the oxidative stress in plants (Siuksta et al., 2019) metals exert their toxic
effects on plants mostly by damaging chloroplasts and disturbing photosynthesis. Reduction in photosynthesis
is the consequence of interference of metal ions with photosynthetic enzymes and chloroplast membranes
(Aggarwal et al., 2012). Chlorophyll fluorescence is the best suited and most reliable method for
photosynthetic productivity measurement (Ptushenko et al., 2013; Kumar et al., 2014). Accumulation of metals
in higher plants leaf influences the functioning of the stomata and hence affects photosynthesis and
transpiration rates and thus photosynthesis is indirectly reduced by heavy metals.

Zinc (Zn) is an essential plant nutrient which is required for the catalytic function of many enzymes,
structural stability of cell membranes, proteins as well as protection of bio-membranes against oxidative
damages (Aravind and Prasad 2003; Broadley et al., 2007). Higher concentration of Zn can also give rise to
manganese (Mn) and copper (Cu) deficiencies in plant shoots. Toxicity symptoms of zinc include slow and
stunted growth, chlorosis induced by iron deficiency followed by decreased chlorophyll synthesis as well as
interference with manganese uptake (Broadley et al., 2007). Copper (Cu) is an essential nutrient which is
involved in a wide range of biochemical and physiological processes. It participates in electron-transfer system
of photosynthesis in the form of plastocyanin, as a co-factor of Cu-Zn superoxide dismutase,
polyphenoloxidase (Maksymiec, 1997). Redox cycling between Cu?* and Cu* leads to ROS production in plant
cell. Excess of Cu in soil plays a phytotoxic role and induces stress and causes injury to plants and leads to
retardation of growth and leaf chlorosis (Lewis et al., 2001).A study reveals that sample having high 40% of
copper plus lead together cause extreme damage to the photosynthetic machinery and generate stress in Citrus
aurantium L. (Giannakoula et al., 2021)

Cobalt (Co) naturally occurs in the earth’s crust as cobaltite, erythrite and smaltite. Plants can accumulate
small quantity of Co from the soil. The accumulation of cobalt from soil and its distribution in plants body
parts is species dependent and controlled by diverse mechanisms (Kukier et al., 2004; Li and Metherel, 2004).
Meagre information is available regarding the phytotoxic effect of Co. Phytotoxicity studies of cobalt in barley
(Hordeum vulgare L.), oilseed rape (Brassica napus L.) and tomato (Lycopersicon esculentum L.) have shown
the undesirable effect on shoot growth and biomass (Li HF et al., 2009). Excess Co also restricted the
concentration of Fe, chlorophyll, protein and catalases activity in leaves and also affected the translocation of P,
S, Mn, Zn and Cu from roots to tips in cauliflower. Nickel (Ni) is present in natural soils at very low
concentrations. However, Ni?* concentration is increasing in soil by human activities such as mining works,
emissions from smelters, burning of coal (Gimeno-Garcia et al., 1996). In humans nickel toxicity leads to skin
inflammation, cardiovascular disorders and are prone to cause cancer (Genchi et al., 2020). Excess of Ni?* in
soil causes many physiological changes and various toxicity symptoms such as chlorosis and necrosis in
different plant species (Pandey and Sharma, 2002; Rahman et al., 2005). Plants growing in soil having high
Ni** showed loss of nutrient balance and a decline in water content of dicot and monocot plant species. The
decrease in water uptake is as an indicator of the progression of Ni?* toxicity in plants (Pandey and Sharma,
2002; Gajewska et al., 2006).

Manganese (Mn) is an essential element for plant growth but presence of excess manganese in leaves
causes a reduction of photosynthetic rate (Kitao et al., 1997). It has been reported that excess Mn reduce
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synthesis of chlorophyll by blocking a Fe-concerning process (Clarimont et al., 1986). Mn is easily transported
from root to shoot through the xylem, but not easily remobilized through phloem to other organs once it
reaches the plant leaves (Loneragan, 1988). Brown necrotic areas on leaves, petioles and stems are common
symptom of Mn toxicity which starts on the lower leaves and progresses with passage of time towards the
upper leaves (Horiguchi, 1988). Chlorosis in younger leaves due to Mn toxicity may be mediated through Mn-
induced Fe deficiency studied in the shoots of sugarcane (Huang et al., 2016). Iron is a very essential metal for
all plants as it has plays important role in biological functions such as photosynthesis, chloroplast development
and chlorophyll biosynthesis. Iron is a major component of the cell redox systems such as heme proteins
including cytochromes, catalase, peroxidase and legheamoglobin and iron sulfur proteins (Marschner, 1995).
Almost mineral soils are rich in iron, but iron toxicity symptoms in leaf tissues occurs only under flooded
conditions (Becker and Asch, 2005). Excess Fe** causes free radical production that disturbs cellular structure
irreversibly and damages membranes, proteins and DNA (Arora et al., 2002; De-dorlodot et al., 2005).
Another group of researchers have shown that iron toxicity is accompanied with reduction of plant
photosynthesis and yield and the increase in oxidative stress and ascorbateperoxidise activity (Sinha et al.,
1997). Crop productivity and health has been deteriorated due to heavy metal hindrance and to overcome those
hindrances various biotechnological interventions are employed (Elango et al., 2022).

Determination of chlorophyll a fluorescence tells us about changes in the efficiency of photochemistry and
heat scattering (Baker and Oxborough, 2004; Stirbet et al., 1998). Since such a measurement is handy, non-
invasive, highly responsive, rapid as well as reliable and gives quantitative look into oxygenic photosynthesis
and therefore suitable tool for determination of plant physiological status (Murchie and Lawson, 2013; Singh
et al., 2022). So, the present experiment was conducted to study the adverse effects caused by metals on the
photosynthetic efficiency of Tradescantia pallida plants using non-destructiveand easy access parameters with
the help of JUNIOR PAM fluorometer.

2 Materials and Methods
Photosynthetic responses of Tradescantia pallida exposed to different heavy metals alone and in combination
were studied by growing 10 healthy Tradescantia pallida plants in plastic pots (5 L capacity). The metal
treatment was performed once all plant got stabilized with various metal salts MnCl, (10 mM L), CuCl, (10
mM L), CoCl, (10 mM L™), FeCl; (10 mM L™), NiCl, (10 mM L™, ZnCl, (10 mM L™) and combination of
MnCI, + CoCl,, CuCl, + FeCl; and NiCl, + ZnCl,.

Various photosynthetic parameters viz. Fv/Fm (maximum photochemical quantum yield of photosystem I1),
Y Il (photochemical quantum vyield of photosystem Il), gL (coefficient of photochemical fluorescence
guenching), P (coefficient of photochemical fluorescence quenching),NPQ (non-photochemical fluorescence),
Y(NPQ) (quantum yield of non-photochemical fluorescence quenching) and Y(NO) (quantum yield of non-
photochemical fluorescence quenching)were recorded with the help of JUNIOR - PAM, Chlorophyll
Fluorometer, Heinz Walz GmbH, Germany. All experiment start with a leaf which has been acclimated to dark
or dim light conditions for 30 minutes. With the dark acclimated leaf kept in the magnetic leaf clip, the Fo
fluorescence level should not exceed 600 counts to avoid signal saturation during Fo, Fm determination.

Measuring light: Blue LED (wavelength of maximum emission: 450 nm). Two modulation frequencies
were used (5 and 100 Hz). Actinic light: Blue LED (wavelength of maximum emission: 450 nm). Photon flux
densities at 1 mm distance from the tip of the 400 mm JUNIOR PAM light guide: 25 to 1500 pmol
photons/(m**s), adjustable at 12 different levels. Far red light: LED with 730 nm maximum emission
wavelength) for selective excitation of photosystem I. Saturating pulses: Blue LED (wavelength of maximum
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emission: 450 nm). Maximum photon flux density 10000 umol photons/(m?*s) at 1 mm distance from the tip
of the 400 mm JUNIOR-PAM light guide.
Software: WinControl-3 software for PAM fluorometers.

3 Results and Discussion

Tradescantia pallida plants exposed to the metals and their combinations (10 mM L™) for seven days caused a
decrease of maximum quantum yield (Fv/Fm) of PSII (Fig. 1) for all the treatments except for MnCl,. The
most prominent decrease in Fv/Fm value (0.102) was noticed in plant treated with CoCl, followed by NiCl,,
ZnCl,, CuCl, and FeCl;, The treatment of plant with MnCl, showed increase in the Fv/Fm value (0.742) as
compared to observed value (0.739) for control plant. The reduction in Fv/Fm value was also observed for
combined metals treatments; however the reduction was less as compared to single metal treatment. The
observed value (0.726) of Fv/Fm for combined treatment of CuCl, + FeCl; was higher as compared to other
combined treatments. The observed value of Fv/Fm also shows that plants are under stress for all the treatment
except MnCl, and CuCl, + FeCl; because all plants showed less Fv/Fm value than control plant.

Fig. 1 Effects of different metals/metal combinations on Fv/Fm (Fm-Fo/Fm; maximum photochemical quantum yield of

photosystem 11).

Tradescantia pallida plants were exposed to the metals and their combinations (10 mM L™) for seven days
to study the effects on Y (II) (photochemical quantum yield of photosystem Il) as shown in Fig. 2. The
observed value of Y (II) shows that treatments caused a decrease in photochemical quantum vyield of
photosystem 11 for all the treatments as compared to Y (Il) of control plant (0.582). The maximum reduction
was observed for Co (0.039) followed by Ni, Cu, Fe and Mn. For combined treatment the value was lowest for
Co + Mn (0.306) and maximum for Fe + Cu (0.565). Therefore, it can be said that treatment with metals and
their combinations (10 mM L™) can effectively reduce the photochemical quantum yield of photosystem 11 in
Tradescantia pallida plants.
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Fig. 2 Effects of different metals/metal combinations on Y(lI) (photochemical quantum yield of photosystem I1).

Fig. 3 Effects of different metals/metal combinations on gL (coefficient of photochemical fluorescence quenching assuming that
the many photosystem complexes form a combined light-harvesting antenna so that an absorbed photon becomes available for
many reaction centers (Lake Model).
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The parameter gL (coefficient of photochemical fluorescence quenching) is considered to be more precise
indicator of PS Il redox state and also estimates the fraction of open PS Il centres. It is clear from the Fig. 3
that in case of single metal treatment gL value for all plants was lower than control plant (0.645) except for Fe
(0.809) and Zn (0.747). When metals were used in combinations they increased the fraction of open PS Il
centres for all treatments compared to control. The minimum value of gL was observed for Co (0.225) and
followed by Ni, Cu and Mn and maximum value of gL was recorded for Fe (0.809) and followed by Zn, Ni +
Zn, Co + Mn and Cu + Fe.

The parameter P is more consistent with separated light-harvesting antennae of photosystems as
compared to gL and relates PS Il maximum efficiency to operating efficiency. It is clear from the Fig. 4 that
value of gP was lower for all plants as compared to control plant (0.825) except for Fe (0.869) in the case of
single metal treatment. Co caused maximum reduction in gP value (0.231) followed by Ni, Cu, Mn and Zn.
The observed value of gP was also lower than control plant when metals were used in combinations except for
the combined treatment of Cu + Fe (gP value is 0.83). Co + Mn treatment gave minimum gP value (0.778) and
Ni + Zn treatment have maximum value (0.809).

Fig. 4 Effects of different metals/metal combinations on qP (coefficient of photochemical fluorescence quenching). In
comparison, the gP is more consistent with separated light-harvesting antennae of photosystems (puddle model).

NPQ (non-photochemical quenching of chlorophyll fluorescence) is an indication of the intensity of non-
radiative energy loss in the light harvesting complex Il of photosystem Il, which is credited to prevent
lessening of the electron transfer chain. NPQ is a means employed by plants to protect themselves from the
undesirable effects of high light intensity. NPQ serves as an index of stress for the plants. It is clear from the
Fig. 5 that NPQ was recorded maximum for Cu (1.189) treatment and minimum for Co (0.019) treatment. It is
also clear from the figure that single and combined metal treatments of plants excepting Co have more NPQ
values as compared to control plant. In combined treatment NPQ was maximum for Co + Mn and minimum
for Cu + Fe treatments. Higher value of NPQ for a given metal treatment means higher non-radiative energy
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loss in the light harvesting complex 11 of photosystem 11 and thus reducing stress. Fig. 5 shows that Cu was
able to reduce the maximum stress and Co was able to induce stress.

Fig. 5 Effects of different metals/metal combinations on NPQ (non-photochemical fluorescence). The extent of NPQ has been
suggested to be associated with the number of quenching centers in the light-harvesting antenna.
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Fig. 6 Effects of different metals/metal combinations on Y(NPQ) (quantum yield of non-photochemical fluorescence quenching
due to down regulation of the light-harvesting function).

Y (NPQ) is used to quantify the fraction of excitation energy which is dissipated as heat via photo-
protective mechanism. It is clear from Fig. 6 that Y (NPQ) was minimal for Co and maximum for Cu in single
metal treatment because the NPQ was more for Cu as compared to Co. Co + Mn treatment gave maximum
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value while Cu + Fe resulted in minimum for Y (NPQ). Y (NPQ) followed the similar trends as that of NPQ
for various treatments. Y (NO) calculates the yield of all other non-photochemical losses except excitation
energy which is dissipated as heat via photo-protective mechanism (Fig. 7). The figure clearly indicates that
Cu treatment resulted in minimum Y (NO) whereas Co has maximum Y (NO). It can be observed from the
figure that Y (NO) values are higher for those metals/metal combination treatments whose Y (NPQ) values
were lower and vice-versa.
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Fig. 7 Effects of different metals/metal combinations on Y(NO) (quantum yield of non-photochemical fluorescence quenching
other than that caused by down regulation of the light-harvesting function).

The effect of metals and their combinations on different chlorophyll afluorescence parameters were
significant as confirmed by one-way ANOVA. The calculated F-value (6.6078) was greater than the F-critical
value (2.2656) for the alpha level 0.05 and the p value was very less as compared to alpha level 0.05.

Huang et al. (2017) have studied toxic effects of cadmium on Festuca arundinacea and different responses
of the photosynthetic activities in the photosystem electron donor and acceptor where they have shown that
chlorophyll a fluorescence parameters are adversely affected. Chlorophyll a fluorescence was studied in some
perennial grasses where soil was contaminated by heavy metals and it was reported that presence of heavy
metals were reducing photosynthetic efficiency of these grasses (Zurek et al., 2014). Other workers has shown
the effects of cadmium and zinc on chlorophyll fluorescence in durum wheat and established that heavy metals
are detrimental for photochemistry (Paunov et al., 2018).
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