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Abstract

Nickel (Ni) is an essential metal that causes soil toxicity at higher levels and reduces crop
growth and quality. Therefore, the present study was planned to explore the soil
phytoremediation potential of different ornamental plants (stock, snapdragon, and
gladiolus) in Ni-contaminated soil. Stock, snapdragon, and gladiolus plants were grown in
pots supplemented with different levels of Ni (0, 20, 40, 60, 80 uM) to analyze different
growth, physiological, biochemical, and phytoremediation parameters. Results showed
that a higher level of Ni (80 uM) significantly decreased growth and physio-chemical
attributes of stock, snapdragon, and gladiolus. Maximum shoot length (15.40%), root
length (16.00%), shoot fresh weight (6.75%), root fresh weight (15.19%), shoot dry weight
(19.80%), root dry weight (27.52%), relative water content (12.29%), membrane stability
index (10.64%) and total chlorophyll content (4.33%) were recorded in stock flower at 20
MM. Moreover, higher values for photosynthetic rate (27.81%), transpiration rate (9.23%),
stomatal conductance (19.89%), and sub-stomatal conductance (44.19%) were noted in
stock flower at 40 uM. Whereas, the maximum activities of catalase (20.41%), peroxidase
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(66.17%), and superoxide dismutase (64.48%) were measured in stock flower at 60 puM.
Stock plants showed more tolerance against Ni toxicity than snapdragon and gladiolus
based on a higher bio concentration factor (70.70%) and lesser translocation factor
(46.44%) at 60 uM and 40 puM respectively. Conclusively, stock has performed better than
snapdragon and gladiolus for phytoremediation of Ni-polluted soil.
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Introduction

Soil pollution is one of the major global issues that affect the quality of soil, water, and
food (Massa et al. 2010). One of the key factors contributing to soil degradation is the
addition of heavy metals (HMs) in the soil. These metals have densities higher than 5 gcm?®
with poisonous, cancer-causing effects for humans, plants, and animals (Ali and Khan,
2018). These metals are added to the soil through different natural (weathering of rocks)
and anthropogenic (excessive use of fertilizers, pesticides, coal burning, sewage sludge
and composted manures, etc.) activities (Damodaran et al. 2014; Hagmann et al. 2015;
Gupta et al. 2016). Cadmium, zinc, mercury, nickel, lead, and cobalt are common HMs
causing soil pollution (Zhang et al. 2015).

Nickel (Ni) is 5™ most abundant HM on earth with atomic number 28 and 3%
concentration in the earth's crust (Cempel and Nikel, 2006; Harasim and Filipek, 2015).
Globally it is produced at a rate of around 130,000 metric tons per year with China,
Australia, Canada, Philippines, Indonesia, Cuba, and Russia as major producing nations.
Its toxicity adversely affects plant growth and development by affecting their
physiological and biochemical attributes (Amjad et al. 2020; Rai et al. 2019). Leaf
chlorosis, stunted growth, distortion of plant components, and the production of free
radicals are common symptoms of Ni toxicity in plants (Smialowicz et al. 1984;
Subhashini and Swamy, 2013).

For the reclamation of HM-polluted soil different methods could be used like thermal
treatment, acid leaching, electro-reclamation, excavation, solarization, and landfilling of
contaminated places (Kamran et al. 2014; Mishra et al. 2017). However, these approaches
are expensive and time-consuming. Besides the high cost, these technologies also affect
the fertility of the soil and harm the natural environment (Brack et al. 2015). On the other
hand, soil phytoremediation is a safe, efficient, and economically viable approach to
mitigate soil HM pollution (Zhang et al. 2013). Chaney first time in 1983 introduced the
term phytoremediation by which plant variety could be used to remove (organic) carbon-
based and (inorganic) non-carbon contaminants from the soil. Phytoremediation includes
different mechanisms like phytodegradation, phytovolatilization, phytostabilization, and
phytoextraction to remove HMs from the soil (Trapp et al. 2001; Cristaldi et al. 2017;
Garcia-Sanchez et al. 2018). Previously, different food crops were used for
phytoremediation of HMs from the soil like. Consumption of these HMs polluted foods
causes harmful effects on human health. Whereas, ornamental plants are used for aesthetic
beautification and could be an efficient source to mitigate soil HM pollution (Gupta et al.
2013).

Snapdragon (Antirrhinum majus) is an important herbaceous perennial flower belonging
to the family Plantaginaceae and is commonly used as a potted and bedded plant (Seo et
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al. 2020). Stock (Mathiola incana) is another flowering plant of the winter season that
belongs to the family Brassicaceae and is commonly used as a cut flower and bedded plant
(Miceli et al. 2019). Gladiolus (Gladiolus grandiflora) is commonly known as a sward lily
due to its sward-like flowers of different colors that is the most popular cut flowers of the
local floriculture industry. It is also known as the "queen of bulbous flowers" because of
its flower spikes, which can be up to 3 feet tall and bear large, colorful florets. It is also
rated as being the second most popular cut flower that is grown all over the world including
Pakistan (Khan et al. 2021).

Although few reports are available on the phytoremediation potential of ornamental plants
still knowledge about the combined response of Antirrhinum majus, Mathiola incana, and
Gladiolus grandiflora in Ni-contaminated soils needs to be explored. therefore, this study
was planned to assess the morphological, physiological, and biochemical potential of
Antirrhinum majus, Mathiola incana, and Gladiolus grandiflora in Ni-contaminated soil.

Materials and Methods
Planting materials and Research area
Present research work was carried out during the winter of 2022 in B-Block MNS
University of Agriculture Multan. Healthy and uniform seedlings of Mathiola incana
(stock) and Antirrhinum majus (snapdragon) were purchased from Hammad Nursery Farm
Multan and acclimatized for 15 days before transplanting. Gladiolus grandiflorus
(gladiolus) bulbs were purchased from Lahore and disinfected in Topsin-M (active
ingredient thiophanate-methyl 70%) for 30 minutes followed by air-drying. Loam soil was
used having 0.77% organic matter, pH 8.0, electrical conductivity 1.59 uS/cm, saturation
percentage 33%, available phosphorus 9.46 mg/kg, and available potassium 186 mg/kg.
Soil particles larger than 2 mm were removed by sieving with 2 mm mesh. The soil was
filled in 9-inch clay pots; each pot contained 3 kg of soil. Two seedlings were transplanted
in each pot while two bulbs of gladiolus were sown in each pot. Different doses of Ni ()
were applied to the plant through soil application at four
Determination of growth parameters
Experimental plants were harvested from each pot. After 50 to 70 days of exposure to
heavy metals. Stock plants were harvested when one-third to one-half of the florets on the
stem were open and gladiolus was harvested when the lowermost florets had just shown
colure. Snapdragon was harvested when the first three florets were open. The measuring
scale was used to record the shoot length (SL) and root length (RL) from base to tip of
shoots and root whereas, scientific weight balance (Sanyo-model DY-728) was used to
record the shoot fresh weight (SFW) and root fresh weight (RFW) while samples were
oven dried (model SLN.15) at 60 °C for 24 hours for to determine shoot dry weight (SDW)
and root dry weight (RDW).
Relative water content and membrane stability index
Young and healthy leaves of gladiolus, stock, and snapdragon were excised in the morning
to measure fresh weight (Wf) using scientific balance and oven dried for 24 hours at 60 °C
to measure dry weight (WD). RWC was calculated by using the equation given by (Barrs,
1968).

(Wf —Wd)

RWC% = T x 100



Hameed et al. 40

Chlorophyll contents
Chlorophyll contents were measured with a SPAD-502 chlorophyll meter (Konica
Minolta, Europe) from leaves of gladiolus, stock.
Measurement of gaseous attributes
Gaseous exchange parameters like photosynthetic rate (A), transpiration (E), stomatal
conductance (gs), and sub-stomatal conductance (Ci) were determined from healthy leaves
of the gladiolus, stock, and snapdragon under full sunlight using CIRAS-3 SW portable
photosynthetic system (manufactured by PP system, MA, USA serial no c3F0255) at 12
to 2 pm.
Determination of enzymatic activity
Catalase (CAT) activity was determined from the leaves using the procedure of Liu et al.
(2007) whereas, peroxidase (POX) and superoxide dismutase (SOD) activities were also
determined from leaf samples by using the procedure of Zhang et al. (2015) and
respectively.
Estimation of bio-concentration factor and translocation factor
Bio-concentration factor (BCF) and translocation factor (TF) were determined from the
plants by using the procedure of Amin et al. (2021) and following equations were used to
calculate the BCF and TF.

BCF = Ni in plant / Ni in soil

TF = Ni in shoot / Ni in root
The data was analyzed using Statistix 8.1, and a linear model was selected to examine the
relationships between variables. Subsequently, ANOVA was used to evaluate treatment
means. The Completely Randomized Design (CRD) with a two-factor factorial
arrangement was utilized for the experimental design and the LSD (Least Significant
Difference) test was applied to compare the means (Steel et al. 2019).

Results

Growth attributes

A marked increase in SL (15.4%) and RL (16%) of stock plants was observed at 20 uM
(Ni) in parallel to control. Under 80 uM Ni, a maximum reduction of 14.7% and 4.7% in
SL and RL respectively was recorded than control. In Snapdragon, a significant increase
of 13.5% SL and 6.4% RL was recorded at Ni (20 uM); while the maximum reduction by
17.53% (SL) and 26.4% (RL) was noted at Ni (80 uM) in comparison to control. Gladiolus
supplemented with 20 UM Ni exhibited a notable increase in SL and RL by 4.96% and
5.5% respectively, whereas, a marked decrease in SL (18.1%) and RL (31.4%) was
recorded at 80 uM Ni as compared to control (Table 1). A marked increase in SFW and
RFW of 6% and 15.2%, respectively were noted in stock plants exposed to 20 uM (Ni)
than control (no Ni). Whereas, 80 UM (Ni) revealed the highest reduction in SFW and
RFW by 20.3% and 7.6%, respectively in parallel to the control. Likewise, snapdragon
plants supplemented with Ni (20 uM) exhibited a notable increase in SFW (10%) and
RFW (10.3%), However, Ni (80 pM) considerably reduced SFW and RFW by 30% and
39% respectively the control. Gladiolus exhibited a significant increase in SFW and RFW
by 5% each at Ni (20 uM) compared to control. While, Ni (80 uM) notably decreased
SFW and RFW by 27% and 39%, respectively, in comparison with the control (Table 1).
Maximum increased SDW and RDW by 9.8% and 27.48% respectively in stock plants
were observed at 20 UM Ni in parallel to control whereas, 29.75% and 18.95% reduction
in RDW and SDW was recorded at 80 UM Ni. In snapdragon, a significant increase of
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15.4% SDW and 47.3% RDW was recorded at Ni (20 uM) while, the maximum reduction
in SDW (51.52%) and RDW (34%) was noted at Ni (80 uM) in comparison to control.
Gladiolus supplemented with 20 uM (Ni) exhibited a notable increase in SDW and RDW
(7.99% and 10.3% respectively) whereas, marked decrease of 39% (SDW) and 33.68%
(RDW) was recorded at 80 pM (Ni) as compared to control (Table 1).

Relative water contents and Membrane stability index

Stock plants supplemented with Ni (20 uM) markedly improved RWC and MSI by 15%
and 5% respectively in parallel to control (Table 2). However, a higher level of Ni (80
M) resulted in a maximum reduction in RWC (7%) and MSI (10%) than control.
Supplementation of snapdragons with 20 UM of Ni demonstrated an enhancement in RWC
and MSI by 15% and 5% respectively; whereas, Ni at 80 UM elicited a significant
reduction in RWC (10%) and MSI (12%) in comparison with control conditions. Gladiolus
supplemented with Ni at 20 uM exhibited a significant increase in RWC (10%) and MSI
(8%); however, a marked decrease in RWC and MSI by 12% and 15% respectively was
observed at 80 UM (Ni) compared to the control conditions (Table 2).

Table 1. Shoot and root length, fresh and dry weight of stock, snapdragon, and gladiolus
grown in the Ni-contaminated soil (0, 20, 40, 60, 80 uM).

Treatments Shoot Root Shoot fresh Root Shoot Root

Ni pM length length  weight fresh  dry dry
(cm) (cm) (9) weigh  weigh  weigh

t t t
(9) (9) (9)

Stock + 58.08 42.00 50.67+1.00P 13.00 1053 3.17%

Control +1.44°  +1.05° + + 0.15¢f
8 @ 0.48°  0.63°

Stock + 20 68.67 50.00 54.33+0.73? 15.33 13.13 437+
+ +0.942 + + 0.19¢
0.7332 0.73% 0.392

Stock + 40 60.75 44.33  49.67 £1.00° 1233 1260 3.23%
i + + + 0.10¢
1.08%¢ 0.35° 0.73%¢  (.242

Stock + 60 5435 43,92 46.33 +0.73¢ 11.00 870+ 3.10+
+ + + 0.19%¢  0.10¢f
1.26¢ 0.35% 0.96¢

Stock + 80 4950 40.00 40.33+0.73¢ 1200 7.40+ 257+
+ + + 0.34%F (.12
0.66% 0.72¢ 0.48°4

SD + Control 35.17 34.00 28.00 +0.96 457+ 550+ 337%
+ + 0.209 0.299"  0.24¢
0.49"  (0.48f

SD + 20 40.67 36.33 31.33+0.73f 8.67+ 650+ 427+
+ + 0.37% 052° 0.182

246 0.84°
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SD + 40 34.70 33.40 25.00 +£0.48f 6.83+ 480+ 200+
+ + 0.77°f 0.14M  0.109%
0.67N 1.13¢9

SD + 60 31.53 27.47 23.00 £1.279" 410+ 410+ 157%
= + 0.53¢ 0.38' 0.25"
0.72ii 0.65"

SD + 80 29.00 25.00 19.33 +0.73il 3.00 267+ 143%
+048 * 0.489 0.50i 0.19"

0.64i

Glad + Control 44.00 34.00 25.67 £0.779 1350 960+ 643+
+ + + 0.25°  0.18°
0.72¢f 0.96f 0.30%

Glad + 20 46.30 36.00 27.17 £0.50¢ 15.07 1043 793+
+ + + + 0.19¢
0.53%  (0.48¢f 0.67¢F 0.67%9

Glad + 40 42.23 33.63 23.33 +0.73%" 1223 867+ 543+
Ei= +1.19 + 0.28%  0.19¢
0.36 0.33f¢

Glad + 60 38.17 26.33 21.83 +0.84N 10.17 7.83+ 4.63%
+ + + 0.73%  0.26¢
0.49%"  0.50M 0.50¢%

Glad + 80 36.00 23.30 18.50 +1.34 817+ 6.37x 337+
+ +0.58 0.60f 0.49f  0.15¢
0.96"

P-value

T 0 0 0 0 0 0

\V 0 0 0 0 0 0

TxV 0.0077 0.0002 0.3487 0.0343 0.0505 O

CVv 4.2 45 5.61 12.03 1156 9.95

Chlorophyll

Ni (40 uM) supply to stock plants revealed the highest increase in chlorophyll by 9.4%;
however, Ni at 80 uM caused a reduction in chlorophyll by 7% in contrast to control plants.
Snapdragon, at 20 pM (Ni) caused a significant increase in chlorophyll by 10% in parallel
to the control. While the highest reduction in chlorophyll by 12% was recorded in Ni (80
M) exposed snapdragon plants than control. Gladiolus plants supplemented with 20 uM
Ni increased chlorophyll contents by 8%; whereas, Ni (80 pM) caused a maximum
reduction of 5.24% in chlorophyll in comparison with the control (Table 2).

Gaseous attributes

Net photosynthesis rate (A) and transpiration rate (E) were remarkably increased by 27%
and 9.2% respectively in stock plants at Ni 40 uM whereas, the minimum increase of
13.34% and 14.12% in A and E respectively was recorded at Ni 80 uM in contrast to
control (Figure 1a,b). Likewise, in snapdragon, a significant increase of 5.4% and 56.2%
in A and E respectively was observed at Ni 20 uM and 60 uM than control. along with
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suppression in values of A (22.72%) and E (24.45%) at 80 and 20 uM respectively was
recorded in contrast to control. In gladiolus, a prominent increase of 16.5% at 20 uM and
efficient demoted of 18.01% at 80 uM in A were observed and a marked increase of 57%
in t under Ni 60 pM along with significant retardation by 24.45% at 20 uM was recorded
in parallel to control.

Stomatal conductance (gs) and sub-stomatal conductance (Ci) remarkably increased by
19.8% and 44% correspondingly in stock at Ni 40 uM. In contrast maximum decline was
noted in gs (0.6%) and Ci (31.46%) when stock was subjected to Ni 80 pM in contrast to
control (Fig 1c, d). Likewise, in snapdragon, a remarkable increase of 4.5% in gs and 6.1%

Table 2. Relative water content, membrane stability index, and chlorophyll content of
stock, snapdragon, and gladiolus grown in the Ni-contaminated soil (0, 20, 40, 60, 80 uM).

Treatments Relative water Membrane Chlorophyll
Ni uM content stability index content

(%) (%) (SPADE)
Stock + Control 53.50 + 1.3 58.53 + 0.91°¢ 67.45 + 1.14°
Stock + 20 61.00 £ 0.872 65.50 * 1.14 70.52 + 0.84°
Stock + 40 55.17 + 0.50%° 53.73 £ 1.59¢ 7445+ 1.032
Stock + 60 46.00 + 0.87¢ 49.10 + 1.01" 67.30 £ 1.04¢
Stock + 80 41.17 + 0.84% 43.83 + 1.08' 58.45 + 1.20f
SD + Control 52.83 +1.21°¢ 58.83 + 0.69¢ 59.53 + 0.88¢f
SD + 20 59.33 + 0.842 62.17 + 1.69? 63.37 + 1.03°
SD + 40 45,17 + 2.59% 53.50 +1.18¢ 59.00 + 0.96°f
SD + 60 41.83 +1.13% 43.80 + 1.47 52.33+0.73"
SD + 80 31.67 + 1.60° 31.67+1.73i 46.00 + 0.941
Glad + Control 57.67 £ 0.97%°¢ 66.23 +1.23° 68.07 + 0.87°¢
Glad + 20 60.67 + 0.84%® 72.57 + 2.35% 71.83 +1.00¢
Glad + 40 52.67 + 1.08¢ 59.37 + 0.60% 65.87 £ 1.01°¢
Glad + 60 44.33 + 2.41% 55.67 + 0.677 60.77 = 0.87°f
Glad + 80 40.67 + 1.70¢ 49.20 + 1.81" 55.80 £ 0.73¢
P-value
T 0000 0 0
\% 0000 0 0
TxV 0.0575 0.012 0.0014
CcVv 5.79 5.18 3.19

in Ci was observed when supplemented with Ni (20 pM). In contrast, maximum decline
was noted by 19.2% for gs and 17.7% for Ci when snapdragon was exposed to Ni 80 uM
in contrast to control. In gladiolus, a prominent increase of 12.5% in gs and 8.2% in Ci
was observed when supplemented with Ni 40 pM. In contrast, the maximum decline was
noted by 8.3% in gs and 13.4% in Ci when gladiolus was polluted to Ni 80 uM in parallel
to control (Figure 1c,d)
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Figure 1A-B. The influence of different levels of nickel (0, 20, 40, 60, 80 uM) on the
(A) physiological activity, specifically net photosynthetic rate (B) was assessed in
stock, snapdragon, and gladiolus plants. Different statistical alphabets indicating
signification based on the LSD (Least Significant Difference) test (» < 0.05).
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Figure 2. The influence of different levels of nickel (0, 20, 40, 60, 80 uM) on the
activity of catalase (A), peroxidase (B), and superoxide dismutase (C) was assessed in
stock, snapdragon, and gladiolus plants. Different statistical alphabets indicating
signification based on the LSD (Least Significant Difference) test (» < 0.05).




Hameed et al. 47

Antioxidant activities

Nickel application significantly increased the CAT, POX, and SOD activity of stock plant
by 20.3%, 66%, and 64% respectively at 60 uM Ni in contrast to control (Figure 2a,b,c).
However, minimum CAT (3.75%), POX (21.73%), and SOD (25%) were recorded in
leaves of stock plant at 20 uM than control. A significant increase of CAT (19.2%), POX
(65%), and SOD (54%) was recorded in snapdragon plants at 60 uM Ni; whereas, a
minimum increment of 2.1%, 25%, and 22.22% in CAT, POX, and SOD respectively was
noted at 20 uM in comparison with control. Gladiolus plants exhibited 13.8%, 67%, and
49% increase in CAT, POX, and SOD activities respectively at 60 uM Ni, and minimum
increase of 1.61%, 17.81%, and 16.45% for CAT, POX, and SOD respectively was noted
at 20 uM of Ni in comparison to control.

Phytoremediation

A remarkable increase in BCF (70.50%) by stock was observed when Ni reached a
concentration of 60 uM. While improvement in BCF (57.86%) was noted at 20 uM with
respect to control (Fig 3a). Snapdragon plant showed less improvement for BCF than
stock. Maximum improvement (50.05%) was noted at 60 uM. On the other hand, the
lowest value for BCF was measured (43.95%) when plants were subjected to 20 uM
compared to control. Whereas, gladiolus showed maximum and minimum values for BCF
by 39.75% and 25.83% at 80 and 20 pM of Ni respectively. The value of TF was
significantly higher for snapdragon as compared to gladiolus and stock, maximum TF was
79.26% at 60 UM while the minimum value of TF was 52.40% (Fig 3b). In gladiolus the
TF value was increased with the increase of Ni concentration, the maximum was 73.61%
and 69.53% under 60 uM and 20 uM compared to the control. Under higher (40 uM) and
lower (20 uM) concentrations of Ni, TF was 46.44% and 38.16% respectively in stock
plant (Figure 2a,b).

L4 @ Control &Ni 20 uM A

o
[e)]
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Bioconcentration factor
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Figure 3. The influence of different levels of nickel (0, 20, 40, 60, 80 uM) on bio
concentration factor (A) and translocation factor (B) was assessed in stock, snapdragon,
and gladiolus plants. Different statistical alphabets indicating signification based on the
LSD (Least Significant Difference) test (»p <0.05).

DISCUSSION

Heavy metal pollution in soil poses a significant environmental challenge due to its
adverse effects on ecosystems and human health (Ameen et al. 2019a) Ni toxicity causes
hindrance in plant growth, yield, and quality due to disruption in water relations,
photosynthetic activity, and antioxidative defense system (Parvez et al. 2020). To mitigate
soil Ni pollution, the present study explored the potential of different ornamental plants
(Mathiola incana, Antirrhinum majus, Gladiolus grandiflorus) to absorb Ni from the soil
with minimum effects on plant growth and development. According to the results, lower
doses of Ni improved the growth attributes of stock, snapdragon, and gladiolus whereas,
higher Ni doses adversely affected the growth of plants in stock plants and showed an
increase in growth parameters at 40 uM (Ni). But when the level of Ni increased to 80
pM, a significant decrease in the growth parameters was recorded in plants of stock,
snapdragon, and gladiolus.

The significant decrease in growth attributes at lower doses (20-40 uM Ni) might be due
to the essentiality of Ni as a micro-nutrient and its contribution in different biological
activities. Nickel perfume has its duties as a cofactor in the urease enzyme which helps in
the recycling of nitrogen (conversion of organic urea into ammonia and carbon dioxide)
(Goyal et al. 2020). Moreover, the availability of Ni helps to avoid cold injury, and
dwarfing of leaves, it also helps to maintain the size of the bud and the distance between
nodes. Furthermore, building a strong root system (Wood et al. 2006). The possible reason
for the decline of growth parameters and chlorophyll contents at higher Ni doses (80 pM)
may be that Ni phytotoxicity leads to a decrease in growth (Shahid et al. 2014; Ameen et
al. 2019b). Ni toxicity alters plants' growth directly by affecting cell membrane plasticity,
distressing the function of plasma membrane, and lipid peroxidation and ultimately
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causing inequity in ion exchange between membranes and disturbing membrane
molten/fluid. Furthermore, triggered depletion of protein (LHW), failure in gene
expression, and enzyme inhibition by the SH- group (Rubisco & nitrate reductase). While,
indirect effects include decreased photosynthesis, Calvin cycle enzyme inhibition, electron
transportation affected PS II, Thylakoid membrane disruption. Modulate gene expression,
competitive inhibition, and disturbed absorption of iron, zinc, and magnesium (Ahmad et
al. 2007).

Higher doses of Ni significantly decreased the gaseous exchange (A, E, Gs, Ci,) attributes
in stock, snapdragon, and gladiolus plants might be due to the reason that Ni toxicity is
associated with the closing of stomata which causes a decline of transpiration rate that
affects photosynthesis process (Seregin and Ivanov, 2001). Previously, Lin and Kao
(2007) also observed a reduction in stomatal conductance, photosynthesis, and chlorophyll
contents in plants subjected to higher Ni doses. Similarly, Wheeler et al. (2001) found that
Ni concentration (0.025 mM) caused a reduction in leaf number and chlorophyll content
(24-47%). Similarly, Ahmad and Rasool (2014) studied Vigna radiata under nickel stress
and observed the higher Ni concentration chlorophyll contents of the plant. Another study
was conducted on Vigna mungo L. and the results showed a significant decline in
photosynthetic pigments when the plants were subjected to Ni stress and further concluded
that accumulation of Ni has a significant relation with physiological attributes of plants
(Dubey and Pandey, 2011). Likewise, stomatal conductance in the developing leaves of
Populus nigra L. dropped to the extent of 0.40-0.03 mol when the plant was exposed to a
higher concentration of Ni (200 pM). The decrease in stomatal conductance is responsible
for the inhibition of photosynthesis (Velikova et al. 2011) Previously, Masidur Alam et al.
(2007) also recorded photosynthetic pigments and photosynthetic activity in Brassica
junca plants subjected to Ni toxicity.

Enzymatic activity (CAT, POX, and SOD) of stock, snapdragon, and gladiolus plants was
significantly increased in response to the application of different Ni doses that might be
due to the activation of the antioxidative defense system to protect the cells from oxidative
damage (Shao et al. 2018). Similarly, higher enzymatic activity was recorded in plants of
Pisum sativum and Zea mays grown under Ni stress (Baccouch et al. 2001). However,
enzymatic activity adversely affected the plants of stock, snapdragon, and gladiolus with
higher Ni doses which may be due to reduced water relation and photosynthetic activity.
Previously, Gomes-Junior et al. (2006) also recorded higher ROS generation in Coffea
arabica subjected to higher Ni dose.

Ornamental plants have the potential to mitigate soil heavy metal pollution due to their
higher growth rate and tolerance to contaminants (Liu et al. 2021). Several studies have
investigated the potential of ornamental plants for the phytoremediation of heavy metal-
contaminated soils. Different plants have different tolerance levels and mechanisms
(Havryliuk et al. 2021). Previously, Sajad et al. (2020), identified different ornamental
plants (Xanthium strumarium, Filago hurdwarica, and Geranium rotundifolium), as a
potential source for phytostabilization and phytoextraction of nickel-contaminated soil.
Similarly, Festuca rubra was recorded as a potential accumulator of nickel, cobalt, and
cadmium (Wyszkowska et al. 2022). The higher phytoremediation potential of Mirabilis
jalapa, Eleusine indica, and Brassica oleracea plants was also recorded in Ni-
contaminated soils (Gokseven et al. 2021).

Conclusion
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Heavy metal toxicity is a global issue, causing a reduction in the growth and quality of
food and ornamental plants. The current study also demonstrated that higher Ni levels
significantly decreased plant growth, water relations, photosynthetic pigments, and
gaseous exchange in stock, snapdragon, and gladiolus plants. Similarly, antioxidative
activity was also reduced in response to Ni stress. However, stock plants showed a higher
tolerant level against Ni toxicity than snapdragon and gladiolus Higher BCF and lower TF
values showed that stock has more potential to remediate the Ni-contaminated soil
through. Therefore, stock plants could be used to mitigate the Ni toxicity from the polluted
soils.
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