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Abstract

Cadmium (Cd) and lead (Pb) contamination in the water, soil, and/or in atmosphere exert
drastic negative impacts on the environment. Since phytoremediation is an ecofriendly
approach, therefore, growth, biomass production, Cd and Pb accumulation and translocation
factor was evidenced in Ziziphus jujube, an important multipurpose tree species. Results
showed an overall decreasing trend in growth of Ziziphus jujuba in all the treatments (Cd, Pb
or combination of both). The highest decrease in plant height (67.7%), stem diameter (65.1%)
and total biomass (65.4%) was recorded in Cd2 + Pb2 (Cd2, 8mg/kg; Pb2 80mg/kg). Overall,
the HM contents were the highest in roots followed by stem and leaves whether Cd and Pb
were applied separately or in combination. However, in treatments where Cd and Pb were
applied in combination, the absorption of both HM decreased significantly as compared to the
treatments where Cd and Pb was applied separately. The translocation factor remined less than
one in almost all the treatments for both Cd and Pb, indicating low mobility of both HMs from
root to shoot. These findings suggest that although growth was negatively affected but high Cd
and Pb accumulation in roots and a TF of less than one, makes Ziziphus jujube a suitable
candidate for phytoremediating soils contaminated with Cd and Pb.

Key words: Phytoremediation, Growth and biomass production, heavy metals, translocation
factor

Introduction

Pakistan is water deficit country with poorly maintained water storage facilities and high
volume of wastewater (Nasreen et al. 2020). Municipal wastewater usually contains HMs and
is commonly used as irrigation water to grow edible crops leading to contaminated food
production especially in the developing countries (Othman et al. 2021). Globally,
phytoremediation technique is used to cope with this issue as an alternate option for the removal
toxic pollutants from the soil (Sharma et al. 2022). This technique helps retards erosion as well
reduces the entry of heavy metals (HMs) to underground water reserves through seepage and
percolation (Ali et al. 2023).

Among the HMs, cadmium (Cd) and lead. (Pb) are important due to their high mobility, easily
accumulation and toxicity to plants. The continuous addition of Cd and Pb in soil can be
dangerous for life (Hayat et al. 2019). Once Cd and Pb becomes the part of the food chain it
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can cause cancer, renal failure and mental abnormalities (Fatima et al. 2019). In plants, Cd and

Pb stress results in decrease in plant growth, which is linked to a decrease in stomatal
conductance, transpiration rate and decrease in chlorophyll pigments (Chandra and Kang,
2016). Furthermore, other studies have related the decrease in growth under Cd and Pb stress
to over production of oxidants (hydrogen peroxide) and ethylene (Aslam et al. 2021). Cd and
Pb stress also disturb the absorption of the vital nutrients (potassium, magnesium, calcium and
phosphorous) in plants (Huang et al. 2017).

Ziziphus jujuba (Beri) is a well-known multipurpose tree (fruit, diseases treatments and wind
breaks) (Guo et al. 2017). Therefore, owing to the economic importance and suitability of
Ziziphus jujuba under arid to semi-arid environment, this study was designed to evaluate the
growth, phytoremediation potential and translocation of HMs (Pb and Cd) in Ziziphus jujuba.
Furthermore, translocation factor (TF) of Cd and Pb was also evidenced since TF indicates the
mobility of HMs in various plant sections (roots and shoot). Studies have shown that a TF of
less than 1 indicates low mobility of HM from root to shoot and vice versa and such species
are considered suitable for phytoremediation (Rasheed et al. 2019; Li et al. 2022). Therefore,
this study aims to evidence growth, biomass production, heavy metal accumulation in various
plant sections in Ziziphus jujube along with TF. The outcome of this research will provide
much needed data related to suitability of Ziziphus jujuba for phytoremediation of soils
contaminated with Cd and Pb.

Materials and Methods
A field trial was setup in Forestry Research Area, Department of Forestry and Range
Management (DFRM), University of Agriculture Faisalabad (UAF), Pakistan. A total of 27
pots were arranged by following CRD with five replicates and nine treatments (Table 1).
Cadmium chloride (CdCl2) and lead acetate Pb (CH3COO)2 were used to spike soil with Cd
and Pb. The duration of the experiment was six months.
Growth and biomass production in various plant sections
At the end of the experiment, shoot length and collar diameter of Ziziphus jujuba were
measured by a measuring tape. Thereafter, plants were excised and fresh and/or dried biomass
of shoot (leaf + stem) and root weas measured by using a potable weight balance. The plant
samples were dried in a heat oven at 70°C for 24 hours.
Heavy metal concentration in plant sections
Plant sample of 0.5g weight was taken, and digestion was done using di-acid (HNOs and
HC104) in a ratio of 2:1 followed by filtration. Subsequent supernatant was used to measure
the concentration of Pb and Cd using Atomic Absorption Spectrophotometer (Hitachi Polarized
Zeeman AAS, Z-8200, Japan). The limits of detection for Cd and Pb were 0.014 mg kg™ and
0.011 mg kg* respectively.
Translocation factor
The translocation factor (TF) of Cd and Pb from roots to shoot was calculated using the
following equation (Rasheed et al. 2020).
rp  HMs (mg kg )

HMg(mgkg™1)
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where HMs and HMj, are heavy metal concentration in the shoot (leaves + stem) and root,
respectively.

Statistical analysis

Normality of the data was tested using Q-Q plots and all traits were analyzed using one-way
ANOVA for treatment effect. The Tukey’s honestly significance difference (HSD) test was
used to compare the treatment means which are expressed with their standard error, at 5% level
of confidence. All the analysis were done in STATISTICA 12.5 (Maison Alford, France)

Results and Discussion

Effect of Pb and Cd on growth attributes

Results showed a significant reduction in the growth attributes (plant height, diameter, shoot,
root, and total biomass) of Ziziphus jujuba (Table 2). The highest decrease in plant height
(67.7%), stem diameter (65.1%), shoot dry weight (62.7%), root dry weight (74.2%), and total
dry weight (65.3%) was evidenced in Cd2+Pb2 (Table 2). These results are in lines earlier
reports highlighting the synergistic phytotoxic effects of heavy metals on plant growth and
biomass production (khan et al., 2022). In previous studies, reductions in plant growth are
attributable to disruptions in cell division, inhibition of enzymatic activity, and hormonal
imbalances (Sharma et al. 2022). Since Cd and Pb can disrupt cell division, alter hormonal
regulation, and interfere with nutrient uptake, leading to impaired development, growth
inhibition under heavy metal exposure is also attributed to interference of heavy metal with
essential physiological processes (Shankar, 2020). However, relatively less decline in root dry
weight observed in this study which suggests that Zizyphus jujuba prioritizes root development
under duress, enhancing survival of Ziziphus jujuba in Cd and Pb contaminated environments.
Concentration of Pb and Cd in different plant sections

Results showed that the highest increase in the concentration of cadmium was found in roots
followed by stem and leaves (Figure 1). The concentration of Cd was the highest in roots and
stem under Cd2 (4.31 and 2.76 folds; Figure 1B,C). In leaves, the highest concentration of HM
(Cd and Pb) was found in Cd2+Pb1 as compared to control (Figure 1A). These results suggest
that although the absorption of Cd was the highest in roots when applied alone, but the
absorption of Cd and Pb decreased when applied in combination. Similar was the pattern for
Pb where the increase in the concentration of Pb was the highest in roots under Pb2 (36.43
folds) followed by stem and leaves under Pb2 (9.7 folds, 24.3 folds, respectively) as compared
to control (Figure 1(F). Among the treatments where Pb was applied in various combinations
with Cd, the highest increase in the concentration of Cd and Pb was found in roots of plants
under Cd1+Pb2 (31.4 folds) by followed by in stem and leaves (19.4 and 7.3 folds, Figure 3).
These results suggest that although the absorption of Cd and Pb was the highest in roots when
applied alone, but the absorption of Cd and Pb decreased significantly when applied in
combination. Overall, the high concentration of HMs was found in roots as compared to leaves,
suggest a root accumulation strategy in Ziziphus jujuba. This strategy that reduces heavy metal
mobility from roots to leaves has also been observed in other species (Glnthardt-Goerg et al.,
2023). High accumulation of Cd and Pb in roots rather shoot (leaves and stem) also indicate
that Ziziphus jujuba minimize metal toxicity in photosynthetic tissues like leaves. These
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mechanisms in plant species immobilize heavy metals in root tissues, reducing their

bioavailability and preventing entry into the food chain is preferred while selection species for
phytoremediation (Wang et al. 2023).

Translocation factor

Translocation factor (TF) for Cd and Pb was found less than 1 in almost all the treatments
(Table 2), again indicating a restricted movement of Cd and Pb from roots to aerial parts (stem
and leaves). Low TF values are characteristic of phytostabilizing species that accumulate heavy
metals in their root tissues (Li et al. 2022). This strategy protects aboveground tissues from
toxic damage and prevents metals from entering the food chain through leaves or fruits. Similar
low translocation factor values (less than 1) have been reported in Morus alba and Conocarpus
lacifolius under heavy metal exposure, emphasizing that restricted translocation is a common
adaptation in woody plants (Rasheed et al. 2019; El-Keblawy et al. 2024). Therefore, a TF of
<1 found for Zizzphus jujuba makes this species a suitable candidate for phytoremediation of
soil contaminated with Cd and Pb.

Conclusion

Ziziphus jujuba exhibited substantial decrease in growth and biomass production under Cd and
Pb stress, with the most detrimental effects observed under combined exposure. Highest
concentration of Cd and Pb was found in roots followed by stem and leaves, which showed a
limiting translocation of Cd and Pb from roots to leaves. Although Ziziphus jujuba showed
negative impact on growth but survival, high concentration of HMs in roots and a TF of less
than 1 underscore its suitability for phytoremediation potential in soils contaminated with Cd
and Pb.
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Tables
Table 1. Physical and chemical attributes of soil before spiking.
Properties (Units) Values
Soil texture % Sandy loam (sand 50, silt
27, clay 23)
Ph 6.80 £ 0.01
Available P (mg kgt) 5.20+0.35
Available N (mg kg™?) 132 +4.50
Extractable K (mg kg™) 92.2+2.10
Cd (mg kg?) 0.35+0.01
Pb (mg kg™) 2.19+0.14
162
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Table 2. Stem, root, total biomass and translocation factor of Zizyphus jujuba grown on contaminated soil. All means are presented with

their standard errors, and small letters represent the significant differences among various means. Treatment effect (T-effect) was taken

significant at P<0.05.

Plant S.
Treatment height diameter  Shoot Root Total biomass
S (cm) (cm) biomass (g) biomass (g) (Q) TF (Cd) TF (Pb)
72.33+2.40
+ +
c 210+4.36a  a 28.16:0.92a 85310418 4570908 0.95£0.07 1+0.01
Cd1 154+3.630 59+2.08b 232+052b 6.9+¢0.20b  30.1+0.68b  0.91+0.08 1+0.01
Cd2 106+2.20d  43.66£240 17 )11 07¢  5.650.26bc 0.890.02 1.29+0.05
e c 23+1.22 ¢
60.33+1.45
Pb1 l6ea16h & 2264072  616:01dbC o oo 0.92+0.06
16.36+1.13¢
+ +
Pb2 125+154c Soxbded S1x0.17cd 5 4s095¢  1.06+0.06 0.82+0.06
cdisppy  100:0.88d  43.33+185 17.13+093c 6.0320.20bc
e c 232+110¢  0.96+0.04 1.13+0.06
88.9+3.50e
+ +1. .0510. .9x0.
Cdl+Pb2 31xl15de 1363t0.42¢ 39:0.28d 170 0460 0.98+0.05 0.89+0.08
78.4+3.53f 33.66+1.45
+ +
Cdz+Pbl de 14.8£0.79de  506£0.29cd  190.006d  093:0.03 1.10+0.04
23.33+2.33
+ +
CA2#Pb2 e 744319 e 105073 22x0.208 15710856 1.0240.02 0.89+0.05
T-effcct  P<0.001  P<0.001  P<0.001  P<0.001 P<0.001 P =0.001 P = 0.001
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Figure 1: Accumulation of Cd and Pb in leaves (A), stem (B) and roots (C) after 180 days of
experiment in Zizyphus jujuba saplings. Each bar represents the means values and standard errors

under each treatment and small letters indicate the pairwise differences between means. Tests were

taken significant P < 0.05.
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