Quantification of plant and soil Cd contents with morphological characteristics 
The plants components including (roots and shoots) were separated carefully to prevent any tangling and over lapping. Shoot and root length were estimated by using ruler. In addition, the fresh weight (FW) was quantified using a calibrated digital precision balance to ensure precise measurement. On the other hand, the dry weight (DW) was measured by completely drying the collected samples at a temperature of 85 °C for a duration of 15 minutes, and then continuing to dry them at a temperature of 65°C until they were completely free of moisture.
Chlorophyll fluorescence observation
Chlorophyll fluorescence (Fv/m) was assessed with an IMAGING-PAM chlorophyll fluorimeter (Walz, Effeltrich, Germany), following the protocol described by (He et al., 2019). This involved dark-incubating intact leaves for 30 minutes prior to fluorescence estimation. Minimum fluorescence (Fo) was measured under low-intensity light (<0.05 μM m-2 s−1 photosynthetically active radiation), while maximum fluorescence (Fm) was gauged using a saturating pulse (2500 μM m-2 s−1 photosynthetically active radiation). Fluorescence variability and the maximum quantum yield of PSII photochemistry (Fv = Fm - Fo and Fv/m, respectively) were calculated as per the guidelines established by Genty et al. (1989), with fluorescence images for Fv/m generated via Imaging Win software (IMAGING-PAM, Walz, Effeltrich, Germany). 
Quantitative analysis of malondialdehyde (MDA), hydrogen peroxide (H2O2), electrolyte leakage (EL) and superoxide anion (O•–2)
 
The determination of MDA, H2O2, and O2•– activities were conducted in accordance with the techniques outlined by (Ali et al., 2019). Specifically, lipid peroxidation was quantified by measuring MDA content in shoot tissues. In summary, initially take 100 mg leaf tissues, homogenate in 65 mM potassium phosphate (K3PO4) buffer at pH 7.8 and then centrifuged at 10000 g for 25 minutes at 4 °C. Take resultant supernatant and add 5% trichloroacetic acid (TCA) and thiobarbituric acid (TBA) and placed for incubation at 95 °C for 25 minutes. Later, final solution place on ice bar to stop chemical reaction and again put for centrifugation for 12 minutes at 4500 g and finally observation was recorded at 532 and 600 nm. Furthermore, H2O2 contents was executed by taking 0.2 g leaf tissues, intermixed with 1 ml cold extraction buffer containing 25 mM (K3PO4, pH: 7) and 1 Mm EDTA, and homogenized. Later on place solution for centrifugation at 12000 g for 10 minutes at 4 °C. After getting transparent solution the H2O2 content were detected at 410 nm via spectrophotometer by using of methodology described by (Velikova et al., 2000). The O2•– assay in shoot tissues were estimated by procedure outlined by (Chen et al., 2021). 
Furthermore, for EL quantification harvested fully mature leaves from the top of the plant and cut into 5 mm segments. The leaf samples were placed in test tubes containing 8 mL of distilled water and maintained at 32 °C for 120 minutes in a water bath. The specimens underwent autoclaving for 20 minutes at 121 °C and were thereafter cooled to room temperature prior to obtaining the final measurements. The measurement of electrolyte leakage was conducted as follows:
EL = EC1/EC2x
where EC1 and EC2 are the electrical conductivities at the initial and final stages, respectively (Dionisio-Sese and Tobita, 1998).

	Items
	Units
	Soil

	Soil texture
	---
	Silt clay loam

	Sand 
	%

	32.25

	Silt %
	%

	36.60

	Clay %
	%

	31.15

	pH
	---
	8.1

	Electrical conductivity 
	dS m−1
	1.8

	Cation exchange capacity 
	cmol kg–1
	13.57

	Organic matter 
	%
	12.53

	Total N 
	g kg-1
	1.03

	Available P 
	mg kg-1
	12.29

	Available K 
	mg kg-1
	147.9

	Total Ca 
	mg kg-1
	122.36

	Total Cd 
	mg kg-1
	0.8

	
	
	





Table Basic physiochemical properties of soil

References

[bookmark: _GoBack]Ali, M. A., Fahad, S., Haider, I., Ahmed, N., Ahmad, S., Hussain, S., and Arshad, M. (2019). Oxidative stress and antioxidant defense in plants exposed to metal/metalloid toxicity. Reactive oxygen, nitrogensulfur species in plants: production, metabolism, signalingdefense mechanisms, 353-370.
Chen, Z., Niu, J., Guo, Z., Sui, X., Xu, N., Kareem, H. A., Hassan, M. U., Yan, M., Zhang, Q., and Cui, J. (2021). Graphene enhances photosynthesis and the antioxidative defense system and alleviates salinity and alkalinity stresses in alfalfa (Medicago sativa L.) by regulating gene expression. Environmental Science: Nano 8, 2731-2748.
Dionisio-Sese, M. L., and Tobita, S. (1998). Antioxidant responses of rice seedlings to salinity stress. Plant science 135, 1-9.
Genty, B., Briantais, J.-M., and Baker, N. R. (1989). The relationship between the quantum yield of photosynthetic electron transport and quenching of chlorophyll fluorescence. Biochimica et Biophysica Acta 990, 87-92.
He, X., Richmond, M. E., Williams, D. V., Zheng, W., and Wu, F. (2019). Exogenous glycinebetaine reduces cadmium uptake and mitigates cadmium toxicity in two tobacco genotypes differing in cadmium tolerance. International journal of molecular sciences 20, 1612.
Velikova, V., Yordanov, I., and Edreva, A. (2000). Oxidative stress and some antioxidant systems in acid rain-treated bean plants: protective role of exogenous polyamines. Plant science 151, 59-66.

