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Introduction: Soil pollution by heavy metals, especially in industrial r ne of the main

blocks design with three repl@tio
of Cd (0, 1, 3,5, 7 and 1@¥ng/I)

Results and Discussion: The results showed that different concentrations of Cd decreased the wet and dry
weights of roots erial parts of the plant. The most reduction effect was related to the concentration of
10 mg/I of Cd. The interaction effect of biochar and Cd was significant only on the dry weight of aerial
parts. The effect of stress caused by increasing the concentration of Cd on the plant physiological processes
was different. Considering that the first effect of Cd on the plant is the reduction of photosynthesis and
chlorosis of the leaves, at the highest level of Cd, the amount of total chlorophyll decreased by 40%
compared to the control sample, but the amount of carotenoid increased by 50% (p<0.05). The reduction

of chlorophyll content under cadmium stress can be due to oxidative damage and inhibition of different
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stages of chlorophyll synthesis. But the increase of carotenoids in the face of heavy metal stress is because
carotenoids, as molecules involved in the non-enzymatic antioxidant defense system, play a protective role
against oxidative stress. In contrast, the use of biochar treatment caused a significant increase in the wet
weight of aerial parts, the amount of chlorophyll a and carotenoid. Also, the interaction effect of the
treatments indicated that at different levels of Cd, the characteristics of the dry weight of aerial parts, the
amount of chlorophyll b and the total chlorophyll increased with the increase in the biochar level. Among
the investigated biochemical traits, the interaction effect of the treatments was significant only on the
amount of soluble sugar (p<0.05) and catalase (p<0.01). This means that the absorption of Cd by biochar

and the reduction of its toxicity effect on seedlings provided the conditions for more proguction of soluble

sugar and catalase. In fact, biochar had a high adsorption of Cd due to its high cation excha

high specific surface, and presence of functional groups.

Conclusion: In total, the results showed the biochar capacity to stabil% and inaci Cd absorption.
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Fig. 2- Interaction of different levels of biochar and cadmium on the dry weight of arial parts
of marigold (In each treatment, common letter(s) indicate the nonsignificant difference at 5% level)
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Fig. 3- The simple effect of different levels of Cd and biochar on the chlorophyll a and
carotenoid in marigold (In each treatment, common letter(s) indicate the nonsignificant difference
at 5% level)
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Fig. 4- The interaction effects of different levels o rw”n the chlorophyll b and total

chlorophyll content of marigold (In each treat omm‘l letter(s) indicate the nonsignificant

difference at 5806 level)

b o blize 3105 )15%&:4. )

e
"o J

o35 55 abaw 5l cow (g loliae jsb 4 ol liewdion Sl

S e Moy S5 9 O ok ;o i 4 YUK ¢ Jelore B le  Jasd

pomodls 3 dlanod 05 50 o b )l (oo Slho p slrgw 1 il ylg @55 -0 Jou

Table 5. ANOVAof biochar effect on biochemical traits evaluated in marigold under Cd stress

T Sl Jalro i3 odsn el 2 yloss
Peroxidase Catalase Soluble sugar Perolin (df) Treatments
0.769 ™ 10.97™ 5857.17 ™ 62.87" 2 Biochar ,l>s.,
0.574™ 12.72™ 13106.117 109.13™ 5 Cadmium ps..ols
0.023" 1.34™ 279.8" 1.2 10 pseaslSX gy
Biochar x Cadmium
9.75 9.58 3.27 7.06 CV(%) (1) &5

*, **Significant effect and ns shows no significance effect at probability level of 5% and 1%.
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Table 6. Mean comparison of simple effect of different levels of Cd and biochar on the biochemical

traits of marigold

Peroxidase jlawwS| Catalase ;YU Soluble Jglxo uid  Perolin ;ydgy b ;Lo
(AABS/minute.pg.protein™) (AABS/minute.ug.protein™) sugar (mg./g DW) (ng/g FW) Treatments

1.15 + 0.24° 2.49 +0.86° 253.74 + 28.56° 9.65 + 3.08° BO
1.21 +0.24° 2.59 + 0.99° 274.80 +38.04>  11.45g 3.15° Bl
1.54 +£0.322 3.89+1.73 289.64 £ 44322 13.39%3 B2
0.114 0.264 18.084 LSD
1.02+0.13° 1.82 £0.23° 232.40 +10.68 © Cdo
1.04 +0.12% 1.98 + 0.25% 235.3+12.66°¢ Cd1
1.23 +0.26% 2.36 +0.32¢ 259.79 £ ﬁgl d Cd2
1.35 +0.31% 3.09 £ 1.06° 277.35+17.78 ¢ . Cd3
1.50 + 0.24% 3.85+1.62° 302.34 £ 109. 0+2.19° Cd4
1.65+0.23° 4.87 +0.952 329.2Q + 33. .50 £ 2.062 Cd5
0.199 0.460 1 1.112 LSD

Each column of means that have at least one letter in common were not significantly

BO: 0, B1: 1.5, B2: 3 w/w, Cd0: 0, Cd1: 1, Cd2: 3, Cd3: 5, Cd4: 7, and Cd5: 10 mg/I.
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Fig. 5- The simple effect of different levels of Cd and biochar on the proline and catalase in

marigold (In each treatment, common letter(s) indicate the nonsignificant difference at 5% level)
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a Lds,ls 0.772 0.779 O.‘ 0.662

Chlorophyll ) “
@ .

b J“SBJK . X . 0.847 1

Chlorophyll )
]

JS s 5 0.74 26 0.583 0.559 0.941 0.977 1

Total )
(Chlorophyll
RUREANLS -0.689 -0 -0.657 -0.765 -0.732 -0.456 -0.585 1
(Carotenoid)
J s -0.704 -0.758 -0.685 -0.783 -0.673 -0.347 -0.492 0.925 1
Soluble )
(sugar
Sl -0.531 -0.591 -0.579 -0.734 -0.644 -0.275 -0.434 0.882 0.86 1
(Catalase)
IRV -0.496 -0.554 -0.623 -0.74 -0.523 -0.206 -0.342 0.846 0.838 0.875 1

(Peroxidase)
o -0.665 -0.718 -0.658 -0.786 -0.641 -0.322 -0.463 0.933 0.938 0.892 0.861 1

(Perolin)







