Environmental Sciences (Environ. Sci.) 2024, 22(4):625-642

Original Article

Received: 2024.04.25
Accepted: 2024.07.07

ISSN: 2588-6177

Effectiveness of Biochar Biofertilizer on Some
Morphological, Physiological and Biochemical
Traits of Marigold (Calendula officinalis L.) Under
Cadmium Stress

Mahyar Gerami,'* ~ Leila Dustdar Mahmoudabad,! Akram Ghorbanpour,?

Mohadeseh Amiri®

1 Department of
Horticultural Science
(Medicinal Plant), Sana
Institute of Higher
Education, Sari, Iran

2 Department of Plant
Sciences, Faculty of
Biological Sciences,
Kharazmi University,
Tehran, Iran

3 Department of Range and
Watershed Management,
Faculty of Agriculture and
Natural Resources,
University of Mohaghegh
Ardabili, Ardabil, Iran

How to cite this article:
Gerami, M., Dustdar
Mahmoudabad, L.,
Ghorbanpour, A. and Amiri,
M., 2024. Effectiveness of
Biochar Biofertilizer on
Some Morphological,
Physiological and
Biochemical Traits of
Marigold (Calendula
officinalis L.) Under
Cadmium Stress. Environ.
Sci. 22(4); 625-642.

EXTENDED ABSTRACT

Introduction: Soil pollution by heavy metals, especially in industrial regions is one of the main
environmental problems. Cadmium (Cd) is a heavy metal that causes oxidative stress in plants
and has many destructive effects on product quality. Nowadays, various methods are used to
reduce the negative effects of high concentrations of heavy metals in the soil. In this regard,
using biochar is a cost-effective and environmentally-friendly method and its influence on the
reduction of heavy metals bioavailability of soil is an important advantage. Biochar is a carbon-
rich material obtained by pyrolysis of biomass, such as agricultural residues and manures in
conditions without oxygen or with limited oxygen content.

Material and Methods: In this study, a factorial experiment was conducted in a completely
randomized blocks design with three replications on Marigold (Calendula officinalis L.)
medicinal plant with six levels of Cd (0, 1, 3, 5, 7, and 10 mg/I) and three levels of biochar (0,
1.5, and 3 w/w). The effect of experimental treatments was investigated separately and
combined on the morphological (wet and dry weights of aerial parts and roots), physiological
(the amount of chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid), and biochemical
(soluble sugar, catalase, peroxidase, and proline) characteristics of this medicinal plant. Means
comparisons were done by Duncan's multiple range test at a probability level of 5%.

Results and Discussion: The results showed that different concentrations of Cd decreased the
wet and dry weights of roots and aerial parts of the plant. The most reduction effect was related
to the concentration of 10 mg/l 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's 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 Cd stress can be due to oxidative damage and inhibition of different stages of chlorophyl|
synthesis. However, the increase in carotenoids in response to heavy metal stress occurs
because these molecules, as part of 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
production of soluble sugar and catalase. In fact, biochar had high adsorption of Cd due to its
high cation exchange capacity, high specific surface, and presence of functional groups.

Conclusion: In total, the results showed the biochar capacity to stabilize and inactivity Cd
absorption. Therefore, the incorporation of biochar to soil can improve Cd bioavailability by
plants in the phytoremediation, although the effect of type and plant variety on the amount of
decreasing Cd stress should not be ignored.
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Table 1. Correlation matrix of studied attributes

L 039
7o WL 09
plasl >y o . s
KY] » S a s b Jus 3 Nl .
wls I ady, Jde s D hdgyls S hdg,ls Sigig,ls NS jlawSly ol
lsp et 4w y  Chlorophyll Chlorophyll Total c id Catal id li
Wet [ / b chi hy  Carotenoid gy e Catalase Peroxidase Perolin
. ht Dry a oropny!
weightof Dry WEIO iaght sugar
arial  weight Of root Weig
parts of arial of root
parts
o el 5 5
Wet weight of ) 1
(arial parts
plal Sas 59
Dry weight ) slsa  0.988 1
(of arial parts
Wet ) ais, 5 o
RIS G738 077 1
(weight of root
adyy SES ()39
Dry weight of ) 0.752 0.775 0.954 1
(root
a Ls
Sl 0.772 0.779 0.634 0.662 1
(Chlorophyll a)
b L
Sl 0.676 0.649 0.515 0.461 0.847 1
(Chlorophyll b)
Total ) JS° Ju84,15
0.741  0.726 0.583 0.559 0.941 0.977 1
(Chlorophyll
*‘.9‘5-*-"'5)15
) -0.689  -0.742 -0.657 -0.765 -0.732 -0.456 -0.585 1
(Carotenoid)
Jstne -0.704  -0.758 -0.685 -0.783 -0.673 -0.347 -0.492 0.925 1
(Soluble sugar)
(Catalase) ;¥GIS' -0.531 -0.591 -0.579 -0.734 -0.644 -0.275 -0.434 0.882 0.86 1
oSy
. -0.496 -0.554 -0.623 -0.74 -0.523 -0.206 -0.342 0.846 0.838 0.875 1
(Peroxidase)
(Perolin) ¢yJg 5, -0.665 -0.718 -0.658 -0.786 -0.641 -0.322 -0.463 0.933 0.938 0.892 0.861 1
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Table 2. ANOVA of biochar effect on some morphological traits of marigold under the Cd stress

@ol3l 4z 50

Al ) S (339 Qday ¥ 039 Slep sbplail S (139 (2l9p Sleplil 5 (439 Lo sLows
Dry weight of root Wet weight of root Dry weight of arial parts Wet weight of arial parts (df) Treatments
0.016™ 0.031" 0.084"™ 3.410™ 2 Biochar ,l>.
0.193" 3.2877 0.840™ 18.128™ 5 Cadmium pg.eols
* X 1>
0.01"™ 0.253"™ 0.022 0.394" 10 . Foe07 2 k6
Biochar x Cadmium
0.009 0.255 0.008 0.194 36 Error Ws
18.088 19.864 12.264 13.381 CV (%) (/) &l ypuss oy

*, **Significant effect and ns show no significance effect at a probability level of 5% and 1%.

! ol 505 o2 g Gladss WS ol b pgaesls
Soltani et al., ) o5i o0 oS i3 (59 (iolS o
oS 5 sladlas L Minouei et al. (2008) .(2006
;0 45 Koges  yw,l3¥  Chlorophytum  comosum
Jio plShlul Lele pgesls oYL slaclale
S oole J.Js.! L e 9 IR @Mb)&.c WBLMJS
sbplal g ay ) Sis 59 uels .l o ialS oLS
Kohansal 5 Nourbakhsh Rezaei et al. (2019)
Esfandiari and .a& 3,155 Vajargah et al. (2022)
oole adgi uals a5 ails Llebl 5.5 Rostami (2016)
Codlad cdl 5l (Sl paesls jgax o pais o6 )| Sis
peedlS WS clew b o bLa) e 5 oy elS
b o o0le ol 45 W0905 ,Lo Bahmani et al. (2013)
e ST e e (Su55lse 58 (Slaenslia 05 Jies

..))‘é u,uLo}».: »

P03 pseedls Al glackile 1 i Ske 4yl
b aS ol i Jlgpainen oS olsp glaplul ik
ol W) Sho 50 (nl polie pgesls sl il
Voo cdale o a5 glaies a4 sl las 1, gl s
s Glaplail Sz g 5 (3 paeedls i oS e
Qall diged 4 Cuwd o, PAIAD 5 FASY S5 @
poedls il zslaw Jl pSloe anslie a8l als
cble Gl b as sl las asy), S35 5 0j9 2
asls plas csals wigy 50 Slae (pl polas (pgeslS
oL ein; 5 2lop laplal S (59 (1 Jgo)
2 SleryS 4 nySaSles bl g cos Jol>
4 Jolo ol ups S hawd 5 segid anl b angs
oS Ll owas hSis s sladsSse 0o
skole ;2 14 (Esfandiari and Rostami, 2016) ool o
Fwger § gt oS S O3S 5 (AL 5 wile
9 Sy Rl e 0L Fhe gy GloJsSse ple
(bl oghge ol alize slajisy Sis (3

paodls il ilitio gl Coxd jladionod ol S 39lgd 90 Wlho (B (il A lio —F Jgu

Table 3. Mean comparison of some morphological traits of marigold under levels of Cd stress

Ay LS (39 day P (g lop slaplail LS (59 slop slapladl 5 59 Lo
Dry weight of root Wet weight of root Dry weight of arial parts Wet weight of arial parts Treatments
0.74 £0.05° 3.36 £0.32° 1.22 +0.11* 5.63+ 0.42° Cdo
0.66 + 0.08% 3.10 +0.49% 0.92 +0.08° 4.14 +0.63 Cd1
0.57 +0.09% 2.63 +0.41™ 0.74 £0.11° 3.31+0.61° Cd2
0.46 +0.12« 2.24 +0.58% 0.60 +0.15¢ 2.64 +0.71¢ Cd3
0.43 £0.10¢ 2.17 £ 0.54% 0.51+0.13¢ 2.31 £0.69% Cd4
0.35+0.12¢ 1.76 £ 0.57¢ 0.38 £0.11° 1.71 +0.54° Cd5

0.137 0.716 0.126 0.624 LSD

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

Cdo: 0, Cd1: 1, Cd2: 3, Cd3: 5, Cd4: 7, and Cd5: 10 mg/l.
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Fig. 1- The simple effect of different levels of biochar on the wet weight of aerial parts in marigold (in each treatment, common
letter(s) indicate the nonsignificant difference at 5% level)
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Fig. 2- Interaction of different levels of biochar and cadmium on the dry weight of aerial parts of marigold (in each treatment,
common letter(s) indicate the nonsignificant difference at 5% level)
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Table 4. ANOVA of biochar effect on photosynthetic pigments of marigold under Cd stress

Sgiig,ls J5 by ls b Jusdg L5 a Judg,ls bl o ylogs
Carotenoid Total Chlorophyll Chlorophyll b Chlorophyll a (df) ol Treatments
0.004™ 0.773™ 0.417™ 0.055™ 2 Biochar l>s.
0.014™ 0.589™ 0.181™ 0.121™ 5 Cadmium 4.0l
X
0.0002" 0.006" 0.007™ 0.0006 "™ 10 o sl )l?*’*_
Biochar x Cadmium

0.0001 0.0018 0.0012 0.0008 36 Error U.>
49273 3.2510 4.2306 5.5267 CV (%) (/) &l i oy

*, **Significant effect and ns show no significant effect at a probability level of 5% and 1%.

asile bbb sloon] s 35> wlS ool Jles!
oy 4 pyeadl a5 oo b g b larnST ]
2ot 1) olS (g5mgd phac Slgi oo &5 ABL s
Ol 2alS (Shi et al,, 2010) wes 13 clsla>
Rezaei et sloadl L poools s cov o Ju8g,l5
G, Gl Rl ol Slskes al. (2020)
Ol o0od] s ;o 4Bl b, LS o aseig,lS
5 Arenas-Lago et al. (2016) oldlas o 5w
odle Loaseiss, S .o w55 Aghaei et al. (2021)
Owlisgyd b ol e iz g Slatle B
O S 51 canilos s oy 4S5l Jdg 1S
€ 5l 1) itmgid oiws g cnl 5l g Wsd QLSS
Rastgoo and ) wius cdadloes sod (gumlannsSTy,

.(Alemzadeh, 2011

Slyoe » ponedls il zolaw Jl (S0l anlie
ORIBIL aS 0g o] Siko jleadasn oLS 50 Ldg IS
I Gl gre sials Wy, Olao (pl poresls cdale
US eba IS ke oy yieS a5 (glaisS 4y ciols L
Loy b pgedls i ) e Ve cile o
4 S &S Sl platsl 5 cdh e S e e
Hgy o S8l eSS p )8 e VAT L aald diges
Ol Sl ol plas 1) sasye e LialS
lBl Wy, paesls clale Il L laassisy) S
bouye asi59)l5 Hlade opyiian s laS 6l (sxe
LS g peedls ) p eSS e Ve clile
4 Comnd g0y 00 Bl 5 S8b )5 p e S (e
S0 sme oS pae Lo (O Jguz) culls vl asges
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Table 5. Mean comparison of photosynthetic pigments of marigold under levels of Cd stress

aigidg,ls S5 b ,ls b Judg s a Judg yls Lo
Carotenoid Total Chlorophyll Chlorophyll b Chlorophyll a Treatments
0.2 £0.012° 1.633+0.133* 0.997 + 0.075° 0.636+ 0.064* Cdo
0.205 + 0.014° 1572 +0.145° 0.952 + 0.091° 0.62 +0.06° Cd1
0.231 +0.011¢ 1.428 +0.205° 0.861 +0.151° 0.567 + 0.056° Cd2
0.259 £ 0.016° 1.286 + 0.23° 0.765 + 0.182° 0.52 +0.052¢ Cd3
0.277 £ 0.027° 1.124 +0.205¢ 0.704 +0.167¢ 0.419 +0.048¢ Cd4
0.3+0.021% 0.979 £ 0.182° 0.635 + 0.146° 0.343 +0.049° Cd5
0.017 0.061 0.040 LSD

Each column of means that have at least one letter in common was not significantly different.

Cdo: 0, Cd1: 1, Cd2: 3, Cd3: 5, Cd4: 7, and Cd5: 10 mg/I.
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Fig. 3- The simple effect of different levels of Cd and biochar on the chlorophyll 2 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 of biochar and Cd on the chlorophyll b and total chlorophyll content of marigold (in
each treatment, common letter(s) indicate the nonsignificant difference at 5% level)

paodls [idd Cx jlppadionnd ol )0 0l (1))l (i beendigm Glio 1 )lagm ST (wil,lg i -7 Jeu
Table 6. ANOVA of biochar effect on biochemical traits evaluated in marigold under Cd stress

STy G Soluble Jakxo s ol @oll 4z & slos
Peroxidase Catalase sugar Perolin (df) Treatments
0.769 ™ 10.97™ 5857.17" 62.87™ 2 Biochar l>g.
0.574™ 1272 13106.11™ 109.13™ 5 Cadmium pg.e0ls
X
0.023"™ 1.34™ 279.8" 1.2m 10 . pomesls )b”
Biochar x Cadmium
9.75 9.58 3.27 7.06 CV(%) (/) s o po

*, **Significant effect and ns show no significant effect at a probability level of 5% and 1%.
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Table 7. Mean comparison of simple effect of different levels of Cd and biochar on the biochemical traits of marigold

Peroxidase jluwws1 Catalase ;yGls Soluble Jglxo ai3 Perolin ydg Lo
(AABS/minute.pg.protein™) (AABS/minute.pg.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° 11.45 +3.15° B1
1.54 +0.32% 3.89+1.73° 289.64 + 44.32% 13.39 + 3.83° B2
0.114 0.264 18.084 0.639 LSD
1.02+0.13° 1.82+0.23¢ 232.40 £10.68 © 7.81 £1.57¢ Cdo
1.04 +0.12¢% 1.98 +0.25% 235.3+12.66°¢ 8.20 £1.55° Cd1
1.23 +0.26% 2.36 +0.32¢ 259.79 +13.91 ¢ 9.74 +1.05¢ Cd2
1.35+0.31% 3.09 £ 1.06¢ 277.35+17.78 ¢ 12.62 +2.22¢ Cd3
1.50 +0.24% 3.85+1.62° 302.34 £19.43° 14.10 £2.19° Cd4
1.65+0.23° 4.87 £0.95% 329.19 £33.09 16.50 + 2.06% Cd5
0.199 0.460 14.073 1.112 LSD

Each column of means that have at least one letter in common was not significantly different.
BO: 0, B1: 1.5, B2: 3 w/w, Cd0: 0, Cd1: 1, Cd2: 3, Cd3: 5, Cd4: 7, and Cd5: 10 mg/l.
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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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Fig. 6- The interaction effects of different levels of biochar and Cd on (a) soluble sugar and (b) catalase activity in marigold (in each
treatment, common letter(s) indicate the nonsignificant difference at 5% level)
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