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Extended abstract

Introduction

Plant growth is one of the most complex and environmentally sensitive physiological processes in plants.
(Al-Khayri et al., 2023). Heavy metals are among the major limiting factors for crop cultivation in many
regions worldwide, particularly in arid and semi-arid areas such as Iran (Saini and Dhania, 2020).
Cadmium (Cd) is a non-essential and highly toxic environmental pollutant that causes serious
environmental and agricultural problems. High doses of cadmium are carcinogenic to humans.
(Bakhtiari et al., 2023). Biochar is widely used as a soil conditioner because it improves soil
physicochemical properties and nutrient availability (Muhammad et al., 2020). Salvia officinalis L., a
perennial herbaceous species in the Lamiaceae family, is well known for its valuable essential oil.
Accordingly, this study was conducted to evaluate the effects of biochar on selected growth traits,
essential oil content, and nutrient uptake in Salvia officinalis L. under cadmium stress.

Materials and methods

The experiment was conducted as a factorial study in a completely randomized design with four
replications in the research greenhouse of the Department of Horticultural Sciences and Landscape
Architecture, Faculty of Agriculture, Ferdowsi University of Mashhad. The treatments consisted of three
levels of biochar (0, 1, and 2% w/w) derived from acacia wood and three levels of cadmium stress (0, 30,
and 60 mg kg1 soil). Plants were harvested at the flowering stage, and several traits were measured.
The studied traits included growth characteristics, essential oil content, and nutrient elements including
N, P, K, Ca, Mg, Fe, Mn, Cu, B, and Cd.

Results and discussion

The results indicated that increasing cadmium stress significantly decreased plant height, stem
diameter, the number of sub-branches and leaves, fresh and dry weights of aerial parts, and root length
and volume. Cadmium stress also significantly reduced essential oil content. The interaction between
biochar application and cadmium levels showed that applying 2% w/w biochar increased plant height,
leaf area, fresh and dry weights of aerial parts, and root length under different cadmium levels. The
highest plant height (22 cm), leaf area (709.84 cm2), fresh (36.63 g per plant) and dry (20.44 g per plant)
weights of aerial parts, root length (30.75 cm), and essential oil content (0.8% v/w) were observed in
plants treated with 2% (w/w) biochar in the absence of cadmium. Essential oil content increased in
response to biochar application. Essential oil content was approximately 12.33% higher in plants treated
with 2% (w/w) biochar than in untreated plants. Biochar application improved growth traits and
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increased nutrient concentrations, with the maximum increases observed in plants treated with 2%
(w/w) biochar.

Conclusion

Cadmium, as a toxic heavy metal, negatively affects plant growth. The results indicate that higher
cadmium levels caused severe damage to plant growth, essential oil content, and nutrient uptake. The
greatest cadmium-induced damage was observed at a soil concentration of 60 mg kg™. Biochar
application also improved growth traits, essential oil content, and nutrient uptake, with the greatest
improvements observed in plants treated with 2% (w/w) biochar. The greatest improvements in
morphological traits, essential oil content, and nutrient concentrations were observed in plants treated
with 2% (w/w) biochar under severe cadmium stress. Biochar application reduced the harmful effects
of cadmium by decreasing its translocation from roots to aerial parts and enhancing nutrient absorption.
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Table 2. Analysis of variance (Mean squares) of the effect of biochar on growth characteristics of S. officinalis under

different levels of cadmium stress
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Biochar (B)
. Ediand 2 5.922™ 2.023™ 9.25™ 473.361™ 17840.75™  50.181™
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; "’C”-"’“ GOk 4 1563 0036™ 0583 305111 1178.226°  0.794°
X
s
27 0.550 0.078 0.778 284.676 423.286 0.321
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Sl capd 2.35 1.65 3.77 2,09 4.81 5.01
CV %
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ns, * and ** indicate no significant difference, significant difference at 5% and 1% probability level, respectively
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Table 4. The main effect of biochar and cadmium on some growth characteristics of S. officinalis
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Fig. 1. The effect of biochar on essential oil content of S. officinalis under different levels of cadmium stress
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Table 5. Analysis of variance (mean squares) of the effect of biochar on the concentration of nutritional
elements of S. officinalis under different levels of cadmium stress

Ol @l e oI5 4z O39xs yhd by 3 o POy
S.0.vV ' N P K Mg Ca
. Jze 2 0.200™ 58.723"™ 1680.995™ 187.174™ 1414.804™
Biochar (B)
) poedls A 2 0.035"" 8.888™  423.344™  65.637" 156.729™
Cadmium stress (C)
B"’”(‘;“ P g 4 0.002” 0.428™ 137.955"  1.363" 18"
X
> 27 0.0001 0.038 1.005 0.406 0.555
Error
Ol oy i 132 245 1.97 3.09 4.20
CV %
Table 5. Continued Wl Joua
Olpds @l @l azys ol rien o~ &9 » pgwodls
S.0.V df Fe Mn Cu Zn B Cd
) Szs 2 3.308™ 0.003" 0.131"™ 0.031™ 0.021™ 0.00006™
Biochar (B)
) poedls A 2 0.383™ 0.0001™ 0.077" 0.009” 0.009™ 0.00002"
Cadmium stress (C)
poedl A,z g 4 0.143” 0.001” 0.004™ 00002 0.001" 0.00004™
BxC
> 27 0.003 0.00005 0.001 0.0002 0.00005 0.000004
Error
Ol oy ; 147 263 217 166  1.09 213
CV %
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ns, * and ** indicate no significant difference, significant difference at 5% and 1% level, respectively.
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Table 6. The effect of biochar on the concentration of nutrients elements of S. officinalis L under different levels of
cadmium stress

e pasosls 0395 o ] o oo radS’
Biochar Cadmium N P K Mg Ca
% wiw mg.kg! soil % B et 110N (o 0| g VA [TV EEERE e
0 0.846° 16.484° 85.285°¢ 30.719¢ 98.830°
0 30 0.752f 499.14¢ 500.80¢ 341.29¢ 322.82¢
60 0.573 370.129 480.70" 079.23¢ 997.78"
0 0.915° 18.131° 96.652° 33.800° 101.730P
1 30 0.789¢ 15.2114 82.033¢ 31.965°¢ 84.471°
60 0.632" 13.116f 74.9209 25.359° 82.5209
0 0.9412 19.8022 110.5302 35.1062 107.0202
2 30 0.828¢ 16.881° 85.603° 33.375° 88.146°
60 0.7268 14.786¢ 78.489' 28.644°¢ 86.513¢
Table 6. Continued aoldl.f Jgus
e pamosls o P o » peaedls
Biochar Cadmium Fe Mn Cu B Cd
% wiw mg.kg soil mg.kg dry leaf
0 1.748° 0.403¢ 1.728¢ 0.416° 0.0012¢
0 30 2.695° 0.425° 1.683¢ 0.375¢ 0.0057"
60 3.1572 0.4662 1.5199 0.304f 0.00752
0 1.818¢ 0.418°¢ 1.833° 0.421° 0.0006°
1 30 2.390¢ 0.417° 1.699% 0.391° 0.0034¢
60 2.809° 0.446° 1.643f 0.344¢ 0.0050°
0 1.8229 0.426° 1.9262 0.4492 0.0004¢
2 30 2.149 0.419° 1.786° 0.422° 0.0021¢
60 2.557¢ 0.429° 1.697% 0.386° 0.0030°
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Different letters in each column for each factor represent a significant difference at the five percent probability level according
to Duncan test.
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Fig. 2.The main effect of biochar (a) and cadmium (b) on Zn content of S. officinalis leaves
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