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Table 1. Some physical and chemical properties of the studied soil.

e SEE I S el Sal S G, Al o S
Pb CEC soC CaCO:s EC pH Sand g1t Clay
(mg k') (cmole kg B B ds m™) O ey
0.17 115 0.39 26.5 0.5 7.7 164 426 410

s glerd 5 (Kb g S5 Y Jour
Table 2. The biochar physical and chemical properties.
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Table 3. Analysis of variance for the effects of salicylic acid (SA), lead (Pb) and biochar (BC) on characteristics of aerial parts of salvia.

Spphe  SnSes o e 2l Jplome slans ATy RZBRESN St e
Leaf area Leaf dry weight  Pb concentration  Soluble sugars Proline df Source of variation (SOV)
3368.2" 5.93" 311 0.99" 1313.7% 2 SA (A)
3723.17 501" 3.56% 1.38* 267.8% 2 Pb (B)
3551.27 6.35" 30.6%* 6.95%* 79.7% 2 BC (C)
1718.5™ 7.16" 3.94%* 1.42%* 38.6%* 4 AxB
3795.3" 6.82" 2.83** 1.41%* 57.7%* 4 AxC
21974 7.69" 2.49% " 0.44 8.99% 4 BxC
19432 6.01" 6.22%* 2.90** 8.31™ 8 AxBxC
778.8 1.56 0.16 0.32 1.04 54 Error
10.13 12.5 11.21 14.32 15.6 - (6%
-MJJ“OU“-"‘JJ*’)-“-g-i}c;:]C]‘MJJLSJBQ*AJO-‘}%)]’@M(”%:%J“{;H . NS
ns, **, * represent non-significant and significant at the probability levels of 1 and 5%, respectively.
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a Salicylic acid levels
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Fig. 1. Mean comparisons of interaction effect of lead (Pb), biochar (BC) and salicylic acid (SA) on proline content in salvia; B1, B2 and

B3 represent BC application at 0, 1 and 3% by weight. Columns with similar letters are not significantly different (Duncan's test, p < 0.05)
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Table 5. Analysis of variance for the effects of salicylic acid (SA), biochar (BC) and lead (Pb) on root characteristics of salvia

oy K O

&")I PESE

“ies dsk o) e Sl et e
Root length Root volume Root dry weight df Sources of variation (SOV)
351.1™ 1532.1™ 1.24™ 2 SA (A)
25.6" 1047.4" 531" 2 Pb (B)
30.7* 307.1° 5.13" 2 BC (C)
11.9m 253.0" 4.09" 4 AxB
20.3* 324.8™ 5.32* 4 AxC
14.1m 211.6 447 4 BxC
16.1* 392.9* 5.29* 8 AxBxC
6.28 76.58 1.43 54 Error
9.46 11.10 7.32 - Ccv

e e LS ‘)M).}VQ}@CE‘NJJLSJ\.}&M}J)ﬁJ\J&M ple oS4 B 5 ons

ns, **, * represent non-significant and significant at the probability levels of 1 and 5%, respectively.
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Table 5. Mean comparisons of interaction effects of salicylic acid (SA), biochar (BC) and Pb stress on characteristics of Salvia

Six b3y Jsb = Sax 05y Spphe ookl gbas sl T sk
i, wiu wiu 3}) Leaf area Pb . J o < . Sl s
) ) ) ) (cm¥pot)  concentrati ’ T T
Root dry Rroot Rroot Leaf dry on (mg/kg) Soluble Pb al BC
weight length volume weight (g/pot) sugars level B level
(g/pot) (em/po (em*/pot) (mgkg) (mgkg SA level (%)
t) ) (Lmol/1)
3.64% 22,3k 28.8¢f 5.46%¢ 158.9%¢ 1.1 0.27+4 0
3.47° 19.5% 18.6™ 5.18< 145.1% 3.23% 0.31%¢ 150
0
3.32% 12.8 11.4" 5.07¢ 120.2¢ 436 0.35%¢ 300
3.87% 25.8%" 41,1k 5.67+4 160.8%¢ 0.93™ 0.31%¢ 0 0
3.64% 20.6% 38.6% 5.35%d 151.2%¢ 2.72¢4 0.33%¢ 150 150
3.51® 19.4 30.4m 5.13¢ 136.0% 3.67° 0.39%* 300
4.12% 29.5¢¢ 58.6%¢ 6.32%¢ 174.6%¢ 0.764m 0.32%¢ 0
3.71® 2230k 44 3% 6.11%4 161.4%¢ 2.16%¢ 0.38* 150 300
3.62® 20.5% 33.1hm 5.65%¢ 150.3%¢ 3.21% 0.41° 300
3.74% 24f'{ 37¢! 5.66*¢ 159.6%¢ 0.86™ 0.15%¢ 0
3.57* 21.2ik 3L 5.480d 141.6% 2.74% 0.22%4 150 0
3.41° 19.8% 21.6mn 5.34bd 134.7% 3.81%® 0.30%¢ 300
4.27% 25.6%" 61.6™¢ 6.36%¢ 167.6"¢ 0.62'm 0.234 0
3.94% 2230k 49.8+h 5.98+d 154.1%¢ 1.93¢h d0.28+4 150 150 1
3.64% 20.4% 368! 5.744 146.5% 2.434% 0.36%¢ 300
4.62% 31.1¢ 68 6.47+4 184 0.36™ 0.22%4 0
4,18 30.8% 51.3¢¢ 6.15%4 166.2%¢ 1.56" 0.28%4 150 300
3.82% 27.3¢¢ 464 5.81%4 158.6%¢ 2.1%¢ 0.39% 300
4.54% 25.1¢" 54.6> 6.42%+4 164.4%¢ 0.764m 0.04¢ 0 0
4.27% 23.65% 41.5¢% 6.13%4 155.7%¢ 2.16%¢ 0.19%4 150
3.96" 21.8ik 32.60m 5.85%4 141.4% 2.234%f 0.29%¢ 300
4.87% 37.3° 63.2%¢ 6.76™ 177.2%* 0.63™ 0.17%4 0
3.94% 29¢de 55.3*¢ 6.48+¢ 162.6¢ 1.26M 0.28*¢ 150 150 3
3.74% 26.3%1 136.4¢1 6.14%4 146.2% 1.76% 0.347%¢ 300
5.32¢ 46.3 71.6* 7.12% 205.9* 0.43¢k 0.13%4 0
4.88% 31.8¢ 60.1+¢ 6.65%¢ 180.3% 1.48% 0.18*¢ 150 300
4.2 28.7¢f 48.6°" 6.13%4 168.4° 2.16%¢ 0.27%4 300
Il e S| o 53 0 peban 3 STls O g3 plal s S 2ia g sl 6 b Sl g 8 o
In each column, numbers with similar letters are not significantly different (Duncan's test, p < 0.05).
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Abstract

Amending soil with biochar (BC) and foliar application of salicylic acid (SA) are two new methods for
reducing the effects of heavy metals on plant growth. To evaluate the effects of SA and BC made from
rapeseed wastes on alleviation of lead (Pb) stress in salvia (Salvia afficinalis L.), a factorial experiment was
conducted in a complete randomized design with three replications in the greenhouse. The factors included
Pb concentration at three levels (0, 150 and 300 mg/kg as Pb(NOs),), BC at three levels (0, 1 and 3% by
weight) and SA at three levels (0, 150, and 300 uM). The results showed that Pb stress reduced all growth
characteristics of salvia, but the treatments interactions on the proline content, soluble sugars and Pb
concentration and the most growth characteristics such as leaf area ad root volume were significant (p <
0.01). The highest proline content (25.7 mmol/g) and Pb concentration (4.36 mg/kg) were obtained at 300
pg/kg of Pb, and BC and SA controls. Also, the highest concentration of soluble sugars (0.41 mg/kg) was
found at 300 mg/kg of Pb, 300 uM SA and BC control. In general, although Pb stress had a decreasing effect
on most morphological characteristics of salvia, but simultaneous application of BC and SA, as a simple and
low-cost strategy, could reduce the negative effects of Pb by increasing proline and soluble sugars in the
plant.

Keywords: Growth characteristics, Lead, Proline, Salvia.

Background and Objective: Heavy metals can accumulate in the soil because of their non-biodegradable
nature. Among them, Pb is easily taken up by plant root and has 10 times more toxic effect than other heavy
metals (4). Amending soil with biochar (BC) and plant application of salicylic acid (SA) are two new
methods for reducing the deleterious effects of heavy metals on plant growth. They are cost-effective and
environmentally friendly methods for removing heavy metals from the soil (2). The SA plays a vital role in
increasing the resistance of plants to Pb stress (1). In the present study, the effect of sunflower BC and SA on
reducing Pb-induced stress in salvia (Salvia afficinalis L.) was evaluated.

Methods: The experiment was conducted as a factorial arrangement in completely randomized design with
three replications in a greenhouse at Razi University, Iran. The factors included Pb at three levels (0, 150 and
300 mg/kg as Pb(NOs),), BC at three levels (0, 1 and 3% by weight) and SA at three levels (0, 150, and 300
uM). Potting soil was mixed with Pb and BC treatments and salvia seedlings were transplanted into the pots.
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At 4-5 leaf stage SA treatments were applied and repeated three times every ten days. Plant shoots and roots
were harvested, and some parameters including plant height, shoots and roots dry weights, leaf area, root
volume, concentration of soluble sugars and proline content were measured (3). All plant parameters were
then averaged for each pot containing three plants. The Pb concentration in plant tissue extracts was
determined by Varian AA220 atomic absorption spectrophotometer. The analysis of variance (ANOVA) and
comparison of means (Duncan's multiple range test) were performed using SPSS-16 software.

Results: Results showed that the highest plant height, stem diameter, fresh and dry plant weights, leaf area,
fresh and dry root weights, and root volume were observed at 300 uM SA, 3% BC treatment, without Pb.
Also, Pb stress reduced all growth characteristics of salvia, but the effects of treatments interactions on the
proline content, soluble sugars and Pb concentrations and the most growth characteristics such as leaf area
and root volume were significant (p < 0.01). The highest proline content (25.7 mmol/g) and Pb concentration
(4.36 mg/kg) were obtained at 300 pg/kg of Pb and BC controls. Besides, the highest concentration of
soluble sugars (0.41 mg/kg) was recorded for treatment of 300 mg/kg of Pb, 300 uM SA and BC control.

Conclusions: In general, although Pb stress had a decreasing effect on most morphological characteristics of
the plant, the simultaneous application of BC and SA, as a simple and low-cost strategy, could reduce the
negative effects of Pb in salvia by increasing proline and soluble sugars contents.
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