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ABSTRACT

In order to investigate the effect of biochar and salicylic acid on phytoremediation of sorghum (Sorghum
bicolor L.) to lead heavy metal (Pb), a factorial experiment was conducted in a completely randomized
design with 4 replications in the greenhouse of Sari Agricultural Sciences and Natural Resources
University in 2019. Treatments were five levels of lead (0, 400, 800, 1200 and 1600 mg Pb kg soil), two
levels of biochar (no-consumption and consumption of 20 g biochar kgsoil) and two levels of salicylic
acid (no-foliar application and 2 mM foliar application). Shoot and root dry weights, tolerance index, Pb
concentration in shoot, root and soil, transfer and bioaccumulation factors and Pb uptake in the shoot
were measured. The results showed that the application of biochar and salicylic acid reduced the negative
effect of Pb on dry weight of sorghum and improved traits related to phytoremediation. The highest Pb
concentration in shoot and root (671.17 and 398.70 mg Pb kg dry matter, respectively) were obtained in
the combined treatment of biochar and salicylic acid application at 1600 mg Pb kg™ soil. Generally, the
results showed that biochar and salicylic acid application in sorghum improves Pb phytoextraction in
contaminated soil.

Keywords: Dry weight, heavy metal, lead uptake, phytoextraction, soil.
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Table 1. Physiochemical properties of the experimental site soil
P
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Table 2. Variance analysis of the effect of experimental treatments on the studied traits
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Figure 1. Interaction effect of biochar and Pb on shoot dry weight changes trend in response to the

increasing soil Pb concentration (a) and the simple effect of salicylic acid on shoot dry weight under Pb
stress (b)
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Figure 2. Interaction effect of biochar and Pb on the of root dry weight changes trend in the increasing
soil Pb concentration (a) and simple effect of salicylic acid on root dry weight under Pb stress (b)

(Rao et al.,, ol cadss |, s oI5l g aiso
Gliee slocdale 1 ats; ;o glasdlas ;5 2012)
2 slarls (B Sebeadlo spul 5
olis zuls «(Solanum melongena L.) lxesl obS
ety (2alS o iy bl Lo a5 ol
$ob5 a5 b Skl aenl L Lo g e 0,
Tavakoli ) sgi oo oS oy slo ozl Sgs o
3 Sebewdlo apnl )15 &8ly o (et al., 2011
M) Sy g Fiwgtd Gl 4 pomie (5 Ll 0
2 o315 65155 5 S s aLs Gl 1 0
S » (Rajasekaran et al., 2002) xhw olg
Fms Goyb 5l Secdle sl (izen 05 e
aisby o5 LS efgn pb 4 ol slagessn
oxge p ) Jobo (2o, 9 nled ol pulais
g My Jre it (S5l sleanld wjls
(Moradi & WS o omebas ) oS eSS

Pourghasemian, 2018)
A e s § 5 i il
e o5m oS 3 o o el SI
e slagd ysoaS sl ol (Y K
2 e Sk WOW L s Sl b
235 SRl e TVO s b Sl eSS
eomen ol EalS —e /e WY s b el
Sl Al b oS SalS 53 Jess e ls

ot bS53 s oL adlln (al b eipes
039 s 3l oolial pus & o g b o
oS byl o (g ady) g oSl Sis
Yo 5l S (@Y G Y JS8) wd oy oy
i S35 4 00g)l S o LS an, il
oS 5 I8 I ons Gl slse o938l 51 5
culbie (e obml cows &5 Cawl Jol=e
s (Hanc et al., 2009) wigds oo ol o) Cy
925 ol a5 al 318 glaslllas o mls cul b
O Cawd Hlrgw Brae L (Lactuca sativa L.)
Sl a5 iy gy 008 Cen wald
(Valizadeh Ghale 5" ogi muodlS g oy (e
dewly ol o s Beig et al, 2020)
Olrgm 028 &5 Waw) az (pl 4 S Saegh
69y 12y opreedlS (S Sl Dl aldl el
Sty dile olS Lawgs ool SlaSE L5 S5
(Bromus tomentellus L)

(Jafari et al., 2017)

S g

2 e godnie sl 1S adllas ol b asli
Pilee sals Cuz 0 Sl sl ool
Consy R b 5l e DIl ez ) S8k
(o ¥V oo Y JSG) o4ls vezg plalS o ooy
s‘ﬁ.:.m)ls o).;)lf S Sl o0l U"’)‘)f JL..A 0‘9"&4"
9 aday Job g e, S35 5 0 el el
Al Jy s (Zea mays L) o8 adls

Seete oS izl yo 1, eSSl



w08 Co 095 s5u Lasgh o yes 2VLoLS Uls oS g G he ) YYA

u.p.?-LwdS ‘JJJ‘UV}SJ‘}M)MLJAM
s (o Y ISK8) sl &L e
(Luxetal, >3 0 shoaib fomio sl olS

pde) als OLlS 4 ol s bl
VY0 Olpmea (Shadle dnl 3L sl

ol (oY Ji.&) Ll Olis sl ds s

2004) Sl w LS Jes am s skas Ol (e

235 No consumption biochar — «=-=r--- (ay
e 2.00 A Consumption biochar — e — 200
B '
S 1.75 { y=0.000375x+1.0667 if x=1106.7 _
5 Lsg | Y5 00001314883 if x>11067 . 175 (®) -
° R=0.89 p=00154 CV=4 i?i-ﬂ—-i; c— A 2 1501
Rl =t TTs4 3 125
£ 1.00 £- v=0.0004255+1.0067 if  x=1133.1 g

0.75 1 ¥=-0.00078x+1.4940 if  x>1133.1 5 1.00 1

’ R2=0.9018 p=0.0135 CV=5.136 S 07 |

0.50 : : : -

0 1600 0.50

N
Pb4r?ooncentra‘rim§ggoil (mg kg'll‘joo

No foliar application Foliar application

S oy cdile Gl 4 gl 50 o8 9w oS )0 Jeod (et lh Dlpks Wg) p oz g o Sl GSeny T JSS
(u) e u’“‘“ Ja;‘rw o J.o.?u ua}LM:)J wlﬁd M‘ ool ).:‘9 (uﬁj‘)
Figure 3. Interaction effects of Pb and biochar on the tolerance index changes trend in sorghum in

response to increasing soil Pb concentration (a) and simple effect of salicylic acid on tolerance index
under Pb stress (b)
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Table 3. Mean comparison of the cutting of the interaction effect of experimental treatments the on traits
related to phytoremediation of sorghum

Pb Pb Available Pb .
Pb - S concentration  concentration  concentration Transfer Pb uptake in
1 Biochar Salicylic acid - - S shoot (mg
(mg kg™) in shootls (mg in root§ (mg in 50|I1(mg factor plant?)
kg™) kg™) kg)
No consumption No foliar application 0.07¢ 0.64¢ 1.75° 0.11° 0.001¢
0 No consumption Foliar application 0.57° 0.94¢ 1.66° 0.61° 0.004°
Consumption No foliar application 0.422 0.78° 1.69° 0.54° 0.003°
Consumption Foliar application 0.922 0.99° 1.55¢ 0.94? 0.01°
No consumption No foliar application 46.43° 32.23¢ 56.25° 1.44° 0.45¢
400 No consumption Foliar application 62.66° 40.56° 52.73° 1.55a 0.69°
Consumption No foliar application 58.16° 37.60° 54.59° 1.54% 0.59°
Consumption Foliar application 67.50° 41.512 45,994 1.62% 0.722
No consumption No foliar application 99.08¢ 38.87° 67.08% 2.55°¢ 1.2¢
800 No consumption Foliar application 135.39° 50.68° 64.50° 2.67® 1.422
Consumption No foliar application 124.93¢ 47.36° 64.82% 2.64° 1.31°
Consumption Foliar application 139.19% 50.99° 56.54¢ 273 1.48%
No consumption No foliar application 201.26¢ 74.84° 99.752 2.69 2.30¢
1200 No consumption Foliar application 224.94° 162.54° 81.35° 1.38° 2.61°
Consumption No foliar application 216.08° 158.77° 88.58° 1.36° 2.47°
Consumption Foliar application 237.49° 179.322 86.20° 1.33° 2.882
No consumption No foliar application 538.31° 203.461 183.23* 2.64a 4.79¢
1600 No consumption Foliar application 657.00° 332.21° 113.45° 1.97° 6.08°
Consumption No foliar application 466.88¢ 265.73° 140.43° 1.76¢ 5.27¢
Consumption Foliar application 671.17% 398.70% 109.10° 1.68¢ 7.69°

5,105 (gl e WS doys gy han ;0 9 LSD (9031 (bl p il co S pidn gy sl g ,2 50 a8 ol il
Means with the same letters in the same column are not significantly different at 5% of probability level, based on the LSD test.
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Figure 4. Interaction effect of the salicylic acid and Pb on the bioaccumulation factor changes trend in
response to increasing soil Pb concentration (a) and simple effect of biochar on bioaccumulation factor
under Pb stress (b)
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