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Abstract

Poor seedling establishment and total plant biomass reduction in contaminated soils, decrease the efficiency of
phytoremediation techniques. In this study, the effects of different types of seed pretreatments (such as salicylic acid, and
potassium nitrate) and three concentrations of lead (0, 200, 400 and 600 mg lead/kg soil) on sunflower seedling growth under
greenhouse conditions were evaluated. These factorial experiment was conducted in completely randomized design with
three replications in research greenhouse of Shahrekord University, in 2016. In general, the studied traits significantly
decreased with increasing concentrations of lead. In most toxic concentrations of lead, Potassium nitrate and salicylic acid
prevented the decreasing of dry weight of root compared to control up to 42%. Potassium nitrate prevented the decreasing of
dry weight of leaf and chlorophyll a (with 24% and 60%, respectively), Salicylic acid prevented the decreasing of
chlorophyll b (55%) compared to control. Shoot dry weight didn’t affect by seed priming treatments. Increasing in
concentrations of lead elevated carotenoids, proline content and electrolyte leakage. Salicylic acid treatment reduced of
electrolyte leakage (by 21%). Potassium nitrate prevents the increasing of carotenoids (by 24%), however increased proline
content from 104 to 111 pm/g. Generally it could be concluded that salicylic acid and potassium nitrate increase seedling
tolerance to lead toxicity through reducing carotenoids content, electrolyte leakage and increasing proline content. This
technique can be used to increase the efficiency of phytoremediation of soils contaminated with lead.
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Table 1-Experimental soil properties.

il Sos oS ~ = 05 053 AT .
i EC pH - ) ’ oslizal L6 oslizal L6 e - il o
Texture Organic C CaCO, . . Total N Fe Mg Cu
Available P Available K
- dS/m - % % ma/kg mg/kg % mg/kg mg/kg mg/kg
e
079 794 0.81 215 7.3 185 0.075 3.41 8.18 0.51
Clay loam
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Table 2- Chemical properties of used irrigation water.
EC pH S T e b S e S g ey S
Na Mg Ca K HCO3™ S0,2 Cl SAR
dS/m mg/lit  mg/lit  mg/lit  ma/lit maq/lit maq/lit ma/lit ma/lit
0.33 7.62 4.7 2 2.8 25 6 2.8 4 3.03
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Table 3- Analysis of variance (MS) effects of seed priming on root and shoot dry weight of sunflower plant
under lead stress.

(Mean of square) ol » Sk

Ol @351 a s —
S0V Df B o S S 0 S o
Root dry weight Stem dry weight Leaf dry weight
P) i Lty
T 4 124857** 33573** 38172**
Seed priming
Pb) &
i 3 163428** 21132** 24493**
Lead
P x Pb 6 4631** 7256** 1030**
158
24 713 269 46.4
Error
(1) O s g b
’ 3.86 5.97 1.92
C.V (%)

** significant at 1% probability level.
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Figure 1- Seed priming effect on root dry weight (a), shoot dry weight (b) and leaf dry weight (c) of
sunflower plants in soils contaminated with lead. In each concentrations of lead, mean values followed by
same letters aren’t significantly different at P < 0.05 by LSD. UP, NP and SA respectively are control,
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Table 4- Analysis of variance (MS) effects of seed priming on photosynthetic pigments and proline content
of sunflower plant under lead stress.

@31 4 s

(Mean of square) e+ ke

e N

Chlorophyll a Chlorophyll b Contaminated Proline
P) sl
T 4 0.744** 7.02** 0.494** 134.6**
Seed priming
Pb) o .
i 3 6.12** 2.85** 2.21** 11147**
Lead
P x Pb 6 0.485** 0.472** 0.021** 46.73**
s
24 0.001 0.008 0.003 5.61**
Error
1) O pss o
(1) s e 1.12 4.80 4.70 3.32

C.V (%)

** significant at 1% probability level.

Aoy ) Jleasd Cl:.w 53l gas®*



O, 5 bl DOI: 10.22034/ijsst.2019.109514.1063 V5

5_
E . a
- |
< a a
(=]
g b
bW s 3 a @UupP
% 3 b
© 8 2 BINP
S c
S 1 @ SA
0 AN . NN
400 600

Lead concentration (mg/kg)

o 5 o 013 BT olE 8 5 IS Ol ey Kasl  slajles S1-Y S8
B R N LSD 0037 bl 5 e Cog o slls sl ks o e o )5
bl g el Sl 5 ol Sl 25 4l 2 05 sles 5 4 SA NP UP

Figure 2- Seed priming effect on chlorophyll a of sunflower plants in soils contaminated with lead.
In each concentrations of lead, mean values followed by same letters aren’t significantly different at P < 0.05
by LSD. UP, NP and SA respectively are control, potassium nitrate and salicylic acid.
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Figure 3- Seed priming effect on chlorophyll b content of sunflower plants in soils contaminated with lead. In
each concentrations of lead, mean values followed by same letters aren’t significantly different at P < 0.05 by
LSD. UP, NP and SA respectively are control, potassium nitrate and salicylic acid.



\Id DOI: 10.22034/ijsst.2019.109514.1063

St S g p S ke Yoo Bl 3 Lus
2203 8 sl ) 18D a1 sl ol S 23
S p SAS e S ke P 5P gl
35y S13stme Dl i Sl slasled o
o S Pl gl 03 el SISy B
IXE IV 2Bl sl 5 8 8 518 el Sl

s S bl a dals [l 4 Sl bl ol

wl:f J‘ou' ol B ok sl e S

Mg gl
DA 5 ok Bl o e slac il 1
S Jlazsl el 53 0 5558 Ol T Jolize
el ool KL P S ((P</01) 55 I3 g oy
oA 5 A5 55, Ol e Bl 1L S
Por Cle s w58 Bl o YL Al 3L
Jlast 5 8 Jol S5 0 S LS 5 o p 5 s

A5 55 )8 Oljee S2alS Lo go s il slaslas

2.5 -

E ) - a a X

2 b @ UP
v E 1.5 - a '
3, 3 NP
+8 1 - a

15 c b

% 05 - B SA

(@]

0 T T

0

o il

Lead concentration (mg/kg)

o A5 o 013 KT ol ek 51,18 Ol joe Ly $Sias y slasles 51-F S

I (61 me Ve A 53 0 ez b LSD 05057 Lobal s &5 ke Cog o slols sl 5 S0ke oo il 55

.up@@\wu)ﬁgg\gwtﬁoﬂ)ug\,gj:@SA)NP‘UP

Figure 4- Seed priming effect on carotenoids of sunflower plants in soils contaminated with lead. In each
concentrations of lead, mean values followed by same letters aren’t significantly different at P < 0.05 by
LSD. UP, NP and SA respectively are control, potassium nitrate and salicylic acid.
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Figure 5- Seed priming effect on proline content of sunflower plants in soils contaminated with lead.
In each concentrations of lead, mean values followed by same letters aren’t significantly different at P < 0.05
by LSD. UP, NP and SA respectively are control, potassium nitrate and salicylic acid.

S 3 oy S 4 o )3 WIFF (e 05 Ll 2
IS S S S e P
sl Lol 33 18 oy o3 YPAY 4l
Shadlo Ole cpl 53 48 Bdd eyl pl 28 5
Olse an dewo )3 Y AF g 2SO s Ol e U

b s Kl e e

9 e
Slacble 5, Sl )l slajleg
SN s O LT ol S 1 5 o Calibee
PN 350 ls an deasys &S5 ez e 53
O e b Cle 20155 L 47 5 58 g0 blizal S
O jn o e 4 gy 3l 1 s s S0
05 A e S e P S s el
dali Hlag s o2y S i Ol e Al ool ST

e 5 L 01 ST oS o gm Il 5 4y o il (g SN iy 5y Kl ST il 4 -0 s

Table 5- Analysis of variance (MS) effects of seed priming on electrolyte leakage, lead root concentration,
and lead shoot concentration of sunflower plant under lead stress.
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** significant at 1% probability level.
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Figure 6- Seed priming effect on electrolyte leakage of sunflower plants in soils contaminated with lead. In
each concentrations of lead, mean values followed by same letters aren’t significantly different at P < 0.05 by
LSD. UP, NP and SA respectively are control, potassium nitrate and salicylic acid.
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Figure 7- Seed priming effect on lead root concentration of sunflower plants in soils contaminated with lead.
In each concentrations of lead, mean values followed by same letters aren’t significantly different at P < 0.05 by LSD.
UP, NP and SA respectively are control, potassium nitrate and salicylic acid.
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Figure 8- Seed priming effect on lead shoot concentration of sunflower plants in soils contaminated with
lead. In each concentrations of lead, mean values followed by same letters aren’t significantly different at
P < 0.05 by LSD. UP, NP and SA respectively are control, potassium nitrate and salicylic acid.
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