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1- Phytostabilization
2- Hyperaccumulator



oY\ é.&}L;..Bi"h.ﬂ).&)oJL">fgﬁggﬂd|ﬁ?w}wul%§@»)}g‘obl&mﬁsssﬁd@‘.\a

2L gl iy al cansy Gl iSa oS Aty cualil jesls
Oinlesl ol 53 (¥4 5 YO OYF OF) wis cwlio SB 5 yolie
L o)ladld Sid (g o g o3l (dad (gme)S) o pd
gy Cdll oS L ady) SS9 9 0jlud s cdlil el
A 25l st JUE] eS8 L olS S SS9 o

2 O Clwl Oygum 0ud (6550310l Glao il ylg 450
Sl a3 el (olai LolS oSl 2)b B > b Jlo Jsbo
5 40550 pled i odliwl - SS ygejl ) Lo Sl dunnléo
el l5505 5 SPSSos 58l 5l oslisl Uy gyl (el lubows
A5 plosl EXCEL2019 b (3:55kee (sladunylio

3 s il sl e S olimssSed Sluogens
VIV 5l el b S pH a8’ wias o lis YV oo )0 g cuilS
e (1 Sbo 5 Canl MY (1:Ske 9 (WB Cans Gl lyls NA L
P (mgkg™) YAAY L flej ol 0 SLS 34,8 IS clale
(mgkg™) Yo/ cbale (W Slo b oy )y Y¥ 390
SipaliS slaSe jlxe o3gize jo S ol 4o 518 93,8 5 Cunl
(Y0) sitwa
L poyS 9 (MG KG) VoY ay oy 5l J8 &) cos 2alS
dwy (MY KGY) YV 4 el jl Jod 4o caus alS VY]
(75 Y Jshe)

9y 3= el Jlo 3 o8 1l ol il 40 ol
il glaygS g o 0)ludls )5 5 SB 3 pg,S IS clale
(¥ oV Jgliz) 590 )l gime

039 = S 56 4ol L by 4 oS @l Grioren
T 3 JLil jeSLE g pgy S (gl iy cullil S
Jl_ao.o‘ Cjam.) ).) rna)s JLM] )95[5 9 (P<’,’\) J..\o).) k.i: Jl.o.ol
$9) Sid 5 Jlo Bl Sl Jg o9 I gme (P<e,00) o s iy
¥ o ¥ Jghin) 255 )by gme Slas I plaiSonn

9 b)‘.m&‘.«f} Sis 0)9 cbﬁ@ odalin ) Js.w JLl LY )9]4.’[.@

AV,F o,Ludli Siid 59 o oBly; cudyls o yd 00,0 (6ybl Jles

bl )l SIS sl Ve Gos I S (5490
obej )b g sl Glej p3 )L ((Soloal ©)jg0 4 Cglite
BU1 lod o el YA e 4 adises g pbsl LS cusls
O s (LS )b piges ad (o e V) Jbyé 9 St
L S5 glaass 008 @)l b cudby gloj 3 ol polis jlaie
i ylaio Ol b il 5|y AloliMl ladiges g 25 plosl 4
lnaiss 5 5 g dlo) oylusls 4y A5 SKts ] w5 9
ey Loplisl Sis ()59 9 0SS sy 9 ()b
Ay A slad 3 1y Lagl g 8 € g (550311 (gM™2)
5 o 9 00, SLid gl by celo FA Ste 4 3,5 ik
AU oLl 5 o5 38 5l sle (Siadly Sliagos b Clos
PLS 9 SB ladigel )3 0y g pg)S e (63505l w3900
Gk 3l gl jlam dled b b ol (oricids ] oslital b
e VEY ladiges jekaio cpl gl (F) Ab pol duwl jd guin
el dw by dsee (oo Vo ) s jlan olS g S (0)8
diwg (V1) 0 ez s L) HCIO 4 H,S0, HNO,
»lw cole, L (Transform 600 Jus) iwculd 5199,50 00
s 55 sl sy ) et 3 EPA 3052 (clas sl
Lo 5l ool Uy Legl o ¢ 58 oy pmnel i o Blis 55,
ool sy (gl Jolomo 5 05 02liy 1 oo YO 4 0sd (b
09y b o)l 5leS Trace 1800 o5l Gl siwciubs ol b
MG ) Gyt S 5 oy polis JS ki g (F) 505 50T el
5 4o pload g i (Bg) B g (yd b o (kg
bulyd g a8 JpuS JB Gladiges (xS L g s glailos
ol 085l LB, a5 g, 4 oalaiwl 290 (sla il cleglais o
L poyS 5 o sbadstonn I (eizren b plosl g 03,8
5 oS3 33,5 0, (el e kil 5 003 ar3lis clacdale
s odlaiwl (ol Cdd ynouds
OlalS (el i Il (conl i) clbl o
() Yty cntlil 55U ol i Sl 5 bl ol
S sigyipn S & (G2) Tl 15 5 () Toslu s ctlyl 158
SBop b el 1She €y g ojlesls o 36 clale 1, Ske Cy
Slals cowl ddyy cdl o b clale 1 She Cg g sy Gl
Sl Sl Jusl jes6 5 Sl VL ady) el g6 oS
& Sals o Jb o s polie alS cus oy calio k)l
5 Sl 8,5 Ll ol Jlasl ,S g 0 lusls cuslsl g5

1- Root bioaccumulation factor (RBAF)
2- Shoot bioaccumulation factor (SBAF)
3- Translocation factor (TF)
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Table 1- Physicochemical properties of the soil at the experiment site to a depth of 30 cm

Lojlol  SBdl eilaw  aawl  (SopSlcale B e P ed s Pealy  JSeS Sopm
Statistics ~ Textural SP pH EC. Total O pwd available Total Total lead
Class (1) nitrogen available potassium Chrome (mgkg™?)
(ds m?) () phosphorus (mgkg™) (mgkg™)
(mgkg™)
Sl b L5°9j
A“”S) y Sandy 29 8.1 35 0.06 9 310 39.93 26.31
verage Loam
Jsho 9 5
Min Loamy — 25 7.3 3.1 0.04 8 210 17 14.93
! Sand
a ‘
#h> w9 33 8.8 3.9 0.08 11 380 45.66 34.38
Max Loam
(Y0) (559l S5 )3 jlone s 50-200  20-300

Limit in agricultural soil

(05554 31 055 o) 395 Cuand 5 das 92 0L 0, lud W g Al (S8 ;5 anlllae 590 CI518 ClIE (ol (Bmogi 1 o, -Y Joua
Table 2- Descriptive statistics for the concentration of studied metals in soil, roots and shoots of barley after sixty days (mg

kg™)
3 a,mm,adswu Ay y 0 J5 cdlale S 5 edale
il Total concentration in shoots Total concentration in roots Total soil concentration
Statistics P95 S P9S O P95 @
Chrome Lead Chrome Lead Chrome Lead
oSl 461 1.61 25.35 12.22 33 20.23
Average
il
4.63 14 22.00 11.95 32.77 19.94
Median
3,5kl Bl ol
. 0.57 1.24 6.99 2.68 1.12 5.48
Standard deviation
JB]_» 3.89 0.12 17.00 8.92 32 9.93
Min
Al 6 4 36.66 17.01 35 29.38

Max
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Table 3- Analysis of variance of years and drought levels on root and shoot dry weight and lead and chromium
concentrations in soil, shoot and root of barley after sixty days

SUS (39 09,5 JS cdile g J5 e SB e g5 cdile
A0S T 1 Dry wight Total Chrome concentration Total lead concentration  Total concentration in soil
= G NPT
Sources of variation © df T ldld Ay, bS] 8 )lus L Ay 8 lus L5 ©955 S
(s.0.v) Shoot Root Root Shoot Root Shoot Chrome Lead
(@m?)  (gm?)  (mgkg®) (mgkg™) (mgkg™) (mgkg®)  (mgkg?)  (mgkg?)
Ju 1 0.001"™ 0.018" 41.52"™ 0.736" 4.3 0.003" 6.9 29.7™
Year
35 Jl 4 0.001"  0.005" "23.5 0.39™ 2,56 0.37™ 0.148" 42.38™
Year x Rep
i 2 0.918™ 0.589™  295.19™ 1.083™ 1.36" 1.14™ 1.35" 6.9
Drought
i 2 8.8X10°"™ 0.002" 9.67™ 0.085" 0.65" 0.04" 2.9n 0.4"
Year x Drought
b= 8 0.0003  0.004 10.66 0.102 12.9 0.02 0.66 37.2
Error
(1) St 127 129 27.57 12.26 21.9 24.6 34 27

cv
“and": Significance at P<0.01 and P<0.05 respectively and ": no significant difference. .cusl s see Ml pic NS ¢ )l dns 87 9V aw > sy &’ 5
Root and shoot dry weight were obtained based on the log x.

sl 0] sy ol s i 8T Lpoluslys )Ll g ddy) St 39 byl b

S5 B g dudy y Cuilil {0y lud Wi Calilil jo' 1y Ll e 51 9 (SWid zgbaw g ilo;l GBI (wily,lg 41555 gl —F Jgus
s § JWEG1
Table 4- Analysis of variance of years and drought on shoot bioaccumulation, root bioaccumulation and translocation factor

. e yvyt Ay y Conilii] 49518 8 ,ld L oLl 4gi518
Ol et glio 8! 51 ) Translocation factor  Root bioaccumulation factor Shoot bioaccumulation factor
Sources of variation
(S.0V) df PIS o P95 @ P95 @
Chrome Lead Chrome Lead Chrome Lead
Ju 1 476 "™ 0.002 s 0.06" 0.076" 0.001" o
Year
A5 Jl 4 0.002"  0.006" 0.023™ 0.043" 0.00" 0.002"s
Year x Rep
i 2 0.008"  0.082" 0.292" 0.044 0.001™ 0.023™
Drought
i Jo 2 0.001ms 5.57m 0.005m 0.004 s ons 0.001m
Year x Drought
> 8 0.001 0.003 1 0.01 0.074 0.0001 0.001
Error
*) u"g’/ e 21 26 28.57 35.38 13.75 25

*k

ol Hl3 gze BB pas NS 4 > ne o ) YA o jd iy . 3
"and": Significance at P<0.01 and P<0.05 respectively and ™: no significant difference.

Cowdy =ly; cud b aoyd 00y oyl > (mgkg™) ¥,-0Y
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18y Jlo o JUb slaecdl s o lpls cdale il

R e e R e R U
Vo oS sl S s dwle g oy cusS Slislejl 5l eolazul L
ol 0as s e (MEKE™) YO iy sl 9 (mgkg™)
0,0A oyl ) pgy S e bale o 5YLL Lo iolojl ,3 (YY)
oy lBle YL g ol cud il o bl 5 (mgkg™)
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Figure 1- Effect of drought on dry weight of shoots and roots of barley
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Figure 2- Effect of drought levels on lead concentration in shoots and roots of barley
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Introduction: The use of sewage sludge, which is mixed locally with poultry waste and is available at a
relatively low cost, improves the circulation of nutrients and organic matter in the soil, reduces the concentration
of CO: in the atmosphere, and increases the level of soil organic carbon. Fertilization with this method is of
particular importance in soils of arid and semi-arid regions that face erosion and organic matter reduction.
However, there are concerns about the presence of essential and unnecessary heavy metals such as Cd, Cr, Cu,
Ni, Pb, and Zn that enter the environment from domestic, light industrial, commercial and municipal wastewater
sources and can lead to soil contamination and eventually enters the food chain through absorption, transport,
and accumulation in agricultural and non-agricultural products and has threatened human and animal health.
Phytoremediation is the cleaning up of polluted terrestrial areas and aquatic sites from heavy metal and organic
contaminants by green plants. An appropriate plant for phytoremediation should ideally have a high ability to
translocate contaminants into the plant shoot. However, the toxicity of the remains of these plants has become a
severe problem for human health. Iran is an arid and semi-arid country and many soils face the problem of using
animal manure sources with sewage sludge and the possibility of contamination with heavy metals. Farmers
cultivate the barley plant (Hordeum vulgare L.) in these areas widely, and it has a significant role in the food
chain of livestock and humans. Therefore, in this study, we evaluated the barley plant in terms of lead and
chromium accumulation by increasing drought levels in the field.

Materials and Methods: It was a two-year field experiment with three irrigation levels (irrigation per 100
(control), 75 and 50% of field capacity). The amount of chromium and lead in soil and plant samples was
measured using atomic spectroscopy with flame mode after extraction by digestion in acid. We used bio-
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measure the plants bio-accumulation capacity. A plant with a root bioaccumulation factor bigger than one and a
bio-translocation factor of less than one is suitable for plant stabilization of elements. In contrast, a plant with a
shoot bioaccumulation factor and bio-translocation factor of more than one and root bioaccumulation factor of
less than one is suitable for plant extraction of elements from the soil.

Results and Discussion: After barley harvest, the average concentration of lead and chromium in soil
decreased by 23% and 17% compared to before harvest. The results of the analysis of variance showed that the
effect of experimental years was significant on the concentration of chromium in the soil and the aerial part of
barley and shoot bioaccumulation and root bioaccumulation factor of the same elements in the barley (p<0.05).
The effect of drought was significant on the shoot and root dry weight, chromium concentration in both shoots
and roots, lead concentration in shoots, lead and chromium shoot bioaccumulation factor, chromium root
bioaccumulation factor, and lead bio-translocation factor (p<0.01) and chromium bio-translocation factor
(p<0.05) but the interaction effect of year and drought was not significant on any of these traits. In all cases, the
concentration of elements in the roots was higher than the aerial part, and with increasing drought stress, the
concentration of lead in the roots remained constant but increased in the aerial parts while the concentration of
chromium decreased. As the amount of drought increased, the shoot bioaccumulation factor increased for the
lead but decreased for the chromium. The root bioaccumulation factor of chromium also decreased while the

metal concentration of aerial parts
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translocation factor increased for both elements, but the increase was more pronounced for the lead. Lead shoot
bioaccumulation factor decreased linearly with an increasing dry weight of aerial parts (B = -0.86), but chromium
shoot bioaccumulation factor increased (B = 0.62). Root dry weight predicted chromium root bioaccumulation
factor (B = 0.85). The total plant dry weight regression model could predict the lead translocation factor (f = -
0.89) and chromium transfer factor (§ = -0.67).

Conclusion: In this experiment, the studied bioconcentration coefficients were all less than one. So, barley is
an avoidant plant when encountered with lead and chromium in the soil, and in increasing drought conditions in
the field, it does not translocate these toxic metals to the food chain.
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