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Table 1- Physical and chemical properties of experimental soil
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Soil text iy -
oil texture _ _ yhowd
(59 ) (o ) st s S oo
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(aoyd) Clawr (o)) (woyd) i (dS/m) (mg/kg) Phosphorous Nitrogen 2
) N P o 9 < (mg/kg) Organic matter
Silt(%) Clay(%)  Sand(%) Available-K o9 (mg/kg) g
sen-p
17 31 52 12 746 1400 1200 1500 0.3

(5) el el aals a4 o 2oy 38 w8 S JE qeedls
Jo lempo b g jiw pials Wi ougp e ials
123 oo ot oo gl (4) L3l o redlS (VL sloddale
a_l;@xlygma)lf)g‘bw)sdlpuqu)uulf
oS 1y aS Jol g siwgid collud o L89S liee a8

(87) 33,8 slow) 395 oo W (S puolie

dudiyy SR 9 5039

Loyd Sy ghaw 3 Ay SWS 5§ Gg p o g weedS S
) 5 gy 2o g eedlS Blite S (p=0/0D) 5, o tae
I e ddyy SiS 5 bl dg)h xe Moy S paw
o 40 clale 3 a8 by Lis s (pSile aunlie (2 Jgun) 240
Std (5 5 4oy LT ai) 5 55 couedlS p Sk 2 p 5
600 colale p> il Lials aalis 4 Cuws Jo ) 20129 az,
i 9 3o W02 i) 15 055 oy 2S5 LS 25 oo
(3 Jous) el yzals sals 4 cons 2oy 20/44 aiyy Siis
939 2w g waedlS Cale (VL @ bgye a5 (g (o eS
300 oy olyoge £55kS 12 25 (o 20 odlS Jlos ] 51 g
oy olyote S 9S 2 p)S (oo 20 uedlS 5 2 S5lS 2 p S e
s ol | 4l 5 iy 8l el p 5SS S e 600
0xodlS blize 51,05 Jgia) 59> gxe pdl jlewi g M| &S
—ials sals Hlew dn cuns o o cbale wSlis > Gy g
Cma Ay Saddg 5 59 pialS b lis woys 2177 Joles
Ay p5 i peedlST clale Sl 3 g b oles plul &
0146 aiisy, Siss 59 9 (2lon Pl 5 59 51 yidn duoy> 7115
Shis p.eal jials oles plul Sis 50 5l yide Jop
o Ll 5 )i 4 Cams 20> BIBB iy 5 (39 o clale
b als

Matthiola L. s, » (17) lals e 5 oL 08 (o

Jole jd medls clale jl581 L &S sl> Lss chenopodiifolia
o)lS ) ey S Le40,3020105250) Llie
ol 5148 8l ()b ixe (1alS olom i3 SS9 el
Wld Ly gyl (ime MBS gy o Jlos!l sloylass plos o
£S5 e 12 5 - FEQ) puodls cilises closlad Bl )y il
sl oyLis (Vigna radiata L. Wilczek) sl pl5)) 5 (p,59LS" 5
pLB )l don ;0 oS Sid g 45 (yjs cuuedlS Hlde inlisl b &S
(18) 590 cgliaze 59 il o pLB ) STy Lol il ialS
0) mrodls 215" 3148 5l Lis (67) o, Som g o555 ()0
500 5 +@eVee) oy 1)l 5 (p 558 25 (e 10 5 ¥

il L STt (559 10 (65l (e ysdl (p)SokS 0 p)5 (e
5 (Anethum graveolens L.) 1,45 Mentha piperita L.(

eeodlS clebale ioliél sl (Ocimum basilicum L.) ol
cel (p55lS » p)S e 071 0/05 0/02 0/01 0 (slolale)
(Gossypium hirsutum L.) agy a8le 5 ady, Sid o5 LialS
Sy ialS e 4 porodlsS Com I 30 3y ialS (3) wi
e (45) 5,15 2wl g o lpimgy S pudpilio SalS i 5
SLol By oy sleisy o 58 oanlie (62) 1Sy 29
oy 6V (eloglale 50 T 39008 ey Ul VL > s
cite 51 6l gino sk (S5 52 p)5 o 40 5V - Y- )
oS )3 edlS (VL sloglale (A1) cusls O o yiwd Cagmidg
alox 5l led sbol Jaas ol iy jo calise )b &l (S
Fiwgd 5> M3 (58) e 3l slgadled yialS (Y3 oyl
Dy (45) plie polie Cls il culas g by 49, oy diws (59)
590 20 10 &) aedls clale iuljdl ases (> adyy A3y ialS
oS 5 ol yolie iy (il el (1) 2 Jgeg,500 100
s (13) 255 (o olS 2lon slaty 1) alS el (3,0
2y 0San Ol 205 (50 8 eedlS 3l Cod 58 (g
cblé o 5YL o yme o (Cicer arietinum L) se5s lalS



% € st o S0 o o o oo (<0 BR € R ol

K[oanoadsar K11iqeqoid Jo 94 | pUe G 18 JUBIJIUTIS: ek %

] . . ] ] . ] . ] UOIBLIBA JUSIDIJ0D)
9L 96 206 s 178 S'L 88°S vI'e 70°¢ B
ey 1'0C 6S€°CC 11€0 €000 6CS0 9LL'1 L8T'1 ILT1 0¢ 2 ((Fr” Joug
uonoenul
#x P8 €SS «681'8Y *€79'CS #%856'0  SUG00'0 SUEEEOD #+9€9'T  SUTTY'l SUTL90 6 PEaT] SA WINILIPED
(Lo e € ol
Nmo.wwocmm % £0°COVS8ITL =PIV €S #%99L"¢ %6100 SUPPY 0 #x6CE SS 1 =9 1Y *x0ECT VL € S pea
%580 80CI  %x€00°SLI #xST0LTE ## 1L6'LLOT  #xS10°0 qCCT'1 %605 9L1 %45 9€ £ SCCC9 € S wnpwpe)
(4304744 SE106 950°6S¢S €19°Cl 6£0°0 96¢£°6¢ 661971 LITT19 9Ly LOE 4 ‘(¢ uoneorday
J00Ys J00.I Ul JUN)U0d J00Ys ur U u0d syoueIq 1y3om wWopadLy
WOIM g usuoo peay  wnmupey  juopuod wnmmpey P g0 soquing WBPM  jooyghig MUBPM 10001890 (woperrea Jo 20un0g)
JUUOI prI . . . . [enuassy ‘e 300 YSI ] . J00YS Ysaay ¢ N
Crre Iy <67 Y v e 877 €0 gemm T o qeo o R o
(0 MR} o H Dol Al HD g of oKD oo of oy 0 o mev (O o S 60 e HARNIT: v

(aaxenbs urdI) AR K>

...yﬂgwowqaé," ‘Slb &,J‘ )| odLasw! h.»‘rw ).)L;Ifﬁ,o}euw.f axilao

1363

Ul JUI)UOD PLI] PUB WNIWPED [I0 [BHUISSI ‘Sdydue.Iq Jo soquinu ysy juerd 9ySom A1p pue ysaaj Jool pue Jooys Uo ped] pue UINMIPed JO JO3JJd JO AULLIBA JO SISA[eUy-7I[qe L
671 oK (O qeod S Cirrrpr (D ol A ¢ oo b7 D ol A o Cmp
6P 4 — 1 GFRO | 9008 € ol K BED o yory0) b0 660 g o) @6(F 60D o Cogpeps 600 oy G F 3 5700 povic 19 6657 € Hgpr H0 (oo o0 oo o vy



#1364

I

(3591, 23 uey odnnA s,ueoun 3uIsn )0, 18 JURIYIUSIS JOU I8 SINJI] dWES Y} YIM SUBIA
A @ (|97 ‘b oxe of e ER cloy o™ o () rmce (€ (€D Loy cpere |57 i)

Byl ¢ 29 ul>r S 9

.y

1394 o

Q€50 J 01 p 76'8€ P L09I P 899 P oI'bE P L0l 3 Aui009)
g O K e
e 850 e ol ) 6°6€ 5 Sy Ll s zo0L > zree 5> 1801 (84 Bwipog)
g SIH e
e 090 e €0l QLT q 6Ll q 88TL 9 89¢ q €601 (B4 Bwoo)
o A I (I
e 790 e €0l e cocy e zoT e 9y e 7H8¢ e oIl e ([043U0D)
A pea
2 ¥50 e 5L €9°9€¢ 9091 $9°99 68°€€ 9501 @/ ob)
’ P P P P 4 S K s
°q /50 Qe 8001 o Lrop > IsLI > bE69 o cgce > Lol (31 8w 07)
AT S S
_— S . . ) . ) (31 Buo)
® 650 ol Q. 99I¥ q 188l q  9gL q s89¢ q 7601 O S K
€ 790 e Zr0l e 89Th v SI'0T e pSSL e 10'8€ e L011 e ([0 U0D)
Qe winrwpe)
SUON EIUIIU0D
ugpd aad ug[d aad 13 ueld xad I
(uey ) (ud)yysreay (13)ySrom (uey ) (yuerd xad)yySrom Guey )
(%o)110 sayaue.Iq : 1YSrom Som
: yueld K1p 100yq £1p y00yg
[enuassy Jo Jaquiny ot py [So.1J 300y % [sa.Jj J0oys
v o o Hev .
I e (<o) () ¢ AM. 2 v 60 Q.JJA\ v? AL 600 comem (v Wm o (£ (0 c(¥ev)
eevje e efs” Fme e A 6O o oy e T 60 e spea],

(9,)1u9)U0) 10 [BUISS puE sdYdURIq Jo Pqunu ‘(wd)y3 Y jueid G001 puejooys Jo (13))y3oMm AIp pue ysaij U0 ped] puE WNIWIPEI JO 193}J9 Jo suosLiedwiod uBdA -¢ d[qe L,
H|2 e (cCovr)

S8 |~ o AR qF (£ qooi 6 el S K HD o oy 7 (56O) 66D pame vy (7 (579) €60 £ Comp (E ) BED prmen Cor (56 F 3 S0 (™ o) movje eev 66T



(3591, 28ury odnniA s,uedun(g SuIsn )o, ¢ e JURDIJIUTIS 10U dIR SIS}I] SWES ) YIIM SUBIJA!
A @3 <[ b e o e 82 clor o o drmoe( 4 femmice (€ (ED S qpere (57 cies®)

LA 4 ' T'LTT qe  T°LS1 ' LETT (/B8 009)
(4 SO s
. . . . @1Bw 00¢)
9 969¢ qQ L€l q L'€sT ® 9601 oA K S
. . . . @1Bwoon)
O ¥ESl > Bo'ly qe  ¢'LS1 qQ €70l v\ O K e
p 0 P 0 B 8S1 q 0101 er(jonuo))
. . : . (38w o)
' TL9C e 6001 ' G9LE ' 86T AR I G
. . ) (@18w 07)
q 1'€ST q 88%6 q 7L q 118 D K s
. . ) . (@Bw oD
O T'EpC q T8¢6 O 9T8L 2 6y A I K G
P 87T q 11'c6 p 0 P 0 MY [0HU0D)
(8¥/3uw))00.1 U1 JUANUOD PLIT (8¥/3w)y00Ys ur JUNUOD PLI (8¥/3ur)300.1 Ul JU) UOD WINTWPR)) (3y/3w))ooys ur JUNUOI WINIWPE)) SUORELHUIIUOT)
K s1o56) (7 570 ¥ ss) ¥ sr6st) H 55t R
(47 56 o e <€ feryo (A7 e e (A7 S vy 7 -
O ol D el O qood HD oo .
30

...gﬂgwowqaé," ‘Slb &,J‘ )| odLasw! h.»‘rw ).)L;Ifﬁ,.»}euw.f axilao

1365

(3>/Sur)j00.1 puE J00YS UI SHUIUOD PEI] PUE WINIUIPED UO PEI] PUE WINIUPED JO I JO suosLiedwiod ued A - 9qe L,
(D ol O rprp( £ S50
b3 —omimy A0 @ |f oot 6 el K oH|D oot of jeryel o B (HT S0 K e oKD o of i (T 5T0 H B S0 oD el o el 6 F (AT SC K b )



1394 co- 13T 5oylois 29 ule S5 g ol 4 i 1366

sl 63225 59y = (S8 p)SelS 1 5 (Lo 50 525 10
25 cbale s oS gl a5 s olis (Solanum nigrum L.)

£lis ) SLs pSekS 53 55 Lo 50 clale s Ll cdly tals
36 2) puonks (sl 51(67 )53 (54) il s oS
2255 e 500 100 50) oy (sleglalé 5 (12 13 p)8 e 10
Ol 38U ges (owy oy 9 g Ay Sluoguad 1y (52
gL pials el (Jg 295 ) (gne b olS gl Lale
105 1 0) meesls’ oIS iz sloglale 31 5,5 w98
S5 4 oS 1y o (p S 2 oS e 500 5100
slagale )5 48 sl Lis (Lycopersicum sculentum Mill.)
)b e gk olS glis)l (p S0k 25 e 500 5 100 )WL,
oS Jsb hals el madls’ clale al3al (49) el Jtals
3 2SS g2 pS ke 200 5 100 (slaahale 5 oguasey )3
ccbale Jilidl b as b )55 @b g oedd S Ly 5 .(35)
9005 Jhudy kS pogast olS (2l ot )3 (935 epedlS
S aslllae 93 5> (e 390 (b SiS 4 g9 S
Vetiveria ) s olS (55, = SIS S 5 Siggyin
59010 0) oy clyis a5 w55 o155 (zizanioides L.
SIS esS 3 g Soggphen catS ) (1) 2 05 e 100
Slise Job (ials ol aals ]y ady) 5 (2len sleuise A3,
cuiS po Lol aly lis )b pxe O] Sgygyiud cudS 3 olon
i ol ol 095 )l (e bayles (yn SMST SB > SIS
ohelS pas 5 g li)l e 039 Gy 1 3 )b xe talS pas
e 5 Yl g el e ol G Gleim 2V ol > il
Gz Vgomo 59051 i olS S5 sl (44) ol 003 5ym0
F 928l (oo (b)) (2l abal Sy Alsyo )3 0l 0355
P e Sl Cpon 4 polie LS (nl e Sloogas
0395 Coun 3 (04) cl oLS £l 5 0395 Cn; s gxe yialS
oEalS S Glils Sl Sble U Sl (e LS
Al e polie cdale By Lah g and (o5 (L5 (6 (e
ol (ials g oad S jlad olS ) bk (o R Sl
LS (62,5 ©jgmar 2y il g S ol @iMe a8 oo
Sl osaliio B olon (ide 0395 Cunj LS 5 olS £l
O 4 oS St polie ainih bl oy lSen 5 L5 (61)
Sl g Gl g  JMB] cde & Wb (0 0l JlEsl oS lon
5y inl 48) a3 o i 1y oS £ algh 0 oo
75 9 Jobw glusl 8y con e 4 (S b ) sl (S
Oszxen a3l b Jsho (08 gk )lee b g (Sigie clld ialS
9 e 45 5 sk slo o)l 2 b B0y 51l ol )3 el
e Hlae el Joho 0)l> Sl 5 (o (50 B9 GRIH

sl cdale (ali 8l b as b )l (23) Shle g e
LS (g J3)3 )3 2len plil g 4k (g oy g peedlS
oS Sl g s pliljl i Ak GRalS pl oS 8L
305 (0 1B e Sl (Vb glo clale (o pme 53 0l Al
Ol 2 Slsts (Jsbow oged slizl 52h (el Sy ol a3,
Ll (oo 2Rl G5 e LBl > M gl 5Ly pens
o ke )3 g0 g0 alS St Clilh e 51 (42)
POl gl o ait) (g 45 sy o s 40 (28) Ly 590 YL
WSS (o0 8 e Sl sl g 2y )3 &S M (o
75 9 03 b (Jsho i 3 JB15 > 4 08 ) Cunilene
35 e B b cod olom plil Sl Jobe poe (ByS
Clalé 4 0rodlS 4 039l (slo S )3 4 IS 050 lalS (16)
2595550 301 opus el g S 59 5 2 p 59,500 15
ity S g atin 10 ) ey ad cuts Ss 05
S e I3 (53) ol ols oS 5 55 13 e
IMS] eely ol ol o8 il Lials 5uSes, s mpl oliee
o adyy (sl Joho Jsho Ll )3 (S59 umy (o 2,5
oialS 5 (38) Lo i) oo 5l s e il (e 11
039 9 b Gl el ppodls’ s (33) 35 sl lliw
I i andny O LS Lol 4d (K55 s ady) g plul
adyy Coslus (sl sl U5 (22) el talS lgn plul o
oS sl Al Lo iy 5 ] &S il ) osodl8 &
Py pais 58 il plo lyide 93,5 (0 )18 paie ool G5 yme)
o oS Sl ol ol pgs S5 (50) wles oo axslil 3¢5
Cesl sty sl Jobo (plowdly slid (6pdided oo b Ailys
ody cpl (28) B9 4ty & SB IOl Gl Gily 2055 wap
Ol aoxiS )3 5 b Joho (08 S 5l S gle el Sl (oo
Db (0 A

=S dald slaad g olss gldi yf
ELE)) » oy g eadlS a0 (LS i ly 455 gl
W3 ixe o g0 oyl blize 51 Lol (p<0/01) 59y jl> xo 4Bl
PSS s oS (o B0 clle 3 oS gl (2 Jp) 555
s LAT 5 oy p 5SS (Lo 600 cile 5 wrols
e ol (3 Js.)q) el pials dals 4y Cus duopd 10/83
Slass g3 cpl Jolie Bl g oy g peodlS” Sl aS 0l LS sl ylg
Slilys g oo Slilgs 512 Jgiz) 395 )b e 258 8L
oialS eel Ml p (ap Jse 10-69 10° 5 ) paedlS
0) hadale > wrodls” 1 .(29) wi (Vicia faba L.) oS gl



1367 ety 9 o005 4y 00937 (gl T 31 ool sl 3o (IS 3 y0 oilsS” axdllao

e 48y pl i Jite bl @ (LS 8L ) uill uals
piels 1lg o b uilel lalS 5l oslitul S 1 aseis o)
9 Sy :M.oblf & 03911 < Oxe) )® u"])). L‘Ju’lﬁf LSI)’. wtﬁ

cilbo o oLbie plo (gla 4Bl b aSdg05 ool sl e

iz g 52l 52 plasl 53 0y g peals 0
bug polie (pl @l g Gy g w8 il lo clale )
Jtizo 1. (p=0/00) 55, 51> tao (5 a0 olS 2lg (sla ol
5 o)) S mhaw j3 olsn pl] )3 peedlS Clds Gy g puedlS
Ayl (giae 20> gty e )3 (alep Pl )3 p Gl ol S
= Oy @S S )b (gae oaimd L (uilyly 435 gl
s9- aniy 3 (p<0/01) s 5 (pO/09) renls” i 3o
w03l i i o o g eedlS e 312 502)
2J932) 392 )5 (ine (pO/0L) oy Sl 3150 ( p<0/05)
o @ bgrpe alon (sla plal lawgs @rodl8 Qlo jlade (o i
PSS 225 ko 600 5 wradls p SolS 2 25 Lo 40 clale
pSskS s 25 (ko 40 adlS (slajles o 5l g 5 292 o
235 o B0 adlS g £ SS g2 25 (o 300 s olyag
i o 03y )3 p Sl 2S5 (oo 100 s olyare 2S5k
2 oS e 10 adls slalass > ol Ly a8 S 1,8
oy 9 p S okS pr S (oo 10 S 5 (o o) p)SokS
Gt a5 e 2lm sla Il pSELS S e 100
e 531 L (6 ga2) aizals 1y oradls” ol 0lio oy a8
SB > yolie opl il ass )3 5 oolol O 1 G g waedls

(4 Jga ) €l ll ol by o ol i

10 ab yao cbale 5l paodlS Jiol33l b ey clale gl )
10 136 lya plsl )3 0uedlS line 2 5ok p)S e
S o 20 4 10 1 eodls clale (il331 L g ol ol i3l
5 medlS i35 Lol sl Lt L2l 2103 liae ol ep SobS
il Pl )3 0003l lie p S lS 0 2y S (Lo 40 4, 20
o 20 clale & s a5 s Ui o> 1429 Jolae il
e 5 4 1(6 Jgae) cutly il 10,333 p SlS  p 5
wodlS Gl s ST @l Oy Sl cbale > oS )
adyy ) el Gl ety 3929 (IS e (2o pluil )
eeodlS cdale (il L L G pl oo 000 clale )5 S5 o e
@ oS o lis yels oy Sl 5 FelS 1 e)S e 20 410 )
cdale iuli sl Lel dgy olon pluil )5 0uedlS e iuls8l Jds
otelS el ouodlS p SolS 05 o 40 4 20 5l podls
3 oxodlS e ol 3 a3 @uedlS lsme 3 (suoyd 51/89
(6Ug)sls lis ials’ 55 lea pluil

(21) 395 o Jghos

oS e bl yu o g paasls (e g il wis
I e bl 8o)d O g i8Sl LS ol
bl 3o )3y Gy g wedlS Jilize 51 .(p< 0/01) 59 5l xe
e oy 5 o3l S pSlas clale 5 (2 502)055 )b (stae
ol Lials 14 /51 312 sy as als 4 cons Lulul
SLasles 45 w3505 (o)l3S (67) oSan 5 o855 (3 50) o>
P o 900 500V e )y g (52 )3 )8 (o YO - Jedls
Lol s )b gtme 3 il L il 2oy (59 2 (52 0
9 e b sd g by el dopd b e alS csly
IS5 bl Gyl (lie o5 23,87 (3155 (85) ]len
0395-3] y3lie 5l cow (hypericum perforatum L.) el
o3l ¢ yinlojl 5 53 .85 )5 cusS e 4 p)S puaic ok
oo 223) oo o S9S 1 25 o B11) o (55l gy
167) 55, 5 (55 3 £S5 (o 17) s o 558 12 2.5
Ll s oy oS uilol oy tlS” sl (5,55 )3 25 o
(68) eyl 5 5575xd; (69) 292 (Stas ljlé 818 LSl il
g3l oLS 15 abgle ) bl jlade & K3)5° ()18
B opSicw @lild polis 45U cou (Lavandula vera D. C.)
oS (als sleisu 9 LS jl 4 (ald L sl 0855
St oals adgi b byl jo wilyy o (60905 29 (0 gl yseial
(14) St a5 by (14) il azils by a8lo § LSy bwg
s 0LS Sid ol iy 3y Sloe b sl yiiiy 5, Sles
3ySlas 5> ()l tme gl (46) STl g sSul 4 Shasl,
oS Sl a 0391 Syl 5 osd S (lo L uibol
a5 3inges (135 (57) 55 3Lads 5 oLl (46) 255,55 ssnlis
Sl 4 039l (clotwgueS ;> ods cutS” Jal L il 3,Slas
sbo 022 )3 0nd jw (slaidgn 5 (BHb jlcdl pials S
Gk 5l Ml (oo () oS Bpuae (Jald Ui ol S (o)
Lo o1 bl jiiw 2o 13 (10) 298 o (sl jiwgs
Al ) B g cul (ingd ()8 pglhe (el @b (o)
Sgd uibl Hlade yialS el Wilgh o Siw lils lawgs )8
P S e il 53 (s 3l e bl ol 5> (51)
e 4y 1395 oSt (e 1> 3 ol (slaless S, e
A Oy g peedlS 2959 pis dxe el cpl Ll onis &3l s
OIF OhlSen g lpslinl 91 (qwyp 390 (slo bl ) il
sl clale )3 s g (05 oy (uuodlS (K I3l A Wdges
995325 (52) i cdl (IS oy olS bl S5 5 YL
(B U oS 1 o § ooy o038 31 00 (B7) (o
Jole (b ) i lils cpl & K390 ()1 b 9 Mg



1394 co- 13T 5oylois 29 uls S5 g ol 4 ois 1368

(3501, 28uey o[dnjnjA s,uesun(g SuIsn )o,G 18 JUBDIJIUTIS JOU dJE SI)J] JWES ) UPIM SUBIIA]
A @ (|57 6 e o oo BR Comy o o dre( ) emmee (D Srv o |9 cies”)

P LY Q6 J6TLe usLEl £ Ler9 3 680¢ LU0l (009)ad + (OPIPD S5 4 ey
poge  $5'0 SO J10°8¢ 8 €061 1 8679 g stz y 901 (009)4d % (OPIPD e -4 miereey
Pq S50 E 0l P A4 3 8L91 U3 €69 P LESE y3J L'901 (00Dad % (OPPD S e 4 = -y
Poqe LSO € 0l Paq AT/ A4 P $9°81 3 160L Poq $8°9¢ 3 1801 0ad s (OPPD S -4
P> TS0 Qe 0l RERATAZS 8 9061 b 69 I soeg 16201 (009)9d % (0DPD e <yl v g
poqe  L$'0 Qe 0l BEHVYNY 38891 U189 P Tl'se U3} 6'901 (00£)d » (0P Se=* -4 -4
Qe 650 @ 0l P2 Ag/\4 3 T8l 8 STIL PO €9¢ Jp $'801 (00D)ad % (0P Sw +4 7 - e
o8 190 e $9°01 QB A4 99 $8'61 P €¢L oqe e8¢ P2 9601 (0)9d % (0P S -4 =
Poq +5°0 ® 9901 AV Jo6L91 U LS'L9 P 8TGE Us €901 (009)9d % (ODPD N +( ey
28 6570 e© ol P 4A/4 3 118l P 961L P S19€¢ Pd €601 (00)ad % (ODPD ST~y eréeneey
oqe 190 qe €€01 9qE Vv/Ad po 6€61 P2 SI'YL poq L0'LE poq €011 (001)ad « (ODPD 815+ e ooy
e €90 ® L9°0] qe Ab/A4 @ $60T °q 9LSL qe 68'8¢ oqe 1111 (00ad « (01)PD  Sic + (e
Poqe LSO Qe €0l 3P AT/ 4 p 798l 3o 60TL Poq z8'9¢ U3 §'L01 (009)9d % (P S - e g
e 190 Q@ 0l PO AG/\A °q 6861 Paq ¥8'yL poq srLg po €011 (00€)ad % (PO S + e iy
e 90 ® L9901 Qe SA/AA qe LE0T qe 6L'9L qe Ly'8¢ ® 6Ll (00D)Ad # (PO e - e e

e 990 ® L9701 B AL e /C1T ® GH8L B 85°6¢€ e 6Tl mav(jonuo))

opueqooquay  TERY updodis)  Quadaedss)  Quedaodas)  0dRdD
(%110 [enuassy (€ #ev) ueld 1ySom K1p 100y JyS1om ysaxy 100y IySrom K1p j00ys mww_wmww» PpedT 'SA wniwpe)
O e (st o) (e ) (59 < %ev) (K90 k) EE(LICED) e 1€ o Qoo € ol
ovc e g5 3 0 2 > - s T B )
03 S 660 e (e 660 & Comp 60 opns jorye’ €0 i
(%) uauod

[0 [BIUASSd pue sdydueIq Jo dqunu ‘(wd)ysny jueld ‘(13)1001 pue J00ys Jo 1YS19M AIp PUE YsoIj U0 PLI] PUB WINTWPED JO SUOHI LI UL JO SUOSLIBdW0d WA -SI[qR ],

v €37 K0 rmerO(cCer)

206 0- P GV Y (Fom? ot € el S K 600 £ oy o (F(55P) EEQ e vy @87 (55P) 660 o Crmmp (8 600 prmne Crp(569) [F 3 sHa(mer™ Xy eeeye



...gﬂgwéwqaé," ‘Slb &,J‘ )| odLasw! h:‘rw ).)L;Ifﬁ,.»}euw.f axilao

1369

(3597, 93uey odnnA s,ueoun(y Suisn )o/,¢ Je JUBDIFIUTIS JOU QB SIA)I] WIS AU} YPIM SUBI]A
AT 0 (|7 < v o oo 'R ooy e o (A e (€A v cpere |57 cis®)

e 66V e LTEC Qe 6°6LE e IgIe P LYO (009)ad % (0P)PD S 4~y
5 $96¢ > 9Tl Qe gGLE e [0 P3qe $5°0 (00£)ad « (0P)PD ™ g miDevy
U 6TLI I oSSt qQ LTLE q 0v'6T Paq $5°0 (001)ad « (0F)PD ST <4 = ooy
1 0 3 0 e T8¢ 5 LT8T PAqe LSO (0)9d « (OP)PD S g
Q. veLy Qe §'9TC o 8Ll P16 P> 750 009)ad 5 (0P ST o> g
I oesLe P 9vIl P €991 o paqe LS50 (009ad « (PO S -4~ ey
1191 3 oSy po T'ILI > §L % 650 (001)d « (0TPD 5™ -4 o
Lo 30 P> Izl > sL 22 190 (0)ad (0P 5= x> -
o gesy Qe ¢'sTT JowvL Jo9Ts Poq $$°0 (009)ad « (O1)PD S -\ e eg
J t'89¢ p 801 3oeLst JE0'S oqe 650 (009)ad % (O1)PD S -\ ey
[ 9051 J3  6C1Y 9 €68 J €8y oqe 190 (001)ad % (Q1)PD Sico™ <y o wey
I 0 3 0 J ST08 J 97 Qe €90 (0)ad = (QD)PD S e
P €Lty 9 9€TT 3 0 30 Paqe L§'0 (009)9d % (0P Seo « < ooy
3 ggee o €90l 3 0 3 0 g8 1970 (009)9d % (0)PD N « <= oy
18 3 Toee 30 30 e 190 (00DAd % ()P 51+ = -y
I 0 3 0 3 0 3 0 ® 99°0 mer([01ju0))
(3y/3w)y001 (3y/3w)ooys (3>y/3w)3001 (3y/3w)y00ys (2% )1ud3u0d
ul Juldjuod ped| Ul Judjuod ped| Ul JUdjuo) wniwpe) Ul judjuod wniwipe?) [Io [BUISSH PEBYT ‘SA winupe))
(7 (9 ¥ s (57 9 H S5t (7 SIH SEY) (A LI GELY) (el o) (€ o qeo € ol s
el Crmp o o jore b Qoo of Crmvp Qoo o€ oo b &0

(3)/Sur)joo.1 pue Jooys Ul §)UIUOI PEI[ PUE WNIWPEI U0 SUONILIANUI PEd] PUE WINMUPED Jo suosLieduiod UedA -93[qe ],

SO G L) HD ol S ey (7 0! & SHEE)

<060 - P A S fom? oot € el H oD qeot of el o F(eHT sC0 K HESCO) oHD geotl ol Crpmp (9T 50 K GHE 5 oH|D el 5 o yovyel b0 (A



1394 o- 13T 5oylois 29 wlsr S g ol 4y pis 1370

ALié oy 3 pamedS JLisl b coldy cdey ddl o olowdly
el S Jlis] Sl wlisios 181 42 ,81.(32) adl o olowdhy
YL sla calé ) Ll (27) sl o Bl & 4 5l ol
oy (15) 3 o Jin Bl & Ay ) @eedl8” JUi] oradls
9 27) 39 (oo Jitio dBlos 4 yiaS g odd Ll ddly bawgi Lides
JUisl e SB35 oo 5l s sl clale Lulys s (67
Oili8l (S L g b by (2l pluil @ b ady 5l g
wlowdl slalis Co 56 cla cunl (Son ol oyl a5 (67) il
@SB jlopw Joo glge pialS 5 0ol la clale 3L
il L i il Gla Jie 5l bl (19) 2L oL
oy (34) il bagy o i) (sl Jolo el ) (omlguansd
Ol 48 98 (o @igile Ay Sl Jolo > SISy ok
CoMysyl b Casdiaps yome G2y | oy Joo gilo slo Joko
D o 390t ole bl 4 Ay |y JWESI Y e e
Bl any ey jl JLal 5 e 36 a5 4 Jood 42 5]
L oS i (S Jooot g a0 (o0 LS (e (Stusen
Lol ey (o i3 8l Lo ady )3 (i puaie g il58l
deole 593 (6355 a5 Lolill s autyy )3 (S peais (65l
Pl 4 aduy 5l peedlS JUsl cpl g ogMe .(20) Cons cenglis
sla piso o cdly ol geos (0 &S Conl oge ole olon

SIS e b len

S (G S i

Cbale e (opme 53 & Jaulyd 13 (I maye (29l obS
2 35 e 800) oy 5 (255 2 25 e 100) sl
059 Bl 10,5 51164 4161 sals & cuns b5 15 (p,5LS
059 BialS aali dy Coms oy 11/084 10/83 Csp 4 g 5
g ol S cbale Sls y polul wopd 4 810k ol Sas
sy L yials sy 14151 4 12 sals 4y Cons cuiy 4 Cpw
B 1 il cdl, I8 e ol 3 (K SIS oyl Lol
03501 (slo (30 5 Wil (oo sb il 5 (290l olS ) sy (o0
wrodlS 4 03gl] (ol Ul 5l oalisil Laslyd 33 55 g oyug muedlS
25 )18 oslial )50 oy g

&SIl

oSl (timgy Clgleo baogs G ol sl sle anje
AL el amdg Jowe 5l g (65)9liS 0aSLily g Apdie (qwgd B
Db o 1) 5 1St Ayt 11 00 cyuals 16178

940 ) 5 o3l (Y (sla Cale ) oS s oo k5
i gl polie ol s Sl Sl (558 51 25 i 600
i 3] S Ll 0 e Al g ) o L ] s
2030185 2lsm plil )3 s lize p S5kS 2 05 oo 10
40 45, 20 1 920 a5 10 51 paodls” Jiali3l b g ol lis yialidl
9 129 sy 4 alom pll )3 oy (lire pS5kS 2 25 e
2 O ol 45 ol s 5 cpl ol gl Gilisl as,s 4107
Loy el Liolél noyd 16196 § 10/78 sy ay 55 aiu )y
a8 Sy (oo S5 Ay g 09y jieS peedlS 1 ler plil 4y Oy Jlas]
b Jus!
X050+ 300 450 0 o cbale 51(25) olKen g Lo
A0 Fee cla e ble g medl S o 09,540 900 4 700
ul&JH J9_l>bo A_))9_Aa) I) J9—‘°9)£“° 1500 9;“si"‘\‘/"
ln o 253439 Brassica juncea L. cuiS yius 45 oy g puodls
weodlS” Janl o wile lainy olS oyl (ol didyy oS Wdges 40l
P ey g eedlS lalidlnles (o Jos olgn pll 4 g
sl sl pluils yolie pl e plie Glaljl el S jian
ccl a$ Ly ¢ .(37) Salvia splendes sello’Torreador’
else Joldnipd (o S Slilh 5 (o3 pole Gl 4l
oy §) Slie polie ilisee lalS (2) 2,05 (6L 56 ey
cbale (il b (7) wle o Jite olon o plsl 4 g ols |,
b o)y ;0 (0L Hlude 4y jolic oyl ol S 53 w5 el
JUisl lyn cln i & (8528 s polio Ll il il
392 w03l8 | yiir (IS e iy 3 0y o35 e (32) Ly
S35 IS Byl catls cbllas s plo mbs b &
el g 1S 0 S5 |y e dd) (Jgko 0)l0d (40 muss oy
0)lg=d (mal 298 (oo (b 0)lgnd 53 s (slay Lo (i
L gw olonl sl i la Joro 5,06 as Joho la
simd oo I3l | L yewlS oo 1 5 S o syl o qlS
23 e 3y ypolie a8 & ge3 GBI LS 5 U2 (63)
Slad Sygm oy 550 b bl ) cul (S a ads)
9 Swgeslo (8) asl iy Jolw ojlgndyy JSb (o wpw
JUasl g b iy 50 eeedS oo &5 Widges 2))55 (32) o)) Ko
by Lol 3,5 (o0 )8 o il o oS lsm plul 4
o |y a6 295 oo 9 41811550 gy a5 Casdlygy]
2 edS S 0 waedlS 31 cplpl s ol eands” Jlasl



1371 o g peodlS & 0357 (gl T 31 osLial Lyl ph p3 (5 oy po oS aslllae

&l

1-Ahmad Kamel H. 2008. Lead Accumulation and its effect on photosynthesis and free amino acids in Vicia faba
grown hydroponically. Australian Journal of Basic and Application Science. 2(3): 438-446.

2-Angelova V. K., Ivanov and Ivanova R. 2004. Effects of chemical forms of lead, cadmium, and zinc in polluted soils
on their uptake by tobacco. J. Plant Nutrition. 27(5): 757-773.

3-Aycicek M., Ince M., and Yaman. M. 2008. Effects of cadmium on the germination, early seedling growth and metal
content of cotton (Gossypium hirsutum L.). International Journal of Science and Technology. 3(1):1-11.

4-Balestrasse K.B., Benavides M.P., Gallego S.M., and Tomaro, M.L. 2003. Effect of cadmium stress on nitrogen
metabolism in nodules and roots of soybean plants. Functional Plant Biology. 30: 57-64.

5-Bavi Kh., Kholdebarin B., and Moradshahi. A. 2011. Effect of cadmium on growth, protein content and peroxidase
activity in pea plants. Pakistan. J. Bot. 43(3): 1467-1470.

6- Baudouin C., Charveron M., Tarrouse R., and Gall Y. 2002 Environmental pollutants and skin cancer. Cell Biology
and Toxicology. 18:341-348.

7-Begonia G. B. 1997. Comparative lead uptake and response of some plants grown on lead contaminated soils. J.
Missisipi Academy Science. 42(2): 101-106.

8-Brennan M.A., and Shelley M.L. 1999. A model of the uptake, translocation, and accumulation of lead (Pb) by maize
for the purpose of phytoextraction. Ecology and Engineering. 12: 271.

9-Croteau R., Burbott A.J.,, and Lommis W.D. 2006. Biosynthesis of mono and sesquiterpenes in peppermint.
Phytochemistry. 71: 2937-2948.

10-Croteau R. and Johnson M.A. 1984. Biosynthesis of terpenoids in glandular trichomes. Chemistry of Plant
Trichomes. Pp:133-185.

11-Curtis M. 2000. Healing Plants. Prague: Aventium.

12-Chen Y., Wang C., and Wang Z. 2005. Residues and source identification of persistent organic pollutants in
farmland soils irrigated by effluents from biological treatment plants. Environment International 31: 778-783.

13-Chen Y.X., He Y.F., Luo Y.M,, Yu Y.L., Lin Q., and Wong M.H. 2003. Physiological mechanism of plant roots
exposed to cadmium. Chemosphere. 50: 789-793.

14-Czepak M. P. 1998. Producdo de 6leo bruto e mentol cristalizavel em oito frequiéncias de colheita da menta (Menta
arvensis L.). Sciences, Botucatu: 53-80.

15-Cunningham L.M., Collins F.W., and Hutchinson T.C.1975. Physiological and biochemical aspects of cadmium
toxicity in soybean. In: Proceed of the Int. Conf. Heavy Metals in the Environment, Toronto, October 27:97-103.

16-Clemens S. 2006. Toxic metal accumulation, responses to exposure and mechanisms of tolerance in plants.
Biochimie. 88:1707-1719.

17-Ghadreian S.M., and Jamali Hajiani N. 2010. Tolerance, uptake and accumulation of cadmium in Matthiola
chenopodiifolia Fisch & C. A. Mey (Brassicaceae). Journal of Plant Biology. 6:87-98.

18-Ghani A. 2010. Effect of Cadmium Toxicity on the Growth and Yield Components of Mungbean [Vigna radiata (L.)
Wilczek]. World Applied Sciences. (Special Issue of Biotech. Genetic Engin) 8: 26-29.

19-Hall J.L. 2002. Cellular mechanisms for heavy metal detoxification and tolerance. Journal of Experimental Botany.
53: 1-11.

20-Harmens H., Hartog P.R.D., Bookum W.M.T., and Verkleij J.A.C.1993. Increased zinc tolerance in Silene vulgaris
(Moench) Garkle is not due to increased production of phytochelatins. Plant Physiol. 103:1305-1309.

21-Hassan M. J., Zhu Z.,, Ahmad B. and Mahmood F. 2006. Influence of cadmium toxicity on rice genotypes as
affected by zinc, sulfur and nitrogen fertilizers. Caspian Journal of Environmental Science. 4(1): 1-8.

22-Hayat Sh., Hasan S.A., and Ahmad A. 2011. Growth, nitrate reductase activity and antioxidant system in cadmium
stressed tomato (Lycopersicon esculentum Mill.) cultivars. Biotechnology and Agronomy Society and Environment.
15(3):401-414.

23-Heidari M., and Sarani S. 2011. Effect of lead and cadmium in seed germination, seedling growth and antioxidant
enzymes activities of Mustard (Sinapis arvensis L.). Journal of Agriculture and Biological Science. 6(1) :44-47.

24-Hernandez L.E., Carpena-Ruiz R., and Garate A. 1996. Alteration mineral nutrition of pea seedlings exposed to
cadmium. Journal of Plant Nutrition. 19: 1581-1598.

25-Johna R., Ahmadb P., Gadgil K., and Sharma S. 2009. Heavy metal toxicity: Effect on plant growth, biochemical
parameters and metal accumulation by Brassica juncea L. International Journal of Plant Production. 3:3.

26-Jun R., Ling T., and Guanghua Z. 2009. Effects of chromium on seed gemination, root elongation and coleoptile
growth in six pulses. International Journal of Environmental Science Technology. 6: 571-578.

27-Kabata-Pendias A., and Pendias H.1991. Trace Elements in Soils and Plants, second ed. CRC Press. 365.



1394 co- 13T 5oylois 29 ule S5 g ol 4 pis 1372

28-Kabir M., Zafar Igbal M., Shafiq Z.R., and Faroogqi M.2008. Reduction in germination and seedling growth of
Thespesia populnea L. caused by lead and cadmium treatments. Pakistan Journal of Botany. 40(6): 2419-2426.

29-Kasim W.A. 2005. The Correlation between Physiological and Structural Alterations Induced by Copper and
Cadmium Stress in Broad Beans (Vicia faba L.) Egyptian Journal .of Biology.7: 20-32.

30-Liu W-X., Li H-H., Li S-R., and Wang Y-W.2006. Heavy metal accumulation of edible vegetables cultivated in
agricultural soil in the suburb of Zhengzhou city, People’s Republic of China. Bulltain of Environmantal
Contamination and Toxicology. 76:163-170.

31-Lindsay W.L., and Norvell W.A.1978. Development of a DTPA soil test for zinc, iron, manganez and copper. Soil
Science Society of American Journal. 42: 421-428.

32-Matkowski E., Kurtykal R., Kita A.,and Karcz W. 2005. Accumulation of Pb and Cd and its effect on Ca distribution
in maize seedlings (Zea Mays L.). Polish journal of Environmental Studies. 14(2): 203-207.

33-Meharg A.A.1993. Integrated tolerance mechanisms constitutive and adaptive plant response to elevated metal
concentrations in the environment. Plant, Cell and Environment.17: 989-993.

34-Mitchell P. 1979. Keilin's respiratory chain concept and its chemiosmotic consequences. Science. 206: 11-48.

35-Mihalescu LA., Mare-Rosca O.E., Marian M., and Bildar C.F. 2010.Research on the growth intensity of the zea
mays L. plantlets aerial parts under cadmium treatment. Analele Universitatii din Oradea, Fascicula Biologie. 147-
151.

36-Muchuweti M., Birkett J. W., Chinyanga E., Zvauya R., Scrimshaw M.D., and Lester J.N. 2006. Heavy metal
content of vegetables irrigated with mixture of wastewater and sewage sludge in Zimbabwe: implications for human
health. Agriculture, Ecology and Environment. 112; 41-48.

37-Nowak J. 2007. Effect of cadmium and lead concentrations and arbascular mycorrhiza on growth, flowering and
heavy metal accumulation in Scarlet Sage(Salvia splendens Sello Torrreador). Acta Agrobotanica. 60(1):79-83.

38-Obata H., Inone N., and Umebayshi M. 1996. Effect of cadmium on plasma membrane ATPase from plant root
differing in tolerance to cadmium. Soil Science. Plant. Nutrition. 42, 361-366.

39-Padmaja K., Parsad D.K., and Parsad A.R.1990. Inhibition of chlorophyll synthesis in Phaseolus vulgaris L.
seedlings by cadmium acetate. Photosynthetica. 24: 399-404.

40-Pandey S., Gupta K., and Mukharjee A.K. 2007. Impact of cadmium and lead on Catharanthus roseus- A
phytoremediation study. Jornal of Environmental Biology. 28:655-662.

41-Patra M., Bhowmik N., Bandopadhyay B., and Sharma A. 2004. Comparison of mercury, lead and arsenic with
respect to genotoxic effects on plant systems and the development of genetic tolerance. Environmental and
Experimental Botany. 52: 199-223.

42-Punz W. F., Sieghardt H.1993. The response of roots of herbaceous plant species to heavy metals. Environtal and
Expermintal Botany. 33: 85-98.

43-Rayan J.R., Estefan G., and Rashid A. 2001. Soil and Plant Analysis Laboratory Manual. (2nd edition). ICARDA.
Syria. P.172.

44-Rotkittikhun P., Kruatrachue M., Pokethitiyook P., and Baker A.J.M.2010.Tolerance and accumulation of lead in
Vetiveria zizanioides and its effect on oil production. Journal of Environmental Biology. 31: 329-334.

45-Sanita di Toppi L. and Gabbrielli R. 1999. Response to cadmium in higher plants. Environmental and Experimental
Botany. 41:105-130.

46-Scora R W., Chang A C (1997). Essential oil quality and heavy metal concentrations of peppermint grown on a
municipal sludge-amended soil. Journal of Environmental Quality. 26(4): 975-979.

47-Shah, F. R., Ahmad N., Masood K.R., and Zahid D.M. 2008. The influence of cadmium and chromium on the
biomass production of shisham (Dalbergia sissoo ROXB.) seedlings. Pakistan. Journal of Botany. 40(4): 1341-
1348.

48-Shanker A. K., Cervantes C., Loza-Tavera H., and Awvudainayagam S. 2005. Chromium toxicity in plants.
Environment International. 31: 63-68.

49-Singh S., Singh A., and Bahadur R. 2011. Effect of cadmium on germination and seedling growth of tomato
(Lycopersicum esculentum Mill). Plant Arch. 11(2): 859-862.

50-Soghoian S, R. Sinert. 2009. Toxicity, heavy metals.http://emedicine.medscape.com/article/814960-overview.

51-Srivastava N. K. and Luthra R.1994. Relationship between photosynthetic carbon metabolism and essential oil
biogenesis in peppermint under Mn stress. Journal of Experimental. Botany.45: 1127-1132.

52-Stancheva M.G., Hristozkova M., Markovska Y., and Salamon 1. 2010.Antioxidant Capacity of sage grown on
heavy metal polluted Soil. Russian Journal of Plant Physiology.57(6):799-805.

53-Stancheva M., Geneva M., Hristozkov M., Boychinova M., and Markovska Y. 2009. Essential oil varioations of
Salvia officinalis L. grown on heavy metals polluted soil. Biotech. Biotech.EQ. XI Anniversary Science Conference.
Special Edit. Online. 373-376.



1373 o g peoslS & 0351 (glo T 31 ooLial Laylpd 33 5 oy po oS aslllae

54-Sun Y.,. Zhou Q, and Diao Ch.2008. Effects of cadmium and arsenic on growth and metal accumulation of Cd-
hyperaccumulator Solanum nigrum L. Bioresearch and Tech.99: 1103-1110.

55-Tirillini  B., Ricci A., Pintore G., Chessa M., and Sighinolfi S. 2006. Induction of Hypericins in Hypericum
perforatum in Response to Chromium. Fitoterapia.77: 164-70.

56-Tiryakioglu M., Eker S., Ozkutlu F. 2006. Antioxidant defense system and cadmium uptake in barley genotypes
differing in cadmium tolerance. Journal of Trace Element. Medicine and Biology. 20: 181-189.

57-Topalov V. and Zhelyazkov V. 1991. Effect of harvesting on the yield of fresh material, essential oil, and planting
material from Mentha piperita L. and Mentha arvensis L. Herba. Hung 50: 60-67.

58-Van Assche F., Clijsters H.1990. Effects of heavy metals on enzyme activity in plants. Plant and Cell Environmen.
13: 195-206.

59-Vassilev A. and Yordanov 1.1997. Reductive analysis of factors limiting growth of cadmium —treated plants: A
Review:Bulgarian Journal Plant Physiology. 23(3-4): 114-133.
60-Vassilev A., Schwitzguébel J.P., Thewys T., Van der Lelie D., and Vangronsveld J. 2004. The Use of plants for
remediation of metal-contaminated soils. Rev. The Science World Journal. 4:9-34.

61-Wei S.H., Zhou Q.X. 2004. Discussion on basic principles and strengthening measures for phytoremediation of soils
contaminated by heavy metals. Chin. J. Ecol. 23: 65-72 (in Chinese).

62-Wierzbicka M. 1995. How lead loses its toxicity to plant. Acta Socienty Botany. 64: 81-90.

63-Wierzbickal M. 1998. Lead in the apoplast of Allium cepa L. root tips.ultrastructural studies. Plant Science.133:105.

64-Yang X.E., Long X.X., Ye H.B., He ZL. Calvert D.V., Stoffella P.J. 2004. Cadmium tolerance and
hyperaccumulation in a new Znhyperaccumulating plant species (Sedum alfrdii Hance.). Plant and Soil. 259: 181-
189.

65-Zheljazkov V.D., and Nielson N.E. 1996. Effect of heavy metals on peppermint and cornmint. Plant and Soil. 178:
59-66.

66-Zheljazkov V.D. Jeliazkova E.A., Kovacheva N., and Dzhurmanski A. 2008. Metal uptake by medicinal plant
species grown in soils contaminated by a smelter, Environmental Expermental Botany. 64: 207-216.

67-Zheljazkov V.D., Craker L.E., and Xing B. 2006. Effects of Cd, Pb, and Cu on growth and essential oil contents in
dill, peppermint, and basil Environmental and Experiment Botany. 58: 9-16.

68-Zheljazkov V.D., and Nielsen N.E. 1993. Studies on the Effect of Heavy Metals (Cd, Pb, Cu, Mn, Zn and Fe) Upon
The Growth, Productivity and Quality of Lavander (Lavandula vera D. C.) Production. A Paper Presented at the
24th International Symposium on Essential Oils. Berlin. Journal of Essential Oil Research. (In press).

69-Zheljazkov V D, and Warman P.R.2003. Source-Separated Municipal Solid Waste Compost 70-Application to Swiss

Chard and Basil. Heavy Metals in the Environment. Technical Report.
70-Zheljazkov V.D., Warman P.R.2003. Application of High Cu Compost to Swiss Chard and Basil. Science Total
Environment. 302:13-26.



Journal of Water and Soil (5,9LaS @luo g psle) S 9 O & i
Vol. 29, No. 5, Nov.-Des. 2015, p. 1360-1375 i 1360-1375. o 1394 53— ,31.5 o)lais 29 ule>

Study of Sage (Salvia officinalis L.) Cultivation in Condition of Using Irrigated
Water Polluted By Cadmium and Lead

Sh. Amirmoradi’- P. Rezvani Moghaddam?*- A. Koocheki — Sh. Danesh*- A. Fotovat®
Received: 20-08-2013
Accepted: 17-11-2015

Introduction: Accumulation of heavy metals in agronomic soils continuously by contaminated waste waters
not only causes to contamination of soils but also it affects food quality and security. Cadmium and lead are one
of the most important heavy metals due to long permanence and persistence in soil can cause problems to human
and animal health. Some medicinal plants are able to accumulate of heavy metals from contaminated soils.
Heavy metals are not able to enter in the essential oil of some aromatic plants. Study of these plants helps
human to select them for cultivating the resistant medicinal plants in contaminated soils.

Materials and Methods: This experiment was carried out in the research greenhouse of agriculture faculty
of Ferdowsi university of Mashhad in 2011. Seeds were cultivated in planting aprons into peat moss medium.
Then the uniform plantlets were transferred into soil in the plastic boxes (30x50x35 cm) at two leaf stage. In
each box 6 plantlets were sown with distance of 15 cm on the planting rows and 20 cm between rows.
Experiment was set up as factorial on the basis of randomized complete block design with three replications. The
first factor was cadmium concentrations consisted of 0,10,20,40 mg per kilogram and the second factor was lead
concentrations consisted of 0,100,300 and 600 mg/kg. Plants were irrigated during ofl5 weeks with cadmium
and lead nitrogen nitrate solutions and then irrigated with distilled water. The differences of nitrogen amounts in
treatments were compensated with ammonium nitrate on the basis of differences between level of the highest
treatment and the treatment which obtained lower amount of nitrogen. Plants were harvested after 180 days at
the beginning of flowering. All shoots and roots were weighted separately as fresh weight and then were dried
under shading and then were weighted. The essential oil sage was determined by using of 30 grams of dried sage
leaves with distillation method with Clevenger. Cadmium and lead contents in shoot and root were measured by
wet digestion method (digestion by Perchloric and Nitric acid). Cadmium and lead contents were detected by
atomic absorption apparartus. Data were analyzed by MSTATC software and all means were compared by
DMRT at 5% of probability.

Result and Discussion: Results argued that fresh weight of sage at 40 mg/kg of cadmium were decreased
4.61% as compare as control. Dry weight of sage decreased at 600 mg/kg of lead 11.08 % as compare of control.
Mean comparisons indicated that at the highest concentrations of cadmium and lead fresh and dry weight of sage
were dropped. Growth decrement due to toxicity of cadmium causes to photosynthesis and respiration decline,
carbohydrate metabolism decreasing and leaf chlorosis. Researchers observed lead ions by interfering with water
balance lead to water stress. High concentrations of lead may cause to decrease the availability of water for plant
and high concentrations of cadmium causes to disturb the protein synthesis and lead to protein decline in plant
cells. Plant height of sage was declined at 40 mg/kg and 600 mg/kg as compared as control 14.17 and 10.83,
respectively. Essential oil in sage was dropped in high levels of cadmium and lead as compare of control 12 and
14.51, respectively. Researchers stated that cadmium concentrations of 2,6 and 10 mg/lit and 50,100 and 500
mg/kg of lead had no significant effect on peppermint, but caused to drop the essential oil percentage of dill and
basil.

Disturbance of carbon nutrition in plant cells during the photosynthesis process by heavy metals lead to a
decrease in the essential content. The most cadmium absorption by sage shoots belonged to 40 mg/kg and 600
mg/kg of cadmium and lead, respectively and then 40 mg/kg cadmium and 300 mg/kg lead were ranked as
second treatment. Increase of cadmium and lead concentrations in irrigation water led to increase of these heavy
metals into sage shoots. Increase of lead and cadmium concentrations caused to antagonistic effects of cadmium
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and lead absorption into shoots of sage. In this experiment cadmium and lead concentrations of all treatments
were too below to detect by atomic absorption apparatus. In this study cadmium and lead could not enter to
essential oil. Researchers stated that high doses of cadmium, lead, zinc and copper concentrations could not enter
into essential oil in sage. Some researchers showed that cadmium, lead and copper were not transferred to
essential oil of peppermint, dill and basil during the essential oil distillation process. This finding confirmed that
selection of medicinal plants as alternative plants with crops in cadmium and lead contaminated soils.

Conclusion: Fresh and dry weight of Sage in the condition of contaminated soil by 100 mg/kg cadmium and
600 mg/kg lead were declined 4.61 and 5.16 % as compare as control, respectively. At the highest doses of
cadmium and lead the essential oil of sage were dropped but, these heavy metals were not detected in essential
oil. So, it is seems that this medicinal plant may be applied in the contaminated soil or in the condition of using
of contaminated irrigated water by cadmium and lead.
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