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g paal) Ayill Aileaslly Auilisadl) Gailadd) (s aaad -4 -3
14 0leslly A8l Galedll s dal & AUl Gkl g L)
393539 Sagruell daph aladiul Ll Salud) dilaill elhial @ tdgill SiilSaal) Sl o
Al alsh il aladiuly snans 238 A5l algd Ll cagiigeal) Cliagh Line LS 8 485k Bale
.(Gupta, 2000) USDA (i auen S5V
LB Slea aladiuls Ll Jolaal 450 5eSl) ALY (uld o5 tdwal) Jslaal duiliygSl 4,BLY o
.(Rhoades, 1996) his slofasi 5:1 Sl paliiue ey 2l
LAl Glae ey PH U1 Sleas Gk ge Ll Lages (uld 23 :4uli(PH) 4l dages o

.(Conyer and Davey, 1988) ,hia clo/isi 2 5:1

by (B (gguardl g Xl 52l 3uh e dugeaall B2l <y ((OM) Lglanl) Balall @
e 3sass e zrde ol Bleall Adee iy cppanlindl oy Koo ity el
.(1934 (Black 5 Walkley) s 4l

5 5 cAaliall (JS8 (llgS asaadlS cala) ALEN jualial) (e Ayl Ggine (uld o
ool ) DTPA 1) (e Leadlaiad 3k (e Ausg paall ALEN jualial) (g o liall (S0
Aasialy AL yualid)l €5 bl & &5 0,005 4l (Al paes oulad cpdd S
(Jones, 2001) (AAS) A Lalaiay) Hlea

& gkl climll e Jpeand) des :ASball clial) e duiall ALED yualinll 4aS (ul o
Ja 2-1 dila) &5 Gum) Lagenll it haiall sl alatials (3heY1) dalall duadl Ju
Y e Jes g¥) pmes Y Skl sl e i U SSa gl Gmes o
.(Sterckeman et al, 2009) (&LsY) zobaw o sasagall sl
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 Alasy) Julatl) ~5-3
g aall Al Gallad Gu Gall) aan Y
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ALY g=ll)

daa e oltel OS i (e wy g Ailially ailil) e Joadl) 28 8

;¥ olaey) -1-4

tduagptal) all duiliaslly duilipdl) Gatbadl) (ar —1-1-4

Gohll daally 48,80 dgall e dwhall 4l Lk Sl 4305 (ailaddl (s (3) Jsaall Con

cpaas (3 alall

cpaen(Bded alall (g dall du 2l 948 4l dgall (e & 3l A8kl o300 3all pailadd) (s 3(3) Jsaal)

Lilasl) ailadl) YorSsitSaall s il
oH(1:2.5) EC(1:5) oM &5 o) g8 Oala clu Jay Ll B
ds/m % % % %
4l dgad)

8.08 0.21 2.07 clay 45.3 26,1 28.6 1
7.89 0.18 1.72 clay 55.3 18.3 26.4 2

8 0.25 3.45 clay 58.8 171 24.1 3
7.66 0.2 2.07 clay 63.9 14,6 21.5 4
7.57 0.39 3.1 clay 61.1 20,7 18.2 5
8.12 0.24 3.1 clay 53.1 22.5 24.4 6
8.19 0.17 2.41 clay 62.2 16.5 21.3 7
7.71 0.18 2.76 clay 56 18.1 25.9 8
8.16 0.23 2.41 clay 54.6 20.9 24.5 9
7.92 0.19 2.07 clay 61.3 22.3 16.4 10
8.03 0.21 2.76 clay 55.9 22.4 21.7 11
7.75 0.22 2.41 clay 63.7 17.2 19.1 12

4 Al dgad

7.57 0.56 2.41 clay 61.4 14.5 24.1 13
8.06 0.24 2.41 clay 53.1 14.7 32.2 14
7.95 0.25 2.41 clay 52.8 7.9 39.3 15
7.81 0.18 2.76 clay 56.7 7.7 35.6 16
7.67 0.26 2.45 clay 61.2 17.3 21.5 17
7.33 0.18 2.41 clay 47.6 21 31,4 18
8.16 0.15 2.07 clay 53.2 27.7 19.1 19
8.17 0.19 2.76 clay 63.6 9.5 26.9 20
7.75 0.18 1.72 clay 64.1 17 18.9 21
8.06 0.19 2.41 clay 53.1 19.9 27 22
7.31 0.19 2.41 clay 55.9 22.7 21.4 23
7.56 0.18 2.41 clay 61.2 22.8 16 24
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Sl alsall i (385 Ay paall Ll cilie 9 gl g8 Al alE ) Gl Jgaall (e Jaadl
Coagli G cdaly Cladly bl (g Aull (sgina b pealy CDIAT 3ga9 Jansl ((USDA, 1993)
Joll iy Y% 27.75 7.7 om gl 2 bl L W % 64.15 45.3 o cphll das
Giliall Qle] 8 dgumal) 5alall (ha Jine (s5inas g paal) il il . % 39.35 16 oo cangl
o) Al & WS %34 ) deail (gl Cilie 6 i) Lain % 2.5 ) 1.45 o Cagli Gan
aal Gl sl o M A Glie e 8 Lgdasll B2l e L5 (g5ine g U] G 39 .3
c(Goac and Gilblasl aads dac))) Joia (e

(1999) Marx 1 iy clldy saels pH iy gl a5 8.195 7.31 o gl pH a8 sl
casedlSll Slisn S e Dl e Lgilsin] () dugpaall ol PH ¢ Li) 350

A8, dgall e dugpall Ll 8 dalid) ALEY el SI5 (4) Jeaad) o o Aali ey

(men_3dad alall 5yl A jally 48,80 dgall (e Aol b Aaliall ALEN cpaleal) 305 1(4) Jsaad

AS/ia 4D B Aalial) ALEY Galaal) ) i

48 i) dgal)

Pb Ni cd Co dial) a8,
6.22 0.81 0.00 0.43 1
4.39 0.00 0.06 0.46 2
6.15 0.54 0.06 0.00 3
4.23 0.00 0.00 0.36 4
1.59 1.00 0.00 0.46 5
6.64 1.14 0.29 0.00 6
7.76 1.01 0.06 0.00 7
6.57 1.24 0.13 0.50 8
5.10 1.24 0.06 0.71 9
4.25 1.24 0.00 0.00 10
7.83 0.94 0.00 0.28 11
6.92 1.70 0.25 0.00 12

LAl gl

Pb Ni cd Co dal) 28,
5.80 1.20 0.12 0.00 13
2.43 1.81 0.16 0.40 14
6.15 1.51 0.46 0.00 15
7.06 1.09 0.16 0.00 16
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6.92 0.94 0.07 0.00 17
6.78 1.18 0.00 1,19 18
8.60 0.70 0.09 0.46 19
4.89 0.94 0.30 0.00 20
5.59 1.07 0.19 0.80 21
8.18 1.09 0.00 0.93 22
7.10 0.71 041 0.00 23
7.48 0.66 0.00 0.00 24

cpabiall Camal dually i paall ALEN Caleall 3815 meaaly DA 29mg (4) Jsand) (e Laa3l
e Ji dus abia)ll sl Jfad ¥ il G ) @iy sudag 5550 8.65 1.59 ¢ S gl
oanlially Claalsall 8 s 3183 100 525 dacl3l il (4 4 zsawdll 2al)l vie 35l
G oabasl) €5 i o LAl oall ulally aolall B8 culad) o dlialls Liead
55 baugia iy Cus sl Cilall L adde ga Lee B g5 35/305.64 iy Guhall 80 Culal)

2S[3e 6.41 ala)ll

LS 3830 1.815 (452 &) il 3 WS) 48/3e 0 G 35S ol 2 Il Ganad Ll
b ISl S5 ausie G gkl coally (Bl calall on AR aitg 14 8 duadl B
55 Daugie iy un coall Culall 8 ade oo Laa JB st 38/3e 0,9 gl Golall (B4 Culal
60 so5 Lieh il b 4 zsaall aal) vie € <8 S 1a iy L3S ae 1.07 ISl
Aygadl Genlially Ciliealsall A s 38/

50 e ggms gl ol I Jdal il el a8 oclluSlly gnenlSl) el dally Lot
Jie alad) Gl Lala syglaall Ll e 3 3550 0 &b Cun Guisedll 38 (5o Tas dunidi
ale J<a sl anal Audlls 13 <10 7 48y clially ageadSU dacilly 10 ¢4 1 &) cilisall
in ol ilall e J8 alall Gukall B8l Culall 8 guisaall (38 (e Bl (ggine augia OIS
LSl e cllisSlly aguealsll (e JSI (£8/30 0.325 0.27) 5 (45/30 0.165 0.08) &by cus
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rdailadl) Al ailadl AlSal) £33 dus —2-1-4
pomladl 38y (SIS g5l (o) LolKe Absadll Aol ailiad Giamy yuid dud o

Jledl slasls dugiall dgall o 6l c(ann 3den alall okl sl e -

(s culally (Bl culall) Gkl s Jog cpans _3des pladl Gl e sl s -
toaas_ Bl alad) (gaal) dlaie¥ T —1-2-1-4
e st ) cpailall IS ey alall olall (5)lge JS& gl (ailiadd SIS g5l Ay Cargs
Y] s Ll (saey oS 7.5 ) s silly Ay paall dilaidd) Joha e Galedll @l b cplal
g yrall ALl aladll gig0 e
Al el 2D ail) Jagie Gl Yol & dugpaa) dikaiall yewa cplil) s wass Jal ey
Aalosall las cillacgiall o3 lea Caadg 25 .(5) Jsaadl cpw WS da)¥) laghadll e oliiel bd (S
[(4) dSal) & olae¥) Jagha

(SD) s unal Gl ¥l & (ha sie B Jayll s bl bl g IS il s e (5) Jganl
Ay )Y Jashaall e (el Jad JS e 3a5a sall 4y il Clia]

O Adlual) (%) SD * aidl o gia
b ghi Jad) | alud | Ol
(p) OLtsY) 438 i) dgad)

0 26.37 £1.8 20.47 £4.0 53.14 £5.7
2500 21.37 £25 19.27 3.4 50.34 £4.6
5000 23.90 £1.9 18.51 +£1.8 5758 +3.3
7500 19.06 £ 2.2 20.65 £2.4 60.28 £3.2

Ly ad dgad)

0 2146 +45 21.79+1.3 56.74 + 3.3
2500 21.64 £ 3.7 18.04+7.5 60.30 £ 5.0
5000 29.51+£5.9 15.32 £ 5.6 55.15+5.7
7500 31.87£6.2 12.35+ 3.2 55.76 £4.0

) KAl Gan LS (Gana—3ded) aladl Gkl s e cabisy cplall e gl i G JaadU
Lomlall S 3 Tl (ke (g 481 V) cpdall 20aS (DR (e a2 s oS5 . (A
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JSa) alad) ol alsia) e cpilall NS 8 Gilall (e cand bl (e Gl sgina G Jangl Lot
(C ) UKl o LS cladly cplall o ey s Japll (0 gl (s53ma sy (B 4

Alall Gkl alsial e Ll e doadacd) il 6 cplal) GaeS CDIA) G dgm O Jainall (ga
Haes 4y L5l e e ghall dants £55 of ol oSay G dadaiall b silad) 2 LI il )
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Al ol e sall b (dgie ani€) Jolly clidly Galall (e sl (ggima s (5) AN iy
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(SD) s kel G+ o I bl g culall (e S0 s F1 al) il s (6) Jsaadl
aladl G Jall (e dilsall et ae (Al 5 e V) Jagha o da3) g Siliall

o (%) (SD) # il b gia
aladl gkl Jad X Oslad)
(o) 38,80 dga
0 2197+4.4 | 19.84+46 58.18 +7.5
1000 2304+34 | 1990+1.8 57.05 + 2.3
2000 2302+23 | 19.44+2.3 57.53+ 4.1
3\*}3\ 3\.@43\
0 26.43+6.0 | 17.44+7.3 56.11 + 3.4
1000 2552+45 | 16.03+4.8 58.44 + 4.2
2000 26.41+95 | 17.16+58 56.42 + 6.6

el bl uls cn Jaslly cladly cplall (e JS b€ £ 598 & DA agag (5) JSED e Jaadl
oo WS ouslal) IS e % 58.45 56.1 G pill Jacssia gl ccplall danilly aie 2l aiy
Gilall el e Ll (ggine gl il el dailly Ly - (6) dsaally (A (5) <l
Qilall 8 % 20 Jss clod) a8 Jacsgio al G aie oall cuilall ae A5l Gkl e (340
o lal) 2uaS o Jangl il ALYl L% 17.45 16 o il qulall 3 gl Laiw By

(B <5) ISl C S alall gl e el 50l pe il (S ala Jal Cala)

Gun Gohall al Culall ge Ajlie 880 Culall b (minn Dl b dol) 38 G Laagl cn 8
25.5 om zabil oal qulall A i) Lai B8l ulall 8 i % 235 22 om Caln
G oald (< Bl bl e Laai LS Slap Al B do)ll deS O aah S W% 2645
(C 5 J<al) @uhll e Fdll culsl

Gl S e Al e g paall Ladacdl daadall (ssine G ang Abladl dsld) JIKEY) DS (e
Al okl e aell T Lloe Ll lejs Jelaly okl il o Alilae e Jally cludly
O e A casly Talaie) Jia goylall 138 e cuiladl SIS e Zadlll Ll 5Sl5 L Gann— Bl
Aac il A5l Claas Jiig g st of e G ddlaiall 8 sl ALl ) culal e (ghal
L9 hlia A leausi
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PALEY Cpalaall (e Al (gginal SISl £568) dus —3-1-4

e (3l alal) Gohall dlaia) e tlaa cpalas) 384 Lilka dg prall ALA Galeall gh90 Ay
LGkl e aall Ly

tpaan — (Bl alal) 3okl slaie) Ao —1-3-1-4
& olall Gulall alvia) e dusg paal dilaiall b Lol AL cpaleall SIS o560 Ay Asgas Jal 10
Jeanll & olie) ba S (ggine o (4 Jaadl 8 52)lsll) ame J<U A1 3SI5D asisie Gilea
(7)
(SD (yluaal) Cahai¥l) & dagyaal) AL (palaad) 3805 illausia 3(7) Jsaal
olie) b JS (s5ie e

O ABLuald) (SD) g badl il a1 £ (ppm) A& Galaadl 38 i cillan gia
b ghd Pb | Ni | Cd Co
(p) cLEsY a8 il dgadl

0 5.58 + 0.84 0.44 +0.34 0.04 + 0.03 0.29 +0.21
2500 3.80+2.10 0.81+0.37 0.10+0.14 0.27 £0.20
5000 5.29 + 0.96 1.16 £0.10 0.08 +0.03 0.40 £ 0.30
7500 6.33+1.52 1.29+0.31 0.08 £0.12 0.09 £0.13

dy g dgad)

0 7.58 £ 0.45 0.81+0.19 0.14 +£0.19 0.31+0.44
2500 6.35+ 1.61 0.90 + 0.15 0.19 + 0.09 0.42 +0.33
5000 6.91+0.11 1.06 £0.10 0.08 + 0.07 0.4 £0.56
7500 4,79 £1.67 1.50 £ 0.25 0.25+0.15 0.13+£0.19
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0 5.61 +1.48 0.77 £0.47 0.02+ 0.03 0.20 £0.20
1000 5.09 + 2.37 0.79 £ 0.47 0.05 + 0.05 0.43 +0.09
2000 6.19 + 0.69 1.15+0.41 0.16 £ 0.110 0.18+0.31
dy gl dgad)
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2000 6.50 £ 0.71 1.11+£0.30 0.16 £0.19 0.50 £0.52
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- SEN lisY) -2-4

eila o ALED Cpaleall ¢35 B ssludl Z Ll LG A 8 Gendll dal e SBI OlieY) din &
35 o Aaall B Ay dal e 930 dga s Ao e ) plie) il Ay okl
Il glie¥) b sl Glie e e ol Gus Ll Gailad (aeg ALED il oda S5

L8l 228 Ay

g pdal) cuill Ay Aibijudl) Gatladdl pans —1-2-4

Gl b AL leall 55 el Aglll (ailadll Gaxs (10) Jsaalls (9) dsaadl oo
Gohll 43l dgally 48,40 dgal) Cunlall DS (o die 100 baxe @y lly dusgadl Ll Cilisad
(o

D oY) (8 A g paal) Al Ailaansl) g duily dl) ailadd) (g 1(9) Jyaad)

Crry

N o AT ]
dlesll (ailiadl) e A b "
50 &
oM | (1:5) EC PH . . . Al
o %o Yo %o
Yo ds/m (1:2,5)
ESRIEWN]
3.10 0.248 8.12 Clay 23.4 18.3 58.3 1
3.24 0.197 7.92 Clay 23.4 13.1 63.5 2
1.72 0.147 7.88 Clay 20.6 18.1 61.3 3
1.66 0.11 8.12 Clay 20.8 23.5 55.7 4
1.52 0.149 8.06 Clay 23.4 23.5 53.1 5
2.3 0.13 7.76 Clay 26.1 23.4 50.5 6
2.21 0.144 7.96 Clay 23.9 23.9 52.2 7
2.55 0.22 7.43 Clay 235 20.8 55.7 8
1.38 0.167 8.1 Clay 20.6 15.5 63.9 9
1.72 0.136 8.03 Clay 20.6 20.6 58.8 10
3.45 0.337 7,65 Clay 21 23.7 55.3 11
2.07 0.1 8.07 Clay 23.7 21 55.3 12
1.72 0.111 7.97 Clay 235 28.6 47.9 13
1.10 0.095 8.04 Clay 28.9 28.9 42.2 14
2.00 0.114 8.01 Clay 235 20.8 55.7 15
1.45 0.125 8.17 Clay 36.8 21.1 42.1 16
0.69 0.104 8.21 Clay 36.5 23.4 40.1 17
1.59 0.134 7.89 Clay 26.3 18.4 55.3 18
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1.52 0.128 8.12 Clay 23.7 26.3 50.0 19
2.28 0.114 8.02 Clay 26 20.8 53.2 20
0.55 0.121 8.24 Clay 23.4 20.9 55.7 21
1.79 0.36 7.96 Clay 20.8 23.4 55.8 22
1.66 0.255 8 Clay 23.4 18.3 58.3 23
0.62 0.166 8.04 Clay 29.3 26.6 44.1 24
2.00 0.112 8.03 Clay 34.6 21.3 44.1 25
241 | 0.215 7.59 Clay 23.4 | 234 | 53.2 26
1.93 | 0.17 7.82 Clay 20.8 | 26.0 | 53.2 27
1.31 | 0.127 7,83 Clay 26 286 | 454 | 28
1.66 | 0.103 7.95 Clay 263 | 237 | 50.0 | 29
1.59 | 0.124 8.06 Clay 206 | 206 | 58.8 30
2.75 | 0.103 8.19 Clay 234 | 287 | 47.9 31
1.86 | 0.125 8.24 Clay 208 | 235 | 557 32
2.76 | 0.12 8.07 Clay 237 | 263 | 500 | 33
2.55 | 0.117 8.04 Clay 263 | 237 | 500 | 34
2.48 | 0.098 7.94 Clay 289 | 237 | 474 | 35
2.69 | 0.101 7.97 Clay 266 | 266 | 46.8 36
1.86 | 0.196 7.92 Clay 206 | 232 | 56.2 37
1.59 0.207 7,89 Clay 523. 13 63.5 38
124 | 0.22 7,95 Clay 316 | 237 | 447 39
2.21 | 0.151 8.02 Clay 263 | 237 | 50.0 | 40
2.59 | 0.149 8.07 Clay 208 | 287 | 505 | 41
3.17 | 0.122 8.14 Clay 206 | 258 | 536 | 42
2.62 | 0.115 8.17 Clay 286 | 313 | 40.1 | 43
2.76 | 0.121 8.14 Clay 203 | 293 | 414 | 44
2.69 | 0.125 7.96 Clay 185 | 289 | 52.6 | 45
2.55 | 0.123 7.94 Clay 222 | 278 | 500 | 46
2.21 | 0.129 7.97 Clay 206 | 309 | 485 | 47
1.93 | 0.119 8.01 Clay 39.1 | 156 | 453 | 48
1.66 | 0.121 8.06 Clay 286 | 182 | 53.2 | 49
1.31 | 0.13 7.94 Clay 237 | 263 | 500 | 50
ALl ol Yool

: o 5
oM (1:5)EC PH Bl o 8 % ey | % e | 9% ook ::d\
Yo ds/m (1:2,5)

Tl Tl

2.75 0,69 7.78 Clay 286 | 235 | 479 | 51
3.52 0.209 8.14 Clay 313 | 314 | 375 | 52
2.62 0.179 7.72 Clay 26 286 | 454 | 53
1.72 0.163 8.12 Clay 23.2 18 58.8 | 54
1.24 0.143 8.06 Clay 211 | 237 | 552 | 55
1.93 0.111 8.22 Clay 426 | 266 | 30.8 | 56
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3.31 0.156 8.01 Clay 30.9 20.6 48.5 57
2.14 0.228 7.98 Clay 23.5 13 63.5 58
1.03 0.194 7.96 Clay 26 33.9 40.1 59
1.86 0.133 7.94 Clay 26.8 23.7 39.5 60
1.1 0.108 8.01 Clay 26.3 28.9 44.8 61
2.28 0.157 8.05 Clay 37.2 18.6 44.2 62
1.72 0.151 7.89 Clay 34.6 18.6 46.8 63
1.93 0.16 8.11 Clay 23.4 23.4 53.2 64
2.34 0.183 8.13 Clay 20.8 23,4 55.8 65
1.93 0.28 8.01 Clay 39.5 18.4 42.1 66
1.03 0.164 8.25 Clay 28,3 12.9 58,8 67
2.00 0.115 8.32 Clay Loam 33,9 20.8 45.3 68
1.17 0.153 7.83 Clay 36.8 18.5 44.7 69
1.38 0.13 8.17 Clay 39.5 18.4 42.1 70
3.10 0.367 7.89 Clay 31.3 5.2 63.5 71
1.52 0.187 8.13 Clay 26.3 28.9 44.8 72
1.72 0.347 7,87 Clay 26 28.6 45.4 73
2.41 0.175 8.32 Clay 26.3 15.8 57.9 74
2.21 0.264 7.96 Clay 28.9 26.3 44.8 75
1.59 0.247 7.99 Clay 29.3 18.6 52.1 76
2.62 0.122 8.14 Clay Loam 36.5 31.2 32.3 77
1.03 0.18 7.85 Clay Loam 33.7 33.7 32.6 78
2.07 0.29 7.99 Clay Loam 33.3 334 33.3 79
1.86 0.251 8.11 Clay 32.6 27.2 40.2 80
3.1 0.141 8.05 Clay 25.8 15.4 58.8 81
3.45 0.14 8.09 Clay 20.6 25.8 53.6 82
1.86 0.127 8.07 Clay 33.9 28.6 375 83
1.72 0.135 8.21 Clay 23.4 31.3 45.3 84
2.41 0.146 8.03 Clay 20.8 23.4 56.8 85
2.69 0.128 8.04 Clay 23.4 18.2 58.4 86
3.17 0.199 7.92 Clay 23 15.3 61.7 87
2.34 0.13 8.12 Clay 33.9 28.6 37.5 88
2.83 0.133 8.1 Clay 25.8 23.2 51 89
2,97 0,148 8,07 Clay 30,9 20,6 48,5 90
2.62 0,145 7,95 Clay 28,4 28,4 43,2 91
1,86 0,12 8,08 Clay 23 15,3 61,7 92
2,9 0,135 8,12 Clay 23,2 18 58,8 93
2,97 0,114 8,09 Clay 30,6 10,2 59,2 94
1,24 0,113 8,07 Clay 26,3 28,9 44,8 95
1,17 0,121 8,11 Clay 28,4 15,4 56,2 96
2,41 0,16 8,13 Clay 28,6 26 45,4 97
2,62 0,164 8,11 Clay 23,1 28,4 48,5 98
2,41 0,144 8,2 Clay 39,5 15,5 447 99
2,97 0,167 8,18 Clay 26 31,3 42,7 100
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bl Al @ly lial) ey bl ) il lde bty Al o) Galedl Jsand) e LaadU
Cinglii 3 ((USDA, 1993) Siyall alodll cubia 3y llag (79 78 (77 «68) cliuall Jia a5l
Joll dais % 33.95 5.2 fu gl 2 bl L W% 63.95 30.9 o cphll A
Qlef b gl dalal) e Jdiee (ssinan g paall il il W% 42.65 18.4 o gl
s A ganl) Balal) (e Ll (ggine g ) w3523 ¢3.52 () 0.55 G gl Gus Sl
Ll pH Wl . gpame tand Cilileal giads duelyy Jsin o @A Sliall o2 o ) 20l Sl
8.3257.43 i ol 388 dusg jaall el
) Cpaionall LagisSl Dl dusll (8 JSully Galeayl) oee 3SI5 (il L @ S8 olae¥) b
505 el i ol (a0 Bl e g el Aalaiall (e LilKe Lageysi Cun (e danialy il gl
o dileia IS gen S Clinad) (oans ladl 25 s ddeald) il clie IS 6 cpised) o
Vg paal) dakaiall gl ity iy Cunlad) DS

ladl G lall g il 5 88 50 Agal) (yn By ) 8 ALEN (bl ) 5 :(10) Jsaad

_um-éﬁmd

(Ppm) 45l B ALE oalead) 33S) 5
4B Al dga
Pb Ni Limd) a8
1.9 o] 43
10.5 0.3 a7
8.7 1 35
8.9 0.8 21
10 1.1 23
12 1.2 27
11.3 0.5 30
12.6 0.9 15
10.5 1.3 3
14 0.9 7
A Al dgal

Pb Ni Liml) a8,
4.3 0.8 53
5.4 0.4 57
5.1 0.5 65
6.5 0.6 71
3.2 0.9 73
3.4 0.1 77
4.7 0.6 80
7.6 0.5 85
5.4 1.1 93
3.9 0.5 o7
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rdailadl) Al ailadd AlSal) £33 s —2-2-4
talad) Gkl oo sl b -1-2-2-4
Glen 25 Ayl dahiall Gaun Japlly ciladly Galall b€ g3 G macags g Jal (e
Obie) Jalds Lued o Jacigia Jiad 8asagall adll (1 dad JS.(11) Joaall 8 Sluasll oda Gillangia
(16) JSal 3 Toly adl o3 Jia & &3 g IS (g0 pladl gkl (e Alilaia dilise e

bl g cplall (e JST A giall ol s e 1(11) Jsaad)
alall 33kl e Alilaie Al 2ax Glie) ol duseal Ja i 5

e ) (%) pbd) o gia
alad) (g al b | el | sk
(? 18,4l dgad

0 22.4 24.0 53.6
200 21.9 21.3 56.8
400 24.0 24.5 51.5
600 26.9 26.4 46.7
800 25.8 23.6 50.6
1000 27.0 24.5 48.5
1200 24.5 25.5 50.0
1400 27.7 19.3 53.0
1600 26.2 21.5 52.4
1800 23.5 22.4 54.1

A pd) dgad)

0 28.1 20.3 51.7
200 27.7 24.0 48.3
400 28.7 24.5 46.7
600 25.4 19.7 54.9
800 23.6 23.5 52.9
1000 32.6 19.5 47.9
1200 29.5 21.2 49.3
1400 29.6 24.9 45.5
1600 32.3 24.9 42.8
1800 33.2 24.2 42.6
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Al Gkl e el T (gt i) dajlly cibdly (bl Gae cillagia i (16) IS oy
ol o dolly ciludly cplall GlaS #3558 ol 3sas JSAN e DS (e Laadl L ans Bl
Oelall IS e % 56.85 42.6 (p codall FaeS Jacgio ol G Laie 2adll bes SIS 35kl
Ly« all ilall ae d5)lke ghall B)al cuilall i alall Gl g )l ae (16) Jsandl cpn WS
G Jall S aidsn Lty il OIS e % 26.45 19.3 o bl 4 sl el duilly
b % 27.7521.9 g nsli dus Guohll sl sl ae dlhe 580 culall b Dl
Josll € G Jangl LS % 33.25 23.6 co ol opal) clall 3 i) Laty 5580 Sl
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Ge dall ladh (JSill g abua 1) ALEN Galaall cpa 4l (g ginal lSal) £ 5 58l) Al 2 -3-2-4
pladl (3 okl

o . JSally Gala)ll pama 3815 Gubdl dga IS e i Slie Hde Hlas) B plae) 8
shal W mend danhg duedll lie¥) gha lohas ) daluall i€ Jia J<6 gise Cilisall
ool 56 Auhy dal ey cdg paad) dakial b cpssead) gl SIS g3l ddlas) duls
@l Slaall 581 o3 illassgio oleas Liad Ayl 8 JSally palal) 5815 £553 G pladl okl

(12) Jsaall b cilales alall okl e dbileie dilus a5

Lt 4 i) 3 JSaill 5 abia )l 380 55 il 5ia 1(12) Jsaal
Al skl e aall

oS ) (ppm) 4l B ALE Galaad) 558 5 o gia
aladl 3kl ad i) dgal)
() Pb Ni
0 8.91 0.77
400 7.45 0.81
800 10.67 0.94
1200 12.14 0.93
1800 11.33 0.52
O ..h..\.“ a-..‘:Uij\ a‘ﬁj‘
e Gl Pb Ni
0 6.49 0.62
400 4.29 0.93
800 6.35 0.49
1200 4,22 0.32
1800 473 0.57

Ge S Al okl e anll Tes Wby (12) Gild) sandl 8 5)sS0d) ail) 020 Jia &5 o
-dSally palia)l
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gisis bl Guhll ge e 1200 2 Ao 48/3e 12.14 ) 8.9 (e pdi)) Cus calad) bl (e
2l 2y Ll 635 80 Jan gl um JsV) (e ) Alla 8 dchss Lol asdy e ) oda b (alia)l
oieY) g Aally el 5815 ) palayll oy S8 lae¥) Al b oSl cpladl okl oo

JoY!
6.49 &l us aladl okl i Gl v OIS palaall 585 el G aag ooall culal) & L
o 1S/ie 4730 Jeadd Ciniha IS lld aay minad 3S/50 4.22 1 lld ey (midil 5 S/ e
A pladl Gkl Ge aell 2l ae palia)ll 585 £ U)) Guan pays alall Gkl g j3e 1800 a2
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AS oy alad) Bl e aall e J<all aee 3805 Gllaugie g6 (18) S Lial masy
Al ge Anladly el olall 38,80 dgall & UKl 55 of IS8l DIa e Yl Jaagd . la)
0.59 J misdl Ly 580 culall b adll gaend 38/30 0.79 JasiaS gl Gua aia 4yl
ilall 8 Il 5 alagy Ja¥) olae¥) 8 lle aag WSy - oondl qulall 8 dagieS 35/5a
0.52 N oy (mesid 3830 0.94 ) 0.77 (e ain s cdie 2l 8305 ae @bl 840
0.93 (s dems jia 400 dilies in SN gl Tangd 3lall ol sl 8 Ly 38/as
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Anlall lial) 3 cpisaal) cpda 305 Glaugio Cles (Aladl Ll clie Al W) L La

(13) saall b caladeg plall 3l (e Abiliie dilas 225 )

sle O il JSll 5 (alia )l S Gllas gie 1(13) Jsaall
aladl Gy skl e 2l L il

Ce dal) (ppm) i) o L flal) ALE Galral) o) 5 o gia
padl (& k) A pdd) dgady
(2) Pb Ni
0 0.14 0.001
400 0.28 0.004
800 0.36 0.005
1200 0.39 0.004
1800 0.37 0.007
o ) A ) dgal)
plad) gl Pb Ni
0 0.69 0.001
400 0.72 0.002
800 0.71 0.004
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Abstract
This current study aimed to (i) evaluate the soil and plant pollution by heavy metals (Pb,
Ni, Cd, Co), to (i) investigate certain physical and chemical properties of the soil at the
southern entrance to Homs Governorate, and to (i) examine the effect of prevailing
wind on the spatial distribution of studied metals Pb, Ni, Cd, and Co on both sides of the
Damascus - Homas highway. The results showed that the soil contains different
concetrations of investigates metals particularly the Pb and Ni, but these concetrations
were within normal range. The Pb and Ni concentration on the east side of the highway
was higher than that of the west side. Pb concentration was about 10.1 ppm as average
on the east side, but it went down to 5.22 on the west side. On the east side of the
highway, the Pb concentration increases as the distance from the highway increases.
This concentration increasesd from 8.9 to 12.14 ppm a 1800 m away from the highway.
Whereas, on the west side, the Pb— highest concentration (6.5 ppm) was found at the
nearest point to the highway. Similarly, Ni concentration increased as the dictance from
the highway increased, it increased from (.77 to 1.15 ppm on the east side. Wheras,
no difference in the Ni concentration was found on the west side of the highway. Our
findings showed also that Cd and Co concentrations increased with increasing the
distance from the highway.these concentrations inceased from (.02 to 0.16 ppm and
from (.2 to 0.43 ppm for Cd and Co respectively. However, the Pb plant-deposited was
higher in the west side compared with the east one; it was about (.78 ppm as average
of all values and about (.31 ppm on the east side. But the plant-deposited was very
small and it was 0.007 ppm. Moreover, a positive and signifficient (p=0.01) relationship
with r= (.54 was observed between Pb amount and soil clay content. Similar
relationships were also found between Pb amount and soil content of silt+clay, and
between Pb amount and (clay/ organic matter) ratio with p=0.0102, r=56 and p= 0.008,
r=0.57 respectively. Also, a positive, signifficient (p=0.0162), r=0.53, relationship was

observed between Ni-soil amount and (clay/sand+silt) ratio.

Keywords: Pollution, Heavy metals, Lead, Cadmium, Cobalt, Nickel, Soil, Plant.



Syrian Arab Republic
University of Damascus
Faculty of Agricultural Engineering
Department of Soil Sciences

Studying the soil and plant pollution by heavy metals (lead, cadmium,
cobalt, nickel) at the southern entrance to Homs Governorate

A thesis prepared to obtain a master's degree in soil sciences

By
Nour ALdin Sheikh Hussein

Supervisor
lyad Saray Aldin

2024



