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Table 1 (continued)) Concentrations of total nitrogen and available elements in the studied soil

Pb Cd Cu Zn Mn Fe

Ca Na K P N

mg kg

)

34 002 13 08 11 18

1149.2  108.8 250 57 0.08
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Table 2 (continued)) Concentrations of total elements in organic matter sources used in the study

Pb Cd Mn Zn Cu Fe

K Ca Mg P

Gﬂ oole

mg kg gkg®
943 97 148 101 389 5149 225 128 214 9.06 e
514 121 808 2723 1865 7124.4 20 267 52 116 ok o

20,5 s (Page et al, 1982) ow ol S
rolis gonld 5 (o, RldT ol S 51 s sl
ol Ll yaie lie cuiSL sla)les jo e
"B ais ke 4 ol plse e g Aty bawys
Al 05938l ;0,90 L Ho S o eaile B dx
S oen gljled Qar B e e Loy
5 o> dianguo & Shuman, 1991) wo 8 awglie
O905) Jed 5l ools g)lel ayies (VWAL (e
amlio g by 4325 daosls @i (o Jloy
gl ) o gme LS| o 5051 L) Lo gnSile
salBley 5l eslainl L (e mu Jlasl
5 sl b b loges o ploil SPSS s MSTATC

A oy EXCEL 15800 5

S Jslma pH 2 082 51
catS woliye Lol 51 sls ol Luily s 45555
Jslre PH 5 Lol blate Jl i 5 T (sloosS woliS
Wdg o sxe doye S il mhw 0 S
SB sl PH ooliye moe il b (F Jsaz)
axdllas 3,50 clalags solod yo CutS g0 glagylls
i 5 s @l b S () Sl
o Al WS 1 az i ol .cudls cillae (VYA)
s oLl o) nl 5o oslinul 550 SL- g
els Byt 5l QLB GlaSE PH Ysano 5 55
Jslxe PH Liglsdl (Jl> ol b (Kiirk, 2004) oy e

ol Jora 5 OLS (2o (i b 59, AD I ey
GRSy g Aday b e Sl s Ay, g cldlby
s 5o hie OT L gined 5l Gy LS s
o Ve gl b ol sladige S Sis olliws
Bad 6l el VY g wad ool (18 wgandas
s 98,5 s )] Sis (59 9 wias S b
& rashen 10 S5l g oad yagy bl 5l eslizul L
Na Mg Ca K P slaclale o] .00 sols jgue
e Lisu g 4y, ;0 Pb 5 Cd Cu Zn Mn Fe
(Westerman, 1990) Sz iuluST jbg, 4 LS
souddgeolly by, b baojlas P odale 03,8 e
Jsb 5o sagishyyiSoml olfius b 5 sl Sy yiud
Cu Zn Mn Fe Mg Ca cdale gl FY- 740
ol @iz olKws 3l eolaiwl L leo,lac Pb 4 Cd
Waling ) AA-6200 Jaw cpl5 gjolends oS i clu
yogigdnadd olSiws b lao,lac Na oK 4 (et al., 1989
GreSoi Y+ e bS5l K58 o i el
olS Sz oole o cdale s ol 5l e 0l
dle glse B3 g ady; o yate Qi ol
5 caSh bolls 5l SB 5l s 00,5
5 WS Glopaised ploper (o Rl csS (e
Selas b byl wix b Na sK Mg Ca ,yolis
wd> LB Pb g Cd Cu Zn Mn Fe (pgigel il
ASofae b i bs Py DTPA ,Sojlae |



WAY s ) oleds o) ol

S g0 ,5 Clids

St PH S Jolowo )0 peadS g sl oo
SB Jsloe PH HLSB yond 5 )15 b o Gial38
o Ll Lo ol el 1) csS gy slaglals
ai i S e pH 2alS (e o] (3 pan
Syl (VYAY) of,Sen 5 (il b b a5 () JS2)
o 08 5l ey S Jsle PH alS ol il
ol o2 PH g oS @ glgee | DLl
Cedls bge (V9 )V laJouz) S a4 cas
Jole PH » Mol 2 5 (elo 058 51 ol ple
(Vo9 ohlen 5 Sly b b oS oy oglate S
555 0,5 b aS ws)S suslice (LT .casls Callas

S5 L as Js s sl S Jsles PH s

ol Jlade wly dlge ple s gy S » CuvgeeS
S (VAAY) e 9 Jlose ouicdy .cdl jialS
sla Sy 4 By 5l G SB Jole PH Ol
59938l g s Kiws o T oole ao s dlex 5l S
5 poSll 00,5 o PH zals o o JT olge
CawgaoS 0I5 a5 wisls & )I58 (V+)) o) Ken
PSS 5 o3 ANV B polie o (50d OB oy

el aslllae 350 sl S PH (5l ine

S Jokxo pH p ols 5031 cuis il
oA 5 Ve le bl ) b jles coled o
oIS S Jsle PH (S o,55LS 5 Ol
S llls S Jslws PH 5 a8 ol Slis] cessly
S pH (2al5 (F 5 ¥ LY sla JS5) Sor cotS (st
Ost ol S 4 ced csSh slag s
B s an slog iS4 Ol | cas
Glodel mi s kg, 5 ads ) alwgay S S
Cudle bgpe olS aly) dbwgts 0p 5 I
syl Sl Jsl=e pH (Marschner, 1995)
2ol o 6,8 Vel o ole,S0LsT st
(FIN 5g02) (ol Ay 0,90 slal ;o S5 6,56l
SB sl PH Gial8l 5 i spion Sl 051
S Loyl @iz iy co s 51 S50 et cnl o
Tso ol dy; abiwgts Slo S mh 5 g lapesl @

ol 5Sn Giabesl ol s o G2 5 ey S
sl s (Vo asle a5 ail Jale g0 5 oL
g se Bpan il il QB 1 a5 ials
2 FE™ ol 5l gy 5 5800 5 Sl LS 5 e
Patrick ) 09.,.0‘50 sL.>| MJ% LY s_)LQJ}w clfo] 9 Fez+
0aiS Brae owld ol (& Mahapatra, 1968
235 oo SB Jolows PH (l 3l Sl 5 0390 (5592
055 iz cpl 0 0,6l g 0 (Y (Kirk, 2004)
(W) 0y30 Jsb yo g ctS 51 J3) Jb wix oyl
Sl ol eog3l LS S 4y Jlre & g0
55 porigel Sl S Clye Lulyd o oyl 5g,um
5 (58 5) Sligal Jse 99 5l porigel Sl S 090
asl, JSaS (s ) Se)S sl Jge S
S Jolowo PH (1531 el 5 25Ty @b 5 ool
(Kirk, 2004) 545 oo Sl ,e 0,50 Jobs ;o
CO(N H2)2+3H20—>2NH4++HC03+OH o)

S Jale PH oS as CBE Sae il b
S e bphls B, casl slag ks
cdl 2ol adlas 350 bl soles o Ly
5 45 el ol azns Lis a8 (F LYY gla JSa)
eedS gy 9 00y O 3 1y SBye ST o sl oS
S 5o Tam o] LY a8 ol ssls s |, S pH
Sy e o S sl PH 1 ol Slis] s 3l

S Jolxo pH p JT 00k jlade g guio 5]
b 56 V0 gkg ety ol 355 s )lS
S e glaglls S Jolowe pH - (slala>e
Jsle PH ¥ 9K (e a2 0T 055 g ool
ol ) USE) ol iglsdl alaimdle LB jsbay 1, S
ly ol 055 0 )8 51y S Jslme pH 2330
SLay o (ols 255 PH o5 ity @ Ol e
395 PH (105 yiicw .Conils by o (Y 9V slo Jguz)
@l ol cdale ool 5l (8L Wl oe 5 (el
(V Jguz) 28l mojte 5 S (ol ouis Jo
Sly Sy oly o cdile By lalid o aizen
(T olse 2 30 o5a50) wlse (tali S Jslre

Sl S Jo S5 Jeiol jpie s



e S o g als 065 (ol SoldT s 3

b amsee Gl SloySe 5 JenSgynee slags
b aw) ol PH L lacSs o 1, 095w, awlysy
o (Vo) ohlea 5 ol anled Jugmd (=2
alize glo it 4y G (LS glaaiy ) 45wl
gl yolie &y 5l (GO0 S § 058 Jou
et G Shy gl S p a5 e o Glogg

IS (o et Shsgply 50 (99,500 Al 9 S

Marschner, ) o055 o PH il38l s a5 ail
5 a5 Gl ools (lis b gy (0 Geizeen (1995
Iy 995 yawgil, PH a¥led ol aiy; ol Lylys
Coew o ol PH ssw 316 amo oo il
aps EalS 1) pseiesll 5 S el oo
(Ryan et al., 2004 <Dakora & Phillips, 2002)
LY wols i )1E (Voo V) G o 1)sSTl
iy bl olbogs sawspl, pH Jé jsba olals

Table 3) Analysis of variance for pH and EC of pots leachates as affected by sunflower cultivation,
organic fertilizers and waterlogging
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Fig. 1) Effects of farmyard manure and sewage sludge on changes in soil solution pH after waterlogging in

no cultivation condition
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Fig. 2) Effects of sunflower cultivation on changes in soil solution pH after waterlogging in control treatment
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Fig. 3) Effects of sunflower cultivation on changes in soil solution pH after waterlogging in farmyard manure
treatments
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Fig. 4) Effects of sunflower cultivation on changes in soil solution pH after waterlogging in sewage sludge
treatments
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Fig. 5. Effects of farmyard manure and sewage sludge on changes in soil solution EC after waterlogging in
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Abstract

Plant cultivation and application of organic matter can change chemical properties of soil and
elements availability. In a greenhouse investigation, the effects of sunflower (Helianthus annuus L.)
cultivation, animal manure and sewage sludge on changes in pH and EC of an alkaline soil solution
after waterlogging were studied. A factorial experiment based on completely randomized design with
two replications including duration of waterlogging at 10 levels (1, 3,5, 7, 9, 12, 15, 17, 19, 22 days),
source of organic fertilizer at two levels (animal manure, sewage sludge), amount of organic fertilizer
at three levels (0, 15, 30 g/kg) and plant cultivation at two levels (cultivated and uncultivated) was
carried out. The pots were waterlogged in the six-leaf stage of sunflower and during waterlogging
period the water level was maintained 3-5 cm above the soil surface. The results showed that by
increasing the duration of soil waterlogging, the pH of soil solution in uncultivated pots and all
treatments increased. The pH of soil solution in uncultivated pots decreased after application of
sewage sludge while increased after application of animal manure. The pH of soil solution in
sunflower cultivated pots was lower than uncultivated pots. In control treatment, after waterlogging
the EC of soil solution initially increased and then decreased after reaching a maximum. The EC of
soil solution in uncultivated pots increased after application of sewage sludge and animal manure and
the increase was greater with application of animal manure. In all treatments, the EC of soil solution in
sunflower cultivated pots was different from uncultivated pots. The effect of sunflower cultivation on
the availability of elements at the end of plant growth period was studied. The results showed that the
availability of P, K, Na, Fe, Mn, Cu and Zn in sunflower cultivated pots was greater than uncultivated
pots but the availability of Cd and Pb in cultivated pots was not significantly different from
uncultivated pots .
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