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Abstract

Introduction Dense population and industrial areas in various locations have caused huge volumes of
sewage, whose treatment (refining) has produced even larger volumes of sludge with various
environmental problems. One economic and efficient way to use sewage sludge is to utilize it in
agriculture. Since it has a large number of nutrients and organic matters and it is not expensive, sewage
sludge is nowadays widely used as a fertilizer and/or amendment of soil physical and chemical properties.
In the present study, the effect of different levels of industrial sewage sludge application on the
bioavailability and distribution of various forms of iron in spinach plant (Shahr Reza cultivar) was
evaluated.

Materials and Methods Soil was collected from 0-30 cm depth around Aq Qala industrial town. After
air drying, the soil passed through a 2 mm sieve and its physical and chemical properties were measured.
For this purpose, a completely randomized design with different levels of industrial wastewater sludge (0,
22.5, 45, 90, 180 and 360 ton/ha) was conducted in the form of a pot experiment with 4 replicates in the
greenhouse of research center at Gorgan Agricultural and Natural Resources Research. The experimental
units were pots of 7 kg soil. Then, 20 seeds per pot were planted at 2 cm depth of soil, and after two weeks
of emergence, the number of shrubs was reduced to 5 plants per pot. Irrigation and weeding were done
manually. After the end of the growth period (90 days), the plant samples were digested by dry-digesting
method. The concentration of iron in the samples was determined by atomic absorption device (AAS-
Unicam-919). Immediately after harvesting, the soil of pots was air-dried and passed through a 2 mm sieve.
Then, the amount of soil extractable iron by DTPA was read by the atomic absorption device. In addition,
Tessier et al. (1979) method was used to investigate the distribution of different forms of iron after sludge
application. Statistical analysis of the test data was performed using SAS software and LSD test (5%) was
used to compare the means. Also, Graphs were plotted using Excel software.

Results and Discussion The results showed that concentration of iron in the soil and aerial parts of
spinach was significantly affected by the sewage sludge application. The highest dry weight of the spinach
aerial part, with an average of 5.89 g/plant, was related to 90 tons/ha sludge treatment and the lowest, with
an average of 1.07 g/plant, was related to the control treatment. The application of sludge at high levels
such as 180 and 360 t. ha™ led to a reduction in spinach yield due to sludge effects such as the presence of
heavy metals, disturbance of soil C/N equilibrium, and especially increased soil salinity. The concentration
of iron in spinach aerial parts increased linearly in 22.5, 45, 90, 180, 360 ton/ha sludge treatments, which
had an increase of 3.19, 5.16, 12.04, 26.06 and 52.76 percent compared to the control treatment,
respectively. In the meantime, the highest amount of iron uptake, with an average of 767.47 mg/kg dry
matter, was obtained in 90 ton/ha sludge treatment and the lowest amount, with an average of 124.43
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mg/kg dry matter, was related to control treatment. The average of iron uptake in the aerial parts of spinach
in 180 and 360 t/ha sludge treatments was 735.93 and 341.08 mg/kg dry matter, which was 4.28% and
125% lower than 90 t/ha treatment, respectively. The results also showed that application of 360 t/ha
sewage sludge increased 73.48% DTPA extractable iron compared to the control treatment. The results of
iron fractionation showed that the amounts of all iron components in the soil (except iron and manganese
oxides) increased by application of sewage sludge. In the control soil, different iron components were as
follows: exchangeable> carbonate> organic> iron and manganese oxides> residual. By applying
treatments, the order did not change except that after application of treatments, in all components of iron
(except iron and manganese oxides) showed an increase in the amount of each component compared to the
control treatment. The correlation between the chemical forms of iron with DTPA-extractable iron and iron
concentration of spinach showed that iron concentration in spinach, on the one hand, and extractable iron
with DTPA (r= 0.93), exchangeable iron (r= 0.95) and iron bound to the organic fraction (r= 0.98), on the
other, had a significant and positive correlation at the level of 1%, while showing a significant and negative
correlation with iron bond to iron and manganese oxides (r= 0.98) at the level of 1%, which may indicate
the role of these forms of iron (DTPA-extractable iron, exchangeable iron and organic-bound iron) in the
nutrition of spinach (Spinacia oleracea L.). Increased Fe concentration in plant organs by sewage sludge
application may be due to increased concentration of elements in soil, and consequently higher uptake of
this element by plant.

Conclusion In general, it can be concluded that the application of sewage sludge in high amounts of
180 and 360 ton/ha has a negative effect on physical and chemical properties of soils such as disturbance of
nutrient balance and increasing soil salinity, and thus causes a decrease in plant dry weight and the ability
of iron uptake in the spinach plant. However, sewage sludge application provides nutrients for plant growth
and reduces the economic cost of disposal. However, it is recommended to determine the threshold of
toxicity and salinity before application of sewage sludge depending on soil, plant and environmental
conditions. More extensive research is also needed to standardize the method and relative amounts of use
of this organic amendment.

Keywords: Chemical forms of iron Spinach, Sequential extraction,Sewage sludge



VeO

A4 Hle Vol Y sl ((55,50iST ke dlome) o)) owige
AT B 0 AT olews S ICS 4 (Spinacia oleracea) glaw! ol &wlb
OUOB 9 b ol Hlowd
T ssy5 deslenl 5 Gllae Sl e ¢ (6 el oo 5 4iaT o
ol,:l‘Qlf)faolf}f@rbcujsj)}ufr}l&a@bndfuc}ba})fu)lwu)lful:&dl@& -

Q\x‘gulfjfnglf;@:.bcb}&))}l&fr}lﬁa@\:u{fb C}bo);)l:ﬁd‘: -Y
Q\J.Llc;)l?)fnugjfwbcbjdjjjwr}l&aliabnsb C)L;EJJ?)L:‘E‘J" —Y‘

S Yo dx 56
D 0 I JT ook 3l Cumw S 4 OB -yt 939 391 VANV sl s
2 NP0 I oleed 5 (L CBT 29 Spe 00 & WAL/ XYYl b
O’l')' J&.Mkfs.icltf)ly 3390 @'Mﬁk‘)'@"?wb b - lols
Sy (U9 ol il GBS m3e (e (9 ol
Mbom;@&TJ&@)écmiélﬁgT@bbé _ ¢
. e N L T olass (Sl TS
oelie o 09 SIS poslas gy 3 calawl b LMo
Qe 40 FY/0 (o) oo pehaw b b SIS Oygo 4 halosT ‘(SIS S poslac
4 31,5 £ b S0l ol zab 4l WA 53 o T 9 1A UL )

Tliw! oL S b 395 10 D 4 (0T gk Y OIWE TE O jg0

&b 9 Sii9lis” Oladxi ¥ w0 S 48 (Spinacia oleracea)

GBS (939 HlAde g gl 318 UL 2l .0 F 1l O F ab

- o YIY/ET uSilo b 8T Ode 9 GIAE 10 £ 5 /AL uSilo b

Sy LD 50 o) o A oy 0 KiS o3k PSS g p 5

U 33 o T 9 1A pai Vb ghaw 50 oy 3 il Wiz & el Sl s sge #

2o 4 S (BT DA Ol a0 10 W33 170 9 E/YA Jolro il

ST 50 BT ohewd GUCH Cui g Lol Ky 53 o A

> Jo BT Ojge 4 ONoB et b ool Hlowd T 9 Bl

AT > 5% 5 (AT Slansl 4 faio > JT (a1 > Gl 57 a1

Saoslas BB T Hlade 318 Gli cpimod gl .09 owilo Sb

GBUSS oy 3l .cdl il oMol oo 35l b DTPA b

4 o a1 g oL T « DTPA b oolitul b6 T (opal

“ 0 § e (Khad gl ol 50 T e b ST s

TUawl ©a& 30 T B ICH ol W3 0 Olis 457 wiibls Gsl18

S & L5 ol Ol o0 (I g 4 IS e 4 B

oy 3 B b Uy 53 5 T 9 1Ae YU plio 55 OB 2

i 339 Sl Sl oS (§yed il 1§ CIN Jals (33595
D il olF 53 T Vi culil 3

Email: mbarani@gau.ac.ir




\of

gl oS el 0 5 (6 el B 3

Seen 5 S 5 Sl S O a0 ST
35S o JT 0l 035 by 5 LT GleT
G Ko cals (A) 58 s S s e
BOT 51 plaS pn e mi 5 STl > T Calibes
B oAl Camdy bl ly i Sledlbl
A8 o Slatl 3 &Sl s OT ek 5 (gl
LB 2T (Solae ¢ 5 o 55 SVl ol imen
Sl S s Al o age o2 S s oS Ol
(L AT L UL & ol aT S0l sl
AT G 5 8T S| b g odd L gioa T
Sheslial b .(00) Cunl Jslss )5 oliladls T 5 JT
(5558 sbeSe s ldbs 6,8 eslas i,
Sl 4 o 8 dols LB 5 Jglme e S
ol BB e oS (S oiledl 5 e s
Sl Oliiss S (AF) Kgd o (gl cdiBl
ks g AT ae ST Dl BB 8T 487 iles S
s GlacSTl 55 (M CAF) 545 o s ST 5150 b
AT ol pin JTslsn b sisn T o <8
o ol 125 M) el s )18 ST Ol L6
(F9) 53 8 o il ol bw g b S8 Lo 1 i
g Gt B AT s S 1S Ko s
5 DL aT LAF) ol ol gl ol B oaT
Sl BB T e wlio ¢ JT slge @ at sy (2T
oS ot OT 57 polin s o Jols T Lol ez
Sl (V) 3us e els ) Sl BB oaT IS
B 5 o 1555 0BT S e o5 polie il
23 S DS 5,8 JUis & oS 5 S s
MGl 2l (W) Cal oy ST 4 (930 Slalllae
5035 ase Sk o4l ole ol 5 Y cble
o 03 Sl adsl Jlie a by e ST s Sl sl

(FR) ' 01)Sen 5 Aedhe (A il o OT 5,587 5l

1- Melamed et al.

doddo
Oy Ol p) S8 15 o8yl Ao ys #0510 i 5o
w5 BB s A &S5 ST T sl
S Sl Jlm 53 ol OF) Wil o Aoy 2 /0 I S
Sy 02 01 B 4 ars L (JT ol g i
Silol 5 el gl (S s S s
(50) Sl ok g8 doys aw b g3 o (ST
Ol iS55 slaeSTe 6l JT sl ol mls
S325WEST ide 053155, 5 S5l 5 0351 3500
ol LG 55 gno 5 (game S S a0
S adi Sk I (o3l e 55 S5 sl
4 ol odd (L5 o) 5 4 e 9T adeas
Ao T s laosd o fp (8L & ar g pie Sk
Sl 035 sloml 1y (9L (Jame S5 glacs,l 5o
Sheslizul gl S s goladl glaely 51 S .(5Y)
G301 53 LOT (6,5, 4 oAb slac
23 OBb 2 5 )8 S sladle s (0Y) il
ST olse ST 025 (8 s 4 6505liS saes
ST W) ol 8 15wy sy5e olde ole s
Cel OMBb o &S w0 Ol Oladlles &
OMS6 o) (V)asd o SOSI Colda il 3
Cbl a5l Eel &S Sl ¢S (g0 lde (gl
Lol ool o8 58 o Sl S Colda
Oen AVl s alaly os Sl ool s
Ll gmsles slacS s UMbl ol 5,58
Ly QLS 5 S gy il Sllae bl
S AT 58 wd ST ol 5wl
5 Sl OBLE Wiy gl O e ¢S Sospe pols
Cole alex &5 e T Sl ool o
Gragd (a5 LST Gl 2SS kS
4 Al G (T Glaptess 5 S
Sl e DALS i 55 oge polie I (S Ol
Jdo @ Lol il o 5 g ge ST 55 DIl liRe 4



ARN%

\¥44 JL@;\ a)uf“&(‘_gjjjwdml&dw)fb)ww

S Sosb sy s gne b ylas dan gl Ltol Bl ol oS
35 s oS s C,? A0 0T die dals oS s
OIS 53 0 SW/FA 4 BB cod 5187 Sltde o YL
- IS BB e 1L B 53 oy ol b ke
P AT S 5l bl g eSTs 55 aT Calises (gla
Gy ol Bl 48 Sy Sl Slallae ol
S BB AT o DU (s sy a5 e
Gl U b os 6,80 lae DTPA Ly & S
AT L T Calises b IS o Ll 5 0T Calises
308 Cov Lo,y gl o ghid bwg odd o

23t e LS o) i - o

b 959390

o ol e 5,55 ey ol 0o

SO USE 055 a5 (ol p s e IS
(Spinacia oleracea) zliul oS ;5 AT Calsne
e ol 38 JIE ey 2u Wy e o)
Tl 2 b ol ST b B s 3T
3V AY D YYD ao) ams NS o Calises
S5lS 3 ) SSF L SIS s 4 (LS y5 5 Y9
Ll & 088 b mle 5 5505l Slidos S
Sl =Y Gas 5l eslial e oS el s
Ion 51 s s Cls s M BT amis S el ol bl
s oekd ools Hae Gede ¥ SO oS
PH (Y9 oS il s glad 5 (58 s S
oylas 55 (S S Eolaa Sl (F) VY ol s
(08) slre @S Sl ST 0F) JT o 57 (PF) plsl
Jl=S" B9y 4 JS 05955 (08) S8 dols b b
DTPA L o, 8o jlas LB T 5 ("F) S aT (1Y)
3 esliinl 5598 ONSL e (Vi) Ll -uns (FF)
plil Haegy 5 ag W GT gwio &S g Al wia
S 1n QIS ST s oxlial 5 plasd lag oo
S 03505 Hles g OkE ESKi 1ga Sl ey 3 8

5 OKer Dot 5 odeS S 3y o opd L

2 5K s en 1535 AT gloaed G ISE gy 1 b
L3ges iyl 5 gmer L5 30 b odd Hles sl ST
Ll sl Ods eyl 1y S s Jols el &
S8 3005 S 09) e sh 3L Il aaie
FoS S b sla IS8 Sl T s i e sl JT esle
A JEI (T 5 o) by S b a5
Joo oK Sl s S, (VW) 01,8 5 gl
s ot 4 o 53 s JT ol 4 L ol
&?Jéb Br) ..b},&@ oL_f g..)..:\?)ov\.i: $Sle d}l’u
o) 5 3550 D guime fan T 28 S SE
(DY) MJ‘SA g_):"'.’.‘JB‘ b C)‘y‘}«a}u )‘ ngl:m..v o:)}‘
L.J‘?J J‘)J'JK 4.; -.»U)‘J QL’L.: (9?) VO\)&A 9 J‘JLOL.N
Slge sldda g osls il 1y ST JT esle M6
23 Ao g s L S S8 s Sy s sdae
oS ns 2 GIEHE L IT LSS ol bl
(S35 Dl L bl 5l S plad
O paneS 5 Speny pole s (JT S dess
ur;ral}al:?,g,.x.:)@j\,wub_\,;‘5\5
rob&‘w}u\;&.(ﬁ) Al oo e |y YL :JSL.&;
o Gl o 1B L S LS 3 E (V)
e SAS na 500 5 FraTieYs () Gaw) OB
SpiNacia ) il Sl 5 as) s3 oaT kil (S
o5 90 NS a5 8. al Lzl (Oleracea L
ST ol oS oS aey 5 &S bl caeSs s
Lim ¢ JT slse (5151 Eel Sl oS Ysone oS
Wik e g ol OT (g ol a5yl 5 STl Cusb,
s Sl s 4{’\;4&:— MB35 010 55 .(VA)
(“‘) b}&uﬁ oalazwl L&szo.w a}_v.) LY uL&l:f C,.&S B
1! eSas Oy S Lsls Ol (W) oL 5 Bl
Sl B G 53 o5 Yoo g Ve @ o) sk

1- Shuman
2- Samaras et al.
3-Eid et al.



ARV

gl oS el 0 5 (6 el B 3

o 9 @b

i 4 b 0l (1 JSK8) b S0l Ayl s

2 ¢S A oSl b il gl n ol oSCas 035
b sMae o 207 5 omd 5 55 540l 4 b gy e oS
1525 dals jled 4 by e ol 550 S0V (Sl
ol e 035 4 Lsls Ol 55 (VF) OLKes
o Caltten o b lize (ST s il gl e
Sl gl 5 G 53 5 ¥ gV e D ao) UMb
5ol g s e bsles aes gl SRl ol S
b o Oy 3,5 LS L5 S 35 BV 1,8
«Spinacia oleracea L) zlis cus” ;5 S
Al T3l Sl FTA Olje 4 olS glss il > Slos
BV e 53 b 558 ¢ Bagy al 03 s
ghinl 3 Shee 2alS o S 55 5 ¥90 5 WA
03,55 oy D) AL el ol ey e e s 8
dib S gyss mIBleh e 5 ¢S C/N Usls
@35 palie ghyls OSB o & 0T 510V JS2)
350 &S 55 (658 il Pl o g Ll 5 oo il O
5 e S 5 POl (VL slaclle 3 5 (BV)
@Sl 53 #l ol 0 ST 5 NGB 2 3 sy
5 Shes [2alS (19) 555 o &S (g5 8, VL Esly
Sl 53 NS ol (Vb - sl 03531 1 53 olS

O Calors )15 oolad

1- Kumar and Chopra.

035 yg G0 Bl VSIS s el s oS
O S e e Y Gae 5 Sl 5
7V oslas 5 EC 5PH s Lol (o S S V) s
5 IT oS e bad so S5y K35 () T e
(Y Jpdr) Lo i D 3 5 s oS ol
By S LT AS Y Lol aliT gladsls
Sl Y Ges s Ql.l..lfja):).i\.g sde Yo sldw e
cin 33 CbE 5 Ol jw ) e S @3 S5 6 e
Sllas 230 W5 0l 8 55 308 0 4 ey ol
2 Shpdy plesil S L p slacile ey 5 LT
5 o (S e (glant 58 68 Sl S Jgb
Coshy Aoy 093 Igb 3 5 43 K szl STe
5 S Logby ssd s gy s L OIS
R 5 S Ll 5 sl e 5 b axlse
ralr S i 55 p OIS (ame oo 36
Goo & Ode 4) iy 0593 0L 51 e oKT s
e ST L o 5 6t T Ll 5 2l OlalS
s b As iy Sl by sy 5 el

a3 Voo gl 53 05T 5l B&gel e Lsd

035 0T 3 day 5 458 8 515 ol FA oo o gk
b AL lad o maan 3 S (5 S 051l 0T oS
2 AT CBl (V) 3 8 plonil g ST )
(AAS-Unicam-919) il e oz L b s
OIS ¢S dlolod LS Cils 5l L A ks
et A 0305 58 G pa e ¥ ST Gl oS 1gn
Lug DTPA Lug &S oslimal J6 oaT i
Gl opl posde (FF) s & il 3 ol oodo oK
3o 28 153 aT Calies (Sa S8 w55 (o2
ol O Jsde ) s eslizad (VF) O 5 d )
4 Jame (S S (Sl G SKE w1y 8T s,
obile b 5 JT 5lg b 4Bl Ly (5 5 T (slatnST
“p 5 S ealial bl (g )bl (glag o ST oo (g3l
s 5 (ops b mlaw 5o LSD o457 SAS i3
1258 aloil EXCEL i3l 5 Layls gos



AER

\¥44 JL@;\ a)uf“&(‘_gjjjwdml&dw)fb)ww

G938 03l 350 > abewd 9 (T3 ST 295 (S 2 (V) J9ux
Table (1) Soil physical and chemical characteristics used in the experiment

AL NESp Sl
Parameter Unit Value
Texture % Silty clay loam
Clay % 36
Silt % 46
Sand % 18
ECe dsm 1.18
pH 1:2 7.57
CEC cmolc kg-* 26.62
Organic Carbon (0.C) % 0.877
CCE % 10.13
DTPA ex. Fe mg kg™ 14.4
CEC: S8 bl i b DTPAeX. Fei 1 o 5 oLzl pumal BB 0T

CEC: cation exchange capacity, = DTPA ex. Fe: DTPA exchanchable iron

SRR 28 o3l 3590 B (e S T 39 3l (A2 (V) T3
Table (2) Characteristics of sewage sludge used in the experiment

Sl Al Sldds
Parameter Unit Value
EC1:5 dSm? 15.50
pH 1:5 - 7.29
Organic Carbon (0.C) % 11.11
CIN % 6.1
Total N % 1.82
Total P % 221
DTPA ex. Fe mg kg™ 48.2
Total Fe mg kg™ 33100
DTPA ex. Zn mg kg™ 171.58
Total Zn mg kg™ 4427.27
DTPA ex. Cu mg kg 6.58

Total Cu mg kg™ 148
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Table (3) Summary of the sequential extraction method

\AE

sl (Cel)ole; ©) )l = 4 s S olas ae gl JSa d e
pH Time(h) Temperature(C) Extractant Chemical fractions Step
7 1 25 Mg(NO3)2, 1M ol 1

Exchangeable
5 5 25 Na OAc,1M SU S 4 fuoe
Carbonate- bound
2 6 96 0.04M NH20H-HClI, (e p TS 6
Oxide Fe-Mn- bound
2 3 85 H202, 30% SToske & Joaze
Organic bound
- 3 120 HNO3-HCI skile 3L
Residual

[y 2l cpl a8 Cils oyl 51 asls & oo (L.
30 amm 55 &S gloe ()55 Rl I 56
S s 53 V) TS 5 15 kil
@i pobe 5 olad G Shs 5 s Db
OIS s g S Lo oS s s,
o g 1L ST (S S Calis ST s S
Sola o pt Soosb 4 bbe SRIB OOSE
23 OBl a5 N0 5,8 Gl ST S ST
(ialT b (F0) T adla 5 el el oy JbKa
“ews ¥ CL:.&.W\ Syl Goss 4 Joos gl us=
O ey oS il ojlas 5o g eied)
Colda dsly a0 2all 6l oy V/F 1y 5 Sles
by B s ol 51T Cawsey (SO ST
spsm o Y T (S s S 4 g
oS 5 Slae 2l (o ias ) _ood 10/0) anllas
FYF 3 IAD) OOk ol (VL (slasles 55 i
15 S ST (55 Rl Bl 4 015 e 1) GBS s

SISl gl el ONSb o il B

3- Zare et al.
4- Maas and Hoffman

B335 4 Ws S Oy M) ', 5 S s

WSl 53 Gis e nd Yo ldas 5 i ONBB
Ly oS 5 S 5 S 05 e oy
s 5 ,LS s (Phaseolus vulgaris L.)
o Calien = gl 3 58748 s ST 518 5 (FY)
RS DS PRSI PRRPR . I .S B W
S s Sle LIl Cel
ol 0LT .z (Solanum melongena L.)otwest
100 Jles 535 Slas 5olS L ST o5 duals
o OSB3l T sy OO
o Jeedlty 4 a5 b s 0t oS s Shae 2ol
Olpe 3 sddnda p3lie b el cpl coDSB 2l YL
33 Y 5 W) VL slie s 5 3 Balo o
5 olE g3 polie Coaw ol ol IS
RIS SNTIUUT SN WPt
2 X P S S WS HE W) oL
3 ahey 033 p eokd GBgn OOSB ool S ALS
Ocimum basilicum )olo , olS ¢SList ol Ls

(Mol

1- Yuruk and Bozkurt
2- Kumar and Chopra.



ARR

Y44 Ll ULJ‘F\‘JJ;-(‘_QJ'J}%GJ.;A;M)Q&U)MW

Sl 03 fe g esSewd YA 4 dald Lo )5 e P EY A el S gl 65 4w S
Losr 4 ey OGBS s Ve GBS 4 el 4 s DSBS
cbesls y SSIslas el sl Sle (Y JSK) dmsls dops QV/EY 5 AYFY L Uslas
Colde ClB s 4 oMSb o b osds Hles Copan b aS Wis S 318 () 0L 5 ol oS
Chle T J¥s 548wl oo (oYL b S ST 23 25 ety OMSB nd JESs 53 5V B

V)l IS 5 it (0 5t eSS 33 4l gme ygb 4 S SUColda o ST oS oS

2o e Y0 51 g el ral 5l el b aslie

a
b
c C
d
e
1 -
22.5 45 90 180 360

control

N W o

Dry weight shoot (gr/pot)

(OIS 55 0,8 g pltst eCast 0335

Different levels of sewage sludge(t/ha)
G s o) Nl V;Jud:mcjkm

Tl 21ah PINI ais (59 » OB (o Ciliso S skowd 1(1) UKo
Fig (1) The effect of different sewage sludge treatments on dry weight of spinach shoot

12

a
10
b
-8
6 (o}
4 d
de
i N
90 180 360

control 22.5 45

(o p i3 o) (SS S sl LB
Electrical conductivity, EC (ds/ m)

Different levels of sewage sludge(t/ha)
(;&)Aj)g)wu &fr_‘;,albucjja‘«

S (O T ol cubb p OO (et Lilisee bl T (Y) b
Fig (2) The effect of different sewage sludge treatments on soil electrical conductivity



VY

gl oS el 0 5 (6 el B 3

23 p S AS 5 oS e DN dali Sl 53 0 S S
OS5 WS . ab ol cod S s A s
e C"k‘w): gwﬁﬂbﬁ)K;\ w)j\g(“ﬁ)
Er oS s Shee S 5 5 YF 5T A Fe
» gy oS 5 Shee o sl ;s (Oryza sativa L.)
CL o fhe cpmper 5 S3L BIBI o 5,87
3,08 353 p 8 oS5 SN G Kiba b als 3 AT
bl (S OB 5,5 L S syls s
GRIF o lesla 3 O o7 Gl ule
b ady) J T gl a5 S s gl el
ONSar 5 55 e (FF YY) b o 2l coplust Lt
@lsn il s AT Chle o 2in s S 5,18 (FY)
- ke YP/AA KL L (Lactuca Sativa L.) el
S 3 5 B e Jl a5 510 B S 0 S
T Cnts o 3557 Ao 300 Lol jor CSG p
Ssmop b sy 3 OA) 0K 5 ol g ioman
Yoo sVO D (YO cjé..éc}]a.»).a Sl 2 5,8
Lactuca sativa ) ;a5 oS 5> Shee S 43 o5
“pll 3 AT e o 2 L 87 515 (Crispum
o5 (IS 5o 8 e 817 SSoa L) gls slo
FGEAS o S ke YVA (S0le L) a8 4L
JAT@&)&A)JUMBL}?JJ\"JJ»)K
- e VAVIRY 80a b 0T ol MG oy
S 3 oo 54 g s Sl aslep SAST 0 8
PR AS 5 o S ke VH/FY e b ki o S 5
&ngi?@ép.sﬁ&u)hg@Lﬁf&&&wh
DL U: T;' 9 A+ LSL“)L“';: ) CLJL.»‘ &‘}h (Lb‘ BL
205 e YRV A SV L e (5 4 ol S
WO 5 /YA Uslae 288 oS 55 &St osle p S5k
L .(F JQ)UU\A:&b)l:iA):j‘M e 4 Cnd Loy
a:b}&T%ng—j\gJ\e—ww@@j
b b ool pl & sp0 g, S ams Ol5 o S

I - W B N e A O

SR Ll s (IS b Kie aglie s
oS glsn slapltl 53 AT Chle (ool 3 )8 - s
& i AT CBle B o 2t 3L 2l 2l
3 8 odalie ol JSs 53 5 YF L s cdald Hles
s sme Sl e S 53 5 FO S YYD (glasles
s sme Sl (glyls dald 4 s L a (i odaline
ol 53 il olsn el aT CLIE Ol iy
o ysba cpd ey 5T AL A RO YYD
B S el e b alie o &8 3L R
LzBls Lo ys OYVF (Y9748 Y/ F B9 /N4 L Uslas
4 (6 B3 3 ge ple 5 OB e O3 (Y SK2)
ST )3 O pan oS polie Chle I3 el ST
ok e syls ol gan OS5 058 8
WS 4 grio Sl 03951 (FY) dib e ol oyl
355 AT S O oS polie ChIE I g
2 OF) (Fgy 5 Sy (¥8) 458 08 55 ol )5
3 b o o) Sl (555 1 2 SIS leT
V) o e g 0393 b (ST ST o (o) 0 S
AT s inn 213 (oSS 530 S A 5F YN ee
A ldZeaMays L) )i oS gl el S
Sl Ml o 5,8 b Cow ST il 4
& s S ol 0 S A 03531 57 (5 g 4 i3
Sy sl Sl s S AT Sl als s
N/FF Olnar ) 0 5 (50 p ) (b o 5 4 el
b s (FV) 1S 5 kS s 8 dsys ¥V/AY 5 ¥9/A
A5 5 Shes (o S 2 3,08 1 s
-oS pole cbile 5 (Spinacia oleracea L.) i
Chle (S a4 pd 03551 L &S Ls S 51 E o e
WZ3L B il oS gl ol 55 s se AT
OB o 55y g adllas b OV) 0L Kea 5 Obe sl
Medicago Sativa ) ey olss pltl ool bl
208 e YWUA 5l aT clile o8 s 57 2y 5 (L

1- Orman et al.



VY

\¥44 JL@;\ a)uf“&(‘_gjjjwdml&dw)fb)ww

2 oS ke 070 5 YNWVA (S0l b 5 4 sl
BB o 0SS 0S¥ 58 Sl 0SS
ok S oslae T glaKle anlie T Cuns
o ge DB 2 5,8 ols ol DTPA Lug
4 o DTPA L 1 gzl BB 08T Sl gme 2131
SESs 3 5 R0 5 YYD lajles m iz a s dals
AT Ol o s Ak odaline Hls jre Soplss o
22 e AS 5 g8 e YOV S0l b ok ol
(O JSKa) s sdalie o S 53 5 ¥ Sl

o P a8 S s Ol s s
FB AT o s VWIPA ol 1 sl SIS 5o Ok
0 JS) 48 aals Jles 4 s DTPA L £ 5
Wl 64 e 4 S6 ol Calites sl 5 )8
FB e s 0 T A Sl e Bl e
M5B o 5,18 .0F) w3 S DTPA L £l e
A e Sl b J e JT gla nSheS” W 5 ST s
“05 b delie 53 5035 65 petn o ba o SiaS” ol o
(0 Lo e ol LS 55 g 4 15T (550 gl
03531 8 Bl ys gy 5o (V) OLSes 5 (Els
35 K (b)) Gl S 4 MSE
L DTPA L #l3aul B a7 (OlmaY 5 Olgav!
booal ldie cppie dubbys T ol sl
AT P Sy JUUL 7 R
5 T e T Gt S s DB
G 500 e adlae b () Tl Ken
5 T e o Ll 5 oS 55 OB pd s
DSk o &8l )s DTPA L o punal 6 ol 316
Jl s o941, DTPA b ! el JB T Sl
sls 2l Bl e ST 53 BB ol 3 )18 p s

2- Arvas et al.

o D pan b olS S asle (LIHH s ol chl
bt 5 (N s 00,57 alp sa oML
Ll O3 e oS e juole Blod I iy 6l e
$ GV W e s AT Gl A s
$Sist osle 2alS 1 EL L5 e DSBS
5 @He ole Jsli 03,55 o2 p 1 4 il oS
5 bt K (F JS8) Wil S g)sh bl
NGB o 5,58 WS EIE D) oL Kes
oS AS 2 oS 500 b 3 0k ods b5 s
(S35 v (S e pole ChL BIE
OCIMUM ) Sy ol atyy @asls 5 o ;K
e SAS o8 70 b s (asilicum L.
Oy oS aly) 53 5550 polie o 28 e
"ol es 5 KzwlS .z (Ocimum basilicum L.)
b OMSB pd gl S Alys dagn s (YY)
3 alS olpr pll aT Chle 5 o e STl
S 53 55 Fr e 93 1y SRR o pte 0T s 8
A eon b OF) oy 5 Sy L35 edalie o
ke Sl (S ol p s g SE 5 )8
ghisl cuS Cow SaT S o s gl
AT lie oy i sl s (Spinacia olerace L)
S Sas 055 ¢ FAS 5 0 S ke FIO/FF S0 L
S3l 53 BB ol ST 0 SUS 130 S A 508
b oS bl ys () OLSKes 5 el el Sy ) e
oS ok CBL Ol (S 4 OB Ol 55
Spinacia Jzlisl o8 Cil s AT Ll 5 e
Oljee o sl 0las WOT s il 21531 (Olerace L
08 2R 38V e 8 50 8 5 Sa ¥ Sl caT
LS L3S 58 (TF) oLKan 5 e il il 3l
Yro¥e Ve Gio) Ol ol ikt o 13
sadyy o pT Bl (ST e FUS 0 800 5 Fr
s i3 (Spinacia oleracea L) zlisl .

5 adyy AT Sldhe oy i 138 J3IF Cpomen T

1- Costica et al.



V¥

gl oS el 0 5 (6 el B 3

= 200 a
v
= D b
3 £ 150 . d d c
k] o
<~ £
}\ 5 100
3 e
. 8
4 £ s
Vi, £
<8
~ g 0
\—’;; LC) control 22.5 45 90 180 360
W, 2
= Different levels of sewage sludge(t/ha)

()tfw)a;;)gw@ Jx}uzl:mc}hm

TUawl 2 lgn AINT AT Clalé 3 ONob oyt Calisee S slow §1 (1) UKo
Fig (3) The effect of different sewage sludge treatments on iron concentration of spinach shoot
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Table (4) Mean comparison for the effect of sewage sludge treatments on different forms of iron
(mg kg™ in solid soil phase

e s ST ol & Jozze 5 aTanS w Sz Sl S 4 e Sl s
Residual Organic Oxide Fe-Mn- Carbonate- Exchange Treatr;1ent
bound bound bound able

32000° 39.128° 2738.11° 2.631° 2.265° dals
341002 46.469% 2695.23% 3.7812 2.359¢ 225
347507 50.531% 2682.31% 3.706% 2.375¢ 45
349002 56.094° 2563.03° 3.6882 3.043° 90
35266° 67.344° 2508.92° 3.781° 4.062" 180
35366° 82.719% 2362.48° 3.6272 4.5462 360

ol o3 O Szl o 3 s sme Bt g SSblad alie Cog o O gt a5
Numbers followed by the same letter are not significantly different (P<0.05)

o1 olbowd S Ch b (DTPA)T - soliiw! BB aT 9 ol (BT O30 o (1) Qg gt (Siwod ) 32 (0) J9
Table (5) The Pearson correlation coefficient (r) between plant-Fe content and soil available Fe
with Fe chemical forms

8 7 6 5 4 3 2 1
1 ECERITS
dry weight
1 -0.16™ T
iron concentrations
o T Ol
1 0.051" 0.97 S
iron uptake
1 0.38™ 0.93" 0.17" 2 S hosted S8 AT
DTPA extractable iron
o . G oal-0
1 0.96 0.23™ 0.95 0.0006™ e
Exchangeable iron
1 0.36™ 0.55™ 0.78™ 0.32™ 0.74™ SLS AT
Carbonate- bound iron
i . " 2Ky T ladnS-Y
1 -0.43™ -0.97 -0.98 -0.25™ -0.97 -0.037™ s AT sl
Oxide Fe-Mn- bound
o o o o T s e A T-A
1 -0.98 0.48™ 0.96 0.98 0.24™ 0.97 0.031™ S e b
Organic bound iron
ok o . . oiladly aT-4
0.77 -0.73 0.90 0.67™ 0.82 0.72™ 0.64™ 0.59™ * N '“'A_
Residual iron

)\.L_;MJ:.&).Lp;;@cszdﬁ_dad).sjbu;u%jQns)-::e-:.%g-:.%
** * are significant at 1% and 5 % probability levels, respectively and ns, not significant
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