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Extended Abstract

Introduction: In many parts of the world, vegetables form a significant part of the family's daily food basket due to their
great nutritional value and the important role they play in human health. Lettuce (Lactuca sativa L.) is an annual plant
from the Asteraceaec (Compositae) family that is rich in vitamins and essential minerals for human’s healthy nutrition.
Due to the lack of organic matter and the deficiency of nutrients in most soils of the arid-semiarid regions, it is necessary
to supplement these soils to enhance organic matter and nutrients content of the soils. The main sources of organic material
for soils include sewage sludge, compost and their biochar. Adding sewage sludge to the soil, due to the presence of some
pollutants, heavy metals, and pathogenic agents may cause contamination in the product and ultimately threaten human's
health. Therefore, the use of sewage sludge as compost and its biochar in vegetable cultivation to solving the problem of
sewage sludge disposal has been quite affordable from both economic and environmental point of view. Biochar is known
as an organic fertilizer for agricultural production systems, due to its high durability and its richness in nutrients. Also,
during the process of biochar formation, pollutants and heavy elements are reduced in sewage sludge and hence biochar
is used as a modifier and improver of agricultural soil properties. As a result, the use of biochar has the potential to be
hired to tackle productivity limitations through increased soil fertility. Therefore, biochar is capable to reduce the
concentration of heavy elements in the plant, leading consequently to increase in the concentration of nutrients and crop
yield. Thus, this research was conducted with the aim of investigating the effect of applying sewage sludge compost
amended with different organic matter (rice straw and citrus shoots) and its biochar, on yield and minerals concentration
in lettuce (Lactuca sativa L.).

Materials and Methods: This experiment was carried out in pots in the form of a randomized complete block design
with 13 treatments and three replicates in the greenhouse of Sari Agricultural Sciences and Natural Resources University,
Sari, north of Iran, in 2023. The treatments included: raw sewage sludge, sewage sludge biochar, sludge compost
containing rice straw, sludge compost containing rice straw-biochar, sludge compost containing citrus shoots, sludge
compost containing citrus shoots-biochar (all at two levels of half and one percent) and the control treatment. Sewage
sludge, sewage sludge compost and their biochar were mixed with poting soil following passing through a 10 mesh or 2
mm sieve for each treatment before transplanting (half percent and one percent of poting soil weight, i.e. equaling to 40
and 80 grams, respectively). After implementing the treatments, two lettuce seedlings (Roman cultivar) were planted in
each pot. In the stage of maximum vegetative growth of lettuce (about two and a half months after planting), the dry
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weight of the shoot and root of lettuce was determined with the help of a balance after drying in an oven at a temperature
of 70 °C for 3 days. Using plant samples taken, the concentration of N, P, K, Fe, Mn, Cu, Zn, Cd, Ni, and Pb was measured
in the shoots and roots of lettuce plants.

Results and Discussion: The highest dry weight of the shoots (30.1 g/pot) and roots (12.2 g/pot) of lettuce were obtained
in the presence of 1% sewage sludge biochar (BSS;) and the lowest amounts (17.9 and 4.71 g/pot, respectively) were
observed in the absence of sewage sludge biochar, i.e. in the control treatment. Being rich in nutrients and improving soil
properties, sewage sludge biochar led to an increase in plant yield. The maximum concentration of nitrogen in the shoots
(5.02%) and roots (3.04%) of lettuce was obtained in 1% sewage sludge biochar treatment (BSS1), indicating 63% and
1.2 times increases, respectively, compared to the the control treatment (i.e. absence of sewage sludge biochar). With the
application of 1% sewage sludge biochar (BSS1) and 1% sludge compost containing citrus shoots-biochar (BCci), the
phosphorus concentration of the shoots and roots increased. Also, the maximum concentration of potassium in the shoots
(5.52%) and roots (1.80%) of lettuce was observed in the presence of 1% sludge compost containing rice straw-biochar
(BCr1) and 1% sludge compost containing citrus branch-biochar (BCci) treatments, respectively. The highest
concentration of copper in shoots and roots of lettuce was obtained in the presence of 1% sludge compost containing
citrus branch-biochar (BCc;) treatment. The 1% sludge compost containing rice straw-biochar (BCr,) treatment led to the
highest concentration of manganese in the shoots and roots of lettuce. The 1% sewage sludge biochar (BSS;) treatment
resulted in the highest concentration of iron and zinc in the shoots and roots of lettuce. Due to the negative surface
elecritcal charge, biochar adsorbs cationic nutrients and with the availability of these elements as well as the richness of
biochar itself in essential nutrients for plant growth, it leads to an increase in the absorption of nutrients by the plant. The
highest concentration of lead, nickel and cadmium in the shoots and roots of lettuce was obtained upon exposure to the
1% sewage sludge treatment (SS;); they indicated 1.35 times, 89% and 3.65 times increases, respectively, in the shoot of
letteucecompared to the control treatment. The 1% sewage sludge treatment (SS1) resulted in 100%, 72% and 2.8 times
increases, respectively, in the concentration of these metals in the roots of lettuce. By converting the sewage sludge into
compost and particularly into biochar, the heavy elements of sewage sludge became immaobile and stabilized, resulting in
decreases in the concentration of the mentioned heavy elements in the plant shoot and root.

Conclusions: Application of sewage sludge biochar, sludge compost containing rice straw-biochar and sludge compost
containing citrus shoot-biochar, particularly at the level of 1%, showed the highest amount of dry weight in the shoots
and roots of lettuce. The latter treatment led, also, to increases in the concentration of nitrogen, phosphorus, potassium,
copper, manganese, iron and zinc in the shoots and roots of lettuce. These beneficial effects can be attributed to the fact
that biochars are richer in nutrients, improve soil physical conditions, and thus enhance plant growth, than sewage sludge
treatment. Application of sewage sludge resulted in the maximum concentration of lead, nickel and cadmium in the shoots
and roots of lettuce; though, converting the sewage sludge into biochar, led to stabilization of these heavy metals and
hence less avialability to the plant roots and consequently decreases in the heavy metals concentration in lettuce plants.
Therefore, application of 1% sewage sludge biochar, sludge compost containing rice straw-biochar and sludge compost
containing citrus shoot-biochar is recommended to achieve maximum yield and dry weight and maximum concentration
of macro and micro elements and reduce the absorption of heavy elements by lettuce.

Keywords: Cadmium, Dry weight, Iron, Lead, Nitrogen

How to Cite: Bahmanyar M. A., Emadi S. M., Mousavi Elyerdi S. A. R. The Effects of applying sewage sludge compost
amended with different organic matter and its biochar, on yield and minerals concentration in lettuce (Lactuca sativa
L.). J. Crop Product. Process. 2025, 15(1), 107-126 (In Persian). DOI: 10.47176/jcpp.15.1.37702

Copyright © 2025 Isfahan University of Technology, Published by Isfahan University of Technology press. This work is licensed under a
@ ® @ Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-

commercial uses of the work are permitted, provided the original work is properly cited.


doi:%20https://doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
doi:%20https://doi.org/10.47176/jcpp.15.1.37702
http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

DOI: 10.47176/jcpp.15.1.37702 ¢\ V=AY .15 ) 53l 16 0,55 VEr bl 5 Lol,5 oY s 515 5 5

-~

P 3 25 DY samme 515 5 5 K:[,P
https://jcpp.iut.ac.ir/ :« o Slx amiw U3 ey} Slgaza 5519 3 g

Sl s stz JTesle b ets #ool OB ool o gaS 3 )18 3G
(Lactucasativa L.) salS Jase ole chle 55 Shas of 3 Jeol-

“@ﬁjidyyu,,\;.\,,j@w&km@‘ e PRV

Chls 55 Shas 5 0151 Jolm Sla sl 5 oslize T esle b odkd 2ol OABU o) o oS 3,08 5T oy 1 ) shiteny — 0SS
GBS o S a5 Hled VY o dolas I slaS o sab Cjb B s SIS ‘,.i.lbeﬂ (Lactuca sativa L.) gp\S  jdns molis
G 305 (U ol gl ol ML o 1 ol b e A 12 VE0Y Tl s (ol (amb il 5 (55,5058 p ke NESIN
L ol o) o graS b (LS o LS e (ol o) eSO sl ) CeS Ll b B oS sl
328 L S Aty 5 alss ol SES 055 op it 45 o1 DL i g LS las 5 (Ao)s G 5 o i 53 53 (Ken) LS 0
lesi o (Uep ;3 ¥/08) iy 5 (Ap )5 0/0Y) alga r|.&3| 5 059 chle Slas yiomen el sty Aoy S NS oot
P e gaS Sl Slad 5o (Mo 1Y) Al 5 (Aos H/YY) (alsm ol o Jaed CBlE ST 5 A s S ONBL o Sl sl
Cta 3 o it o )3 S g oS ol o S eSSl 3,0 cpl ke A sdalin do s S LS s 5L e sl
G151 b T als DL AaLd 4 o (500 VVE 5 53 TV (1531 b i 58S iy 5 (alm ] s ety il 5
B ol g ssba a8ty 55 g 2lsm el 53 895 Al R e CllE s S a Sl sl g5 4 p )8 maw
b aS ad ol o ps SO OB o Sles 53 9alS ol iy ) 5 (29 I s eslS 5 IS e e BB ity imen S
S35 a Ol B o ol pl 23l IS sl b 5 Lo s i polie CBIE Gl b s 5 G geS 4 OBL (2d Lt
4 e OUS o a5l e (65l o G S 5 g oS (55l P G S (OBU o sl b Ao s Sl 5o 0,8 WS
S s MU o b a3 g 0ud O 3 Shes 5 g i yn 5 8l oS 4y, 5 0lsn PNl 53 2lie juolie cllE 35l

g o0 ol el.:fﬁaf.:.»,;l;;c,.&l.b

K2 03 0555 eS0T 1S glae3l

[ DOI: 10.47176/jcpp.15.1.37702 ]

VEOFNYY0 LES sl VBT Al VETINY 1 Sk AU e Sl
‘6)LAL;~?.J9ctxjdj)}usr}l&a@\b;glj_}r}l&éw\bgéu-JA_LL@,«)r}l&ajng.Li)\wu)lswfiﬁ‘:j)w‘édb\%ﬁq .VJYJ
Ol el

mali.bahmanyar@gmail.com :asbL1, «J stoms sl & *

O VY ol Olghonl xio o205 & laze it ol SLizl 3> ®®
J.:jwj:i):cj_w.lailf':;il;JL;)a\JLE.aA.!c?:l;.:wlﬂ.]a}fiwci)‘lé)l;dﬂ.&a:mlt}ﬁjaﬁﬁmﬁjgﬂﬁwd&a;ﬂ! @

1l e

Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).


doi:%20https://doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:mali.bahmanyar@gmail.com
https://orcid.org/0000-0001-8804-8479
http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

R A ROWPIRC S LR | LT PLTEN E P>

AL xls oLl Codlr ulg 53 5 el OLLS i o slasl
o SIS S AL o el el
By e SIS (Y 50) ol o ooy
oS JdS (o 5 oS 4 BB o) s il
Al Sl sl a el A5

LB 5 and Ol e (oo SS il S
bl Bl a5 5 AL 2 g e 8l 5 el s
Sl Lds amsys LO3sk ey (M) ol OF Ol st
g o s S D 5 s g M sl
31 5L e Y gane (SSC) NS o) o 50 o sDheay (V)
oS i gl aS ‘}iué@ﬁ)}m@. o (59
S o3 JTsln 51 2V msh (5l 5 s (555,
g S S s plend (Ss ol 2 AL G b
Olgeas OF 31 eslizal ol by (1F) 1S o KaS olS s,
Skol 5 el (LI i 5 S
QTJJuémﬁ,wd>wmwseugﬁJu
AOY) 558

Sl olls Sl b b osdom s b olesl
O3Sl o (g8 sladl 5 by 558 (alS L)
S Olsea ol gladle 5o S asd e Jol S Sl
33 Dl S a3 Conlia ooy (sl tiS 5ol
OBl o 4 ST.(F0 5 V) sl esls olas] 55wl
Lol p b Sy ess ssben Jolse 5 S jole gLl
Ll s 4l 2als Jelse ool Glr sl @ OF bds 5 505
Sl p s ipde (Mol 3 IS 05 4 5 o olie)
WI5 e 5 0k ml 5 ol SL oS ool O ey s3lice
V) das W1, S 5 (Sdie sl g0 4

s edle bl a8 Lol Ol Sldlas Sl (g5l
Sorit Sl ke eSSl ol S (gl ol Sl 03
Sosle b= (S glol= 5 olars (S sla S
Dl s 5 ek eslizad 35 (Gysee Ll (S

OLHer 5 Hlieg Jodomes

VRV
3Ol olde ool ddaas g e Oler BLE 51 (5 oks 52
A Sl s 5 BB i (s LS el 3 &S e NE
Lactuca ) sals .dkas o |25 1) eslsils Lol 4l
Asteraceae ) OLS e osl gl 5l LSS el LS (sativa L.
e dlge 9 byl g 5l 5L oS a5, 5 (Compositae
Sy Glols el (FY) il Ol e gl 6o,
S 31 DT Ol 535008 s Gl el 112 3150 0553
SRl sk 1) S gplols s Sose Ss
ar b ol ale AL Ol S Ol b (553050
il gLaSL S| s e ol a5 5 Jlslse 35S @
s ol 5 sl I8l Sl sl 035381
Slr T slse 018 5l wlin o Sodes (10) ol (5555
o e s S alE GLlh el Y2 uls LS
(010) ol LTl b 5 e gnaS (DL

S wha WIS Gl Jpame ASG
D3 S 5 OAS gmee S Jsa aS ey ONSL
&2 5058 AP OBL ladlbradal by sb) olis
ool hids Sler g S S ay slodul b by O
St Sadilony sl 5 5 SOl gt g8 s (YY)
2 Sl e JT b 8L s (g Sl 5 s
Saus i Sles Caeal S5 SISl ks (g5,5Ls
05 35S Olgeay BB 51 eslanal 655,60 (YY) ol
ol;\Lothé:Mgaﬁdkﬂﬁojwdjwwduwj
S (S 5 bt 2l (3 S e
Al S el O S LUlS 5 Lkl sy
a3 oS 3,05 (S (gl le (51U 5 5u 5 Jslss 5053
oS 5 Ses 5 L) 25 S gplol LBl o
3D sdas slge 5 Jslge 6345 Jde sl o |5 553 o0
OSB3y sl bl olS Ly () (N, P K ahor
el Sas 4S cen 5 I laed VT 5 K ol g5l

A B W P o 0 P IPIE { PR SN[ RO [0 o

K


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

ILKer 5 g Jodosns

VErE /Y osled /00 Jlet/ 2L s oy oV mme (g5l s A5 4 i

5 dsams 55 S35 o ol (S sloy Jalse
Lol e plpbe (V1) 558 LA ola il o
S0 m b SRR e Jelse 5 Sk Gl e s
S gaS a SL o ok Ll e b cnl ahe S
ol il Sl el @ edd WS CaseS BAS o
23 01 gl 5 G seS oy ODSL ol (6,5
w5 by Ol e K20 03,5 Db esdle Sl s 228
3 Gdre ol 5 5l 03y 4 olrab G BNk @
Ol sl LS5 aul b b s K ols 5 bedo¥T 2als
5035 o 4 Ui S amaco 5 golatil Bl
555 5 SLt Dl st odins 3 5 2 S Pl K O e
Slusgdos S gl Al KI5 e g55liS s o
OB o a5 S s (il 55 o e
5 e pols Chle 5 elS 5 S obe chil
L i ol cdan ool LLOY 5 V) diil Jgeams 3 Shos
s POl SL (o a8 3,8 30 s s
5 (DS e i 5 in GHS 5 6l8) sline T esle L
A Gdre ole Bl o Slas 015l Jol sl st

A el

LSy 93l

QJLAL.'QM C)A.J‘ uwbﬂw)?as Jﬁ)lsjj\))}.ﬁls
St Slsl b O 5 Jol Sl sl s cosline JI
LSJLNL;’.:.:J;Gb)dj))mf#o@\bﬁw)bglm
OIS 335 s S 5l 5550 St i Ll V80T Ul s
o3l> Jlanl SlslS @ 5 il as 50 (6 e Sl + =Y Gas
el 6}:§°JU‘-" 3 O S S 4 4o )‘ dﬁ&u L
oz Slpsm e S s b plend 5 (S8 Dlo s
twcw@cﬂd)ﬁd}jﬁ)db@%ﬂ\gdﬁg

ARR

23 2,8 Gl OBl Sl Sl sl W5 (8) OLSes
on o len 5 Sl ks J2alS 5 5als oS L s
035531 b oS alyy 5 alse ol Sl 055 45 L5 S 0L
3l SR B e 5 B sba Ao 0 SIBL el s sl
NSl ad Jlr b 5,08 S e ol 2 Ses 2sg
g Ml (a8 a3 Gl Gose e sole sl)
oS L O sl slse 5 5l sl 3 3550 glE S50 Ll
o ol S 58 (FA) 5 55853 5 1 il olans]
DA bl sse e Al 5 S (gl AL
b S i 5 055,00 Chle S a8 S s 5 00l
@SS 2 S B B OSL o sl mae Al
<L Tl e O3 chle il ol sl il
3508 &S LBl s (A) OSes 5 853 05 Jbr sl 5o 05 %0
St by S gaS Sl b e 5 OSL 2 sl
Dlasd & Cand D3 olS lga el sl lale 15 s
S Wby QLIS Lians s 58 (88) 0L 5 (65 s dals
i3 o S 53 OASG md bl 3 V/0 58
et Ad 3 olS 3 s bz 5l pmenS ol hale
o olral & L) et pl 4 (V) O 5 L0
5 QLS b Ghhe slpe min Sl oa e OLSG
SSB ) Sl sl 3080 S0l ol SVL s Ses
ol 5 b 0550 G slasS sl LS
3 ke S Llagh 5 pd Jsame W5 Gl (G raeeS
sy Dl ol ilien (sl IS S (0) Ol Sas
S 2l sl ol il 3 Shas 5 A5, (oS I3l
pled chle (Ll el AL ) 508 e 21
5 Gom b el s ol aiy 3 K S5l
o 5 0l sl a8 48 Wsls 0L sy 5o (M) sl
50lS 55 S SlE Ol s e SRalS el NS
S Ol sl pb Sl Olg o mli a5 b 5 05 0 S
CSG o 035581 35 esliznl St s K jolis oS

5 o pobe daed VT 2 i e LS


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

ook ol S 2 LS 38 ST 1 pa g — el Wlis

O Kes 5 jlieg Jodems

O\.:st\é-uﬂ}c;ﬁalsQaﬁcw‘ywuwduwws.\ JS.&

3 (@Er NS 5 o8 5 Al ) a ) Sy
Coreed) DS o a5l s b ol ASlal CBSL (o v a8
W ud g (OlS e i 5 Nl 2 ) o
b 3 8 o SIS s 3 pleaSiiy 53 e geS
e bt pman 5 eds Sl T 0T 4 e s K
G S s Ll 10 B A i o5 LaaSlly O s
(O s was a:hfuwﬁab&j\@jaifvﬁlﬁ
Shom obrsb 4 Sl e il S a5l dn
03 wdd 4 Sl swS 5 OB e O S s
sl 0les po el g5 Dl s sl 51 8 ol a3 Y0 gles
3 (518 Bl ax 53 YO0 (glos @y Sy sl 5L 5,550 OLe)
o555 &S Sloy de) 46l Olej ys Celu a e 4 aalsl s
S oS s s (o 58 Lo a2 YOu (sles s
s Veer gles ooy S ) Lad esls L3 (Y JS2)
5o s s el s s aS e Slads | s S sl
Ll B (Cad odd 1S 058 5 Sl e 4
L oS Lol s s JTslpe oyl 5 &S oo g il 3) 3t
gl e (T8 508 350 g (05eST 355 e
Isa ot seS 5 OB o Cpiomen 5 edal Cdw
L o3ls g e oo ¥ SISl o Sl
(230) Foone caddllae (pl 55 S8 5550 5al8 ol (3
53 lal oS glacs sl LB s 2 b s sl ) s
Al OIS s ¥ sl a4 Teer 5 1S5 a5 Lo Y

J3 S e B el 5 G i s e R
A gsleeslel 5 (6513 paS yad 2SS

L oatdel Jold S a0 by e glagsSoslul 5 LT
PH olSius (sl 5,501 5 aalizal b 213 50 4 ) e
oKivs Lo 5 313 5 St ol S Sl ula ((YE) e
ST oS Q) s asden sy 4 Sk il (TA) e EC
Do a S dslee S DLy S (YA S (Sl s &
S Sl 58 Jals e B (V) e L (g5l
«(Sherwood 410, UK) jze 5252J6 ol L (1) 55 501 Sl
Ko Sl eslial L (£Y) JlaleS an 255 JS 035
Loy ol LG e (Kjeltec 2300, Denmark) Sels
o 7S s S8 1 (YR) e Sy S L
Loy ol BB by (PG Instrument T90+, UK)
Fasberds oo SaS w4 (8Y) puisal Sl b g s
5 (Fe, Mn, Cu, Zn) < p20,S ols (Sherwood 410, UK)
Loy g S80las wdr LG (Cd, Ni, Ph) S ols
Varian SpectrAA-10, ) 3l ol o L 5 (Y+) DTPA
() Jsd) s rl?r_;‘ (Australia

5 A g ol Ol et Al adas S ONSL
Lyl i obml 4 S8 5 s oletw S sk 4 e
DS o 4l S1NBL o S A 5l e
G ke Y SISl a5 0l 5 50) iy IS 506
(adaie 5 i BB) 50 a2 O e oS o Jol s Ol
S 5 ol e 2Ol CASL ) s e eslind

VY


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

Sl gl Sl 1yl S bty (K Slogas 5 Jyin

Vel /Y o pled /N0 Jle/ ol olys OV same (555155 5 M55 4 20

peeslS NS e Sas ! e o peely A Wi Sps S bledb
&g o]
ETEL ol
i) Sl ey
L e sila) =4
Jde :
(AAS 5 Sk (e ;2) d (z e
(i " T A £ le . s Pl
p S o
VAEY VEIA AAY Vo vi0) Ay ) YoA Wy A A ¥ Y0 VioA A erpd

KIFICOVIPISRIC T ERPE

Y

[ 80-2T-5202 uo JrJenrddol wo.) pepeojumoq ] [2022£T 5T ddol/92T247°0T (10Q ]


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

ook ol S 2 LS 38 ST 1 pa g — el Wlis

O Kes 5 jlieg Jodems

IR Rt

ey 0T Sl 5 B (ol S (LS )
J ol o sl el VL Gl Ve S SH s 505
Lo 53 S 5 heo )3 o) B b lss OIS S L sl |
basles dlas! 5 s .(pf/v st CS e oS S0
i8S (Oline s s Laulgl 13) 5alS L sae Y OIS s s
G ST L ojske 5 s bl Jols cls ol pe s
iy es53 b 3 28 S g dilie 55 Jsene gla b,
slacile (s 5ol ST L ol Slles wlbilS s DlalS
W (’l>,=3| S b e

Sl i oS bt G Shs Fn oemes
ol Sl s oS (OB ol Wl
5 S gaS (BB o an el (¢S 03Il A (g S 05l
ol gl 35580 Sl oslizal L0 ) o bl b
5 (YA) s EC olSs bavv i SG 01 gl (YE) zepH
oaws b (1) pagigel Slil is) 4 Gs5 dols b
Ly (o 5 o8 0] %5 (Sherwood 410, UK) e s ds
3bueslel 3l day Sl sl 5 o oS (DS 2l (S
Sl ows b (1Y) Soppilpm Aol b e 5 50
HCL L (¢, las 5l dn wenlzy «(Kjeltec 2300, Denmark)
«(Sherwood 410, UK) eyl oSy S&S w0 (£4) 2N
Slid s B yme S 4 HCL 2N L (6,8 las Sl dm jand

(89) plt SIS ol (7 (Blank) sl (1 : Juls basles
(BSS) ML o Hlr ol (7 (Ao ys S 5 0wl 52)
OOl B o i (6 (3 5 o5 o 53)
Db (0 ddo)s K 5 o mhaw 52) (Cr) 2 oS L ol
gl 33) (BCD) 5 605 s =50l LSS (o o a8
Ll ool B0 o a8 (Vs K 5
Db (Vs (ho)s s o o 52) (Co) LS e L
(BCe) S o 4L b o 25l COLSL ol o 58
O e A o I e N e
L) Stedl GolS (St glad sos 03 o3bel I e
Sy g edd (61080 led (S pfjjts/\ s L b
sy S Olgea S s IS Ll golie OIS e
Ay S ezl Sl SAS A s s L OIS s
LOIS 55 S 055 53 51y b Slles gl gr
(5355 3k Gillae p 3 2558 plard las S dajlas las!
A bglses OIS S L g anlons (YY) St 05051 olal
Ol yoo 40 0 358 Jold S1 0 g3l bl pleasd (slas S
e g 31 (P20s) i S|y HlSla s oSS Ve
22 U5s 50 p S SN0 Ol s 655 20558 5 o 5 Slad
SIS elai 51 I3 53 0 jand 558 alad) Lis sy o) mie Sl LS
5 el e wmia Sl WY elil Ol s @ a0 35S VY

(s Bl OIS @ elis 5l de axds i s iledl VY

AR}


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

ILKer 5 g Jodosns

VErE /Y osled /00 Jlet/ 2L s oy oV mme (g5l s A5 4 i

Lol sl sl s OWSL o slacu geS (OB o plend Ol gad S 5 Y i

TS R W o

el IS e s ol S e el A O3 Solde ,
2o Jb e L) ka3 pe) Slasls
(0% (% s
(0SS 2 05k (4s52) 05 A
JYA VAV Y84 4t Yoy v gy 7N TR VI SY/-L - - - RH
\/00  A/AY  NY/YY LA [FAN 0V/¢ \v/o +/41 /N4 Y/AA - - - Cit
YV oeEN UV 44y Yder Yy Vo YV VEA L YIAY 1470 At v/8) SS
£/47 YYA WA VU1 VEVA YYe YY) ARSI AR W AL Vot A\ yq BSS
VY vy AV TVAA YA A SYE VAT YYY YA/X /oY g/07 Cr
EYY YVA O OAL AYYo  0AT gvo Va4t AT YA VA Ny aYY oy BCr
0/A¥ 0+/Y  No/Y V)Y £8Y0 NAV )4y SNY VAV YT VYA v/t £/v4 Cc
FAVOYYY Y VYT VeVY YVE YA VAY YAY YAd Ny anvoy  yivv o BCe

C:J;wls‘gclsbowcwluwuﬂwwCruwuﬂ)@ﬁbBSvauﬂSSVLSJAvLJ:JuCltCzJ:aGRH>
)L;_-}:LJ BCc QLSJA AD-L.LJ...AL»a_LZ CM«&‘ uwbﬂ@x@’ Ce Cvf&lf)clsl.ua.l.& C)’wl uwbﬂwx@’)&ﬁb ‘BCr

5 S 2 Sl de (Fe, Mn, Cu, Zn) G aaeS ol
Varian ) o3l Gl o&iws L (M) HCL 2N L (¢ S las
53 (Cd, Ni, Pb) & ,ole 5 (SpectrAA-10, Australia
S el b 80 slas 5l da 5al8 ol lss plil 5 4l
Varian SpectrAA-10,) o3l Cdo oSaws L5 (V) Lls
L s Selul (Australia
Sheslizad b codel vz gbaosls (ol o 5 450
S b b Sle awslie 5 (A ass) Statistix-8 Al
doss & Jlazml o 53 (LSD) s ine Sl f3l

Mrbu‘EXCGI )\J.‘)lrj.: Ja.w);)‘bjaw ;"‘")ﬁwj")‘:’. g

oyl

B Al g el el S5 05

Szt (3948 515 QLES (F Jsd) baesls udlsls a0 o J s

il slajles Sl s Al oS alyy 5 ol el

Al pas Mﬁ&idwlcbﬁjw;,bs &35S
St 055 Olee o pesls (:Kls deslis ol 3

YoV 5SSl b s 588 olS w5 olsm plil

PG Instrument T0+, ) e 56 5 2Ssl ol&aes L (£4) lslil
S eolas 5l dx (Fe, Mn, Cu, Zn) o ;2008 obie (UK
Varian SpectrAA-) o3l e o&aws L (7)) HCL 2N L
dx (Cd, Ni, Pb) .S ,oble (¢ Se3lul 5 (10, Australia
ol e oas L (1) e s el b (5 S slae
(Y Jads) LS (ab,u'l (Varian SpectrAA-10, Australia)
slo 35 350>) 58S Jsuame gy Al Sl al> e s
,aksagu;w}&\ﬁrw&}o;}‘(cﬁstsj\ﬂrg}
a3 Vo gles b Ogl 53 5a, T e 4 05l I3 51 e
Nole «g3bwsslel 31 5 s 5315 SaS @ 31 S il
5 U5 el s e 5 (o ey RS (055
O350 A S el 5al8 oS lss ol 5w 53 o
Aol b o 5 JInS” gy 0 5al8 olS a5 olse ol
«(Kjeltec 2300, Denmark) xS ol&xws L (£Y) &K 5 5un
4 (¢+) HCL 2N t{é;a)w,&;}my@. el
5\ day s (Sherwood 410, UK) e g ds olSans SaS
Isbly Sl 5o b yme S 4y 5 HCL 2N b (5,56 jlas
«PG Instrument T90+, UK) e 585 Sl o8aws L (£4)


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

R A ROWPIRC S LR | LT PLTEN E P>

UL 5 Hlieg Jodoos

P2 S S 055 5055 s sl F (Olay o :Kke) byl w s ¥ Jga

S U B}
@33l as s Ol S CL\A

e o/vE \ S5k

R A LO/A™® VY Sles

AN VAL \f3 ialesl gllast

0/00 0/8Y - (1) O s o o

b Ao\ Jlazl mhas 53 ls e Sl Sl s
14 -

A
n 12 1 o 357 A
> BC B T ABC AB apc AB
\j 10 - CD D 3 CDE DE ¢ g o BCD
) . £ ) 54 G FG
7 E 3 H
—~ F P F F o 20 4H
RS I 3,
= 15 A
2 Y
\ 4 1 \\f/i 10
s} b
~ 2 - 8l

g ]
0 T T T T T T T T T T T T 1 é 0 T T T T T T T T T T T T 1
X 0 IO A Wm0 A W0 A0 o
§283302062088808 NN N TN O N O AN
M M M g D
e e s

T CR K APPSR VN Pl i 055 5 (5355 isee slajles ol delis ¥ IS

A LSD Dynsl ol s 6 Jlazl gedans 53 (63 ime sl Al i 5 S Bl (g3 oS yla yo
O S 50 CF o )3 K 5 o e 53 55 BB 2 b L BSS W53 K 5 o mhas 55 3 LG 2SS Ll Blank)
53 g DS 5 oS Lo sl O3 ) a5l BOT dss S 5 b i 53 93 i IS 5 olS Lo 25l 5Lk
w,ﬁs)la_ﬁl{:BcCMp&_}ﬁ;cl=~;>)>oL§f4>~uﬂpauCw\gwuﬁwﬂsm .Lp):&}ﬁicla.d};
(Aos S5 5 o o 593 53 DS o 4l b ol POl OOLSL

Er ol ol ) S eSSl b (izen 5 (BCCL) Ao
Ll ol St 055 Ol (2 2oy 56 (BCI) Ao s S
Oz 5 o al ke 55l o S Sl b sles ple s o
Mﬁﬁ@ﬁ“&ﬁt}ﬁww)uéﬁi‘“u)@?w
Bl 52 (7 JS8) Al edalin (ool me sl 5 (Cros)
D sl posal e Ll sl 5,08 Lo sl Ol =l

055 BT 5,28 s (5151 L a5 CNSL (2d

Lo s S ASL el Sl b sled 53 OIS 53 0 SAT/Y
als Lo 53 Olspe (oS & G & 43 fuol= (BSSD)
5 dous W G e (OIS s Di £/VY 5 YVv/4) (Blank)
c\.)u.\ Sz U b ) e ol OLAS T8 s VA
Ao ys S AL o Sl b sl Sl e 58S olS e
M s ol S 035 Olge omte L (BSSD)

S OlS ol ol CseS S sl el

AR


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

ILKer 5 g Jodosns

VErE /Y osled /00 Jlet/ 2L s oy oV mme (g5l s A5 4 i

P oS ly 5 Jad D3 ol CBIE 5 (628 il slajles T (Sl o Kke) sty 4o dgur

p—:“l:‘i e O -
o3l az,s ol @L:,a
/oY /e \E v/vee) Vv v/eed v/eed Y le_,
'/Y‘\A"W ~/T'Y“W o/ V) AN y \/i/\ms \/Y’/\Mé Y )L‘»;:
Y3 Oy N, Ny NN /0 Y§ djﬁujidu”-.
L/AY Y/XY Y70 V4. &/t 0/AA (1) Ol s o 2

RGINARY S¢ 9 el:g S NEY) 2 ﬁL L )\ 6)\)64.4
L olS S 035 Gls s osbas o eSSl b e
s 3 (FA) 50 3580 5 1y s als a5l dals &
C.»LJAQUJSeL;&l),hf\Ja‘&;?-Q)}«SMk{‘)bMeuﬁM)
SOSL o Sl b S LS 53 p ST SN s )8 2t
g 8l 55 S 035 e el el I3 L s sl 0L
S 035 &S Lo S Ol (8) 0L 5 gsls o dleas 5 S
o Dbrsl dess 0 0ol Losals Aty 5l el
Shedd s ol b 3L Rl e 5 LB sba IS
Sosre (KP N) ghin osbe pir (ool MBL -]
5 8 K U5 g S 0 Sy a8 Wl G,
g dor a4 Wi e sl 58 Sl e sl s Shes
ool olS Jau s 0T adsl slpe 5 5l b 53 3550 ol
ST oS 3l 8 o Sl Grie sl sl ol esdle
235 Lllab 5 S e 5 S T S il e S

s olS 5 Slas 5 g a0z 5 das bl Sl

P el a5 alsr plhl el 5 jad O3 8 S
el aaly 5 ed 05558 bl as ml bl
53538 ilme Glajles U o palS oS w5 alsa
{6 Jpdor) s s mo 2y ) Jlainl oo
o ol s LS sl Ol g )
5SS e b gl ) eSSl (NS

\RN%

ik Ao 3 ) Jlazl mlans sl e ol Sl

o 38 Bl Gl 5l LS ks 5 alse pll S
e o mke S ooslis Glagas s OSL
iy oS o)l S Susd s bt ol (58
L BBl oo (Y1) 2580 oS 5 Shas 5 A5 2 508 o
AL S S Ol (S U5 5 okl s
D e S il (ol sse s il
Lo OB 2 Sl sl 5 (0) 558 0 olS 5 Shes 5 A,
38 Vb Se88 dols wd b s eh s e 5 V/AY PH
L s ol St 350l Jols b B 030 5 PH 5 s sl
o SB s e ole 5 O bis 5 Ol
oS A gl 1 e Culgs 5 eld S (g ol
5l il S 05y 5 oK Sl 4 e 503 S
53 (V) el sl 5 SL3 (8) 5 YY) 555 e olS 4l
A P e Dl Dol S LB S enD sk
AL oo g SRl il S S5 s S s
Drmad 5 S s 53 O Gl s 1S
308 gl SRl e 5 e gLl (S5 Colia
SAGH e ke DG Ll o b 4 Y Sl sl
o ol ol ol i O35 ol wmen 5 S
Olye b imgs 55 (M) 0L 5 a4 5 5y Jal s dals
oS sy Ol adsl slge 5 il slajlr sl 5,
Cr e oS Al s (Sal Sl s ly enl b 5 o3
oty OB o 5l b 6 e 51 g C\JJ\;Q,;'-Q))
Sl OF adsl slae b ool o sl o s Ll


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

R A ROWPIRC S LR | LT PLTEN E P>

OLHer 5 Hlieg Jodomes

Ld Rl s ghe ele cal Slale s Sy
Az Gl P el O Slatm a8 5 LS (o 4y L o8
& Ol Gt seS 5 BB ) LS L (0 Jsds) sy
oA 055 e 5l pole (B Bl Cl (S Sz sl
GYLCEC L) X038 e ol 5 b Llajle ol Js il
St Loyl a5 eds ol gl pole ol byl s
Ll gl ole chle Sl can dis o 35 1)
OF GlacwseS 5 MBL 2 s o oS L3 U558
Lo gasee ((TF) Litees Gz Soolie 51 VL ke (gl
by Sl by 5 i O30 8 3 e oS T sl
g5 ) poien U Ol e 1 sl sy s e
sl emes Suils oS ($55,0 pobe b s b sl
03 85 s feeSoods (JouS s S ele glacs S sa
STl 5 wodr [y e ol 5esg e ouaw 5L slls
SR e sols ul eal B L5 dS e (5,5 S W]
Sogon By 5 Kpdie oSl Gike sy
(8 ,\A)MJJJ\;egf)g}\);\,ﬂuﬁwﬁ;
soe IY Adlae =l b ol ddllas Sl edal oy mls
03 Ols e SRl Sl ame 1B o pa 5 (V1) DL
5 s il cilas Sl sl 58 L elS ol plal
kol AL o sl b S (FA) 5 5858
S s S S g esls 53 bl s ) a5 A, 5 S
o bl e RIAL e s S s 03l
oRlRl ol Bl Rl SS s e S 8 b nlsl
2 obrsl 0o Ois Vb ke Joa 05520 clle
ool sl 30 e B 5 e 5 S el clale
Ol oSS 53 S Y 58 L s anl il CLSL
A) OLar 5 253 Ad dald Sl iy ol e jid S lale
adolslse 5 s Glajlr s ) Sl Olge b a3y 5o
Sal sl s el aal 5 5 elS A, Lol
Dl rmen 5 ONSL ol Sl 58 S Bl s

Q)J el.:.g LS'"}A r‘.b‘ mﬁﬂti@u&ﬂ(f\ww}fss

T DRIB men 5 0 o sl ) S Sl sl
5l plhl s el 5 and (O3 bl dagl 5,8
Pl 53 0358 Oliee cp sty 35 1o (Rl 31 5ol ol 4y
Aoy3 Y0k 50/0Y SSla b oo Sy 58l olS a5 alsa
L ol (BSSY) du s S AL o Sl sl e
@ o ja (Blank) aals jlas 53 Ol o 2eS 4 G &S
Olse 5 51 e 5 3L Ll s VY 5 o ys W Ol e
S AL el lasled ol Ll 055 50
S sl s (SS1) dsys S oSSl o (BSS)) ds s
(BCe1) doyy & S o axtli s sl ) CangaS
O e A als 5 0050 5o 5 L sdalln (gl pme DoslE
oSl (BCry BSS; BCer) doys K Sl ol sl
oLS alyy 5 2l ol 5o i Olss o a8 205 ($l3 e
3Ll ja &S Al sdalin (Blank) dali s js 5al8
Sl g sl 45) (BSS1) dmys Ky oS ) x5l
L ol e CawpaS 5l b 5 (Ll BCC les L
A olS sy s olen el i (BCC1) dops S S 1
e et 35S Rl Aoss VU5 Y Olpe o
e 0o ;3 0/0Y Sl b alS olgm el 5 ol Ol e
5 (BCr1) asys K T o Gl o CenseS sl
G Aoy VAT G Sle b osalS als )y 5o el Olges 0 2oy
deo s S LS e 4l (65l D gaS 5l b les
Sl 93 ol e ol g sl &S 2L olantl (BCCr)
Loalie 5o 5 il s gy palS olS aly) 5 olsm i) o
Ol s 45 i S «(Blank) sl jla 53 aly Olse o 5208
Sl gme Sl &S sl Al Bl VN E g A s TY
o OB o 5 el gbajles o ado) enly B
15 o sl oy gl 4 4 5 L2 skalie (SS05) s
S a8 Sl il 5 BB ) gl 2t 56 4
D Tl e O N e
3l by 5 jas 05 5 Sl 5 el sl
by b o a2 45 S50 (i 0 g 58 6lS aly)

ARPA


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

ILKer 5 g Jodosns

VErE /Y osled /00 Jlet/ 2L s oy oV mme (g5l s A5 4 i

(d33) 528 ol oaslsy 5 jiud (055 7 polis Chile 5 (5355 i gl jlos 51 i Kils duylis .0 gt

el e OS5 ol
iy, silsn ol L, silp el L, silsn el )
VAST §/v0l AN V/¥9 + /AN /oAl Blank
/40 £/ /) vy o /yyde \ARE A% SSos
y/ved §/4\¢€f0 AT +/ygd Y/A+P £/478 SS:
V/ve g/vyhi /Y00t «/Yobe Y/8A g/ \be BSSos
V/8A° 0/« Vef «/\VEP /YVve /e g2 0/+Y2 BSS:
\/yvee g/AYON AN /¥\fo VAR ArAN Cros
VaVk 0/+qde et +/yed Yy Y400 Cn
y/Ab 0/Y4qbe /) oef /Yot Y/8¢ Y/LAde BCros
/AR /02 VAVAL: /Y0P /4y /YYD BCr1
y/yyde § /AATG +/AYYOn o/Yyef \/YYf AVARAL Ccos
\/V b 0/yved /) gqef '/yobe \ANA g/e ke Cc
y/84¢ 0/Y obed o /yyed o /¥be Y/Y e y/ovd BCcos
V/ANa 0/ L o /TVE Y/qab £/AN8 BCc:

L, LSD 05031 el 5 Ao y3 0 ezt o 3 (5ol gme gl A3l axdls S 2ie G G Bl e a5 S pla o Sila
2 S aS OF Ao s S 5 o o 33 55 OBL o [l sl BSS doss S s o haw 53 53 LGB ) 1SS als Blank)
22 @R 0N 5o Ledd Sl CSL e 5iaS )l b BOE Ao ss G 5 o8 s 53 55 w5 S 5 oS L eSSl OOLSL
¢,,>,Jc,w:xas)le;ﬁkf:BCCMﬁ&jV._Jckw;:ﬁQLSJAA;LLZJMQoﬁcwlgwuﬂcﬂwa:ch}:o@ijckﬁ);

G Bl gl olie 5| b e 5 Sb oS ol
glhinl oS 55 03555 5 eamly onl B Rl o (o305

.J}.«J

P oS aly) y alos Ikl 58 5 e lals
e glasles Sl daests (bl a e s a5 L
25 o 0 Jlaasl w53 alon ol s Olse 5355
T 53 388 olS Wi 5 olpe el S0 5 Wy e Ol
(U dsas) dzdls gols e b dos \ Jlexs|

e 53 a8 ol iy 5 ol 58 eIl 3 s Ol e o 2
dops SO OlS e Ll e sl o CseS sl

A4 (Blank) dals [l 4 Cund 5 ol Cosws (BCe1)

AREY

.M)J&ijv.:}cla,w):): QLSJA vu]ﬂbo.,\.&cw‘ UWU

Ole () OLKan 5 sy oomen A3 dald s & o
a3le pdizr (ol AL Sledd WIS sl s S
3,08 s S s a8 U gl s (6,0 (KPP N) (gdis
Sl o3 s pmse oM e e 4 e KlS e Dl sl
sl iass b glialy 53 558 olS L OF adsl slee
e 3,5 0l 1 i Tl ol 55 Slidllas 51 (5,0
Sl 5l b 2,8 b g ges 5o a8 Al s (1)) OLSes
ChE i s 3L GRS sl 6 Sl Sobs
Sy oS 03 5158 sl zglw 0 5V 55 il e
S 03y oy Lo guasin i olis S Sl sl 035 8
2> (V) OLKes 5 pwad g 95 0 slediay G e,y ole

osle “g.’. Q‘}er.s )l}:ﬁb )‘ oslaial a5 Jw?.‘ijf A L;‘:"‘h_ﬁ}.’.


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

R A ROWPIRC S LR | LT PLTEN E P>

OLHer 5 Hlieg Jodomes

P oS 555 5 oal K e polis Chile (358 il glasles ST (Sl g 5Kle) l,ls 455 N Jsa

S0 (;“J f§~‘ B
a3l a= s Ol il @L:,a
VAR Yal% Y. or /Y VO A3 YO V/8V \ Ssh
00/V** VeqEE QQAVAATE  ppyyEE v, # Vo/rEE g0 Za\ VY B
/g VA oAl ARG /4 7% /Yo AFAR \f3 ialesl gllast
\/Av V¥4 /AQ \Za\ ¥/ Y/TV /AN Vo/eY (1) N i o o

A2l o 403 0 5 ) ez e 53 s e sl Kby s 5w s %

Jlo i e3sdome 53 (5330 B Laosls aan 3800 3550 53 Js
0 i gaS 5 ABLE Sl g L Ly
Lzt oLS ) g2 (SL0 0 lagdae s, 5l Sl e LS
258 pebe ol Skl Gl 4 Lol Las L OY 5 0)
5558 dols b Sl e gDy 5 sl LIl sl
35 2l ol ealp Gl s JT Gl pSlaS sl
o Some s Ll e aS el S50 ol 55 Lol L 5 S
(F4) A3l olie ol Sl 5053 Sl sl e 56 (sl
2 NSl o bl Sl (FA) s 5800 5 e
D g oals 13 SLisls, e a5 A, 5 S (g plol
33 ¢J§\~ 0333l bz 5 S s e cble S a S
osba 3l Bl S 4 OSL Sl g SAS
OLLS @ 1) (sdas slge ALS Se jo Cdls 5l (IS
385 A S G RIS Sl ety &S Ll
33 e CdalE &S B S a5 hanh s (8F) 0L
L Sl gl 5, e Sl 4 sl s s,
S iass b b ol fass S omen 3L 15
3,08 b 5550 55 () OLKen 5 LG 5 (88) OLKas 5 55
Sl Gl s WS 5 Ay OBL e sl
38 L 3K 5 s abex 51 G paneS ole clile (515
o Dbyl o8 JS s sls LIS 1 SNBB 2 Sl sl
5 o Ogmen Spole 5l aS VL CBE e LS
ol ez 5D Gdan sl S o Kol Ll e sl 55

i Gl e s malsl W VAT 5 Ay YO Ol e 4
o3 Sl lasles e 58 ol el s s Ol s
b 5 CBll 3y ol sime sl (BCr BSS; BCer)
e (Sl amlie mls Gb s ep S3P Gas>
L BCr) do)s K o o8 (ol o S by
R S T SR PP R LLIPRAVA RSN
5248 3 Ll 1y 5als olS w5 alem pll s 580 Ol
Pl 385 Ol e 1 S (s5l- (Blank) dals jlas b avylis
Ao VA 50 Ol & i a8 olS i) 5 e
Sles ) 5K Blod 31 (g ls e ol oS Bl 53
3 Sl 5525 (SS05) des s e SSL 2 jlas 5 el
o ol a3 580 Ol o jteS ald Slas 5 ey
355 oS bl 1S3 sl Gl (SSos) A3 b AL
s ols 51 5 0T Sl a8 iamen 5 OS2
Sl 5 ol plde ole CBle Jlrpbe Jods b eay
Sl s OOl e bl 4SSl s 08 e AL
e ole Bl 5l el OB o slaen peS
o VL L SRl oS s galS el win s 5 ol plll s
Sl oo ady 5l 2hy Loy S gl 53 5 3,08 sk
5 ey 53 e paie b esgdms oS obsil 51V a)
S eSS S ke Y20 502V i Sa a8 e ol
0 S alem ol 5 i) 3 55 5K ate e 03 s
Ol (Y0) 35 0 S5kS o S Jea Yot s00-tee (3
ady S1s Jle g de 3l e eie Clale Aul581 a8 s S edalis

\Ye


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

ILKer 5 g Jodosns

VErE /Y osled /00 Jlet/ 2L s oy oV mme (g5l s A5 4 i

(¢SS 2o S he) 25 555 5 oAl 5K (s polis ChlE p (538 s lajles ST pS0le auglis V Jpuer

S ol R o s los
Wiy =l el Wiy =l el Al =l el Wiy sl eIkl

Yo/oh vq/41 14 0l Vg f A% Yo q/0Vi Yoyvd Blank
Y9 g8/0f Yoty YA VA/VY YV/AT yy/Vh YA SSos
/b 04/1b veaaf Y. gde qy/08 YA/ \cde yo/4¢ yy/4bed SS1
Yi/c A Yqyge Yybe ANYT Y/ Adef Y Y/ATe Y A/odbed BSSos
Tv/re oA/02 442 YVAR AL 14/0bc YY/YP Yo yeb BSS;
Y9 gy/An YoV YAgef AN/ET v/ vdefg Yy VA Cros
Yy/qd oY/ ¢ Yqyve Y.gde y+qbe ga/eb \T/AF yy/ybed Cry
Ya /At go/Vf YYA0Y Y408 yaye Y4/ bed % ) A/y-abed BCros
Yv/ya oY /Abe FYYACS Y§obe \yoa VAL YA/« © 14/42b BCr:
Yavf £8/19 YY14h Y ATef AV/Y Y/ef YY/V9 Yy ybed Ccos
Y/\P oY/\¢ Yaavd Yybe A4/ YA/ACde YA/ C 14/03b¢ Ca
Yo /A8 0)/yd Ya4Ad Y YA AV/Yf Y'V/0ef 72 YA/q3be BCcos
/b oA/N2 Yiyob Yo yead Y4, bed Yo/02 Yy/va BCc:

S LSD o3l bl s gy el e 3 (5l ime o5l bl 42313 S e G S Bl et s 3 45 alaSils
O S 3aS CF Mp&;mdcla.ﬂy 53 BB e L BSS W s uﬁjrgcladp)a OS2 SS aals Blank)
23 @ 0N 5o Ll Pol ONSL ) G 5iaS 5l  BOE o ps G 5 o w53 03 = SIS 568 L e Ol LS
G geS 5l 1l BCe M)b&g‘jr:;c}ﬂwjé)J LS o 4l Lol C‘)’w\ AL e G geS CC M)ﬁ&i)r:;ch,wj}

(s S 5 o g 33 53 S o 4l b 03 5ol LS 2

Oz LI el (ol pre slE 5 S (BCc1)
Sl 53 Al oS w5 alss eIl 3 (g, Ol o S
Sl i B 5 5,08 LS s edalie (Blank) sl
sl el 3 (555 Olse d(BSS) o5 S 4 AL 2
e Bl 15 35 gy (3 s 7 505 el a5
dops S OB Dl sl Jled 5o ol el 55,
S DS o L b ) S eSSl il 5 (BSSY)
Dl 93 oy S Ol Bl Sl iaeen 5 (BCCL) Ao s
S paS Jlr b 5 (BSS1) o s G ABL 2 Sl sl
sl 5 et BCr) doys S mp o8 sl
s onl 15 e sdal Csay S Gl AR a1 e
Clale Ole bl 4 ML o LS L4 28 S et

'Y

P oS ;5 alge EHRTEEN) ol chls
Sbobes S dsdr 53 laesls bl e s elal
oS aliy 5 alpr Ul sy 5 8l Ol (358 ik
sdalie b dzils (513 e b Ao s3 ) Dozl o 55 5alS
o ol sl &8 Sdb s Ol e SSle amlie mls
el 3l Olsen o iy Sbols (BSS) doys S ML
YU 2o oS aie) 5 (oSS 2SSk VA (2lse
Blank) Jals jles b wld 55 & 5 (p S5 50 S L
ke 5 ol ol Ol ol Bl o S sl
el Al Blod 515 35 Iy (l 3l s AT 5 W (g 5
5 (BSSy) doys S OBl o S pl Sl 3 olse

doys S OlS et lin ol o) CaseS bl


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

R A ROWPIRC S LR | LT PLTEN E P>

OLHer 5 Hlieg Jodomes

P2 oS K ole chle p (go,8 il slajles ST (Sl p 1 Kle) bl 458 A g

el g4 e -
o3l az,s ol @L:,a
oY LVARR3 +/44 AN XY o/ Y Sk
CJAVEE CJONTE AKVARS V/0NFE £y ARTARS VY Sl
o/ Y VAL /rA VIAY “IAQ Y¢ ilesl gllast
£/IAN VYY \780% 4/AY 0/+\ ALY (1) Ol s o 5

OLan 5 L0 .l Sl o 2 S (655 Ol w300
o sl S Wl s Gl (T S us ()
W3S s 1y o3 M Gl G lanss L oLl
b pneS (ke 2l g il Sl ey L il s 0]
s sbasl s @y VG s Shee 5 OLLS by
53 (M) LS 5 (3l oslipie sl b b ol
L Ol olS olsa ol oAl Sl s e Sl G
o Dbl o3 Al L Bl S sy Gl Gl b3S

3L OT gl e W3 155 o DL

P oS a5 alsr kil eeslS 5 ISS oo e
o3 5 JSS e dmesls bl e Jsdr eled
il glasles ST Cod Al oS Aty 5 olss
Ldd b pre Aoy ) Jlel e s S 3 S

A Jsd>)
o syl 208 &S sl Ol Jasy ol mB
G 3maS 9 DS o atli o (ol ] TS (DSBS
ol 3 Ko ol CBlE alS o i ol sl o
el OB 2l 5 )8 4 e a8 ol Wi 5 alse
b fa alen bl aslS 5 IS5 o Ol 20
oS iy 53 5 p SHS e S e VY 5 €Y QY Sl
2 e Soke YAY 5 \VoL YVE (Sl b o Sa a8
ol (851) do s S NS ol Lo 5> Ken p S LS
03 e ole clale (Blank) dals s 4 cans oS A

ik Ao 3 ) Jlazl mlans sl e ol Sl

3,08 5 anl ml5l o5 s s ol dhex 30T i obe
& i oy S o 3 Lo sasin OB ol sl
=lsn ol G s ol ole chle ol s bl e
Jbo 5 03 9doms o deas (V Jsdr) 350 5 ge salS ol w5
VY S alS Ll pluil 5ty oAl e
2 oo pae Jljeagdme 5 0SS 5o S eV ee0n
pfdt:,,h—h Ym0 Al les el 5 ady; s
chle Ll &S 5 S edalis Ol5 e (Y0) 55 p SHUS 5
Soo e SBlE 11 ol Bl) 5l o oAl s
WWJJJAJJJJQA);\JAJ&)»}\u_i\j.msal.,\jlﬁ
L5 Jbo g edgdoee 53 (6390 U Waesls aes wlsy )5 (S,
3 SpaneS pole 5l GVL Chle bog Lls e Sl b
355 S5 Wiles wlS (535 5 Al e (5 pols aiies el
5 oAl Ogmen G paeaS olis PH 5 b s 038 Jos i
Sl SIS el 5 en sl Sl LB SUERENTEY
00 &8 GV ohs o 4 ax 5 Lo b 6, ols
domys das g 13 ol Sl s 5 (6,8 e 0T LBl
SpaneS pobe GBS LIBl el 8 i 22 O e
OLen 5 (53 (0 5 Y) 5o 0 ol lsm oIl 5 aiy) 0o
53 OB o Sl b8 5T Olge b iagn s (88)
Sarsl 5 V0 58 &S Bl s o3 Ad oL S
S panS olis CBLE B o a5 LG 2
5 Gk S wlis laallls s aE o3 oS s
@ S Dbl e Al L &S Bl 50 (V) ObSes

\YY


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

O 5 jlieg Jodems VErE /Y ol /00 Jle/ 2L s o5 OV mme (g5l 5 A5 4 i

(0 S35 5 p 8 hee) 3815 oS adlS 5 IS e polis S (528 e slasled i1 S0l eslis A g

basles
o e (l,\jl o s ¢\J\.}l o sl (’\'U‘
oveh /eve q/0Vf Y/YYe YA/ve AN Blank
Y/ Y7440 Yo/ Y/ VP A% AAZAK §S0.5
Y/AYR Y/Y .2 /02 §/Y 2 YY/¢2 \a/ve Ss1
Y/YA% Vatk VY/¢d Y/\\bede YA/NC 4/vydefs BSS0.5
Y/vade Tatk Vi/abe Y/arbe VA Vo gyt BSS1
Y/ VAP VY /e Y/ 0P ASE 11/ Cro.5
YA V/AA° Vo/qa g/012 YY/A VP Crl
1/419 V/x /7 \AL Ve/vef AT BCr0.5
Y/ yef Y /OAS \as Y/g yde yo/4¢ q/y 0cfo BCrl
Y/88% V/AQP Vo/a ¥/vybed AL Verve Cc0.5
YV \/qvP Vo/o@ £/V08 YY/¥2 W/ Ccl
p— \/v4d QAT Y/Y e Vot A/VE BCc0.5
Y/ VT y/01e VY/0% Y/oYcde yo/gde A/ gt BCcl

I LSD O gasT bl s oy Jlail a3 (ol rmn sl AL axdls S ke G S i e a3 oS ala S0l
O G gmaS CF J«ap&;mjcladp): sl oz Sl 5 BSS M)J&;mjcla.m;;); M5B =SS sl Blank)
ﬁéﬁuils,atsgamcwlgwuydwﬁs)u‘ﬁg :BCrM)a&U.mscla.ﬂyﬁéﬁﬂs,atspemcwlgwu
O S 5aS Dl b BCC A5 S 5 o mlaw 93 53 DS o a5 L Lol A0l OMBL (o o 5008 1CC o3 S 5 o mla 5

(o3 K 5 o o 55 3 DS o bl Lol ALl OOLSL
S 5,5053 oy e e 20551 aS s S edalin Ol e

U 45 u')LpLﬁ U‘>J )Ls..: J>u ah‘f JLAJJ obj.,\m )J LAOJ\J f‘f Y‘/-\o J MJ) Aq ‘j\f \/VO O‘J:’A ‘U &-ﬂ"‘:Jj‘U L}-'"b-a r"h‘

St b S e 3550 53y 515 Jlo A S o350 J-."f-.’\'//\}MﬁV’Y}\“ Ol 45 o Ja 50wl 53
U4 Olg e sdel s cu 4 oaxs Lol Al
a S Aoy S e s Lot OSLSL o i
o3 5 IS5 e R D3 basled b 5 o3 o mlas
GG el f b aS o g a8 el a5 ol ol
[ I A L Y P U JOWC Y
U5 o3 sdome izman (4 Jux) 3L SralS el b 5o

Sl colgns 5 Log b essdome 53 (G354 B Laesls
03 5doen 53 5alS alyy Glaesls i @aslS jate clale Ll
5alS olsa clJJl BE V.,o:ls chle sy 53 Jy Lss Jle g
a oSl o Bds L ss Jl a5l s Leesls
o S olie Gl 4 0T s (rizmas 5 S a8
oS 3 K ol clle 5 edd cul 5 Ll ool
e saa iast onl sy s ) Lle sl Vs Te0r L S el il el 5ty s o e
s 3 ol S Ol 1 wlie bl wls 50 Sllas 7 ey 03 S5 paie e easdone oSS 50 S L 0
2Bl ol 3 St Olpe Lo el s (YY) eSS o S he VY sV e-00 i Sa pals e el
S sls 0Lt oK S 5 usn iy Sl 9P R R 02 5 e s Tl e e

il (Y0) 55 0 SIS w0 8 o 2N =0/0 500 (5 5

\ VY


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

R A ROWPIRC S LR | LT PLTEN E P>

OLHer 5 Hlieg Jodomes

Jsa Ll o &S Cslodd 5alS olS iy 53 s 2l
ML o 4 S oM obe Sl L O35 58
G5 4 parin Sl gast Lol s, 5 S Lyl 1255
5 Al ) Glaslrsl 5,08 Grames AL )b &S
eIl 55 eslS IS o chle fall o e pS
Sl o CSL 2 b aslio 53 5alS olS Wl 5 olse
LS > (oK polie hle Sl AL el s S LS
Lo sasien 5 CopaS 4 OB o) L L el s
ol s SB35 35 e Ko ol ool s b
gt pdr ol Bt 5 S Sl LB e s
~ B S a5 L OOSE o Sl L Sl eslinad 5 A
oty 09 s SIS O gy s 33 5 BB ) 4 5
D lan Jalss 5 5 polis 02,5 S by nedle 50y
Sk ol (e b s G b 3 10T s (S
ol oty 0I5 o 5 3013 15 Jsemmen 5 Shas ol 8l a5
5 bt lasss Grae 5 oedd olitd plad Glass
D5l 5 (gslal Lfﬂ Glas S am s ps sl rals Lol YLURYS
O e e bl Al el A5 G b
U e 5aS bl sl 5 OB ol sl et ol
S oS (NBB ) fm 55 pl el 4 ol S e
DS o 4l Gl o) Lo saS 5 2 oS sl
(Db el ol ds s S CEM 5,8 5 ails
4L S5l ) S graS 5 i oS (Gl ) S
5 SE Oy s oS Sl 4 ol Cgxr oS
Sl RS 5 GmeS ey ole Ll slis

Sydip do s S oS by S ol

S8 g S

ke 3 Cpeae NNVEYNTUS Ll - b 5l dle ol
e 5 5sLES pole o8l (655l 5 Ltasn lhss T
255 52 OBty 8 e gy by sl o Sl gl b
a5 ol 5l ot dlesens ST Sl e Lils e p5Y
Ll e 4 oK1

Wile S 56 Ol Rl e OS5l
o 508 S oS 5 S s es S s IS el e
Sl b ke JT gla oSS g St s sl
L teslie 53 5 0351 S mte sl ba pSLaS ol 4 LS o
L g e QLS b st I g 55T (58 Slal s
Gl s S Sl Sole il fll cle e
oS pobis CBle Ll el (Ses oo 50 L LS
ol b ol sl S Bl OBl o 3,8 L S s
S I3l ke S G 3 g8 olS dews 4 ole
Skl pde dge pl s plsn ol 5l i alS el wly;
35 2l ekl JUsl 5 olS s N pols U S o
o 6 Ol b ey 5o () sl s S (0T
oS Lo wesls Sl 0T 51 Jol sl 5 LG
BB 5 Sl O35 581 o Lsls OLE il 5 @3
Sy oS s K DL Cle e il sl
2 38 OAd b o8 Zelslge (pl &) Jse 350
Cd-clas (o 5 byl Sl eslinal aS(g ) 5ba sl o St
sk ol S & ax g Lol il S s 1, DTPA
S s S ol 2 diS ol Ulgew Sl pl ) Ol
5 OMSL 2 O OLKas 5 skases O 3 S ealizud
Sle s Slas 5 ST S 53 placd ol 2 O Sl sl
o Dl 38 oS wsls Lol s S s 1 2

B3 Gl fl B e RS sl S

S sASeS
o s e STas sl Ol Gragy onl 5l Jeb S
4 e (DS e a Ll g e oS et saS 5 OLSL
Fo dd s ol ole Bl (L1 s Sas 3 s
o (sl e S paS Dl il (OOLBL o Sl il s )8
Lo pasen S o Lo (55l (o o siaS Sl il s
cilsn Il 3 ) Sis 055 Ol e o iien o5 K elas 5
SRl Gl Gl ppmen 5 ol Ol a8 olS aly;

(:‘J..sl DL r.h 6}) 9 U’QI ‘j‘-<"" (8l gwbﬁ cjﬁ.w..e cdj_}j&y

\Y¢


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

oL Ken 5 Hleg uLGM Ve /) oyl / VO Jb/gb;gb)‘ N same Ls)ﬂ)é}.,\,:]jjenflj

10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

\'Y

ealaul 2,40 cLuo

. Benton, J. and V. W. Case. 1990. Sampling, handling and analyzing plant tissue samples. In: R. L. Westerman (ed.),

Soil Testing and Plant Analysis. Soil Science Society of America, Inc. Madison.

. Bolhasani, Z., A. M. Ronaghi, R. Ghasemi and M. Zarei. 2019. Influence of rice-husk derived biochar and growth

promoting rhizobacteria on the yield and chemical composition of spinach in soil under salinity stress. Journal of
Soil Research 33 (3): 335-348. (In Farsi).

. Bower, C. A, R. Reitemeier and M. Fireman. 1952. Exchangeable cation analysis of saline and alkali soils. Soil Science

73 (4): 251-262.

. Dadebo, D. M., G. lbrahim, M. Fujii and M. Nasr. 2024. Biochar production from wastewater sludge for application

in sustainable lettuce plant cultivation and climate change mitigation. Biology and Life Sciences Forum 30 (10): 1-7.

. Eid, E. M., A. F. El-Bebani, S. A. Alrumman, A. E. Hesham, M. A. Taher and K. F. Fawy. 2017. Effects of different

sewage sludge applications on heavy metal accumulation, growth and yield of spinach (Spinacia oleracea L.).
International Journal of Phytoremediation 19 (4): 340-347.

. Fallah Tolekolai, S., M. A. Bahmanyar, F. Sadeghzadeh and S. M. Emadi. 2016. Effects of municipal solid waste

compost and two biochar type’s application on the concentration of some macro nutrients in rice (Oryza sativa L.).
Journal of Soil Management and Sustainable 6 (1): 145-159. (In Farsi).

. Faria, W. M., C. C. De Figueiredo, T. R. Coser, A. T. Vale and B. G. Schneider. 2018. Is sewage sludge biochar capable

of replacing inorganic fertilizers for corn production? evidence from a two-year field experiment. Archives of
Agronomy and Soil Science 64 (4): 505-519.

. Forouhar, M., R. Khorasani, A. Fotovat, H. Shariatmadari and K. Khavazi. 2020. The effects of biochars and their

feedstock and corn growth and availability of potassium in a calcareous soil. Journal of Soil Management and
Sustainable Production 9 (4): 89-107. (In Farsi).

. Gee, G. W. and J. Bauder. 1986. Particle size analysis. pp. 384-412, In: A. Klute (ed.), Method of Soil Analysis.

Madison, Wisconsin.

Ghorbani, M. and E. Amirahmadi. 2018. Effect of rice husk biochar on some physical characteristics of soil and corn
growth in a loamy soil. Journal of Soil Research 32 (3): 305-318. (In Farsi).

Habibi, H., B. Motesharezadeh and H. A. Alikhani. 2017. Effect of biochar and biological treatments on nutrient
elements content (P, K, Ca, Mg, Fe and Mn) of Amaranthus in oil polluted soil. Iran Water and Soil Research 48 (2):
369-384. (In Farsi).

Jakubus, M. and E. Bakinowska. 2018. Visualization of long-term quantitative changes of microelements in soils
amended with sewage sludge compost evaluated with two extraction solutions. Communications in Soil Science and
Plant Analysis 49 (11): 1355-1369.

Jayasinghe, G. Y. 2012. Composted sewage sludge as an alternative potting media for lettuce cultivation.
Communications in Soil Science and Plant Analysis 43: 2878-2887.

. Joseph, S. D., M. Camps-Arbestation, Y. Lin, P. Munroe, C. H. Chia, J. Hook, L. Van Zwieten, S. Kimber, A. Cowie,
B. P. Singh, J. Lehman, N. Foidl, R. J. Smernik and J. F. Amnnetie. 2010. An investigation the reactions of biochar
in soil. Australian Journal of Soil Research 48: 501-515.

Karami, M., M. Afyuni, Y. Rezaee nejad and A. H. Khosh goftarmanesh. 2009.Cumulative and residual effects of
sewage sludge on zinc and copper concentration in soil and wheat. Journal of Crop Production and Processing
12(46): 639-654. (In Farsi).

Khanmohammadi, Z., M. Afyuni and M. R. Mosaddeghi. 2017. Effect of sewage sludge and its biochar on chemical
properties of two calcareous soils and maize shoot yield. Archives of Agronomy and Soil Science 63 (2): 198-212.
Lag-Brotons, A., 1. Gomez, J. Navarro-Pedrefio and J. Bartual-Martos. 2014. Effects of sewage sludge compost on
cynara cardunculus L. cultivation in a mediterranean soil. Compost Science and Utilization 22 (1): 33-39.

Lai, L., M. R. Ismail, F. M. Muharam, M. M. Yusof, R. Ismail and N. M. Jaafar. 2017. Effects of rice straw biochar
and nitrogen fertilizer on rice growth and yield. Asian Journal of Crop Science 9 (4): 159-166.

Lalarab, M., A. R. Astaraei and A. Lakzian. 2015. The effect of biochar on soybean plant growth characteristics and
soil chemical properties. In Proceeding of 1% International Conference and the 4" National Conference on
Environmental and Agricultural Research. Hamedan, Iran. pp. 1-9. (In Farsi).

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

Mahmoud Soltani, Sh. and A. Abbasian. 2021. Simultaneous application effect of rice husk biochare and zinc sulfate
fertilizer on yield, yield components of rice (Oryza sativa L.) hashemi cultivar and some soil chemical properties.
Iran Water and Soil Research 52 (3): 707-719. (In Farsi).

0


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-08 |

[ DOI: 10.47176/jcpp.15.1.37702 ]

R A ROWPIRC S LR | LT PLTEN E P> O, Ken 5 Hlieg ledeseo

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

44,

Malakouti, M. J., A. Bybordi and S. J. Tabatabaei. 2004. Balanced Fertilization of Vegetable Crops: An Approach to
Enhance the Yield and Quality of Vegetables, Reduce Contaminants and Improve Human Health. Ministry of Jihad-
e-Agriculture Press, Tehran. (In Farsi).

Manirakiza, N. and C. Seker. 2020. Effects of compost and biochar amendments on soil fertility and crop growth in
a calcareous soil. Journal of Plant Nutrition 43 (20): 3002-3019.

McLean, E. O. 1982. Chemical and Microbiological Properties. American Society of Agronomy, Madison, Wisconsin.

Mensah, E., N. Kyei-baffour, E. Ofori and G. Obeng. 2009. Influence of human activities and land use on heavy metal
concentrations in irrigated vegetables in ghana and their health implications. pp. 9-14, In: E. K. Yanful
(ed.). Appropriate Technologies for Environmental Protection in the Developing world. Springer.

Nahar, N. and Sh. Hossen. 2021. Influence of sewage sludge application on soil properties, carrot growth and heavy
metal uptake. Communications in Soil Science and Plant Analysis 52 (1): 1-10.

Nelson, R. E. 1982. Carbonate and gypsum. In method of soil analysis. pp. 181-198, In: R. H. miller and D. R. Keeney.
(eds), Chemical and Microbiological Properties. Madison, Wisconsin.

Nelson, D. W. and L. E. Sommers. 1982. Total carbon, organic carbon and organic matter. pp. 539-579, In: D. R.
Keeney, A. L. Miller and A. L. Page (eds), Method of Soil Analysis. Chimical and Microbiological Propertir, Second
edition. American Society of Agronomy, Madison.

Olsen, S. R. and L. E. Sommers. 1990. Phosphorus. Madison, Wisconsin.

Pirooti, M. 2016. The Effect of sewage sludge and it’s biochar on cadmium uptake by corn and spinach MSc thesis.
Isfahan University of Technology, Isfahan. (In Farsi).

Planc, O. C. 1992. Plant Analysis Reference Procedures for the Southern Region of the United States. Southern
Cooperative Series Bulletin 368. The University of Georgia, Athens, Georgia.

Safarzadeh Shirazi, S., Z. Zibaei and P. Ostovar. 2019. The effect of rice husk biochar on the growth and concentration
of micronutrients in Holy Basil plant (Ocimum sanctum L.) under water stress. Plant Production Research Journal
26 (2): 101-114. (In Farsi).

Salimi, E. 2016. Vermicomposting of activated sludge from milk factory wastewater and municipal activated sludge
by eisenia fetida. MSc thesis. Shahid Bahonar University of Kerman, Kerman. (In Farsi).

Shinogi, Y., H. Yoshida, T. Koizumi, M. Yamakoa and T. Satio. 2003. Basic characteristics of low-temperature carbon
products from waste sludge. Advances in Environmental Research 7 (3): 661-665.

Sohi, S. P., E. Krull, E. Lopez-Capel and R. Bol. 2010. A review of biochar and its use and function in soil. Advances
in Agronomy 105 (1): 47-82.

Sohrabi, N., A. Alinejadian Bidabadi, M. Feizian and A. Maleki. 2017. A Comparative Study of the effects of sewage
sludge on heavy metals concentrations and some morphological characteristics of lettuce. Journal of Soil Research
(Soil and Water Sciences) 31 (2): 291-303. (In Farsi).

Sohrabi, N. 2016. Evaluation of some soil and plant properties in treated soils with sewage sludge under growing
Lettuce. MSc thesis. Lorestan University, Lorestan. (In Farsi).

Sousa, A. A. T. C. and C. C. Figueiredo. 2016. Sewage sludge biochar: effects on soil fertility and growth of radish.
Biological Agriculture and Horticulture 32 (2): 127-138.

Steiner, C., B. Glaser, W. G. Teixeira, J. Lehmann, W. E. H. Blum and W. Zech. 2008. Nitrogen retention and plant
uptake on a highly weathered central Amazonian Ferralsol amended with compost and charcoal. Journal of Plant
Nutrition and Soil Science 171 (6): 893-899.

Tavaloli, H. and A. Semnani. 2002. Analysis Methods of Soils, Plants, Water and Fertilizers. Shahid Chamran
University, Ahvaz. (In Farsi).

Van Zwieten, L., S. Kimber, S. Morris, K. Chan, A. Downie, J. Rust, S. Joseph and A. Cowie. 2010. Effects of biochar
from slow pyrolysis of papermill waste on agronomic performance and soil fertility. Plant and Soil 327: 235-246.

. Westerman, R. L. 1990. Soil Testing and Plant Analysis. Soil Science Society of America Book Series, Madison.
43,

Xie, S., G. Yu, J. Ma, G. Wang, Q. Wang, F. You, J. Li, Y. Wang and C. Li. 2020. Chemical speciation and distribution
of potentially toxic elements in soilless cultivation of cucumber with sewage sludge biochar addition. Environmental
Research 191: 110188.

Xie, Sh., G. Yu, R. Jiang, J. Ma, X. Shang, G. Wang, Y. Wang, Y. Yang and Ch. Li. 2021. Moderate sewage sludge
biochar application on alkaline soil for corn growth: a feld study. Biochar 3: 135-147.

A


http://dx.doi.org/10.47176/jcpp.15.1.37702
https://jcpp.iut.ac.ir/article-1-3342-en.html
http://www.tcpdf.org

