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EXTENDED ABSTRACT

Background and purpose:

The balanced absorption of cationic nutrient in calcareous soils can be affected by the high concentration
of calcium and sodium, and the addition of compounds such as biochar, which has a variety of soluble cation
contents, can make the absorption of cations more complicated.

Materials and Methods:

In the current research, the effect of adding two percent (w/w) of biochars prepared from sheep manure
and rice husk at two temperatures of 300 and 500°C to a calcareous soil with loamy sand texture on its pH,
electrical conductivity, cation exchange capacity, concentrations of calcium, potassium and sodium in soil
solution and the exchangeable forms, the ratio of these cations in soil solution as well as the dry matter yield
and absorption of calcium, potassium and sodium by Zea mays L. and comparison of these cations ration in
plant shoot were investigated in a greenhouse experiment.

Findings:

The results indicated that sheep manure biochar had higher values of pH, electrical conductivity,
potassium, calcium and sodium than rice husk biochar and these characteristics increased with the increase of
production temperature from 300 to 500°C. The application of sheep manure biochar increased the electrical
conductivity and the concentration of soluble calcium, potassium and sodium, while rice husk biochar
increased the concentration of soluble potassium and did not affect the concentration of soluble calcium and
sodium. With the application of all biochars, the ratio of calcium to potassium decreased, but this was more
with the application of sheep manure biochar. The ratio of potassium to sodium also increased with the use of
all biochars, and the effect of rice husk biochar was greater. The amount of exchangeable potassium and
sodium also increased with the use of biochars, while the amount of exchangeable calcium decreased only with
the use of sheep manure biochar produced at 500°C. The dry matter yield of corn increased from 16 to 160%
with the use of different biochars, with the use of sheep manure and rice husk biochars produced at 300°C,
respectively. The use of sheep manure biochar increased the amount of calcium, potassium and sodium in corn
compared to rice husk biochar, but decreased the ratio of calcium to potassium, potassium to sodium and
calcium to sodium. A significant relationship between corn yield and the ratio of calcium to potassium in corn
was obtained.

Conclusion:

In general, it can be concluded that rice husk biochars have been more effective than sheep manure
biochars in improving corn growth in the studied soil and this can be a result of less salinity, more potassium
and less sodium addition into the soil and more balanced absorption of cations by the roots.

Author Contributions

Conceptualization, Mahdi Najafi-Ghiri; methodology, Hamid Reza Boostani; software, Mahdi Najafi-
Ghiri; validation, Mahdi Najafi-Ghiri, Hamid Reza Boostani and Ehsan Bijanzadeh; formal analysis, Mahdi
Najafi-Ghiri; investigation, Mahdi Najafi-Ghiri, Hamid Reza Boostani and Ehsan Bijanzadeh; resources,
Mahdi Najafi-Ghiri; data curation, Mahdi Najafi-Ghiri, Hamid Reza Boostani and Ehsan Bijanzadeh;
writing—original draft preparation, Mahdi Najafi-Ghiri; writing—review and editing, Mahdi Najafi-Ghiri,
Hamid Reza Boostani and Ehsan Bijanzadeh; visualization, Mahdi Najafi-Ghiri; supervision, Mahdi Najafi-
Ghiri, Hamid Reza Boostani and Ehsan Bijanzadeh ; project administration, Mahdi Najafi-Ghiri; funding
acquisition, Mahdi Najafi-Ghiri. All authors have read and agreed to the published version of the manuscript.”

Data Availability Statement
Data is available on request from the authors.

Acknowledgements
This work was supported by Shiraz University.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.



YAYY-YFYY Ll
Homepage: http://ijswr.ut.ac.ir

11 0 ,5low B0 0,99 ¢yl Y1 S g T Wlidions aloxo

3,5 b (Zea mays L.) ©,5 dawgds aosw 9 pawly coamdS G g SoI SB SO s S99

Ty g 9 Mdwgs 295 Sl g

Taaljy5m ! | ¥ gy L ywas | B9 g g i g0

mnajafighiri@shirazu.ac.ir :asbL], .l el )l ¢l oKl oy b xlio 5 (£5,0liS 0uKiihy (S pole 35w ¢ Jgiume 0kiumygi )
hrboostani@shirazu.ac.ir :sbL], .yl ) colyls ¢l ol&isly (s (ruds mlio 5 (5yslisS 0uSuisly (S pole yiso ¥
bijanzd@shirazu.ac.ir :sbL], . ylypl col)ls jlyud o&uisly «Olyls o milio 5 (6)aliiS 0uSuily ¢ 55905819 ,ST yisw Y

ouS>

4

Jlio b

93 5255 ) et g eedS SV ale 45T Cos Wlg e (Sal (SB 5 lagpsls Jalate i
Slojlegn (99581 b ol 35 50 S orze |y lageslS e Cundy Sl )legn ke SLS 5
Cobls PH 5 (Sal SB G 4 Gogunder doyd Bee g ¥oo Ol dn )3 93 10 g wgew 9 LidwsS D95
i 3 53 30y 5 S5 L5 5 o s 5 el iy S it L5 b 0,50 ol
el (S S Calin Cabl PH s 8awgS 398 Jlgn (85 18 (cyp 0590 a9 eeelS ey
28l Ol el ke g ol a2yd I L 5 29 @ Gogee s & Cumd Sy a5 prelS
Iy Joloeo (sl yails clale o (jio p uionj owd /¥ b)) (S5 Sl colun cublB tibweS 365 (slanylo g 5yl
05 5 5t Jyo IV ) ol (1 o gy Lo L gt s g g 3 il
L P i 5 paoly jlade (MEF B /A @ ¥IFY ) col Lials poolty 4 pedS Cand dajla oo don
S8 L ayd 0Slas (p)55lS 5 Jse duo /0-VD 5 0=V b s pa) oy ol (]38l bayla g 5yl
& Cand D 0yl L )3 1y Lo y55lS jlade MidiwsS 555 jloguw 3,18 .cdl yiulj8l o p3 VF+ B VS Sl oyl g
(S ot o> Al e ) S g b & el ooy &) punalS” Capnd Lol 1381 0 oges sl g

PP adoy g ayasls Jolite 0l g a8 mades 5 pidi eamolly 1087 (6550 S @0 wgem sl 90
At XidwgS 365 sla g0

g5y Alie 1o £od

VEev/oly e iedl s &b
VY1815 16,5050 e ,B
VEYIVIVE 1y g U

VY et £y Wi g,

1salS sasjly
Jsloe el
dagyosls ojlgte ol
(Jslore

Jlome el

(Zeamays L.) &3 dluwgds madew g malis coumdlS Gl g (Sl SB K (sla Shg (VV) colun] 0315050 o puan ¢ Sl ¢ sl 6 (0 el
FYAYYYY (W) 00 ol SE 5 of clidn e gy gege g MawsS 39S laylagn 38 L

https://doi.org/10.22059/ijswr.2024.380679.669777

I o8ils ol Ll A 1yl

DOI: https://doi.org/10.22059/ijswr.2024.380679.669777



mailto:mnajafighiri@shirazu.ac.ir
mailto:hrboostani@shirazu.ac.ir
mailto:bijanzd@shirazu.ac.ir
https://doi.org/10.22059/ijswr.2024.380679.669777
https://doi.org/10.22059/ijswr.2024.380679.669777
https://creativecommons.org/licenses/by-nc/4.0/

(g — oole) YEY blocyars )Y 0ykows 00 593 el al S 5 ol iliiios YYYY

-

LY R
Lol g 555 s 8 03kl 3,50 (65,508 5 oginocams Blan] g 395 35 pasnio sl S g 34 sl 0
SlS 5wl opl o sl e dgamme 38T U g 5eeS] gt bulps 53 9 YU Ol 4y JI Gl ateal 'eélle S
(Lehmann & Joseph, 2009) x5gu 0 b (29,500 4550 4 Cans yidis (6,l0b b Klog)l 4 Ssla )8

B ooy Ve 5 j2aS 5l S S S8 Jlaie WK ol 55 imd o sy |y sl bl 5l sy ik Sl oS
YL ke 595 o Bl Sllid 4 madS ke Ygane (Sl clacSE Jploxa 53 (2010 658 i) ol poito o3 Ve 5l e
WS e olS aidy) bawgi | polie Ol g odd laeslS o Cold) com Blgie (Sal SB sl 4 Cund pdS
codS Mol (o0L 5 Jlade g )l > & s> 40 (Najafi-Ghiri et al., 2017; Najafi-Ghiri, Mirsoleimani, et al., 2022)
bawgs polie Jolsto ol 4 3 5 (Sl (LS Joloxo (obosd a8 5 0 Lol 151 290 53 CleMbl Lol sibb oo s g pamelty
) 32 oL

3 A
35be) (lionss 9 (a3 e o S ol (onmy 4iald Sl gl ol gz A58 agl Slge glite s liend oS 5 4 a2 L
B jid 5 s ool e comdS Jke) (spais S 5 (lole (slaog)S oy s «S9slS Sl S es)pd PH
2 &5 ol Syt |y Syl Slg e b cBBLe)S Ol 423 (ogast s Wy klpd ogMedy il o (odlitl
,> .(Boostani, Hardie, & Najafi-Ghiri, 2023; Rasuli et al., 2022) »,li5% LS 5 1, abiste ol Ly o b St
U9 a3 SO+ g ¥+ YO+ Oyly dopd dw )0 )3 9 pAiS (6blas jload AJg5 Hlagm )y p> (Rasulietal., 2022) isgl
CBlla)S Oyl a2 p> (alEl g 25392 )3 sloge 4 Connd 1208 mjaie g wandS g i ealiy (ST pAS jlog 45705 3l (LS
axp Ll b &S ws by 3o (Khanmohammadi et al., 2015) (6,5 iash ) .cdl (il o5b (sla el den jlade
2y YIA 5 yie y wies s owd V¥ cus gt o PH g (oSl colan cubld jlade ¢ wgrud a3 Voo G Yoo 5l célSlo S o)l s
Bl il

ooty B e 39 g b Wlodgs Job 5Kl w8y JU5p S cow a8 Ol ddlate S Sy 50 o cunl ond i)l
ol &8 S e ol ldise (Najafi-Ghiri et al., 2017) wlos o 25) mawly d5m0S jl el ity Ll SB > sdlawl B
Hien et al., 2017; ) 15l olS lsa (slaplul 4 o Jsl b g 4o bwg Qo (lp puly b mands” €0y a5 5 Wl
» Pl pae &S 03 ol (Wacal, Ogata, Basalirwa, Sasagawa, Ishigaki, et al., 2019) i»s3 ;5 .(Marschner, 2011
ol )3 misio g panelS 8L 3 4 (il g sl 005 168 Loy mranlty cnnliol 5 o Il i g poredS ol s
S B Shy p pie ;36 odle Blgie 5 S Jgbxa 1 mades Jalie (292 Yo 505 Bl |l 039 rsliy 0l ]
yolis Gla ) Kly o S Joloe sliowd cuS 5 cplply (Hien etal., 2017) was J15 15T cov 1) bagasls ple i S
Aol azily gl b Sesls

Moradi ) ingsy 5> Jbs olyis 4 a2k Sslite Sl b ool el g Laulyd 5 bologe adgl odle 5 s & 4255
Joloxe mawlis Jlade o Sal SB G 4 a3 ¥ lade 4 oSl )3 Sy g #li 5l Jols jlogn 3958 &5 05 Lo (et al., 2019
e & Jo 3 8 (alS o SIS S o Yo o) @ YDAV sbmo s s 5 il p S5l 5 2.8 o VYA & VY
Slogn 3,8 48 w5 03l Ly (Poormansour et al., 2019) 55 iigh 50 08,55 8 Jlogw 5,8 13l cow Jolowo mundls
15 Sal SB S Jolxe )3 pandS (6l FI5 9 mdes (6l ¥ cpmmlty (sl FA iol38) oo 3o )3 O b puiS sbls 51 Jeols
b S 5 Jobre ot g msly e qoandS e 10 0 35 Sglite b .l (86 Jgbne majste oy Ll
(Abbas et al., 2018; Gaskin et al., 2010; Kim et al., 2016) cul oais ()35 ldie lawss calisee (sl S5y

o2 5 el eV o Lol At oL g Jgleo IS5 4y o0litsl L5 mpasly 3 e (ol Sl oSl iy a5

1 Pyrolysis



TYIY ol D g (ST S S gl S 1001y Kod g (8 B0 (ig3s — sole)

Iy oSy ol Wl o SB @y ad 03938 51 s ajlage 08 St oo 1) o aslS ol Joleio ds Wlgs o SB Joloe
Jogm 99 (39580 18l wyp pols adllae 5l ua cplply xS Fodos |y olS Lawgs b el Jolte Gl aseis )5 g 03l yois
90y 5 Sal S Sy olond Olyns p oguadio 4300 0 9 Ter Slis 4350 53 )3 @y Logsw 9 oS 355 3l 0dd g

b e ZEaMays L. )d olS wg JSeslS olie ol Cls cundy

93 iy y

ool @325 1o gt g3

5 adllae )90 adlate Jlb (glacs)gpeld jl g oo odlatel Gl adlaie LS ye SEL 13 03555 jobay 4 oy (Gl o8
BV g a2 OF 5 Jlod 45l 93 5 B> ¥0 g 2 )3 YA) 10,5 and (o) plil @ 0 (g g5 ot )8 5l 55 w0 g
g9 e VSl g Oll s g Sis ol YF Gt 4y ugrndis 420 52 &l a5 lndiges (B, 436 ¥
dlpogds 9 15 03l )3 1l oo VO sl 13 g (ge g WS 368 (sladiged Sl p)S Ve e Glogn A S 0D 0l
SN 0,65 )3 Wbiges clSLe )5 135,8 slomy) 3o e Ll b 05033,5 oSiomo it by g 55 05liy conises)] (slodd g
2935 0,95 Clyn dn > i8] Sial 085 g el ¥ ke 4 wgrudi 453 e e g Yoo &)l s as > 5 (Shimifan, FA7)
Boostani, Hardie, Najafi-) sy oo ylys a3 40 B o 00l o3l ] ladiges 4 59,0l S g0 4By ogumdis a3 V-
I im ol 4 a3 VY o)l 5 amiboses 53 i i blgs (S pSUl ol culls 5 PH e (Ghiri, et al., 2023
& )bgw sladses SeslS Jols cud )l (Sun et al., 2014; Yang et al., 2016) . plosl ol S5 celw o 9 SO s g
1 S Glogw Hges p)5 ¥ 4 15 Ve mogel Sliwl ) e Yo 3938] b (Abdelhafez et al., 2014) yigel clinl oo,
a9y &) w5 ey qopdS e Lol ojlas 3 5 plosl BY fpaily Lilo B2 L 53,8 GBlo 5 sl Ky e &y
5 39 e ko 5 (65031 EDTA L (50l g, 4 ejsio 9 (COMING 510, UK) st olSts 5l sditl
cools Hlade .05 (¢ Se 30l (ThermoFinnigan Flash EA 1112 Series) CHN analyzer oKwss b badiged ;5 35 (59505
el )3 Mol g g 42 )3 00 Syl ar gy 3 (sl o)sS ) ladigel (35 JuS Bl g diged IS made 5 peedS
A5 (6 pSo3lul (Corning 510, UK) yiegidals olSiws jl oolitwl b  ouuwdlad b9y 45 )¥ge 93 S0,

Ol 43595 9 S diged (5 59] oo

Y g adds YO g a0 YA) Loyl sliwl (Brdcgin )b aub mlio g (6550liS 0uSisly  Sladss g0 5l addllas 5)50 S diges
Wgad 3,5 Cubldy o Bl VO U+ Gos jl g (L)d daw 5l yie VV+A gl g (Bl il OY g adds Y5 5 4 )0 OF ¢ Jlod 4l
S S iy b 0ld youe (st e V SISl pliond 5 (58 laialejl ploml sl g Sis Sl slgm 5 ool 4 JUal 51 e
(Thomas, 1996) S glusl S ,> pH (Rowell, 2014) yies,n [bs, 4 SK el Jols S Slawd 5 (Sojub cilise
2SSl colan ol (Staff, 1954) waw swSgyad b aml s 9 60,8 tnl b (gilo i b ol puandS” il S
slde 5 (Sumner & Miller, 1996) wgel b b g5l 030k b 5658 Jols cud b (Rhoades, 1996) S glusl o)lac
L13,5 (6,505l (Nelson & Sommers, 1996) 55 yguwliuns! gy 40 I op)S

SIOB alosl o Lo

P Zeamays L. @5 bwg bapgsls ole g S Dl g Jglome alasd S 5 2 ljlzgn (39531 556 & byye slainlej]
Yoo laled 3 00 Mg gy ogma g iS558 sl (g (938 9) aLs ol jlesi B L 3k S o B
1053 9 Jles) jlargm p)5 Fr oS 2355k 9 4 oSl sl 085 ol IS5 aw L ol ang SB (55 (ugpdes 4253 00+
BOOStANI, ) dus yy J5bs &y o g 5 S Liglsen b 05 plosil ndigas g9y (S 5 655 slogs du 13 iglies ogs ¢ 233,5 8Ll (5
Y ogds Bes 0 VeF Lol S S o8, (Zeamays L.) o> )i i slaws & oS el e ((Hardie, & Najafi-Ghiri, 2023
Cugby )y 0y90 Job ;3 .000)8 Gl duy g M (6)l0 S5 Wiy 90 Ladd LS o 1> ol W) ped At ) b plol (g e Bl
S dges de 30 Cudybs Cogh ) 50s 4SS sy o Cudybs o yd Ae 3gas 33 et Ol oolil b (g ygods 4iljg, by lulS



(‘:w.é’}’— u.ol&) AEZ3 ) DLQM BB b)w ©0 2,90 “’,‘).3“ Jlégui Oludsd YYVE

s auslyy aBgb e I olen claplil wlS w5l aaa Ve 5l e 00,5 e oBolejl 3 (6yLi8 Slxas I edlatul b
B (6,5 9l 50 Logamder 433 B0 &)lps anjd 13 celo VY Gtody lafie O b guisiandd | o 00 by (LS (cladiges
0)95 3> iged (13,5 Sl Ly 0lS 2l slaplil )3 s 5 wawlly el Clale NW3)F (g e g BAD SutS
(Corning 510, _oxiwalsd (g, il oolaiwl b j¥se 93 dual SIS 550 )3 o g (womad a3 Br e Ojlis anyd o (S5 Sl
Aol Cawd 4 0lS )d paie do )y, olS Sis o3l 3,Sles L Juols 5l olS gy ol Gls lade 13,5 (¢ pSejlul UK)
A5 el Jge 4 Jgo a2 0lS )3 polie S dpule
Dhoy & S iliee gl Siug 5 005 bglses WalS 53,8 5,5 5| Ly g 5 Sis g SB cladiges 0lS il ys 5l
5 Vg0 muigel Sliwl i e Yoo 3938] b quuigel cliwl b zlyseinl BB ol e s b plovl algl S5 (gly o oo
o ((Helmke & Sparks, 1996) wi ploul als o 93 55 55y ol )5S g dges (13,5 Clo g (o IS5 Caslw o g diges 4
& »503l8l (Corning 510, UK) jiegibeuld olSiwd 3l oolitwl b  sewwdlads by )ds Juols o)las 13 i 5 mawlty qounls” clale

B 031> (g, lof &y 32
lbyej] ales g 1 plos] (SPSS Inc., Chicago, IL, USA) SPSS 20.0 ljile s ;1 eslizl L laesls (gl Lo g 4550

Loy Silee auslio (sl g (ANOVA) [uilly 30T 51 jlger jlos 1y 0 sl 5 485 115 53 > ine 0 ) B daus 5 (5ol
b ags Microsoft Office Excel 2013 j)jle 5 5l osliwl b L )l3g05 e b o3lazwl Tukey HSD post hoc (gl ;|

S g by 3 slaadl

oWl 390 o jlagm g S gla Sy

2 S LS Jlade gy oy oy WL adpg) Bl gl ST pl s o lis |y adllas 3)50 S sla S5e ) Joo
Najafi-) cldlas wlol 39 yedpmé 9 o5 I odle slyls odlitul 390 S iy SWE oS PH 5 039 duoyd 00 S ]
Sais sble o lghd (50,8 b sy el SB S leis 4 SB oyl (Azadi & Shakeri, 2021) 4 (Ghiri et al., 2011
il e oyl ] Siddes g

osl&w! 3,90 SB dm;,.:, @)J R J9.\>

ylade SR
oA (Mo yd) oy
v (3o )3) s
w (3259) oy
\7id pH
s (20 2 o) bl J5 (S ySUl clam i
w (p55S 3 Jsesilo) sl ol b ls
04 (3053) oleo waels” SliyS
/o (30) JI o8

9 125 o8 PH (gl)ly odlitul 5y50 (slaylage cCunl oas o3y L3 ¥ Jodo 5o edlitwl 5y50 (slaylage (sbd Shs S p

T g g | s KdsS 568 Jlgn (S SIl colia bl ol (I3l Ll PH e «dlla)S @)l s ol
st 23 e 9 wanedlS qopesliy Sk 05 ey ionjied /F B el (598 SIS s 8BS Ol s Gl g 05,
(SidasgS 365 g > Gl 3811 gl sk «BlSlo)S ol dy> (Bl 5 091 g g 31 b o MidasgS 355" | o g
Wy lajlran &35 Gly Glyie I sk b @p (g Sl 4 S 565 (opdd 9 yide (F9xke 9 ()5 e
5 LOl)S qrde quuly quajie qundS (VL e 3925 J> ) ol o5 il QLB PH (o)l 1381 alS (SLli 5l ons
amis D oyl &S g oo Ll PH Ll 38 s jlogm g &)l ys an > iol531.(SONg & GUO, 2012) wib e sl > lacsly S o



TYVO o ol D g (ST S Sy gl Shg 100y Kod g (8 i (ig3s — sole)

iS58y Cawd 3l doeis )3 gl ele (slaog S 4555 ¢ (Shinogi & Kanri, 2003) JT bS5 53 oW 2 Ml jui Laylss
5 Syl aed Gl g ABlpe o] 5 (Jane ilisee el gy 4 bgiyo slrse £)9d (IS sk 4 a3l e (Lietal., 2002)
Rasuli 6t) 5550yt 555 rser (oSS Calin bl aonts 13 5 i 3 S 5 2o oo 0 2ol o) il gy
5 obosd caliee sla iy )b Oglate byl cod 5 Calisee dlge jlodd Wg slajlagn 45" cuisly s s Wb .(al., 2022

.(Boostani et al., 2019; Najafi-Ghiri, Boostani, et al., 2022; Rasuli et al., 2022) sl o ok g paic oSy

03wl 3590 (Sl gm S Sy (BT Joa
T g jlagm  Nbwgs 395 lagw

0++°C Y’oooc 0++°C ‘"00°C L;ﬂ’
VoY a/- /- a/a pH
S colas culld
VY JIA ¥y Y/ sl calas ol
(e 2 piorjiem2)
VoY VAR YA/A /v dfﬁ St Ld)b
(54 2 Jsossle)
b/ Yo/« YV/A Yo/¥ (doyd) o328
\A) Yy I\ VA (S233) 59,0
A VY \Vig VY (doy3) igp
VY N Y/¥Y \7AYd (Mo ) ool
-I¥0 <Y v/o- b/A- (30 13) oS
o[y |5 - Ivy < Ivy (12)3) poes

S gl g
@l sl 0 02 )9 ¥ Jgie )3 (ol g Jglome (slapygsils Cumd 5 e S sl Sy (S 2 slrse 6 L)y 40 @l
ba 50518 )liio g (559 o o Lol il (6,83l S 5618 Jols cud)bs o PH Jlaie s ookl 3550 (sl ylogu 5,38 a8 ol L

39 e S Bl 5 Jgoxe 386 53

pl Cond 9 S35 5 glomo unndS 9 wansly cmacins 9 S glo Ty (3 5 slagm ;5T (il 4320 Y Jgin

Jome slagyess Cod b Sl -
>) .
L Culad H ; O s 29l
pw el S J ) o ! s3lj! e
Sl SN

VAT ANYEE LYY oo o[-0 ooy ¥ 0955
AR AR AR AR e 0 5 03,5 1390

S s B9l Jgo o a3
el S/ ol o ] el e/ s 015
VAR Yy YV/E* Sysee IS AR ¥ 0955 (et
R A ¥/ AR ey ey 5 09,5 a0

DD 0 L‘,W‘))bumﬁ.é Q3Wn59~/~o P /e d)lbuiao@aw%;o\.g # g W

2 oo e 1A a1y ol e 3awgS 395 Jlgm 9 9 yie g wkesj ewd /5 odlil 5)yg0 S S Sl colia cubls

Bev g ¥er Sylys 4n)d 53 0l Mg Sy (wge Jlogm A Il o s o] 1 6B Jloge A5 oyl a0y 9 3l alél i
338 b (69 Sl e S jgloss (V JSK) ol (a8l e 1 denjed TAY 5 2 IVD 4y ]y o Sade ogpendis s
Wl e SB g 355 Sy Shy 4 g b Ciliste sajloge D9 @ oo Jlrgn I i (3o yob 4 WdwsS 395 g
b5yl slrsn 43l (6o Mo b Jlagn 3,18 31 2 ST gy Gliél ke ol adllae )3 aimd )5 ,8b covi ]y S (5,98
Ol Rdngs bawgs (Jlite bl Jlb o ol Gl @y g slree jlide 1) SBPH lide wawgS 3587 jlagn g <t



(U.wuhgj,g— ‘:OJ‘) V€Y slogyona V) D)Lo.n:ﬁ ©0 8,93 ¢yl ) Jl&’yi Oludss YY1

@y g paiS bl Jlogw 3,5 L SB (gy08 yial33l 48 b 55wl o (5155 S ()98 p Hbogw w5 b blsyl s il
Boostani etal.,) yio p yuisej owd /A U CuvguoS o0 y9 9 JitwsS 355 Jlagn o (Rasuli et al., 2022) yio yy i j o> +/F b
Al Al b )la g Sy 3,8 s 3 S (6590 il Slados 3 bl canl osd (355 o)l (Kol clasSs oy (2020
95 S gl puS 9 )b Ll lagm o (Najafi-Ghiri, Boostani, et al., 2022) Sal lacSs (gly olo o md s
dog SB gg g adglodle g5 s Lb aylagn 55,8 15 cplpls wiles,S” 5,155 (Cui et al., 2022; Zhao et al., 2020) _osiws 4

DY SB 555 o 53 (55505 Cuonl Hlagn Mgl Cylis dn > sy o HlSdy g 398 (g i

- 1.20

3' 1.00

3

3 o0.80

2; 0.60

',1;3 0.40

i 0.20

5 0.00

51 255 slzgwn 255 slzgwn g g egew Jlzes

= YoraliwgS  Oer dldwgS Yoo iy D mip
Sl

09931 b 20 yd iy aw 53 (Sig g (610 gl Bgya (1,15 S iln) Hlagm ,2)8 pl cod SB (S 5N Colas cublE LY JSUS
(Wi 15 o SoF

Syl 423 3 @y g Sl Sly & i) )3 Jseidee VIFA 1) ol ke Ciliseo (slayle g g 992 2 3 Jgo e VIS anli
gk a3 )0 e e GO S Gyl dayd 0 sdihwsS 365 Hlaaw 5 i 10 Jao o YA U Dy womadis a5 yd Yoo 8L )3
e cudls o] 6y Jlargn M ol 3 ol 3g: g g Sl sdir (5 I3 im0 yobods WihaaS 358 Jlargm 5T ol i3
w2y Bee g ¥oe Oyl dr)d )3 0ad g5 WdusS 395 g (199381 9 992y )3 Jgecdee /T ald ST Jole ) el
Sgn 28 b Gl e ool by Gl (I gne glis (i9) 52 2 Jsecdee YINO 9 ¥/-0 b g ] o ke ograndus
38 g (Hhosxe Solds L) gy Jao duo VY 5 +/30 (i ey (womudus 3 Bev g Voo glalod ;3 ond Aol iy (woww
.))J)K l; J}l?bo (o2 S )lJ.O.p ‘09)'1;4; Ll ‘ » Lg).ul) CJ); B )l>9.u Lol 21> uwl)B] ]) J}lm o2 S )‘A.Q.o m; J9§ )l;>9.u
wsye |y ot Jolono e YL )l a9 il I dne gl oS0 b iliie Ol 423 93 )3 @ uge slage
25
)JML:A:MMw]aMaJlJuL.wvﬁ)b)bﬁbf}KbeJ}bw)bwaMQMa:Lu‘Mdyw
isize 3B (g idaogS 355 slalrgr Sl (EalS (gl e ysbo & iliseo (slajlzgn (129381 b g 392 FIFF dals S Jolone
g 45 )3 B0 e Sylyn dn 0> 13 0 WG g wgaw (slaylage a7 Jls pd wioly Eals AN G ] lade adg oyl as
59 VYA sl S Joloro )3 modas 4 pundS” Jog0 Cand L(VEF ol )3 VYY) 0090 (wgmudis doyd Yoo &l o p> 5l 53350
Oyl 423 53 00d Mg E oge slogn 45 o ) ey A 4 g0l (LS (gl dre GRS MdwgS 355 Sl (29591 L
Ll Liol3l /A0 B JAS I o Jlade calisce (sl g g 390 </ dals STE Jglone ;D mas 4 mawls (Jge Cars sl )]

39 MiduwoS 395 (sloylaan Sl %0 @ s Sb)lan



TYW o pomadS i 9 (SHTS B S (o S g 301 ) Ko 9 (58 (i (g — (oole)

Now
2 8

8

8

2

(532 Jyoualeo) s 55515
2

8

Faals FYeealingS 098 slogn M heraiiwgS 095 jlogm U Ver min gew slagn MO gty g slaow

U o yd o g 55 (S92 (gl ©glilio Bgyn (61,10 (61 pRilo) 4o gm 3ﬁ)l5,§i5'wd'dgbu o g i by comndS” ClRLE LY S

(siwsd 13 50 (S35 (3903
5.00
4.50 Bl
4.00 FY s aihngS 095 slogu
3.50 v aihagS 995 agw
3.00 Voo @in ooy 2 gn
2.50 B gin g g

(951 Cupud

oy 4 sl PERUNEp LY e 4y paliy

09931 U o3 g5is gehans 53 Sy pb (8l gl By (81,15 S seSIlie) laget 351,18 il o S Uglomo 13 W99l o I JSS
(Wi 15 o SS9

o3> ol ST Jokoxo 3 1) oo g mansliy cuandS” (1981w 2 GRS Wi gS 398 Jlogn &5 558 plo Bl o0 S seba

Cass 005 s 2] 9 Comol 0398 (103 YWA 5 FA o i) oo g oS 1 i sloa (803 05 +) sl (sl 53l ol Lol ol
@ e g madS G g (S pSU Cobin bl e b gne g (e b 09 jitn S ol 3 s 5 medS 4 el
laogn 3,5 3 Jsloxe el il ial3l &8 canl ) okt (lis (<o 5F% g o /AR | Stumad oy ) ol
Lol 4315 Jolome 2o g wendlS’ y2 (6355 282 ogmes Jlrgm MdasgS 398 Jlargm M 2 ] rsliy > & iy olisl 5,90
e g oredS A preolly Cannnd XiiogS 3657 g diled 45 0d o (ol g Cawl o0y L1581 Mo > Ve v BTy ol paliy Hlade
T g am plp WV 9 VA N ol Sy XihoS 395 jlargm )3 mas g maedS cpesliy jlade 4SSl 4 dagi bl Rl Gl 4,
Iyt diheosS 395 jlage b odd Jlogd S )3 w5 medS by (L3I ke 45739 00 il 55 (i (Y Jpi2) ol
b bl oo StduwgS 395" g | 5VL slews @ oge slge 53 e 9 mandS & massliy Cond @Bly 3 A8l @ ege sl2 g
299 b Sal claSE o 4l wd) GlS By 0 palty 2908 b b > o Sitmghy (B b 0sd ()15 @l 4 42
s L33 g il oo oy S Jgloea 3 1y o yslS sy ol e (Najafi-Ghiri et al., 2017) S 5 o 318 aie



(u.w.hgj,g— ‘:OJ‘) V€Y slogyona V) D)Lo.n:ﬁ ©0 8,93 ¢yl ) Jl&’yi oludss YYVA

(Obreza et al., 1993) wsb 50 oLS aduy bwgs bl Cla ;0 Klg5 o b5l plo & awlis
argi b 0pS 45 sl cov sy e LSB (Sb Candy eedls Hlade LinlS g madw Hlade il5sl b oS cusly Jlai 3wl
5 b S Jslowo 13 s & oseelS s g o Jlalio 2 50 ageas Slrom 45 2,5 S g ¥ ¥ sle JSS
ol g Canl odly ials ) ot 4 oS Cod «SB Joloee )0 i g pedS i 501580 Dg g b MitwsS 358 jlagw Lol anils
b G Shg g 03> (il (SAR) mad Ol s Ml oo (st 395 slogn (19958 el )3 & Cunl (e
2,8 a3 b b |y eandS g poitw clale I3l a3 S ged e Ll b 4wy 3 8k cou |, S
g ot Sl i e b 0,06 nylrgn (S 4 05 03l L5 il Jlage iz 56wy L (AWan etal., 2021) iags,
cpl 53 odel Comsdy gl BMS oyl &S i sl )bl O (o 1) Joloe mades Wl doy jlade Jolote msuie g manlS (gjLwdl;]
dod Hlade paS (6Ll 5l ond W) Jloge 5,8 L ST wl ooy lis 3o (Cui et al., 2022) Sod il 5o bl o imgl

3k gl ol ol el g e 4 ) Wlgiee ol & 20,8 la Ll 5 8L el by o aysslS
Jsoislso 5V 10L5 S5 )3 oS s sl o o3l 5Uis T S5 55 Vg0 pisel il b zlysitol L5 (cloyols o
pSskS 2 Jgeiske R B 1) o] e agrads d2)> 00 e Sl ) )3 045 sy WS 355 gy b 5 39 S pSelS
o lgn 4o 9 332 2,55k 2 Jsaiho O¥sals S )3 5 aeslty ke MBS o 2 (6530500 8T laylrg ol g 0l ials
e 539 gy g SUylrse Sl e AibssS 355 (slaylrges 5 0l> Gal3l pSS  Jgo e VOIN BNV I o jlae
Norom 8l il bS50 Jlrgn 3,5 b pS5kS 53 Jgeidee /N 4 dals ST 3 p50kS 53 Jgedes VIO I j s
250 3 038 Myl gy (ogme slrgn Ll 4 e jlade (Rl cow ogadis 423 Ve Ojls 42 53 00l g g e
5 s G131 3 g g ] S0 oo 208 (slajlege IS gk 4l ] g2 (6y8T egmbe 423 B0 s

...\.3)9{

o
—E&

s

vv/;"rw"’
o

i

L
S
.

w/
-

G

e
\«“::?}/" 2
o

i

Y

S
S
e

] il s
" sl EAZSICTINE IS S POUEE FNSFCEC SO SV
Yoo @x ooges slasn B e @y (wgea slrsu
P Sig 2 Sl Ogliio By (6115 6 Kila) Jlrgm 3,25 ;T Cod Y g0 mrigel Sl b 1 il B g9 jlao £ JSUS
(Wi 5 sz (S95 (3903 b o )3 gy baw

P SE sl glaggls (50,5 (5 8L Cudyls S pasls plgie 4 Llg e migel il L glsul LB (slagiesls e

Jolee 53 Lyl clale Slynss Sl 6555k 55 (it (Ul SB 8L i (iu ool 3 98 e 42 o 09 43S s
YU ke 5 & ob Bl e migel il b 2ol L maedS ke alisMo LB 22 YL (Havlin et al., 2005) 5,ls sls
Wl o L maly g5l 2 09Me pigel Slisl ()b 1Al S S Sl 5l s SNl s 4 o g ol erdS
pornelS 51 i oty 2 nylrges 18 (2024 105 58 i) 418 3T S ol sl SIS sl y3 1y (ol il | i
e & g L adlioe (ol el (g5lodli] o Lol 385 (ppimen 5 olrses 1o aesliy (6L o > 4l gl 0
poslty o (tal3El sl 039y by el bl b glystl BB masslty (I8 5 55 o G35 AthosS 355 Jlagn )3 ey SV



TYIL ol D g (ST S S gl S 100y Kod g (8 0 (ig3s — sole)

WMhwgS 395 aaiS asiy «yd bl 5l odd g (ol )l 30,8 b el g 3bodlsT il pmismeds g maigel liwl b gl sl B
Najafi-Ghiri et al., 2024; Najafi-Ghiri, Boostani, et al., ) -|,Saash bws lo o ado) A& 5 g sladl;
IS olly o138l s g0 gl gw (19938] &S A oald LS dmgh 50 .Cuwl oud 5,158 (2022; Rasuli et al., 2022

Sy sl Sl ot (Rl dom )3 g (S 9kS 2 S e YYYA 4 YVOY ) (ol mundS 5 (p,50kS” 2 p 5 (e PYY 4 3Y4 )
Wacal, Ogata, Basalirwa, Sasagawa, Masunaga, ) cuils (¢, S Jobs v jaie jlide p bl i pawliy s pusnndS’ Capund

]33l KihargS 3¢5 g oguast caliste (sl gu 5,15 b paigel Cliwl b gl ySciul bl o a5 cusly a5 10 (et al., 2019
ol b e 15U cpl a8 aiad Liolidl 1y Jols i Ao s Hlade wiles o iejlyy )3 ol g a5 a0 LS opl 5wl 4Bl
Dgd gy gnlya Wl e S

L yenl5 Cda 9 yd uud

9 prdes 5 el ol GBI 5 G (2SS 00le 2 Slas il sl g ylatae T 5] s (uibly 428 b
(F Jgie) 2o )3 olS loa ise o Lol s

©5 gy gl G 9 By 5 Wi g CilE (Suid 59 3,50 12 slagm i il ylg 413595 € Jgia

o s s &b
Q W & oS & oS Nos .
e e o i el plS e el oS @Ml Olis
2w o2 by )
\OF s AAETS of oo Ve VS  YeSuws  Yesse o ofoVas o o/YWas o o[oYm o /YOs% ¥ 05,5
A of.5 ooy o[-y -[O¥ Nins o[y ofe¥ o[y o[ o 09,5 (1950

23 o0 LG 1) 415 Smo gl Cigliins g ¢[00 g o0 ) 5 15 Sro mhaw Ty g w

Cn it (0 Jg) 8L il Bl g da 3,8 b g €85 51,5 03t 390 sl lgm 58T s )3 S o3le 3 Slae
il33l oy yieS a8 b )3 del s 4 (Mo y> V) wgmuabis a0 Yoo 5 lyn dnyd )3 0 AJg5 g Lwgew g 30,18 L il 3l
098] ile iz (glaol 1 lajlrgn g (103 VF) Lugpds 423 Yoo Ol d2)d )3 0l A5 WdussS 3657 g 4 Loy
Sl S 2900 9 OhMk iy Sl (LIS Cugh) (65155 (mawll § st olS (ogadar) SB 4 Gilisee glis ol
(Hossain et al., 2020) 0544 oLS Ay (]3] o J0lg5 0 S (S50

Sagm 50,8 il o @b 40 Sl (il polis Comd g lade .0 Joun

138 polis ,ludo
)95l o @I polis Qi e
3 ,5os (12,2 b
QoS el & S 3 ) 7w
L e eewly S o el oS

e e d el

¥/A-b Y¥/va ¥\ <Joad YWD ¥/sd -/sYe  +/-asb Y/¥YD ./vab s

ViAae Y/Yb .yfvabc  Y/\ob  YY/Ac  sAc YD </¥eea YARR /A Y e°C WS 395l
VIvac v/sh JYYYbc  Y/faa  ¥F/¥b NJAb Ve -/¥e¥a YA /08 0++°C WhwsS 365 jlogw
E! Y¥/sa -IYVoa VIYYe  oVya  Vf/¥a V/gva «/-veb Yhoc o/VAab Yee°C miy wse Hlagm
#\oa YY/aa YoAab  V-¥e  ¥VAD NAb VYYD /e¥Ab Y/¥ec </Afab  0++°C gy (e slose

Sl o0 (S 99051 U oy 0 a5 mo WA 1,15 Ciglitio gy b g uike

Jade (0 Jadn) i odnline calises (slaylagn o (Salds g Lol Lisl38l ko )d YA LY ) &) pudS jlade o)l o don

By g sl )lgn Lol ols iul33l wo > Y/A- 4 |y ol Jlade dibusgS 565 (sl )logu 5 392 duo)d Y/FY sl S5 15 &) panliy
Ty oy an oS Jla 5 0l lis ol 58l AibasgS 365 Hlagn 3yl b )3 mates lade S Moy YNO U o LEalS Cw
KidaosS 39 5 g gt Jrgm 218 b b ol Lal oy I3y ey g ol ol s L ylrger de el o 2 6T
3908 5392 )5 (sheo <100 Sals ST 53 i O gr (A g (e Gl A g 42 )3 T Ol 423 )3 00l Wy



(‘:w.é’}’— u.ol&) AEZ3 ) DLQM BB b)w ©0 2,90 “’,‘).3“ Jlégui Oldss YYY.

355 byl ol <l Sl @ ogee sloylrsn 3008 L g 35 +/TY a8l la )3 05 uly & S Jgo s
O 2 B ooy ron bl €8l (I3l 8hgS 365 Jlrgm 2218 b e &2 aselty Canmss (B Jga2) 22310 (5] 52 (65T didaooS
g 2, b g Ll VA b 8idwgS 365 jlagm 3,)5 L g 39r FIAs sl jlewi )3 @)D autes 4 a8 G il (6,5b
polis sLS 1555 o s oS 45y I3 b S0 o 9 B ST > iE polis Jae I carm (o 51 sl
Suis ool 3, Slos ylagw oz 2 3,8 L il adllas (> .(Butnan et al., 2015; Hossain et al., 2020) xS Cls 1y (¢ i
Sl o SB a5 03938] ¢ lsT )3 dus (Vb Hlaie 5 4 MihwsS 395 (ol gm 5 ,)l8 a8 oy B> Wb ol )d b clale
a8 15,5 lo bl wcewl oai 5155 (AMIN, 2018) ), Kingh buwes oy YO B a5 15 )3 Jlogw p,5 510 5,8 L LS
Abu Zied) (¢,55 Lingh ) ol 0392 olS by o) Gl iul38l g SB 5> jaud oolil ol jiolisl s 4 ady il o)
Sigh 50 odlitul 3)90 SB wlin) egdops (Sal SB K a4 o,d W g lage (9380 48 s o3l Lis (Amin, 2016
RS Ve g VIV 2 p)SolS o) o YYY 9 Ve Sl ity eaigel il b glsital LB g Jsloo sty Jlie o 3l
W3,5 ) Sid oole 3 Sdas (g0 0 WY 5 0lS ks jlade (g0 > Vo il i8] cumw opl g il isli8l 5,5 6LS
YL Cows g9 L (Havlin et al., 2005) wil ol (cladss cundg jl core (adli Slgs o 50 0lS )0 by yaslS o
Cds 3 olS adyy oblgy 5l lis aS edgs +/YY D905 5 o5 Hluws oL > s ol Lol (F/¥YF) sals S Joloro 10 by 4y pasadlS”
ol yioS (glalasMo LB joboay S )3 mpwly &) oS Capns Cilisio (glajlagn 3,08 L Al o mandS ) Capnd iy 5350
Ol sl odpwy /YA & g5 o Hlaam 30)8 L agd s oy 5V 40 5 Al ]38l olS (5 Cows cpl Lol odwy VE BV 4 g
395 Jlrom 5N Bk 198 ety &) S olS Ay bawg S 5550 03l o Wl slage (3938 & 3o (S
pais 9d oyl Cund doni jd g 03 Ll |y pelS 4 i Gl G (SB ol ot cdale dlasMe BB 501581 b jidweS
ORIy s &0 oS Gl s S Jslono s 2 S B L g ogae Slrgm S Iy 4l ialS VA 4 F/A ]
Pl e 4 s Cund duilyl WdogS 395 lagnr 9 03)5 Bho E9d90 (red i pres 4 Connd palily 02 390 53 sl 031>
9 dS 4 Cod Joloe o 1 olS iy 15,550 ooltin] Cuws XidwgS 358 Hlage 305 &S Cunl dme ol (pl e Eals olS
5 Cute bl .cwl ooy ials olS (o 1) caws opl Lol SB Joloro 13 w4 panolty Cuns yiol38] 0959 b ol 05 pannliy
Gl Cuw &5 ole o a8 smd o i opl g del Cund 4 ol 3 a4 paeadlS s g 0LS 3, Ses o (B USS) (o e
A5 odly lis (Jiaetal,, 2019) imgh p> am il38l ]y ol 3, Sles Wlg oo 39 )3 ol bauwgi mawlis 4 Canss S’ 5 550
IYE e e plul g dds ) )0 el 4 padS G (g 2l oS CusS laso 4y 00 03438] o g Jlade ]38l L &S
99y low £95 Bl dy o a5 4 g b e imgh (ol ) odel Cawd ol Cille oyl 48 Al EalS VY g o/Ve a4 /YY
ObSingh (S8l Gl plp 93 5 o alas plil g ady) )3 eyl (imed 398 485 )i 13 LS 95 g A
Alam) oo oL Siimgh 65,5 (15155 )0 13 Hlan 2,8 b pewlly 4 o2 ke g oudS” S ialS” 35 (Butnan et al., 2015)



TIVY ol D g (ST S Sy gl S 1001y Kod g (8 0 (ig3s — sole)

0.290
0.0509x +0.1896 A
. v =0.0509x +0.
} 0.270 R2=0.727
0.250
g A
2 0.230
X
b 0210 4
0.190

040 0.60 080 1.00 1.20 140 1.60 1.80

(‘-f)a}g.t..p

0l L 53 ol ol S 9 )3 SUis 00k 3,80 (o bLI 1T JSUS

Lolgiinn 9 (5 ¥ a3

e L9 o (Sal SSE phond 5 (S5 sla Shy sl o SIUBIS GlaflS (il 5 ) oo 0gMe la)lsy
Crigae g MdosS 255 |00 155 (slologrr 9938 U ol imgy 53 )l (St 5 Ll 5 Jlge gl ool & Sl ol
Se? ©)3 olS by bayasls il 5 SB Jole (alowd S5 p ogads 4253 B g Ve e Sogliste @)l a2 93 0 @
Lol izl SgwlS Jols cud)lo o S PH (6,5l aid, ,I8 4y ola)log a5 sl oL gl ()8 JLE oy 3y90 Sl S
iy paB )3 Ll g ol &S 292 a5 anelS 31 i ST (590 Gil31 5 by 3B ] 48 0l il 1) S ()9
A g W5 Ol 4 45113k 5o oVl il )3 erslty 4 s’ S | 5 At ks 29008 2 o8 oS
Jrgn 4 G (5508 Mol (S g g 1 ol slrsm 92 S0 Yl adgl o3le g5 Lol el T sla Sy o (s3L;
s (8 Sy G382 ogmes o 2,28 L )0 S o3l 3 Slos sl ST (695 2 (5taS b g 292 MduoS 28
S S5 35mte rzman 5 obS ausg mraslly 4 Cod S’ il Gl G > 4y Wil 00 (] 45T 8L WS 365 g 4
Sbyksn 2 > Bl Jb o 4 2pS L8 puyn 390 s slaiagh ) Cul i &S LBl S ) 5 (g il
21y oS ) bawgs polie Gl Cons x5 5 S sl plornd oS5 2 il 5 5 bl 3 2950 polie Cons il
85

"3l 392y Mg o g8l 2l S

&b

085 «6 58 4abpbl o) bl S 3 mrly Cundg g (LB  (Kjslsiige Clhogad (wyp (WA e s b
e e ol (S pole

02 WY Lol ol oy Ll oyl ) gim] S polsy obsr g Jobs (V) . sdpe (6 B 850

REFERENCES

Abbas, T., Rizwan, M., Ali, S., Adrees, M., Zia-ur-Rehman, M., Qayyum, M. F., Ok, Y. S., & Murtaza, G.
(2018). Effect of biochar on alleviation of cadmium toxicity in wheat (Triticum aestivum L.) grown on
Cd-contaminated saline soil. Environmental Science and Pollution Research, 25, 25668-25680.

Abdelhafez, A. A., Li, J., & Abbas, M. H. (2014). Feasibility of biochar manufactured from organic wastes on
the stabilization of heavy metals in a metal smelter contaminated soil. Chemosphere, 117, 66-71.

Abu Zied Amin, A. E.-E. (2016). Impact of corn cob biochar on potassium status and wheat growth in a
calcareous sandy soil. Communications in soil science and plant analysis, 47(17), 2026-2033.

Alam, S., Kamei, S., & Kawai, S. (2003). Amelioration of manganese toxicity in young rice seedlings with
potassium. Journal of Plant Nutrition, 26(6), 1301-1314.

Amin, A. E.-E. A. Z. (2018). Phosphorus dynamics and corn growth under applications of corn stalks biochar
in a clay soil. Arabian Journal of Geosciences, 11(14), 379.



(g — oole) YEY olocyars )Y 0ykows 00 593 el al S 5 ol iliiios YYYY

Awan, S., Ippolito, J. A., Ullman, J., Ansari, K., Cui, L., & Siyal, A. (2021). Biochars reduce irrigation water
sodium adsorption ratio. Biochar, 3, 77-87.

Azadi, A., & Shakeri, S. (2021). Potassium pools distribution in some calcareous soils as affected by climatic
conditions, physiographic units, and some physicochemical properties in Fars Province, southern Iran.
Eurasian Soil Science, 54(5), 702-715.

Boostani, H. R., Hardie, A. G., & Najafi-Ghiri, M. (2020). Effect of Organic Residues and Their Derived
Biochars on the Zinc and Copper Chemical Fractions and Some Chemical Properties of a Calcareous
Soil. Communications in soil science and plant analysis, 51(13), 1725-1735.

Boostani, H. R., Hardie, A. G., & Najafi-Ghiri, M. (2023). Chemical fractions, mobility and release kinetics
of Cadmium in a light-textured calcareous soil as affected by crop residue biochars and Cd-contamination
levels. Chemistry and Ecology, 1-14.

Boostani, H. R., Hardie, A. G., Najafi-Ghiri, M., & Bijanzadeh, E. (2023). Investigation of interaction effects
of biochars and silicon on growth and chemical composition of Zea mays L. in a Ni-polluted calcareous
soil. Scientific Reports, 13(1), 19935.

Boostani, H. R., Najafi-Ghiri, M., Hardie, A. G., & Khalili, D. (2019). Comparison of Pb stabilization in a
contaminated calcareous soil by application of vermicompost and sheep manure and their biochars
produced at two temperatures  [Article]l.  Applied  Geochemistry, 102, 121-128.
https://doi.org/10.1016/j.apgeochem.2019.01.013

Butnan, S., Deenik, J. L., Toomsan, B., Antal, M. J., & Vityakon, P. (2015). Biochar characteristics and
application rates affecting corn growth and properties of soils contrasting in texture and mineralogy.
Geoderma, 237, 105-116.

Cui, L., Liu, Y., Yan, J., Hina, K., Hussain, Q., Qiu, T., & Zhu, J. (2022). Revitalizing coastal saline-alkali soil
with biochar application for improved crop growth. Ecological Engineering, 179, 106594.

Gaskin, J. W., Speir, R. A., Harris, K., Das, K., Lee, R. D., Morris, L. A., & Fisher, D. S. (2010). Effect of
peanut hull and pine chip biochar on soil nutrients, corn nutrient status, and yield. Agronomy Journal,
102(2), 623-633.

Havlin, J. L., Beaton, J. D., Tisdale, S. L., & Nelson, W. L. (2005). Soil fertility and fertilizers: An introduction
to nutrient management (Vol. 515). Pearson Prentice Hall Upper Saddle River, NJ.

Helmke, P. A., & Sparks, D. L. (1996). Lithium, sodium, potassium, rubidium, and cesium. Methods of Soil
Analysis: Part 3 Chemical Methods, 5, 551-574.

Hien, H. N., Maneepong, S., & Suraninpong, P. (2017). Effects of potassium, calcium, and magnesium ratios
in soil on their uptake and fruit quality of pummelo. Journal of Agricultural Science (Toronto), 9(12),
110-121.

Hossain, M. Z., Bahar, M. M., Sarkar, B., Donne, S. W., Ok, Y. S., Palansooriya, K. N., Kirkham, M. B.,
Chowdhury, S., & Bolan, N. (2020). Biochar and its importance on nutrient dynamics in soil and plant.
Biochar, 2, 379-420.

Jia, W., Wang, C., Ma, C., Wang, J., Sun, H., & Xing, B. (2019). Mineral elements uptake and physiological
response of Amaranthus mangostanus (L.) as affected by biochar. Ecotoxicology and Environmental
Safety, 175, 58-65.

Khanmohammadi, Z., Afyuni, M., & Mosaddeghi, M. R. (2015). Effect of pyrolysis temperature on chemical
and physical properties of sewage sludge biochar. Waste Management & Research, 33(3), 275-283.
Kim, H.-S., Kim, K.-R., Yang, J. E., Ok, Y. S., Owens, G., Nehls, T., Wessolek, G., & Kim, K.-H. (2016).
Effect of biochar on reclaimed tidal land soil properties and maize (Zea mays L.) response. Chemosphere,

142, 153-159.

Lehmann, J., & Joseph, S. (2009). Biochar systems. Biochar for Environmental Management: Science and
Technology, 147-181.

Li, L., Quinlivan, P. A., & Knappe, D. R. (2002). Effects of activated carbon surface chemistry and pore
structure on the adsorption of organic contaminants from aqueous solution. Carbon, 40(12), 2085-2100.

Marschner, H. (2011). Marschner's mineral nutrition of higher plants. Academic press.

Moradi, S., Rasouli-Sadaghiani, M. H., Sepehr, E., Khodaverdiloo, H., & Barin, M. (2019). Soil nutrients
status affected by simple and enriched biochar application under salinity conditions. Environmental
Monitoring and Assessment, 191, 1-13.

Najafi-Ghiri, M. (2010). Study of morphological and mineralogical properties and potassium status of soils of
Fars province Shiraz University]. Iran.

Najafi-Ghiri, M. (2024). Potassium Equilibration and Dynamics in the Soils of Iran (Vol. 1). Tehran University
Press.



TYVY s ol D g (ST S S gl Shg 1001y Kod g (58 B0 (ig3s — sole)

Najafi-Ghiri, M., Abtahi, A., Owliaie, H., Hashemi, S. S., & Koohkan, H. (2011). Factors Affecting Potassium
Pools Distribution in Calcareous Soils of Southern Iran. Arid Land Research and Management, 25(4),
313-327.

Najafi-Ghiri, M., Boostani, H. R., Farrokhnejad, E., & Cheraghleh, A. (2024). Soil Potassium Fractionations,
Release and Fixation in a Cadmium Contaminated Soil Treated with Plant Residue and Biochar. Eurasian
Soil Science, 57(2), 220-232.

Najafi-Ghiri, M., Boostani, H. R., & Hardie, A. G. (2022). Investigation of biochars application on potassium
forms and dynamics in a calcareous soil under different moisture conditions. Archives of Agronomy and
Soil Science, 68(3), 325-339.

Najafi-Ghiri, M., Mirsoleimani, A., & Amin, H. (2017). Nutritional status of Washington Navel orange
orchards in arid lands of southern Iran [Article]. Arid Land Res Manag, 31(4), 431-445.
https://doi.org/10.1080/15324982.2017.1347587

Najafi-Ghiri, M., Mirsoleimani, A., Boostani, H. R., & Amin, H. (2022). Influence of wood vinegar and
potassium application on soil properties and Ca/K ratio in citrus rootstocks. J Soil Sci Plant Nutr, 22(1),
334-344.

Nelson, D. W., & Sommers, L. E. (1996). Total carbon, organic carbon, and organic matter. In D. L. Sparks
(Ed.), Methods of soil analysis. part 3—chemical methods (pp. 961-1010). Madison.

Obreza, T. A., Alva, A. K., & Calvert, D. V. (1993). Citrus fertilizer management on calcareous soils.
Cooperative Extension Service, University of Florida, Institute of Food and ....

Poormansour, S., Razzaghi, F., & Sepaskhah, A. R. (2019). Wheat straw biochar increases potassium
concentration, root density, and yield of faba bean in a sandy loam soil. Communications in soil science
and plant analysis, 50(15), 1799-1810.

Rasuli, F., Owliaie, H., Najafi-Ghiri, M., & Adhami, E. (2022). Effect of biochar on potassium fractions and
plant-available P, Fe, Zn, Mn and Cu concentrations of calcareous soils. Arid Land Research and
Management, 36(1), 1-26.

Rhoades, J. D. (1996). Salinity: Electrical conductivity and total dissolved solids. In D. L. Sparks (Ed.),
Methods of Soil Analysis. Part 3—Chemical Methods (pp. 417-435). Madison.

Rowell, D. L. (2014). Soil Science: Methods and Applications. Routledge.

Shinogi, Y., & Kanri, Y. (2003). Pyrolysis of plant, animal and human waste: physical and chemical
characterization of the pyrolytic products. Bioresource technology, 90(3), 241-247.

Song, W., & Guo, M. (2012). Quality variations of poultry litter biochar generated at different pyrolysis
temperatures. Journal of Analytical and Applied Pyrolysis, 94, 138-145.

Staff, U. S. L. (1954). Diagnosis and improvement of saline and alkali soils. US Dept. Agr. Handbook., 6.

Sumner, M. E., & Miller, W. P. (1996). Cation exchange capacity and exchange coefficients. In D. L. Sparks
(Ed.), Methods of Soil Analysis. Part 3—Chemical Methods (pp. 1201-1229). Madison.

Sun, Y., Gao, B., Yao, Y., Fang, J., Zhang, M., Zhou, Y., Chen, H., & Yang, L. (2014). Effects of feedstock
type, production method, and pyrolysis temperature on biochar and hydrochar properties. Chemical
Engineering Journal, 240, 574-578.

Thomas, G. W. (1996). Soil pH and soil acidity. In D. L. Sparks (Ed.), Methods of Soil Analysis. Part 3—
Chemical Methods (pp. 475-490). Madison.

Wacal, C., Ogata, N., Basalirwa, D., Sasagawa, D., Ishigaki, T., Handa, T., Kato, M., Tenywa, M. M.,
Masunaga, T., & Yamamoto, S. (2019). Imbalanced soil chemical properties and mineral nutrition in
relation to growth and yield decline of sesame on different continuously cropped upland fields converted
paddy. Agronomy, 9(4), 184.

Wacal, C., Ogata, N., Basalirwa, D., Sasagawa, D., Masunaga, T., Yamamoto, S., & Nishihara, E. (2019).
Growth and K nutrition of sesame (Sesamum indicum L.) seedlings as affected by balancing soil
exchangeable cations Ca, Mg, and K of continuously monocropped soil from upland fields converted
paddy. Agronomy, 9(12), 819.

Yang, X., Liu, J., McGrouther, K., Huang, H., Lu, K., Guo, X., He, L., Lin, X, Che, L., & Ye, Z. (2016).
Effect of biochar on the extractability of heavy metals (Cd, Cu, Pb, and Zn) and enzyme activity in soil.
Environmental Science and Pollution Research, 23, 974-984.

Zhao, W., Zhou, Q., Tian, Z., Cui, Y., Liang, Y., & Wang, H. (2020). Apply biochar to ameliorate soda saline-
alkali land, improve soil function and increase corn nutrient availability in the Songnen Plain. Science of
the Total Environment, 722, 137428.



