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In calcareous soils of arid and semi-arid regions, low organic matter, high calcium
carbonate content, and high pH reduce microbial activity and decrease the availability
of nutrients, especially phosphorus, which in turn limits plant growth. This research
aimed to investigate the effects of biochar derived from green sugarcane residues and
biochars modified with FeClz, ZnClz, citric acid, and oxalic acid on some chemical
and biological properties of a calcareous soil. The experiment was conducted in a
completely randomized design with six treatments, including: 1- Control (C) (without
biochar), 2- Unmodified biochar (B), 3- Biochar modified with citric acid (CAB), 4-
Biochar modified with oxalic acid (OXB), 5- Biochar modified with ZnCl2 (ZnB), and
6- Biochar modified with FeClz> (FeB), with three replications. The biochar was
prepared at 350°C and, after chemical modification, mixed with 300 gr
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EXTENDED ABSTRACT

Introduction

The limited availability of nutrients, particularly phosphorus, is a significant factor hindering plant growth in
calcareous soils. Research indicates that the incorporation of organic amendments can influence phosphorus
chemistry in the soil through various mechanisms, thereby enhancing phosphorus availability for plants.
Biochar, a carbon-rich solid produced through the pyrolysis of biomass in low-oxygen conditions, has been
proposed as a means to improve soil fertility and boost crop yields. The modification of biochar with organic
acids can enhance its physical and chemical properties, including specific surface area, pore size, cation
exchange capacity, and functional group composition. Additionally, the application of metal salts can further
enhance these characteristics. Efficient management of agricultural waste, such as dried leaves and stalks from
harvested green sugarcane, is essential. Converting these residues into biochar via pyrolysis presents a viable
solution for their management. This research investigated the effect of green sugarcane residue biochars
modified with FeCly, ZnCly, citric acid, and oxalic acid on improving the chemical and biologi roperties
of soil.

Materials and Methods
Soil samples were collected from the surface layer (0-30 cm) of the Da'abal Khoza¥ ind . The
incubation experiment utilized a completely randomized design with si treatments: 1) co (gno biochar),
2) unmodified biochar (B), 3) biochar modified with citric acid (CAB)®&) biochar modif h oxalic acid
(OXB), 5) biochar modified with ZnCl, (ZnB), and 6) biochar modifie
three times. The biochar samples were mixed with 300 grams of soil
maintained at a consistent temperature of 252 degrees Celsius for th nths. F
period, the soil samples were air-dried, and various cherfal and biolg
assessed.

, each replicated
of 1% w/w and
wing the incubation
characteristics of the soil were

Results

d a reduction in pH by 2.78 and 2.26 units,
respectively. Modifications using ZnCl, and FeCl; resulte@yin smaller pH decreases of 0.14 and 0.09 units,
respectively, compared to the unmodified bjochar. The m@8t significant improvement in cation exchange
capacity compared to the unmodified bioch illbiochar treated with citric acid (96.24 cmol kg
was higher than in the unmodified sample, with
incréase, reaching 0.78. After chemical and organic acid
ntent, carbon percentage, and C/N ratio, while hydrogen,
oxygen-to-carbon (O/C) ratios increased. Incubation

citric acid-modified biochar exhibiting the g
treatments, the biochars showed reductipns in as

experiments reve hat bi
conductivity (by % . i
(by 2.21-2.29-fold), Tais

respiration (by 42.9-69.3%

e phosphorus concentration (by 52.1-96.2%), promoted soil microbial
increased microbial biomass carbon (by 54.2-93.7%).

Conclusion
In summary, bioch duced from green sugarcane residue and modified with citric acid can significantly
enhance sQidearg atter, nutrient availability, and biological characteristics in calcareous soils of arid and
semi arids

Author Contributions

All authors contributed equally to the conceptualization of the article and writing of the original and
subsequent drafts.

Data Availability Statement

Data is available on request from the authors.

Acknowledgements

The authors would like to thank the Research council of Shahid Chamran University of Ahvaz, Ahvaz,
Iran for the financial support of this research (grant number: SCU.AS1402.449).

Ethical considerations

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

Conflict of interest
The author declares no conflict of interest.



v
Running Coupling filter cake and bagasse application with Tillage /

BT ITB S (o § S ) SBT3 9 o5 9 9 o0 Il S )l g il

oS> Ao oMbt
o 2B PH g 5L pundS @l S s (o8 I odle Sid e 5 Siid bl Sal a1y ) Wl g5
ulﬁal.\f ..\.\::) 2 w.)ﬁ.\m U—l JL).)A: 9 ).aJ.Mﬁ b)JsdJ u.JIJ._C )AoL.C uo.bl)ﬁ u‘mlf9 u)a)g.n u.JLa L)Mmlf
o Mol (glol g 5 S S Cblagy (Ll 1 o> Jlage 30 ()0 Buan b g}yl g 00 singn Ui

Pl (Sol SB S i 5 (o SS9 (A 22 SIS dpl 5 S s 210l ZNC2 FeClz

Dol a0 =Y (a0 092) (C) als =) Jolis oy s b 33kt SLlS 2o oty el

(OXB) SJI551 dpol b o Ml jlo g —F (CAB) <S5 st sl b 0 gl jlogy —V (B) i (el s g b
g 5 a5 Y )3 (FeB) FeCla b ons pMol o g =5 5 (ZNB) ZNClz b o g a5 —0 NICHP NG
0l balwe S5 p S Y+ Loy S jladeds o pliowd gMool | L 5 b wgmdis 40 YO+ (glod ) o & U
oSy B ptales] b 5 9 (64 (Lagrdis 423 YEYD) €l (slod 13 oo dus o & ladigas .
X 55) SKPH il s bl 3,018 0l L5 ol B0 (5050l ST ) s (sobowd
{0 )3 W =¥YA) SaslS” Jols cubdyls (asly /A= /aV) S us colia (sla yighl ]38 (asls L\
SB agySan S o(haoyd OYNAFIY) Loy b6 jaud cldale ol YYV-Y/Y S ons B cbojleads
o sles o cpl 0 &S WS (10 )3 OF/Y-AVIY) SB 19,800 03g5Cuj (p)S g (Ao pd ¥ ) Il oss Mool logn
‘ b ooad Mol Jlge

s IS ssods s 008 gy sla Sy 2 1y oisime 5 Gyt St 4
polie anl S T osle 6l e Syt dgusl b 0 Ml 5 S IB cils

A5l 35e wolitul )50 S 599 e ooy B jaud
95 Cullsd

"JT oolo

cdlzmo oo Sal S S olhasd 5 SRS S Ry S 20 el Slalegn b (L) 2 liiw/

@ OIS 9/0000000000000000000000

BY NC

O o1l il A 1l

DOl: .







Aodio
PH 5 0391 Sal Baas LS ol icanl T dlge 39008 Siddas 5 Suid 3blie (S voe sacydgions j| LS
N yhud 050y olie yolie oS e2l)d (Wahba et al., 2019; Davey et al., 2021) 1)l (ool palS” Sl S 9 oL
yaud 5l ool Lise S ol ) (Saeed etal., 2021) cul Kol clbSB )3 olS sy 00iS sga00 Lol (sla 56
Olawd Jolowoli sla S 4y g 00 Clo penlS Ol yS 5 () sl S paw jo SB 4 o 03938 slewd sladgS
(Mihoub et al., 2022) 5445 o s S

ol Gl g S )3 jaud s (ialS (glalSal) 5l (S (St das 5SS sblie SB > Jlolge 218
S a JI ela Sodol (3938 a8 cal oaly s calise @llllas gl (Du et al., 2013) b o olals (¢l o
> il olS el 1y o] enld g oo 13 5l cou 1) Sy jaud s, Glise slapunsSo g

st Jlrgm 208 wlosly (i Clidos 98 o0 W 39000 (5uSTL L
(Lietal., 2018; aad oo Lyislidlly Joase dJgs 5 Soul Ja‘u,.e :
b i s B b & ot S i o5 ol NGt
b IS b ) Soi o s 03 oy JB jhud 5 (WA (glSen g odljpelic) ol it ol &gl o3gicuny
SB o yind BB yaud Kl o sl gm 30,8 S conl o3ld LS Wl I (¢ )lus (Gaskin et al., 2008) aas o oS
Jb cme 5o (Zhang et al., 2016; Azimzadeh dortp SB Sdae yid (ol b eaiitane g0t |,
had 22 b laspe 09,80 (slaclld o lajbRusglled SIFIH 15U L mtae pé jobods Bl on slagn 318
T e Jely a3 5 0l o 1y Sl i el
Wil Bhe slegn 5l (e polie (giluley sl Wlgee e

50 e polie (lyo 255 LB
u et al., 2021; Azimzadeh et al., 2021)

Ban 3,5 o )5 ookl 3)90 o5 lie polic )y SK cuiS oy gl Aol )l Sl S lgie 4 4Bl dgup
Silig)S 5 S8y (Sgd Llole sloog)S wilo (gaml lacols sbul g jlgn Ble adss jlge (saml Mol ]
(Lietal, 2014) xib
SoSE i 5 hesd sla Sy 5 poyiand BB jid p I slaseul b orsgdol g b 3,90 3 (158
Mol pu5 ol Jlogu il wyp Ban b g Mihoub et al (2022) yolaio s sl 39390 (5394500 leMbl  Sal
Sade oly i imgk ol oo ol plosl (Sal S G jd jhwd Sdxe 3¢5 4 ol wyied p SOy Aol b o
@ D9 yide (29 S Hebd S sl bawgs 0ad el jlage boad (o8 SB 3 olS (gl uyies JB Hius



B i anlp 33l )3 Same g (JT dsl b ord Mol (lalrgn 3B 4 0l lis (VF-F) ol)lKen 5 &850 i),
w550 o0t gl Jlrge Sl Fte () e yobods ST oy
DS sy ol i3bie sl plind 5 (Sa3sb sl Shs ol slaylSaly S5 31 3 I3l slacSias  oalizal
Oles 4 (Arbelaez et al., 2021; Khajavi-shojaei et al., 2023) wgus oo 8l yawam jd (Slol e g atily oS aisja 0L
@l cuslio a5 a1 gl (Shy ool & Wb o alid Slad b gy 4 10d o e ool (lass] Jie
Clo Wil plapuslSe )b 5l 1) Slawd Gls ol jeas ((Ahmed et al., 2024) xS o bS5 bgs 2ol
o3l el i oy FeCls g FeCla b ouds e Mool goys olS™ jla g 51 okl . o isl58] (SIS Jols 5 (Ssliwlg xSl
S owsS ol (Wuetal. 2020) as oUWE [oi S G 1 3o )d A+ /Y g do > YAE laods SB o yiwd bl Haud
.(Zhang etal., 2020) M oad yi)liS FeClz g FeCla b ons csu - )L'>},., s)_»)lf L SB pH ialsy

) (2955 Comoz 253 )l Lo )3 3le g2y Jiloay obj (S5 o bl U
(Ghodszad LS o polyd g Suo (sly 1y (5 5E giie o j 45" b o il 38
called ol pH 4 qu;ly‘wgo);?.J,_}JamdM«,ugmdbu >
(Zhang et sisu JW L s u" o el um WS Mo £05 Nlg o B oS )

) duslio jd Wloaly 4lis wlilllas .al., 2020)

LS Ll 5
Aoy S il 38l

£ 5l oslazwl etal., 2021)

(Yang et al., 2021) cuwl o Wbl 4 Cuws S pH 1ol RSB CEC 5 19,500 Cuzon ]38l coge ol S

bl )d b o b jed liwl )3 (65)9liS esslony 5| @S Sy @')M) ,&w 5 e ‘3“3‘5)-’ duﬁ’

b Lla cpl copae oo )Kaly 51 (S g i bl 50 S blay o yeukee VO L \/Y S &Yl g
LS bl o pe > SIS 4SO oML 2y cpl s g 59l ibie gy A2l 3 (b slege 4 g
S Gl Shgdgme bl » Sedlol S plaieds dlg o il Fhe s
o5 0 iz Sllas (eSl &S cpl 4 dr g b odlatul Jlgn S g 0353
1 SoSB g g olowd Gl Shy g S 5 jaud oald p ol Mol St

Sy cnl 9y cnl -
oo Ll ol sl
c(.;w:‘ D..\a.uj Pbu" |

Aol €Sy Sl L oNPLO] Sl s (SLlly 1 0ad a5 (lajlrgn I ool gy gl ol I Ba onlple
Q 5 plol S ) 5 losd sl Shs d9t > ZNClz o FeCly «SJ155]
bigy g o9

O o ST 329 &5 250 1N g S (519 i gud
025 b ol s S Catio g S g)lhe (el Yo +) (o Y Sl 8905 Ve ingly cnl gl 2]
Sloal b ©rE o (5 pegkS VO ) @Bly By 4dB VD g 42> YA oldlen Jobog Jlod adBs A g 420 7Y oLdlpe
Sl w3y 9 Sedl (gk) w2y s> adlllas 3,90 adlate S S g (S g digel 9 1D ()l paiged GliwjgS (bl
6o den Y S 51 g o Std—lgm colStylogl g JUES] 51 g SIS Wigas ns] Jguo ol SloST 03, 13 g 0391 Sixo ol
g 00,8 S b1 slod 13 oland (lan Shy S0ilul sl o] Lige o 4 M an S50 93 4y L 9 0303 g0
oSl olin g PH b (6515 gl 420 ¥ slod )3 5 Jlsu 3 () Gl Shy xSl sln ped i



Clale 5 Cpgmolipat Soga S el pade Slisl g4 (CEC) isslS Jols cud s « S gl oluas 15 (EC)
5y90 S (Carter and Gregorich., 2008) ai (¢ pSojlul cpadsl (igyds o yiwd LB yauwd o Sl (hgyds IS o595

aellan )90 ST olowd 9 (Su3d slo Sy Sy ) Jgu

S cdl S ens o yiwd B yand CCE CEC pH EC 5T
- % mg kg! % cmolc kg! - dSm’! K
3 o -IFY /oy ¥/5 a/\b V/A V/AA e

Jolee puds’ @y S 1CCE ¢ iglS ol byl :CEC 1S i cylan EC

9,5 b b opdyS Jas o b JT laswl b jlagn 2ol 6l (Arbelaez
iy o (Regmietal., 2012) ws odlil byl ;Yge /43 3& i gl

P8 0 Sles Jolb 0rd Mol slajlrgn 9 lajlegn la Shy
0o oo ywd BB LB yaws clale (Singhetal., 2017) uib (¢S 0jl0l S (5950

JEDCRWIRNIEE L.
; I Uo9y4 (CEC) S8 Jols cud )b .(Singh et al., 2017) ué (5,S0jlul ns s

(Domingues et al., 2017) . (¢ pSo ;]

9 oot Gisto;T
ol s T Dl 55) (C) 8La ) oy Joli slass 2 b 35kt SIS ly 2o B 13 (gl iale]
oMol g —0 (OXB) SJI5S] dausl b 005 Mo g —F (CAB) sy ol b 005 2 Mo! jlag =Y (B) ot
yobods 00 45 sboylgn adiges A5 pbol 1S5 4w 3 o (FeB) FEClal oas oMol jlage =5 5 (Z0B) ZNClal, ous
Slod 3 ole ¥ ety g bglee ) Joao 3 0ads S5 sla Sig b S p 5 ¥er L qWIW) g doyd ) o 50 5 c8leS
ke 5 ond J5S 355 (heyss Iadiged Casb) (yomligSil 0)gd Jgbo ) b0l (50455 (wgpmndes 42 )3 YOEY) b
lsa SB sladiges Shalojl b 51 ey los (Bl ol ladiges gl b ddd oy 059 O (39531 5oyl 3l o s
b S glitl olae 13 (EC) (oSl clin 5 pH ol ST (a5 (lomsd sln g J 5 5 00 K5
(Carter JlAlxS [bgyds IS (5558 ol 05 (ygmalinsT oyt S S eJlo i s bl g )2 (CEC) (6slS” Jals
91355 gy b S 09,Sue i (Olsen et al., 1954) ypudsl ooy ywyiws bl ,aud 9 and Gregorich, 2008)



03giCum ) (pyS 9 (Anderson., 1982) <o m JSuuwl b ol osle, Bb jle gl 5 g modwr S gy 45 o 3151 CO,

-o;lal (Jenkinson and ladd., 1981) muwly Glalgw Jelowe b zlysciul 5 py89,8 L ((2355) 3305 hgyas S 59,500

Losls (5 loT Judoxs
5 oySab 09‘)’1 S oolaol b 56 b ke duglie .0 plodl SAS 9.4 1581 o 5 5l eoliiwl b yidghy oyl (sboodls d)bT Sl

5,5 (PS/+0) o) sine B3] Sl g0l ol

& Cams d3lg +/+8 9 «/VF FeCly g ZNCly b o g Mol (slaylagn g s5lg ¥
(Azimzadeh et al., 2020) 1ib W )lgo cpl 0 S 0oy ials > 4 Jiles
) 2929 (598 (Stser Ko ylogn PH g S 20> (e g L4 Song
' LI (<) oL S b sl g 4S50k
Bl Gl oads Mol Jlo g ) Cons

L1381y iy cudld isl38) oniis Mol Hlagm
591 (WYY cmol kg™) <SGy Sl b oas oMo

s 45 9 SYIST sl b 0l 2 Mool g 4 bgjo (S
sogw 4 bgye 15 oads gl Jlogn 4 Cans (S9lS JoL vt

~

loyl> o0 I Sho S0 -Y Jga

ZnB CAB BC asly S

- - fo/5Y A 3 Slas
TVYY Yo/\s FY/YA A S
AR s/a. /Y dSm! EC
Y/A o/\Y /0 pH
MY as/vE YA/AY cmol kg CEC
-5 <IVA -IeY gkg' S
va/ve £ /59 A\t AYZ YA C
y/av Y/ Y% YA H
y/oy v/ay Y/Y YA N
YY/Q- YV/-0 AYS VA 0
/ey W/Aas Yo/YA - CN
- /oy - [OA Ay - o/C
/Ay -[ay <IYA - H/C

Mol Jlagn FEB § ZNCly b oss Mol jlogn ZNB «SIIST gl by 05 Mol )l g :OXB S i bl b 0 oMol lo g :CAB (s :BC
FeCl, L o

oSt ol ole sloog)S Gialjl Jd> 4 Wlgs oo Gl Sai b Jlog Ml 31 )3 (G951 ol cudyls ytalj8)
Ok 3 Lok jl b @l (Ve e (o hlSen o (olxd (go2ls) 23l JeuSgyi 9 JeuS52)S J9id (sloog)S alar
g 53 35290 )l 38T ole gloog S o] Jlis 4 &8 o Gl (38T g SIS (0 ke s g0l b a0



o1d Mol (lajlagn ) yaud o s Lt b)lr g 5T @l (Vo olem 5 obrd (s218) 2950 it 5o
oMl 51 e 239 S yisms el b 015 2l Slorges 4 bogrya e o5y 45 bls 38l 005 o) lorges & o
ST 39 4 Jo 5 8l Sl g CIN G g 0305 oy S B elime JI slosgus b Mol g oliosd
Jdsas Wlg5 o )8 Mo pd ialS (Y Jadn) il ialiél )] (O/C) op)S a0 yimST g (HIC) cp)S & (59yhd o
Khajavi-Shojaei ) wib _glewd gMol 51,5 ol Jislo @ b yg plo b Lol g )lgn oxdaw 5 (olowd [l poss
5 SSlal ¢ oolwgiSd dlge 4550 el Wil o sl b jlagn Mol o3l olis Slllbs gl yioen (et al., 2020
42 Comd Sl b 03 Mol (gl l g 5o 53 Jgly 028 0o Bl 25w lgo ol 45 b el 9 o] Sslo)
05 4 05eST 9 (HIC) (08 4 (9pden Conmd (I (Voo (o)San g (b (s92lo8) Mo (2l 4yl s
9 Fiter s bl S o Suslogy] doys LialS 5 Siladl LS 5 Gls okt L ok Mol (glaylagn (OIC)
YN ohSan 5 (005) 23k o :

Slagpe (ke

D s § " . .. _ ) .
DI S i s s oS , Sl 2o
SE e S S oy (OC) s

(MBC) o

ARD/A™ ay. /o™ (o [\ e NYs™ Y s o
Yo/ V¥ o/o¥ Y VY ooy ey Y s
£ YAy Y/¥ /£y a/ AR <oy (7) &y oy
AR PP cige™ "

S EC gpH 5 byl gw il

o yd O Jless] C.‘aw)‘J:B p UiblS Carge 00 Mol (sla )l g (olod (09381 Db L osld (. Sle Ao

W Cans 15lg /50 g /e g 2als & Cund (s5lg +/FY o /55 LS g oS 5 SIS

5 Mol slajlogn () JS5) aidls SouSs b (sl giae ©oglis ()l Sl 1 slass g3 ol oS
5 el slo )l g bawgi o sl ials ojlul 4 ials ol bl wloads pH S5 jials” csly

s (FeByZnB) w3l
Cawl 03945 |,
4 G 251 WO ] PH 45 59 FeCl L oad Mool jlagae slosd 4 gy 0sd el slajlagr )3 PH 0l (a8
5 hosd GomolinST s 4 ol (Seo S pH ials sl ials sais pMol jlagn 4 Cuns 15ly +/V0 5 als

.(Alotaibi and Schoenau; 2019) sl (gl GluS 5 dgs 9 SB > Jlogn (09,50 4 jo0
@8 doay Wlgi o SUIST il 9 S sl b o Mol Hlage 5l odliiwl I > S pH Lials jobs asllas )
5 (Mihoub et al., 2022) K¢ o yhargjy Lo o (gdul & yoxie a5 b (ol (Jos0 o159 b I (slaswl (ol
Mol g5 oS g0 ((Sj9 /59) Mo pd A g ¥ 0,5 b L s wib pbxl Mihoub et al. (2022) lawgs & dagh
Alotaibi and  oikgs 0 (pwizmed D s VIEY o VIVE & Cuipay ald 0 ALY 1T, S pH sl G i b o
dgdze g Ll S Mool b wgmmdis ajd Fovo U ¥Yev glod )3 oud ags puiS oS )l gu Wby L Schoenau (2019)
lg <AWY g /WY laieds s say S pH Lials (Karimi etal., 2019a) o5 S pH jgalS coge bl jg,hn 0s



Wen et al., ) cul osis 5,55 FeCls b ous 2ol (Platanus orientalis) jl> <o 5 slaasls jlgo jl edlatl 51 )
Sl oad Mol Hlogn y3 Fe jdgya Job 55 ond a5 H* ol polie wilg5 o S pH Lials” L (2021

@ S SB S Sl colin b pxe (]38l Cage o g Mol slaylagn oled 1134380 2l L Wosldy 1 Silee duslds
Vlazsl Sal55l ) ol 0 SB (S SI colin Gialiil &) pocie byl g glal plos Jlos! o IS yobo a4y () JS05) 05 als
L osd Mol (glo)lr g ppizmon ol S& 1o Jslomo (slagyge clale (aliEl g Jlrse ) Same oy o0 AT o
Sglds ol ol 039y ciglie byl aalél Jlade Lol cilons (S pSUl colia iolisl cel 93 pa cljls o JI slasl
A3k lagn £ 0 3l oad Sl slagygy o g g5 s 4 sl s

o381 Aald 4y Cans dolg </ 4S 355 ZNCla b o g Mool jla g jlows 4y gy o dalds diges &y Coms EC iol38] oy sy
ol b 035 2ol Joger 5 2ol gt g & bistys Aiged 5> i 4nl diges &y Cupus EC ISy i
SrSad 4 bgye Wl o SB (S8l culin Gl () JS5) w3l )l ixe sl )bl Sl Rl SII5S]
Lk R Jslxe

(Chandra and Bhattacharya., 2019; %545 o0 3131 39y loj 3 (2lé yolic 0d ojg doui
Mol pa5 olS Jlagw 3,)5 13,8 5155 la )l .cuily cillae Mihoub et al (2022) gV

100 o VIV & sl
4 lopyesls g o]
Y ilolay raldl csly ()5 collud
Dol 5 i ol 1 oole S, e,

.(Azimzadeh et al., 2020)

Ored Jlage 298 SB ol (S sl colia (il 5 g J

25 7 (<) 8.2 - (1)
a
420 8
3
%15 _ 787
K 376
4
4
Y 10 K
o 7.4
€
g 05 72 -
0.0 7 A el
C B CAB OXB ZnB FeB C B CAB OXB ZnB FeB
o sl

A" 4 () S LSS colin ¢ () S5 PH 1 slosm gl sl uSils dulio - JSWS
b o 2ol g ZNB SISt L 015 5] lsrgm2 OXB Syt Sl b 05 Mol Yl CAB )l 1 B (3l lgm 3,28 93 : C
FeCl b ods C)Lol )l>5.u :FeB 9ZnCIz

SB T (055 9 Sl Jobi Cud b 9 1 )l g il
JS5) 25,5 aals Jlos b dunlie )5 S > GeslS Jols cudyls jlo dime (I8 s o)l g dem 38 sy (LS b
o Mol ()l g sy s 5o 4y ol Eglito bl 55 i3l e Lol cilons CEC iuljl cacly o )los dans ds,S1.(Y
w55 sl lole (slaog,S ialssl Loay opl .lazils CEC i)l 1y 18U o yiis (OXB 9 CAB) JI (claiwl b
Jlowi 53 CEC jlade (yizmon 3580 bogy9sls 0l )3 )lrgn (2Ul5 (hal8l el o ol bl b Mol 1 o g
3 (K CEC ey o 2ol jla g jlowi b dualie )3 (103 YW/A) (6l gime (81 <SG pts Sl L 08 Mol g



(SiNgh 3950 S CEC y2l38] cnms lagiiis jlo g0 5> 2395 o0 guuns SB (g i5dols by bl 13 voe o S
Sog)S g o3y paw ¢ J5d5s gyl Wil o c8lSLe,S T3 Lyl 15 5 Aol 0355 ) £5 4 diny Yoono slasus et al., 2023)
4 g slaem b odd eMol clSK 43 CEC Lilil )5 e olss 1. (Ali et al., 2017) 0l (o3l oxdaw Lol
5 olran Glole glbog)S (oo e (sla)ly GRIE! Olagn )3 iS5, (sloog)S S 5 Sislogl (S gmeslipes]
o0l dd Hl g0 2,8 aldee joboay (Singh et al., 2023; Omara et al., 2023) 5,8 o)Ll jlogm 0519 pdaw yiol38] yuicren
oy)5 Singh et al. (2023) (yizen (Omara et al., 2023) sls iol38l wopd V- /Y 1) ST JaalS” Jols cud)ls 28 5
il o SB35 Jlogn 3,8 e 13l cov gz BB jsba SK CEC ,5 Liulsbl k)8
JS) €8l (I3l (o)l sine ysboas aald jlod 4 Cod Jlrgn slosleg olad o S )8 udo pols imgly 5
S 8 I3l )3 g ote p5b s etaliie Jlrsn Cilise (sllass e (5l stne Sglis 2 (LS ol (Y

|
\ \ N
\
—% 16
o | % 14
3 512
I ‘ki 10
4 )
V) Y
= g 8
£l L~ 6
2 4
2 9
< 0
C B CAB OXB ZnB FeB C B CAB OXB ZnB FeB
sl o

oS 9 (W) SB g5l Jols by 2 g elyil b eSilhe duglio =Y JSWS
1 apul b 00 Mol la g :OXB S yiaw dpuol s o Mooyl g0 :CAB (o g : B (s0ld))la g 5,0)S 08 : C
FeClz L oais Mol jla 5 :FEB 5 ZNCl2

b odds C)Lol )l>9.; :2ZnB .

JS3) ais & Jgn il (slajles 3 SB )8 ey (gl gime glis Sl ol Lt Slgh onl gl
ol 3 SB S S LY Jgiz) 052 o] adgl sloyle g 5l 505 (S5 (6)lde 00 Mol (sl 085 (¥
Slgi oo gl cnl bl 6yl dne gl oo b (ool Hlai 1 4 39 0 el Jloge I 5 003 gl (glaslo g
Sz 4 Cums 0ads 2ol Jlarse ;5 OIC g HIC o5 Cons (izen g gl Jlarom I 00)8 0bj oluly S
o e ol (sl ylogss o ol 05 ] 58 ol yial 3l s Uiylagmy (3 9ol Ao s 4™ il o 5L
olis Ahmed et al. (2021) asdlas zols (Karimi et al., 2020) il awsly S JI op)S 0 (65w Cuto 5l W5l o
Pan et al (2021) .15 S J1 )8 s sine ialil el duul b odd 23l ylogm 5 005 2 ol ylge §1 osbizal ol
5135 35 Zhang et al. (2020) 3¢ 0 S JI 0pyS Jls dme Liol33l el yal b osds Mool jlgm 5,8 53,8 5,155

amda i3l ) S T oS (slyionn (Fes08) oyl ] b ok oMol ylgm 3,18 333,5



S oy BB yud 3 3> 9 il
0l 4 Cond baylow den § €3)5 )15 Jlgn clajlas pili cov S joyiod JB jaud o olis gudos o) mls
sind ol 0 S Ul a o g a5 ams o Lt il 31 cpl (¥ JSE) cusls oy & Jlessl paws 53 (6yl5 ime (i3l
A8l phd (505 g )3 o] U5 g )lese ofus e ORal3] S cosl (Sas oS lodls (1581, (LS 5L 550
St ©gli5 g 390 St Al b odd Mol Jlagn Jlowi 4 bgie o s S wpiwd BB jaud (il o piie
Mol lgie ay ouds edliinl S o Sl 9 SIS sl gy ol ) il sdaliio o Mol (gl jla g (s jlow ylo
B jhnd Gl3l 8l Sl SB eyied BB jaud chle o] Jlisa o5 0 5oml PH b ks 5 coge oS
St ool L 0 Mol Jlrges 51 jind s3lalil 13 08 (J5S050 335 b T (slotsl 86 o & ol (100 S o s
23,5 g0 Jslomo g8 4y Joborali jind Jas carge 5 03,5 Sl L HT g JI Sy o e adl SR> SYIST

g oolawl Sl aed Ver 5l i 4 SB oyiwd b
5 eolawl 15,87 j%)155 Wu et al (2020) (pizead .203)S
@l 29800 Sl gl gl LB jiud g JS jad wyies b
o SB 2 jhed co Sl lp )5 wl @il S g
Fely B oyt BB jied i LlST o
Sl 1y o] s a8 wisly ol 581 salis & ¢

VI0 clale LZNCly b ons gl LS5 assy
5 il Coge UMT Lol CM“’] iyl oSl gu
(FeCly) ool b jlog olond Mol oy Lt ba ]
il odlatwl 2,8 5,155 56 Gupta et al. (2024) ..l
18 9 PND ity (g pgd ST S5 53 (ygmligSSl 1 e o)

3y plgie S 3 Haud Gilelsy 53 jlgn Hide

';}
o’

S uL:lﬁJ.n.M.ﬁ

(mg kg?) S e

C B CAB OXB ZnB FeB

o
SE oyt BB jiud 1 )l el b Solo duglie - IS
Lg W) CM,oI )[>9.u :ZnB ‘A.S\JI;I J.wJ‘ L: AW c)’tol )L?}u :OXB s&)wu J.uul L o C)’Lpl )L>5.u :CAB ‘)'.>5.u :B ‘(J.mLu) )[>9.u J)g)[f o9t C

iz FECl2 b oas 2Mol la 4 :FEB 5 ZNCl2



S a3 ST 39 2 s g U
(2950 0395 Cuamnyj (1S Y1 ime il casly bajlans solod )0 oads 2ol (sl gn 1 oolaiwl old ylis Buiow oyl ol
o g Moy AVIV e 9,80 6095 Cams) (p)S 5D il oy o (P JSKS) ab sald & Cuns S 55,500 il g
S g <SSyt dawl b odds el Jloge jlos 4 baype wald 4 Caws Jopd PN 15,500 (uils Lyiulj8l oy i
oy Wlgh o s (pl &S il (iul58) (o Mol g ouds g Mol) Hlagm 3,8 slajless ool )3 05,50 0355 Cuus
Al g 2 5153 S o slaisy (sl oyt BB e polie il (¥ JS8) SB T 8 Sl
Lo dls b jlrge o 03k > cnl 4 Mlgion Jlrgm 208 51 53 SB (09)Se 035 ()5 Gl (iomen
O ¥pS (Frene etal,, 2021) wS” ol 3 S oyl 5y (ol amlio oK j9,500 Lilgi oo Db 059 daw 9 Joxdscie
Mol du)bw Lo )Lw: L;qu b duslio ;0 ol C)’Lol oo bond )INS L;LmJB » u’.:9)5\u: 365 Canj (pyS

Karimi ) 1.5b oo u;’9)§“‘° %575 JJ‘M »O wf Pk d)l—"b 5 u' Sslog)| )L>L~ P9 Pk
9 PH Sloss ook 2ol glaylogn 5t ,ob NN ol 2 0Me (et al., 2019b;
ol b alie jobay sl oad ST 09800 035 ) 2 o] cuto
2 2S5 ke MO/ puS oS jla gy jl okl ST )5 1) (29)Se 0355 j ()8

o2l ui")g PSS »

200 - 350
: i AN
933 180 3 300
"31 160 A %
3 140 A 3\ 250
4 120 A 3
. 200
2\ 100 - J;k
S ] Y 150
g 80 4
D 601 2 100
> 40 1 o
E 2 _é >0
0 - 0
C B CAB OXB ZnB FeB C B CAB OXB ZnB FeB

slos Ses
5o il g () S 09S0 0350 025 2 Jlagm el b eSilio dglio —F JSU0
1351 ol b 0 2ol a5y SOXB oSy daol b 0 Mol jla 5 :CAB ()l gu : B (a2ls) b5 50,8 (90 : C
L FECl2 b onis Mol jlo g :FEB ZnCl;

(o

b osds Mol g :ZNB,

g ghaw 59y 3 0dd (aw Gl SlaS 5 g 5118 dlge Sy Slgi e slagm 3 S50 SB- 09y ks ]34

DIl s g 03905 Joo S (ki (sl s BB g plgisdr wilgice Sl 5 ol S el sy sl
Olgie 4 )l>gu (Rutigliano et al., 2014; Karimi et al., 2020) Lo jlago b o jlowd S > 59,500 culled 9 L)
) 45 inen 5 (CO2 My (hljEl) S udis g S S5 |y S 09,800 el Wlgie (05 @ie
ol o S5 ayjo0 BB s ly 4 o0yS g b 0,8 5l e gw [(Shokuhifar et al., 2021) 3,35 5t S JT elus s
S (gl 5l lled g oSy S Cllad (ST 0395y Gl 4 oo g 00d J> S 3 lag 4138 LB i
(e polic g Joloa JTdlge Cla )3 Jlogn oUlg g 3L o3g axdaw ¢ 38ke JJ> & (Ravindiran et al., 2024) 345 o0
z=ls (Thies et al., 2019; Singh et al., 2023) .S slool SB sl w8 )lg, S0 (sl canlio s SO Sy o jlogu



Cunlio 4505 9 Cogly ()8 0jls o] culled &5 S (glgm ol ) culled ams o U5 5 Gl (sl )
d9up 9 S I s8> Jlgn id ol s a5 ol al il jlgn bosds e claSE > wwal S5
s5b @ Wlg5 o o Mol Hlagn yisren (Zimmerman et al., 2011) sl o S Cosby (6,0 cudyls 5 (g pdideds
Camer lp (omolio ol 59,50 dou )3 45 Miso dgu0 |y B (cas 4ild g 8le C/N s « JT odle EC PH (5390

[(Hafeez et al., 2022) 1S’ o o] SB 55,800

S dnsd
b g site Ol Wl o i claSas § J sladnl b ordzMol sla o g 55,8 S 5y oL pols aslllas
SBpH ials Coge sdbzMol sbajlagn 5l edlitwl a5 ol Lis zols .ol aiily adlles dy50 S g o (olowd

Sl a5 SB 5 Goytd W6 b arl S 5 o 08 oo B b (Ko

Dgas (o) 2 LS‘“‘))“"

S g PO

5 2B Glagh ol plxl e Jolpe )3 waslue 5 Jlo sy > 4 jlgal (e duaed olily jl dllie (B dins g3

Sy 39 g RN bl @Blo (15l S
| abe

- LN
9 (bond ol il la gy b (y (V) (s 9 9 (e e (Si9y95 e Ve cgjne Dl ol sg2len

V=M (YR SE o) l5 clidod o) bl g (o5l oads and sy ) o Shg p (aw

u..\> 9 Sk’ @w L;Lmuf).:g » o.\.wa;.o‘ )l>}u b).f)lf ).».:L (\\c'\ﬂ) ).»5‘ cL;oJ){ 9 (% 6d3|)o0 ‘).».AYLL.C (S ‘W ‘45)...4’
AOVNNDYS (A)00 ¢ 5! ST 5 f cliix CPT3-21 an g ;Suis > olié yolie

B 51 e calises LQT Sao slowd (sl Shg (S Dlpss (IVAA) kg ol puol o U1 e Slalliue cdllc puas ¢ a5 € pusly codljpudae
u NWEEW B ()5 lidod gy 9 )lrom

Sie sl polie enl p Sis Bl sl ;b (V¥AR) Ao e (lis g (lana > SpeVlhes ((Gime 15T oon S

sl Sy (B 22555 bodd Mol Jlgn 3,8 dely (V1 1) dassd e e g (dlaas ey fe¥liue ((Sime fST oo )S
FYYYSYYEY (Y o/ SB 5 of clidng S (S5olang San g (olhonbon

References

Ahmed, N., Basit, A., Bashir, S., Bashir, S., Bibi, I., Haider, Z., Li, Y. (2021). Effect of acidified biochar on soil
phosphorus availability and fertilizer use efficiency of maize (Zea mays L.). Journal of King Saud University-
Science, 33(8), 101635.



Ahmed, N., Deng, L., Wang, C., Shah, Z.-u.-H., Deng, L., Li, Y., Li, J., Chachar, S., Chachar, Z., Hayat, F.,
Bozdar, B., Ansari, F., Ali, R., Gong, L., & Tu, P. (2024). Advancements in biochar modification for enhanced
phosphorus utilization in agriculture. Land, 13(5), 644.

Ali, S., Rizwan, M., Qayyum, M. F., Ok, Y. S,, Ibrahim, M., Riaz, M., & Shahzad, A. N. (2017). Biochar soil
amendment on alleviation of drought and salt stress in plants: A critical review. Environmental Science and
Pollution Research, 24(14), 12700-12712.

Alotaibi, K. D., & Schoenau, J. J. (2019). Addition of biochar to a sandy desert soil: Effect on crop growth, water
retention, and selected properties. Agronomy, 9, 327.

Anderson, J.P.E. 1982. Soil respiration. In: A.L. and R.H. Mille (Ed.), Methods of Soil Analysis. Part 2, Chemical
and Microbiological Properties. American Society of Agronomy. Madison, WI, pp. 831-871.

Arbelaez, L., Breton, Z., Mahdi, C., Pratt, C., & El Hanandeh, A. (2021). Modification of hardwood derived
biochar to improve phosphorus adsorption. Environments, 8(5), 41.

Azimzadeh, Y., Najafi, N., Reyhanitabar, A., Oustan, S., & Khataee, A. (2021). Effects of phosphate-loaded LDH-
biochar/hydrochar on maize dry matter and P uptake in a calcareous soil. Archives of Agropomy and Soil
Science, 67(12), 1649-1664.

various organic materials after converting in biochar and hydrochar. Applied Soil Re
Persian)

Bonilla, G. A. E., Durrer, A., & Cardoso, E. J. B. N. (2021). Use of c
affect sugarcane mineral nutrition, phosphorus availability, and t
Ecology, 157, 1-9.

heterogeneity of rice straw biochar and optimization of pyrolysis condigiong foNits ap,
of Cleaner Production, 215, 1123-1139. 9
Chen, M., Zhang, S., Liu, L., Wu, L., & Ding, X. (2021).y@omQined amendments and mineral fertilizer

application increase rice yield by improving soi
soil. Soil and Tillage Research, 212, 105060.

dissolution of iron-bound phosphorus in a deep
reservoir, southwestern China. Science of the Total Envir ent, 666, 39-45.

phosphorus in agricultural residues. GCB @foenergy, 8(5), 8$%2-858.
tential for suppression of Rhizoctonia root rot is

Research, 59(4), 329-345.

Domingues R.R., Trugilho‘:. Silva C.A\de I.C.N., Melo L.C., Magriotis Z.M., and Sanchez-Monedero
M.A. (2017). Pr‘eﬁ'es ofb i wood and high-nutrient biomasses with the aim of agronomic
and environmentaldaenefits. e, 12: 0176884.

Du, Z. Y., Wang, Q. H., Li a, H. L., Ma, B. Y., & Malhi, S. S. (2013). Movement of phosphorus in a
calcareous soil as affecte umic acid. Pedosphere, 23(2), 229-235.

Frene, J. P., Fragigg, M., Nml”, Clark, B., Parker, M., & Gardner, T. (2021). Early effect of pine biochar on peach-
tree planting on al community composition and enzymatic activity. Applied Sciences, 11(4), 1473.
Gaskin, J., Steiner, C rris, K., Das, K. C., & Bibens, B. (2008). Effect of low-temperature pyrolysis conditions

on bio r ultural use. Transactions of the ASABE, 51(6), 2061-2069.

Ghodszadm/hanitabar, A., Maghsoodi, M. R., Lajayer, B. A., & Chang, S. X. (2021). Biochar affects the
fate of ph orus in soil and water: A critical review. Chemosphere, 283, 131176.

Gupta, R. K., Vashisht, M., Naresh, R. K., Dhingra, N., Sidhu, M. S., Singh, P. K., Rani, N., Al-Ansari, N.,
Alataway, A., Dewidar, A. Z., & Mattar, M. A. (2024). Biochar influences nitrogen and phosphorus dynamics
in two texturally different soils. Scientific Reports, 14(1), 6533.

Hafeez, A., Pan, T., Tian, J, & Cai, K. (2022). Modified biochars and their effects on soil quality: a
review. Environments, 9(5), 60.

Hussain, A. J., Al-Taey, D. K., & Kadhum, H. J. (2023). Biochar application increases the amount of nitrogen,
phosphorus, and potassium in the soil: A review. In IOP Conference Series: Earth and Environmental Science
(Vol. 1213, No. 1, p. 012023). IOP Publishing.

Jenkinson, D. S. and Ladd J. N. (1981). Microbial biomass in soil measurement and turnover. P415-471, In: Paul
E.A,, Ladd, J.N. (Ed.). Soil Biochemistry, Marcel Dekker, Inc., NY, pp. 415-471.

Karimi, A., Moezzi, A., Chorom, M., & Enayatizamir, N. (2019a). Chemical fractions and availability of Zn in a
calcareous soil in response to biochar amendments. Journal of Soil Science and Plant Nutrition, 19, 851-864.




Karimi, A., Moezzi, A., Chorom, M., & Enayatizamir, N. (2019b). Investigation of physicochemical
characteristics of biochars derived from corn residue and sugarcane bagasse in different pyrolysis temperatures.
Iranian Journal of Soil and Water Research, 50(3), 725-739. (In Persian)

Karimi, A., Moezzi, A., Chorom, M., & Enayatizamir, N. (2020). Application of biochar changed the status of
nutrients and biological activity in a calcareous soil. Journal of Soil Science and Plant Nutrition, 20(2), 450-
459,

Karimi, A., Moezzi, A., Chorom, M., & Enayatizamir, N. (2021). Impact of application of sulfur-modified biochar
on some biochemical and microbiological attributes of soil. Iranian Journal of Soil and Water Research, 52(9),
2333-2344. (In Persian)

Khajavi-Shojaei, S., Moezzi, A., Norouzi Masir, M., & Taghavi, M. (2020). Characteristics of conocarpus wastes
and common reed biochars as a predictor of potential environmental and agronomic applications. Energy
Sources, Part A: Recovery, Utilization, and Environmental Effects, 1-18.

Khajavi-Shojaei, S., Moezzi, A., Norouzi Masir, M., & Taghavi, M. (2021). Investigating the effect of various
surface and chemical modification approaches on corn residue and common reed-derived biochar traits.
Applied Soil Research, 9(2), 73-86. (In Persian)

Khajavi-Shojaei, S., Moezzi, A., Norouzi Masir, M., & Taghavi, M. (2023). Synthesis modified biochar-based
slow-release nitrogen fertilizer increases nitrogen use efficiency and corn (Zea mays L.) growth. Biomass
Conversion and Biorefinery, 13(2), 593-601.

Kizito, S., Luo, H., Lu, J., et al. (2019). Role of nutrient-enriched Ing maize
growth: Exploring practical alternatives to recycle agricultural residuigand reduce che Iﬁtilizer demand.
Sustainability, 11, 3211.

. (2019). Residual
, Ecosystems &
Environment, 270-271, 65-75. https://doi.org/10.1016/jyggee.2018.10.
Li, S., Zhang, Y., Yan, W., & Shangguan, Z. (2018). Effegh of bioch
and hydraulic conductivity in a silty clay soil. So
Liu, Q., Jiang, S., Su, X., Zhang, X., Cao, W., & Xu,

cation method on nitrogen leaching
, 183, 100-108.
biochar modified with ZnCl, and FeCl;

Liu, S., Meng, J., Jiang, L., Yang, X., Lan, Y., Cheng,
phosphorus availability, phosphatase activities, and bacte
types. Applied Soil Ecology, 116, 12-22.

Mihoub, A., Amin, A. E. E. A. Z., Motaghian, " R., Saeed, M., & Naeem, A. (2022). Citric acid (CA)-modified
biochar improved available phosphorus i its half-life in a P-fertilized calcareous sandy
soil. Journal of Soil Science and Plant Nut

Moradi, N., & Karimi, A. (2021). Effect o modifie
of cadmium in contamied soil. Che istry

Moradi, R., Siadat,g8. ssiahpo
indices of extraclsS g gre

Nazari, S., Rahimi, G.; & Né
Chickpea straw in Cd an
103064. <

Olsen, S.R. and Sommers, L.E. (1982) Phosphorus. In: Page, A.L., et al., Eds., Methods of Soil Analysis: Part 2:
Chemical and Microbiological Properties, Agronomy Monographs 9, 2nd Edition, ASA and SSSA, Madison,

en, W. (2017). Rice husk biochar impacts soil
| community characteristics in three different soil

eh, A., & Moradi Telavat, M. R. (2019). Evaluating quality
t sugarcane harvesting. Plant Productions, 42(3), 402-415. (In Persian)

. K. J. (2019). Effectiveness of native and citric acid-enriched biochar of
rption in an acidic soil. Journal of Environmental Chemical Engineering, 7(3),

403-430.gm @V

Omara, P., H., Singh, K., Sharma, L., Otim, F., & Obia, A. (2023). Short-term effect of field application of
biochar o ion exchange capacity, pH, and electrical conductivity of sandy and clay loam temperate soils.
Technology in Agronomy, 3(1).

Pan, H., Yang, X., Chen, H., Sarkar, B., Bolan, N., Shaheen, S. M., Wu, F., Che, L., Ma, Y., Rinklebe, J., & Wang,
H. (2021). Pristine and iron-engineered animal- and plant-derived biochars enhanced bacterial abundance and
immobilized arsenic and lead in contaminated soil. Science of the Total Environment, 763, 144218.

Purnawan, C., Dewi, C. C., Ramadan, B. S., Budihardjo, M. A., Effendi, A. J., & Hidayat, S. (2021). The influence
of ZnCl, activation on macronutrient NPK adsorption simultaneously using coconut shell biochar for soil
fertility improvement. Molekul, 16(1), 75-81.

Ravindiran, G., Rajamanickam, S., Janardhan, G., Hayder, G., Alagumalai, A., Mahian, O., Lam, S. S., & Sonne,
C. (2024). Production and modifications of biochar to engineered materials and its application for
environmental sustainability: A review. Biochar, 6(1), 62.

Regmi, P. Moscoso, J. L. G., Kumar, S., Cao, X., Mao, J., and Schafran, G. (2012). Removal of copper and
cadmium from aqueous solution using switchgrass biochar produced via hydrothermal carbonization
process. Journal of Environmental Management, 109, 61-69.


https://doi.org/10.1016/j.agee.2018.10.019

Rutigliano, F. A., Romano, M., Marzaioli, R., Baglivo, I., Baronti, S., Miglietta, F. and Castaldi, S. (2014). Effect
of biochar addition on soil microbial community in a wheat crop. European Journal of Soil Biology, 60, 9-15.

Saeed, M. F., Jamal, A., Muhammad, D., Shah, G. M., Bakhat, H. F., Ahmad, 1., Ali, S., Ihsan, F., & Wang, J.
(2021). Optimizing phosphorus levels in wheat grown in a calcareous soil with the use of adsorption isotherm
models. Journal of Soil Science and Plant Nutrition, 21, 81-94.

Sorkheh, S., Moezzi, A., Moradi, N., & Karimi, A. (2024). Modified biochar application effects on soil chemical
properties and nutrients uptake in sugarcane cv. CP73-21. Iranian Journal of Soil and Water Research, 55(9),
1521-1536.

Safian, M., Motaghian, H., & Hosseinpur, A. (2020). Effects of sugarcane residue biochar and P fertilizer on P
availability and its fractions in a calcareous clay loam soil. Biochar, 2(3), 357-367.

Shokuhifar, Y., Ghahsareh, A. M., Shahbazi, K., Tehrani, M. M., & Besharati, H. (2023). Biochar and wheat straw
affecting soil chemistry and microbial biomass carbon countrywide. Biomass Conversion and
Biorefinery, 13(6), 5407-5417.

Singh, B., Camps-Arbestain, M., & Lehmann, J. (Eds.). (2017). Biochar: A guide to analytical methods. CSIRO

Publishing.
Singh, S., Swami, S., Gogoi, J., Dwivedi, D. K., Turkar, G. P., Tamang, B., & Borah, S. K. (2 7% ffect of
biochar-mediated treatments on the improvement of soil acidity, crop performance, a il properti@s. Ama,

Agricultural Mechanization in Asia, Africa & Latin America, 54, 13575-13603.
Song, W., & Guo, M. (2012). Quality variations of poultry litter biochar gener
temperatures. Journal of Analytical and Applied Pyrolysis, 94, 138-%§5.

Wahba, M., Fawkia, L. A. B. 1. B.,, & Zaghloul, A. (2019). Ma
region. International Journal of Environmental Pollutiownd Environ
Wang, L., Ok, Y. S., Tsang, D. C. W, Alessi, D. S. Rink‘e, ., W
& Hou, D. (2020). New trends in biochar p i
conditions, sustainability concerns, and implications
386.

Modelling, 2(5), 248-258.
Masek, O., Hou, R., O’Connor, D.,

) W& Wang, H. (2021). Iron-modified biochar and
water management regime-induced changes in plant g h, enzyme activities, and phytoavailability of
ous Materials, 407, 124344.

tion using iron (11/111) modified biochar in saline-
ental Pollution, 261, 114223.

mefidments on fractions and stability of soil organic matter
Management, 294, 112993.

Wu, L., Zhang, S., Wang, J., & Ding, X. (202
alkaline soils: Adsorption, column, and fi

in saline-alkaline paddy. Journal of
Yang, D. I. N. G., Yunguo¥ I. U., Shao

0. U. (2017).P ial
Zhang, L., Xu, M$§Y
et

enable cooperation

ricultural soils: a review. Pedosphere, 27(4), 645-661.
, Hodge, A., & Feng, G. (2016). Carbon and phosphorus exchange may
uscular mycorrhizal fungus and a phosphate-solubilizing bacterium. New

communities to s of straw biochar, iron oxide, and iron oxide—modified straw biochar in an arsenic-
contaminated soil ironmental Science and Pollution Research, 27, 23761-23768.
Zimmerm 0, B., & Ahn, M.-Y. (2011). Positive and negative carbon mineralization priming effects

among ayari@y of biochar-amended soils. Soil Biology and Biochemistry, 43(6), 1169-1179.



