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Article Info ABSTRACT

One of the major problems of soils in arid and semi-arid regions is the lack of organic matter.
Chemical fortification of biochar is effective in increasing biochar's efficiency to improve the
chemical properties and fertility of the soil and plant growth. The purpose of this research was
to investigate the effect of biochar and modified sugarcane bagasse biochar on the nutrient
status, soil chemical properties, nutritional status and sugarcane yield. Sugarcane bagasse
Received: March. 24, 2024 biochar was prepared and modified and its properties were measured. This research was done

. in a completely randomized design with 4 treatments, including 1- control (without the use of
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Accepted: July. 2, 2024 modified biochar and 4 replications in pots and greenhouse condition. The biochar treatments
were applied before plantantion at 1% w/w level. At the end of the experiment period, plant
biomass yield and soil chemical properties were measured. The results showed that the
application of all treatments caused a decrease in soil pH (0.24-0.64 units), but increase cation
exchange capacity (1.55 to 1.84-fold), organic carbon (2.2 to 2.6-fold) and available
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EXTENDED ABSTRACT

Background:

Biochar is a carbon-rich and porous material that is prepared from pyrolysis of various biomasses in
oxygen-free or minimal oxygen conditions. Chemical modification of biochar can be effective in increasing
its efficiency in improving the chemical characteristics and fertility of the soil and plant growth and
performance. Chemical fortification of biochar is done using compounds such as citric acid (CsHsO7),
potassium hydroxide (KOH), potassium permanganate (KMNO.) and zinc chloride (ZnCl;). Sugarcane
bagasse is the waste of sugarcane from the extraction of sugarcane syrup. Every year, a large amount of
sugarcane bagasse is produced in the sugarcane industry of Khuzestan province. Processing a part of sugarcane
bagasse and turning it into biochar can be one of the solutions for managing sugarcane residues.

Goals:

The purpose of this research is to investigate the effect of sugarcane bagasse biochar and modified
biochar. with organic and mineral acids on soil chemical characteristics, nutritional status and sugarcane plant
growth.

Materials and Methods:

Sugarcane bagasse biochar was prepared and modified and its properties were measured. This research
was done in a completely randomized design with 4 treatments, including 1- control (without the use of
biochar), 2- sugarcane bagasse biochar, 3- sulfuric acid modified biochar, 4- citric acid modified biochar and
4 replications in pots and greenhouse condition. The biochar treatments were applied before plantantion at 1%
wi/w level. At the end of the growth period, plant biomass yield and soil chemical properties were measured.

Results and Discussion:

The results showed that the application of all treatments caused a decrease in soil pH (0.24-0.64 units),
increase cation exchange capacity (1.55 to 1.84-fold), organic carbon (2.2 to 2.6-fold) and available
concentration of phosphorus (1.7 to 2.2-fold), potassium (1.29 to 1.85-fold), iron (1.65 to 1.78-fold) and zinc
(1.41 to 1.69-fold) in the soil. The use of citric acid modified biochar had the greatest effect in increasing the
height (19.4%) and the dry weight of the shoot (10.8%) nutrient uptake in shoot compared to the control
treatment.

In general, the results showed that modified biochars, especially citric acid modified biochars, had a
greater effect than raw biochars on sugarcane nitrogen uptake. The addition of biochar and modified biochar
treatments caused a significant increase in shoot phosphorus uptake in sugarcane. Although the most uptake
phosphorus in sugarcane shoots was observed in citric acid modified biochar, however, there were no
significant difference in phosphorus uptake between the two treatments of citric acid modified biochar and
sulfuric acid. Shoot potassium uptake significantly increased with the application of biochar and modified
biochar. The highest shoot potassium uptake was observed in raw biochar treatment.

In general, biochar prepared from sugarcane bagasse and citric acid modified biochar can be effective in
could be effective in improving soil chemical properties, nutrient availability and sugarcane growth and
nutrition under the studied soil conditions.

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.



R o,lows B8 099 ¢yl I S ¢ OT Lliixns dloro

Homepage: http://ijswr.ut.ac.ir

YAFY—YEYY b

& )lg SSwbad 3 (138 polic Qi g SB (obord SS9 52 00Tl jlagn 3,5 ;b
CP73-21

Csot S 811 T30 105 B 320 pea¥lae | V4 po s
safiehsorkhen@gmail.com :asbll, .l ul jlaal laal o sen dupad olRuily ¢(65y9liS” 008l «SB- wdins ¢ pols 09,5 .
mMoezzil51@scu.ac.ir :asblly .yl pl jlgal cjlonl o s dugus oKl ((gygliS 0aSLisly (S pwdine g pole 09,5 ¢ Jgiumo ok g .Y
N.moradi@scu.ac.ir :asbbl; .ol ul lonl laal ol pen duu oKl ¢ 65y5lis 0aSiily (S awdizs g psle 09,5 .Y
akbar.karimi84@yan00.com :asbLl, .yl lgal ¢ yliwjos 1St o590l 5 Coliiod dumoha ¢ el)ja Cliios 09,5 ¥

oS> WJlio ol

» 4

S5 )l gn Lalond 0ol sl T Slgo 210 (S g St blie slgSE ol Mk ) S
dlio imgh ol 5l Ban cul She olS wd) 9 SB (sjdols g obewd leShg d9m2 2 slron 2
i Cundy SB plawd GleShg (2lié jolis Cundy St Sl 0l Mol o g 9 s b
=Y (olarge 3,8 (y9) aals =) Jold jlei ¥ L (Sobad Mol )b LIB )3 yimgls opl 29yt 3)Shas
Y 53 5 el Gy b oddp Mol jl g —F sl )98l b oadip Mool o g =V ¢ Siis (BBl Hlagm
..\J.))f ‘_5)&)].&41 UT ‘_514(\;).:9 9 W) C}Lo‘ 9 )gm.u ualfl) )I b..\mw )l??u W) fl.’?u‘ @I.ﬂf Ja;‘).w B
Sl 329 5 09t 3,Sos 093 (l (Slotl )3 A Jlasl iS5l LB ¢ 559 2o yd ) o )3 Jlege sbjloss
S5 (g /Y= /9F) S5 PH S s o ylas 3,05 ol (55 glts i (6 Sl S8 liondh

g Ao il g4

AARAVAVI G-I PR P TN
VYY1 6 5950 &b
A RATAN IR FYRO TN

Ve 5l Ll & U

WY=YIY) yad o yawd b8 clale g (ol YIY =¥/8) S T 508 Al VOO-VIAF) o518 Jols cud b 35S gWosly
)‘.39».0 .)).3)15 A S » (ﬁl){ \/\c\—\/;'ak) <9y 9 ().31)4. \/H)—\/W\) u}bj ;()gl).g \/Yi—\/)\a) WLU ‘(ﬁl).g xd)t—é) J.Lc
VoIA) algn Al Sis 5 9 (Mops V) gl il )3 1y 8l cp e dwl SO yim b stz Mol gl S
9 S oLl oadand Jlage I jsbay .ty aald Jlog & Cund @l 0 I jolis Cla g (a0 e djL”J:;

).gv.w.l 4.:A:u9 .Lw) 9 LS’I"\'G ).aoL.C« uo.&vl)ﬁ Sk Ls’l"‘“"""’ Lgl.e(f).g doue yd w‘y ,\le gi;)w L b.\mc%ol
il 5o olaiwldyge SB- laylys )

4.\.:)|9 )Sw 2 @l"\'c )AoL_c u.).> 9 Sk @LM LSLQ’;)’B » o.\.wa.\al )l>9..; J)g)lf /w‘l; (\\"Y‘) ffl ‘ua.))g iKY cd.)l)a ‘).\A\JL\.& “(Sxe HEVEIE) <d.'>).\o bl

https://doi.org/10.22059/ijswr.2024.374316.669683 \aY\-\OYS (1) 80 (/5B 5 ] coliuies ales CPT3-21.

Oyt olEtalsy ol )L o 1,50
DOI: https://doi.org/10.22059/ijswr.2024.374316.669683



mailto:safiehsorkheh@gmail.com
mailto:safiehsorkheh@gmail.com
mailto:moezzi151@scu.ac.ir
mailto:moezzi151@scu.ac.ir
mailto:n.moradi@scu.ac.ir
mailto:n.moradi@scu.ac.ir
mailto:akbar.karimi84@yahoo.com
mailto:akbar.karimi84@yahoo.com
https://doi.org/10.22059/ijswr.2024.374316.669683
https://doi.org/10.22059/ijswr.2024.374316.669683
https://creativecommons.org/licenses/by-nc/4.0/

(‘:w.?a”a - u-olc) V€Y bLo)si Q b)w ©0 8,93 3l S 4 ui oludsy YoYE

-

400
o)l el > (El-Naggar et al., 2019) cul «Siddos 5 Suid sble oS Lol oMie I S J dlge 39008
LF’LM dl.b:uf);9 » Ls.;?ﬂanb dl.b:.xol.u uﬂ .319.4 .)9«;5 Lol Lo yd k_iJ )l )_»ﬁ,.f Sk uﬂ odlo )‘.\5.9 ‘UL"“")? UL‘"“’l ‘5))9&.5
a Jolge (9380 (lalS (i cunsg g SB rslols 340 sl cplpls )b blS wls s S ol Sk
5 S (El-Naggar et al., 2019) cul gygps )by (o5 I odlo Jlade o Sidaes 9 Siis sblo cl); clasSk
.(Zhang et al., 2021; ¢l SB

9 O3St g lalpd 3 Gilisee (slrodgicuns j ((5)l> 41325) L) 1 oS sl Jodotio g ()3 5l (a8 03l S5 Jlrgm
S Glgieds SB & loge 5,8 4 cunl oo L alisee cldlles ol (YU et al., 2019) 345 o ags J8ls 5sT L
(YU 2L 50 LS 4i5 3 S siodols «SB olond sy Sy 39 5 Sl 65kt sSs > T ouiiS e Mol
a3 o ialS 1) langs g olie ol gl g etal., 2019; Karimi et al., 2020; Frene et al., 2021; Siedt et al., 2021)
Jdas SB 4 Jlgn 938 (EI-Naggar et al., 2019)35,5 o «SB sl Shg Sk a0 5 SYsb Gl 4 SB
S S s oMol caw oo 1) 5 YU o aw {CEC) (SaslS Jols cudyls ey 8o b jlislo ales 1 o1 Gilises (sla S
.(Mukherjee and Lal, 2013; Khajavi-Shojaei et al., 2020) >4 0 SB- 55LsS

5,8 culply oyl oYL SeslS Jols cud )b ¢ b Hb il g )b 5aST odaw ol slrog,S cpily Jday laan
cexed b e kS b ba oyl Gls 55 g amd il S s Slie ol cusly 455 5 S8 CEC silg o SB ) g
(EI-Naggar et wsb g5 bS5 595 4335 d9un g byl padal Jials s S 5 pasgel g s Gl b sl 0 S
il ] SB o yies B jad clale (S 53 jiud Cla sl ySe (ials b Slgs e sbgm 3,8 ol 5 o958l @l., 2019)
& ool ey ) saddns slaylagn o3sd Hlgn 29381 S 1 aS ool lis calisee Cldllas ls .(Gao et al., 2018) aas
Karimi et ) wb il Sle o olS sy GpasnS lie polic 5 jiud dbos 5l Gilisee e polic anlp o Sal bk
lon plail g iy 0y (S cla Sy p legn cilise zobaw 3,8 56 imgh pbol L Yang et al., (2015) .(al., 2020
3Slas g adny Job I gme ol 3l Cow g ciliste gl 3,8 sl LS )] gl X305 gy |y (ROC 22 4y lg) ,Siis
plxl b Alvarez-Campos et al. (2018) o5 S5y yiwd b pawls ¢ yaud cdale 5 ST odle o olgn pluil ¢ ady, odgicou
435 5 2)Slos ) p (ogmder 4250 Fov g YO+ (lales )3) Cilisen (glaodgicums il oadang sloylrsm 50,8 b (ingh
o Pl )3 el g prolty 28 olie Gl 4 3 Gl ol gl idged s 12515 50 1) (CPOO-1446 4z, )lg) St
Bl ili8l g xe yebdy o an calise (glajlows 5y0)I8 51 10 S 5 Sles g S 0395 G j 3 ySlos Bl dlass

F0 ol 3Slos 5 0 5 SB (Gjrlols 5 alerd sloShy 3900 0 o 2L LRI Bl5 e sla g (alesd o
ol SUSieyy (KOH) ranoly 1S9 y0u0 (CoHB07) sl Gy aile SLS'5 51 odlil byl obowd Mol ik
.(Mihoub et al., 2022) >4 .0 pl>sl (ZNCl2) (59, 3,18 o(KMNOy)

o Shg Mol o ol @b Gal3l g slse sla Sh damte loylSal, 5l 1505 (S Same 5 T slonsl b s 2
ol b o dBlis o310l oy b Ao g (liosdh 5 (S Lo S St s ne 5 T slol L Mol ol SB
i8] o K15 o Game 9 JT sladul b odizMol jlago 5,0, (Nazari et al., 2019) 595 o ole (slaog)S g4 ¢ 595l
ge 38 (Yuetal, 2019) 55,5 SB j» BrasnS olie polic ¢ yaud oald (lbl qused ¢ SB o950 cled
Mo cpimen il e alS bwg o3 polie Gls g ;> S PH zals b sy o Kol S 5 sl b sdsz Mol
35k oo uLmLf Ja.my Lmu] n_:Jb D9 ) Gl yS Cpds g 0 )l>3u )L.‘>L.u u.»‘J.C )Aol...c JM?U‘ u,«.ul)ﬁ] [ 3/14.4}] ..\.wul L )l>9.u
Ol o Wl o duwl SO0 IS Ll gw Mol sl i plool L Qayyum et al. (2021) .(Sahin et al., 2017)
dmlf [ u.,LlB Sk LSJ Pl DMCM.AD‘ )l:>9.u .)).3)[5 .A.b).{ u»)l)f Cpood Lbui .)9.\»@ Sk CEC uu‘/,&‘ Pl UT L;:‘)lf



100 ... s T 2 oawiz Yol jlogm 359,55 55T 1)Ko g 45 o (g3t — ole)

S HY lodljl b 5l wlgi e ] Sas byl oMol 55,8 3,055 Yinet al. (2017) s oL S5 o pH ls ine
By Aiwgy Hlagm Mol 5,5 3155 imgh plsl b Liu et al. (2018) ey (zals |y SK pH (Fe¥*) cal clayg g0
5 0 g (s Jole (5lnog,S (spiulipe] Gens (gl S yges 5 gl SK1300)15 il S yd) s tno (slotpl
Mihoub et _casy .8 S (CEC) 5508 Jols cudyls jlo dme yil38l cum Sdze (slasw! b osdiz Mol jlogu 35
s 83,8 Ly |y Sal SB S )0 jaud enld sl SO jiw b ozl g paiS oS 5l sadans Hlaem w5l al. (2022)
Fotar Ssine g sl Syt b osdgMol Jlase b odgMol SB 1 olS (gl oyt LB jaud cbalé sl ol g
ISPy

ek slaaio 5 IS 3 S5 ISl (935 o 6V el St Sy el ey S5 Slomy S B
S gLl Co e slaylSal) 5l (S Wlgige slagn 4 ol R g St WL | sy (6518 9 Mg olioj il
2 S IS easg ol g 3plS i dinj > e ldlie g Sl & s b (T llSon 5 (e 8) 22k
Soge 2B oy Gigk ol 3 Baa plplly ol 0t plodl S 435 5 SB I3 polie Cundy 5 obend s S
wi)ly St olS 43 5 (i Cundy B olnd G Sy e 5 T slonl b sl g 5 St L
5 CP73-21

Lvgy g 91ge

Of (bt 9 (o308 (S Sy (55051 9 S (5,13 piged

Ve ly o St Canio g S g)lje (s pra il Yoot ) (o Y SB T SE (o)l pdiges Ghagh cnl sl cre
2955 5 (903 StSlon 3l g g 005 S lon oddig)glaer S Wigad b plonl lisjes il )3 lgnl wd Jlad (605l
T 05 S gladl ouas 55 (EC) (S Sl i g PH 1 (6803l ] oo 5 (Se38 cslosS g s iashen ¥ S5
P9yt SB (i B el Cale g cpdgl (gya (o pud BB jaud ¢ JldaxS” Shgye JS 039 5t ks <5 ygmlanenST 954
(e WBPH (o o9 8L (gl adllaedge S (Carter and Gregorich, 2008) s (¢ S5o 18l pgsgel il b (550 lac
ool sl eole gl 5 55 it S

adlod j90 S (o bomi 9 (S50 GBS H9.) Jgu>

] &y 5 50 yiud )
SBedy s T T o8 e pH EC Sis
A e I
- YA mg kg'! mg kg! A cmol. kg™ - dS m Sl
g e -lav \EY NIYD a a/ve A= VYV JIvH

e Jols ¢ud b iCEC ( (S w81 Colan (EC

o (S5 509 (674583151 sl S s 9 dowsl K 598 guw b sz o] (Gl sl gus 9 ylogm Aed
O 9 b g L S Gt g Sl St el oalitl Sk Wl o3 3l )l kg Caa gy onl
lod > (35S 0)gS )3 slogm L (SiNgh et al., 2017) s (Suid oguudo 4> Vo0 (clod )3 g oyl )3 (P05 Siislgn |
0505 30 eS| JBlas Lol dloo] Cpa A dgd 4By )0 wosdi 4550 O (slod il F 5 L g wgead a0 YO oL S
S b oolital syl S 5 ol Syl 5 rgm o g (VY i 9y0) 15 ol 55,50 35 oy 5
Do drV Cumi b (Voo o/)) ool 51 S5 5 il oadanes Jsloro b oadand Jlrgm caml S psilgus 5 dpusl Sy b )lzron 2ol
Odody Tl il &lyamd jelate 4y sz Mol jlagn b bolswe (wgmdw d > YO) 5Ll slod 3 celo ¥ Ctody ¢ o= Sig
odb i yhadie Ol b )b pis oddp Mol (sla oo BLsl 2 ol Ll jglatody .0 SiiS wgmab 4,0 50 (slod ) cslw VF
(Liuetal., 2021) .0 s ogodio 4550 £ (slod 3 Cuslis VY Sdods Cold 1 4

cdaw CEC EC PH ¢l slgo ¢ iuS1s o Slae Jols oyl (sla Sy oz Mol (sla)logn 5 jlogn 3905 odlol 5



(‘:w.?a”a - u-olc) V€Y bLo)si Q b)w ©0 8,93 3l S 4 ui Oludss YovT

S0 S ol g jiud Gl g )18 dlge S (s {59550 9 0390k ()S) Spats LT (ol claeg S«
0381 5 (HIC) ()5 & Ga0a (CIN) (595 4 ()5 (oo S 0ddlanti ()8 2oy (izeos (Singh et al, 2017) i
b dnwlxe (O/C) o3 4,

SIS 5 b jloss Jlos! ¢ dulojl 2,

528 =¥ S L Jlagm 2,08 =Y ilrgm 3,218 ign) SaL5 =Y ol s o 3 (ol NelS b B 5 gy ol
ol )3 (LB ggemme 13) HIT Jlez 53 5 Sl Sy b oddg Mol Jlrgn 3,8 =¥ sl S pgilsu b otz Mool oo
&) piges S5 0 ol bl jlgnl osly (g 320glS ¥o po gy i S gl 5 Cladod Ao S o)lads Siladow
FAS Fig 2o ) g 3 slese slajlas A 03l joue gyt o O Sl g 0l St g Lol SIS CiS e 0
SIS i 3 b a5y IS > logm b ok e S pySolS WA e (S WIS kS Cr g 505 Jlae] S
o A8 15 yolic ppols 5 3398 b S S5 (g yia s ¥ 395 Boe > CPT3-21 iy St g S5 (sl dals 4
13 S 15 Gl SalS §) LS (S 90 Ay 3 baales (15 su 5l el 51 w1 plos] ST g0j] gl ol
3 s cosby iolesl 0,93 Jobo )3 s (6,05 olo ¥ dody wgauadis a3 )3 YF B VF sl odgamme j3 g a5 Ll i
b bads (559 B9y (7S SIS )3 Cusby (e b (o)) Cud b doyd Ve o9

olS (ldd yolie g (gaudy G S g S (alowd SS9 15051

9 b a st)lf) (& Foam gl Sl 6‘9:7“ Opred WA L;ﬂfo)'l,\jl oS &lﬁﬁ)l ALY, olo )Le? Odedy oS quo)‘ 0593 L;Le(‘:}l 5
Uisu e (Wellburn and Lichtenthaler, 1984) i (s uSojlil doys Ae gl b (6,50 lac b )ds 03l S (134548
Sl el cas Geored b (6050l olS olen plul (Sis 59 9 .05 00 )3 Cel YA Gt 4y ogaudis a3 )0 Vo )l >
PRI 53 (e 5 895 53500 ¢pol) B pannS 5 (mamsliy 5 yid ((1J9y3) Bpann i polis Clale 0lS glaydts Cundy 2 bojlos
2 Sds wler plil ) (Sis oole o clale Galols) olie jpolie Cls e (Motsara, 2015) wi (g uSojlul olS ols
PH (EC) (S5, colin g o plos] 5 o lalS 51 G jo 31 SB (6l pdiges cialos] (slosl )3 b dlons lndiges 1 S5 yo
oS (G polis g sl i o stos BB Slale 5 JS (355 il (918 o5 bl eJgbe 5 JS T 08 S
[(Carter and Gregorich, 2008) 15 (¢ S0}l (S5 13 (o 9 (59, <jiSio ¢ ya)

oaly 5,bo! 5L

a9esl 5 ool b 56 edls (pSile duslio i plul SAS 9.4 léla 5 5l osliwl b imgh cpl slwodly (oyl] oo g 4550
W el ao ) O Jleis] e 53 g Sl

e g b

S (bl 9 (58 SS9

A3 Seygbar (¥ Joia) 4d Jlrgn 0ad Cad (25 5 )18 dlge pruSE a0 S o Hlagn (alend Pl Bl (LS ol
oz Mol (6l )l g PH I (LS s 8l (2alS )l g oS ()5 o) 5 51,8 Slge (w5 (slgie lagn (plond ML)
g ¥IV 5 Ve o iy sl Spsilges 5t Sy b oddg Mol Jloge PH &g ysbas 35 58 odiip Mol Jlogn & s
oabg Aol )l g s S sl Gy b oS Mol g 9 )lage 45 3l LS bajloge EC auglie .09 ouiip Mol sloge jl S
039 gaw 9 CEC Jlude (p jistn ity ylogm 4 S (st CEC aadgdol jlogn il (6508 EC dol S p9dlgw L
0Bl osiipMol Jlogn b duslie )3 onlp Mol (sba)lrgn (5T 203 (rizron 92 Sl Soy9dlge b 0lp Mol Jlogu & by e
4 Cos oabpdol (slojlse Jlod ) b 2oy ol (i lalesn 3T gl (Y Jsio) <8l (Il (oSt jsbar St
froliy () 0y (e gu Sl S5 i b oddp Mol slog slas 4 bgaye jlade o 5 e & il (il eadig Mol g
Lo 5l Jsloce oy (0 s Jsay Slg5 oo gols cul g oadp Mol lajle g Sl 5ok eniigMal jlogn CIN Cos



VOYY oo o Sy 2 oamipdho! jlagm 2,1, 5l 1) an 5 48 o (g3 — (oole)

5 aon b 5 aliend WBls i od SIg e 50 () 2oy tlS il llagn o o ke (el 4D )3 g jlage
oMcMml bl g dSqu:- I .(\\‘~ . ‘O\)K.o.as 9 Sl 59?‘95) Ml (o loss C)Lo\ Sy O] Lo 4 b e ol ad FEID

Sl liSio sl ylowd o031 ECawS § (g maie uS )5 Y Joda

SA-BC CA-BC BC sl SR
- - £Y/0 A 58les

\$¢ VP YYIf / s
ATAT YE/Y YV A o dlge
- Y. A €./0 A SABClS (p)S
Yoy V20 VY ds m? EC
Y/o- f/Y- VIY- - pH
DEIVA AV YAIRS cmolc kgt CEC
s\ SAIS YSIA m? gt ohg gaw
Y- VY WAl % s
< /¥A .Ivs /A A liy
OY/AS Y YI¥0 /A oS
¥/¥D ¥/\- Y/ JA Udsrke
/YA Y/¥a V/AY A s
IV YYIY VeIV A OS]
Y/ yr/a Ya/A - CIN
Y /2 1o - ore
L IVE -y -/b- N HiC

yolis o o Mool b sl b pMo] il LtolS sy S (lsis sl slosd ool Sl )5 oy ol s
Sge Wilg o dpuwl b o jlagn oMol pizren 30,5 o sddipMol sba)lagn S B dleie (EalS Caw & sl olpon  Saxe
2 Mk S onle Bl isu wlge cul 435 b 4 o (Fierro et al., 2010) xS 4 jou 1) Sislogl 9 Slidl s sk iy
s b dnolie )3 ondip Mol slajlrgn 55 (it a0 > b0 (BRI adg) Jlrgn 4 Cond ol L oadg Mol slalo g jls L
e Jlole (sloog S (naliEl T Jlisas g aylrses (y3emST 20> pSmatiz QI3 culpl (¥ Jgi) €8l Gl (68 i ysboay
D95 5951 Sl cud b ol 58l Caw Wlg3 o L]

oS Culla 31 uy S loond SO S 2 0 ! Sl gm 5 g U

cubls EC PH Jols St cuiS cov S phord sl Shy » sban sblad 513 ol laosls (uilly 4555 gl
(¥ Jga2) 592 o sime (DOC) Jgloo JI 0325 9 IS I 28 gl Jols

S lond SS9 52 Hise loni 3l (Slayyo (Kke) il g 42325 -V Jgoo

Olaspo (sl
B L Syl
. . o N @ ol 2t asle
SB e SB S SB el S Sl pH o XTI
(poc) (oc) (CEC) (EC) <>
ARSIV Jov* Yv/5 Ve LYY ¥ Joss
W/ oo -1\0 oJ-5 ooy A s
¥/A \iAl YIVY WY A (£) &y oy

o Y Jlain] e )3 Iy gxe **

Jgia) €8l alS (> gme pobody onlg Mol jlage 9 jlrge 2,8 (slajless )3 ST PH I (LS bosly (550 duslie



(‘:w.?a”a - u-olc) V€Y bLo)si Q b)w ©0 8,93 3l S 4 ui Oludss YoTYA

Jasi jl 5 g <[P 5 +JOA o /VF iy S PH o] Ko psilus b 00dp Mol g dpus] Kyt b oMo coriiz Mo
9 SB 3 byloge (ogpoliens] dlo I ilisee bV & Sl oo slage sbajlo 5> S PH (ialS g (g 33 (1g) el
Sl 155 5 9,Sem b Gl T Sl 5 (F Jpiz) S olons JT 008 Gl dal S8 T ol JsS0e 2
sl fgn b oxd o (Kol cocSls 3 PH (aals ¥ 1 (S0 55 dacl elgyien 1 dgioms 5 laclS” Pl sty
Olen 5 pals alie yobas . Liu and Zhang, 2012; EI-Naggar et al., 2019) cuol oais (5,155 b slalod jd sddans
SB S PH b (8l s ogpadis 423 Voo (6lod )3 )3 jlagn (Si9 20pd ) 5 /0 zobaw 3,5 85,8 (5155 (YTAY)
A5 Sal )

g (F J312)15 1L s & Copms S S 5 S5 EC s sino 8] conm okie Mol st 5 slagm 208
Mo o5 g oatigMol Jlagn b oad jles S5l Sitn b gne seba sadgMol lajlagn b osd jlas S EC
S gl b odbz Mool sl g jlosi b o sine BMT (g lol Llod jlogs ol S 200 b oMol Jlarges o 42 boge 0 EC 2381
5 ) Jslome S5 1 S oy Mlg5e saisp sl (slalase shges nrgm 358 51 55 S EC Sl cudls
oy wilgy o bl g 5,18 51 ;5 S EC Lilisl.(Miaetal., 2014) uib o S Joloro 13 jlagm jbdlo )3 3250 ((Sine
3 lgm 3,8 3l w08 (55 Cimo etal. (2014) il S5 Jolxe )3 Jlgue Hlslo 15 39390 WS (cla 051 s o]
A il 1) S EC wlgs o 15,1 Hlagm ksl b huns Lgm 45 SLIB (sloyeslS asljl SB

bgrye S T 08 ke iter (F Jp2) ool 005 S T 8 Gl copm orip Mol slasfasm 5 s 38
@ ksm 0938l 10 SB S oS Gl Gl e YV aald Jles b avlie ) o 55 aadipdol lagn slos 4
Ippolito et al., 2016; Karimi et ) cwl sas (5,155 55 5,5 Sideh 3l (il bowgs &5 il o aylagn o, Jdoas SB
I onsS g 4 glgise |y S I epyS (il 33l ) sntipMol ylgn i 56 .(al., 2020; Moradi and Karimi, 2021
g 539 o) ¥ o 308 58T oy b (V¥ ) oylSen g 08 (GimgRy ol b b ygbs 2l Canms Slrsm ol 2 S
0 S T S stz Ll s slage 3yl Al @3 S cos LSal SB Sy 4wy bl I snsans

22l Hlewd b duslie )0 S SealS Jols cud )b ]38l cunw oadip Mol jlgum g )b g (sl jlaws ool Cauwdds s bl
duglio .cutly ST CEC Ll p (550 b sl S taw b oadp Mol o wrdpdol jlogn g jlogn (slajless oloe 505
15 CEC (i ¥ J52) 13 S sbro 1 (8 bosine 8l o g cslolass 4o 2,85 5 (5 Lnasls (3L
23l oMo g b duliio 53 oyl e CEC oty w55 o el 45 05 oamlie syl <Koy by 0z Mol Jlog slogi 59
(Laird et al., col o aaw (555 2 Glole sloog)S 3925 5 slser (b Sk dojlogs 3,08 51 5 S CEC Gl Lo
2 o @b Gl s Sl sl b g Mol 15,8 U315 kmgs plool b 55 Qayyum et al. (2021) .2010)
A5 S5 CEC il

oS Gl )3 o5t 8 oaiiE Mol jlo g &) s ol S pplgus g ol Syt b oap Mol (glajla g 3,018
oS ] S psilgus by 005 Mes] 5 dpaol (K y2aes b oMol oritip Mol (gl 5,8 51, (F Jods) aizils SB gl
3 ot o gl 3l Gl (o 3,05 53) 205 e & o dumys PN 5 VI OVIY ity |y S5 Jgona
gyl oriipMol slajlege b awglio ) St Bl g )5 (sbli ord (gl (slajlegn 2018 s> (Lis 5 (Ve 0) oS
2 Pk St B> e 4y g 4Ll 5300 Jolme I 028 OIC g HIC 53 Jgo Cus g 58 00 ()8 e,
0055 I3 sl sl o8 m3m L5 Unslagm )8 51 3 S Jsloes J1 08 el sy S5 Jolons T 8 il
(Song et al., 2018) cul SK - Llils 5, (sl amlio 4355 5 (g559] @io g 395 3T SB )3 W3 oo 45 039 o yiwd b8

SB il polis onlyd woamizWeo! sla,loow wili
SB oyt LB sl g o yiwd BB jaud  oddpMol slo)bgn o sbon slaylows 3,8 156 oy Lis baosly usly,ly 4o
By oxsphol g 5 s sloas 3,05 5l cmpad (0 J312) 3555 fosinn SIo S 35055 o 1 Js 9 fosine



VOYR o o Sy 2 oaip Mol jlagm 3,1, 5l 1) an g 48 o (g3 — (oole)
(D Jgs) 395 o gae SB yoyiwod BB e clale o] 51 as b 3 56 s sime SB o yiand BB (gq, g 5550 oyl

PGS G0 S bowd S S 0yl gu ciliee b jlow w U uSilke amlio —€ Jga
Jolowe (I o8 ocC CEC EC

(mg ke S& (%) (emolc kg™ (dS m) pH Llow
A-/5AC +/dAC a/YAc V/¥-C v/ava C
YY/$Ab V/bva VE/OYD Y/¥YD v/s4b BC
AV/YYa V/YAb VW/YVa Y/vsa v/yoc CA-BC
A¥/vYab VYD VE/A-b y/5-ab v/Yac SA-BC

sl S yilgus b 05z Mol b gt SSA-BC £agusl (g yiws b o1 Mol )l gy :CA-BC €53 5l o g BC a0l :C
S 5 0C (S g8 ol cub s ‘CEC (Sl S, )l colam EC

A5, (Pe/+0 15, dxe M) 4SSl yg03] |, polwl p S ptie L el Sl
) SO Fre 09l olel g S jide B9y sl sl Sl

S Doy IS polis conl,d ) cillice 51 sloni il (Slaypo aSile) uily,lg 415205 -0 g

©la e nbe
. - - A .. e P
e $95 e o ] Hud Oj9r Ry Ol yds @lo
oo id BB e d BB e wd B s BB e BB e e B Js
e opns e YA AN AVAA™ sEI ofems ¥ o
ey ey .5 AV Yo -I¥ o/ A las-
¥/a o/¥ £1 \3 #lo fI¥ WY () i >

#xx NS
9

AN e B ]

ud cdale Jb gxe Gl cuw oddpMol Hlasn g Hlse cbajled 505 S db lis odly ke dwslie s
02508 5 el o legm Slalass 3,8 > S ostos B e S (3 s oS 8ot (5 Jin)as S osin G
ot & S S 53 (o yiod B uliy o gine (al B G Hlargn lo)lond Ao (ppizred b odaldio Sald jle )3 ) )lade
VAD ] e 45 g oniip Mol jloges lasi 4 bigsye ST o yod B mpuly cdale (al380 e (5t (5 Jsin) w505 anls
el Slagle Guals Jdsa Sl oo bajle g 3,0 Sl 53 ST ot b jad (iallag (g 2,0 ) wals los il
il L g 03,8 585 Lgn S oo Gl 1) pad &S S dlonjl SB slaygslS L aiilgs oo bajlage o5 12 1Sl S > 5008
Manolikaki and .(Gao et al., 2018) aa> il I, SB ol oymed BB cble (SB p» jhd Gl lblKe
Sl SB S a4 o wgmdio 40,0 Yoo clod 0 @iy wgaw jl sddans Hloge 30,8 45U ), L Diamadopoulos (2019)
oty Gl 3 G o ine ssbay |y S poyis HB el 5 jhad CLIE g 3wl S cudS cod
S 2955 Clld Gl riomen Bl S 2 bajlagy Jlble )3 35290 mawly (0D 03938 sy Kl o S o ps B
oatiz Mo Jlrsm 5t 55l > Al g Gl (gl Lo 3,8 1 3 yolie ol ClBle Lialsdl Y 1 s (o Wil e 5
ok 30 5 (1 Js2) o el ot e 5o S oyton 1B alty CALE (I8 5 oaieMol slislrse 4 Cons
o «)d el cos (Sal S1B G 3w Jlegw 20,8 ol i 15 Song et al. (2018) iagh gl sk SB 5> pawls
A SB e yied BB paly Jbd bxe iol38l

o 0057 Mol g jlogn (olaylosd dad 3,8 a8 5l L5 (SB o yios BB al clale 4 bgye (claodly 1 Siko duslie
18L5 5los 4 bgrpe S oytod B pal Clle oy 5 4 5 )sb (5 Jgi2) 15 S ot B al Bl I x5l
el Syl 5 el S by oMol gy (sl 35 S poon B ] Cale e 515l (L5 cipad ol 23
g5 )l sime (olel i 3l ol gl Lol g outigMeol Jlager slos | 5ot

3,8 Lol ccisls S oy b6 550 clale  (g)b cxe il saispMol jlagn jled 2,8 &5 Jbb jd ob s s
(F Jsi2) 15 10l o & Copms oS S 05 S ot B 30 ale o sine oI5l o 25l (5lo
O g el Sy b oadg Mol jlog slosi b by e Sl il o SB ey JB S el ol jlade o 5 ke



(‘:w.?a”a - u-olc) V€Y bLo)si Q b)w ©0 8,93 3l S 4 ui Oldss YooY

Slojloss 1 :Silke duglio .8l (ialidl ao ) FEIV cals log b auslio ) ol ol 13 S o yuod S 5806 clale o8 i
A5 SB o BB g9y Clale s gme (Al s slargn (Sbajloss dom 3,8 3l (LS SB oy BB (g9 clale g
ald jlass g dpel S b oadg Mol jlogn o 4 borje i ity SB o piod BB g9y CLle (308 5 (n S0k (5 Jsi2)
{F Jg2) 292

(F Jgi) SB Jslomo JI (08 9 CEC tal 8l S5 PH o ine (tnlS dlalages 1 s) 5 55500 gl ozl s ol
sl Gl g 03294) Jlrser slylod 3,8 5150 (S 31800 5 g9 ol optuod bB clale I3l Y5 dlan ) il oo
Callab 29 Wl oo s slojless 0 S oyt BB (9 5 5K ol 35 St Jlanl BY 51805 (S il (o
5 oL wiiyy Lasgs | slotend 85 iz 5 ol b T el a5 Vool 5 S5 ooy el Sl 5 (9 S
S8 0l L (VFe v ) hSan g 00 )S dalllas ot wlin jobay bl cuiS cov S )0 uolie pl cldMs )38l ases o
ol Gl Gilidl 5 (Sl SB S 5o () 5 ool) SrpaneS lis polie (onld jline Gal3l cums 00l gl sl
bosd Jlag (Sal S ) BransS lis jole (oo LB clale (hlEl (Ve )en 5 ar)S) 15 @) olS by
Cawl o y)l35 55 Ippolito et al. (2016) lews calisee slrodgicun ) jl oddians slaylgu

PGS G0 S il polis y Lo gw Bliseo 5 low il uSilo A lio -1 Joas

o o ol g B ed
o B g, o s b s G % Fwrd ]9 oLy i Lo
(mg kg™
-/¥ac Y/ove Y/0Ab VFA/VC AYc C
«/¥Y<b Y/¥ve a/ava YV¥/va \¥/\b BC
NE: o/Vda #IYAa Vay/-b YA/va CA-BC
-/152b ¥/05h £/¥Va \a¥/-b Ava SA-BC

oL Jadg IS g Ml 2 ouipiho! Sl ylagm 9 sl2 9wt 05U
9990 )b pime St slab pliil Sis 59 9 g5l 3 oddiz Mol jlagm g 4lag0 5,8 5l aS sl lis Wesld yuillg 4350 s
(Y Jgz) 595 o stae 335598 9D @ Lo kS ol 5l

2LS Judg IS g i 3 liden g loni 5l (Solryyo (Kile) il g 4235 -V Jgaa
©lrpe ke a5

, , ; : Ol s @be
Mgdg,5 b gyl el S 09 gw)! sl
L[ Lfoms R eV VAV/AF ¥ sloss
.-l e o s YAID A s
A Vo/¥ vy /2 /A () &y oy

20,0 0 Jloinl pdaw )3 I3 dxe g I3 dxe b g * g™

lon plul Sid 59 9 )] HI cme (0l 38] o sz Mol (gl jla s (slajlows 3y)8 a8 5l LS Wodly 1 Ske duslds

S ol cpl Lol s olS olsn pll Sis 59 5 £l 5 iul 18] o d ST oaiiz Mol g o 3,18 () JSU5) A oL

)] e G g 4zl olS Sts 59 9 obS el Gl g5k Sl ead ol slo)lr g 95 b e 5 o] L
g 2l Hlaw 51 5 e Ao VI 9 Vo /A s s olS olen pluil Sis 59 Sl

Jsi) 58 o cab o Gl S g 5 5 J1 8 I3l comm ol 305 5 o (i gy ool ol

S SRy d9e 4 Oloe |y ol SS9 9 ] Gl plply 8 adllas )90 S > (olAS polie el il (¥



VoYY sla Sy ool Jlagm 3,48 il 1] led 9 46 oo (g3 — (oole)

2 ipgh pbool b Yang et al. (2015) .l cuws olS buwgs oyl Gls il g SB > olie polie onlp il g S
ol l‘“dj &S 3908 w2 D) (ROC22 “31’-)‘5) S @‘9‘” plul a, S S SRy 2 lran Btk zolaw 0L )“L’ o
F‘J.;‘ 03¢5 ) J)iLQ.C 9 Sk uu)a.w.)JAlB WLJ 9 ,w clale 9 L;ﬂ ool )bu.u.o uwl)ﬁl [y )l>9» e C}b.w .)).j)lf sl
S5 o..\‘.lijc)tp‘ Jow b awolds ;0 sl b o.x.f’:c)'to] Jgm 2,8 0 S u.:)])f Taskin et al. (2019) Ot L olS ‘u.g.l}tb

el bges g g QLS S8 55 331 )3 (5)e 51 (Sl S

70 - () 6 - (call)
60

bc

50

40

(g pot?) ols Sis 59

(cm pot?) ol5 glis)|

20 ~
10 ~

Cc BC CA-BC SA-BC C BC CA-BC SA-BC
Slos o

S (1) g5 41 o (W) SUiS (59 2 ylorgm oo 51yl WU (Sl dumnlie - JSCS5

)5 (P /+8) (6l sime ST 5S35 g05] ol o S e Gy (s slo Sl

oS lié polis iy oadpdho! g la g i
(oliy yaud ¢339 5) Sy (@lié polic Qi oadgMol Jlogn 5 )krgn 308 14531 (Lis odlsy (uibjly 4500 gols
(A J9i2) 292 )3 sine s 2lg pll )3 (e 9 500 59, 12]) BpannS

Pl 3 oadioia (1iE polis p e (W low il (Olaspo (a85le) (il g 43255 -A Jgi
Ola o (1Kile
e $9) PR ool ] Y O3
I e e e I e e

2

<351 Sl e
J

Yo" AT yeyy YOYAF oYy Ay Yvo' Y o
Y#/0 £Iv YA/D VAYS Yy/a Al A4 A s
oA YIY £Iy VIA £Iv olv VIV () oy

o o[V gV Jls! pdaw (5 b Gixe i gy B R

Sy b oddizMool (gl la g (sl jlows 5,8 51 0 Siis sled plail )0 sadds 5g5m0 ol L odld (1Kl dunlio

@ bgrye olS oo plail )3 oadode ()59 yms Jlade (ke (WY JSS) <8l (il (g)bdne jebds dpl S ps8lgw g !
oadz Moyl gar 03194 0adg Mol slaylrge Foie b oamd s gl S jsboas D91 dpel Sy b oMol Jlage o
oxdp Mol slajlegn yoie pIb orad LS bt g S 2lem Al gyt oy odiigE Mol o g 4 Cunms Sl Syt
dons oyl Dy fSub oloa Pl (5eym Ll 5 eniip Mol jlagm 4 s (al g del Gt 0xBE Mol slaylegn 0390
(¥ Jg2) oa8zol slo )l g S CIN Comss (pizmad 5 (355 S Sl (S o o Shg 3900 S YW
ohu94: o2bp Mol lage slojlos 3,07 51 )5 (alom plul 3 (5905 e Gl T Jlis 4 5 SB 159508 abSdne g

Dl il ) S 3 Shes g S Sigy 0595



(‘:w.?cg)a - u-olc) V€Y bLo)si Q b)w ©0 2,90 ‘&b.ﬂ S 9 ui Oludss Yory

a2 S1e ¥ JK8) Bad St alsa plail )3 oadoda jand ) dne (il cuw oadg Mol g 9 slsn slajle 318

oAbl yaud gldl b cpl b ad sdaliie dpwl G b oddipMol jlagw 0 (S sled plul o sddods yawd i i
loylrsn 2 U rizren gl 295 I gie (s)lel e Sl dsl G y9ilg g dl St b oMol Jlage s 9 e
o plul )3 jaud Cla Rl g it Sl plen plil )3 jhud Cla S5 53 eadigel Jlage L dulie 3 ordp Mol
SB o pud B pand (ol 38l (l5 o0 1) Sl S s b oadg Mol jlagn o9 oadg Mol (sla)lrgn g sl gm 2,18 S )3 0l
Cosl 005 ()15 55 Jagm 38 Sl )3 glS Jlsm plul > jhud chale o ne SIS o) o s Gl 208 Sl
jlos 5,8 51 St olen plil 3 sdbols paliy L Wodly (1 Sbe dwslie piccen .(Werner et al., 2018)

rgn sl )3 (2lon Pl 3 oadOde el (e (g Y US) Cib GRIE )b psbar erdp sl Jlgn 5 )bras
355 (6 3sinn o] dul Ko palgm 5 unl Ko b oo g (slnylas b (g )lel bl 51 & 3,5 oanlie iz S

90 -
80 -
70 1
60 -
50 +
40 -
30 ~
20 -
10 A

N
N b
1 J

[EN
o
1

(MG POLL) olge plasl )3 o b 59
(MG POLL) s plasl )3 o oder i
(o2}

BC CA-BC SA-BC C BC CA-BC SA-BC
Lo
Phar

&

90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 1
10 -

(Mg Potl) olsa pluil ;5 ond Lol mawlis

C BC o CA-BC SA-BC

tlp eIl 3 (g) eabiie pawlly g () b shund (W) sadoia (g 2 ylrom Alteo (S )losd il (Sl duuyllio Y U3
’SWI’“‘
55115 (P /D) (5l sine BV 555D cyg0fl ol 1 S ke gy (sl (sl ysSilee

Pl 5> odbde e g 69y ¢Sk ooyl I gxe a3l o oddz Mol (claylagn 3,8 ol lis ey 1Sk dulie

Lld 51 Lol i ssaliin sl G o b oddipMool g jlowd 10 olsn plasl > oadbods RN (Y ISs) s S olen

Pty oadde 5Sie ()l dne gl (Y JSCE) bl dpul G gl b op Mol Jlagm jlowi byl dine BT (gLl

oz Mol g 3,8 51 )3 alsm plail )3 eddda e 9 g9y (r Pk S odaliie iz ol o g g 205 Lo 93 55 oo
W odalie ol S e b

St b oddgMol Jlgn sl 3 ofa g oadgol jlagn Jlosd Sl 53 (o plil )3 BpaseS Llis polie o il



YOVY . s Shg 0zl sl gu 3,9, w5l 1], K00 g 45 po (oo — sole)

Sahin «iags, onl b alie jsba (5 Jgiz) conl 0392 bnjloss cpl 3,8 51 )3 S 5o gl ol (ol ooy Vot s
b [y )3 )3 (g9, wia Sal S G il gla)las b osd (ol (slaylagn 3,18 16,87 3155 et al. (2017)
Lol g2 3,8 8 &Sy 092 oS S (g Sal3El s bogepo Jlagm 3,018 slolans 5 e ol I3 0l 3Bl ()l e

(8 J9i2) 395 )l me S (o pind JB o

7}) 700 - . 180 ~
4 600 1 4 160 1
2 140
35001 ¢ 3 120 -
5 400 - 3 100 A
e a
4, 300 - g, 801
2 200 - 3 60 1
100 - i
%’i ;lj 20
0 - 0 -
C BC CA-BC  SA-BC C BC CA-BC  SA-BC
o slos
_. 100 + a 120 -
§ 901 : b ia
4] 80 - . ‘A)‘ 100 +
1o Lol o
:{ 50 - 3 60 -
40 EN
3w 9 40 1
T 20 - T
o o 20 N
& 10 A o
= - = 0

C BC CA-BC SA-BC C BC CA-BC SA-BC
o Sles

gL sled Y 5 IXWIERTY d:,.«mws dl..'\.é yols » )l»”a LS dlh)loé ).yb u&lﬁ& A o Y IS
sl Syl b 015! sl g2 SABC £l o inms b 015 M] g CABC £t ol g BC 1l 1C

Byl (P/+0) (g b sxe MBI STl 09»)'1 ool S e By > gl )b sl (1 Slo

S 5 o

Sl f18 SB olesd Sl Shy dome cuw oadgdol Jlage £95 9 2 g Jlrom 2,8 &5 3 lis Gl cnl @l
odtipMol e g 3l yte S 50 (55, 9 55 (ol BrannS glie polis 5 jiud eald 5 olasd slo Sy » eabp Mol
Dy oz Mol jlage 5l i (B pasnS ol jolie 5 s Cds w0l SWs oolo dauy ;0 oddipMol s jlagn o) g
Sl S5yl b 02320 Jlogs 51 St (28 polic Gl g olS 05y 39at0 3 el St b 02dp Mo Jlog 5l cpuizen
O (Bl Syt b ondpMlol Jlagr ofs50) oadgMol Jlrse 5 St WL 1 eddags Hlagn ob Lt @l K jgbas 0
Sig Ady g olie ol eald (SB uﬂ o3lo 094y S sliowds (sl S5g ety (gl (mlio Lﬁ roniS Mol wilgy o
d90 2 ol b GRIB! el erolie SSa], Wl e sla g (9,5 sl 5 Wdl Siibaess 5 S bl Sal (oS
S SRy cwizen y o2bp Mol (slajlegn w5b ST Sl 5 39 0 dleiiy 3L olS 335 9 05y 5 (Sal oSl (sl S
D9 ey (slasyie bulpd )3 5 e ) St 0 Shes 9 S (oliend



(an.?a”a - u-olc) V€Y bLo)si Q b)w ©0 2,90 ‘&b.:‘ S 9 ui Oludsy Yove

&b

it S SRy 5 28 polis anld St B s 55 (W) desmi s (lie 5 il o e VIkie (oo ST gm S
A=W aio (VA SB (00, 5 clido . Sal S &

leosdon G Shy (B 22595 boadgMdol Jlargn 38 el (V1 1) douss e (clie 5 (Alaas iy eeVliie (oo ST (oo S
FYFF-VYYY doran (A)OY o /u/ SE o clidss S N580m9,500 o

Paw g olend el Cilisn (gla gy w3l oy (VT4 ) (S30 (985 5 (oime pman ($9y95 epa Ve ((Sme M (elnd (sglss
WW-AS aio (YR o SB (02,0, 5 Sl .o yd blay o 53l odbags ) gl sl Sig p

REFERENCES

Alvarez-Campos, O., Lang, T. A., Bhadha, J. H., McCray, J. M., Glaz, B. & Daroub, S. H. (2018). Biochar
and mill ash improve vyields of sugarcane on a sand soil in Florida. Agriculture, Ecosystems and
Environment, 253: 122-130.

Carter M. R. & Gregorich, E. G. 2008. Soil Sampling and Methods of Analysis (2nd Ed.). CRC Press. Boca
Raton, Florida, 1204p.

El-Naggar, A., Lee, S. S., Rinklebe, J., Faroog, M., Song, H., Sarmah, A. K., Zimmerman, A. R., Ahmad, M.,
Shaheen, S. M. & Ok, Y. S. (2019). Biochar application to low fertility soils: A review of current status,
and future prospects. Geoderma, 337: 536-554.

Fierro, V., Mufiiz, G., Basta, A. H., El-Saied, H., & Celzard, A. (2010). Rice straw as precursor of activated
carbons: Activation with ortho-phosphoric acid. Journal of Hazardous Materials, 181(1-3), 27-34.
Frene, J. P., Frazier, M., Liu, S., Clark, B., Parker, M. & Gardner, T. (2021). Early effect of pine biochar on
peach-tree planting on microbial community composition and enzymatic activity. Applied

Sciences, 11(4): 1473.

Gao, S., DelLuca, T. H. & Cleveland, C. C. (2018). Biochar additions alter phosphorus and nitrogen availability
in agricultural ecosystems: A meta-analysis. Science of the Total Environment. 645: 463-472.

Gul, S., Whalen, J. K., Thomas, B. W., Sachdeva, V. & Deng, H. (2015). Physico-chemical properties and
microbial responses in biochar-amended soils: mechanisms and future directions. Agriculture.
Ecosystems and Environment, 206: 46-59.

Motsara, M. R. (2015). Guide to laboratory establishment for plant nutrient analysis. Scientific Publishers.

Ippolito, J. A., Ducey, T. F., Cantrell, K. B., Novak, J. M. & Lentz, R. D. (2016). Designer, acidic biochar
influences calcareous soil characteristics. Chemosphere, 142: 184-191.

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

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)

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, 450-
459.

Khadem, A. & Raiesi, F. 2017. Responses of microbial performance and community to corn biochar in
calcareous sandy and clayey soils. Applied Soil Ecology, 114: 16-27.

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)

Laird, D., Fleming, P., Wang, B., Horton, R. and Karlen, D. (2010). Biochar impact on nutrient leaching from
a Midwestern agricultural soil. Geoderma, 158(3-4): 436-442.

Liu X. H. and Zhang X. C. (2012). Effect of biochar on pH of alkaline soils in the Loess Plateau: results from



10Y0 ... g T 2 oawdz Yol Hlogm 39,5 15T 1)) Ko g 45 o (g3t — ole)

incubation experiments. International Journal of Agriculture and Biology, 4: 745-750.

Liu, C., Sun, B., Zhang, X., Liu, X., Drosos, M., Li, L. & Pan, G. (2021). The water-soluble pool in biochar
dominates maize plant growth promotion under biochar amendment. Journal of Plant Growth Regulation,
40, pp.1466-1476.

Liu, S., Meng, J., Jiang, L., Yang, X., Lan, Y., Cheng, X., & Chen, W. (2018). Rice husk biochar impacts soil
phosphorous availability, phosphatase activities and bacterial community characteristics in three different
soil types. Applied Soil Ecology, 116: 12-22.

Manolikaki, I., & Diamadopoulos, E. (2019). Positive effects of biochar and biochar-compost on maize growth
and nutrient availability in two agricultural soils. Communications in Soil Science and Plant
Analysis, 50(5), 512-526.

Mia, S., van Groenigen, J. W., van de Voorde, T. F. J., Oram, N. J., Bezemer, T. M., & Mommer, L. (2014).
Biochar application rate affects biological nitrogen fixation in red clover conditional on potassium
availability. Agricultur Ecosystems & Environment, 191, 83-91.

Mihoub, A., Amin, A. E. E. A. Z., Motaghian, H. R., Saeed, M. F. & Naeem, A. (2022). Citric Acid (CA)—
Modified Biochar Improved Available Phosphorus Concentration and Its Half-Life in a P-Fertilized
Calcareous Sandy Soil. Journal of Soil Science and Plant Nutrition, 22(1): 465-474.

Moradi, N., & Karimi, A. (2021). Effect of modified corn residue biochar on chemical fractions and
bioavailability of cadmium in contaminated soil. Chemistry and Ecology, 37(3), 252-267.

Mukherjee, A. and Lal, R. 2013. Biochar impacts on soil physical properties and greenhouse gas emissions.
Agronomy, 3: 313-339.

Nazari, S., Rahimi, G., & Nezhad, A. K. J. (2019). Effectiveness of native and citric acid-enriched biochar of
Chickpea straw in Cd and Pb sorption in an acidic soil. Journal of Environmental Chemical Engineering,
7(3): 103064.

Qayyum, M.F., Haider, G., Igbal, M., Hameed, S., Ahmad, N., Rehman, M.Z., Majeed, A., Rizwan, M. & Ali,
S. (2021). Effect of alkaline and chemically engineered biochar on soil properties and phosphorus
bioavailability in maize. Chemosphere, 266, p.128980.

Quirk, R. G., Van Zwieten, L., Kimber, S., Downie, A., Morris, S. & Rust, J. 2012. Utilization of biochar in
sugarcane and sugar-industry management. Sugar Tech, 14(4): 321-326.

Sahin, O., Taskin, M. B., Kaya, E. C., Atakol, O., Emir, E., Inal, A. & Gunes, A. (2017). Effect of acid
modification of biochar on nutrient availability and maize growth in a calcareous soil. Soil Use and
Management, 33(3): 447-456.

Siedt, M., Schaffer, A., Smith, K. E., Nabel, M., RoB-Nickoll, M. & van Dongen, J. T. (2020). Comparing
straw, compost, and biochar regarding their suitability as agricultural soil amendments to affect soil
structure, nutrient leaching, microbial communities, and the fate of pesticides. Science of the Total
Environment, 751: 141607.

Singh, R., Babu, J. N., Kumar, R., Srivastava, P., Singh, P. & Raghubanshi, A. S. (2015). Multifaceted
application of crop residue biochar as a tool for sustainable agriculture: an ecological perspective.
Ecological Engineering, 77: 324-347.

Song, D., Tang, J., Xi, X., Zhang, S., Liang, G., Zhou, W., & Wang, X. (2018). Responses of soil nutrients
and microbial activities to additions of maize straw biochar and chemical fertilization in a calcareous soil.
European Journal of Soil Biology, 84: 1-10.

Taskin, M. B., Kadioglu, Y. K., Sahin, O., Inal, A., & Gunes, A. (2019). Effect of acid modified biochar on
the growth and essential and non-essential element content of bean, chickpea, soybean, and maize grown
in calcareous soil. Communications in Soil Science and Plant Analysis, 50(13), 1604-1613.

Wellburn, A. R., & Lichtenthaler, H. (1984). Formulae and program to determine total carotenoids and
chlorophylls a and b of leaf extracts in different solvents. In Advances in Photosynthesis Research:
Proceedings of the VIth International Congress on Photosynthesis, Brussels, Belgium, August 1-6, 1983
Volume 2 (pp. 9-12). Springer Netherlands.

Werner, S., Kétzl, K., Wichern, M., Buerkert, A., Steiner, C. & Marschner, B. (2018). Agronomic benefits of
biochar as a soil amendment after its use as waste water filtration medium. Environmental pollution, 233,
pp.561-568.

Yang, L., Liao, F., Huang, M., Yang, L. & Li, Y. (2015). Biochar improves sugarcane seedling root and soil
properties under a pot experiment. Sugar Tech, 17(1): 36-40.

Yin, D., Wang, X., Peng, B., Tan, C. & Ma, L. Q. 2017. Effect of biochar and Fe-biochar on Cd and As
mobility and transfer in soil-rice system. Chemosphere, 186: 928-937.

Yu, H., Zou, W., Chen, J., Chen, H., Yu, Z., Huang, J., Tang, H., Wei, X. & Gao, B. (2019). Biochar



(‘:wa‘c’)-’ - u-olc) V€Y ch)Si Q b)w ©0 8,93 3l S 4 ui Oldss YorT

amendment improves crop production in problem soils: A review. Journal of Environmental
Management, 232: 8-21.

Zhang, Y., Wang, J., & Feng, Y. (2021). The effects of biochar addition on soil physicochemical properties:
A review. Catena, 202, 105284.



