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W Abstract
Background and Objective: Calcareous soils are characterize
phosphorus deficiency, which together result in low productiv
phosphorus-solubilizing bacteria (PSB) has been recogniz
phosphorus availability. This study aimed to evaluate

lkaline pH, low nutrient retention capacity, and
this tqt, the application of modified biochar and
s a premising strategy for improving soil fertility and
fects of biochar produced from green sugarcane harvest
lation, on the chemical and biochemical properties of a

ouse cgnditions in a factorial arrangement based on a completely
igChar prepared from green sugarcane residues at three levels:
1ochar modified with citric acid, as well as inoculation of
t two levels: without bacteria (control) and bacterial inoculation.

of both unmodified and modified biochar significantly affected soil pH,
C), and cation exchange capacity (CEC). In particular, the application of
ced soil pH by 0.38 units compared to the control. Moreover, both types of biochar
5.96—64.52%), soil organic carbon (by 104.4-115.59%), and CEC (by 58.61-87.88%)
ighest levels of available phosphorus, microbial biomass carbon, and dissolved organic
combined treatment of modified biochar and PSB inoculation.

e findings suggest that the integrated application of citric acid-modified biochar and phosphorus-
solubilizi s an effective strategy for improving the chemical and biochemical properties of calcareous soils
sphorus availability.

phosphorus-solubilizin
Results: The resultsShowe
electrical conductivity (EC
modified biochar significa:
significant® igcreased EC (
compared to%he control.
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Table 1. Selected physical and chemical properties of the studied soil
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Table 2. Selected properties of the biochar and modified biochar used in this study
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Table 3. Analysis of variance of the effect of treatments on soil chemical properties

Sla e S5k
M a> 42 . . .
_ — "ean .squlare _ - S ‘ Sl i CL’“
oloes Sl cp S s W6 jas Dlica b Jlp s NNRTS ol 5.0V
Sk Sk Skl S sk Sy SERH g
DOC Soil available P CEC OC% EC
3061.88" 186.3510™ 117.44" 0.5895™ 2.49* 05086 2 B) ,bx s
21.6044™ 0.9203" 0.00447 0.00047 0.056" 00123 W (Ba) s ;SU,
0.8694" 5.9406™ 0.0579m 0.00017 0.0547s 0.0102"s J B x Ba
) (1P
0.1680 0.1996 0.0685 0.0007 0048 0.004 10
Error
e
0.55 3.77 1.78 3.19 G
CV (%)

Lies doys ) 50 JLQ:;-\CE.Nﬁ)\:d'MJJBJ'M .

ns, * and ** denote non-significant, significant at the 5% probability

.
%J@

S plad g S5

T S S s PH Ly 5)
s JT 8 5 ois 8 A%

Byl e SQJ

‘&“ﬁ‘{’:ﬁ@ﬂb'

SENURNE SR

B () Js) 01 35 b PH K15 s x5
S sl s GUWE Sl VL e 5 oLB Lls sls
5 OH (glas € dile ancly ol Ll slaey S 2L
S pH il 531 53 diil sl s izl 3 35> 5+COOH
88 s imees (Vahedi ef al., 2022) wil axdls 25

A5 Ol e 1 el Pl jlr s slaslas 5> S pH

level, and significant at the 1% probability level, respectively.

s 538 ke ¥ S5l ol it Tsa B
Lo 2 ) sl S35 S oIl gz 5 pas i
3 bt Sl S5y 5l (F A 18S e a
A ol gl K s pH  bls S pladisy
L) S5l ol b b S plil ol s (EC)
JS O35 lale (5 pmeldnS) T o S (dbo 5 ke
135 S (e S)) s B s (JIS)
5 e S eoda 5 el I COr 55158 S+
Anderson., ) (S, ISuuul b OF olils _3U ltis O ol 25
GFE o S s S w3l 0S5 (1982
ey SWs Jslme b gl 5 08508 L (as8)
A2 5,551kl (Jenkinson and Ladd., 1981)

Waosls 5Ll Jdow 5 4 520
ST S5l 31 sl b sy cal slausls 5T 525
Oa3l 3l eslizal b baesls ke aslie A plo=il SAS 9.4
Lol (Stan A plnil 43 O ezl mlaw 53 5 (S5
=g dae 55 5 Lajbaged Al s p ROl 55 eslinal b

RSN v.w) Excel )‘ﬁ‘


http://jspi.iut.ac.ir/article-1-1715-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-10 ]

8.0 7
a
7.6 1
c
7.2 4
st
{7
A
D 68
6.4 -
6.0 T T
B
sl
Treatmetnt

(EC) S+ sl cula spH s bl b ¢

Fig 1. Means comparison of the effec?f treatments on s

Means with similar letter(s) are not si

nifieantly differen
B0, B, and mB are the control (without biochar application), bi

C_’.’ )‘JL;M J:St a.\.lh QLJ...s
sk s )l‘>)~ &
s 33 S slons 2 Y g S L S

Laosls wi.L:,a dns Lo @L:j (v

Lals Gl ds s MO0 sl LS
VoY 5 el G bedd 3ol s sleg o S
S 51 b 53 edls LhlH tald 4 G Ao
Loys SOl S dﬂ o3le Ol (Oliw o Oliul (g5,5LiS
I e Bl e Sl s 035381 (b e 3 o
b sz se Jlesle Sl 5 il oS JT 0 S s

3.5 7

a
3;). 3.0 1
Bo 251
M c
y oz 2.0 1
v o2
/-’T e
}3 § 1.5 4
!
1‘ 5 1.0 -

g
a2
,}3 = 0.5 A

0.0 T
Dl
Treatment

H and electrical conductivity of soil
cording to the LSD’s test (p<0.05).
, an?odiﬁed biochar treatments respectively

A\
Cols St s sz ge S osle i b s T slasnd
hmetet glaasl L Jass ol C’L‘ .(Amed et al.,2021)
Loyl s 45 5 S odalie Lol ajls Jlgsean al. (2021)
Cry oS Ll el D5 I e Ll
Al & Comd o3 Yo 5 V/PF Olpe 4 St pH j2als
Gl e SUHT slady g5lesl3l 51 30 Y| & (s
Ll Sl o d5LS
508 sl 0l (1K) baesls ke avglie il
Cella Sl e Al el Pl s 5 Ll
sy Ol (1 JK2) el A dals 4 s S S S
L S (Sl colis ol 0ol Sl 5 5l 2,08
oS sy 2153l dals 4y el Ao s FEOY 5 FO/AS L S
53 s e Jalos acKas DMl 51 36 Ylexs) OT s
oy B L ey Sl el @l e e
ol Olis ol Slidss 5l cislks Qayyum ef al (2024)
gy oy oS Sl Jols HOL L sdsmdlal slajlr s S
5 S s Gab oS wy bl puS AIS iy


http://jspi.iut.ac.ir/article-1-1715-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-10 ]

1.2 1
a
1.0 4
» g
:]3 g 0.8
L E
Q
] ‘g 0.6 1 c
a2
DO
3z 04
wn
0.2 A
0.0
B
Dl
Treatment

(DOC) St Jshos JT o S 5(0C%) St I 5 5 lajles

16 (P<0.05) (15 sre S LSD O ge31 olasl 5 052 52

Ot mib b B L il 00,

100 - a a
90 - :
80 A
70 1
60 -
50 A
40 A
30 1
20 1
10 1

5 ) S Jome T 5

Disolved organic matter (mgkg')

(¢SS »p

B mB
Sles

Treatment

A APE

by shls e Sila

s o ol g 5 Sl 20 5 Ol 3,0 O el slajles 5 54 mB 5 B BO

Fig 2. Means comparison of the effect of treatments on soil organic
Means with similar letter(s) are not sig@nificantly different
ation), bi

B0, B, and mB are the control (without biochar a

.(Qayyum et al., 2024) L:L S JTesle J
S8 (Y US8) esls ke
53 dstome S Sl ime Gl
Sl b 02
(b SAS 2 e S e WY

35 S A oMuﬂ.ﬁy

el .J;:’?)bd@a

IC 5V g latms Sl 5 ok
fe $3leslil comse Shis cnl ol Sl
s 3 olS )dﬁduwlf,u;y Sy e S s
o Sl Sl Sl S S ol s S
PH 48 ol T gladesd W5 i oS > (slacs SL
g g odiiia N slge a4 Comge 503l L2alS |, St
sl s%en Karimi ef al (2021) lig=s b Jags ol C’I’L‘

u;zc;ut@3akw‘)gﬁ>ﬁjsx>;&)\;uai.w\>

er (OC%) and soil dissolved organig carbon (DOC)
cording to the LSD’s test (p<0.05).
nd modified biochar treatments respectively

LY

.
Ll QiSaranya etal (2011) laadlas ;s Ais 34 50

LS oS Cdld e BB sk & sl sn 58 S
e ge Y| s Koo cadlas SRl sls il
e ole el b 3wy seld S el
Sl e Gk onl O s S e Wil e A
Gt e 5 Sate (Shewen 335 0 S (5 Jol
e b akS b 5 Sl s S ks 5 oS
(K8) el S SN S 5 s S b
- Qayyum et al (2024) glaasl, L sy -l CL”
5 0ddEdol s gl 3 S s S 55158 ol s b
Gl @S S (5 sy g oS Sl ol s lii Nl
Lol Sl Dlls 5 S0 Olls b 35S ey
L A b Sl cos St ST esle s gae il
Yozt 55 208 HOL L sssimSlol slbasbr s 53 il il ol
b ol dases 00 gdenl s 4 S T sl 5e 2alS
SR s ety I LSS S S
B L edasl3l slad y5l8 ol samst 55 T esle 5ol


http://jspi.iut.ac.ir/article-1-1715-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-10 ]

20 A a

%?ﬁ 18 -
30216 A
5L
v S 14 A
% 5
w12
4 3 c

< -
2 % 10
;Lgﬁ 8 A
S5 07
i 13 _
-
1E 2]

Q
\
2 0 . .

Sles
Treatment

Sl SlS Bl i b o ajles b Sls amlio ¥ K3

(CEC)
A6 (P<0.05) (gols ome M=ILSD g
3208 Gl 2,208 O5d) dalis glajles 5 54 mB 5 BEBO
L ol CM‘)[};}:;))[}:}:J

Fig 3. Means comparison of the effect of treatments on cation
exchange capacity (C of soil
Means with similar letter(s) are not sigaificantly different
according to the LSD’s test (p<0,05).
B0, B, and mB are the control (withottt bioch
biochar, and modified biochar treatme

sl Gl S e Wl CEC il o
s Lol wels s s7~ea Taheri et al (2023)
sy 3 S8 L ekd gl lajlrsy 58 51 s
Ol JeS 2S5 JouSsodes il b Jule (glaes S
G2 Sl Ol e e L GBI L S LS

(Janu ef al., 2021) das o il 5l 1 5l s 55 Lo 3S

pH

oC

BR

CEC

DocC

" beeji.» 83 5 ) o MBC 5 S o moes
{ ‘
Sl o e o3 bl 5 St LI Jol 5 S S L
b 3 (Ao YE/Fo—Fe/8o) Julos JI p S Jls s
S ol OF Sl Sl ) s b S cow Sl
JE S S RE slie sl alBa el
LI 5 3 e S 55 0l ST L oS enp s
Karimi et al., 2021; ) LS . 2l O 55 6l el
.(Frene et al., 2021
ssba g & S ol OLES Waesls iyl 4 s GL:}
Jdr) 250 S 8L St Syl als by (sl e
Jals b b sl ol (1 IS8) Laesls ke aulias (Y
e edd Pl b g 5 Sl s lasled 3 S G5
Sl e e dald 4 Cad Aoy AVAA 5 OA/P)
D oisn Ol sl 5o S S50 ol e b
5 CBC s 035 5V & 05 1y il b sdsmSLol
Slacs (Y Jsas) sls o O S o 3 ge (gl ge
oMl sa30LE 5 sddz Mol Sl s 53 O/C SH/C VY


http://jspi.iut.ac.ir/article-1-1715-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-10 ]

Sland Dl SUls glls ol gt 55 eslixal 5,50
Lamizadeh ef ) 135 A alosl Lol i 53 Jgoesl joas

al., 2016; Bakhtiyarifar et al., 2021; Beitsayahi et al.,
SLS 5 b s 5Bl o 5T T sladeul w5 5 L 45 (2025

35 eddCwd iud (leslil o ge SIS s S TIS
Cuie Stewan (Jamil ef al., 2024) K55 Sal LS
SIS 35S 1S 5 S L s JB RS
s el 5, GulS sl 5 B S S
Sibols 35 53 b oS o Glagg ;SL e ddFOL]
oS 5 El-Sharkawy et al (2022) .ol Sl glasSl=
robe Sl el Ll o bl Lol S mSlal jlr g 5 S
Ol s Yzt oS 558 S s e g BB lie
2ot s ol S b LBl (G bl e b
el Sl Sl Gl s el il slaey S
s M s 5 338 sl S b e e S
ool daul sy CEC 53l das o OLES 35 (8 JS05) S+

B i BB I obs s

LSt s Dlrse Olojen

OB e D0d IS L
S G S Sr sl
N VTP SEVITCON L ST - JP R
so3e ol el (¢ JKE) St Uyl
LS‘j L;‘-M’L*-‘ -b-g?“ O-L:-’Cw‘ Jl’:_}'f J?r-tPr.:.a )L:;-L..u gj_<4“.>
Aesys 5> 0T (S5 55l 5058 wal b lagg S ind
Alietal.,) &3S Cu & i |y jaed Il Ol Ll e
(2020

O st mil b B oSt il 05,

Soil phosphorus available (mgkg™")
)

(5SS S ) S s LB Siand

B
By

Treatment
Y £ Z
Sk wh i;.u f b ol o Sl gl ¥ U
Oyl AL O35 2 53 S nie iy o (6l (sla Kb
A, (P<0.05) (5o ls sme Dl LSD

2308 05) Al glasles oS4 :mB 5 B BO

é,.‘,a ol C)&é‘ Db se o o se 208

Fig 4@ans comparison of the effect of treatments on soil
phosphorus available
Means with similar letter(s) are not significantly different
according to the LSD’s test (p<0.05).
B0, B, and mB are the control (without biochar application),
biochar, and modified biochar treatments respectively

e 1 05l e e ss0LES Laesls il sl 45 el
S S Sdae jied p 05 Soe il 5 b £ Glasles
S sl DLz (F JS3) taasls olis amlis gl 0 )
2 eSS W) S s BB s ke S S
SAL il 5 il Slrse (AL Sled s (55U
b ple 5 AalE e I3 ] o A2 sl
ghe 53 p s b bl B b glesles
SASL Ok 5 6L mdl beodd Aol s slasles
4 s S 3 e BB i s e 1 sl
ol el Ol (F JS2) mls fpiamens LA dald L
w Vamt ol ol Sl g lasledd 3 ot BB ald
5 I ol 25 (el e slaos S (s5lslsT s

S S fpramen LSl S sy 53 PH b 5e 2alS


http://jspi.iut.ac.ir/article-1-1715-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-10 ]

Sl s gl Sis p ciles bl b (Ol e (2 Kle) Suilols w20 F g

Table 4. Analysis of variance of the effect of treatments on soil microbial properties
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