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Abstract

Introduction

Due to the presence of refineries and oil-rich areas in our country, the need for cost-effective and environmentally
friendly methods is strongly felt. Biochar is a soil conditioner produced from the pyrolysis of organic residues. In
addition to improving the quality of contaminated soils, it also improves the biological conditions of microorganisms
involved in bioremediation. Using biochar in biological processes is both economical and affordable. Another point
is that this material, compared to other similar products, is more economical and generally creates more tolerance in
microorganisms against toxic compounds based on this, a study was implemented to compare the changes in the
properties of biochar obtained from sugarcane bagasse and date palm through surface chemical activation with
hydrogen peroxide (modified biochar) and unmodified biochar focusing on metabolic, enzymatic activities and the
amount of microbial biomass in a saline calcareous soil. Contaminated with crude oil was implemented.

Materials and Methods

In this research, an experiment was carried out in the form of repeated measurements in time intervals. In the
middle and at the end of the experimental period (60 and 120 days), the effect of different levels of unmodified
and modified biochar of sugarcane and unmodified palm bagasse (one and two percent) along with microorganisms
(with biochar and without biochar and a total of 57 test samples at two times) some biological characteristics and
eco-physiological indicators of soil including basic microbial respiration, substrate-induced respiration, microbial
carbon dioxide, dehydrogenase enzyme, microbial contribution and metabolic contribution were investigated. The
biochar used was prepared from sugarcane bagasse and date palm waste. The wastes were prepared, dried, and
pounded. Then they were heat treated at 400 °C for four hours. Then kept for a while to cool. Then they were
modified with 10% hydrogen peroxide and kept at room temperature for 24 to 48 hrs. After that, they were placed
in the oven at a temperature of 80 °C for 24 hrs and then they were ready to use. To measure basic microbial
respiration using the method of Anderson et al. (2011) substrate-induced respiration using the method of Alef and
Nannipieri (1995) microbial carbon dioxide using the fumigation method, dehydrogenase enzyme activity using
the method of Cassida et al. (1964) and the microbial contribution was obtained by dividing the microbial biomass
carbon by the organic carbon, and the metabolic contribution was obtained by dividing the basal respiration by the
microbial biomass carbon.

Results and Discussion

The analysis of the variance table of repeated measurement of the effect of unmodified and modified biochar and
microorganisms on the examined traits in the soil showed that in the outgroup effects, all treatments have
significant differences with each other at the one percent level. In the intragroup effects, time had a similar status
in all the investigated treatments. The interaction of time and treatments also showed a significant difference except
in microbial biomass carbon and substrate-induced respiration in the rest of the treatments. The best results in
dehydrogenase enzyme, microbial carbon dioxide, basal, and substrate-induced respiration were observed in the
treatment of mixture four (a mixture of modified bagasse two percent and bacterial consortium two percent) for


file:///C:/Users/Microsoft/Downloads/کدهای%20ارکید%20نویسندگان%20مقاله.docx
file:///C:/Users/Microsoft/Downloads/کدهای%20ارکید%20نویسندگان%20مقاله.docx
https://orcid.org/0000-0003-4594-1616
https://orcid.org/0009-0008-0101-0151
https://orcid.org/0000-0003-0310-7017
https://orcid.org/0009-0009-0917-2697
https://orcid.org/0000-0002-8472-4123

Water and Soil Management and Modeling %

University of Mohaghegh Ardabili

el
&
&

Online ISSN: 2783 - 2546

©) &
" Manggemes™

60 days, showing an increase in these traits by 70.98, 8.96, 53.97, and 53.54 %, respectively compared to the
control treatment. The highest amount of microbial contribution was found in the control treatment of 120 days
and the highest amount of metabolic contribution also was found in the treatment of a mixture three (mixture of
unmodified bagasse one percent and bacterial consortium one percent) for 120 days, which has increase of this
trait by 76.70% compared to the control treatment of 120 days.

Conclusion

In this research, all the microbial indicators measured in the soil showed a significant difference compared to the
control treatment. Also, the results of this research showed that the addition of organic matter in soils contaminated
with crude oil, such as unmodified and modified biochar, either alone or in interaction with microorganisms, can
partially reduce the destructive effect of the stress caused by the pollutant (crude oil) and the microbial community.
Biochar modification using hydrogen peroxide, as a relatively cheap and environmentally friendly modifying
agent, increased the effect of biochar on the studied biological and ecophysiological properties, with the best results
observed in the modified treatments. Sugarcane bagasse biochar had better results than date palm waste. This
improvement was even greater when combined with microorganisms. It should be noted that biochar is not only
effective in remediation but also stabilizes and neutralizes toxins. By using the results of this research, we can
propose suitable solutions for their biological restoration according to the type of soil. Sugarcane bagasse biochar
compared to date palm waste and the presence of microorganisms improved soil biological indicators. Therefore,
biochar modification using hydrogen peroxide, as a relatively cheap and environmentally friendly modification
agent, increased the effect of biochar on the studied biological and ecophysiological characteristics.

Keywords: Date palm, Dehydrogenase enzyme, Metabolic contribution, Microbial contribution, Respiration
microbial, Sugarcane bagasse

Article Type: Research Article

Acknowledgment
Thanks to the Biology Department of the Shahid Chamran University of Ahvaz and Khuzestan University of
Agricultural Sciences and Natural Resources for making this study possible.

Conflicts of interest
The authors of this article declare that they have no conflict of interest regarding the writing and publication of the
contents and results of this research.

Data availability statement
The data and results used in this research will be available through correspondence with the corresponding author.

Authors’ contribution

Milad Biria: Design and experiments, software/statistical analyses, writing the first version of the article, editing
the article; Habibola Nadian Qomsheh: Guidance in conducting design and experiments, reviewing
software/statistical analysis, writing the first version of the article, editing the article, sending the article and
correspondence; Hossein Motamedi: Guiding the design and experiments, checking the software/statistical analysis
and guiding the statistical design, conceptualization, editing and revising the article, controlling the results; Bijan
Khalili Moghadam: Guidance, conceptualization, editing and revision of the article, control of the results; Nafiseh
Rangzan: Guidance, conceptualization, editing and revision of the article, control of the results.

*Corresponding Author, E-mail: khalilimoghadam@asnrukh.ac.ir

Citation: Biria, M., Nadian Qomsheh, H.A., Motamedi, H., khalilimoghadam, B., & Rangzan, N. (2024). Comparison of the
application of unmodified and modified biochar and microorganisms on some microbial and ecophysiological indicators of
soil contaminated with crude oil. Water and Soil Management and Modeling, 4(4), 33-56.

DOI: 10.22098/mmws.2023.13663.1356

Received: 11 September 2023, Received in revised form: 04 November 2023, Accepted: 04 November 2023, Published
online: 04 November 2023

Water and Soil Management and Modeling, Year 2024, VVol. 4, No. 4, pp. 33-56
Publisher: University of Mohaghegh Ardabili © Author(s) BY NC



mailto:khalilimoghadam@asnrukh.ac.ir
https://doi.org/10.22098/mmws.2023.13663.1356

%% SE 90T oy g Gilde

SIF

YYAF-Yo£1 : K9 w01 bLs

SRR YTV PRRNR Wy o I Rt 7 oY 102 oWV 3 | L0 JURN LR W) |
PG G 4 039 & SQ55l5 343951 5 (029,50 S pas LS

Sl oSN ()i o @lio 9 (555LS pole oSl e(gjsliS BASLLsly (S cwoigen 5 pole 09,5 (5553 il !
Ol (Mo i el qilio 5 (555l oSl o558 8K (SB wsine 5 pole 09,5 bl T

ol lsa Glanl o pan g oSl ] Sty Yl Slisios 55 yo 5 epole SIS o polidany 05,8 ol

Ol oMo cljss (b lio 5 (555l oIS ¢(55,5LiS BAS (ST g 5 psle 055 lutih T

Olrl Mo liwjgs (xnb @l 9 (5jpsliS oSS 55)5LiS BASED (SB- (usige 5 psle 09,5 okl ©

oS

O39rdendenSly b (raw olewd ilodld )b jl Lo J5u g ;S (B | Jols (s j 185 Sliogiad s duglie Gan b adllas ()l
o3l yo3 (Sal SB S )3 (gSee B35 olise 5 ol Sduio sl oatigMol (s S5 5 (b ol (s J5)
5+ 59)) oinlesl 893 (slal g lawlgl 3 0 ploxl o )3 5 S slasySojll 2ok IB L3 ialell Shagh cul 53 el pl Ao je 4y pls i
L) Shogzgoss) olyamay (103 93 5 ) ozl (slop S5 5 S5 (WL, 6 Mool 5 ool st S5 il rgbans 1B IV
ol SB Su3elsnndss) slopadls 5 (s clacShy S (o) 59 03 (otalej] Dga3 OV ggamme 53 5 (SIS s 5 s
ool Cusdty g5 b 2 Slaglio s 5 (529,500 e U59)00 w25 (29,50 835565 02)S dytsgus S| (U S (29,50 Doy e
wolod 33 o o 29,5 59yd Il 3 o K paw (3 K0S b (gyboline gles g1yl W jlews plod ¢ 29)S ey Iyl > aS ol ol
byloss (Bl 5> |itungu 1 (o8 (i g (29500 83555 (15 2 38 jless g (loj LS s (pldie Cundy (o) 3)90 slajlod
o byl Jlags 4y 3lito |yuagus 51 (80 5 il (el (529,500 83555 (35 9,00 el 10 @l e ol Lt ) (g )boliae s
VA iy 2ald Jlogs 4y S |y oot cl (liee d 2392 059, £+ (loj b (34253 93 (63 pgrw S g 40y 93 0D Mol LBy bgloe)
SBlxio 15 Salio o Jlade oy 5V 5059, Ve aald jlogs 4 Blaie (09,Sue mhew (ylime (p YL Cawl 03> o] 58] as y> OY/DF 4 OY/AY A/AS
bl & Camd ) yuite cpl 457391 59y W Gloj b (103 93 638k pomus puiS 9 22> Sy odigMisl (B bglsee) dw bglseo o 4
Caod 3] [P bAS Mol Jole S laisdy ¢y5gyauminns Ty 5l ookl b s 5 85 oMol cplplis .l 0dly ol 81 o y> YEIY+ 54, VY-
4 G Sitih ol 5 JIE5 s aalllan 3550 (5905258581 5 (st oo o (st JIE5 58T SRl s iy Lo Sl 5
8 SB g glapadli dee sl Shgrgany) jpi 5 Lo 56 lals

lo s 56 (019550 e «Slalio mrw <2050 S pSis (oL U500 w3l g 0lS” g0 lg

gy 4o £os
khalilimoghadam@asnrukh.ac.ir : Sos uiS)l Cum «lslSo J;mo*
5 00 Mol st 585 330,18 duolio (VF ) dunst <355 5 ¢y o LB ¢y c(gdoine cllcaes cdiiod Lol s by o 13U

DE-YY ‘(Y‘)\c sJB} U[W/.lo} L;)LJJJ@ 'Dl> s LY bb}ﬂ Sk ;ga)gy)aﬁfl 9 u”?)g“"’ L;L‘bu»l.w @).1 » ul)?y).:) 9 OMCMDI
DOI: 10.22098/mmws.2023.13663.1356

VY ANY lasl o) VY AT 15l o)l A YL ANY 16 S35k o)l VFY/BIY e il go s

@@ &L\"\"Wﬁ”o;l‘w & 3)934\\c"" LJL»‘JB}u/’w/uAA}J}LuJAA
@ By © shodyl Basee oSl 1yl



https://doi.org/10.22098/mmws.2023.13663.1356

0T L Y Oloxino V€1 Jluo o€ 0o o€ 0,95 /S B 9 L Cuprte 9 (5w ote g puis /3] Ko 9 by a

Wy ) ol clooliw; Sl o b b3y alow o
o> Gl ST (09500 Cllid g 03905 pal3 Cigzgey)
doty x> i ]Jle; Mol (Frene et al, 2021)
o 28 Glual 4 ds g b cilises cla g,y 4 o Sluoguas
)5 3 QS gk g )50 3l bl ) (S
35 53,5 sl Yaemo (Jiang et al., 2020) ol
P3990 SlS 5 g (238 yolie Pl il il s Sl oo
SLSE (b Shy ot g odd i JlE) Sl
Uboy ol «(Sahin et al., 2017) aws )5 L5t cou 1, Sal
Wl calise wluSy Gl eolatwl b s Jle; Ml
2 098l g Gaxe s JI el g ofg)umans]y
0z aw Wilo ] slo Sy sl ¢35 &l tnlS
223 518 86 cov 1y GeslS Jols byl g lele (slaog S
Oleieds y5eaimSTy 5l ealazwl (Beiyuan et al., 2021)
a8l e 55 e (a3 JIES ol Sgste 3 298 s, o
2 &S Gl dm et JI85 55 FgrendenSTn 30 5l e
298 piiie ollasl Slowy ©ygody g 0ila b (i
e olgisds 5 b ST Ol Wil Grad Y guanms 4y 4
20 1) doog Cuild Cuj oo Jlaiwgd 5 (g3kaidl Jaae
SloShg 9 SB Shgrses) by i e b

S e T L
2 G5 8L S bulud 5 03555 €5 5 o] sl S
Luo et al., 2018; Ali et al., ) cul wolite 0391 claSs
.(2019; Mansoor et al., 2021; Saeed et al.,, 2022
dtwgy Aile (£)5liS Cilals (19938 &S s o s la g
S e S lyed Sy i 5 @ ol (e el
(Xue et al., 2019) 555 oolitwl (99)Sue eyl <ly
Caa b S &S a8 led st j 85 wile (o0lge 3 ol
5 bo yeiS sl e ploul oYLCuw; slaculed daup
Jio Glpedy il dBply Gyae dne; ol o Jlllas
2 s sbles 9 ;e 5L Habibi et al. (2017)
(5350 5 0 23550 pordS popmoliy pnd) i yolis clale
bS5 4 gl SB K > (Amaranthus) wg 3 zb olS
oy (el sl 23,8 (135 g ol 1,3 adlllan 5)90 1) (s
pasede jabodr g I dlse | eslitul 4 Sagll (YL )
Ghadlas 3 355 o5 LSl Glales 5 S
e $SL oleads; (oilwaigy Salimi et al. (2019)
5 asdlas |y Cilises (ola ol 53 oiipMol e 5o Sy s
S2ly o iy e j IS (g o Sl Jols o5 3905
(% Adlae > g 638k Cumex (e e
b 5 5]ty «sjlwlis Turkashund et al. (2020)

Aodo -
Syip me S gy 095l (35 slacySgphn (SunY
3 oglse cdi sl 48 )15 (ol dagi 3)90 () laee
Xk Cwl Gl glapSoyae (o0b) Hlaw dlae
55) U STlS o (o) W01 55 8y ol J5S0so
Wle s oddmn (ol dlgo b slare slagn oy (o
Jdsay S Syl 5 olel bl cov e bpdlawl
4 gl o S5 laoay VT ol (29,50 L1325 (gl (2alS
Caw |y g lame SUyes gladely g adl il coud

(Rahbari Sisakht, 2017; Lominchar etal., 2018) >4 .

P s 4 03] glacS s Mol (el (o0L cela b, 4 5]
b b )5l o 350 (glag)slis 4 5L Lol il ol dogs
ol pbolial i b Soae Bl glp Cunj
o Sogll sloml pie g sobadl Jdor (gt 503,509,
Fr s S plsied G e CoMlu g (g5luk gl
ol 4B )5 )15 )5 Simgly ST g dag 350 dleel b5
& cul ol (b p3086 oYhcww; . (Wuetal., 2106)
3 S S e 1y 585 o)Se s cosn YT Ky e
555 SB 3 o8 (oSl Baee) Shgrgars, J 2l ol
ol iploigo @i 1) B oSy g NS 0
Sl s SIS (s 50 o 55 Jalse ) (ool 95 o
01 ool losy¥T L by o 56 cbis | Lo 3
WS il 385 ) 2%y S rlple
Db s Jolgs
GVl )3 a5 Sl gl g ) Sy o5 d 8]
028 lgeel g Jlb 2,509y 93 (e odgll Gl
ol (S8l Jolss s 5,506 Canwl 48,5 518 odlatl 590
5 0,5 Cagh |) i a4y 039l SB (ogr (29,5 dnoly &S
SB 2 bosia ¥l o 55 6l g S (999381 et ol 8]
JoSo Cujo g () S925 (2L Slllas Sl (oS Sass o]
Rajapaksha et al., ) 15,8 Cauogi s j Cogds jl 1) (5505
S22 ) oy Sen culled Kl oo (B9 93 2 oS 5 (2016
@ Lo Sgyden S99 1 s dgup ) SB (olgd g 038
Cllab g Sio ) o (2I3E Blge 3gaS o] oo S
o939l .(Saeed etal., 2022) w8’ o jloe |y (o slog, S0
Sl oo Ylainl SB &y s Jl 5 wle JT slaonS Mol
4 SB ol g 95 Callad 29 (lp olie IS0,
Song et al., 2018; Saeed ) wib (Sdgll Lalys 5 ogas
Slas 03 )8 5l g8 Sloww G a3 JlE5 (et AL, 2022
o9t b g O3St Sl ppas > S olse @l 515 w28
s il zils e 5 3950 iS5 5euS] 9


https://www.sid.ir/search/paper/بیوچار/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/بیوچار/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/بیوچار/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

v

v 800! i 5UNE 5 3 59,5 sy Lo

Sz Wnodgi 65 Canl (65930 Slals (pl o pie cas 2l )8
50395 1 ol Jl 5038 s oy @l 4 bl L g o
95 o 4 3LS b dayd Fro glod )3 ] jouds e
2 olileil 5 sl dus Sud cdlSle)S celo aw I
A pbol lgal les aps ol (g5ylas Bl
» aikio oyl (Rajkovich etal., 2011; Park et al., 2015)
YA gam DY) g (Byb dido Y g do )0 YA Lldl s Claise
oobel gyl 1B Ly e 1 e VY gl 5 Jless dado
oy V8 Ly &Vl lhwge (wlily oS! oleMb)
dilate lfl 5 oo Y7 &Vl (Sl (Sl pogmads
Sgnl iz on ol o 5 bl 0 ol (slos ol ollno
oligS 5 Jutne (slagylimaj 9 (SVsbo g p)5 lapliwl sl
General Department of Meteorology of ) <ol

.(Khuzestan Province, 2016

adllo 3,90 S& —Y-Y
Dy S 4 S5 Al b Sal SB et S
el od 035l ¥ gz )3 anlllas 3,90 SB Slusguas

(1590 STy L (obans 9 (calvonsd (5L Jlad Y
Slod 33 gt deaSTy 303 Ve Jobro b o g5 5 165
O3 w5 B 35en ek caelo YFFA e 4 b
Celw V¥ @ 4 o5 sl dopp Ar glod o Lt sl le;

(Usman et al., 2015; Takaya et al., 2016) wus s

adlllae 3,90 (w5 S JUE ) Cluoguad (i €Y
B5on b (35 255 5 (139050 «0ionded S ke
b g,8ejl0l LEO 1455 VP Ja. CHNS Analayzer
el sy (1) Al 5l 5 (ygem!
0 =100 — (S+ N + C + Ash) ()
S9N osSanSen oS53 b i JEj iy
bgrda b (e i) K831 (55 5 olSlosl )3 g,
Nano Sord Jue 55 5pdaw (5 5S0jlul ol lawei s j 1€
35 9) g 3 adllls 3,00 Sl Shg el Cusnay
Sl sl 020l ¥ Jgaz o3 I g S (oL jl o Ay
@ Ve ol a5 Al o (S0 Sl colin (650l
Joloeo cpl el V¥ G (gl b odlitas] Ol &y gans ;165 S
s 2l o Al o (S Colin g g 005 (o)
Db bl oy9l cumdas (¢l (Rajkovich et al., 2011)
Rajkovich et al., ) as odliul posgel liwl (g, 3 SoslS
b gy J S5 Jele slaog,S e o (2011

5 I ladel y olign S 0 Guligegdge soarbe
O 45 238 ()5S g adllae 3)50 1y ()35L8 djo g (Sume
o b &5 duoyd 5Vl 5 005 S5 ol oo 05
A odblie w3 e 5 slewd jd

OloyguiS )0 jbcds ble 5 LolRKiuYl 2959 4 a>g5 b
G j Laomo jlat09d g 810 4y (980 slashy) jl edlitul pg )
claanld s s 5l odlitul Ded o wlas! Gul 4
a8 opl )00 &S5 ol dd o 4y (49580 5 (63baiBl Hlus i
5 035 ) o3l lie Y gaze pl b dulio ;0 w0dle oyl
o SlaS 5l > Shgrgenn) 1) Lk Jood boges
o SluS 5 Blde 13 09yShe (6)lub Ciiis (3 .48 0 Db
Gbail sk i 3jge laShy Giere Jl SR
Zingaro ) cuwl oYhcww; Gllas gly cuslio Cldgrgesy
i35 5 eolatwl 3 whe dylse 31 S (et al., 2013
Lehman and ) Wil o dilaio o & basye Oluls oo
I 5 S Gluls YU v 4 4595 L (Joseph, 2009
(odas &S 15 V) dasio Sl Arwgd (SCS 1l 359 43l o Loy3
Ol Ceosd g ol 0 g Gl plisl 5 W liulss
S a ey s ol bodg g oy Lm‘_’j D9 sdkaidl o
290 Oluld Copie (g JI&j g5 Blaal I (S o ol
0355 j &5 Sl 5 Jlolyd dy dogi b oS Cunl ddlaio & 3
o Sgdie 485 B i) JIE) Wy Cap dilaie )
il g (£3)5 4 a5 b (g 5 Bl sl iz
5 ol 4 0 BaSay o5 clags Sl gl 5 (s Sl
gl ((Sal) S 5 oVhcuw) dene ol
ol i) Cluogad s duglie Bua b ladlas
o oot lold Gk I g 55 5 St 8L
i) g (oad Mol (s JS) (jgsemanasTy b
3.)934.».»4) ul)m 9 ‘_;QJ)J] ‘uSJyLuo LnguJL.s 2 bMC)’Lo]
o> Ll alsyo 4y 558 (Sal SB Sy 5 (9,500

gy 9 3o -

asllas 3590 ik —) Y

loys 56 lalss 5 S (oL 5l s o ds o)
Mos gl boys 50 clals 5 St B 8355 45 b odlal
s ynd) (e (1391 g ) g Slgld S s e
P 4 dogi bl oalatwl Lm"j (UL&:)? Ql;;»l odaw 5> ool
weradd lujes bl )3 (6550l lasilowy Wg (YL
b9y jl odlatl o3 55 &) by jo Y guame 5 St 5L



0T L Y Oloxino V€1 Jluo o€ 0o o€ 0,95 /S B 9 L Cuprte 9 (5w ote g puis /3] Ko 9 by YA

Shaheswarzadeh Janghi et al., 2007; Sharifi Hosseini
4 e (et al., 2009; Kavousi Bafti et al., 2013

23 Jlos! 15 590 (sl lost cordongll clacSs

rialojl 4> 22l 3,90 (W L) (graylan —V-Y
L5 @bl elel 2 GRagR (nl 53 ool 3y slaaslix
ol 59,5 y3 o pboul L dadllae > b5 claoso Y
Oy G A o>9ﬂ sl A les ad BRI
Omidpuretal., ) Kb bl awdg oad (gilolas oyl
(owyp dyge Chdgrseisy M S &S &eS lea (2015
Gy i gble jl a8 Wog @ BasS 48 sl S
ol & Cul 55 4 Y i3 003 (gyglaer lijss bl
o @liclen onizpn Wdg polie (595 4 Coms lags S
Sl o585 Sluogas ol oads ()55 Clygsgeiy opl (sl

ol o 03yg1 Y g 50 asllae ol )3 odlil 350

SB s mdl 5l 58U g 5lwodlel g —A-Y

Ol 4 MBS o )98 Jolee (658 I (ygamaslrg—
Py Vet do)d 9 g (S JlE) p)S 0 4 dop S
oS ol s Ve glod 0 by oSl ad ddls ] sy e
o) 53 30 0dle] dli o g oad cusS cele YF Ge 4
(0 o) (65 sl oS 5) 658k pom—s S gy
A 03938l ob9ﬂ SB gzl L sl 4 g ans
Cuwl S5 oLLs .(Zhang et al., 2019; Salimi et al., 2019)
Jlosi 3 039 MBS o I Sk Shgzgeis) Cuner oS
03es CFU/MI s & s 4y Vo Jolee youmn shus g clale
D lppS Ve 900 el S0 i )
(505 o3lel Jgloe s yq0dy 45 oy

ol i b Sig oS0l -A-Y

P9y J wlatel 590 pb il (sl Shy sxSejlsl (sl
J& APl .. eolawwl Tavalla and Massomi (1998)
b pls il 3 dg2ge (St Sl 5 Sy hey 4 sl
A g 8o 3l0l ICP-Analayzer oSiws jl solatl

b ol i dob> lge IR (glacals .o odlatwl 50,8 ya0le (oriuw
uoigb o5 lawgs ¥ee—¥eeecm™ ails 1 gKBr 0,3
O/C (glacams ¢ szph A5 <o BOME/MB 10 JusFT-IR

A5 dlors adlllae 3)50 (gt j o J1E5 HIC

SB Ologad i —0-Y
3 3550 SlsSeilil gl B 3 anlef] Simg ol 3
(39237 95+) Uhalojl 690 skl g Lawlyl )3 05 plosil (o
8L e Mol g oatip Mol a3 e cilisee gl 3l
Ol olye 4 (M3 93 9 ) ontipMal J5u 5 S
Gged OV ggemme )3 g (ajJlE5 ph g (i S L)
S asls 5 () o Shy S p (0l 99 0 ule]
86 S e9ySe &l i Jold SB gl 85
(519,50 e 559,460 53] 19,50 035555 (3255 d g
Wb )y Selgiglio mhew

2L 3o syt Bl Yo U jao Goe 5l adllae 3)50 S
Sl SB G0 s ()l pdiges Sleal olres dupdd ol
395 Sriockn 39 KU J) 5 05 StSlgn olSetalof] & JUis
B ad plol b JSTgpm opl o)lbuol Jadllyjgiuws gubo oa 03l
Pl ags 4 Slislejl 5 o0 ()le Bl j) g cdlesy S
LU sl 4l cogby Slislel sy wls SB g 298
gl py D U agd 00> joue (g0 o 93 S5l 5 St
ey (B S (59, (08 9 02)%w) shoslen 93 51 5555
Gy 4 2l wle SB olad 5 (S5 slo S J S
glasl I8 8)las > S5 pH (Page etal., 1982) (¢ o9,
SoSIl ol (McLean et al., 1983) o pH lwg
Sy ISy oey b JT cp)S (Page et al., 1982)
4 (CCE) Jsleo puunds” cwliy S (Walkley and Black, 1934)
4 ds B jaus o (Rhoads, 1986) Jboy podwclin! o,
(Ompd b (g uSojlul (Olsen et al., 1954) ol oo,
ICP-analayser ol%uss 3l eslawl b (S 5955) pmolie clale
A5 8l Slanl ol pes g oD (655 0 ol

(P cds 4 039l S agd) S g5lwadgl -T1-Y
9 I §) yge g b Sciblgn 5 oy aalllan 3590 S Eigas
PSS & 3 b Gl (S dmopy Sy cdale b g e e
oliond s iiSly JolS5 (ol b 3] g ok (g ol ST
slod 35 elyjeud b cogby jd oo Hlen e 4 e3gll S
Mishra et al., 1991; ) .5 (¢ )l ol )5 il & > YO



4

v 800! i 5UNE 5 3 59,5 sy Lo

oARg3 ol 53 03] 3590 (Sl SS9 -) g
Table 1- Characteristics of isolates used in this research
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Figure 1- Scanning electron microscope images of sugarcane bagasse Biochars; unmodified (a), modified (b), unmodified and
Bacteria consortium (C), and modified band Bacteria consortium (D)
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Figure 2- Scanning electron microscope images of studied Biochars; unmodified date palm Biochar (A), modifed date palm Biochar
(B), unmodified b date palm and Bacteria consortium (C), and modified date palm and Bacteria consortium (D)
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Figure 3- Infrared spectroscopy of biochar used; unmodified sugarcane bagasse charcoal (a), and modified sugarcane bagasse (b)
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Figure 3- Infrared spectroscopy of biochar used; unmodified palm charcoal (c), and modified palm charcoal (d)
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Table 5- The results of variance analysis of repeated measurement of the effect of unmodified and improved biochar and microorganisms
on dehydrogenase enzyme, soil carbon dioxide, and soil basal respiration
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ns, * and ** indicate non-significance, significance at 5% and 1% level, respectively.
This means that different letters have a significant difference at the 5% probability level (Duncan's test).

PS5 9s5n WWI¥D) jo) #o (o )3 (10 93 (578 poses oS
S el Cudty (39) 0 SB £ 5 S 5 liloygd Jiib (55
590 3o gloj o Sald sles 4 3leie 5 jUgg,0m o1 )l
SBp)S 6y Olileygd i 65 215955 £)5955%e /A1)
36590820 w3l 5oy £+ oloj 3 e bglses jlowi 2092 (5o
03l iol38l ko pd Y /AA (Goy £ oy p) dald Hlos 4 Canas
2o VY (j9) W gloj 3 4ald) (liee (S & Sl g ol
33503603 w3l G133 G (g S0 85 el 52 sk
Olpedr ol oad bl BusizMol clls 4 cus layleg
Capd 9y Fe loj )3 20> 93 Badg Mol Sl jlas > ¢ e

35593 o 31 €Y
oddig Mol i ; JE5 51 (0 Jgd) mibyly 4355 Jgdo> ol
25905 b (g ybolime cglas (gl o jlos ¢ 29,5 90 I3 o
O 2 Olejad 55 (295 (19)d Sl ) s Moy S e
;ﬁg. C.iaw 5 L;)bl.l;w «;;91.63 ‘_g\)b LB)LQ%J 9 Qlo)’ uwfrvm)a
WLdg 5SS b oy

e (ke a5 0l LS (5 Jga2) 0:ke duslie gl

Loy 93 Basp Mol (uBSL) jlea bslsee slass )3 355,85 0 3



£0

O XVE-37 o | WO o | T S 3-JURN L WHeY 1)

Sloj B9y (w)p ol Al (29,50 Dl udlS a5 SB
CabdS 5150 5U5e,0umd m 3l ialS Wy, uias lis ayles 5o
POk & Byled 59y £ loj )0 &5 Gl &l o
Crl 5o 59y W+ loj )3 w9 0wy U39 ,0um0 03l 5lde
2ok bobe Jlowi ¢ Jle plyicds sl 4l ial jasld
Ol 1y (303 01FY ials 5y 5+ loj & G 9, WV (loj

NN

oadli ol Bl ks )y VALY dads wdiizMsl clls 4
w23l s Gl o Bl 53 (558 5l o3listol .5 osmlisa
e olej bl byl jlass (Jls plgisas Cunl oad 15,00
LSSl edlS b0y 93 8 Mol B jlas b duglie 13 55,
Hod & Cuns ouinpd Db LliEl as )y YOA 1, SB
Ole a8 by i3l ks yd YA/AR 55 2o yd 93 (658 h p o S
955 Candsg 5 s Sl S a3 JE] o 5 S

Ol3les98 b (555 059 ,5e) S jUje a0 o 3l g Glsgagain s g ool g santigiol (w5 j T (ke Bunmliio T Jgua
PSS 13 (S-S S 165 05 w) S Al S 5 (SB- 0,55kS )3 0,5 o) (29,50 835555 ()5 o Ggy 0 SB 05 G
(39 1 > Suts S 0 55kS )3 59, 55 S

Table 6- Comparison of the average effect of unmodified and modified biochar and microorganisms on soil dehydrogenase enzyme
(ugTPF g soil day®), microbial biomass carbon (mg.kg?soil), and basic soil respiration (mg CO,-C/ kg™soil day)
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Mixture one: one percent unmodified bagasse mixture and one percent bacterial consortium, second mixture: one percent modified bagasse
mixture and one percent bacterial consortium, third mixture: two percent unmodified bagasse mixture and two percent bacterial consortium,
fourth mixture: modified bagasse mixture two percent and bacterial consortium two percent, mixture five: unmodified date palm mixture one
percent and bacterial consortium one percent, mixture six: modified date palm mixture one percent and bacterial consortium one percent mixture
seven: unmodified date palm mixture two percent and consortium two percent bacteria and eight percent mixture: two percent modified date palm

mixture and two percent bacterial consortium. Different letters significantly differ at the five percent probability level (Duncan's test).
Means with different letters have a significant difference at the 5% probability level (Duncan's test)
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Table 8- Comparison of the average effect of unmodified and modified biochar and microorganisms on substrate (stimulated)
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Mixture one: one percent unmodified bagasse mixture and one percent bacterial consortium, second mixture: one percent modified bagasse
mixture and one percent bacterial consortium, third mixture: two percent unmodified bagasse mixture and two percent bacterial consortium,
fourth mixture: modified bagasse mixture two percent and bacterial consortium two percent, mixture five: unmodified date palm mixture one
percent and bacterial consortium one percent, mixture six: modified date palm mixture one percent and bacterial consortium one percent
mixture seven: unmodified date palm mixture two percent and consortium two percent bacteria and eight percent mixture: two percent
modified date palm mixture and two percent bacterial consortium. Means with different letters significantly differ at the five percent
probability level (Duncan's test).

Means with different letters have a significant difference at the five probability level (Duncan's test)

s g Sl 0200 1581 Ao )3 OY/0D (59, £+ ) sl Hlow &
g2 Pt ho )3 OFIFF (39, 1Y+ sald) ol (i S
) B gsSam S Gl o i sla 15 23
L] 00 LQUT DMCM.@] s & s Lb)‘.o.u 2 I).u.»)?u)
5935 oloj b doyd 93 Badip Mol (WL jles 3 (Jle 1y
ol 50 il as s YA/VY i codiip Mol clls a4y s
o 3 6yl poum yuniS 51 ool el Cowsay el
sl 018 |ptunrges 1 (8L (0295500 S (e AlB]
o b dualie )3 59, 5+ loj 1 F Lol jlaws ¢ Jlo lgicay
VA/VY I) Sk é\a?::i.:‘f uwbu do)yd g EMCM.«oI uulfl;
SHSL pomspudS Jlasd & Cund iz I Lol Ao
Cuto b Sl a5 ol il Aoy YOIVY 55 doyd g3

odiigMol w3 JE5 510 Jgia) ilisly & jos s
I ol) &Sl udS  Shbgrgeiy g oadgMel o
1 Uoylass ccagsS g il 3 48 ol s SIS (| amge
o8 3 (529,509 ST S s ;036 b (g boline gl
DS e Lol g (gyblize olds glyls bajlaws o 3 yloj
L2585 685 b (g blime iglas glyld o jlows g los
ook 45 o Gl (Y Jase) nSke dunlie gl
2k bobe jlass )3 T ytugu jl (0l (09,500 bl )ludo
PSS 53 2SS w8163 p )5 (Lo ¥Y/OY) 59,5+ e
3 AU (52950 pui3 ae (32505 ol Cadety (39 5 S
S ke YoIVA) 5oy \Ve dald jlasd 4 Bleio i |jtungu
bl Jloi 239 (59, 1> SB £ )SokS )5 0 )S =S a8 lieo
Copmd ) punrges 1 (B0 (29800 S o) £ oloj ) ez



£4

v 800! i 5UNE 5 3 59,5 sy Lo

g otig Mol (w85 S (0 Jgiz) (eibly & gl
Obis SB (02950 (Coss) wiw g Sldg2g0i2) 9 00zl
b gyholize cglas (glyls bajloss o 25,5 g, <l 5l 3 aS 2l
SS9 Olejed (29,5 (1950 Sl S s ;K03
W39 ;5005 b (gbolize olas (glylo baylas g loj

Mo cp pVL &S 3l (i (V Jga2) (650ke dunlie gl
Bl bslse) aw boleo Jlog )3 (09)See (Cams) oo
(20> o 658k pgropuiS 5 2> Sy Badpal Sl
ol e (o 5eS el Cawddy (VoY) 59, Ve ploj o
g2 (V) 5oy W sald jlas & (3lete oo (29,50 (S
(29550 (Coms) e 39y We loj )3 dw bgbe jlos
ol 03l )38l o > YEIV 55, VY Sl jlows 4y Cannd
b 2 o baled plad 5 Ly o e oMo
LS 292 005 (29,0 (Canmsd) oo G138 o o ALIZ IS
aS ol ol Lials  SWl s)d 90 sabpMsl WBL [l 5o
Sl 39y shls ajleg )3 Gloj L) 295 jloliae oo ]
5432 3 9 (29,50 Cemd ]33 LS byl (e 53 395
I 08 Ol 4 & 3590 0l g Capms ] 1018 AL
Sas 4y gy SIS ,5T s ol gy &S 39 bajlas ol o
Slgicee sty S  Fibn I oS Oliwe & 2y
s )] 1, S S o5 Vob o (ol

Comd) SB I 05 4 (29,500 83565 1) S
S Ui (2950 839565 S b |y (Folie 595! (9,5
B3935 (S gl popdle S ladiges > s>
oyl ol 4 g glite 55 I S i 9050
19,50 83585 (S b dwmlie 3 o Dy glie 565
Canss &S 13,8 3,158 Liao et al. (2007) « glasllas )5 .
2oy ke Uy agie 0SB b lid 3 (0955
Cond () M oa VT (5520 3 a8 LS 3 Jg.col
wpfz)’ml..\ﬁw)»lyw)a&iﬁjc\gﬁampfj\lw
4 Al Sl oo 039)] SlaSB tald (glalass 3 (29,50
Oz il Slagges) bawgs Byt I (65050500 835k JalS
239 o8l ok ln |y iuie Sipl SB Chgsei)
by clo lp 55l cpl Fule &5 M8 (o0 Bpan SB
obo Brookes (1995) « ¢ )55 dalllas 45 .39, 0 84 o
SB 09,50 Cams Gl 4 e SK (Sogll oS 3905
Caws iol3al Smith et al. (2010) < yinpn b 0
W03l )l3S S (9938) domss 3 1) ST (09,54e
SE oS | ol padld SB 09y S ]33
a5 5 S5 Glla i 5amd b of g Y &S ol
ClhigSS Gl Jdoay ;S5 sl Sldgrgen sl

59250 ey 2 &S SlS 4 sl ytang 5l (2L (29,540
o Mo .ol 4Bl ialS ¢ s ls opl Jlade 59, VY loj
ol gy Fe ploj S oy Ve 0loj 3 Jler bgle
S lis Ty (1o 93 394) (shoyd VAR

SasisS Sya e ol 59, b (Sogll &5l (slajyy
oaiss S 4 o] B35t SRl g poles (29,50
b dblie lp o9 ladiss 5 4Bl sy sl y)lub
ale il g oy cliS b Jy sl olyan bl > iy
0355 Ju8 Wilo ¢ st ) Culled 4y 0B a6 S (65,50 5 olde
Diaz-Ravina et al., ) 395 0 o5 by o) (slaculas o
P SB 09,8 i ]38l .(2007; Saeed et al., 2022
« o.)..f:c)’tol 9 o.\.&lc)&ol ;] 5 slasles )ﬁ)lf ).sl
a.bw 89y oM u.’xhw u» c_:LuS)J 9 )I)B .)Iya J.J.)du .\J‘y
Olyeas wlg oo SLS 5 cpl S el Joay 2l (5 )1
9 0390 Joo SB Clgagainy (sly (o pod BB (litnge
b OM)LQ."J dL&:JB 0 @9)5“"’ u.».n.d P u.wl)ﬁl )
Rutigliano ) xg lsg>gesn) g (i Ji5 5 (i1
lylos 3 lytges j) iU i 1l (et al, 2014
SJE; o8 S5 aes oo (i s ol 308
1) biee ol SB Clagages) JUb B3g5cum) (s
SoNg ) amd e Ui |y ST g,Sn JIub Cones sl oyl
4 oddg Mol g odiipMeol e 2,8 (et al., 2018
(B S gl i )loline Sl 38l o Slaggoin ) ol o
AU Sk ol a5 2als jles b dunlia > SB Ljtang |
b i sl i 3 lagagasy g JT 80k 5l oolizl cute
Saeed et al. ) Luoly pl o sl SB 09,50 drols p
5 i b 00 » 1) aclie @b s (2022
G 2 Slllas > SB 09 S ISl
ssusly ledl Purakayastha et al. (2015) ¢ piz e .Sl
@D SLlas 5 puiS ol gy Caungy jl ol Mgl a5 e a8
oy £ Gde oS le dsp Fer g ¥ gl
P+ 595 U1y 02 sslisd (sneo e il 331 ¢ygumliSSl
odnlio ooy jlade Lials ol 5l aw g dsls islesl g9, 5l
doyd il b o Sansg selas iol38l s olgs oo s
Cadld Gldgrge iy e cdlad |y (60,0,8 s

2955w Coms ==Y



01 ‘3‘“‘“ Qb&w £\i"~ Jluui b)w ‘i 5)93/‘569gi%ﬂéﬂsd}“d)&d{ﬂ/dbt&o@slﬂ;& O«

wl a5l Jobs oSSl Sole Sdgbie e
2oy @ly 3 sl SB- 53 () (29,50 esmr (139 415 )
LS e ol SB 3 1y p)See 5551 (oS et
Ol gg29e cnl sl 4Bl Gl S glie waw (o cubiS
oSlolj Car Shgrgesy) bwg G5yl Syo SIS
o 9 S yo b s S alie phaw yiol38l Ciids (D ol
9,50 B3PS ()5 Ll o )3 5 Slagasafyy VL
AL S Sglie prw 4 0 &5 CS g e sl SB
Ol 8,050 S gy it JasllS 9)Se (slaas 2
el @l st ; JE5 3,08 J1 0 Sdlie whew jlade
Li et al., 2021; Saeed et al., 2022;) wlos)S" i)l58
Oliee b il &30 cads 4> (Wang et al., 2022
b Sl 88 8555 & s e s Splie ot
ol 2 29d o (Splio pres GERL s 5 ]S
biiye oadodgidl (i JlE5 doyd & plgies |y gedge
Sgplio pouw ials (Deenik et al., 2010) cuils
b ool lygsgossy 8 0 oSl Lyl s dgupo i 4Ll
by sl ol SBT3 g Cagly s Jl5 2,8
2955 B3935 (S S bend 5 (K38 laulpd dgme
sl aBly il SB Splie pae 5 4l il

S 35 4o - €
g ohtipdol i Jle; b Adlae & Liagh ool
5 oS s Shy Frop Shgen) g odipol
Ol LS adhy pb el @ 039l S 559090 5udoS]
29,5we (sln g &S a8 oy lis addlae pl 3 odelcons
Jols S5 0ad 5 pSojlul Soisledsst slagasls o
Ol S (29,500 83555 1S Bigrkmd w5
Splie mrew 9 (295500 whe (g I (o5U) aSl,
g oxtipMol (o Jles a9l &5 o gl Siagh
9 ol b Jels 3 dr g ki ©jgon 4 ondpMol
31 6393 b wlg5 o pls i @ 33901 (S 4y Sldgngea,
29 ms) 18IS 290 dasle yy P b glladl b
i JE5 (g0 P i 4 ol S b jzell
5 A5|93"_54o (C:b??o)'w o‘).o.aa & oJJBC)'Lo] 9 b&iﬁc%ol)
SBiarkms mpl Wil (295 oyl LI 3
e (2950 839555 (S (45l 9 4b) (219500 i
ey cnlply 28l e S > Splie wrew 9 (29554
9 o.&wc)’to‘ 9 b..\m)CM»o] W)JLC) 3)4)15 4 .)yugo
il Jials Sl als s 4y 039l S 5 Slsgngesn,

g 53 5kl olge g (I Slge (915050 3 gl
g oad Culdy JalS g (ae Lulyd dgmt o ;S
b Josay 1y SB 19,500 cullad o JSlgly yiulj8l does jo
SB o cund ol wljel (Dempster et al.,, 2012)
hxo (1o Yoo sl S oS 390 b1 L5
85 oS 9 03b SB 09,50 Cunnd (10l s (Sogll e
ol S )8 ) i ks Ll )3 (29,500 8359
b 5 e 2l bylsS (Domene et al., 2014) sl .
2 Il sle &30 5 (29,5 clad Gl g5 (5SS
Xuetal,)sh depg SB 59,800 Caus 2 g S

2020; Li et al., 2021; Wang et al., 2022; Farkhian
[(Firouzi et al., 2023; Kermannejad et al., 2023

SYglie o —V-Y
s S0 ) oebly RS Jee mlo
Sk L_ia.JyL.A ke p ul.)9>9o).:) 9 o.\.\f:c)'tol 9 oA;.;';jcM.\o]
8 blime cglas (glylo baylass ¢ 29,5 g il 31 j0 aS aly L
DSy g o j8 (29,5 09p> Bl )3 s 03 Su L
W2 ;0S5 b (g ybolie cigles glyld o jlows g los

e 5V 5 s V Jpi) (Sl Sl ol
oS ol Cowddy (VOA) 59, 7+ aald Hla )3 Sgrlio g
2ok bobe jlos 4 (3laite mr Splie wrw jlAko (35
3oy We ooy 3 )lez bglsee jlos g (+/¥F) 5o, £+ o
203 VYA (595 WY+ ) a0l sl &y Conmd |y (29,500 e
b piplS caw i sl J8; e Mol Ll ool ials
Lol ol Lm(j bz Mol s & Cud b jlog )0 (29,500
oy LialS oy YOMAY dgus gl a4
OialS cuw jlogs 0 (6,80 1 Bolatul ol Cawddy 29,50
Olej 3 slez bl Jlowi (Jo (sl ol 008 (09)S00 o
& ol (cpinpd D (ialS sy YOMAY 1) SB SUglie
3L 2l il cute 8l Sl cul o talS
Lm)Lo.w 5 LS"L") Loy (w)y Lol S @5)& 2>)> 9 S
G688 & sl S 09)Se w381 Mgy Bt LS
@955 e e (S 4 Bjledd Gg) £ plej 3 oS
il (pasld ol Jlade ) VW gloj )3 (e g g,
Ol 1y (Mo pd (i dgds) (gduo)d B/ iul3al 59, 5+ )loj

WDl



o)

v 800! i 5UNE 5 3 59,5 sy Lo

9 ol pg «siloparde (oleinly 10380, dwnds (s S

&

olidled (8 dolips (WWAF) liwes bl awlidlen S o)l
doi: .axiw A ¢jlgal ol jg>
10.059/ijswr.019.7746.668143

Lo coglan (V) o slaleialy g S wlio (Sogll slas st
https://wsm.doe.ir/portal/home/?generaltext/673823/
/1010221

O 3 4 polie (slacs Sl (silslir (1¥R0) Sial gyl
ol I ladilony 5l cd glagn Soyen oaiSaod
Slonl yes daged olKutsls el sl 1S sl

b ool la S YL ey (IAS) ol el
4l Ll Phytostimulation b, 4 & slacp)Ssyiun
ol inio oSl 45| _oli IS

(WWAR) odgen ccshomme g el gyl (L3S po Xg2lS 5
P ol sbale QU 5 oS il
0 s g S g I gladel  plidsn St

AR ‘((\c)\)\\u ‘[JDL:J})X«G JZJJ
dor:20.1001.1.20083068.1399.13.42

6 V) et e g S0l 0305 it sbia> e
od) gliE polie chle ) Glajles 5 ks
oo EbelS (380 5 oal eiite quaedS quly
Sliggios . 285 oluS 5 4 039l S1B K 4> (Amaranthus)
doi:  yAY-YER (VIFA Lol S O
10.22059/ijswr.2017.62645

Oite @by g S8 ey (ITAY) ppmerdesme 5650
bl bl aass e ol (leSis 5 solow]
sl olyen s oKl )

(729) L3 «oollpas b3 5 Mg ol il cole sorbs
P S fge S5 (ag i 8L (Sl o) (sl
W bxo (JolpiST 5 pole ilize la Jol>
doi:10.034/jest.00.34708.4186

Bl g (e Jlhs 005 e e (ilaed dylo e (S
b el cis 4 oyl slacSB sun) SRV (WA lo
V) ds5o9liS @l g psle) SB 5 o olbord sloosS
d0i:10.22067/jsw.v0i0.2322 .\ ¥o-)dd

Bl g e e (DLl gl @l (S odljlgued
Cam yp SBocdb Bl b)) (IYAY) 6pmem o o3blciss
o 0, uemdjlgd pB cds 4 o3l cla S YL
J Mg (Jaie oBh lpl b et
/https://civilica.com/doc/57716

el g ccsian sl dpnj olpal 130 ¢ 8L (cwgslS
sl g B Sl J ey (YAY) s

Slgiso 9 sl b 1) (29,50 ol o3lo (nl gllaol
L s Jes oMol wad edlatel SB ol copie 5
sl Jele S lsiedr (ordemanasTy ) Balinl
JOCIEN [ EUTRRCING (VO R RCHN KA S R
allas 3)90 (S5l 3981 g (S Cloogiad (S
oz Mol slaylo & Blxiio gl oy yips &S g5y .l
b s clole 4 cons Sl Bl i85 5 35
O d9e (ol Obgzgeiny bS5 50 g Cudl (e dons
Sl o S glpedr Sl uwiJle; e 5
296 sl S g ity 4 495 b g 03,8 Joe Slagrgesn)
528 5 ol polie 5 Vb oS e oJdss il
SB 298 Cumen S50 caw Gble glaog)S
Qg o Bl ol (Mo lgieds & ;e Dgd 0
sl 03,5 Lo 35 4 01| laainej 3 1y Sgjdlis, a2y
Lo o o2 Ao (gole (Sla sings Sla S & (5904
YL Jeily ey Bies g9d9e cnl b 138
5 (lieg ol WUy B b dse 55 (s

Gl Slasls Co e g dllj 5l dlais solazl

8 315wl
st ol pole 8IS ity 098 J S |
Olwjed (b @l g (65)9liS pole oISy g jlgal ()l pen

siged il |, aslllan oyl plo] lSel &S

OB Ny 2ol Dl
2 (8l oLy oS zun oS W)l o pMel dlio oyl B iy g
515929 Gime ol gl 5 e jLinl g (15 o gad

o3y 4y ow ywd
L sl LB”)J’ )1 Ry u.:‘ PRI o lii! c.;l...s 9 osld

OB My e85 )lin
LS e g el il g )b plsl s Mo
Wlio Giulyy clie &gl Bus ()55 «s)llls)lle
ot lislojl g )b ol glaal) iadiad (Lol dlces
Wlie ol g callio &g) & IS5 s el 3lp s 3o
5 b plosl oleinl, siaine s (L1 ¢ i L)
b wlinly 5 llsliEles L8 )y wlilel
o el S8 @lie ail 5 Glulng «silepgrie (sle]
Wlio ol 5 Gialng csilopsrie (oloialy jpaio A


https://doi.org/10.22059/ijswr.2019.277426.668143
https://doi.org/10.22067/jsw.v0i0.2322

0T L Y Oloxino V€1 Jluo o€ 0o o€ 0,95 /S B 9 L Cuprte 9 (5w ote g puis /3] Ko 9 by oy

OBl @l (spie (38 ue @y (il wlpcl,s

JUE5 3l okl b (5,9l Ol o 5l o Ll (VF-Y) SUL

doi: B 5 of Cypde 5 lodre )
10.22098/mmws.2023.13129.1308

References

Alef, K., & Nannipieri, P. (1995). Methods in
applied soil microbiology and biochemistry.
Academic Press, London. 608 pages.
Paperback ISBN: 9780125138406.

Ali, S., Rizwan, M., Noureen, S., Anwar, S., Ali, B.,
Naveed, M., Abd_Allah, E.F., Algarawi, A.A.,
& Ahmad, P. (2019). Combined use of biochar
and zinc oxide nanoparticle foliar spray
improved the plant growth and decreased the
cadmium accumulation in rice (Oryza sativa
L.) plant. Environmental Science and Pollution
Research, 26, 11288-11299. doi:
10.1007/s11356-019-04554-y.

Anderson, C.R., Condron, L.M., Clough, T.J., Fiers,
M., Stewart, A., Hill, R.A., & Sherlock, R.R.
(2011). Biochar induced soil microbial
community  change:  implications  for
biogeochemical cycling of carbon, nitrogen
and phosphorus. Pedobiologia, 54(5-6), 309-
320. doi :10.1016/j.pedobi.2011.07.005.

Beiyuan, J., Qin, Y., Huang, Q., Wang, H., Tsang,
D.C., & Rinklebe, J. (2021). Effects of
modified biochar on as-contaminated water
and soil: A recent update. Advances in
Chemical Pollution, Environmental
Management and Protection, 7, 107-136.

Brookes, P.C. (1995). The use of microbial
parameters in monitoring soil pollution by
heavy metals. Biology and Fertility of Soils, 19,
269-279.

Burns, R.G. (1978). Soil enzymes. Academic Press,
New York, pp: 149-196. doi:10.1016/B978-
012513840-6/50022-7.

Basaltpour, A. (2005). Bioremediation of soil
contaminated with petroleum hydrocarbons by
Phytostimulation method. Master's Thesis,
Isfahan University of Technology, Isfahan,
Iran. [In Persian]

Cassida, L.E., Klein, J.D., & Santoro, D. (1964). Soil
dehydrogenase activity. Soil Science, 98, 371-
374. doi: 10.1097/00010694-196412000-00004.

Chen, T., Luo, L., Deng, S., Shi, G., Zhang, S,
Zhang, Y., Deng, O., Wang, L., Zhang, J., &
Wei, L. (2018). Sorption of tetracycline on
H3PO4 modified Biochar derived from rice
straw and swine manure. Bioresource
Technology, 267, 431-437. doi:
10.1016/j.biortech.2018.07.074.

Deenik, J.L., McClellan, T., Uehara, G., Antal, M.J.,
& Campbell, S. (2010). Charcoal volatile

L) g lerden syadld Sy p pl Cdl oaiSy o

AV (P ol ol wlidcaw; o) olS
20.1001.1.20088264.1393.6.21.7.2

Gl Bl daialy g paVlise i(gime Mo dyy 2 edonl e gjod (55

5 b b SRy B xS e S (YY)
A Cypto 5 gl Jse o cuiS cov  Sal SK Sl
doi: 10.22098/mmws.2023.12233.1217 .55

matter content influences plant growth and soil
nitrogen transformations. Soil Science Society
of America Journal, 74(4), 1259-1270. doi:
10.2136/ss52j2009.0115.

Dempster, D.N., Gleeson, D.B., Solaiman, Z.1., Jones,
D.L., & Murphy, D.V. (2012). Decreased soil
microbial biomass and nitrogen mineralisation
with Eucalyptus Biochar addition to a coarse
textured soil. Plant and Soil, 354, 11-324.
doi:10.1007/s11104-011-1067-5

Diaz-Ravina, M., Calvo, D., Anta, R., & Baath, E,
(2007). Tolerance (PICT) of the bacterial
communities to copper in Vineyards soils from
Spain. Journal of Environmental Quality, 36,
1760-1764. doi: 10.2134/jeq2006.0476.

Dick, R.P., Breakwell, D.P., & Turco, R.F. (1996).
Soil enzyme activities and biodiversity
measurements as integrative microbiological
indicators. 247-271. In: Doran, JW., & AlJ.
Jones (eds), Methods for assessing soil quality.
Special Publication No. 49, Soil Science
Society of America Journal, USA., Madison,
WI. doi:10.2136/SSSASPECPUB49.C15

Domene, X., Mattana, S., Hanley, K., Enders, A., &
Lehmann, J. (2014). Medium-term effects of
corn Biochar addition on soil biota activities
and functions in a temperate soil cropped to
corn. Soil Biology and Biochemistry, 72, 152-
162. doi 10.1016/j.s0ilbio.2014.01.035

Dong, H., Zhang, C., Hou, K., Cheng, Y., Deng, J.,
Jiang, Z., Tang, L., & Zeng, G. (2017).
Removal of trichloroethylene by Biochar
supported nanoscale zero-valent iron in
aqueous solution. Separation and Purification
Technology, 188, 188-196.
doi:10.1016/j.seppur.2017.07.033

Farkhian Firouzi, A., Milad Biria, M., Moezzi., A. B., &
Rahnam. (2023). The effect of Cenocarpus biochar
on some physical and mechanical properties of
calcareous soil under corn cultivation. Water and
Soil Management and Modeling.
doi:10.22098/mmws.2023.12233.1217 [In Persian]

Fontaine, S., Marotti, A., & Abbadie, L. (2003). The
priming effect of organic matter: A question of
microbial competition. Soil Biology and
Biochemistry, 35, 837-843.
d0i:10.1016/S0038-0717(03)00123-8.

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


https://dorl.net/dor/20.1001.1.20088264.1393.6.21.7.2
https://doi.org/10.22098/mmws.2023.12233.1217
https://doi.org/10.22098/mmws.2023.12233.1217

oy

v 800! i 5UNE 5 3 59,5 sy Lo

community composition and enzymatic
activity. Applied Sciences, 11(4), 1473.
doi:10.3390/app11041473.

General Department of Meteorology of Khuzestan
Province (2016). Meteorological technical
newsletter. Khuzestan, Ahvaz, 35 pages. doi:
10.059/ijswr.019.7746.668143. [In Persian]

Habibi, H., Motsharazadeh., B., & Alikhani., H.A.
(2017). The effect of biological treatments on
the concentration of nutrients (phosphorus,
potassium, calcium, magnesium, iron and
manganese) of Amaranthus plant in a soil
contaminated with oil compounds. Iran Water
and Soil Research, 48(2), 369-384.

Heydari Fard, M.H. (2002). Investigation of nickel
and vanadium in Asmari and Bangestan
reservoirs in Bibi Hakimeh square. Master's
Thesis, Shahid Chamran University of Ahvaz,
Ahvaz, Iran. [In Persian]

Horwath W.R., & Paul E.A. (1984). Microbial
biomass. In: Buxton DR(Ed). Methods of Soil
Analysis, Part 2: Microbiological and
Biochemical Properties. Soil Science Society of
America Journal, 5, 753-773.
doi:10.2136/sssabookser5.2.c36.

Huang, M., Yang, L., Qin, H., Jiang, L., & Zou, Y.
(2013). Quantifying the effect of Biochar
amendment on soil quality and crop
productivity in Chinese rice paddies. Field
Crops Research, 154, 172-177.
doi:10.1016/j.fcr.2013.08.010

Jiang, Z., Lian, F., Wang, Z., & Xing, B. (2020). The
role of Biochars in sustainable crop production
and soil resiliency. Journal of Experimental
Botany, 71(2), 520-542. doi:
10.1093/jxb/erz301.

Kermannejad, J., Torabi Podeh, H., Ghanbari Adivi,
E., & Shahinejad, B. (2023). Drainage Water
Sodium Removal by Biochar. Water and Soil
Management and Modeling. doi:
10.22098/mmws.2023.13129.1308. [In Persian]

Kavousi Bafti, M., Asrar, Z., Hassan Shahian, M., &
Karamatian, B. (2013). Investigating the effect
of oil pollution and crude oil-decomposing
bacteria on some biochemical indicators and
corn plant growth. Iranian Plant Biology, 1(6),
71-84. 20.1001.1.20088264.1393.6.21.7.2 [In
Persian]

Lehmann J., & Joseph S. (2009). Biochar for
environmental management-an introduction.
In: Lehmann J. and Joseph S. (Eds). Biochar
for environmental management: Science and
Technology. Earthscan, London, pp: 1-11.
ISBN: 978-1-84407-658-1.

Li, M., Xiong, Y., & Cai, L. (2021). Effects of
Biochar on the soil carbon cycle in
agroecosystems: An promising way to increase
the carbon pool in dryland. In IOP Conference
Series: Earth and Environmental Science, IOP

Publishing. doi: 10.1088/1755-
1315/693/1/012082.

Li, Y., Shao, J., Wang, X., Deng, Y., Yang, H., &
Chen, H. (2014). Characterization of modified
Biochars derived from bamboo pyrolysis and
their utilization for target component (furfural)
adsorption. Energy Fuels, 28(8), 5119-5127.
d0i:10.1021/ef500725c¢

Liao, M., Chen, CL., Zeng, LS., & Huang, CY.
(2007). Influence of lead acetate on soil
microbial biomass and community structure in
two different soils with the growth of Chinese
cabbage (Brassicachinensis). Chemosphere,
66, 1197-1205. doi:
10.1016/j.chemosphere.2006.07.046.

Lominchar, M.A., Lorenzo, D., Romero, A., &
Santos, A. (2018). Remediation of soil
contaminated by PAHs and TPH using alkaline
activated persulfate enhanced by surfactant
addition at flow conditions. Journal of
Chemical Technology and Biotechnology, 93,
1270-1278. doi: 10.3390/ijerph16030441.

Lopes, E.B. (2001). Diversidademetabdlicaem solo
tratado com biossélidos, M.Sc. Dissertation,
Universidade de S&o Paulo, Escola Superior de
Agricultura Luiz de Queiroz, Piracicaba,
Brasil, 65. Martens R, 1991. Methodenzur

quantitative Bestimmung und
Charakterisierung dermikrobiellen biomasse in
Boden. Eigenverlag des institutes

firBodenbiologie der FAL Braunschweig. doi:
10.11606/D.11.2002.tde-29042002-160938.

Luo, J.,, Li, X., Ge, C., Muller, K., Yu, H., Huang, P.,
Li, J., Tsang, D.C., Bolan, N.S., Rinklebe, J., &
Wang, H. (2018). Sorption of norfloxacin,
sulfamerazine and oxytetracycline by KOH-
modified Biochar under single and ternary
systems. Bioresource Technology, 263, 385-
392. doi: 10.1016/j.biortech.2018.05.022.

Major, J., Rondon, M., Molina, D., Riha, S.J., &
Lehmann, J. (2010). Maize yield and nutrition
during 4 years after Biochar application to a
Colombian savanna oxisol. Plant and Soil, 333,
117-128. doi:10.1007/s11104-010-0327-0.

Mansoor, S., Kour, N., Manhas, S., Zahid, S., Wani,
O.A., Sharma, V., Wijaya, L., Alyemeni, M.N.,
Alsahli, A.A., El-Serehy, H.A., Paray, B.A.,
Ahmad, P. (2021). Biochar as a tool for
effective management of drought and heavy
metal toxicity. Chemosphere, 271, 129458.
doi: 10.1016/j.chemosphere.

Martens, R. (1991). Methodenzur quantitative
bestimmung und charakterisierung
dermikrobiellen  biomasse in  Boden.
Eigenverlag des institutes furBodenbiologie
der FAL Braunschweig.
https://www.openagrar.de/receive/timport_mo
ds_00005888.

McLean, E.O. (1983). Soil pH and lime requirement.
Methods of soil analysis: Part 2 Chemical and


https://doi.org/10.2136/sssabookser5.2.c36

0T L Y Oloxino V€1 Jluo o€ 0o o€ 0,95 /S B 9 L Cuprte 9 (5w ote g puis /3] Ko 9 by of

microbiological properties, 9, 199-224.
doi:10.2134/agronmonogr9.2.2ed.c12.

Metson, A.J. (1961). Methods of Chemical
Analaysis for Soil Survey Samples, Soil
Bureau Bulletin 12, Depth Scientific; Industrial
Research, New Zealand.

Mierzwa-Hersztek, M., Wolny-Kotadka, K.,
Gondek, K., Gatazka, A., & Gawryjotek, K.,
(2020). Effect of coapplication of Biochar and
nutrients on microbiocenotic composition,
dehydrogenase activity index and chemical
properties of sandy soil. Waste and Biomass
Valorization, 11, 3911-3923.
doi:10.1007/s12649-019-00757-z.

Mishra, S., Lal, B., Jyot, J., & Rajan, S. (1991). Field
study in situe Bioremidiation od oily sludge
contaminated land using oilzapper, hazardous
and industrial wastes, industrial and hazardous
confrance, University of Connecticut.

Olsen, S., Cole, C., Watanabe, F., & Dean, L. (1954).
Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. USDA
Circular Nr 939, US Gov.Print. Office,
Washington, D.C. oclc/17316676.

Omidpur, A. (2015). Isolation of bacteria resistant to
heavy metals and decomposing oil
hydrocarbons from drilling mud residues.
Master's Thesis, Shahid Chamran University of
Ahvaz, Ahvaz, Iran. [In Persian]

Page, A.L., Miller, R.H., & Keeney, D.R. (1982).
Methods of soil analysis agronomy No G. Partz
USA. Inc. doi:
10.2134/agronmonogr9.2.2ed.frontmatter

Park, J.H., Cho, J.S., Ok, Y.S., Kim, S.H., Kang,
S.W., Choi, I.W., Heo, J.S., DeLaune, R.D., &
Seo, D.C. (2015) Competitive adsorption and
selectivity sequence of heavy metals by
chicken bone-derived Biochar: batch and
column experiment. Journal of Environmental
Science and Health, 50(11) ,1194-1204. doi:
10.1080/10934529.2015.1047680.

Purakayastha, T.J., Kumari, S., & Pathak, H. (2015).
Characterisation, stability, and microbial effects
of four Biochars produced from crop residues.
Geoderma, 239, 293-303.
doi:10.1016/j.geoderma.2014.11.009

Pollution Standards of Soil Resources and its
Guidelines (2022). Human Environment
Deputy, Water and Soil Office.
https://wsm.doe.ir/portal/home/?generaltext/6
73823/1010221/. [In Persian]

Quilchano, C., & Maranon, T. (2002). Dehydrogenase
activity in mediterranean forest soils. Biology
and Fertility of Soils, 35(2), 102-107.
doi:10.1007/s00374-002-0446-8.

Rahbari-Sisakht, M., Pouranfard, A., Darvishi, P., &
Ismail, A.F. (2017). Biosurfactant production
for enhancing the treatment of produced water
and bioremediation of oily sludge under the
conditions of Gachsaran oil field. Journal of

Chemical Technology and Biotechnology, 92,
1053-1064. doi;10.1002/jctb.5081.

Rajapaksha, A.U., Chen, S.S., Tsang, D.C.W.,,
Zhang, M., Vithanage, M., Mandal, S., Gao, B.,
Bolan, N.S., & Ok, Y.S. (2016).
Engineered/designer Biochar for contaminant
removal/immobilization from soil and water:
Potential and implication of Biochar
modification. Chemosphere, 148, 276-291.
doi:10.1016/j.chemosphere.2016.01.043

Rajkovich, S., Enders, A., Hanley, K., Hyland, C.,
Zimmerman, A.R., & Lehmann, J. (2011). Corn
growth and nitrogen nutrition after additions of
Biochars with varying properties to a temperate
soil. Biology and Fertility of Soils, 48(3), 271-
284. doi:10.1007/s00374-011-0624-7.

Rhoads. J.D., Ingvabon, R.D., & Hatcher, D.D.
(1970). Labortory determination Leacheable
soil boron. Soil Science Society of America

Journal, 34, 871-875.
doi:10.2136/ss52j1970.0361599500340006001
8x.

Rutigliano, F.A., Romano, M., Marzaioli, R.,
Baglivo, 1., Baronti, S., Miglietta, F., &
Castaldi, S. (2014). Effect of Biochar addition
on soil microbial community in a wheat crop.
European Journal of Soil Biology, 60, 9-15.
doi:10.1016/j.ejs0bi.2013.10.007.

Saeed, M., llyas, N., Jayachandran, K., Gaffar, S.,
Arshad, M., Ahmad, M.S., Bibi, F., Jeddi, K.,
& Hessini, K. (2022). Biostimulation potential
of Biochar for remediating the crude oil
contaminated soil and plant growth. Saudi
Journal of Biological Sciences, 28(5), 2667-
2676. doi: 10.1016/j.5jbs.2021.03.044.

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. do0i:10.1111/sum.12360.

Salazar, S., Sanchez, L., Alvarez, J., Valverde, A.,
Galindo, P., Igual, J., Peix, A. (2011).
Correlation among soil enzyme activities under
different forest system management practices.
Ecological Engineering 37, 1123-1131.
doi:10.1016/j.ecoleng.2011.02.007.

Shaaban, A., Se, S.M., Mitan, N.M.M., & Dimin,
M.F. (2013). Characterization of Biochar
derived from rubber wood sawdust through
slow pyrolysis on surface porosities and
functional groups. Procedia Engineering, 68,
365-371. doi: 10.1016/j.proeng.2013.12.193.

Sisa, R. (1993). Enzym ovéa aktivit aptdyja
koukazate ljejibiologi ckéaktivity. Rostl. Vyr,
39, 817-825. doi: 10.17221/4131-PSE.

Smith, J.L., Collins, H.P., & Bailey, V.L. (2010).
The effect of young Biochar on soil respiration.
Soil Biology and Biochemistry, 42(12), 2345-
2347. doi:10.1016/j.s0ilbi0.2010.09.013


https://doi.org/10.2134/agronmonogr9.2.2ed.c12

00

v 800! i 5UNE 5 3 59,5 sy Lo

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.
doi:10.1016/j.ejsobi.201711.003.

Speir, T.V., Kettles, H.A., Parshotam, A,, Searle P.L.,
Vlaar, L.N.C. (1995). A simple kinetic approach
to derive the ecological dose value ED 50, for
the assessment of Cr (VI) toxicity to soil
biological properties. Soil Biology and
Biochemistry, 27, 801-811.doi:10.1016/s0038-
0717(98)00169-2.

Suérez-Hernandez, L., & Barrera-Zapata, R. (2017).

Morphological and physicochemical

characterization of Biochar produced by

gasification of selected forestry species. Revista

Facultad de Ingenieria, 26(46), 123-130.

d0i:10.19053/01211129.v26.n46.2017.7324.

C., Chen, T., Huang, Q., Wang, J., Lu, S., &

Yan, J. (2019). Enhanced adsorption for Pb (1)

and Cd (1) of magnetic rice husk Biochar by

KMnO 4 modification. Environmental Science

and Pollution Research, 26, 8902-8913. doi:

10.1007/s11356-019-04321-z.

Salimi, M., Ebrahimi, S., & Ghorbani Nasrabadi, R.
(2019). Optimizing the survival of non-native
bacteria that effectively decompose crude oil in
different carriers. Environmental Science and
Technology, doi:10.034/jest.00.34708.4186.
[In Persian]

Sharifi Hosseini, S., Shahbazi, A., Yazdipour, A., &
Kamranfar, 1. (2008). Biological remediation
of soil contaminated with crude oil with
chemical fertilizers. Water and  Soil
(Agricultural Sciences and Industries), 3(3),
155-145.  d0i:10.22067/jsw.v0i0.2322. [In
Persian]

Shaheswarzadeh Jangi, P., Shoja Al-Sadati, S.A., &
Hashemi Najafabadi, S. (2007). Evaluating the
effect of soil texture on the bioremediation of
soils contaminated with crude oil. The 12th
National Congress of Chemical Engineering of
Iran, Sahand University of Technology, Tabriz.
Iran.  https://civilica.com/doc/57716/.  [In
Persian]

Takaya, C.A., Fletcher, L.A., Singh, S., Okwuosa,
U.C., Ross, A.B. (2016). Recovery of
phosphate with chemically modified Biochars.
Journal  of  Environmental  Chemical
Engineering, 4(1), 156-1165.
doi:10.1016/j.jece.2016.01.011

Tan, Z., Zou, J., Zhang, L., & Huang, Q. (2018).
Morphology, pore size distribution, and
nutrient characteristics in Biochars under
different  pyrolysis  temperatures  and
atmospheres. Journal of Material Cycles and
Waste Management, 20(2), 1036-1049. doi:
10.1007/s10163-017-0666-5.

Sun

Tarkashvand, M., Lakzian, A., Fotovat, A., &
Mohammady, M. (2019). Isolation, screening and
efficiency of Pseudomonas isolates in biofilm
formation on organic and inorganic carriers and
phenanthrene degradation. Journal of Microbial
World, 13(4), 6-0.
dor:20.1001.1.20083068.1399.13.42. [In Persian]

Tavalla, I.H., & Massomi, T. (1998). Simulation
kinetic spectrophotometric determination of
vanadium and iron. Talanta, 479-485. doi:
10.1016/s0039-9140(98)00156-8.

Thies, J.E., & Rillig, M.C. (2012). Characteristics of
Biochar: biological properties. In Biochar for
Environmental Management. pp. 117-138.
Routledge. doi: 10.4324/9781849770552-13.

Usman, A.R., Ahmad, M., EI-Mahrouky, M., Al-
Omran, A., Ok, Y.S., Sallam, A.S., El- Naggar,
AH., & AlWabel, M.l. (2015). Chemically
modified Biochar produced from conocarpus
waste increases NO 3 removal from agueous
solutions. Environmental Geochemistry and
Health, 38(2), 511-521. doi : 10.1007/s10653-
015-9736-6.

Walkley, A., & Black, I.A. (1934). An examination
of the degtjareff method for determining soil
organic matter, and a proposed modification of
the chromic acid titration method. Soil Science,
37, 29-38. doi:10.1097/00010694-193401000-
00003.

Wang, C., Li, Y., Tan, H., Zhang, A., Xie, Y., Wu,
B., & Xu, H., (2019). A novel microbe
consortium, nano-visible light photocatalyst
and microcapsule system to degrade PAHs.
Chemical Engineering Journal, 359, 1065-
1074. doi:10.1016/j.cej.2018.11.07.

Wang, H., Zhang, R., Zhao, Y., Shi, H., & Liu, G.,
(2022). Effect of Biochar on rhizosphere soil
microbial diversity and metabolism in tobacco-
growing soil. Ecologies, 3(4), 539-556.
doi:10.3390/ecologies3040040

Wang, Z., Zheng, H., Luo, Y., Deng, X., Herbert, S.,
& Xing, B. (2013). Characterization and
influence of Biochars on nitrous oxide
emission from agricultural soil. Environmental
pollution, 174, 289-296. doi:
10.1016/j.envpol.2012.12.003.

Wardle, D.A. (1992). A comparative assessment of
factors which influence microbial biomass
carbon and nitrogen levels in soil. Biological
Reviews, 67(3), 321-358. d0i:10.1111/j.1469-
185X.1992.th00728.x.

Wu, M., Dick, W.A., Li, W., Wang, X., Yang, Q.,
Wang, T., Xu, L., Zhang, M., & Chen, L.
(2016). Bioaugmentation and biostimulation of
hydrocarbon degradation and the microbial
community in a petroleum contaminated soil.
International Biodeterioration and
Biodegradation., 107, 158-164.
d0i:10.1016/j.ibiod.2015.11.019.



OB Y'Y Olodio VY Jlo o€ 0,lond € 0,95 (S 5 LT Sy ppte g (5o be & pulis [ ], 9 by 2

o1

Xu, W., Whitman, W.B., Gundale, M.J., Chien, C.,
& Chiu, C. (2020). Functional response of the
soil microbial community to Biochar
applications. GCB Bioenergy, 13(1), 269-281.
doi:10.1111/gchb.12773.

Xue, J., Wu, Y., Shi, K., Xiao, X., Gao, Y., Li, L., &
Qiao, Y. (2019). Study on the degradation
performance and kinetics of immobilized cells
in straw-alginate beads in marine environment.
Bioresource  Technology, 280, 88-94.
doi:10.1016/j.biortech.2019.02.019.

Yuan, B., & Yue, D, (2012). Soil microbial and
enzymatic activities across a chronosequenceof
chinese pine plantation development on the
loess plateau of china. Pedosphere, 22, 1-12.
doi:10.1016/S1002-0160(11)60186-0.

Zhang, N., He, X., Gao, Y., Li, Y., Wang, H., Ma,
D., Zhang, R., & Yang, S. (2010). Pedogenic
carbonate and soil dehydrogenase activity in
response to soil organic matter in artemisia
ordosica community. Pedosphere, 20, 229-
235. d0i:10.1016/S1002-0160(10)60010-0.

Zhang, B., Zhang, L., & Zhang, X. (2019).
Bioremediation of petroleum
hydrocarboncontaminated soil by petroleum-
degrading bacteria immobilized on Biochar.
RSC advances. 9, 35304-35311.
doi:10.1039/C9RA06726D.

Zingaro, K.A., Nicolaou, S.A., & Papoutsakis, E.T.
(2013). Dissecting the assays to assess568
microbial tolerance to toxic chemicals in
bioprocessing. Trends in Biotechnology: Cell
Press. 31, 643-653. doi:
10.1016/j.tibtech.2013.08.005.



