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yp In Iran, natural peat casing soil resources are limited and its harvesting has many

environmental consequences. This study aimed to investigate the use of biochar in casing soil
composition and its effect on the chemical properties of casing soil and the yield of mushrooms
cultivated in it as a factorial in a completely randomized design with 29 treatments in 2024.
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EXTENDED ABSTRACT

Introduction

Casing soil is an important input in the production of the button mushroom, which is usually prepared
from non-renewable organic sources (peat). This study was conducted to investigate the use of biochar in
casing soil composition and its effect on the chemical properties of casing soil and the yield of cultivated
mushrooms.

Method
This study was conducted in a completely randomized design with 29 treatments and three replications
on an industrial scale in Negin Fasl Agro-industry. Accordingly, the initial soil casing compositions including

north production peat, north production peat vermicompost, cow manure vermicompost, and SMC
vermicompost were prepared. Then, biochar was added to each soil casing composition to prepare
experimental treatments and different soil casing treatments were prepared.

Experimental design and treatment application

The experiment was conducted in a completely randomized factorial design with three factors: type of
casing soil at four levels, biochar application rate at four levels, and biochar particle size at two levels, with
three replications. A control treatment (the casing soil used in the mushroom production facility).

The casing soil type factor consisted of four levels (S1, Sz, S3, and Ss), which were respectively S1: mixture
of north production peat and SMC vermicompost in a weight ratio of 50 percent, S,: mixture of north
production peat and cow manure vermicompost in a weight ratio of 50 percent, Ss: vermicompost mixture of
north production peat and SMC in a weight ratio of 50 percent, and S4 :vermicompost mixture of north
production peat and cow manure in a weight ratio of 50 percent. The biochar amount factor consisted of four
levels Lo, L1, L, and L3 with values of 0, 5, 10 and 15 Weight percent respectively and the biochar particle size
factor consisted of two levels Z; and Z; (0-1 and 1-2 mm particles).

Measuring casing soil properties

In this study, immediately after Step of adding casing soil, a soil sample was taken from each experimental
plot. The pH and EC were measured using a pH meter and EC meter after air-drying the samples and passing
them through a 2 mm sieve. The organic matter content was determined by the dry combustion method.

Evaluation of the overall performance of button mushrooms

At each harvest stage, yield parameters of first-grade mushrooms (firm texture, closed cap, and good to
excellent appearance) and second-grade mushrooms (semi-firm texture, open cap, and average appearance)
were measured using a scale with 0.01 g precision. Total yield was calculated as the sum of the yields of first-
grade and second-grade mushrooms.

Statistical analyses
Statistical analyses and determination of correlation coefficients between measured casing soil
characteristics and button mushroom yield were performed using SPSS software.

Results

The effect of biochar application on casing soil pH showed an increasing trend in all four soil types S,
S», Sz and S4, but this increase was not significant. In all studied soils, with increasing biochar content, casing
soil EC increased. The highest electrical conductivity was associated with the Silsz; treatment with a value of
2.99 dS.m? and the lowest electrical conductivity was associated with the Sal,z; treatment Which has not
significant difference with most treatments containing cow manure vermicompost. Therefore, casing soil with
lower electrical conductivity was more effective in increasing yield with biochar application. Also, the highest
average organic matter content was obtained in the S4l1z; treatment (60.31%) and the lowest organic matter
content was obtained in the So treatment (21.84%). The high soil organic matter content led to improved
mushroom performance.

Conclusions

Overall, the results indicated that the highest EC values were observed in treatments containing soil Ss,
while the lowest EC values were found in treatments with soil S,. Therefore, the mixtures containing
vermicompost from cow manure exhibited lower soil salinity and higher yield compared to the commercial
casing soil and other treatments. The application of biochar in the casing soil mixture can play a significant
role in increasing the soil organic matter content. Economically, among the different biochar levels tested, the
addition of 5% (w/w) biochar to the soil was effective in enhancing organic matter. Increased organic matter
in the casing soil.



2793 Improving the yield of button mushroom (Agaricus bisporus) by...

Author Contributions

For this research article, the individual contributions are as follows: Conceptualization, [Author A] and
[Author B], [Author C] and [Author D]; methodology, [Author B]; software, [Author C]; validation, [Author
A], [Author B], and [Author C]; formal analysis, [Author A] and [Author DJ; investigation, [Author B];
resources, [Author A]; data curation, [Author B]; writing original draft preparation, [Author C]; writing review
and editing, [Author B]; visualization, [Author A]; supervision, [Author B]; project administration, [Author

C]; funding acquisition, [Author A]. All authors have read and agreed to the published version of the
manuscript.
Data Availability Statement

The data that support the findings of this study are available. For further inquiries regarding the data,

please contact author’s email.

Acknowledgements
The authors would like to thank the reviewers and editor for their critical comments that helped to
improve the paper.

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

Conflict of interest
The author declares no conflict of interest.



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

Vo 0 3o 6B 099 () Y1 S g OT Ol Aloxo

buigr SB gl B Sig Olpti U (Agaricus bisporus) glasSs g,B8 >,5kos dgu0

seom 5,5 il cou

Tl o S I (Sads (8 gl T a8 a0l Y lonas! asgome
£.mahbub@yah00.coM. | ) 3,8 1o 3,8y oSS (5 yaluiS” 0uSLiily (S swdines g pole 09,5 .)
karimiahmad1342@sKu.ac.ir « |l e,8 yeads 3,8 o oSl ¢ 65,9l a8ty «SB- swidige g pole 09,5 .Y
ghorbani-sh@sKu.ac.ir« |yl e,S i )5 1o o8I ¢ 65,9l 0uSuisly «SB- swdige g pole 09,5 .Y
golnoosh.banitalebi@gmail.com « Iyl 2,8 s ¢ b 1 Cariuo g CadS 8y (352856 5 drwgd pido

oUS>

4

Ao OlNb!

sl ol cuslsy Bl s Slohd an) e (cladoly g 03g) 3gamme Cap (g S b wlie ol
SB plasd sl S 22 o) 580 5 by ST S 5 50 Jlagn 3,08 gy Ban b Gl (wl 20,5 0
ol el 5 T VEY Lo, e YA Ly doless MelS gyl B 3y ygiSTe g0 a5 18 3,8kes
CowgeoS (2)9 9 (§95255 CamgraS (c0y9 ¢ Jlod Ca CamguoS (09 (Jlod Cp oo 1 iy S8 4l LS 5
WM&u)wﬁﬁb])Byu’)a.&.\o})\bg\' @J.\.o..ouﬁypdaw.\m%o.\md)‘mou
SSB ol jo a8 o Hlis Gieed cpl gl Wb g pSojlul g )1 5 Sles o (uiide S OM EC pH
oS ey S (g0 dx yb g 30 > xe 5 o (Siwed EC L g jlo e Cute (Situads iigy S
(5395 Bl ] 5l5 395 CangeaS g b bfoin cslale 45 51> 5 S gl b 2 3 Shae 130
Sosle jlude ial38l )5 olies Caenl Hlrgn 50,8 il (655 bjles K> 4 Cond YU 3,Sdes 5 jieS
oslo i3l 13 S 4y Jlogn Sjs o3 D (2938l lagm Cilises ok o > ool bl 4 3y SK

D9 o ) 5, Slos d90 4 yoie i S Jodle (390 YU g ol Bge I

g Ao il g4

VEOF/FIVA iedl s & U
VYISV 15 ,555b g ,U
VIV 1 dy G0
VEF oo bl g b

(S sleojly
53l
tu.,ib.ﬁto
.Mmfgo)j

&l yss LAgaricus bisporus) ) classs z,56 3 Sloe dgup0 (VF-F) (ooilS ( I o g felnd ((Suid b5 tenl (o )S fugome o Slorul bzl
IVAOYAY (V) 05 ol SE oy o clidn dbue Gbgn oS b cov Lide SB Llewd b St

https://doi.org/10.22059/ijswr.2025.395712.669947

(otores

By © )l pes oKl ol L] e 200
DOI: https://doi.org/10.22059/ijswr.2025.395712.669947



mailto:e.mahbub@yahoo.com
mailto:karimiahmad1342@sku.ac.ir
mailto:karimiahmad1342@sku.ac.ir
mailto:ghorbani-sh@sku.ac.ir
mailto:golnoosh.banitalebi@gmail.com
https://doi.org/10.22059/ijswr.2025.395712.669947
https://doi.org/10.22059/ijswr.2025.395712.669947
https://creativecommons.org/licenses/by-nc/4.0/

VA0 ... (Agaricus bisporus) (sl 4eS's g, 5,Slos S0 10yl yKod g  Sloeuw! (i3 — (sole)

-

400
e (S sz )b joyel canl 03905 pibiolinl 1) 138 Wy lio jl dinge odlistul pllo (ghis 4 55 5 Cumer (9331 9y Ll
ol sl 3 (She g s (Slaa sla)lel (elul i (WAY ()lSem g 455 oowo) 35,10y (e s 53 iy
(FAO, 2019) caul 1o Y8 ol il (614053 28 mawr 5 o5 isalee Vo o &L

gl (un) piibanans T e ) Ygomn o conl gy S shaoSs 218 iy 9 Mo )3 e slogise 31 S
st oo EMSo 5] g el lgl3 i 2 0gdle g 0391 Sgame gy ST odlital (gl g b i (il 0 295 00
sl s o (8,5 S5 col Cop Bpae SILe (V) (et o (> (g yaen) 35500 sl ol il Bl s g8
sl 33lg 0257 (05w Cay BS Jl sl cudlyyy wld el and S g8 LB LB L il S5 S ol
S 0 el D93y Cas g g &S Canl Jelge I IS a8 958050, Ll Loyl asldl yS (o5lwslil bgse b g uiS
Gl ool oMSie el 9 (b Y guame cudldy jl dm (BLS Lle ¢ Slals d9>9 .(NoDble et al., 2004) 5,135 o 5l ol
N lls il 5l ol sy ol bl Ol S «(55,5laS (sbles 5l oalisl (gla Sl alox 5105l 0 2925 55LiS
Casl Vi 039 o b 55t g jluly (328 51 (58 4 ol ol 03l (l 03900 )1 4 SB 3 )l oS Mol s &

Sy S oo G el 58 0,33 b (gliS SlaS > g 30,5 T osle eles | la Sy 5 e
.(Giannetta et al., 2023)
Q@ 5bgu 3938 5l oyg0 50 (Sl Glalllas Ll cul ol cute @lpsl snimd i aidgy S S 5 50 jlagw 30,8 s
ol slase @l ojlul o lde SIS a4 pobs (gl olul () 2l 0l plosl )8 (595 5 Mg ) (b SB-
oKty 53 (sldaSs )8 5Slae 5 cilisee WS 5 b by SB oland sla Shg » Ul g I Gl ey Sluls byl

85 Bl 35 s b 055 B g Cngen M55 SIS 53,5 5

g 3 At
Sy s ) Ky ko by 9 2,8 Ay grlie Djgeo &) CangaS (93 @) Slopgabune 4T Ly @B Mg ol
bMas] & Cunl 51355 2 (63b5 Cuonl 3l b yo g 0y (551l (sladastia 1 )15y 5 (S byt o by b oS

Sl ol Cob yo Laro conds ClllS s ja SUiS gilo  dibgy S (Stamets & Chlton,1983) wiel o (iubgy S 1)
15 3 Sl S5 g bdger 005 sl cizzad 5 038 el |y )8 2 (sl p3Y Gl codgel ol B Bl o po JSii5
Ol Blgn a8 WSl (gl 4y L o lailin] Liddg S S (Gimenez & Pardo-Gonzélez, 2008) cusl (g9 p (sldaS> )18
3 8 el Sl ulin bl o i PH (sl b gy S wiland ) 4y S5 (sl 1l B Jgte oy Slag
.(Stamets & Chlton,1983) sl cuslio bl g (29)Sue (S39) o ¢ JI dlge

Horser 35 SlacSS & o PH il il (6o gine g0 &t ol S8 5 o i3l oy ST 2 s 93
{(Becharaetal., 2009) J Joasto 3 ySlos oy st Mgh el (aiigy SB S 5 30 (Sigduopd Ve line 4 sl g 5l oolatnl o A
s wSh o)l S i Sl a8 ol (Ll Sl ol Jlargn 308 31 1) SBPH 5 (S sl colun el ol 8l
Bos A oy py) S50 VIV 4 /Y 51 PH el g0 Do 51,0 0,15 (Banitalebi et al., 2021) L3405 (535 Lo > d_dgs o
Sl 55 90,5 g a5 cel T 51 Sl 55 (VYA8) ) Sen 5 el sl g gl (Idbella et al., 2024) ols 2138l +/¥
I, S pH Wilgs oo jlagu 1o 5l oo eolaiul 0 jlo cxe (malS ol Lol ol pH alS coes (g090> b g clilas S pH
3Skes § S (srurbolo ogill 5l 4 5 0,3 5 (i lge o (o ys 5 3,0 YU SV game (sl STl agumma 51 5,5
(Lietal, 2024) vas jialS' 1) Jeameo

M sime Lol o ¢ S59 doyd Y 5 /0 /Y Zglaw ;3 901 )F ol s pd Yo glod pd onds ags St WL lagmn 0458
oo Oluls o jeas (Deoband Hafeshjani et al., 2016) b S SO oSl colin el 5 (So0l8 9 Jadl Jols cud)ls

2 18l o & S o 6l VY Gil3Sl 0 i g o3le o ()3 gine 535 (6 piogiooned 9 (Syhmgin) SB )3 om0 53



(udw@s)-'— ‘;oJ.G) ‘f"f"_sb AKe b)Lowv OHF 8,92 cu‘ﬂ, S 9 b.li Uw yvas

395 s sStis Bl s §) sdidey S g Bum b gladllas Ll (V) o San g i aisl (Vahedi etal., 2019)
osle inlS Coly lager o 15 aseie Sy J o)y (3ol ke e gk 53 plol sty 5 355t b K T
s 4y 55 Bl Sl 3yl 45 8zl ol (VFAY) L Ken 5 Sbriin sl ond 0l jlag 4y Comsd gy S

Ol tbesd Slaoguad o oS Jldlga lie 2 Cuto 186 2 0gMe (33 ) SB S pliord Sloogad 2 ()8 gie S
2l oo 3l 5

B9 3 wlidig y
Ol o Pl VYV Lo 53 5,8 0 s joed )3 Bly Juad (55 )8 g CungeeS Wi SIS 9 5,5 00d oKl 3 gy
4483 SMC CavgiaS (09 5 (5515355 CumsgeaS (5099 (Jlod Sy CumvgeoS ()9 Jlod Sy alor I gy S5 el S 3 ol
Ciliseo (glo o 5 bole jlrse (359 2050 10 5 V0 D b by S S 5 pm 4y tlol (glaless g (sl g 5
Fo 2 a )b Shyan e )3 CangeS 65k Cliles 5 bnjloss agd Sl g N5 45 o) Vo aliaSil 0)90 b oy S
Colan cubld PH ¢ aislosl &) ya 5l (gl pdiged b g ai adls] o Sl ¥ cuolbus b ibgy S1B p,56lS VY S s mopo
s 5 S0l g5 3 Shac 5 iy Sl 3lo ko 5 S0 )

g 045 155 c88lo S AT 8 (o oS o)lb il )3 Bly ooty b ity G <855 5] gy ol )3 o0l 350 g
0155 (95 eyia sl ¥ 5kd g 04 Jolo by Ul 5 ol 5o oym 1 (56 ol oS 5 ol 0dyuel €855 55 lagr b 4
3590 szgm A Jols (Gas] Hoas pac lalyd ) el ¥ (6)laSS e a5l Sl 42 3 0+ (slod )3 9 (5 Ve Cdpbo b it
903> ygue ylorleo ¥ Sl jload 405 jlo g A8 A o) (il 53 @By woeiy Jad (lis i3l 58 51 gy gl > ol
5 e PH olSmod b i 4 Jlogm 4 0l 0 4 ) G b (gpS0slae gy 4 (oSl olun ol g pH bt sla Shs
Chapman & Pratt, ) 5, o S5, b, 4 b ((Nadson et al., 1982) scuw dlad b9y 4 eawlis «(Rhoades, 1996) o EC?
OC? 4 (Huang & Morel, 1989) o3l s oS dlowg 4 oo juio § eanalS” (Bremner, 1996) JIAS 4,80 o9,y 4 395 (1961
W (¢ pS el (Walkley & Black, 1934) by o Slg igy 4

g Jlod Cuy g leS> )b (125 CuwgeeS i 59lS 295 OS5 1 AU o 5l SOl W 5 CangeeS (009 W (sl
ol Joro S5 53 0l g SMC g (55l 395" (yhilagy yolaite 4y ad dps (g S S 5 adgldlge (lgic 4 jlogm p)SolS
Ol & B Cugby g bgbe lagl 035 @S 5 lite jobods «(s3lgn wjo5 2l )b 5 o @i (sl W0 anblol Gl S ,a
JolS g 4 5 42325 Cagb) 5 Sl 8B o5 oo (b ubIS b SMC 5 JLuSy b8 L (g8 598 il 4 b0 455
Mo oo Bl YO Gas g Arx 00 lul b (Sitdly dus o &y (g SB35l 3y90 LS5 b o3lal | g D 030y
o olw VO es > (Eisenia feotida) ;0,8 S1& 5,8 dae Voo s o gljl 4y .00 039381 LSy 5l plaS™ 12 5l 0 S6lS Y
S slaan Sygo a4 sylol b o ys AD B YD cugby g 3L,8 ke 4o 0 ¥V clod ueli b cole 93 oy e (b g s L) s
($14655 )8 (135 1 CamgyaS (595 095 dlax 5l (idigy SB- adgl dlge CangiaS ca)g s 2 (Slil @ g e YO (e 4 g
@ hlo oy (slogd 5 9 Egrlae (532 N0 g £ (SIS Bl ()1 00D W CuwgreS (00)9 WD Cudl 3lol Jloud
(OYAY )Ken g saenl) 39 (SB £, Vg8 ol oy A BV &Bly 45 aS ol
L ylowi Jlos g (lulojl 25k
N 3 slrs e e Jlaz 0 by ST g 5516 dw b g Oygo 4y Bala Mol ly 25k JB 3 ileil
S eJlod Sy S 5 L (W1 )3 ooliial 3)90 (tidgy SB) aald Jlow g 1S5 a3 5 iaw 93 )3 Jlge &y ojluil 5
5 pll tlojl ST AV L Jles Y ggazme 3 IS5 4 13l (3 Cumd 1t SMC 5 g

Capmd 4 SMC CuwgeaS' 059 9 Jloud Cop bglie St o5 4, 45 (S4 9 Sa S2 S1) haw o Jolib oy S 95 )95
5 Jloub G bglote CungeaS s0y9 S3 cdo)d B (Sjg Cannd & (595 355 CamwgraS 5059 5 Jloud Cun bglste Sz cho > B s
g e y9SB 39 Ao )d Br (S Commd 4 (6915 365 5 Jlawd S bglie CungeaS’ (ca)9 Sa g deod B+ (S Cunn 4 SMC
Zz 9Z1 gaw ¥ Jold Jlrgn ) ojlul 9516 5 (359 30> V0 9 Ve o ho polie b arLa g Lo da o gaw Joa Jolis



YVAY ... (Agaricus bisporus) (sl 4eS's g, 5,Slos dgu0 103y Ko g  Slowuw! (i3 — (sole)

D91 305 Tt olales] sloygS1e slans g (yadkee V- g =) )

S1 (sals) yly (Sig cums 9 SMC 5 Cgx Coy oJlad Cay a8 5 b Juad (350 G55 )3 odlitl 390 (oidgy SB- So
(539 S 4 (595 95 CawgpeS 009 9 Jlod Cay bglse Sp dio )3 B+ Sy G 4y SMC CuwgioS 0059 9 Jloud Cay Lol
S35 355 9 Jloud g bglse CuwgaS’ (0)9 S edo)d B0 (Sg s 4 SMC g Jloub g bglse CuwgraS (009 Ss o> 0
L2 lage CuvgsaS coyg b jlgn (S5 o pd B 305 Ly ((uald) iddgy S 50 j)lgw 2,8 pas Lo o> 0+ Sjs Comd &
Jrge L3 05l Z1 lo g CungeoS 009 b slagn (939 203 10 35 Ls olrgn CusgraS 0)g b Jlran (Sig deyd Ve 2p)8
ol oo V=Yl lyd 03101 Z2 ¢ ades + )

23903 Mg (6l 3 )Sloe &S (93130 3] (slaJlu )3 Cop (BB SB (0Kl dlge 3)90 53 0325 slahagh 4 425 L
il a5l lis (IF)) llKen 5 (s )ier Glagh s Lad Ol S dges laie 4 Widg yied LB
bis g d3p 3 apddpo & e il SB Jseme sbojlosi 5 Cup Sl 4 SMC CangiaS (00)5 5 (595 355 CumgeeS 5059
9 JS 0 8des (6003 PV il 33l (el SMC CugeoS (5059 9 (595 355 CumgpeS (09 42yd B+l 02latsl &S 395 0 (b lie
Ay 0y93 Jobo il 5 auw ()l sl iy Bpan (sho)d 00 R pmen 5 Jlead Coy jlor 4 Cond Sijlon 2
blswo jl Job slogn g anle (i 5B ()90 (S 0 CavgeeS (558095 (Jlod Con (odidgy SB Mg (gl polate (pa A
ladse st lrgm oY olie Ghlo]l slojled 4 ar i b (e 35 4t o] CungeaS 05 5 500 5 5l 01353 oy Sl
ol 04 031> LS (V) Jgio )0 bojlewd S 5 oo a8l odlitnl 350 (didgy S

Uilojl s jlow S 5 1Y) Jguo

o s o s o s s s s s
ide S15) So Y4 Sulo Y Sl N Solo A Silo \
(3ol =g )b Ssl1z1 Y Ssliza ' Soliza A Sihiza Al
Salizo ve Salizz 1\ Salizz Ve Sil1z> ¥

Suloz1 Yo Ssloza A Soloza AN Siloza ¥

Su4loz2 A2 Sslz2 15 Soloz W Siloz2 )

Sulzz1 Yy Sslsz Y. Solszs WY Silsz1 5

Syl3zz YA Sslsz2 v\ S213z2 VF Sil3z, v

oielejl 13 Jamasmo Culild p g CuiiS
(o> 20> Br 9 VB N v B)luie & i 5 S QS 5 08 g @5 Saw Sl (oL (£ 0395 Jolib 0 A5 Cumgea L0
Celo A Sdo dy L5 )3 21 S Wgel (slp L A5 055550l el VY o 31,5 il an )0 £ (slod )3 03 y9ml gy p
legs! )3 g daawy 3, Kl am > VY 0 0 o3y LialS )] (slod el VF b o 51 o i (6,005 51,5 5l a0 FY (slod j3
AF VA CM dlal 4 (i) CoiS yian po )3 b gudll i8S (cla s 5D gl 08 (1405 2,5 pordue 4 aie] paS L4 L
ool CuwgeaS p,5olS Ve myoyio s 10 Cudy pdy a5 8,5 H1 3 Yeem glasy)l 5 Fex From olal b CungreS Sob VY olass
b gy S5y Coled 5D 9 3980 porkune A3 9 Slgddun)y el yal (pl i oallsy osbye delijy) b CungreS Zobaw A3
45 03,5 el (595 4 1385 5 Slsag GolSiod bauwgi b 0313 )15 ()l ) CungeeS 4T Sloj s i385 5 Cashoy 9,5 o0
Sl el dbs o ol )0 oS Cugby gy 0,5 Bl ax > Ve Ld g Voo ppm Yl 5 COp clale o> A U AL s Cugbs,
YU b (oo gy il oo oSS CangroS e 5yl & bl 1 amd oo (I3l 1) (ilo] 4 5l g CungraS’ (0
D95 yieS (glal 4 5l bl ansly oS5

(slod 3 35tk Sl i3 T s sl & (515 03195y 51 g (oo sl b conlitie o a8 gy (coSs
IS B als o gy 00 oddyy z)B lapgdines I CuvgreS i Ao Ve oS Sloj i8S 148 solaiwl 350 01,8 Sl dxyn £



(udw@s)-'— ‘;oJ.G) ‘f"f"_sb AKe b)Lowv OHF 8,92 cu‘ﬂ, S 9 b.li Uw YvaA

K5 igie s 2oy Y g 3 5oy ) enalS Jgbe gt S o Jlazsl ol (8 Jelye L ojyhe g 45 3
A L3I SUSS g0 4 tales] slaless b 4y el T Culbus b aidgy SB p Sl VY S s iy o 12 )3
ogeS Olad b odd o) (el CanvgpeS (gl iy SB 4 ulS pun (59) 2 A5 0)90 Il polate 4y SUSS g 5
D9 o A8LS] (Cuwl 04 02519 dunyy ]y LB jl &S

g0 gt (2ISBJ) ug dloliM (bl s yo gl 5 5T (6ol llas (sS4 by S8 0,8 4L 5 g
@ ol o JsSse a5 03)5 plodl Sys0 4 s)lul 5 ol aald] ity yio il G oilul 4 bosayy &5 Sloj b g)lul c8 S
@ D9 O e PPM S )S55 ke § 0o 3 A0 cusS Plo s Cagby ()bl g (23S 5 o iy dbae JSK5 g 0 clls
4250 (ko) 5 Lod (2)05 GRalS g lon g b (295 dls o oty SB o 5 Iapgalune 0 b o0 plal JuSUts pslaie
g b JSts (Bl & sbaplil (gl alopw Sob bl (loj 5l gy VbS5l b g8 2SSl 4253 V4 )l >
VA ) e a dlsye ol )0 Yl Cugby g led g S Jobo 59, YO o 40 g dls yo dus jd Jguasme cubldp o jlel 2,18 cusls
ey sl Ul 5 258 wdos dwgy g (2dlen 51y o) VY Cudlyy dls o cpdgl o aad S duojd AD g 01,5 il 4y
85 plxilojey £e oo

(seiigy S SS9 (S 05
b 538 alsiul g odidsy SB I gyl paiges aalofl &5 ol usgaS’ 4y (2ISE aboso | g dlolidly gl ol
05 S g 5l g (oSl culin bl g pH b eals Jil oKtylojl 4 g plosl e e 0 9 F/0 iy 4 glis)) g ko
A g pS oIl Sid hil5gm gy 4 adiges J edle Hlade g ¢ g yionio 93 SUI 5l Hgue g ladiges

{(Raviv & Lieth, 2008) 15 (¢ So;lul (Metrohm) yzo pH I osliul b et Ol 40 S0 4 ) jgamilwgu 0,lae p3 pH
C 501 ) omall B0 (o Jdo iwcolin olKiws jl odlitwl b ol 4 SB 0 4 ) oad Glo ojlac > S8l colan cubils
(Raviv & Lieth, 2008) . (¢ ,50;l5l (Elmeiron

g oS b 4y DF+ (gled 13 5 055 1o St (gl 905 )5 Ko ok o | S lige g & T odle ke

Ball &) 395 0 z)B COz & g0 4 &5l JI ()8 oibgm )L 159 iblS BB b (65050l (V) dlasl, 51 odlaul
.(Schjgnning, 2002

(ODW — AW) (Vala!
%(OM) = ————% 100 -7
obDw
ol uSB 59 TAW (SS9l 59 TODW wuoyd cows p (Jl o3le 1OM ] )3 &S
laeSd z,18 J5 5 ,Sdos ob5))

(o 5 0 6l Cundy 5 diny Cudy SON o100 Cl) G drp g)B 5 Sas slaaild @) cuilyyy dls o p2 )
Sp50jll p)S ofeN B L g3l 5 il ookl b d(lawgie (6 palls Cundg g 5k Culy S (1S 1yie do L) 95 4250 @) 5 Sles
(Kerketta et al., 2018) 1 duwlowe 93 5 S5 x> )18 5,Slos ga0omo 5l S 5, Sles o

&bl s3I

Sy gl w2 (S b o iyl —CB9,5 90068 9050 b ol 390 Jlo s lal Lialojl plosil 5l ael oy zuls 4 4 g5 b
ol ool M 2o B 5 (ANOVA) sl s 3T italesl sloslos )3 ) 3,50kes 5 sy S sliand (sla S
ol Sl 3905 et sl 1,8 ol (p<0.05) 70 Jlezs] gedaus 15 LSD cygi] ool 51 inlej] (slolass eSilso dunylic
Colps s g )bl oo A plonl dlale dw uib)ly 4505 @dlbas 3y90 (la Shy » ol Jie @Il 55 5 la)les

(k) 15 pl] SPSS Jl33le 5 5l oslil b (claaS> 7B 5,Shas o sy S 00 (£ ,So)sil slo S ing st ooyt (Siomsold
(e

2n g g3 slaadl
sl 0201 ¥ S 55 (tmody cnl 53 ealitil 3)90 Jlrs liend o S 5l (B



YVA4 ... (Agaricus bisporus) (sl 4eS's g, 5,Slos dgu0 10yl Ko g  Sloeuw! (i3 — (sole)

oy ol 50 03ll 3,90 Hlrgn (o B S Y gun
OM Mg Ca K P N C/N pH EC (dS.m™)

(%)

NRVAY INAA% YIvs <Y <I\¥ <A ARVAY MY AR

o1 5300 41850 :OM 53 3t :MG < pmannddS :Ca ¢ Uiy K ¢ piand P €359 yid N €359 59 &4 (3955 Cond <CIN ¢ yiS g 1pH ¢ Sy ST gl CulsldEC

(B9 du;('}u’b 4639{)3;0 2 el )W AR L)).g]).g EC 9/\/\ lg)gl)g pH dl)b T3] U’] 5 olawl dy90 )l>9,u

4)&51:-&4.5\o)La.c)b)Aﬁ)JM)d»J\:ﬁc\WﬁAJ‘)wycSl}ECapHw.))]..\:umwydlb-cbu1u>9)3|d‘)4

5 S 2o)d PH aige s> a8 5,8 pMel s ol |y iy S Slewd Gluogas (Zeid et al., 2011) 15,5 dlgiing
(IYAF ((o3b) Wil /Y=< A o Y0¥ YN=AIY 0395t0 1> il sy dy (aibgy S 459,00

oimigy S gl jloni o3 loonnd (S ST Ol pudS o)y
ol 0ol ¥ Jga 3 gy S (oo pliawd Sluogad uibly 301 b

Swigy S bowd o Fig (uilyly 4355 Jous

(002’[) (d:.:l'l) P_H &35 4 3 Oy @sbio
©la o (xke

VEIYEYe VV/AAY VAs® Y S
A-f¥yass SIYo-* ofovam Y L
DIFYA R ey ) z
VBISFYee Eas sy 5 LS
be/¥YY™ Ivavm ooy ¥ AR
VA YRVS ofoysm v ZXL
SIY A ofegem ofovam 5 I

V¥R B2 ofov¥ YA e

Pce/+B) VD Jloin] glaw 43 JI5 cxe guf ins g o(Pee /¢ D) 70 Jlois g 13 (5,15 S i o[Pee /¢ V) 7Y Jloin) gehans yd (5,15 o 2
w105k yludle 10M ¢ Sy SN Colud Culill :EC «SB WiiSTg tpH ¢ylagm 1,3 051001 :Z ¢yl gas Jlade iL (S 43S

U"‘ )‘ o.xo—l Cawddy C"l‘"’ u»l.wl 2 .Aj)].ﬁ wy Sk pH 2 d)bLs"""’ )Jl L)A.\JLO)] dl.tb)Lo.» )JLM: Cawl )bLS‘M u“"“"“’?’ Sk pH 2
Sy b e S Joske pauoyd) (g)lol pdaw 3 oyl blize Il g o yd 0 (6l

ielo;l (s slon 55 cuindgy S pH Ol puasi ge s

B0d kot muls (Gimed oyl bl alise () JSKS) g0 Jbo b ial38l pl Lol 3gy Lioli8l Ss g S3 Sp St S gy
a0 g 4 xe ]38l cpl Lol wd pH iol58] Cows (9905 U 5 cusls SB pH s ),.,b Hogw &S ob s o, Kiagh
@ d>or b Lol 0yl dgng didy Joammo 4wy sl ikiey S cawlio pH (gl (0U Joddlygiwd 03,5 o Jiee podine
d‘ﬁ. )l>9u 039}51 b L)«JLcj C)‘l‘ L;Lm)L@,;‘ pH L}:{‘)J'l.;.g .(\Y"’\V ‘u.o.m) cwol YIV G EIY L9 SB uwlio pH u,i,ho ‘Lmu...ao”;
] cunlio @3B (559 9 Mg



(u.w.és).!— @J&) \f"f"_gb AR b)LowS HF 8,92 ‘L‘,‘ﬂ‘ S 9 ui uw YA+

mL0 30
®mL0 31
@L0 32
BL0 53

?
©

7.8

ef

pH

i
E':+|-

i
i

T
i

iR

e

i

I a-C

AERRREARERRRLEEESA cd

R oL o ot ot R

S1

w0
w

S3 S4|8S1
LO L1

oilojl sl low pd iy S PH il dun o 1Y JSW
legw O3 8501 Z ¢ lagy Sl il S £45 S

ialojl )l )3 (lindigy SB- (S SN Calad Cabll Ok o
3 pSile dunlio golis 1 odel s 4 gols Lwlul p .l oad o3y HLis Y S 1 Lislejl (sla o EC (uSilie dunlio ol
Colia Cobls op it 8l Gl pds S S colie Gl Glse Jlde (Ll L awyn 350 S oles
5 50 2 orierjisd YA Jlae b jlage (359 203 10 3,8 b SMC CansgraS oy 9 Jlad S byl jla & bgaje (S0 58l
< g lrgn (Fig 2oy Vol L oS 355 g Jld Sy bglte CungraS oy slosd 4 bgape (So Ul Colin Sl o ieS
CuwgeaS (20)9 591 Sajlosd )3 (6)98 3 (Filie sl (5gl8 355" CuwgeoS (00)9 ol (slayless CUET Ll gine BMST 2305
391l gine g 3,8 Lol )3 6)sd Gl g 29 sy g (55 355 CuangraS 09 b bglie 4 b lasi 4 i SMC
Ol e 4 Ylainl a4 g3 (slagys )3 Jpaze (Lol pizmed (Casl )8 i )3 (b ooty G (o] 90 4 Sead oo
cordS 3L Mol 339 o 4y &8 wizily Lo (WYAY) 5sSlo 9 Wi (s95 (Flegg, 1961) cuwl 2,18 jims jl sz )b slaSad goos
D)8 0 SB (598 il 38l caw Hlaaw jl ealaiwl pl plo o)l YL (Sl colan CublB osle (pl lagm )0 pawls g o2 juie
s daly & S (gihe Slgn (5l 13 pm Cobld 3 & 205 & Copnd Sy calin CablE linn i3 sl

(Dong etal., 2015) 3¢ g oyl gobs b llae 48 canl o] (YL 09

(2]
w

L3

35

w

mLD S0
mll 51
EL0 52
BL0 S35

N
3,

I

N

(i

'H't'&iﬂ

:T:. i

:ii.

E e

...I:Iti

[EEN

e

(U » i ) EC
=
(8]

s

o

o
ol

PR

A T A ab

R ©
P AP LIS €
SN

EEEE

o

%2]
N
wn
w
w
S
w
S
%2]
V]

LO L1

oilejl s lon 3 gy S EC 1Sl dumglio 1Y JS5
lam O3 051051 17 (lagm ylade il (S £45:S




YA+Y ... (Agaricus bisporus) (sl 4eS's g, 5,Slos dgu0 10yl yKod g  Slowu! (i3 — (sole)

bl g ylowi 5 owiwigy S1& T 03l Oyt el

odlo Hlade 'y i ol ) odel owd 4 guls Lolwl sl oad o3y i ¥ S 0 islejl slalews OM uS5kie dunslio gulis
3 a8 ol i gt poren el Cuwd 4 (Mo YVAY) So e jd I osle jlade o ieS g (o> £+/YY) Sshizy jle > I
lisine sl 4y ko Jais sy Jaie Gl b ioyp B (S5 Cpm 4 SMC CamguaS gays 9 Jlob gy bsbive S5
ial33l 0oy YY/YD ((hoyd FO/YY) Silo Jlows b duslie )5 (1u0yd 0Y/AY) S1lazz jles > I odle jlade a5 gygbods bl yiul38l
56 Gl osle Jlade olagn e & o g 08 Sl osle o o ine (al3El el Jlagn 3,08 S35 St (slales o (1 US3)
oo Y B+ Ol ol b ols)loed a0 Cums gyto i Y BV D 0jlil b olayles T osle jlade pusmen cusly yiol38l
5 Ve ok o Gl ol o ol S osle (a8l el 5 Sp ST 3 Jlagn 3,0 a0 iy lrge pasule jhie S Jlage
wrjles it jo o o =) Sl ol L olajles (3 Hlbge (asuie Hlide S 0 OM Hlude g )b dze Hlag0 Hlade o )yd VO
Vo 90 paw 0 OM jlude jbo sxe (inli8l &y oo jlagm 19938] 50 Sa S (glajlowd ;3 Dgr jlagm (6520 o V=Y &lyd 010l L
0 ,lde b alayle )3 Jlosko Jlade cpydin & 598 4 392 (LS jlog jlade (Rl L Olyess gy (Jg 8 )lrgn jlade woy
ORIl el ()5 0)30 b (65)gliS S )3 jlage o5 ail plo hRagg (S @l (ol alde (VUSW) 390 )l o)
S > 5)S g paewls 595 polis Cds g S Lilidl el g8 g )l gu (Giannetta etal., 2023) dgi 0 S Jl oolo
2 Mo 18 Sphagiynd g Spgiy SB4 ogme (5 oy Slals lege jpin (AKDAN etal, 2024) 295 0 Sl
cov baliSs )5 dgnge JI op)S lade (Vahedi etal,, 2019) ws sali Hlos @ cand ] cplp VYY il 3l 40 e g JT oolo
$ 3 s Sl el o Jloj ol (S g b o3l & gsdgn ol 42l 0,8 o ) S 4 01 el g
3 s 33550 YO+ 51 ) 18l 5 S Jrgm Slyd oJlul 15 35 0m o5 Sy SIS 8 oo > Al ath
Ly jlogw b osd Hlas SB35 YL Il odle e (Fungoa et al., 2017)cul oadis odd cudyd ol )8 ludo
Gl 0l 155 5.5 (Liang et al., 2006) 4 (Solomon et al., 2007)

70 o>
@ ELO SO
60 = ®@L0S1
“ 5 - o
50
s 3
S 40 ¥
2 ¥
3/ 30 ﬁ
¥
20 <]
¥
10 2
-
-
0 1=
S0|S1|S2|S3|S4
LO

oialejl gl lon 3 iwigy SB OM (paRileo dunny Blo ¥ IS
lam O3 05105117 (ylagu slado il (S £45:S

g ol ol g e «SB g5 3l oly (Lt uilyly 4158 @l sl 0sal B Jgaz )3 (glaaSs gyl 5 )Shos uilly 40 b



(u"”@s)"_ @J&) \f"f"_gb AR b)w HF 2,93 %,‘,j“ SB 9 gi Oldsd YAY

14055 7, (Su59998909,5 1 Cluogad i ialojl (51 )lowi ST iyl 4525 :F Jgsr

T8 52 Nes a4 Ol pts 2alio
(kg-m?) &l50
Olaspo (ulo
XA ¥ Sk ogg
FrErYY A g i
YY/ v ) o )3 ojlul
va/y - f z Jege e x SB g9
Veq FY ¥ s O3 olail x SK g5
S s g 3 )15l Xyl gy jlaie
ay. . 4 Jegw @l ojluil X Hlagn Jlide x SB £o
18%2 i >

(Pes/+0) 70 Jlaio! ganw 3 (613 skmo 3 e(Pes[+1) %Y Jloio] gedaws 53 (515 simo S
(P [+ 0) 7.0 Jloin! gdaww 45 415 Jxe g S g

3 et Cawnd @ gl ol il oads o3l L ¥ SIS 0 LiolesT cla e (claeSs 2B 5, Sles 1 Ske duwolie gl
38des (pyidin (gl (nl )3 29800 B S 3 See Gl el SB 4 g (39381 45 S astie (:0Le dunlie Joi>
(@ 5o 32 p)S oS YFIVA) Solizz jlosi L )l ime ST 43 o 5 osmlin (@0 st 2 )5 58 VY/AY) Solozz o 53 )8 S
0, Ses oy eS8l yioli8l do > VV/ES o YYIY i iy So jlewi b dunlio 10 Solizo g Solazo (sl jlews )0 )8 S 5, Sas g
g plie 103 Ve 50 pslas 13 lagn (993 St SB 5 el Cusd 4 (qpe o 2SS VoIAF) Stz Jlo o s )8 S
el logm csyinhe =) b ol b alilogt 5 5 )8 JS 3Skae s sine i3l ely g (6 yinhes 1Y b ol
el jlrgn (1958 S2 SB 53 by AalS ] )88 JS 5 ,See logn p3lie 103 VO aw )3 jlargn (3981 Jg 45 I dxe RalS
2 35 55k QI cnl ek VY S ojlul g jlage palie wop3 Ve g B sl ) &5 S (Shy cnl sPire IS
L piogi @l b piegh cnl sloabl (0 Joia) 392 (88 e yob & o Rl b Gl Xg) 55 Se 5 Ss slask
0555 5 g o el STy 8 s 4t Lo i g 9938 €5 808 IS &S 33 e Sty
dlge by cuws jl LialS g s Cogby aas U lsge (Mahari et al., 2020) g o o)) 5,8des (iol38] o podise Ay 0)5d yaid
9 L (oSl LiyliS bl y (Liang et al., 2006) a»> yiuliél 1y (Pleurotus ostreatus) Sduw z,B sJes o3jL Llgi o ¢ gdne
5 o9 S eJlad G S L pgwye S b dnaliio 3 (3j5 30)d B a3 pbl Ay Hlage e 3 Sles (V1Y) o) Sen
Do Simgs cpl ) edel Conds gulis b gudaie 45 39y yiiny (651> gxe yob 4 SMC

ELOSO
@L0S1
oLo S2
OLOS3

(&2r0 50 52 p59ks) MTP
LYY YY Ty I

e

N e

SO |S1

S2|S3

S4
LO L1 L2

Oinlejl 6 low 13 (51408 g, 5 Slos (il danny o :F JSS
g 1,3 051051 Z ¢l gus e i (S g5



YA+Y ... (Agaricus bisporus) (sl 4eS's g, 5,Slos dgu0 10yl Ko g  Slowu! (i3 — (sole)

1405 418 5 Slos g iy ST 00w (5585101 B S5g ot (Swrod
Gars b JlglaeSs g Sujglsiises ST Clio g by S oad pSoilul ShsShy on )bl bl ) En @l

imdgr S o bowss (S S 59 U (1405 7,8 (S0 59lgd 90951 Sl (Siwmed Jgaa 10 Joua
(kg.m?) MTP

N pH
ik EC
¥ oM

(P [+0) 70 Jloin! g 43 (8,13 sio 18 o(Pes[+9) %Y Jloin! gehans 43 (g1 siko T
(Per/+0) L0 i ] glaw 33,15 gze uf NS o
28 S 3,Skas (MTP oS oo 21,5 BE ¢ J1 03k ,luhe :OM ¢ Sy Sl gl Caglsld £C (S STy :pH

by ST OM g pH L )5 3,Slas a5 3l (lid g S obosd sl S b (cldaS )8 3,Slas  Sian gl
D0 4 pxe g (e (658 Siuwod EC L g )l e g Cutto  Siiod

b el ol 9 S g 3,5 b 3Slos G )3 a8 (S Colan ol b iy S tmgy ool
Calan s tidgy ST ST el aslio 23l pliil 15, (gl o ()55 45 il o 4 )l Jleen (1981) Hayes olalllas
oS Usle lacSas g5l oSS (Dias et al., 2021) Wb o (20l 3,Skes 5 00d lge g)B pdosse Wil (o3bj (oSl
wiesj w3 VS |y g &Y (gly Cgllas (6y9u ailiw] pxdaws .(Bechara etal., 2014) 39y yiao B8 g5 (¢l (o5 (S0 colun)
W03l sl (Gimenez & Gonzalez, 2008) yio y iosj owd V=5 o (Perdo etal., 2004) yo y

2 255 08 g0 pslas by Of Qla g odd tidsy SB > (Gheuwl Jruily Gials 4y oeie ol (S8l cglua
ol pall glo Blovuwds dlusd (plplly S o Cauwd Iy (Bloriwdd Sl g o pused (g8 0l 0uiSll 5 Cunds pgalunss 4o
Dgu oo (Yo pf Ay doldl g o o S o b (550 )0 Cpitred (WA () San 5 Cungu) Bl o LialS SB mdaw )
14055 )8 Cugh) (il wSuid ool Gial3El (ko) 05 Sl Sl e (ol (68 dlge W el b5 )9 09N
(VFV cphlSen 5 (s> (5yaa2) 33)5 (o0 3 Sloe (1l 4 53 9 Sy

4B )b slopgaoane (sl dlgo (gl S oy 4 Lidg 4 bl ol L (WAA) (aligyus o Ly gl
dyhie yob dy Yl (Sdiser > ) CangpaSinyg 9 ol dldisl > & Gy Wlo (S )5 9 355 00 (sl el (Sloel U b
38 gy 2Vl (St 2l 5l g 995 0 ol iy ST (VL (S Cobia it caslie (514053 ) by 2
(Diasetal., 2021) aa> LialS pag JB oo a1y 5 Slos o

(Oldfield et al., 2019) zuls  pl alie 3yl Jb bz § Cuto (Swmod (uiudgy SB OM L )6 5,Slos ¢ jiagh oyl 5o
4y Blgi e SB S ole Jude 99 YU 05,8 nlie |y )5 5 piiS 3 Slas 5 S M osle Yo o o (Stamsed
2 slee 00 BT ol); SV guamo 3 Slas i oS N )5 5i0)0 Sy o G331 L 4S5k 4y 095 ol 3 Slas 35
(Lal, 2006) b o Lial38l Jlo

SlaeSs 7,8 5,Sdos g (inigy S olownd S Shg Olpuds (SigSs (w2
d)wwﬁ)f)b)bb@mwy L;Lm_ﬂ.&)b §4eS> @15 J)S\LQ;9W9J Sk G:LM Lgl.muf}"” h_)‘)a.aas L§45§>
ol 00 031> i O S5 0 Hlow e by S  basye obowd sla Shg g atily |y g8 5,Sles oy iy o



60.00

50.00

40.00

30.00

20.00

< 21.84

=
4
A4

(onidgis — oole) VE+F 63 Vo 5ot BF 593 eyl S 5 Of Colisiios YA+F

RS RRRS7.9

X
Ye!

48.82

LR R
;h

LA ACARATAARRAR
ntata\:\qha\ N,

o)
™M
O
o~

o 52.23

LY
VNSNS

S
29.32

L3
o
o
<
<,
-
-
-
<
-
-

0 00 00 W N

= 2

3 | > o © .v“v

N~ \ A = : f*.

10.00 @ ;‘% = ~ 7 %
— \ - - — A

g D 4 ‘-‘é = g Z |

0.00 722 R =N 1
£ 93 : TEEE

S3

T8 0o g iy S oo bvowd (S S i1g Ol pudi (SgSa 909 10 JSG
148> B JS 5 Shos MTP  JT 23le jluile :0M ¢ Sy 5iSJI Culad Culsld EC «SB LiiSTypH (SB £4iS

w
SN

PS5 oS YF/AYS Shoe ¢ S2laz2 S 5 b S2 S Jlow ;5 (claaS's 2,8 5,Shoe oy 13903 oo 51 kel s o5 poliol o

Ss SB Hlow jd il iol38l ao > YY/¥+ (So) gyl (aibgy SB jo (glaaSy 7,18 5 ,Slas &) G &5 0 odalieo @oyo yio p

Lo WM 3ySlas S (pidigy S & bgye Jlog 4 s aSl pfjle mye st p 05 5kS YUY 5Shes 5 Salo S5 L 3

gy S EC g pH diuiiy .l 4d yo 4y 9580 (g3bail a5 5l 3rme Cuy oo (gduo 0 00 LialS Lo 4 Jg cuily ialS

obod D EC g pH aSol 4 an g5 b g (Zied et al,, 2011) cuwl Gl 40 SB A 4 Y o)las 0 o p uiesjowd ¥ 9 iy @ |,

S bowd G Shy s (o5 (IS amlie b lgie 3 Cudgize (o adlllas 3y90 iy S ()l
D903 ey (udyy S A slp cwlio sl Jgey8 (lgis 4]y Salo 5 Solaze (slayless cslaeSs )8 5o 5 (Adgy

3l 9 (S 35 40

B+ (99 Cumsd 4 SMC g Jlod Ca bglote CumguaS’ (0)9) S3 S L (alajlas 3 EC podlie (o ptidin 315 (L5 gy (nl ol
4 (Loyd 00 (5 Cumd 4 G953 CamgraS (00)9 5 Jlod g bgline) Sp SB L olajlo )3 35 BC jdlie (305208 5 (40
o yloss 1303 4 Cans (6505 (So Sl Colin cubls K09 (695 355 CawgueS 0)g a5 () &S layless Gyl dal Cawd
a8 (S ySI calan bl b glajlog )3 ¢ S SUl colin CbilB b ) 5 Slas I ixe g (ile (568 (Shuawad & d2g8 L il
@ S Vb3 Sloe 5 SB o5 ()98 Bl 1 (9l 355" CamguaS'00yg b bglse (slajlass cplple b odalie (65 VL 3 Slee
oo jlade (il 53 (2limn Cuenl Wlgi oo (i S S5 53 slaam 28 ) 6 byles K3 5 )b by S
Gl g alisee polaw oy (oolamsl Llsd 5l g0, S Josle jlade i8] )3 olius Cuedl jlogw 5,8 il azsly S I
B 0,Sles 390 4 yxie iy SB S odke (39 YU g conl ige JTodle iol38l 3 «SB 4 Jlogn Sig dopd O 3958
g0

&b
st oyl il (65,9US sl plejl Ll Cauga capg dp7 mol (slainly (WAY) pling (bden] g dumw ¢ iy b o> (10
Ao Ve 'gJ9‘ %JL?

o 5 (Sojd Slusgas b o jlogn 5 b dtwss 5 iep b S (Sl Seis Ll il aalllan (VF+1) il s yuiSl
) ol ainiao olKutil> (55l 20813 i/ parli )15 dalisbl ($M4eS> )6 by S



YA+O ... (Agaricus bisporus) (sl 4eS's g, 5,Slos S0 103y Ko g  Slowu! (i3 — (sole)

053,90 adllas) ol B 3l odlitl b (o3l s 2 93,5 Casgy lzgm b gy (VWRF) oo o5 g (S0 g ke e shiodl ]
25 olo ot Vs s 13 (sl 13 e lio ot ol oy bS58 e e

SB ol 5 S50 SaShy b pp (1F01) Ldjdeome (Bl 5 se> (oltlS tplond ((Sub> bt ame (> (5 yier
TAIYIYYYV)OY /) ALEl pole dlxs AQAriCUS DISPOTUS) (slaess )8 S 5 oS Clao j il ddig o

A I dloa @l L] tagudio pgd Canl g gylol slads 3o )3 (gyll (olanylzBla 5 3l (VWAL L sl ¢ Slabe

doxhio YOV 3185 e Ll gloss 5 ST )28 g (lolid (295 (5599555 (6laaSs @y (VYAY) L ppme o ie

aliale s (e p RS ode Sy ol whlisil . (STs5 slog)B Siynn Jpol (VYAY) oulil o2 )9 5 mutll e IS (gamme
w2 V¥ ojlad oy Jlo ASYY LN colasi]

claasly ods Crne idgr S5 5l same odlitul (VWAF) . peweode 15 (659> gy 29)] {opmmd o omd oo o ylb Lhumas ¢ 630
KOV —FFF (FIVA cguio w8 olKiil Ll pole dypuii . (g) 4S5 7,6 o950

NOSVEY Yl S

REFERENCES

Ahmadi, H., Sharifi, S., & Ahmadian, B. (2013). Comprehensive Guide to Vermicompost Production. Publications of the
Agricultural Jihad Organization of West Azerbaijan Province. First edition. 20 pages. (in Persian).

Akbar, W. A., Rahim, H. U., Irfan, M., Alatalo, J. M., Mudasssir, M., & Bundschuh, J. (2024). Effects of
incorporating pine-woodchip biochar with reduced NP fertilizer on calcareous soil characteristics, organic
carbon, NPK availability, and maize productivity. Journal of Soils and Sediments, 24(1), 177-188.

Ball, B.C., & Schjgnning, P. (2002). Methods of Soil Analysis. Part 4: Physical Methods. Soil Science Society
of America, pp. 1141-1158.

Banitalebi, G., Mosaddeghi, M. R., & Shariatmadari, H. (2019). Feasibility of agricultural residues and their
biochars for plant growing media: Physical and hydraulic properties. Waste management. 87: 577-589.

Bechara M., Heinemann P.H., Walker P.N., Demirsi A., & Romaine C.P. (2009). Evaluating the addition of
activated carbon to heat-treated mushroom casing for grain-based and compost-based substrates.
Bioresource Technology, 100: 4441-4446.

Bremner, J.M. (1996). "Nitrogen-Total." In: Methods of Soil Analysis. Part 3 Chemical Methods. Soil Science
Society of America, Madison, WI.

Chapman, H.D., & Pratt, P.F. (1961). Methods of Analysis for Soils, Plants and Waters. University of
California, Division of Agricultural Sciences.

Dias, E. S., Zied, D. C., & Pardo-Gimenez, A. (2021). Revisiting the casing layer: Casing materials and
management  in  Agaricus  mushroom  cultivation.  Ciéncia e  Agrotecnologia, 45.
https://doi.org/10.1590/1413-70542021450001R21.

Dong, Q., Feng, K., McGrouther, M., Yang, H., Wang, W., & Wu, D. (2015). Effects of biochar amendment
on rice growth and nitrogen retention in a waterlogged paddy field. Journal of Soils and Sediments,
15:153-162.

Eskandarinia, R. (2022). Study of the effects of sugarcane bagasse, sugarcane bagasse with nitrogen and almond shell
and their biochar on the physical and chemical properties of button mushroom cover soil. Master's thesis. Faculty
of Agriculture. Isfahan University of Technology. Iran. (in Persian).

FAO. (2019). Food and Agriculture Organization of the United Nations Agriculture Statistics.
http://www.fao.org/faostat/en/#data/QC. Accessed May 29, 2020.

Flegg, P.B. (1961). The accumulation of soluble salts in the casing layer of mushroom beds. Jornal Hortical
Science, 36: 139-144.

Fungoa, B., Lehmannd, J., Kalbitzb, K., Thiongo, M., Okeyoa, I., Tenywae, M., & Neufeldta, H. (2017).
Aggregate size distribution in a biochar-amended tropical Ultisol under conventional hand-hoe tillage.
Soil and Tillage Research, 165: 190-197.

Giannetta, B., Plaza, C., Cassetta, M., Mariotto, G., Benavente, I., Carlos, J., Panettieri, M., & Zaccone, C.
(2023). The effects of biochar on soil organic matter pools are not influenced by climate change. Journal
of Environmental Management, 341. 118092.8 page.

Giménez, A. P., & Pardo-Gonzélez, J. E. (2008). Evaluation of casing materials made from spent mushroom



https://doi.org/10.1590/1413-70542021450001R21

(u.w.és).!— @J&) \f"f"_gb AR b)LowS HF 8,9 ‘L‘,‘ﬂ‘ S 9 sji Oldsd YAS

substrate and coconut fibre pith for use in production of Agaricus bisporus (Lange) Imbach. Spanish
Journal of Agricultural Research, 6(4), 683-690. https://doi.org/10.5424/sjar/2008064-361.

Gumus, 1., Negis, H., & Seker, C. (2022). Effects of two different biochar on physical quality characteristics
of a heavy clay soil. Arabian Journal of Geosciences, 841: 1-15.

Hafeshjani, L., Naseri, A., Houshmand, A., Abbasi, F., & Soltani Mohammadi, A. (2016). Investigating. the
effect of sugarcane bagasse biochar on the chemical properties of a sandy loam soil. Journal of Irrigation
Science and Engineering, 40, 72-63. (In Persian with English abstract).

Hayes, W.A. (1981). Interrelated studies of physical, chemical and biological factors in casing soils and
relationships with productivity in commercial culture of Agaricusbisporus. Agricultural Sciences, 11:
103-129.

Huang, C. P., & Morel, F. M. M. (1989). The speciation and bioavailability of trace metals in aquatic systems.
Environmental Science & Technology, 37(1), 29-38.

Idbella, M., Baronti, S., Giagnoni, L., Renella, G., Becagli, M., Cardelli, R., ... & Bonanomi, G. (2024). Long-
term effects of biochar on soil chemistry, biochemistry, and microbiota: Results from a 10-year field
vineyard experiment. Applied Soil Ecology, 195, 105217.

Iranmanesh, M., Pahoezh, M., & Gharahi, N. (2017). Investigating the effect of walnut shell biochar on wind erosion
using a wind tunnel (case study: Shahrekord plain). International Conference on Natural Resources Management in
Developing Countries, 19 February. Karaj. (in Persian).

Jafari Haghighi, M., Ghorbani Dashtaki, Sh., Kalishadi, H., & Mosadeghi, M. (2012). Studying the effect of physical and
chemical properties of different cover soils on quantitative and qualitative traits of button mushroom (Agaricus
bisporus). Iranian Journal of Horticultural Sciences, 54(2),213-233. (in Persian).

Kerketta, A., Pandey, N. K., Singh, H.K., & Shukla, C.S. (2018). Effect of Straw Substrates and Casing
Materials on Yield of Milky Mushroom (Calocybe indica P and C.) Strain CI-524. International Journal
of Current Microbiology and Applied Sciences, 7(2), 317-322.

Lal, R. (2006). Enhancing crop yields in the developing countries through restoration of the soil organic carbon
pool in agricultural lands. Land Degradation & Development, 17:197-2009.

Li, B., Guo, Y., Liang, F., Liu, W., Wang, Y., Cao, W., ... & Guo, J. (2024). Global integrative meta-analysis
of the responses in soil organic carbon stock to biochar amendment. Journal of Environmental
Management, 351, 119745.

Liang, B., Lehmann, J., Soloman, D., Kingangi, J., Grossman, J., O'Neill, B. Skjemstad, J,0O., Thies, J., Luizao,
F.Y., Petersen, J., & Neves, E.G. (2006). Black carbon increases cation exchange capacity in Soils. Soil
Science and Society of American Journal, 70:1719-1730. doi.org/10.2136/ss5aj2005.0383.

Liang, T., Qing, D. I., & Zhang, J.1.E. (2022). Effects of spent mushroom substrate biochar on growth of oyster
mushroom  (Pleurotus ostreatus). Journal of Environmental Technology and Innovation,
https://doi.org/10.1016/j.eti.2022.102729.

Mahari, W. A. W., Nam, W. L., Sonne, C., Peng, W., Peng, X. Y., Liew, R. K, Yek, P. N. Y., Lee, X. Y.,
Wen, O. W., Show, P. L., Chen, W., Chang, J., & Lam, s. (2020). Applying microwave vacuum pyrolysis
to design moisture retention and pH neutralizing palm kernel shell biochar for mushroom production.
Environmental Technology and Innovation. https://doi.org/10.1016/j.biortech.2020.123572.

Mohammadi Goltapeh, E., & Pourjam, E. (2004). Principle’s of mushroom cultivation. 4rd Ed. Tehran: Tarbiat
Modarres University Press (In Persian).

Mottaqi, H. (2018). Button mushroom cultivation technology, identification and control of pests and diseases. Sepehr
Publications, Tehran. 352 pages. (in Persian).

Nabavinia, M., & Malkooti, H. (2013). Evaluation of the effect of two types of compost on physical and chemical
properties of soil and corn yield. Iranian Journal of Soil and Water Conservation, 2: 143-150. (in Persian).

Nadi, S., Farsi M., Nemati S., Arooyee H., & Davarinejad G. H. (2015). Renewd use of spent mushroom
compost of white button mushroom culture units . Journal of Horticultural Science, 28 (4), 446-452. (in
Persian).

Noble, R., & Dobrovin-Pennington, A. (2004). Partial substitution of peat in mushroom casing whit fine
particle coal tailings. Scientia Horticulturae, 104: 351-367.

Oldfield, E.E., Bradford, M.A., & Wood, S.A. (2019). Global meta-analysis of the relationship between soil
organic matter and crop yields. Soil, 5: 15-32.

Raviv, M., & Lieth, J.H. (2008). Soilless Culture: Theory and Practice. 1 ed. Elsevier. London. 624 Page.

Rhoades, J. D. (1996). Soluble salts. In: Page AL Miller R.H and Keeney D.R (eds.) Methods of Soil Analysis.
Part 2. Soil Science Society of America. Madison. Wisconsin. pp. 167-179.

Solomon D., Lehmann J., Thies J., Schafer T., Liang B., Kinyangi J., Neves E., Petersen J., Luizo F., &



https://doi.org/10.5424/sjar/2008064-361
https://www.scirp.org/journal/home?journalid=191
https://doi.org/10.1016/j.eti.2022.102729
https://www.sciencedirect.com/journal/environmental-technology-and-innovation
https://doi.org/10.1016/j.biortech.2020.123572

YA+Y ... (Agaricus bisporus) (sl 4eS's g, 5,Slos dgu0 103y Ko g  Sloeuw! (i3 — (sole)

Skjemstad, J. (2007). Molecular signature and sources of biochemical recalcitrance of organic C in
Amazonian dark earths. Geochimica et cosmochimica Acta, 71; 2285-2298.

Soltani, A. (2011). Application of statistical software in statistical analyses. Second edition. Mashhad: Mashhad
University Jihad Publications. (in Persian).

Stamets, P., & Chilton, J. S. (1983). The mushroom cultivator: a practical guide to growing mushroom at home.
Washington: First Washington.

Vahedi, R,. Sadaghiani, M. H. R., & Barin, M. (2019). The effect of fruit trees pruning waste biochar on some soil
biological properties under rhizobox conditions. Journal of Water and Soil Science, 23(1),321-335.

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(1), 29-38.
https://doi.org/10.1097/00010694-193401000-0000.

Zeid, D.C., Pardo-Gonzales, J.E., Minhoni, M.T.A., & Pardo-Gimenez, A. (2011). A reliable quality index for
mushroom cultivation. Journal of Agricultural Science, 3: 50-61.


https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Sadaghiani%2c+M.+H.+R.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Sadaghiani%2c+M.+H.+R.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Barin%2c+M.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Journal+of+Water+and+Soil+Science%22
https://www.researchgate.net/journal/Journal-of-Agricultural-Science-1916-9760?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

