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Background and Objectives: The purpose of incorporating organic
modifiers such as biochar with soil is stabilizing carbon, improving
fertility, absorbing pollutants, and consequently increasing crop
production. Biochar is a biofuel and the resultant of organic matters
thermocouples. Biochars are produced in high temperature ovens and are
commonly alkaline and so suitable for the acidic soils. However, if the raw
materials are heated at low temperatures, the resulting biochar can be
acidic and useful for modifying calcareous soils. The aim of this study was
to investigate the effect of two types of acidic biochars of rice husk and
pine cone for modifying the physical properties of two calcareous soils of
Isfahan province.

Materials and Methods: Based on a preliminary experiment, rice husk
biochar (pH=5.64) and pine cone biochar (pH=6.56) produced at 300 °C
were selected for this study. The experiment was performed in a
completely randomized factorial design with three replications. Treatments
included two types of biochar (pine cone and rice husk) mixed with soil at
one, three and six percent (g/g), two types of soil (a sandy loam, Tiran and
a clay loam, Lavark), and two incubation periods of one and six months,
with 4 controls and a total of 28 pots. The treated soils were kept in an
incubator at 25 °C and 60% of field (pot) capacity. At the end of the
incubation periods, the soil moisture contents at field capacity and the
permanent wilting point were measured respectively using sand-kaolin box
and pressure plate devices and then soil available water contents was
calculated.

Results: The results showed that the addition of biochars improved some
physical properties of soils. The treatment of the soils with 3% and 6% of
biochars caused significant increases in the available water (AW) in the
sandy loam soils compared to the control. The physical quality index of
Dexter (SDexter) fitted by van Genuchten—Mualem was significantly
increased in the sandy loam soil amended with 6% of the biochars and in
the clay loam soil amended with 3% and 6% of the biochars. The use of
biochars also improved the physical quality of the soil, described by the
Dexter index, from poor to very good.
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Conclusion: The results of this study showed that addition of 6% rice husk
biochar to the clay loam soil and at the 30 days incubation period, could
improve soil properties. Therefore, according to these findings, the
biochars produced from pine cones and rice husk can be suggested as a
suitable conditioner for improving physical properties of the regional
calcareous soils.

Cite this article: Hasanpour, Iman, Hajabbasi, Mohammad Ali, Shirvani, Mehran, Majidi, Mohammad
Mahdi. 2022. The effect of acidic and neutral biochar on moisture properties of calcareous
soils. Journal of Water and Soil Conservation, 29 (1), 95-113.

@ OIS © The Author(s). DOl:

T Publisher: Gorgan University of Agricultural Sciences and Natural Resources

"



YYYY-Y+TQ i gl LS

SB ool Chlis glb yidgh 4 i
FEYY-YVAE 5ol LS e SRRy &

5
V‘{//‘:‘L o3 (51875 wds

(CC,

ST SIS Gagb ) ST g 2 SS9 ol Gt ) JE ) G
e stgn o (7 315 2 01,0 (07 oo o (07500 Gles!

Ol Olghol Olgiol o o8l (giosliS Sl (Sl ke 5 psle 038 Al WLSS s pal il
i.hasanpour@ag.iut.ac.ir :asLLl,

hajabbas@iut.ac.ir :asbll; .ol Olgho! Olghal xns oKl (55,58 0aSiils (Sb Lwdige 3 el o S sl oJ e oo 55 Y

shirvani@iut.ac.ir :asLL1, .0l Olghual Olghol ins oKl (55,5LaS edSails (S i 5 poks 05,5 Slidls Y

Majidi@iut.ac.ir bl ; 0l 1 Olghol Olghal zxs ol ((55,5LES 20K 2ils (AlS Kmf 5 A5 wdige 03,5 okl £

oS> Alas SleMbl
S oS S gy Jy Al JI GlaediS Mol 5l 5l G s 5 4ile Wl g g

N gams W5 Sl 5 S bl S5 2 daodtVT Ol (S grlols RRan el J6 i
sbdl; cwl JIols 5 callb S 5l ol s Jb s AL e g5slES

Gl Clie 5 Lo oLB Canls s 5 edd A5 5l sles s bies e

Wl ol ams Jes Lip3 CHSL S S les 3 adsd slpe S1 Ul s gkl s &b

Gan b ol addlas 5,5 5 elinl 5550 KA1 G s 5 il sl cpsls ‘Rl @b

2 oSl Olge @ 2 bage 5 @ Sald s S5 ps 0 Ab e Sl
Al Olghol Ol s (Sl St s (S5 la S

by e 5 (PHZOME) g S 5l s IS el sla el ol 5 2o g 5 3l g (A slaells

o Sly AAE OBl Jiass ol gl T0C Gles s s Ay (PHEVOU) £l (SLE kSl

kel 5l s

spam 05 5 el 53 Sl s s JBS S pesasee o8 Sl s ladles
a3 sk SLls A B s oSt s 4 sk ol s S eslinud 03S] s
e 53 (B Sk 5 2 by pe) s JB5 g5 5o Lol bjlas el 1SS S u-ivﬁ S
(o e 5 LS i e BBl L) S s 50 (b8 e S) doss i s 4w (K
L35t 45305 YA Lo goma 5 Lt Sl olem s ole (25 5 S 0 gl S5 Ol 53 5 (S
0503 4e5e b b I Cusby 5 YOOU (sles 3w B3 L eld e glasS>

(39S slatilbony

b Ll b s S Cusb dons gl STl a3 L 53 s (e 5L S
anr el Sl eslanal L o s JB ;.j Oeeeed r5l> L;:JA}'): abdi 5 as e
A 5SS eIl (olid i 5 oy SIS—

ayv


mailto:i.hasanpour@ag.iut.ac.ir
mailto:hajabbas@iut.ac.ir
mailto:shirvani@iut.ac.ir
mailto:majidi@iut.ac.ir
https://orcid.org/0000-0001-7001-9119
https://orcid.org/0000-0002-9962-3464
https://orcid.org/0000-0003-0297-053X
https://orcid.org/0000-0003-4746-9036

S Kb sl Siy = Condls oW S gs a ps tas Jg 5,8 tlaably
SN I i 6 LS L Sakd 5 28 by s e J e iy Ssg
A Al 4 e b S s (AW zas BB OT s e (I o
FS3 3lenty (Supd SokS (et e Sl Sl s IS 50 (e en
5t e S s e JES TN s s rw—y,_-i;) Jdde Lol 531, (SDexter)
A el s JL5 Sl eslizal b dals 4 S oy o) St 3 YN S UY slie

S pd S Sakd s ey doss V035 l L addlls ol s i S e
Codty mld a4 ar 5 L5 alpls el 4Bl s s S S Ol sSH s Yr O
St o3le S Ol 0y g S 5 28 b e Sl edd W s JUB5 015 e ool

sed o 5 adkaie ST glasSlr sd la S ol gl el

B g sl an; J&5 55T (1)) s deome sz oyl pao ¢l e e edazme o cubiezle colasl g0 a0 biuwl
AB-NY () YA IG5 o cblis slo ings . Sal sbSE usb, sla S
DOI:

@ ) s © OB b alie 5 55,0l psle olRsls 10l

NC

A



O)Sod g y92 cpws loal [ e (H g (Gl (un; JU 5 5T

(0) spiipe M5 fes JB5 was £ O3S
) cwl o Sl Cosby O e B
Al pogats oo Al e JE5 0008
S skl 3 sl (V) das RalS | S
KEPRY C‘y&.p\)ﬂ;:@ﬁmudujwjdu)
b Jisl 5 S Saluss,da (S bl
Ll S L oy iy sl 555
Bls w55 Olarle L3 | O Kos sla S
e L Caghy Sl B b g SIS
spp Ly O S 5 olS wiy 3 b ol 5l s eals
S by 8K C b osse (A) Al
Sy 5 SHalISE amd 5y e E b
23 ey JE5 053 wlal Gl aa S Ol
Ll s s JB5 Q) sl sl 5518 S
5 b S sl LoVl 5 e s
A bess L lealisls dapslS s S
Ty S - e S VT TP S TP R VY
s J5 5l sl ilaalasts s Sae SV b
g ORI s 4 el (See sby SR
03 s ol ply AL Bl Cl s glaSE e
OS¢ ey JE3 03 S wlal I s O e
S oo b cil e sl s s ol
OV0) 35 el gl oy dile ool sl
(eSS Wl i S0 S glaes S
Slaes S 0o O5SY (oS «Spd JeeS ke
3 M) ko s s s J85 03 el )
2 S pH Kls o sss 5 O sanlds]
LS sboml gdea] Sl 5 das EalS 55 Gl b
Rl el SOl S gles Il Sl 55 (YY)
350 3L Caol bl 5 henl Jsle glaos S
(VYY)
(Yoot @) oS ) Sl 6 hasy 5
spe Ol S el LS ued

a4

EVRU

Wy bl slagsld 5 DUl anw s ST 5
osba Al glaaas 5o (g55liS DY s £l
ple e Js ol iy 058 L;ffvm.}
g bl 558 5 Sl Sl ey ang Sy e
i s Bl el Lol aUl (i
OIS a5 BB i oS 558 0 Jol s5osliS
Lo bis 4 g 05l 5 Jsol o S04
03,8 b3S o 35 L 5 okilysm oy s
L3k S et b gla s,
Sosor omlB e sislis gladileny
S o8 s anl Jals g5osls bl o e
adls Sl anw g Glaal 4 Odew glialy s
ol Sl e asdS laoles 3l addl (V) ss8 s
e Ll 5 o 55 2l T glaciley
sl mie eSSl Olye 4 Vsars 55)5La8
W v R S SY | - Y- NG VR v
STy B o JIslass ol o
DLl ol (V) Lips e 500 S abaed 5 (S5
JEs sl losssl b Loy ol oy 4 Ol e
W JE5 & s JU 3 ga elitl 3 i
W5 Al 5o apde 5 035 e Sl ekd
Ll gisliS wly SV same 1 2w JES
boamlie 53 68 553 e eslial 5y SlE sy
Srere gl iss 4 Al Olse @ sl ool <
Slp &S il sl (V) Cl a4 U540
shls CLel gl o eslanal oy ey Ay
Bt opl by s OT BB L 5 oS (golal 23
dde g oS auza b Bl OV g w4 Al 3150 )

(&) coul gslal a5 slls
O PR S [STIYY UMV T

Osbs Bl o3 aulp ol 8 W 5 S

1- Biochar
2- Pyrolysis



Y€y ) a)h».fs ALY 0,92 4«5‘&9&,&7 cblas dl.ﬁ:u...\hs).p

Sl Sk 93 SISl a0 3 o 5 0dd 2
A Jaze ool e 4 tlesl ol

ol Sal gl g5, » adlas S Skl
b s sladles Sl s Gia 5 35
3 o LS Bl g,y 2 Fes &0 o]
W5 Sl sl esle g5 o Sl Slaten,
Ll g an il PH Glls sy Jleg
Sr b o e bl il S
ek Ly s uoman s s, ks
c}f_ S gl Ol S &K isls Ji.;— Ol s
S s bt ls LG O, 2 adles
Cblile oy ailaie Sl S oS 5 p e ailais
S adsl slpe B 4 sl el Olpea
e 3 Freme SNl s (b siluesll
QM@&&&Q@M.LMMJMJQTL_
O3l s sl Sl amys Ve gl s el EA
A S S 038 Sl Sl ey 5 S
L eslina s 3 JB5 A5 gl s esls Hae

ol A Ll s Jles W5 sk 4
235 G JB5 WS posae oS s el
S padl ¥ Lad S O30S 3525 e Ll 3
L (slabaimes Jols 0,58 cpl bl aals S5 055
s a5 38 o kil glady
Sy S 4 O5mS Oy Lol bl S g
0,55 ahaims 213 4 63555 Jaly 5 O3 a8 8 S
ST il oV pams 5 (8 Slaelas 5 culis
ol slpe Sl plaS a s sl o e Bl
8 Sl s You s Yee Yoo clales 3 adyl
AL el by as SIBLS o8 5
£l Oloy 5 4ids p axys YO gles il
) 5 Sl g e (1Y) WS Jlesl el
53 LOTEC 5 pH 5 Jaxe oKislel @ o W

Yoo

ol s S kS L slaSle slaaasiis
T L e BT TR O A
oS Sinies Sl 5 i s ((SLpECo
5ol w5 S 6t 4 g bl oS ol
Loy S by aasie e e Sl
©) e bl ,3 sh) watis fove ol
S sl wnd 53 serp Sbt kil 4 anls
e S G S 5 ol 03 s sb 4
s kS Sy Gatls ol S
Sl e abd ys by aasiie e (i
ool by aesie pove S Sl Sl
Ay os Okg KgH) Sk S5y cub, s
an(h)) € sae ab » sl S0 anb o,
Loy odd S50l aar s L.OVE) 558 0 o)
Llg e Gl e sladley Sl 5
iy s | Sl sl S Sls past
s g5 53 G0 sp Sla L ol adll
Olype & 78 by e 5 i Sobd Gl (s
g5 2 St s SR S s eSO

A pll Olghool Ol s Sal Sl

L g, 9 S0

o 5 e S Sl SRy ol s

diles 5 ok eg) Sb wisel A eslined oy
bl Sl U olgiol Okl 3 015 sblcuas
Lo TYT LYY s b 0)T Y g
iils S, asy5e = DJ Sy Jls
Slass b osblciss ole gl 53 Olgiol s
YYOYY YY" 5 30 Jab 0V YV ARY LS e
23 S S T U i Gee 5l Jld 5 e
Isa LacSl s (6515 10 505 VYAV Lo oloy g g

=

1- Qandyj_ng

2-

=



dr haj abasi
Sticky Note
Sandy loam

dr haj abasi
Sticky Note
Clay loam

dr haj abasi
Cross-Out

dr haj abasi
Cross-Out


O)Sod g y92 cpws loal [ e (H g (Gl (un; JU 5 5T

Gl p b 5 Seilll golad Slmis 5 I SIS 2
s/vbar i gl 5 i el s 4 e St
bar )L:é)'\]?rSJp'J.&J J 4 pb sl
Gb (FC) aepe oy < b ans Gl /)
(':b ;;JJ‘JE ahd el gl Ad el H8 g,
L e siws BB O 5 (OV) eslized Vo bar jLis

A wl}nﬁ Y 9 \ 6@4.]4_:‘) )‘ oslaul

PAW;40 = 0100 — O15000 )

PAW330 = 0330 — 015000 )

SSe > S cusbs bl B0 (0T s S
ae bl 0330 JEl 558 Ve K5l
015000 5 JSKul 5a YT 255 s S cusb,
SN0 Sl S 5 Sogbs i bl
OA) ol (s S5 o3 4as) JISl
S s B TS Ao sLSesll sy
5 ol Sl el Ly ASTM D-2866 s,

(V) s ealanad

_ (¢ A5 e
(/)J,L.Sl;-:—-x \nu

D)
(¢ 5) s pr

Jij Llaae 5,k 3l °>J§L:..o Lo Hiered
Sadsh osle e dels Gl @ ekt Ay s
(V) dd asles 5 alaly 35 b

(62) Srsm o

~ ~ X\..
(I esle K2 051 0~

(1) 3 ,Shas = )

‘}‘"“)3 f~5> L;:Lg;ﬁLyT u'<'lj:3 - S L
J=le ol s el djj‘j'.’-\v-k&"—&?;';’.ij} e

4- Ash content
5- Bioch eld

¥+

VY e b ki O 5 aes JlEs bl
Yoo sl 3 S pl woamg boas (5 ,Se 5l
dis o oS s o JI el oS sl ax s
Ao mll e S L e 5 A RS s
3 ok Mg s gl 0L, L 5 Slas
S sk Culg 53 ol S Sle am s Yo 5T les
s Yoo IS les 5 28 by 5
sl bl gl PH 055 cnlie w5l S 2L
L Ol Lol

Ll b B s s LSt Sy 4 SRl
Sk Jols bl s plil islas S
g5 53 (S 5 So) il slacily L Sl
Mo aw (g p S5k 5 28 by e) s IS5
s ez s 5 (Gos TNV IY TN e JE5
B N L CTPRUIEFRSTPR EDRUP TP e
US 53 s (0l s Y 5 S Y) dald £ ol an w
(8505 AL (o game) Lng SLSG 4w 53 sleg YA
b cusb 38 Sl a5 YO les 3 asles
Ld (e 5Ll O el b b T

23 sy JE5 b EC 5 pH ol
Ao PH e b g 5 4 T s Gl -
(Vo) (507-CC) e EC oKsws 5 (827-Swise)
Gl p s S s w S Sl (oSl
e 3l e 0 A (Sl Sl 046
o St 8l S ey s Sl (8 Ao s
A

Laesie (OIU) o b Lyl i s Sl oy b,
5 PWP) "y Ss.p ki (FC)

o gbaelKans 3l eslizal L (AW) 7 2as LB

i

1- Field capacity (FC)
2- Permanent wilting point (PWP)
3- Available water (AW)


dr haj abasi
Sticky Note
van Genuchten–Mualem model

dr haj abasi
Cross-Out


Y€y ) a)h».fs ALY 0,92 4«5‘&9&,&7 cblas dl.ﬁ:u...\hs).p

Cou g W
ol 3 ealind 5550 SSE Sy slaS s
Seplaarg bcad sdd &)Y Jodr s andlks
Lied o o Sile sk 4 Olghol sl e
Sl s o R S e S K

RCI R P I g - PN Y PN L

SS casby laesls 5 OVslae 351 sl s
Al sl YoV asus Excel Solver il
Sheslizad U (bl wes)  (gobel sla s LT
b baSle alie 5 9.4 wis SAS 5l 5
L Lalssed i ol 0 mlaw 55 LSD Oye3l

38 ey TN ass Excel sl

(s JE5 03931 51 Sy LS (K58 Sl Sy - Jor
Table 1. Physical properties of soil prior to treating with biochar.

S, adke SI-
Soil of Lavark area

Ol 5 adlae S
Soil of Tiran area

Cdo
Adjec ‘AE

28.8 18.9
40.7 26.8
30.5 54.3
Clay loam Sandy loam
0.28 0.29
0.23 0.24
0.14 0.14
0.11 0.15
0.07 0.09
0.42 0.39
0.15 0.07
0.039 0.033
1.35 1.37
0.49 0.48

(1) 5
Clay (%)
(1) <
Silt (%)
D) ot
Sand (%)
Sl sl
Soil Texture
@) ISl s Vo i o5 b b
Field capacity in 100 hPa (g g)
QO ISl iSa YT iSe el b b b
Field Capacity in 300 hPa (g g™)
@) (il [So o3 4 b
Permanent Wilting Point (g g™)

@O) ISl o Vo i o s B 2o
Available water in 100 h Pa (g g)

@O IS YT S s BB b
Available water in 330 h Pa (g g%
Qg™ sl b,

Saturated water (g )

Qg™ sbile 3 cusb,

Residual moisture (g g™)

S Dexter ==Ls
S Dexter index

@om®) s s oy ¢
Bulk Density (g cm™)

em®em?) Jsdss

Porosity (cm™ cm™®)

VoY


dr haj abasi
Cross-Out

dr haj abasi
Sticky Note
Attribute


O)Sod g y92 cpws loal [ e (H g (Gl (un; JU 5 5T

]

et G Sy F 0 Y Jsdx 55 e

ol ;) ol .,L;Jj; L;".w._)h) Jb) (_SLAA\J}M

XorC glos 53 0dd g p) IS sladisel plasd sla S5y -Y dsx

Table 2. Chemical properties of biochar samples produced at 300 °C.

8 by g s J&5 S e s Cdo @
Pine cone biochar Rice husk biochar Adjective
6.6 +0.09 5.6+0.19 pH (1:20)
0.72 +0.03 0.31+0.01 EC (dSm™)
1) puS
10.33 +0.57 31.3+21 DR
Ash (%)
48.7+ 4.1 52.9+26 Qi

Performance (%)

el 4 (53,5 b g s sme U nl S 5 S
03 el RS gy Js G 5 A
Ol SOl ole i @208 31 ey oo o)) S
L5 S edaline Er S a3 Jles 2
G gad & Cad (Sdls /YO I3 e JalS s oS
A el

el (1Y) OLKan 5 stdsul & hashy )
s Y il b aS s, 4 opl 4 Lsls
S pH L3 e B el S 4 as
CokS Klg oS PH L 2y Jg S sl
SUb AL L S (S e 5 bt
Lisu e Sal Sl s e ol
(Y+)

ol el s etd (g, Seslul gla S
BBl o & S a5l oS il 35l
sl 0l Ol
Lo« oKa V8 Wl . opH
Lol led 2 5 el 2w sladls
6 I oW caols s @ Sl Ol cadS
£ S &S5k 4 dd el Sl Ll &S,
VIV agdesl GLls (s JE5 L sled 31 iy o
o blsy (V0 Cd AN oy o) S
ool OF PH dals & o s JE5 L Sl
sy LS ol gl S s e s .osb
(s JEs TN Sl solse den 3 e

wl St g ss e e L PH el 5


dr haj abasi
Cross-Out

dr haj abasi
Sticky Note
Attribute


Y€+ ) D)Lo*:? ALY 0,92 4«5‘59&,&‘ cblas ‘_gl.hw.@s).p

0 gl oS3l 0l K Ol o p g S

0 gl 51 oo Sy D3 b p ) S

77 a sandy loam soil after one month of incubation 77 - sandy loam soil after one month of incubation
65 i 7.65 ab
: ab a
° be "o be
5 < 7.55 <
3 ¢ 1} 75
7 d :é 7.45
:'E_ 4 a 74
7.35
73
7. 7.25
Wl s byse fS by g5 by s Ml s by fE by ZS kA o
Control VAN YAz (3] (AM) ) 3V Control [(A)) o) [7A} ) ¥ )
PC (1%) PC(3%) PC(6%) RH(1%) RH(3%) RH (6%) PC (1%) PC(3%) PC(6%) RH(1%) RH(3%) RH (6%)
Tretment L Tretment L.
gl oS ol K Dl o2 pg) S O gl s oo K Blj b p ) S
71 a sandy loam soil after one month of incubation 77 s sandy loam soil after one month of incubation
7.65 b i 7.65 T b o
76 7.6 4
755 755 c
1 75 3 s
¥ 745 ¥ 745
= |
= 74 s 74
7.35 7.35
7.3 7.3
7.25 7.25
Ml S by g by S by Sl S Ml S by 26 byl g5 by
Control [¢A)) (VA (&Y \ e (A Control [¢A}) (¢A0) ) (VA)) [YAD) )
PC(1%) PC(3%) PC(6%) RH(1%) RH(3%) RH (6%) PC(1%) PC(3%) PC(6%) RH(1%) RH(3%) RH (6%)
Tretment L.

Tretment L.

.sSLipHﬁ(@j}-&ﬂ)é&ijw‘&g)&q}d&jj.ﬁw‘g(éﬁxfj&ﬁjals.b"fu) Cy;l‘_,:ﬁl._.u_..:l}.a—\ JS.J?

Figure 1. Comparison (overall average) of the effect of type (pine cone and rice husk) and Biochar Level
(one, three and six percent by weight) on soil pH.
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Figure 2. Comparison (overall average) of the effect of type (pine cone and rice husk) and Bi
(one, three and six percent by weight) on soil water content at field capacity.
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Figure 3. Comparison (overall average) of the effect of type (pine cone and rice husk) and

(one, three and six percent by weight) on soil permanent wilting point.
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(one, three and six percent by weight) on soil available water.
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Figure 5. Comparison diagram of the mean effect of type (pine cone and rice husk) and
(one, three and six percent by weight) on the proposed Dexter index.
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