11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

o (9 oy S g 90 jo dlasE ghlauly g Sl g Hlargm G

S oSty Jsbial 8 olEtils [Lotils (S olftils S clilin g S i) olid IS 4ol il

oS

Vo) chw 99 5 Graghen ) 5l 5S555 5 (b ojluil 90 50 @iy Skt wng g 256 Sua L adlas ()
aw by olas SLlS b LB s ole Vo 50 los 95 50 ooyl (S 5 ow, S 55 93 40 AL g lul p (dsye
G g i3 ,F e 3 ookl Co a5 0 eslil o, SlS Sy sl plalS I i ploul gl s el IS
S 53 o sine 5 g 9325 s il o8 ol LS S b 955 6,95 10 sy a8 (b B+ +°C sl
A b oy Sy GlaSE g lal e pime o8l el (ao o Y ) D) jlade ioli8l Jg alslas aailass
Sl 00l gy S j0 giluailaSE Lal 18 ogg acliolo Vo a0 0 5l lagus 00,5 ey (ial38l ioren 098 0 (09
SIS 58 6yl pre 3l seg) S S o el (plaS

S il g gam (Jodss 1 gouls saojly

dodilo

33355 5 65,9t slaosilendl (HalS S pwosr i pleessn (S)l> S Jeaze () JI8)) Slren
Buaa b Wl so sy Jlj 5l eolatwl ol oo 0by Ol Cod sgase ST L L ST ey (s slad SO
zhw (Xu et al,, 2013) asl slabdS slajlE el jrals § o8l o Jobs sll (JT luls co g «SB Lol
) S e slgo L bl 5 005 ol 1, ol 5 ossetls s (5,5 USE (sl 3 L8 e VL o
cd SoblB il L (<00 nM) s 5, ke d8L (Singh et al., 2015) 598 o jlgm b osds Mol S 2l
Troeh ) S o SaS S 0ge 4 (IS o5y zrhaw 505 YU yiomed 9 S (9,0 sladss jolic g b3l Jols solge
Slae b jlogum Jlaail g Jod o138l w095 digi a4y 539,500 43550 4 Cond )l g Cooglie 09 YU .(@nd Thompson, 2005
3 (ol Olyds 4 093w 095 el (! (Sohi et al., 2010) coils walys o 0 1) b, 5 JT olge dapyey Jud 5l S
oy A8l o dlge iz ol s S paase oy malS a0 g S 5SS o Y des 5l S coalS
Busscher et ) osi co ctive S (gouails 5 leislo Sguge ameis 10 g Sl pd Adlie 0 #del g Ol Jlasl 5 Jas ol
hw Jdo & S Glils 5 olie bl W jsbiren g bges! g boesls aezs 5.5 S8 uizen (@l 2010
(Slngh etal., 2015) el )J&.)l)ub.a}‘ Lg),c‘ )L>9_u—u5[> Jael?u dyb 3T

oleizl 28l ¢ ge Fos dlox 3l tpiacn (SO Codle (0 1) sage LI 058 oo bale S L jlagn a5 3
L OL:.? M) » W )..ub S k)S.oA)bﬁ.u J..S‘SA L&u‘ A8lo 9 u‘)\) o)|..\_»‘ 6:)5.1 ck-;?da.w S uog.»a.?u: S d ‘le.?u
YU op 5 4 .(Maetal, 2016) asb asls ads, dilie ,0 lgn g Ol ols 13 o tws 18 5 S Ges il Lo
ol Gl cud b g BD) S JK> dlex 5l SB (S5 CuiS ooy 1 5 b dme 8l S o g oy
g Bpas 5l Sl Gud 4 S oy a5 3l o3Il &ye5 ( JdSs Lol (Mukherjee et al., 2013) (WHC) S
§0AiS yaend S Jdlie ol 20595 45 I 0 comd o il 1) o 0,033 O liae ol J5dss Jlie (sl il o
o3lail @95 9 Jsdss (Weng et al., 2015) aib oo oS (sl Ol (055 b (09 (wyiws 10 g S yo0 Ol fyog S e



11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

olyd mlaw (Yoo et al, 2014) wijls s 58 (sdiw olge Lass> (gl olad sl g (05,50 codled isl38l (64, 8l
SIS Ed b S Ol aler SIS srlols 6900 Sheogad (S U5 4T Sl goge (Suid Sy S
(Naisse et al., 2015) s,ls oage |, S 55,500 Cullad g S 20lsn « olie yolic
L S 38lie bLS ) 5 mi & g BB (Stanly a5 ol SB O (5, 10as colls S a5 sla el b 5l (S
S T olge Jlade 5 ailasls la Slasle sla Shg «l,d o3l ass8 ok 5l bass Caogas pl o)l KuS,
2 2l g e 531 Gl ol s gl b 4 g e Slensle nils s @ Jlrse 950 o mela

Gy 5 e 5l odd agd S lagn £45 90 aF Cawl oald lsae 3155 o (Mukherjee et al., 2013) wil oo S
L g (S oole VO MI/G) Jad )5 4 Cons (Kis o0le Y/4 MI/G) YU (WHC) "l (6,104 cud b glls g

ol el S b 4 g0 o WHC 1530 (Pietikdinen et al., 2000) auil oo (i oolo Ve MI/G) 4y o>
G0 gaw o, SIS Ve 0KO e 4l 09580 b asT auBl o (Vo) +) o) 5 0y )Y 040 o0 ST WHC
g 50 die) 50 (GOg0mme Blidss a5 Sl lass (ol bl 4Bl iol8l 8,5 )0 mujeyie VO 4 VY 5l S
Ghosk 5 Esose onl I el €35 Bg lnl 3 LAl sl aler Sl SB (S Gl S S 6,

S I

o9y 9 Slgo

oolitul b gole Vo e dy SIS LTy jo ctulesl oS (gl 0 jlogm ST o) 2 jolate & Gaiod (ol )0
S 51 ot 5l g 4 Sigr oos) (i 5 sy Bl 30 gylo o0l 050 S sl o) 5hS Sy (glalals ;]
il ol | gz 0 Sl a5 Soged slo Sy o5 bid Jiiie ol a4 loless Jlae! 5 sta e &

(223 T 51) Jlrgn Sras gl 93 &S )l » @r Sehd diwg Jlrgn 25U (o) S GRagh o0l 50
m e VS5l ools jeue) S>8 g (oo £ U Y (sogamme L) rmds ol s 98 j0 g Oy (soslail g8 g
osss ool 6o oss i oy wad byl lolalf ST 55 a0 ClyiSs gbons 5 esd 4185 L 5o (i
C) oy ¥ o8 s b (oreb 030l Lyl €, 190) 0o)3 ) 018 o b (oo 03T L larges €3] idge 0 )le
mho b tadee | 5l iasS o5l b o «(F, 196) 0uoys \ 5,15 b b staree V5l ,ias8 o5l b g (3%

30 (e O Ay g (SO S0yeS 0 g MT; b 00°C Glos cov jlagn wals 5 (C, 3%) wo )0 ¥ o ,l8
Sl 00 43‘)‘YJ9J.> B W) J.Js.:)bg_u CS’L"A"'W s_ALMaSAv ‘f-)) A A.Jy el

S aigei oluwd 9 (S 5u8 b Sy (& p-) Joux

A Gﬂ solo EC pH PWP FC BD o cdw o bl
: (%) %)  @em?) . .
dS m) ) ) )
(1
N <\A FINY YA Y'Y VY \V/# \ndid TO/A )
- [OY <IYY FIAA AR Yy \Vidl [ddAT O/ YAIY 5‘;5!‘5...4
Solae b8 EC ¢ (4050 S bl ) g0l poaste pyz BD ¢ 50,05 ahis Sjs Cugb, PWP e 0 o8, 359 Cugb, :FC
gbeal 5 5o o sl

e oot Sluogas Y Jgua

oS & oy Jye Comd (1) oS e (ASMT)EC pH

IWater-holding capacity



11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

Jid! TYIA <IYEY YA

R PXW ‘_g);c)'l..x}”" @) o)La.c).) (é;).._i” Caolas colild) ECSpH

CHL glals )lol 5l a5,z 52 50 0285 18 ol sb e 5 Sis glads iz cow g lalS (ialejl Jsbo 5
S il S0y Cagby ax B S Lol ooy ojlal (asys Ve ogdley (glas e <8 b) Ol S5 i b g yhats
Klute, ) ss pbxil 5 S 2y, 4 oS b s uSoslasl (pialesl £953 51 o ole Vo 9 0 ol (6w b 09
sldlaS s s «GMD) BUEC PR S ¥ 00 «MWD) S8 S Sl sboasles 3l eolaiul b QT =l (2002
S o3lasl (gasals b ol sl (6 yokiie opl sl 08,5 Lo (D) laaslass JusT,6 o g WSA) OT o Il
Jes plol Jb o ley S o e ool IS5 Gl 35 0 aiBs jo 490 Fr les b aS o ol yio duo £ 6 /40
el e oo 4 463 )+ 55 )

abal, 51 LS8 ae dwlre (gl ol 0aiSTyy 00g5 G (S plad Cools 5l (g kae S Gl ojlail JUST,8 as
el 00l &5L1 (VAAY) & adaile awgs a5 ol solazul (V)

W

=3\ _z
_ 1|:ug|:—1 prtt N B

logXi
-aSS L) 4;;..~.e|5 as 009y JLS‘JS sey] :D 9 wla sae b ‘f" i Sl )]as Xi ‘f" i S S9) 6‘.@:\.3‘.&55 39 Wi QT L as

SlS 25k ol Waosls (g bl Jeloes 5 a3 ol 5550 AlaS1 sladSs wsly 25,55 D azye il o alaSs o

M

o oolizl EXCEl 531 o5 51 Lo logas amsy syt g plol SPSS 581 o5 51 onliceasl by 5 oy

2l 4 Cand (6,0 e B 3o 10 ¥ g (g9l slo,les (00,5 4 pw, S 0 a5 cwl ] 51 S s

00 8 @ 50 D sasles 0550 40 puizmen 010 WSA g GMD MWD polie ;0 ao oV jlegn ol slo,led
el 00l Ao 10 Vg (ol o lend g wald 4 Cond ales pl o Jme alS el oo Vg g9l sl lens
degamo )3 ) Shd St e o 4 (om) S0 o3 1 sl sl lajles po JUSTS as lade ud oS
olass 05 Lo,8eS> g i yo SIS slawd o oSl Ko JUST,8 o o5 polie abl oo culpo OIS 4 cod S
ol Ll 4 e S 0 55, O3 S i jea> (Perfect et al., 1992) aib o 1,3 o3lail aoje 0 5, 3
Gl ) oliel 5 45 ST 50 3L g o5 ey Jlaiil 5 b 51 3L Slgiise 1y el ol S95se 5 5LutiaST
phloliz! gl cuis sbalaSs sbul 5 ) O3 o Cude  Sinad Cadls Wigd oo Jold |y (o) i S
O S 3590 10 a5 Jhge 50 00,5 oo ledlaSE liEl cel S o e, iali8l e (Sohi et al., 2010) el
Sgnte S 5o JT olge g loye Jud 5l S olge b l>gn Jelas (Shrestha et al., 2007) aib oo WS 51 oyl
Slpess cpl IS ek 4y (Jeffery et al., 2015) 098 o yob; S (0 biges b ) jpa> 10 S ganails 5 ezl
g on oy S0 e o Se Dl sy sloul el do o ¥ VSl g 00 )5 mhaw iolidlas el ) Sl
oanlice ;o53e slo S5g 5l G sl dall g boles s (g4l0 Sre OS] sog) i S5 y0 a5 conl > o )
dnlie mls o)l GlaSs g laul sloasles jo (6,80 s ojlail lue cpl jo a5 was oo lis @S zen Lol

ol 6aa] ) I 0 alasls g lal sl » S g4 g jlgo g9 Jiliie 31 Sl

b wimen ol ey b S 0 (WSA) O jo b slaaslass as s (og 505 lp axg BB s wilgs
Salas s sl jo ol 4t pl p (6,500 o Wl oo oy S 4 s oy} oo S 0 JToole auo o (o



ORI SE pols 0,55 (o U

S cblis g Cu o allie jye Y45 o0 AL F

2 S ke 4y ey 5 ool Jole 5051 (o a5 (5550,0 5 Cenl Sl Slls oy 5 Jloole puShaS o0l o Sl
.(Schachtschabel, 2002) s2s coi 7, LalaSls 5 laul ol waail asly jga> S

wsa (%)
GMD (mm)

alz ce1% 3% Fe1% Fe3% L Caa%  C3% Fel% Fe3%
b los b Lo
B o) Hg o0
1.6 4
6
1.4 -
5 1.2
4 'g 1
o 3 E s |
2 g o6
1 0.4 -
0 0.2 -
(o)
L C1% Ce3% Fe1% Fe3% .
aald C<«1% C 3% F¢1% F 3%
byless b, lons

Sl g lul sl » S g9 g slzam g9 Jilite F1 (Sl dmnlio -) S

39 OSiles sladyled jlogine Sl el glab j5bo 4y (JUSTE say diled 4 (loj CubdS 45 w0 e Ll

&S sl Jyo pl (P <0.01) conl onls gy S0 ol ol slbalaSs asjs g ,hs eid 5l oyl

Jolo mls el alily oy i S 0 GlaSE g lal sboales 5l plaS e 1 (s)lo s U e by <3S
RCOWI PRV RO ooy s S g 5l Cow alize slaasles (Sl anslio

1.2 4
1.6 - a o . L
a (ole & 3las) Jgl oo
1.4 - b O 6le 0 51 anp) Jsl s 1 b O Ve jlam) 9o oo
12 - O (o V- 5lam) pgs ooy
’ ~ 0.8 A
. 14 1S c c
E o0s- € o6 -
3 06 - c =
3 o 04 -
s 0.4 -
0.2 0.2
0 T 0 :
= o ) P
S ey S ey



11 S pole 0 55 o 5l

S cblis 5 o o alie s VWA e AL S
37 06l 8 5 aw) J ole; a a
25 | ‘:‘gu Veosham) pgs oo 90 - a O (o & 5 ax) Jsl olo;
b 80 - b O (e V- 5l om) pgs oyle;
2 n 70 .
C C
60 -
o 15 S 50 -
<
40 -
1 i [%d
S
05 20 1
10
0 0
e o b = e e
S ey s ey

SIS )l slaasles y plog 3 S £33 Blite 1 uSilen s lia - JSC&

0y S S e JTaVlasl ilEl 4 g |y gy SB 50 loy SIS L jlasm e azse 36 Sl

@ g JI oVlasl e as asilys oo lag B ca g ady, a5 0l Glgie 5,155 50 0 G jlg jga> Az yo
oS S Ll s Cols 40 g iy Slaess ol g 5, OL3 Ggler Gub 5l Syp slbalass ¢ .5 S
alpl Bk 5l g oyls S sl S S5y Ll b sen 59, lostlh DIl =g (Tisdall and Oades, 1982)
sl ely> (Hardie et al., 2014) cuils valys SB sy o plo 5 13U galauly 4 oz B g5, (conlins
b ggose onl S o pld S slocy,Sie (Suij Glp 1) Gy bl YU JT )8 sile S SGjo canlis
A b Sk sl aled et 1) lrge 08wl (BT s balaSE (g laly 5 alaSe LS wlgs oo (059>
Ol el G¥sb anlp S ol gyl 5 pleisle ohg 4 S (Sond sla Shy o5 45 pee cnl Gibl
A ,S az S (VoY) o)) en g g ailice cimgy 50 sl HUaml B o 50 50 Jlagum 0938l 31,0 alass (gl
0,90 il a5 b o il balaSls 5, SIS dge j0 (o5 Sl g wDae oligS yawligSSl oy50 4o a5

iy walss of gz JB G ole V) 4y G genlisSS)

S 35 A

Sk s LSS e Vol 5SS g (b ojlul g0 g o3 T ) mhaw 90 )0 i St ey g ]
o J 5o IS ek 28,5 )18 (o) 2 9550 HaeligSilole Vo 90 D sl (egd b g oy S g9 90,0 wilass
S o Ol pl «ed,5 13 g ojlail g 0,5 e 130 Cod pw, S 0 Cutie Dyg0 4 gilualass w8
Slge 3 Ylaisl sy codlad ‘_gﬂ Slge s Hlai 51 S adgl bayl i a8 el S lay () 0sd o pime sag) B
ol oole S 0gs Fge slp 0 lo w4 aes oo )8 O cou |y gilealaSe  cw ) Jl) dles 51 oDl
35 Ll Gl ey 5 4y o5 020 sladg) byly 5o (sDls omlyign ST g3ty ol S 5l ok
I 5 o 1, o1 Sl 1 5SS ol b (s JIE5 S5 e (ol 55 Sl 03555 bl,d pasmisi ST

s
&bw

oy S Sy Sl sl e Seld dlagy (ey JE5) Jlase oo (S mtanl gl Sl
AYE VYV glaamin (F o)led YA als ol g S pole sloingy, ale \TAF

Busscher W.J., Novak J.M., Evans D.E., Watts D.W., Niandou M.A.S. and Ahmedna M. 2010. Influence of
pecan biochar on physical properties of a norfolk loamy sand. Soil Sci, 175: 10-14.



11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

Hardie M., Clothier B., Bound S., Oliver G. and Close D. 2014. Does biochar influence soil physical properties
and soil water availability? Plant Soil. 376: 347-361.

Jeffery S., Meinders M.B.J., Stoof C.R., Bezemer T.M., Van deVoorde T.F.J. and Mommer L. 2015. Biochar
application does not improve the soil hydrological function of a sandy soil. Geoderma.252: 47-54.

Klute A. 2002. Methodes of Soil Analysis. Partl. Physical and Mineralogical Methods. Soil Sci Soc. of
America, Wisconsin, USA.

Laird D.A., Fleming P., Davis D.D., Horton R., Wang B.Q. and Karlen D.L. 2010. Impact of biochar
amendments on the quality of a typical midwestern agricultural soil. Geoderma. 158: 443-449.

Li J.H., Lv G.H., Bai W.B., Liu Q., Zhang Y.C. and Song J.Q. 2014. Modification and use of biochar from
wheat straw (Triticum aestivum L.) for nitrate and phosphate removal from water. Desalination and Water
Treatment; DOI 10.1080/19443994.2014.994104.

Liu X.H., Han F.P. and Zhang X.C. 2012. Effects of biochar on soil aggregates in the Loess Plateau: results
from incubation experiments. Int.J. Agri and Biol, 14: 975-979.

Ma N., Zhang I., Zhang Y., Yang L., Yu C., Yin G., Doane T.A., Wu Z., Zho P. and Ma X. 2016. Biochar
improves soil aggregate stability and water availability in a Mollisol after three years of field application.
Plos One. 11(5), e0154091.

Mandelbort, B.B. 1982. The Fractal Geometry of Nature. San Francisco, CA.

Mukherjee A., Hamdan R., Cooper W.T. and Zimmerman A.R.A. 2013. Chemical comparison of freshly-
produced and field-aged biochars and biochar-amended soils. Chemosphere. Solid Earth Discuss, 6: 731-
760.

Perfect E., Rasiah V., and Kay B.D. 1992. Fractal dimensions of soil aggregate-size distributions calculated by
number and mass. Soil Sci. Soc. Am. J, 56: 1407-1409.

Pietikainen J., Kiikkila O. and Fritze H. 2000. Charcoal as a habitat for microbes and its effect on the microbial
community of the underlying humus. Oikos, 89; 231-242.

Schachtschabel S. 2002. Textbook of Soil Science. Ferdinand Enke Verlag Stuttugart. Paper No: 394.

Shrestha B.M., Singh B.R., Situla B.K., Lai R. and Barjacharya R.M. 2007. Soil aggregate and particle-
associated organic carbon under different land use in Nepal. Soil Sci. Soc. Am. J, 70: 1194-1203.

Singh B.P., Fang Y., Boersma M., Collins D., Van Zwieten L. and Macdonald L.M. 2015. In Situ Persistence
and Migration of Biochar Carbon and Its Impact on Native Carbon Emission in Contrasting Soils under
Managed Temperate Pastures. Plos one, 10(10): e0141560.

Sohi S.P., Krull E. and Bol R. 2010. A review of biochar and its use and function in soil. Adv. Agron, 105: 47-
82.

Troeh F.R. and Thompson L.M. 2005. Soils and Soil Fertility. Blackwell Publishing, lowa, US.

Weng Z.H., Van Zwieten L., Singh B.P., Kimber S., Morris S., Cowie A. 2015. Plant-biochar interactions drive
the negative priming of soil organic carbon in an annual ryegrass field system. Soil Biol. Biochem., 90: 111-
121

Xu G., Shao H.B. and Sun J.N. 2013. What is more important for enhancing nutrient bioavailability with
biochar application into a sandy soil: direct or indirect mechanism Ecol. Eng, 52: 119-124.

Yoo G.Y., Kim H.J,, Chen J.J. and Kim Y.S. 2014. Effects of Biochar Addition on Nitrogen Leaching and Soil
Structure following Fertilizer Application to Rice Paddy Soil. Soil Sci. Soc. Am. J., 78: 852-860.

Effect of rice husk biochar on aggregate stability in two soil types of clay and loamy sand

M. Ghorbani, H. Asadi, S. Abrishamkesh
Graduate Master of Soil Science, University of Guilan; Associate Professor, University of Tehran, Assistant
Professor, University of Guilan



11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

Abstract

The aim of this study was to investigate the effect of rice husk biochar on soil aggregate stability. The
biochar was produced from rice husk under pyrolysis condition at 500 °C. The effects of two sizes (natural and
finer than 1 mm) at two rates (1 and 3 percent) of biochar were studied on aggregate stability on a sandy loam
and a clay soil for 5 and 10 months durations. The experiment was based on a completely randomized design
with three replications. One kilogram pots were used and incubated under wetting and drying cycles. The results
showed that the use of biochar at 3 % rate resulted in a significant increase in the aggregate stability in the clay
soil. In addition, increasing the incubation time from biochar application from 5 to 10 months resulted in
improvement of aggregation in clay soil, while did not a significant effect on loamy sand soil. Also, two
different sizes of biochar had no significant differences on aggregate stability in both soils.

Keywords: Porosity, Surface area, Soil texture



