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Background and Objectives: Phosphorus (P) is a vital macronutrient for
plant development and productivity, playing a crucial role in key
physiological and biochemical processes, including photosynthesis, energy
transfer via ATP, nucleic acid synthesis, root growth, and cell division.
Despite its importance, the availability of phosphorus in soils-particularly
in calcareous soils-is significantly limited due to its tendency to react with
calcium and other soil minerals, leading to the formation of insoluble
phosphate compounds. These reactions immobilize added phosphorus
fertilizers, making them inaccessible to plants. In calcareous soils, where
the pH is high and calcium carbonate is abundant, phosphorus readily
precipitates as calcium phosphates. Consequently, only a small fraction of
applied phosphorus remains in a form that plants can absorb. This
inefficiency not only reduces crop yield potential but also increases the
economic and environmental costs associated with excessive fertilizer use.
To address this issue, researchers have increasingly focused on sustainable
soil amendment strategies that can enhance phosphorus availability.
Among these, biochar-produced through pyrolysis of organic materials
under limited oxygen conditions-has emerged as a promising candidate.
Biochar possesses a high specific surface area, stable carbon structures,
significant cation exchange capacity, and the potential for surface
functionalization. These properties make it suitable for modifying nutrient
dynamics in soil. However, most biochars, especially those derived from
woody feedstocks, tend to have alkaline pH values, which can further
exacerbate phosphorus immobilization in alkaline soils. Therefore,
modifying biochar through acid treatment has been proposed as an effective
way to improve its properties for nutrient retention and release, particularly
phosphorus. Acid treatment can lower the pH, introduce more functional
groups, and remove base cations, potentially enhancing the biochar’s
capacity to retain and release phosphorus in a plant-available form.
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Materials and Methods: This study was conducted to evaluate the effect
of acid-modified almond shell biochar on the release and availability of
phosphorus in two calcareous soils with contrasting textures-sandy and
clay. A factorial experiment with a completely randomized design was
carried out, incorporating three main factors: (1) biochar amendment (no
amendment/control, 1% w/w unmodified almond shell biochar, and 1%
wi/w acid-modified almond shell biochar), (2) soil texture (sandy and clay),
and (3) incubation period (30 and 60 days), each with three replications.
Biochar was produced by pyrolyzing almond shell wood at a temperature
of 400 °C. For acid modification, 200 grams of the produced biochar were
saturated with distilled water, followed by the addition of 11.3 mL of
concentrated phosphoric acid (HsPO,) and 34.9 mL of concentrated nitric
acid (HNO3). The mixture was stirred thoroughly with a glass rod and then
oven-dried at 60 °C. These treatments aimed to alter the surface
characteristics of the biochar, particularly its pH and electrical conductivity
(EC), as well as to introduce oxygen-containing functional groups that
could facilitate phosphorus release. The treated soils were incubated with
the respective biochar amendments at 70% field capacity to simulate
realistic soil moisture conditions. Phosphorus release was monitored
through sequential extraction using sodium bicarbonate solution (NaHCO3)
at multiple time intervals: 2, 4, 8, 24, 48, 72, 96, 240, 336, 456, 600, and
768 hours. The extracted phosphorus was quantified to determine the
release pattern over time. To model the kinetics of phosphorus release, four
commonly used equations were fitted to the data: first-order Kinetics,
power function, simple Elovich, and parabolic diffusion. These models
help in understanding the mechanisms and rates of phosphorus release
under various treatments and conditions. The determination of the most
suitable Kkinetic equation was generally based on the coefficient of
determination (R?) and the standard error (SE) associated with each
equation. Equations exhibiting higher R2 values and lower SE were
considered the most appropriate for describing the elemental release data.

Results: The results indicated that the acid-modified biochar significantly
enhanced phosphorus release in both soil types compared to the control
(P < 0.05), while the unmodified almond shell biochar did not lead to a
significant increase (P > 0.05). The highest cumulative phosphorus release,
144.6 mg/kg, was recorded in the clay soil treated with acid-modified
biochar after 30 days of incubation. In general, phosphorus release was
greater in clay soil than in sandy soil, which may be attributed to the higher
cation exchange capacity and greater organic matter content of the clay
soil, both of which enhance phosphorus retention and release dynamics.
The acid-modified biochar exhibited a markedly lower pH (3.0) compared
to the unmodified biochar (7.1), and its electrical conductivity was
also significantly reduced (0.0026 vs. 0.46 dS/m). This reduction in EC
suggests the successful removal of soluble base cations during the acid
washing process, a change that likely contributed to improved phosphorus
desorption and availability in calcareous conditions. Among the kinetic
models applied, the power function and simple Elovich equations provided
the best fit for the experimental data, based on their high R? and low SE.
These models indicated that diffusion was the dominant mechanism
controlling phosphorus release from the soil-biochar system, especially
under the influence of acid-modified biochar. The model parameters-
particularly the intercepts and slopes-provided further insights into the
dynamics of phosphorus availability. A higher intercept signifies a greater
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initial release of phosphorus, while a lower slope is indicative of faster
release rates. The intercepts of the best-fit models were highest for acid-
modified biochar in both soil types, suggesting that these treatments
facilitated the most rapid initial release of phosphorus. Conversely, the
slopes were lowest in acid-biochar treatments, reaffirming the faster rate of
release. Over time, as incubation progressed to 60 days, the intercepts
generally decreased while the slopes increased, reflecting the natural
decline in phosphorus release as the soil-biochar system approached
equilibrium. Notably, the acid-modified biochar maintained a higher
phosphorus release rate over time compared to the other treatments,
underscoring its sustained effectiveness.

Conclusion: The findings of this study demonstrate that acid treatment of
almond shell biochar using phosphoric and nitric acids can substantially
enhance its capacity to release phosphorus in calcareous soils. Compared to
unmodified biochar, the acid-modified wvariant showed superior
performance in increasing phosphorus availability, particularly in clay soils
with higher nutrient retention capacity. This suggests that acid-modified
biochars can be effectively used as soil amendments in alkaline and
calcareous agricultural systems to improve phosphorus use efficiency and
reduce reliance on synthetic fertilizers. Furthermore, kinetic modeling
provided valuable information on the temporal dynamics of phosphorus
release, offering a scientific basis for designing more efficient phosphorus
fertilization strategies.

Cite this article: Bazivand, Sanaz, Motaghian, Hamidreza, Hosseinpur, Alireza, Sodaee Mashaee,
Saheb. 2026. Effects of Modified Almond Shell Biochar with Acid on the Amount and Rate
of Phosphorus Release in Calcareous Sandy Soils. Journal of Water and Soil Conservation,
33 (1), 223-243.

© The Author(s). DOI: 10.22069/jwsc.2026.23821.3816

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

¥Yo


https://doi.org/10.22069/jwsc.2026.23821.3816

PRYY-Y TR b LUS

; S g of chlis b yidgi & i
YYYY-YVAL 10T LLS 9= SRR 4 puid

LT
e e 2

(e,

o 9wy (ST SIS )5 Haud (53wl )T 2 p1ol Cawgl (ol Jl> gm 1
il olssw cbo (T 5 o Lo e (T OLE Lo e (5550 UL

realsan75@gmail.com :asbll, .ol ol s S g oo 3 e ol ((355LES aaSiils (Sbt wdige 5 pole Al mli)ls st gol L2305 )
motaghian.h@yah00.com :asbll, .0l sl s S e 3 S g o5 (63,58 0aKiils (S wkigs el 05,5 Sbils o ghams ok 35 .Y
hosseinpur-a@sku.ac.ir :asbLl, .ol ol 3 S e 3 S g o815 (g, 3LaS oaSiils (Sl wdigs ¢S 05,5 sl Y
5000aie@SKU.AC.IT :asbll; .0l 5l 3,5 14 3 S g oliils (53, liS o aSLiils (Sbt wkige s pste o5 S sl

oS RIFERIEE
Sl aE & ol DLLS L) Gl s e pols 5l S a1 5 aale W s

Ul 4y Ay 5 (Johor ool (6550 DI G gid il (S5 055 sladul b s Sl
Sl 55 e Sb Sdae sliml b Lind VU s i 2Ty s 4 -l LS e
Ll Jlomal slacaS 5 S8 4 Sb o ol o33 Lad ook Mde (Sl
RS b e sl g ol oS s Sl 5 038 gy oelS Slalind
03 el odd (5,58 s g laa e LI 5 e hed SlassS B ras (S
L Sbt slaediS ool Ol ar b g o 51 s 5 JT 305 1 eslinal ) sladl
3w ol ol 43S 13 OIS fasn ar g sose R ole eald g Saa
Sl 3 ens Ol 5Ll T slge ol S5l Jals b b VL e gl 0o Ll
Aeb RIB Gl S e Olpea Sl ol sbanlp Gk ) O et
o3litel bl 2l s ol S 5l gy SV PH Ll il - s SB s e s
Sl 3 (8 15 e ol Dl 31 bl gl gl 3 d LB el s i
Tl plend la S Kl o Al b sl s 2Dl |5 a5l a8 S5 s i oz

LS g |y 1 ole (gilealil oS das i gl S 1 Of

B s TRYXY LS mlesT il 5leal3T b s ey gl il g, 5 8l ge
Jels bl s sl SISE T s SaT Sl gy s Sl eslinad L ol SLS £ b
doy Vg pbl ey b S35/ S5 Aes ) (Aall) 58 0s) Sl sl S
Ol (b 53 (s 5 8) Sb g5 psn 5586 5 (ol ool Gy Dl S35/ 550
mn b glos o pbl o ates Sl eslial b jlrss o Gao Ve 5 ¥ 050l S

e b gl ke DT 5 sy 2 53 5 Slrse 31 p S Yor Slie a8 A5 s

b = ke S dlie

EFER 7AW :C.-;l:_)b @)U
28/ Zﬁ'ﬂj @)U

VAN Gl G

(S glaesly

Sl il

el by 0dd Sl Sl s
Wrdslil e

St slad e

AN


mailto:realsan75@gmail.com
mailto:motaghian.h@yahoo.com
mailto:hosseinpur-a@sku.ac.ir
mailto:soodaie@sku.ac.ir
https://orcid.org/0009-0003-8204-2502
https://orcid.org/0000-0002-9015-4614
https://orcid.org/0009-0009-7670-450X
https://orcid.org/0000-0001-7129-6601

Sl I e YEA 5 (Mo A8 o o/ o doys) ke s dnd 1) e VY
233035 o lied D3 b WLl O 4 Bde (Ao W o/ o Ao y3) S 25
23 5 0k Lolrse L S gl Uil S osed a0 T glos s ol
SR (05l SN 0y 50 OLL Sl ey LAd SOl ol b b do s Ve cob) Ll
FYU X AT VY BA T A Y gladley b3 Jigme glsnal s sddsl3l i
Bl (St Glade A3 gl e Ol S skoe b cele VIA 5 10 807
5oAs el a5l Jeols slaesls SIabl 356 5 esle sl (GlS al sl as e
St Dalan g s 03 S e il sl 1 il 0ABsIST s ol 5
38 S bl a4 by skl o 5 cols elel o Yies
rp Olgsa Al il 508 skl glat W s o e S plaabsles

s ol Sele AT glassls o 5 53 SYsles

Sagme Il e e Gl Dl Jles (S s a3 oS 0l LS w5 laaddly
el at gy sl g S 53 i dals [l & S 03 31T e ind (P<4/00)
s i o 5 i (P>/00) SIS el ST mesd ied lMie (gl me L0
S o SB 5 deal Lot oSl Sl g e 53 (p SAS 2 p S oo VEE/) skl
i Sl i ey S s el a1 i Slide daled des 3 A sdalis 35, T
g only e ey St S he JTesle 5 5558 Isls b b s 4 Ll e oS 5y
S EC 5 (VY 2l 55 Y70) Sl PH GLls  Jsems Sl s b acalis 55 (sond Sl 5
s 02 S s S 5 LB 2al s (ASIM) /8 s 5s /e S0S
5> A3l il 5 piaed dnTp b 5l slosslS Bl s Ll e s
DI b aslo sl 5 G185 b dslan Lajles amn 53 A asiie o S gladde o)
S il Ss Vslae 4 o skl Gl (508 5 S B (0 S e D3
O 33T aT 3 5o lasl el 03 I by el pl Amils s ST (slaesls
o 3l Lt SVslee o slie ol andllae 550 slasles Sbosu S5l s
b3l ol alm jo 3 i (g3laslsl oo 0 iSOl Tis 51 58 Slie 5 jind (g5Lasl3l
@ 5 15 @l 00 i M Sl 5 e g el i (o 15T i ) lie)
S W T s s dald Sl SN a5 s ey S s sl Glaslr g 53 el
oz el sy Sl s Slaslas o S8 s s S s a3 ol sl s ST
2 elre Gl Gemed 3l Gl el s e 53 5 sy dals S s O &
ool (gonl Sl Slaoled 03 et B (5SSl SR ) S
VSl e e 5l e bl ol Sl il Gual3l 5ty S s dasOlES &S A
Dleg a8 sl Olis die cpl Culys wcdl il sy ol Fals 05l S 5,
CiIE L plpesdle i St s i gileslil e o e gl Gdanl e
s Dl 53 5 3l el (leslil o b Jas e sl el e (0 gl 5SSI 0L

Yy



S Al 5 Soid dend bl g ol 4S5l 0L tagn cpl s 1 S e
Obrse b oanslis 55 o3 0 Sl oSl 5l eds o1 jand a5 LB 515l o s
Sk s S s 3l s i eslinad Subl s s 55 65 e i el s
Slapioms 53 01 LI Sloane ©lp slrsm albesd ol Coenl  baadl ol
53 o jhd (B35S dgy o pde Sl ples Ll e 503 S el b Ol Jsb 5 b s,

AS ol 3 Sal ol

TYP-YEY () WY (ST 5 T clilin slaiagh b 5 oy ST GBS s i
DOI: 10.22069/jwsc.2026.23821.3816

e © U5 e 5 e S5k

YYA


https://doi.org/10.22069/jwsc.2026.23821.3816

Ol ed 9 2ig23b JUlw [ e 2 5l Cwgy Gum! g 1

(b S S 2 Gk Sl s ) sba
L pied 4 olS o pes (S a5 ol
Sor old eiien s SIA(0) das 1l
ERNFTY SO [P NP P RV O
V) e s slasl= pH U

Slp el bodd ol glajlr 5o 51 eslinad
|25 Al dode Ll o pnd 5 ealial B 55
5 bt S S5 Llge Al Ll s Ol
G3lsl3l oS dms is S 1) O ey e
5okl OY OV A) U feed | gl obe
L oeddmdhol Sl ge A s n 4 (Y2TY) 0L
SOk 5 s e RIS S e A
WSl LS s ety o (Sal Sl s o
ChlE (e ssba eddal Sl Sl eslind
OF jastag e als Gl ot i
Slde 4y dald Slas 5 el ol sl g 4 o
Ll b Sl ol sy SSVsE e S UG
S obrse e S Shs e s S
Gl ol S A G dols y Clr e b e
Gl s i sslinal SobB JlBl 5 slul
botasn o r s ol L0758 Sas (Sal
4 S Sl g 5 ad gslaslsl a8 Wilesls OLES
3 Fp 3 5 Al SEalS e 5l sl e
e O8O A) cl s 1S Ll
g s el Bl Gl 08 S S o
ey o B (G50 St St 5 S

5l 5B e Ly dols s jad &S 0T
SIS NS W RO PP RCEN IR
OF Sl eslizal Cllb 55 (glodiS s ik Sbt
Dy e ly s s (V0) 5 LS sl
O e Jolse 5 S 51 i oadslyl S
Sl oy 55 (23355 S e 53 YL ol

Yya

Aoio

A Glp sl 2l els ) (S hd
sl p 53 5 s sbede VLW g
“ioy anes 5 sk a5 WD i 8
05 sy saad bl Jcpl Losyls L8
ot A 25 ol oty Sl Vgams S Jplons
ot s iSls 3 Copmay S a5y
23 ol eddnd Gla S5 @ 503 S oS S
G e 5 ol b jhs Ol (Y )
23,5 g0 S s 3 b F

Sal glasl oga eSS 51 ol o
JS5 s a0 ad glas S Sl e 55 Bl
sl Ca?'-P) ds— jis Jyloel slacS 5
wle gl (008 X sy e o BB Olals
03 o5l slaslagy 5l eslizal (s sdoe )
ot 3 6l @Sl Ol sea Sal glasls
oddos g3l sl ol 4 S 13 ax 535550 iud
$os b ol pnSles S0 L Llg e S
s s I 5 AT S e Sid sans
by OF Glor Sl 11580 5 hed S a8
L I slse 5 e eslizal (e Lgd oS
Sl S8 5 i Ole Sias ladisy sl
das e GRlB L ey jaed ol S
()

G 5l A Sl S 5l e slesle Gl sy
O5enSt 3l 2gdee ) 50 5 e3 Sy ol
s 5 S sbShs esde AS
S W ehy e Lle Sl 5 Ba e
s 5 Al S G Glsme by GsslS ls
ol Gl s Glau S w1 0T (ol ole
s Al ol ole (oo Ll s S
Ll oo srse 2,08 (A A Y) cl o S Lus

2 5 Jole id LIS L eles sbay 0



YE+0 o) b)lows &Y 8,93 u51$9 ui cblos C» g5

arys b gles s el laaisy Glrse 4
sddodnds 30 (b gl sral gl O5y5 e sk
OB el ¥ e 0558 53 el s L
VSISl g edasS edd A Slrs 5 (YY) s S
o3lized b Lol 5o 5 Shas (i 0305 55 (5,20 s

(YA) A3 aalme 25 g 5

S O
X\

(D aslr s s Shas =

ruuu&:)-oja;;

BRI ¥ S R TR W P T
\\/vw.ucu\,az‘gu,@)f@
e Aey) Bl a2 L
Lo ys) Sy el ) e YEA 5 (Asys AO
Sipr b s WLl 0T & (s W o/ o
e Vgles 3 g L3 s a3 e el
EC CEC ks (Y& V) Lkd St o goes
JS s ) L oT ) 6V e
Loas slatin, bopll slaatay ol s
A el (T0) SUH IS sl 4+ S5 !
s S asllas gl :0A8L 5 5 LS Hles
FxYXY LysSB Jilesl Caus odsll cs e
g5 55 ) eslizad b aslas QLIS 2 b LG s
Jola Jrbesl s alil SIS Y s Sl Sl
dosn ) ald) 58 05 Sleg sl S
/555 o3 Vg el Cagy Dlrse S35/ 550
g5 p05 o5SU 5 (el ool vy Slrse S5
) Sl Oy b s (s 5 i) S
L OLSSY e el Dl g sems 53 35 Gy
AE Lol s 5,5 S Lges Sl p S YO
Voo hie O 5l aslial L Sk Cushy
WALl psbteas 5 ol s e o b Ao
0393 53 S B S B s 5s, e 5 gl

335 a0l 5 el 03,5 055 L oSl

Y.

plosil s glalr g 5 SISl s 5Ll
Sl J=pl L OA Y N0 A) el i
2 el bedd Sl glaslr s Sl eolys 35 50
Loo5s e dﬁﬂ sl s el okl S
sl 5 gde g (il lacsl
O 3 5raS ol S di5 55 Jind Comal 4 4 55 L
Se 03 Llrsw b 5 Sal gbslE s
or Rk ol Ba el oS s
3 ophl Sy Slll Sl eddag Db At
53 e (53l e ol L 0T el

FYVRES- SPVE RO P PR WY I { P

%9, 9 3190
SLwiged 53 sy cnl 02 1S (g)ls ki ged
Y oehae Y G e s b L ST L
5 dowler Okl Sl glasls (e sl
e St o gad (e A azils ol
RN FSIPRPSCoN W S [ RPN W e .
O Ad e essded o) 4 St sladisal
4 SEY 4 Uil g 53 PH aS ol s
olas 5 (EC) Sl culus el oY) O
b dsles edS Sl S oVY) OF 4 S Y )
b Bl ol sl s 5 Aol b 05 S (2 55
5 OspeldenSt ias b T op S (s oS 55
Sl b, LCEC) Sssls Jols s b 5 (YY)
b i S S 5 aslisad B s oY) ke
el b a5 (V) sl sla s,y 5l el
(TY0) L3 5 puns (T8) SCIS 5 sl + S 25
Shoeslizal b laejlae 3 ind chle (e

(YD w3 5 (S e3lul eSS
olsl (SLapl Sl phsl o (slaai gy 1)l g 45
5aed Ol L 5w ol 5 Jleasler Ol o

sshedy L 32 s G gl s) Sis o



ol s8o2 g Wig 3L 36/ ..

2 PRl Cwgy gl g 51

5 om Sl dol s  Selas s
3 Y0 gles 3 5 5L STl s bk sed (g xSe5Ikl
(g () A onls 13 555 N Dol 4y e
Soao Ol el b laslas s il chle
(Y e (S eslul aenSS

WJsl ad,e SVsles claosls w,I@}. 5=
o) el sl 5 Slg mU ((Sdabl sl
9 ol ad RERE s glaesls 5 ()
OO D ] OON | FExS o W
Ods ST G e e Gl Je op e 35 5
3,5 eslizal i

bk Aoy Ve s S cusb; hie O L
BLINTON V{0 PPC RO WL | VL SRV L PRV
Oley s sdEsll Ce o 5 (gls pdged LSS

S e ) S e
OLLl Ol a5 e fjhed OS]
it OdEl G ey b S
Yool s 4 St wised 0 S S Sl e men s
5> (PH=A/0) N4 /0 e Sl S o 2 e
oo b elaal by ae, S Sl glad )
GATE A &Y ol s I 6,8 las

)‘.LS.A Cele VA 9 e g0 XY Y AT VY

(V) Sags cnl 53 esliial 3,90 (S gladsles -\ Jgu
Table 1. Kinetics equations used in this study (1).

FJda Jolas
Model equation
s
In (Po_Py=a-P,.t _J’ =
First- order
P, =a+Rt*S Sl Ll
Parabulic diffusion
P, =at’ S5 et
Power function
a:Lw @)jj\

P=at+1/BInt

Elovich Simplified

s sl o BaPIR D @ 5t ol s (MYKY) edssl3l i Slade Pyccele VIA 51 s (MGIKG) stisl3l i laie Py *

Leil e aalslae

Py is the amount of phosphorus released (mg/kg) after 768 hours, P; is the amount of phosphorus released (mg/kg) at
time t, and a, b, R, P1, and B are the rate coefficients of the equations

e ShlE sdsolis s s PY s POl s &S
U ol 5o S s and sld acules 5 ol
od oLl esls LIS sl Ny daes Sl
(V) el
JoLo bl am Sbb B e S
B S v P PR PO PP V] Vi PR G
Sy St Sl g s sl Sl lelse
5 eslizad b 0l SO Oloy b 53 and OEsls

AR

Lo o liS o 5 Jdo (g 2 oS S
sl glos 5 (V oaady) R? S and oadslsl
.1\3‘5; obu.:.‘u‘ (Y 4}4;\)) (SEE) JJJT):

)

total of sum of squares)

R? = 1 — (residual sum of squares =

270.5

(P -pr)
T (n-2)

SEE = )



V€0 ) b)lows XY 5,90 ‘Jl&, ui cbles dbU@Sf

Dy sl W) oy St 58 sls e o

oo il VY) o S 51 5o (S AS 2 0L
S Al e Bl s (SHAS 2 b
‘-/\-\::JL? W) Jb— DL Lfﬂ obLA 3 U ngb )\J.E.d
CEC u‘:‘i\f‘ 03 e J.ALC« 95 o oSl
\’/'\\/ s 6l> L JT o3ls )‘J\i& u:ﬁ}ﬁv-ﬁ .J\.;)\.)
S g Loy /W LS o S s 5 Ay
9 eJ:.>'-..> d‘); DL 4?-);()4\5 Q)Lﬂj c“bg‘)m
DL JSM 9 (JMJ}‘ U;j)) ealeial J;L; ja..m.s

SVVA s ja) 35 b S 3l S e s S
5ol JB ol sl eSS e S e VIt
bb Ba ajy\_@ L;.A) 6\;— 45 MJL;‘ QLJ;: ij
Sty Yzt Gand o3 6l YL b Os s
il5 e S el S5t b e S

5 T el Jayl 5 C 5 Ole cus IS L

b melr Jle s e dip IS bl e
A& ey, (Generalized Linear Model)
G O el b b Sile wlis uopes
bodoss 0 Jlaml mha 3 Sl (slavlstor

A plosl Statistica lsle 5 5 eslizad

Cou g b
s ol 02 Dl s LS S Sy F
(o 5 ) glite Glacil b S 65 5o
ol bt 5 (Sopd S SRy A A sl
33 A PH e ool ol &1 Y Jis s S
VIO ) iy 3 olE essdme 3 Sl
S (o) S Gl VA 5 b Sl
33 Cansdos Jlaxsl 5 Kol bl siasolis
St S colis LB el jals el b
VA Gl 53 YY) S ey S S R
Jsloes (S Slaie Jsas a5 (o 5 ey 3 oo

s 3550 GLSE plasd 5 (S s Sny Fp-Y o
Table 2. Some Physical and chemical properties of studied soils.

0 S B ] Jsles ol Toslo
A sl it <, =S JEVTALSl ” J‘J' N - -al
Totalp o o oA qC‘“é%e”t Organic o st sand
P-Olsen CEC EC aC0s matter Texture
mg/kg  mg/kg cmol kg™ dsm* 7.
249 74 1.2 0.32 75 35 0.013 3 11 86 o
Sandy
834 16.8 18.6 0.18 7.6 64 2.67 60 33 il
Clay

ol Mol bl L oS gz sy s s el
2 b g8 s ol et G S s
sl ol S Y J sl
(Foere Dlrse boawslie ol Db
Sbws EC 5 (VY ol 53 Y70) Sl pH 1l

Yy

Ao s abeed 5 S sl S

cles 5 byl i cad sl esle g5 e Sl g3 Jel e
oo s ohy elul wnl B olode sl S
Cf 92 ‘Ji‘-“}}.’: gﬁ‘ BE (Y’\) ijsg;“ )\J,B “wg

i g br s 13 S 13 eslinad 5550 5l s



Ol ed 9 2ig23b JUlw [ e 2 5l Cwgy Gum! g 1

5 JS id Sl pimen (1Y) il OF 55 4l
4 s (S5S 5 oS YWY el s
S s St (SIS 2 p STV Jyene s
55 Kepied Aol Sl eslizad Sl bl ol
Syt s Shs ol ke POl s

Sk s jaad gsleslsl g gl Sl s J.:.wl.g

S

Al s [AS/M) /8N Ll s a0 YU S0S
Showl Sl g 03 SOl Culis C Ll a5 LG
Aol ool slossls Gl s Wlg e
b b Gl s PH el sl Sl g lais !
I b (V1) 2l Ll ol SsS al
Sy Dlrgw 5l 5 e Gl Sl sn 0> 55K
skaslis oS (CmOl/Kg YV ol 53 WV 55

ol e B S Bl Jelsy 1

oslitul 5590 bl g G Sy A p T o
Table 3. Some properties of used biochars.
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Figure 1. Cumulative released P (mg/kg) from sandy and clay soils treated with biochar

during 30 and 60
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Figure 2. Interaction between biochar and soil during time on cumulative released P (mg/kg).

(Averages with the same letters do not have a significant difference at the 5% level
based on Duncan's multiple range test).
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Table 4. Coefficients of determination (R?) and standard error of estimation (SEE) of equations describing the
release of phosphorus in different treatments.
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Table 5. Rate coefficients in the equations describing P release in different treatments.
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