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Table 1: Selected physical and chemical characteristics of studied soils
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Table 2- Summery of sequential extraction method and characteristic of inorganic P pools in modified Olsen and Sommers
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Figure 1- Effects of land use change on total P
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Figure 2- Effects of land use change on total organic P



YOV ol (S jo Guse yhud (LS 3 o0y (69305 yuis 5

OhbSen 5 (8 Jd 5 (V) 02 9 0gels (V) OhlSen 5 ol
9 SN (W) ohbSen 5 olims g JS' jaud Gl (e (VA)
A yad G531 g2 (e (B0) lSan 5 S5 5 (FR) (555 So
&l 9 iS5 (2l & (b SatussST b 5l e JS
5 Oseslo—e JI 5 an (V) l)lSen 5 (g canl 0ad (3135
e pdg b e 3 I Haud iy ude (Y1) o, Ken
S (alS (bliy b Blal g dlo s> plalS (g S92
Wil o (6 )8 ol 53 pind Jlb () 45y a0 )3
oy dogay Jlolgo b5 mezs 4 1y ol 0l (B) g 5 63l
Wy & g2y cpl b dl Cens A 3813 oy ke (LS 3,
Sy (55ygliS (LBl 6 )l S psbos (FA) o Sen 9 SSL
CBbil (9iar g ddome (Rl pie Gjgo 3 |y Hhad iy o
o i S (YY) ylSen 5 (igogdgus S o gy
Al i g 23 G g Copte Sl gy gl I s 4
slaSs ey VIF o VIY MY cospan |y cund (ol g oolatul
$591S Eolie 9 CdlS Cod S b JS> (b 5
s N jaud Oy o 3l e |y el oMl 8 a)ls
~ie il Baas | yal cpl g aiadls o5d 5 ()8 s
Ly polio IS g cutS g (AL Jidgy Bl dond ) Hhud (0l
) asdlas 3550 Lo LS gl 00t Sl Cond il
VIO VIA 17 s (550938 )30 9 o225 EL & e sl
o=l bl i slavail e Wlgs o oS Mol oy B/
5 gLt &yl 4 Kbl g (FA) oo 5 Sl gy
i Wlgicoe yaud 0 )5 g cuiS g (L2l )l s A8l
leordi] ilisee Cluogad 5 (5jygliS Copde Oslite Clles
2l sl

AD 3gas el clacS1s 5 oS ol Lis ol Consay gl
Gpgmodn JS jhud jlao )y Frodgis (IS Sk )3 5 00
0> (LS b5 el 1 938l sl T 5aud S5 4 (Bl 5 (o
ol an SR (2l )8y (S Jhud Sy &S
Ab (hne S pind 3 6y e g dr g BB Ol el ()5
52938 slae S sl gt psboar (I3l cnl (Y JS)
Dy oy ¥ ddhaile b iidgy 4 Cans

Pl i yiad (i3 5 (VF) ohlSen o 5,051
OhbSen g olans 158 (B)155 (LB )8 e 9 (23355
ol eldio gl (gl Cwdany b (M) Cumnl 5 Lyl 5 (V)
395 Ojgo 4 o LN Haud I pisu (b awill 4 1) gege
(o=l o a8l iy lagye S pl 5 Sdse yauwd JSS 4
S &y (529,50 375 5 S 9 catS 515> I jid cosl Se
LBl edd s Sdme

Olj=e a8 3l LS S yowd (5 pSojlul 5] ool Cawddy gulis

Lo bS5 s JSi2 31 (3l (68 eeis 51 55 JS sied
O i yb ol a8l (doyd O Jlein] mdaw )y gxe ialS
Sdsine gl (65)9liS (LB g g5 EL e sl S
2 2SS 5 )5 oo FF 51 S i (1 US5) 1,55 sanlio
598 (3l 3 2S5l 5 S Lo ¥A0 & IS 31
pole adl o Mo 0 VY Jolre ialS onimd lis oS Cowl oy
=2hl s 09 EL e (S sl )8 U5 I Hied
599 PSS 2 £S5 e YO 5 IV TN P i (555l
Y JSs) o i aopn 0 s maw 3 1y (o) me cglas
o JS (N yaad gaop A g Ve Y LialsS Sl mls ol
o S $5y9ltS (2l g (g EL B0 sl > i
5 Oe95 )b Sinbon 1,50 gl b bl ol sl e K>
oSl S LS g cisS JLw ¥l oy &8 aidly o (F) o,
5 Opeslame Bl (ialS a0 el 4y S I jaud (ab
$ir9kiS g)lie & ol i g (Al S adllas L (17) o))
S sawd g IS yaud polaw 3 (P<e/+0) )b sre idlS csl> 4
cspanly IS yauws oy Lials cpl lade QUT L6058 oy uﬁ
NS sl il 503,88 CuiS pj glie (Sl 20> VY o T
bz 5 Gyl enn L (YF) OhlSen 5 (oo 55,8
aes ol o SISy ud gla ISl By cdy yae p biyde
4o G 513000 S8 2 WY S5 > TSy & S
2 e g Gl 4Bl 1alS oS L S b 550
U1yl S jaud p18D Jlade p aoe BB 5L 2l ids
P o Sl S (55,55 e 5l L8b ad Sase yiul38l
l=e ol JLasl g S o alS (cbls cuiSsh pas oo
S JI s (ials Jelos cp gare 51 1y Glaloyd Sl s Jlslge
Load el lals aliwgas jaud gg)s (iomed 30l
Col aiilpe 0 SIS yawd ials LY jl pld lawgl odd (8 jpuao
g S Bl SB o jaud ials 55 (YY) oK g ausle (YY)
4o Gy al3 8l A 1) 0957 (139381 (g 9 e SV IS
OplianSl g e 55 |y (0 s Jl 5 (odaw S
oS wzly ol o (YY) oy Ken g o a0l cuns JT dlge @y
9 Swgn (5)r3ltS lapim o MK Gbplumwss] s
G i oo G501 cnge wland (slodgS 318" (g 5 035
o G2l 55 JS e 5 JS JT 08 o oyan 4 5 33,50
01 )5S (FV 5 ¥5) o )San 5 Sl Lawgs 5 golie gl
alosmio o, Ridngly 5l (S bwg paBlie cbaaidl L » .ol



IFAF 15— o105 Yol « YA uls> (S gl a s YOA

JS (b s

Total inorganic P

450

400
350
300 -
250
200 -
150 -
100 -
50
0

o5 gL wgkts )]
bower olive  farmland

(mg kg?)

natural pasture
forest

IS (Faxe hand jlae o (L1 6y et 1 -V USS
Figure 3- Effects of land use change on total inorganic P
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Table 3: Analysis of variance for the effect of land use change on different forms of inorganic phosphorus
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Introduction: P in soils exists in many complex chemical forms, which differ markedly in their behavior,
mobility and resistance to bioavailability in the soils. The total P content of a soil provides little information
regarding the behavior of P in the environment. The various forms of P present to a large degree, determine the
fate and transport of P in soils. Fractionation schemes using different chemical sequential extractions have been
used in order to describe the many different forms in which P can be found in the soil. The reason for
fractionating and studying P forms in the soil is usually to allow a more precise description of the potentials for P
release from the soil. The forms and dynamics of soil P can be greatly affected by agricultural management
practices. Since inorganic P is the preferred source for plant uptake, knowledge of the inorganic form within
soils is fundamental to understanding bioavailability of P and sustainability of agricultural practice. The aim of
this study was to investigate the effect of land use change on the form and distribution of inorganic P using a
sequential extraction procedure.

Materials and Methods: In order to study the impact of land-use change from forestland to cultivated land,
composite samples in four replicates from the upper 10 cm of the different land use systems (natural forest,
pasture, bower olive, farmland) were collected. We collected five subsamples from each land use in a radial
sampling scheme. The five subsamples were then bulked into one sample. The spacing between the subsamples
on the radii ranged from 5 to 10 m. The soil samples were transferred to polyethylene bags and transported to the
laboratory where they were slightly crushed, passed through a 2 mm sieve prior to fractionation and chemical
analysis. Soil texture, cation exchange capacity, organic carbon (OC), electrical conductivity, pH and calcium
carbonate equivalent (CCE) were measured with standard methods. Total P and total inorganic P (Pi) contents
were measured by the ignition method, for which P in the ignited (550 °C) and unignited soil samples were
extracted by 0.5 M H,SO,. A modified version of the sequential extraction of Olsen and Sommers (1982) was
used to fractionate inorganic P. Phosphorus was measured in the extracted supernatants by the molybdate—
ascorbic acid method.

Results and Discussion: The results showed that clear-cutting of the indigenous forests and their conversion
into agricultural fields significantly decreased total P and total organic P levels. Land-use changes from natural
forest to farmland decreased the total P by 23% (from 644 to 495 mg per kg). Clearing and subsequent
cultivation of the native woodland resulted in a marked depletion of total organic P. In addition, the land-use
conversion from the natural forestland to an agroecosystem (cultivated land) led to increases in total inorganic P
and inorganic P forms levels (labile P, P non-occluded, occluded in oxides of iron and aluminum, soluble
calcium phosphate and sparingly soluble calcium phosphate). Labile inorganic P (NaHCO-Pi) showed the
greatest changes, such as labile inorganic P in the amount of change from 1.75 in the forest land to 13.01 mg per
kg of cultivated land, which represent an increase of approximately 8-fold compared to control (natural forest).
The results also revealed that the refractory inorganic P fractions (HCI-Pi) were the major inorganic P pool,
comprising 50-70% of the total inorganic P pool, indicating CaCO; control over phosphorus availability in the
studied soils. This study indicated that forestland degradation and cultivation caused chemical changes of P
dynamics.

Conclusion: Large-scale conversion of indigenous forests to cultivated land, driven by long-term agricultural
development in the Toshan region, has greatly impacted the forms and content of P in the soils. Generally, the
conversion of natural ecosystem to agroecosystems, decreased the proportion of organic P (Po) in the top-soils at
depth of 0 to 10 cm. The depletion in organic P from the cropped fields could be attributed to the enhanced
mineralization of soil organic P caused by cultivation and removal of P in the crops. However, the conversion of
natural forest to farmland led to increases in inorganic P (Pi). About 50% to 70% of the TP was bound to CaCOs,
and thus this solid phase is critical to P fate in the soils and ecosystem of the Toshan Region, Golestan province.
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