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Abstract
Measurement of the critical level of phosphorus due to several economical and biological

reasons is of great importance in paddy fields. The present research was done for determining the
critical level of phosphorus in the paddy fields cultivated by rice cv. Hashemi using 6 extraction
methods including Olsen, Morgan, Soltanpoor, Colwell, Bray and Mehlich 3. In this project, among
100 paddy fields evaluated for their soils, 27 fields were chosen based on the maximum range of
variation in their pH, organic matters and extractable phosphorus. In the selected fields we did two
fertilizer treatments of 0 and 120 kg of triple super phosphate per hectare, and then the critical level
of phosphorus in the extraction having the best correlation with the rice yield was measured via the
visual method of Cate- Nelson. By this approach the critical level of phosphorus for Colwell, Olsen,
Soltanpoor and Morgan extraction methods were 35, 16, 3 and 4.5 mg/kg, respectively. With
respect to the presence of a good relationship between Olsen extraction method and relative rice
yield, also owing to the cost- effectiveness and time- saving feature of this technique we strongly
recommend this approach as a suitable way to extract the absorbable phosphorus, and the use of the
phosphate fertilizers is suggested in the paddy fields of Guilan province.

Key words: Critical level, Extractants, Phosphorus, Rice

A:.\—l-tl‘J‘)_.\ ‘)‘A_L: (1970 u|‘)m 39 JJJJJ:S) A_t‘:iu_a doado

8 usSlae b s 505 oS ol lawa i S ) s
3 oL 5o siid o KPS 22 KA o sl 5 la o3
Jals (1999 1,lSan 5 02 KY) w0 cutls p S
Bl 5 S o 8 gula SlS 5 oSl clia
S 3o cala 3 s 4 T (alas slagu
oia ollse o s ol Sol Hliw S Jslae o
oooiess BBl b 5 il ol i) s 5 5iesd
ok (1980 o, 5illa) ws 8 iSils Joslas 5B Lo

e LBl 38 cman (ol 8l

pat 9 o= pes—ed o (sHosliS oY sans (gl
suliical gy iS55 o 4o 8 (B Gl 581 1K)
SLa 315 0155 aress agn 1 obasd slas S )
oo L& 5L 355 i ;ealic G2l sl
sLS (o (2lie sslie B S jid o5l o
onls LT suliiwl BB jid € LS Hu 5 ou

OialS Loy Jlie o ceglie 5 soll cusla ol


mailto:mitra_karimi60@yahoo.com

125

S il s S s il clale

SsSs oSesluac i o e dle S (gl
:)‘ké):‘ OJ‘JO‘S:C.\.C‘).A.H ‘6‘):5&)\.‘.@:_ C)LA:);JJJAA
23 S (5588 sluac (i (oSl Gelsl G
Slos s il Ho Gigy Gl adlb o Gl
sLS (gl it suliianl cubils S iy o LS
)ﬂ‘_hu‘_."\_‘.uf‘:\aa‘)d C)_A_LJJ‘ L;JJ&:.\—A—H‘ LERT %.u.utu:
Ll iy cualia S 630 cadsb 4 aghy,
o9 Baae 35,58 5 5 0295 (1990 Gl,1Ken 5 ¢ 5i0)
coen bl 5 oSaT,ud (e aas slasla
0835 (1945 53,55 5 (s0) 99,8 pe suliinul (susl
JJJCA—A—H‘GJJ_E:\AJ_.\%)_..SQJ‘_AACLS_J3H_A
S 65b s gl ) ael S ) s sledia
el L (IS g alin g 4 Shed (55 Gnl 59 a0
b8 oo3aS St 4 (g, ol 09 sSeluac
(2000 S iy ) s e A SLA slgnlu <
ol 6 g bie win S8 lae KO G0 aillals (B,
2 AS lageala b poa (Shewsea (i) O
51 0S 5 ) 0ol S i S a9 oS 5alis
s ol Gl Ghs ol J5 JS 3, (1988
16 & celis o 3 s slu S o Jlas ol s
LIS Ol 38 o el 4S Wl o I8 el
LS‘A. QJ‘A:—A—H‘ J_.IG ‘)§_4.u§ G‘)A:\_A.u‘ o ‘)_..Sa‘)\_..a.c
‘)‘JjA 6“)‘445@‘.&&‘; 6“).\ u‘g‘)y L;JJ"""‘;L;Q
olid 5ol aS T al sl € s
Cln 4 solii ol B8 3 s pie avinall 5 il
us—"“":‘JJ:‘f) Al e i) Ol ) GBg) ‘-‘—‘;'Tu—“

GLaa S e 531 5 Gl s el slasa )
S Vs saolie sl b ol b g i
JU sl (1377 (L S) wudly o 0da BB 3
Sieud S aas o Hlas Glaes dlbie o la pru sy il
70 oa (el sl Goo L sad (s S0 slime) Gia LB
09 2080 20 ) G el lasSla 5l ais a
wia (1377 (23S 5 (Do) wdlbpe S o Sl
O 3 8353 g 4l g Jalse o SLa o His
Sosme 4o dda s ol 5o i gea ik w S Lda
(LS sl pS Cia ol L) Juss slaclins
S L Bome s Ole) I L wlad o s
> lElSe s o by el e sandiay SIS SRy
S b goad W aby el b Jyswle 3L
A ol 59 WS (e o pS callla b ol 5
3a2sls) b e (BalS 58 s lae b gloatal L8
cia 42,59.(2000 ¢ snels 5 (5 5n 2002 J 55,
O S sla Ko daane (sLas 8L 5 s Mle i
SLASLA Lo Jiad a s S e 055 e
Gl GLeSIa 5o 5 pasie 5 el i in g LIS

935S e wlia Blisae 5 et a5 ol dlis s

380 s =S a3lasl 5 gloaswl (1988 L 5 5 4KS)
1 SLA i 5 ol (Bl ey, © ol i
s by st Gia L b 4 o e AT

Oso et o sl aly ol S iian

Sl g, oda BB jies B0 sl aKaule)l

b Ol sl glasla als gl o) el
saiy soSeslac slelslas (1997 L4l 5 alul )
155 sl 50 LA 51 yenlic 5,88 lae 5l
oolie (Sicnes pue ale € Lol 51 A oS ol <
soliical U8 635500 oL€ 0 Slac L s (5,88 ,lme
S ime S (1990 Gpal gl 5 SY) bl e



1392 Lo /oles 23als | S 5 T s &gt

w9 (2999l5 e plsS yal (o0 S 126

oLy LeaT Lo 05 g sLS sy Jlaial oS lasla
35S a8 4 elS auly Jlaal S pasSA -2 ol
Lol pd o s Wl g5 g0 Sl Sy e o] oS
5ol8 g (Al =l (3l e00m (e AL
QJ‘JLQHS@L‘JJ@L‘S%)&MJS‘AGL@:S%J
Saed Al cdale (2000) o) Kan 5 olglyla s 3
sLS 50 5 5= oSeolae (gl Gl oS B, @
sl ST 5671825 55 w3 miles 5
Ol a0 5 (el 253 8L (s a S LS Hua <

el sel Hu oal 4 OIS Gl gl alls =)

Lagdisy 9 3l ge

OB B Ha b el Juad g Bl U8
S S solandisas (bl maw 5ol 43
LE Ho 4e,3e 100 slass oie il 0-30 e
o om0 aladl S ol afise
o PH alaa 5l S pbiasd 5 (58 sla S5
s T S aem s (1982 () Sa s e
Olome 1990 5oel 5 Gseal) S - Sy i,
b (1982 ol 5 aly) lalaS (Bgows 039088
ey 5 (1954 o1olSen 5 Cradyl) Gyl CEgo0
5 omle) (B ¥se adigel ol b glAtul LB
Ohoo L oy b ey w5 (1982 ol
Caa s b S s (1986 ol 5 (S) s gsua
Soset pinl)l g de,30 27 (S @i mln
LSLE gl S5y ol ua b € was olaul
K b e ghatal BB i e Lagead
3 S slime (bl bl g idn Gy 5 ol

L ol€ Cia ol L gloaial sl S slad ya

sl ,Se lme 38U 13 ot oL (g3 L suliiul
o0 S o olS solinl ol Haid yaadS (gl caulie
il e cvanl e 35S 3]t sl Sga
e b (gl lio (058 o 5 1) ke
el SLA (el 4ol alasl i dlas 3l ola2
slednledl 5 el o obe S G sedl il (o500
ralic saliiwl bl plodol sebie o ol
6o Y 0SS lade Gaad 5 S o ol (g
sl SLA G gadT el 5o dings 0 Slae 0 oliiea
Sslsl O cslie 8o liae AT pl3E jale S
Lol B b g ol Hlas i @l o5
layo slgn Jobd smic 8 gl SLA (53]
-2 > Sslae (gulusd a3 =1:(1988 3a) wil o

cia Gl bsad gl jaie Glhae dasl; s

o omealio OLAT 5 ((Siies) oLS bu g su
sad gl At peaie Glee & sl 5ull€ -3 5K slac
A IO FE N TV
Gt se B Jemas b g9 Sla ogac € plalS
Go 5 530S 08 5 B sl -4 sl e 5L
3 oad 5 ,8s lae sualie (e pulad 5 50 S sla
SLa Hu jaie S Shhas abile 5l sy 50 o Slae
SKE3 533080 4S el S o et T 51 gLluie
35S Bomme do o oie s S (2SS G 1
Sl ire 5o g g sals Glds sl (T (s5la
5l S S 5 e G LT 5o oL s Sl
SV) Hlaae ISl atias b ol | ly
SLA Lo saaie S Jloas alile e 6l 5 .(1993
glasla o a6 oglaie ol b pslasha Wb
s e ble iy guab dals ueay dallhe vy 5e
ol 5t o o Slae s S o sl (5588 )lac
obale (1985 LuS5< 5 KKle) il ctls uga g
G0 I Ol b SLa o Hale Sy (Sl
0 oottty (197) 5 el = S 5 50

—1:4_.\Su_cGQMJQJ;JJQ‘JMSBJJ‘)&‘



127

S il s S s il clale

s 8lae wim ;0 90 (sl gl — oS (s sead B
NG L P

G g gl
pladl plians 5 (58 lawias mli
3=8a3 ol Ho dallbs o, 50 S sl gl (55, 804k
aialo Lo ol an LaySs jlac bl 91 Jgaa o
sla Gga 3 sad 658 lac Hiid olie ol yuis
Ol B ol su ik suls LS 2 Joan oo Sa
3 e (B bu i Hid Sl G Sl oS aas g
OF sl cale € Glgie 1) el Gl S 0t gl Al
i glatal 4 ,uls 1y 5Se,lae nl 4 ols L,
ol oo L SIS g AL ba 5 S jadeyue Hid )
L S (50l o) o ol € 38 g S S jlamc
gloaial 1 ol S [lade wdly oo Gulad Hu Sl
g e a8 o sluae il (S LS o
SLa 3 Jslas sied Losae S u s Hasllalen (s,
2 Jsan 30550 sla soly Gulaal 5.0 o s
Ol 0 LS sl b g8 sud (588 slae Hius
> 5= > G050 > sanlals tab e GEalK s
Jlate Gusn olite ale Brales > 5 JS> Gl )
Albine glaghs, g sad 5 S )luae His
o3 LasS o liae o late (slgelKe (5 5Ss )liace
Jggf_ﬂ) U Py P S - SN | L L“G‘ |
5 sSesliac by mas Ho @lis (1996 ),
S lade 5 55 5 Seslae Jolae 4 S s

Shed late suel cins mlS 4 e s b (1977
St aad (gl Ghg) b 8 a5 )lace
o adbie Js IS Gho L sad (5 58e lae Hiis
ol S (= b goSelac Gl gl S 5 (Jole
FSesme U el 16 & el o 5 asas
S5 glAT 6 e b Ly 5 sad sl 5o
oiSLe 5 mss sliae Wl e 5 9ol e pold SI&

Jolits Gual gl (g~ led S om0 sledis
pH=8/5 ,s ;¥ 5. 0/5 ot ols S o b s Ss lac
OBose iy mo (1954 GKen 5 Gualyl) ouls
elical 5 Y 50 0/52 Sl wacal b (5,80 Lme Jol
L sk ‘s; 10 xS ‘)_\pH:4/8 BX) JY}AO/?Z pdes
—2 (1937 (&, 50) ools OIS melis a5 115 s
ol Ko b oo lae Jola oilale (3,
sam) Sl Gy el 5.5 Sl g9 5 Yo 1 aise]
05 wisal oliSm b soosbme ol J5d S
ot b SK 225 g5, 5 PHEB/S o ¥se
SosulS il b o8 lae ol 35,8 5 (s
ool OIS BB K s 17 s L S 2 S2 545
sslae Joln 3 zales (25 -9 (1945 35,8 5 59)
0/25 s gol olyin + Jlos 0/2 Saud aaal U 5,8
s wsl + Jleys 0701500 50l sl + Y e
C—.‘lé-‘“) Ol oSS @ 5 L 110 s L S8 ‘;;
bl 4 pinlesl olabd g5l AT 51wy (1984
sla o Jleel by sad gubo S e sie 4xD
o3 e, 27 o padla o3, @i oS 4 SIS
09 s S cidS @ alddl IS Gl alins 3hblie
s 9 Slae Ladgn a3 omy g oluledl LG
Shesd G LSS s obiie 4 aaa S s oS
L@_J BERY) ‘)‘.Au_.\uj Q;L.gm;__\f‘).‘.a P J‘)S.LQ.C
SBL e wt uad SPSS I3 a5 5l ssliiad L
YL S ola,Selac 5 suliicd b Hied ey
Sheolinal b wials lis g o Slae U, Siianas



1392 Lo /oles 23als | S 5 T s &gt

w9 (2999l5 e plsS yal (o0 S 128

aas e HLadd (55l sa s 5 (55l Il o Al
(2003 o)l \San g ¢ 53do)

ooluas Slite laghiyy b e (S as GBS (paas
dadllos o)y 90 slasla o (s 8
) Ad (Sl psbhwd 1 glakla
oo Lo i oLS (s w5 Slae 0 s 50 90 (61
5 &S 1990 5ol 5 oy sual) G peals — S paren 3
oL S olasSe liae (6l 5 (1971 o sls
s e Glds wlaiials o o Slae U1, (Siinaa
sud gl ATl id HlaBe s 59 e o Slae S
sualiiia (03 ,€ auy (20 L ySsslinc b
sSoslime o € LS b 3 € 55 e
XU RE -1 Py VW B NIIR SN .| PYSPL NI B VL g SO
el 0l 0 6 ,Ssslae sid € laSl i
el S wasee HLS @l adl e Yo (o 9 Slae
3 OLS05e «Js JuS o sl Ghss o s (Sl
99 pS e 3 5453516 55 Hanlhl
sl iy il b ulael (pl drwlie . ail o o SIS
i €S _lasSelac 45 aas o ol 2 Jan )
ol o e b g ATl SLA 3l (g i
S S 4K e ySe slae g ou g o 15 Y0
A e il e ATl ] oLS Sl
3 B0l Lol (Hhoms mh 5 aS LT ol ,a50)
slasSebac al by sl co Koo slasSe lac
gloail 1) (RS i jlade (8,50 5 sl
250 slaSe sl 5l S LT (Sloas a5 89 S
b Hlade el 5 s JS slasSs slae 5 ol
o alale Glhls 5 00 S (68 o lae | (i
b 438 S pladl gla s il YL
s saalie S as e L (2000) Sy
9 G ldisn O S Gl gl B ) b 55 Hid
S Jid iy ool ) adl e 3l 5 LS
9155508 o W51 suanal slaySs slae 4 cans |

OLSose 2 (1976 s pdla 5 W) wils casS
Sl a5 ol lade @l 48 eS¢l
cdoh Gosn s e 4 g el Cuulio Wi 4l
23 o= 5 ol sl slagis, B 5 calie ub) (580
Sal slasSla o suliicl Jol5 Haud ke Gedl
soslll (35, (1962 sl ; S 5 By S () 2blo oo
e €S s e gloATal 1 i Sl oS ke 5
Oled AL S 4o byase ol (o Sae (T Lol
© byoye (1) (Sien ol s 0l (5588 lae
Alite glgdg) b g st (o 5So jluae s
sael3 Joua 58l s 0, Skae 5 (5580 L
Siunad (ul s 0 s oo dia e oS hailan Lol
sk (5, Seslae Jid lade b o o Slae olis
OF Jrals YLaial €€ 5 55 YU L, 86 jlac S s
Joole 5 e LSt 5o (gl suiS gane bl b o 5a g
el 5 (S oluo sad o8 uiges 5 Hiud
i B (glyal jpolie Sl 5 LasLa
S by (st o Slae €€ ua oo LB @l bl oo
Oalsl s JoS ledisn iyt sa i £l hanl
ol gl ine (Siusan (LS50 g sy Olalws
o9 oling s L aS plasSesliac S5l
o) WS e AT 1, T 5 (cld 5wt LLs )|
i 3 Shae L 1) s 5ciias (Sinen (Brales
le H83e slasSesliae Gl nla wias oo L
Jol 5 euss oally Gusis Jol Haud ) lie
JodoS sl S Js s nala s
Shed O ol b ol € G850 5 Hpolales (el sl
St (slols S o g8 ka1 Gusia s
5(1987) oL <an 5 raa it 2L oo s YL
L sadd gl il 53 d oLae (2003) LU, Lua oSY
Siusad w5 oL o o5 Shae 5 Gl gl (B,
GoSe lac Cul e e s sl GBI, (ulu e
lagol bl oo (Ssan Guad) (555 4 Siusd



129 S il s S s il clale

DI A SIS Hu a8 e 14 G ol 5Ss s lac 96/90 i oS (6150 2 (53 5 (ool gl sLa S slae
QRS OlolSan 5 olan, 5o S8 5 0, € 1. 11/02

adlao 3 )90 GlSLa (cabsasd 9 (Su 508 sl (S5a9 -1 Jgua

Cdly s Re ) JB sy JB b 3955 pH EC SN oS o ylouds
s s o (Mykgwix  (MOkg)wis (as'm)
SICL 17 34 137 18/8 0/331 6/73 1/07 3/03 1
SCL 15 34 161 2718 0/169 7141 1/62 1/15 2
CL 21 28 92 19/8 0/180 6/23 1/62 1/52 3
CL 25 30 58 16 0/153 6/82 1/04 1/44 4
Cc 17 44 137 10/9 0/256 7/18 1/04 2126 5
C 13 50 137 11/1 0/477 6/98 1/70 4/55 6
CL 31 28 104 6/5 0/182 7143 1/04 1/52 7
CL 23 36 259 25/3 0/245 1127 1/92 2126 8
SICL 17 78 128 13/8 0/280 6/74 1/78 2/70 9
SICL 17 42 205 15/8 0/266 7 1/85 2148 10
C 21 46 264 28/6 0/411 6/86 2/15 3/92 11
CL 23 28 210 2213 0/288 6/97 2/52 2/37 12
SICL 19 34 280 25/2 0/455 7/13 274 4/51 13
SICL 17 36 210 36/2 0/260 7/15 1/70 2/04 14
CL 23 36 176 45/1 0/420 6/38 2107 3/92 15
L 35 24 119 22/6 0/178 6/76 1/48 1/48 16
CL 21 38 295 23/8 0/167 7120 0/85 1/41 17
SCL 27 12 133 22/5 0/245 7/31 0/71 2/15 18
SCL 15 38 156 15/1 0/256 6/24 0/81 2148 19
CL 25 32 119 16/7 0/225 6/67 0/96 2 20
CL 23 38 142 17/8 0/457 6/68 1/26 5128 21
SICL 11 48 161 15/8 0/199 6/67 0/89 1/92 22
CL 20 30 119 14/2 0/162 7132 0/81 1/67 23
C 20 48 256 48/5 0/377 6/74 1/33 3/85 24
SICL 10 48 163 11/4 0/170 7/04 1/58 2/01 25
SICL 10 48 272 12 0/117 724 1/58 1/53 26

SCL 10 48 286 13/5 0/152 7142 1/58 214

N
Ry




1392 Lo /oles 23als | S 5 T s &gt

w9 (59995 eplS el (o005

130

e sleud g, b ok 5 S 0 lias s (nSilis -2 Jgua

(Mg/kg) gl yaiml Ja6 ,aeué

onSilsa sl o S0 s
21/63 48/5 6/5 K
4/8 15 13 oo se
2194 6/8 1 eslal
37/32 87/9 143 Js JsS
5/18 18/4 0/2 .
67/65 260 5 3plee

s 4l (e o Slae g Alids sla S o jlias b oudi ) Adcul fdd alaul -3 gua

aalas S8 o las iy,
0/54™ Y = 0/937x + 69/656 RWAR
0/41° Y =1/9835x + 80/405 O
/51" Y =5/1598x + 74/733 senllall
0/56" Y =0/5287x + 70/193 Js JsS
0/32™ Y = 1/1427x + 84/00 &
0/22™ Y = 0/0552x + 86/195 3l
J‘.\ L,..u.o‘);;cns .\.n.c‘).\ld‘.m-m‘ ck.a.u J.\ J‘J L,..u.o** MJJSJL&A‘ ck.a.u J.\ J‘J u.'m*

160 -

140 *

120 +
3' L4 . o* .
A 100 - P 4 - _ ® - P’S P’S
13 80 - PS ’1’ PS 2R J *
e 60 *
<

40 ~ CL=16mg/kg
20 -
O T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55

(MO/kg) Ol Ghiss b o2 s S s e iud

Ol gl gy s 0aid 5 S 8 jlae jiusd o

alate -1 s



131 S il s S s il clale

160 -
140 A *
120 A

(%)WJJS.LG
=
8 3 &8 8
*
*
*
L3
*

CL=35mg/kg

N
o
1

0 10 20 30 40 50 60 70 8 90 100
(Mg/kg) ds JsS Ghau b sad gl o jlas jiud

o

ds Jss oligy b owid 5 S ojlias Buid (A ja clile -2 Jsud

160 -
140 - *
120 -

100 - & . . . .

*
»
4

80 e® ¢ oo .
60 -

40 * —|
CL=3mg/kg
20

O T T T T T T T 1
0 1 2 3 4 5 6 7 8

(MQ/Kg) sspitala gy 4 S ) oadi 5 € o luas Hiud

(%0) (2esd L1
¢
*

2lalis g s ouid (5 8 5 jlas jhuad Sy AL -3 S
160 -
140 .
120

100 — o 2
*se o |7 'S
80 - .

$o 00 ¢
60 - ¢

40 - M

CL=4.5mgk
2 | oo |

0 T T+ 71T “"1°T/ 71T “"""71T "1 71T "7 71 T
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

(Mg/kg) G Euse Ghigu b SIA 3 oadi 58 o juas jiud

L 4
*

(%) (s A Sl

QLSJ‘gAuileeamdﬁSaJhmMelﬁea&é—4J&i



1392 Lo /oles 23als | S 5 T s &gt

w9 (2999l5 e plsS yal (o0 S 132

G5l elad el Soml s L glasla
Ao yie Sl s dall o gad soldial 1 il oS S
e b il glyls ol Sl glad g oS
16 5 A s gl LSK 51 S ulas)
lms Gass omly el Wi el Gl (il
Golae Sl oble up Yo Loy (Siewes

1S G yaSdauis
oSeslas ceyw 4 s b S Gl
s 3 Skee b Joid B LLSSN 5 oo suladl
GoSeolae iy Glsiets 1) sl Giss s oS
GBoo Ol b e Sl e wpd LA Gl
Sl o walsa S A SIS o 6 SLe 16

ouldicd 3 g0 palis

Aoslan 12 0ln 0T 5 SIS a8l pbiad slas S Gims 5o 555 00l slawely 1377 ¢ ) L <
14-25 slagn

LS 5o Sl Dlia el s (s5hud 9 S L0 5 Cla BB A caaisy 51380 5 2 IS 50 (D

S S sp obe 5 g Ol SIA asle o KK paatan 32- 38 dadin . laes

Ahmad N and Jones RL, 1988. Forms of occurrence of inorganic phosphorus and its chemical
availability in the limeston soil of Barvados. Soil Science 31: 184-188.

Black CA, 1993. Soil Fertility Evaluation and Control. Lewis. Pub. Kansas State University USA.

Bray RH and Kurtz LT, 1945. Determination of total, organic and available forms of phosphorusin
soils. Soil Science 59: 39-45.

Cate RB and Nelson LA, 1971. A simple statistical procedure for partitioning soil test correlation
datain to two classes. Soil Science 35: 658-660.

Chapman H D and Pratt PE, 1982. Methods of Analyss for Soil Plants and Waters, University of
Cdlifornia publ. No. 4034. Berkely, California.

Colwell JD, 1963. The estimation of the phosphorous fertilizer requirements of wheat in southern
new south wales by analysis. Australia. Journal of Agricultur and Animal Husbandry 3: 190-
198.

Dahnke WC and Olsen RA, 1990. Soil test corréation, calibration, and recommendation. Soil
Science 24: 45-68.

Dald RC and Hallsworth EG, 1976. Evaluation of the parameters of soil phosphorus availability
factors in predicting yield response and phosphorus uptake. Soil Science Society of America
Jornal 40: 541-546.

Gee GW and Bauder JW, 1986. Particle size andlisis,, Pp. 383-411. In: Klute, A. (ed.) Methods of
Soil Analysis. Part |. Soil Science Society of America. Madison, WI.

Guerra AL, Mndoza RC and Beltran R, 1989. Phosphorous and the establishment of critical levels
for ricein aferrditic soil of Camagury Province. Ciencia Teknica en la Agricultura 12: 67-73.

Guilford DE, Chandler WV and Bryan OC, 1970. Effect of phosphorus applications to Lakeland
sands on pineapple arrange yields, available soil phosphorous, and leaf phosphorous. Soil
Science of America2: 26-29.

Halford ICR, 1980. Greenhouse evaluation of four phosphorous Soil tests in relation to phosphate
buffering and labile phosphate in soils. Soil Science Society of America Journa 44: 555-5509.

Javid S and Rowell DL, 2002. A laboratory study of the effect of time and temperature on the
decline in Olsen P following phosphate addition to calcareous soils. Soil Use Mang 18: 127-
134.



133 S il s S s il clale

Kover JL and Barber SA, 1988. Phosphorous supply characteristics of 33 soils as influenced by
seven rates of phosphorous adition. Soil Science Society of America Journal. 52: 160-165.
Laegreid M, Bockman OC and Kaarstad O, 1999. Agriculture, Fertilizer, and the Environement.

Norsk hydro ASA. CABI Publishing, Porsgrunn, Norway.

Laxminarayana K, 2003. Determination of available phosphorus by iron oxid impregnated filter
paper soil test for Rice. Indian Journd of Agricultural Sciences 73: 684-687.

Maftoun M, Hakimzadeh Ardekani MA, Karimian N and Ronaghi MA, 2003. Evaluation of
phosphorous availability for paddy rice using eight chemicalsoil tests under oxidized and
reduced conditions. Communications in Soil Science Plant Analysiysis 34: 2115-2129.

Mascagni HJ and Cox FR, 1985. Calibration of a managanese availability index for soybean soil
test data. Soil Science Society of Ameraca Journal 49: 382-386.

Mclean EO, 1982. Soil pH and lime requirement. Pp. 1151-1165. In: miller RH and Keeney DR
(eds). Methods of Soil Analysis. Part2. Chemical and microbial properties. Soil Science Society
of America, Madison, WI.

Mehlich A, 1984. Mehlich 3 soil test extractent: A modification of Mehlich 2 extractent.
Communications Soil Science and Plant Analysis 15: 1409-1416.

Menon RG, Chien SH and Hammound LL, 1990. Development and evauation of the Pi soil test for
plant- available phosphorous. Communications in Soil Science and Plant Analysis 21: 1131-
1150.

Morgan MF, 1937. The Universa Soils Test System-Uni. Connecticut Agricaltural Exepriment
Sattion. Wiley, New york.

Munter RC, 1988. Laboratory factors affecting the extractability of nutrients. Pp. 115-134. In
Dahnke WC (ed). Recommended Chemical Soil Test Procedures for the North Center Region.
Soil Science Society of America, Madison,WI.

Nelson LA and SommersLE, 1990. Tota carbon, organic carbon, and organic matter., Pp. 539-579.
In: Martell AE and Smith RN (eds). Methods of Soil Analysis. Part 2. Soil Science Society of
America, Madison, WI.

Olsen SR, Cole CV, Watanabe FS and Dean CA. 1954. Estimation of available phosphorousin soils
by extraction with sodium bicarbonate. Soil Science Society of America21: 144- 149.

Pierzynski GM, 2000. Methods of phosphorus analysis for soils. Sediments, residuals, and water.
Kansas state university.Southern cooperative series buletine No. 396: 1073-1081.

Prasad R and Power SF, 1997. Soil Fertility Management for Sustainable Agriculture. CRP. Press.
Pp. 293-312. Wiley, New Y ork.

Rahman GK, Jahiruddin M And Haque MQ, 1995. Effect of soil properties on the extraction of
phosphorous and its critical limit for rice. Journal of the Indian Society of Soil Science 43 ; 67-
71.

Samiei A and Bhajan S, 1987. Evauation of air-dry and submerged soil samples for measuring
critical available phosphorous levelsin akalin wetland rice soils. Soil Science 35: 58-62.

Sen Gupta TM and cornfiedld AH, 1962. Phosphorous in calcareous soils. Ill. Available
phosphorous in calcareous soils as measured by five chemical methods and phosphate uptake
rye grass in a pot test. Journal of Science Food Agrie 14: 567-567.

Sarawat KL, Jones MP, Diatta S. 1997. Extractable phosphorous and rice yield an Ultisol of the
humid forest zone in west Africa. Communications in Soil Science and Plant Analysis 27: 281-
294,

Simard RR and Tran TS, 1993. Evaluation plant- available phosphorous with- the eectro-
ultrafiltration technique. Soil Science Society of America Journal 57: 404-409.

Singh B, Arora BR and Sharma KN, 1996. Evauation of Pi soil test for extraction of available
phosphprus in soils for maiz. Indian Society Soil Science Journa 44: 165-167.



Soltanoour PN and Schwab AP, 1977. A new soil test for ssimultaneous extraction of macro and
micro nutrients in alkalin soils. Comunication in Soil Science Plant Analysis 8: 195-207.

Sui Y and Thompson ML, 2000. Phosphorus sorption, desorption, and buffering capacity in
Molisol. Soil Science Society of America Journal 64: 164-169.



