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Abstract

For evaluating effects of different soil moisture conditions, zinc (Zn) and phosphorus (P) on
extractability of P in a calcareous soil, two experiments were conducted as factorial on the basis of a
completely randomized design with two replications under laboratory conditions in 2012. The first
experiment was arranged with four factors, including Zn at two levels (0 and 20 mg Zn per kg of
soil as ZnS0,4.7H,0), P at two levels (0 and 60 mg P per kg of soil as Ca(H,PO,)..H,0), soil
moisture at two levels (0.6FC and FC) and incubation time at four levels (1, 10, 30, and 60 days)
and the second experiment was accomplished with three factors of Zn and phosphorus at the above
mentioned levels, and wetting-drying cycles at three levels (1, 10 and 20 cycles). The extractable
soil- P values were measured at the end of each incubation period or wetting-drying cycle by
Soltanpour and Schwab method. The results showed that application of P increased the extractable
P in both soil moisture conditions. The extractable P significantly decreased with increasing
duration of incubation, especialy in the first 10 days and then remained constant for the rest of the
period. The Zn supply decreased extractable P and this reduction was more pronounced with
increasing incubation time. Increase in soil water content from 0.6FC to FC increased the
extractable-P. The effects of wetting-drying cycles on the extractable-P were different with and
without application of 60 mg P per kg of soil. Under no P supplying condition, wetting-drying
cycles exhibited higher amounts of extractable P compared with incubation at constant moisture
condition; while under P applied condition, imposing wetting-drying cycles led to a decrease in

amounts of extractable P compared to incubation under constant moisture condition.

Keywords: Extractable phosphorus, Soil moisture, Wetting and drying, Zinc

Ay LAl olies PH (Yo -4 oLKaa 5 Wil HAAQ douis
5 wdaadl sl Gl (Y-t OLKes 5 Lole) 3ob) Sy lay oy alaa 31 alias sladele 580



yva

v Slid lSgige 5 59) Sl sladgS 5 SB Cushs) cilizes Ll

SosS 5 oalsl) S Lo sl Oda il (ralS
2 (V5 580 5 55) S Sl shes i3 (VAAY
(Yoo A GLKas 5 $86) LaalSla a3lal uss 3
ooSee Curen 5udS (VAOA gon) Cusesd L3S
Wl s Pe Jalas (Yoo ohlKes 5 L)
Ooaa 5 JsSL Y-t GlKas 5 JsSL) Giles)
Cidn culls Wil See wolse ol alad apdioe (Y-
A Ll | olie yealie

LSl o Hald el e Lo oledbl
Sblie (nl sia pb (o) € Sdddas 5 Saa hle
35S @l gy ) el inan aml o 3 gane (il
Lok Oial38 5o Bl e SIA H9 sad L pas Sl
Glf oliad Huaal S5 ol QIS s 5 oS
NAVA (Sl g wosdlsa AAVY ol 5 ala)
AYAY 85 5 olis) AN olKas 5 olasils
S oy Sed ploaial clllE (WA A 5 A
oo S ol sy 59 Base s 958 5 juns
Sl i ally bl 5o SU0a 5o el sad
5 ook oolie sladd n b S (Sl 5 o]
5 690 Bl Sl (e sl oo dal g Gad S
o5l el Wlg e SB AL BB Jiud s ied
o9 SleMbl 5 5aS o i by L8 pales] balys
sLdsn Bl woee oo dallle sgd 5 Gl O
OLlSan 5 Glans) OF » SIA ud Sad 5 Gk e
Shed SlowdS oy ln sela Glas (YN
Sl s slaa S B yuan o 5 b S gloaial b
o9 (Sl pKgg0) Juss Sliud ngw 5 600
5S slls (Sal S S o caline gl bl
S aladl (55 9 SAud

Laghigy 9 9lge
clle «S o a0Y S 383 ol aladl gl
che 5 5iS Gl Lo ol Cladil S 5 s
S S i ola B g 5 shed) wdl Sl
Poa) S a Sl o a Sl /Y ) RS 5 Y-

les.o.h 9 L“L:L.u AAAA JJJL.:) S\ “© [ AJJ}i‘
Ololea 5 la) s, wile (318 (slag sBIS (Y- -4
ST o] logmis Sa slag sl (¥--4
280 I8 S cusb; 5 (VAL S, 5 Soa)
Sl S ishs a5 (Y004 OhlSes 5 LSl
5 ousbs ole 5 o8B L1 S e Siad s
5 SxS) wles She S pLas S5 bl
) g S b ol o3l (VAR olKas
Bl a3l wsle gl glacallas 5 58t Gk
9 &m(_;_)\}l:‘ AS‘\’:GA Sl L ;.a"‘ JJ:»QS .(Y“’\D
s assiell 5 ol slass) lasle ol
(Yo OoKaa 5 S5) ao S ole)y Jsb oo
Joliie slasasy 5 (S pad Saa 5 ool se
Jsa 5 ol wnle iline sladale 31 5 LSIA (Y14
3 wsbse i g Sl ead ol g6 5 (S Sns
ol (Ye e LS 5 |wss) w358 o LIS Gud Siaa
o9 b gles b Stdday 5 Sad bl o gloyse
coliie sladdn L) S el aa) as Jsb

(V0N o 5 Oo0sS) Sisdipe soSe)ll Saa
BB ohd yuas sely Gk e S S oS Saa
P05 XY GLlKaa 5 5is8) s S se o 5 glhdiul
slada s HSB (Y0 llKan 5 55 ¥V sres
S 5o selie Cda calli 5 pad SEA 5 ok e
Ol SEA 5 osbye il (e Fas b
Koo 553 VY GhlKea 5 Salylad) lolaila s,
VY LKaa 5 ol ¥y ghKaa 5 o5 ¥4 -0
5 SOl S5ile Jailiy 59 goose lonis S
OolSes 5 L) was cush, b slae Gl pac
CALL: U""":‘ A K) u_:\g]c).n ¢u.3.x§.a.A .JJ; (Y”O



WA Jlo /Yo los YFals [ S5 g ol tils 4yt

g uﬁ.‘x.: ¢ .))sw.Ua.n Yy

Soae Slae Sl S 555 9sS Ll (pl Wl s
Jals 0l 4 LB ol (g wsl sooslES Lo T il
Sed ogso 9SS gl € as ol
©Nos aladlbhe o sy Ol ol K 30 S <3 el
L ol B, ) 5o S ol sud soldiul aa
Ooas 5 LIS (Yoo¥) Lsd 5 olas oldlas
OlSar 5 (i sS (Y- -1) GllSen 5 MY (YY)
_)‘ Jﬁ .J_)S b‘)‘..;in‘ (Y‘\’) AJL.!JJSA K] us;a K] (\"“‘\)
Oley @ae (iled] S (b (G358 slagilesl gt
S Gad KA 5 ok o Sypladl gl a0
5 suliil L FC cugby wsjyo cwa S uad 59, ¥
Omand JSwly sl S Yo e (iSe 5o 5 goldd glaado
SK cnsh, gl @l po¥ o 5 (Y0¥ alK,S)
‘)‘.\:4\.4 JRW- 54\9:).“ u:\‘,\,‘, &3_)}9 J| - [FFC 9 FC G
5 6o solas ol 51 S 58 5l ssse slasS
sladslas i Ja shie OT o5 wlas i
08858 b S Wk s ok Ll 5 sy ol
LFC & S cusb, as «SA 4 gl 51 Juse aaa
K] M A C\}J:u.u M K] ..\.‘.:LL;Q bASL.u_) '/?FC
Jals o el oS goles SlS 5 Gl Sl e
Sl Ol 4 Gup el G, oml e 000 sla i
o 9 8308 LS us 50 0 sS Jslae b a3u s0 hie
s 99 R 4 oAl kS g B oad blas
L oswd sulel slaSla 51 S2a S oS V- Julas
b sl Jals oo 5 i A S E N (0l
M s L o i i ol e 1 Al
ad sl OF 5o (S s s Jols @l
Jals o sl pue (VYA- 88 5 i)
02088 Bk O e cusb, Dlale JS adk
pladl ehs Shie OF Gusdl 5 ladisl @l

ok, Gud SEA 5 ogbse lada e o s S

leds) 5 suliin) b S ol (YA soslT Y-y
CM Gae 31 5,08 sl&ails SIA asle 655 50 ssa g0
et 50 Olomesl Gl o @8ly gl T
5 (o3 ¥ A 0F") Glilaa Jsb U 50u8 ook
G5 s (Gl YA N0 0V") alilaa i
5 oS Ol Guy b Sadlea i slssle)]
Sl S50 (Ao wsoiedae ¥ S 5ESIA Guls e
o3 ol Lia il Sid el T pliad 5 (S
5 5Sae (Al sy (YN Hsa) Gyl GByon S
DTPA ,Ss,lac L S Lo ol€ Ciadils o
08 ol Caa il iy (VAVA Jeos 5 sdu)
Jlo s S psnigel bl b oSe lae (25,0 S
Sl b oiesoma (it S cil (Y- Sisa)
Otalel (a0 (T oS (VAP 5ol 5 (o) il 3
oy sacilice s 3 S PH (VA48 el 5 & seali) 3
S colaa cubils (VAAY al€e) S ST A
ol S 5 YooV ) SK o ol V1Y Jslas (EC)
A8l b ol A Ghgut SIA Julase S
99 o Bad Gaas (VAP Su5las) s b S
MalS by ol B 50 5 JassiSE o) semts GlsledT
Bald o 5 WWAY Jl Lo LSS 50 by ulss
S5SB Slea L sl oiale)T i S alast aliule)]
2 PasSile £oy sho) phus so 59 shed Jel
sad wil g CaHPOHLO e 31 Sl Ni,L_.S
phs 53 59 555 (SIGMA-ALDRICH &S, s 53
pie Sl SA A SHlS 50 Zn s Sl Yo sin)
(AppliChem =<8 bl sad wl g3 ZnSO,.7H0
oby s (/FFC 5 FC) b 59 50 Sla cush,
o 0o P 5T A ) e Sl s Gl S
*) s 99 59 Sied Jold g6 4 b p s piales]
gl 99 53 5o (S A SHlS 5 Pa Sl £
e a5 (S a SIS 50 Zn o SLs Ve 5 ius)
Yoos Ve ) gl dw Ho pad Saa y osbse
Sd g (555 WS Dlie 81 sad sl (Bn
dolae SIS S phe o S o sad Jjens

salgh Jied 5 s poSHLS VY- 5 ¥e Jolae s



Yy

v Slid lSgige 5 59) Sl sladgS 5 SB Cushs) cilizes Ll

J‘QQG“)&L‘MJ‘&QWOJMJJSP)LA}:
Jas 3 Lasals (eole] Julas adlie aald Llas
5 oobuls wdas dasals w3 Gase Jles Gsedl
0 Jlaial mhus 50 LSD o3l L) LagSiles drlis

ad aay Excel 1380 5

S g b
g S ol 5 (08 sla S5 A
C_u.u‘ sy ‘L;\‘J‘ \ JJ—\.A o L)’:ZHLA:).“ &f‘ B bJLtu.u‘
il slols 5sSie S 5 s e saalie € shples
L oo JSie a5 o) s ST oy 0 6!
S aa,3 WO T FC cush;y Hlaie 5 og cuiblils
o O S 5T Caa bl (555 5 Sid Jlale Gaigen
350 2od QLS 51 (ol (6l S wsse (Sloas

(Vo) )

390 Y b oo ad suls a3lal 5wl swile, FC 4 Sa
0 oaobgs S cush, 5, ¥ Ol am 5 wo S Saa
slagle) 5 alsS 5o LG o ad swile, FC oa
cLdn b Qoo Frou Y N ) Gaal SO
eolias (B Vo5 V) pud SR ke
o pladl (VAWY) Olsd 5 ssslble (B, b oS
Uisot Leslac JAls Hu s sase (Sure Hiud cbile
3 el S guadge o (B b S Sl
Spectronic-100, Shimadzu, ) jie 538 5 Sl 8lSis b
Al soSe)lul Jle gl VY- g Jsb Lo s (Japan
35S (2LOL weus (VAAF S NPT L) 5 o)
G 5 Olyl) wel ity o) daly O i
(\YAY

R=[(Qex - Qexo) /Q4 %10 [\]

M J‘AE.A Qa ch\l:\jL.\ L Hd R QT o 45

3 e gloA%l Jid Hluie Qo (S 4 sk su 533l

lale)l ju oaldinal o) 90 S (liasd 9 (S50 SS9 S0 ) g

Cu Mn Zn Fe K P EC (\ ;\) pH ocC FC SP CCE A ~
. dbiog S

(mg/kg) (ds/m) (13) (%)
Y/Y v/ - /oY Y/AA 00F AV AN /0 AVAVA) Y¥/¥ \O/YO E) “-\JJ

&Lfﬁ.l;;.:‘,]a)m_,.;:sp‘uJTQf_,S:OC‘6l4.c_)_}Ac;;.§_,B;;:.‘9L_,:FC‘Jal.«.nhu.dio\.'g_,s:CCE

9 ) ladsa a8 saaline jiud suas w5 b
29 S AT B i (BalS o wias e oLis Y
0 agan) us el s Byae Ll
G osad 00538 s obdl ws o (rinas (am o
© Jsl Seo 09 ae,u VY/A ) (ualS wsyu Ve L Sla
Ol s el S aas 5y, Ho we s YY/A
Sonie e aleds Ylaial ATl bl i wad
(Yot OlKea 5 Lale) llilase, ba s oF Gt
Libes) pacalS alaa 51 Sla (slag s8IS L ol yan G g
o D) S sela w3 g o (Y004 OSea
gobe oo b ol by (WWAY (2638
(V0 OblEas 5 220) posiaesdl 5 ool slass

Ssdige saaldie ¥ 5 ¥ ladsun o S sb(les
T 5 o (g0 Db S Ol Lol sla )
ol bliie lail 5 Gad Saa 5 Gsbe sla
sk, OdadX el S Gle) (g% sl 5SS
XOomsbsSl gleh Lludxgs,  ludx S
DX (yad SEA 5 osbse sladd a5 Audxgy,
it 4 sase oL ¥ B ) glagSa
S wol ity laslas 3 ATl b i olae
Sas S o SIS 5 a Ske £ Glhaeds i
Shd S Gl SO Loy GlBdl Lo sad



WA Jlo /Yo los YFals [ S5 g ol tils 4yt

g 55 ¢ 3,5 slbae Yy

5 ohT) wlipe G35 ,See cullas o ol
Yo d S JT alge S Ga (VAAY () gyl
Ay S s e Gad Soaled origed adls
Sl (S JNalge Siid € S cad ©
sl Yoo ol Slde T ol Siid 4 S e
ST 35S 81 5 0 5n Soato i SE sne e
s oelola) wlhiee 38l S puse Hid sl

(Y ¥ OlKan
AL b 53 Loy 5318 B0 il f g 4325 Y o

Jol plule)T 4o sLa

OSilee s .
ol e T R
Yov** Y Ol S le )y
Y- \ S cusb,
0™ v Sla b %o saeals s Gl
\Y¥EE \ G
O/A** Al E9x ool Sl Loy
NE™ \ oS cuh,
YA\ Y oS sk sl s ey
\YaAL* \ S
A2 Ak Y SAedx G sl S ey
o/¥* \ Shdx S b,
VAV v S Sla g s % (el 5O G Le
AA/A** \ SAdX (5 9,
FINFE v Db (5.9 5% G el 5N Loy
1y ) S (g5} S e,
1v'™ v S (55 X SIA i gl %y gaesls S (Lo
/¥ ) (IN%
— e I am—

7N 570 Jladal mais 5 s Sae 5 ol Sae ne il e i g % NS
Ausd Lo, gisl 5l il g aajad ¥ J gaa

Py gabeyl yo sla cbi-"m‘d-_t@

oSk e s
Qla-g_)-a ‘5_)‘_')T R e
YOAF* Y PR
\BINF* \ ZXS)

AN A ¥ CEBA NS
FYAY** \ S
YAV Y Acudxdad ya
AJA** \ Audx (g9,

s . . .

+IA Y DAudX (g 5 X 4A y

N2 Y s

YIN (7) 2lopis o

09 olasiae 5 sl e sue Ll e wE 5 % NS
7N 570 Jldal mhac

le) sl Sal 5 (Y244 GlSan 5 Lila) lage,
i1 (VAVE) oolatical 5 Llol (Y+ -4 oan
Lolyd o sle ¥ caeds SIA 550l SO L S 0 503
sad 0053 Lded desnd 00 asas Olisiue
o8 gl blE Hid was ualS e GLSLAG
Olias plo s b el Sl sl slagle)
5 oasla AAAF SLKaa 5 cubdll )l clle
GialS iSlaa (VAT L5 5 ol oY U,
Voo sk peae kalyd oo ploaill LB s
ool B 555 0 3 wa 5 wa S sasalie Jyl 54,
obel op € ol li e S5 dlas sl
29 (EXEP) SUa gl ASBGE i (T) 5 el 1
YL (Sian o b ol e dasl ) S5 u ) 9o S
&Ll (F 5 Y O slaSs) cdls ssas +/AA
Obel S &S uls plas elpasul bl Hiasd 5 ole) Gu
a2y 5 euen (pread LA BB il (sl S
Juls & Sla Lul i bosnd 8 yems Hi0d Jas 3
S 5 a5 el 8B way 4 T 5 5 sy e
SSar 5 says) B3 S pe s Sl £lATLILLE
BB i b Gpae ase lulps o (V44T
il Al Gl SO Lol Glalbdl b 2l
2 pSke YA G S (Y 5\ slagss)
FC cushy 5o Guaalb sl Uyl Sas 5o S Sl
S a8l 5 a S he YAY 4 (2l s ju AY L
slos alS Gl 5 @8l (BAS by Y AT 55 oo
pac bl iyl 5o (ines 0 g we 0 YV < [FFC cugh,
Sgda 5o Boae pae by dpae b Gl Bhae
5807 5l an ARl BB S o halS ws s £

a0 S saaliie Sl 555 b dnlio Hu () sacls S
cleds Ylaal Hloy @b b Al b i halS
oS slacallad 31 5 Sl ad Soatene
Joan) AT olse 05 (VA4 GLlSea 5 o 5en 0 S)
5 Wle) Csms 5 abe i glasin Lo ()
9 ous olidal i b S walbie (Y004 lSea
0ol Sl S mdls sl (Y007) ool
sut saaliia FC Jio crolio culs cugh, Lo S



Yy

v Slid lSgige 5 59) Sl sladgS 5 SB Cushs) cilizes Ll

48 M
a
3 40 A
) b
i
3 32 b
=
_ b cd
i 24 ed P .
b
o] —— FC and 60mg P/kg soil, Ext-P=136(InT)"2-10.75(InT)+ 47.97, r=0.900**
o 16 4 —® 0.6 FCando0mg P/kg soil, Ext-P=1.347(InT)"2-10.735(InT)+47.1,v= 0. 999**
ﬁ —&— 0.6 FC andno P, Ext-P=-0.2283In(T)+3.7021, r=0.793ns
=] 3 —— FC andno P, Ext-P=-0.383 + 3862, r= 0044**
Ll -1
e ef ef ef
-— —— ™
0 : . . . . e
0 10 20 30 40 S0 60
(3800 Okl

Py S Cugl () gaeuls 9531 oy (5 slas Ol 3 1 £ ARt &l yaads Y S

(megke) 7 Add 6 b
(1)
S

f
—— 60mg P/kg soil andno Zn, Ln(Ext-P)y=0.037(InT) "2 - 0.268(InT)+ 3.88, r=0.997**
—— 60mg P and 20mg Zn/'kg soil, Ext-P=1.183(InT)"2-10.68(InT)+46.2, 1= 0.999*
—&— NoPno Zn, Ext-P=-0307In(T) + 3.93, r=0.873*

§ 1 g —%— 20mgZn/kgsoilandno P, Ext-P=-0.305In(T) + 3.634, 1=0.888"
I h
* * =
0 il
0 10 20 30 40 50 60

(5 I ola s
L282) 00

]
-

P 9 Zn gl 553l oy (5 ylasi SalaaS i (51 ys S ) Al Bl e & puadi Y JSid

0+/Y 4 +/F FC mlacs 53 w50 YA/Y 51 5ad Sb5L
Jlsia) mlas 5o <€ @b Gil38 FC cashy Lo aus o
L gloaial bl jied (iul3l g Llasae seass O
Goriids Gl cledy Wl 0 SK ok, Gl
5 oS callad Gulnsl T slaml 5 T e
OSer 5 HanS) Shed Gad Sare iy
Oad oyl 5 S jiad oda cadnl (2alK (VA4
Shober adl (WA (Bl 5 Aad) sad Cda Hied
o 5l b e S o (Yo F) ¥
sladia 5o ol clile 5 5ud aalyd 5 1) OF asaS

&l FC 4 +/PFC ) SA cush, il

(Y Ka) wa S S5l sl glhaial Has (il )
5 ol slaple sl Lo S b, (il
135 b Al Gl sels jid B as b
o
GRS Sra Lsbds sk ol b gl At
S glyatal (il 330 (P JSE) 8 s Lls Sae S el
a3 GLts s 958 By b ol yan Y eyl 5o
Csbes G5 b S @ sad sasi8l Siud oLl
Soss GalaS gl e el GulNl S sk,

Aud hud Gas aae glajlas o



WA Jlo /Yo los YFals [ S5 g ol tils 4yt

g 55 ¢ 3,5 slbae yYY

(Y JKa) csls goloiae 58l ATl bl i
el o Do Sl cush; mha go 58 L9
god a0 Gl (P USE) wa S LAl B jas Grals
L’,Lﬁ% Sl B ‘)Aa.ué EREXD) L)L:S‘J < AAJL;A OL.:I.\S
Jae s shoy 3l S 5 438,85 158 oy 5l
29 gAEI B Jiud s s 9SS LB ol a0 S
Vo Gome 5 as 50k oS g slagle)
S0 P Ob pm S A SIS g, aS(Le
3 S 5o b A Oy ol GhalS SIS A SIS
59 58 ghoatul el alS sl o el el
")“)ls.n.b K} ‘)‘S‘:i AAA- ‘)JJLAJ J..\:LA) JJ-A-:ZI‘;A J.A.AS.C.
Slias b g Ladlie LS 5 o ylite mli (VAAD
bl 5 s 5 (550 Soas Sl ase o Al
e Hhad pie il 5 590 LlEe ) (Grinas
Db sl yan Gl Sopl 4 G 5 wuly (Shi aa
pr SAd 5 s Bl Sl mln WIS e wal
Al oad pH oluds ¢ Gan Giges b 5nss
PH 3a3a3 (pl o cmlbioe oS Lad 5 590 Sl
B B gk, s didie pdaledl slasaly
5 e wile (5500 lE8as ain 5 058 (586l
M8 (595 5 e sndpds p 5 PH LG (Y2 - ) s
B gad GBS (V444) Juaie 5 Juie asles gad (a8
9SS JS S Eiels S 5 (50 Gleded bae S
“© C‘).;L.u‘JAGJJJ.‘M N | BN ‘)‘ saly J_)...a.a ZX8)
i 550 a8 a5 S b il @y s
5 ol b Siaes Qda cabls 5 b 5 s,
5ot 5 (Vo)) OllKan 5 ool (Yoo ) Loy
SlEEaT cpl 5o ol sad GuL1R 500 (YWWAY) K
Olo8 Lhid boges o, ol wble el se
pobes abe b olhnis Sl s b o3
5 s ol an 055 g0 580 i Ee LL B
Gdls S350 Shud 5 oo BlEe S 5o pH @l sl
¥ USE Lo saddil,) s S, sladal, 3 wlend

VY (2alS oS wia S GBS 5 o slelhae bl
pead weyu ¥l ds (b o S cnsb gae o
S o Mo L ool tals G1alS 1y lsa (i 5a i
Gl Sase Haiid g Gl as 50 YO SIE T i
o S s Sie cullad (alS ssias Gl 4 el
s ol apaS i 3l
L € wasad GBS (VAR4) LIS 5 Iyeuse
s FC 4 /YFC 5 S cush, il
1y Gtlod) Cpl QBT ad 5l ¥ sas £loASLl L
S el L s uSHy GualS 5 pH oS
Ja o b ol s olo S b panilS 0 g
Shadolpds (VAY) L GlSes 5 Sl
-callad 4 Baae 1) usby Sloudd S5 s ATl LG
ghoaied cubl i3l aiiadils by ye s ,Sae sla
Oliiae sl wlis b Sla cagh, Galbdl b il
(VA3 OLKar 5 san S A LIS 5 D)
poSSLS s o pSke T Useae s cidllas
ool s ol aal Tuad 1) pLAtul bl Liud SK
Jlaial mlacs 5o Gl S glagle alas 5o Guals
S Sy (¥ 5V o) uss Hlufre wo 0 0
la GRS ol b Hsbas 1) Shad oLOL s
OY/¥ 5 siead Lol as s S (g,5bas (wo s VA)
Lol 5o a8 YOI 4 (555 Do Lulsd 5o a0
03 ey S SIS s s pSGle To e
22 880 p Gk ¥ slad (0 aanli SO slagle) alas
Foolad 5 oS il Buas (e 5 S SIS
Goo Bras Gon 5 SK o SIS 5 jaid o S s
LY Jsd) amals 1) ghaialdB siad op it
A 5 555 Dae 580 G sl S el il
gloAial bl Hias BEA) 5 u e 55,0 Al bl
pSHS oo pSGke Yoo e gl 59 On
Soadde (Fr MPKG) siad 0 S L Lulyd Ho Sla
Soor el oo € ol SO o)) Sy S oo
s oad S o drae Hhad b i glagusl
bl 5o aas e 2alS 1 ATl BB i oble
2 SE 4 s 98 (958 bl 0 S B yae aac



YYo

v Slid lSgige 5 59) Sl sladgS 5 SB Cushs) cilizes Ll

BEH PRI S W JYPNT JPPAL K| PR VS EX JERR LIS W
Oelsd 5 mame NV GLKea 5 Subliwl) (Sass
Slal YoV oLKaa 5 o3 F-+0 X g g HAAY
S 3 (VA0A goms) Gusesd 433 5 (VY (llSaa
2ibipe S Gad SEa 5 Ggbse oplie slada
OEas 5 a5 (VIAY) oL 5 eyl B L
03 S a8 o HLES f s 9o (pl Loy cdillas (V44Y)
S 5 osbe slada e S we,he a8l Ll
S b gaial cull wsdie LSS oud
abes Ol 53!
€ Do GEIE (VAY) oo 5 el
gl S5 el ad SBA 5 osbse sladn
cobe Gl B sied S su S S Il 5o was
"o s pobes Cnea ok 5l oa S Ul Wl e
oalla anla slasl Cda gl 1 swaa Bblie wil g
Cda o8y (PBoeae Hhud Gl 4 sl (pl )
sladasn 580 (I Hsbas sl (S waan ¢ b
4 5si8 oAl BB G s pad SA 5 Csbse
5 (VY OLlKea 5 olal) G adidie 385 sk
ol sad GBS asse Ol HY pAE  as @l
(WWAR) OlSan 5 QLSS 5 (Vo0 ) e 5 Croalls
Gl (Yoo1) ohlSas 5 Sisa 5 eal cals
SEa g ook sladsn S L Slad ceal
o Sty Sl oo wasa IR S gus
slaa s 5Sh € wasa IS (YY) oliKes
e siud aalyd 5 S pad Saa 5 osbse
5 o B Gl e lSge eamie Jelse s
halyd 4 Ol daagl 5 &€ wal S5 ool
5 0reelo sSl glos s olind i sa o) Giule)]
sose S sla S5, (S Gud KA o
g, psd PH alie pla 5 5iud Gliae) Glalel]
S oLl (a0 S Gliae 5 858 (S lasls

relio 280 b (55, oulile pulle 5 S cush,
Oled om 4 ala Gl Bsaea S5 Jalal o] s
09 (Bxt-P) Sa £l Al ol saed 5 (T) & ey 55
Slagaine dasly S g5 5 S cush oliie byl
(F ) ctls asay /A% YL (Shisas cupa by
foane L9 Ol SEA 5 Csbye sladd
(0 JS8) ad S ATl b sid (alS sl
S s 435n Ve ol 5o Lo pads 2alS (ol
G POV 3 ATl e S5 s 350 S
Db o (RAKT P ) SIA & S 5 o S LV F/YA
5 ook Jol Ao Ve dals o (glaslldl
Whoa Vo) aa (0 JSE) edl el pus Saa
5 oiS a4 B LB By, ATl bB sid
(8l Al seays 0 L gum Goa Ve dlali o
Js) Gom Vo 5o ATl G i wad sl
o9 dado slaanl 8 o) LBl Gad Gsbye 5 SaA
35S Dae S8 5 Hid gt cabls gy (ralK
a5l S slag 558 L sl e G g alaa 5 Hiud
dola ol g o (Y008 GlhlSea 5 Sla) auS
2 nba Qia b (WWAY (2608 5 (D) S
5 w0) potiesll 5 Al slassS) sl s,
5 (Yt ohKen 5 Wila) laga, (Y)Y oblSan
09 gdse il (Yoo 8 llSen o Lhle) wdl o Sal
bl 50 S ya o sualiio B ¢y s # JS2
SAed gloaiid) culils 358 Yok Hlad 8 S B yae
GhalS Gk B Csye Jsl s Ve alsli o
Losded (s bulsd 5o aS s o oo ol teily
Sla b oy delse ws S ) Gllae su,
5 samys B Yo AL i (alass
S Gl mdly Gl ss G o b bl e
sledas Ylaial Hius 35S G g by 5o lraTul Ll
5 oiadl Ki 4 S Jslae S glaSa foas
Gordada Ol b (VARY Gl 5 sass) Jslae



WA Jlos /¥ojlod YEAly / SB g Ol il 4yt PR E S Y298 \Ard

-
e
1

J

W
N
1

H20mg Zn/kg soiland no P

| s0omzP and 20mgz Zn/kg soil
ONoP andno Zn
O60omgP/Kgsoil andno Zn

e

(kg 7l Al L6 dod
N
-

S cgls

P 9Zn (S5 gl y (5 ylasi Sl 5 51y gl Al B e &l it ¥ S

(3
o
]

a

1 —«— FC and no Zn, Ext-P=0.7736(InT)"2 - 5.6789(InT) + 26.84, r=0.996**
) —®— 0.6 FC and no Zn, Ext-P=0.701(InT)"2 - 5.23(InT) + 25.9, r= 0.996**
‘is 24 b —&— FC and 20mg Zn/kg soil, Ext-P=0.587(InT)"2 - 5.46(InT) + 24.99, r=0.999**
‘i 0.6 FC and 20mg Zn/kg soil, Ext-P=0.647(InT)"2 - 5.73(InT) + 24.9, r=1%*
w
B 20 -
)
E
-

16

12

(SX3)JLS)

Zn 9 S by (gl 953l Gl s lass Oluss 5 () 5 ) ARl BB fed Ol puads - Jsud

a

(mg/kg) g) ALuIdid b
N ~ ~ N~
< ~ S =

—
e
!
o

—
=)

T T
1 6 11 16
gﬂmjgﬂﬁduﬁ)% EE

A S g (59, Tk (nSile) S £l Akl il R s i SUA 9 0glo o sladd il -0 Ysid

5 ohed 0 S Cyume ondls Lied 95 G bulyd 5 wsbye sdd s 86 € sas e ol v Ka
3 s Akl el (il sl enlh oo b, S et gloAtel Jiud p cul cugby 5 Gad Sad



vV i S gige 5 g5y Slilgus cosS 5 S Cugb, Ciliss Lyl ]

Cia robe (595 o2 Shed S ud S3A L ud ol consty FC culs el 59 oaals 51 51 (YO
sLdsn Onined il ann b g sad ala Shd GEAS &iely pud S 5 ok Sl o
LoooSee callad gad Saa 5 osbse ol ook e dan Ve L GRalK (pl 4 s S At bl
aas e 5153 5l ead 1 Jid glasal 5 suls (2alS oS 5 oyl s dspdie sidw Sud SEA

51 A
‘:i 43 4
9
-3 35 4
‘{1.) 27 A
)
=
E’ 19 4 —4— 60mg P/kg soil and no Zn
~ —=— 60mg P and 20mg Zn/kg soil
11 —a&—No P andno Zn
£ —%—20mg Zn/kg soil and no } f
3 * $ A2
0 10 20
O SEA 5 gk sLA4A o Al

P 9Zn (Houd Sd 9 0 gb g LA 2 (5 jlasi Bluss 53 () 7] pAdeul B heud Of yaads —F JS

40

36 1
- ab
3 2 ab
3) 28 -
3 24 | B60mg Pk g soil andno Zn
i B60mg P and 20mg Zn'k g soil
'L;: 20 A BNoFP and no Zn
-_?} 16 1 B20mg Zn'kg soil and no P
=1
% 12 A

5 4

€ ¢
4] 3
0 T 3] T d
0.6FC FC 10 cycles 20 cycles
S gy kel
S 2 Akl BB Al j P g Zn ad Suid g o sb ye sLadd (S cagby il -V Jsud
9 B0 O 9 OME SEA 5 ook Ay Y (S (oo hed) Hiud oS Gas bl 5o
Susbs 59 OssslsS) YV mgkg) o g Sabls (R3] siel ud SBA 5 Cbose sladh sy

Some aue lolyd e el csw S| pSuls (¥/7# mg/kg) gl saial LB Haes Glae G yidus i



WA Jlo /Yo los YFals [ S5 g ol tils 4yt

g 55 ¢ 3,5 slbae YYA

S Sl +[FFC b Ho gloaiul il Hiad Jals
¥Y 5 +/FFC cu by 5l oy ¥O) s g0 FC cushb,
Lalsd oo S (oIS L(FC cush, gl aamys
Olpdl Giels wylse aldd Lo dejbe cudph cugh,
s oL taas @l S sied ghalal culls
e BT an S L i g5, bl 31 €S
bl (S b kol s ald 5o g5 35S B
Gl b alS ol s ol (malS 1y i gl,add
S sl SO e
an 5 goanie sladele &S ol ol it
S Borae 550 hed 3 S piie 5 Olae Sla b,
CublE 5 w0l 5 e S ol pud SBA 5 sk se
S0 s o s wab ISl L3 slie Lia
wb las ol sladale s sMle ol ity 5y yualic
Lo ol SIS a8 aa 530 (S sladele 4
o9 s SE gsesl aladl gl Sl 4 e
ool el gt g suliien) KB pa S 3 sl&tgleT
S cnob balyd 50iS Jaloas oS s pLES (5
o8 eud Guas clATul BB Jhsd mlan dejie o
i ol de 3o aily bl b il g e stules]
Gae) (ol Lo Side ollles alad) J3) asl Gals
-0 oS5l desie a8l bld 5o Lo sads

sl

R e
3005 ol&ails (555108 5 GRas3y whslas
solad 853 cob @lhal o e colaa Shlag
O @l 3 hewd gola i ol 4 (o/YV/YAY-

.J\g.ﬁau.a Lsi‘d_).\z 39 ‘)SJ:-I: el

owdd &l Sl Jgte pud SEa g pbye lesd
N RER RIS TR XV RUREN W JPINVER U ENCI PR AR
NAVF GsuiiSin 5 Oaealsly) ad WD mas sl
Jsle 5iS lagSs (igan (Y040 Som 5 s
OoEar 5 sar)) Jslae 5 Caals S8 4 LAl
ST olse w3a3 5 I Sad spdada eael Lo (VAAY
95 VY Gl 5 wiae AV G 5 Sl )
OLSan 5 el ¥V GlLISa 5 55 Y00 K g
OLSen 5 SlaT AVA0A £om) Gusesa L33 5 (Y01\Y
Sad ALy sy Coslie gladaa A1 s (Y+)Y

aboe ol

&S S aSdalins
SEd 5 sbse sladisn € ol plis mln

Ghlis Jo 4e,3e a8l bl s o € el anle ud
S Gyl sl w3l e () Sdddas 5 Kb

cubls Jidu Gl sl Hud SEA 5 Ggb e sla

Ad Gyae ulyd Ho Sl ys wa S (VYY)
Ol dely pad SBA 5 Coboye oslie sladdsa
sad malS 5 S hial b susaslal i LS,
S el cush; b awlis 5o o gloatul culls
W Pwsad LA Joldasn Ve Hu S
Dhad oS Gon s bokalyd g 58 o
cubls (Al Gely cull cugby bl 5 50 (sl 5

Shed Byean bl pd 5o S S ) il g anal

ouldicul v,y g0 C..rl.'m

(5:)\)\9‘.4.:25 ‘:\9.‘.:4_1.3.0&'\)&‘ LSLA\SB :)‘ LSAJT‘ BE b._ﬁchzlf QJ&L—H‘J:\GMJJJTJ:’ AYAY ‘CLS:Q&J'%):JL;Q[:"“‘J‘

Olaea Gl laSIA o (s58s oS QAline pulie Hu sl 31 s S Ha0d el )8 AYAY O (aedS 50 D
FAGOR sladaiin ) sslas A4 als O 5 S asle s



¥ i S gige 5 g5y Slilgus cosS 5 S Cugb, Ciliss Lyl ]

dae e i sub 5 i 50 oAl 5 s2ed 5 suk wSlae s e 5 e (555 HSB YA W G 58 agse
XYL LYY gladain &Y oslad 0 F ala (S 5 Ol asle (oanb mlie 5 (5555L38 (538 5 asle

9 b T S S udioshye 5 Sad Ol slada n 5B AYAY ¢ plea 5 1l 2 d LS
YEY G YYY sladain ¥ o lad FF ala (S 5 0T i Jslas Sare 5 JT 5359500

LS (A o Pare shed LlSE 5 Saa il Hiad 5 sl oS 5 Gusby b, U3 ITA o Ads 5 O e
AF B sladaion F sjlad FY ala o)) S 5 0T olidas das o)yl Jlad g,

Achat DL, Augusto L, Gallet-Budynek A and Bakker MR, 2012. Drying-induced changes in phosphorus status of soils
with contrasting soil organic matter contents-Implications for laboratory approaches. Geoderma 187-188: 41-48.

Adam Al and Anderson WB, 1983. Soil moisture influence on micronutrient cation availability under aerobic
conditions. Plant Soil 72: 77-83.

Al-Khateeb 1K, Rajhan MJ and Askar SR, 1986. Phase equilibria and kinetics of orthophosphate in some Iragi soils.
Soil Sci 141: 31-37.

Alloway BJ, 2008. Zinc in Soils and Crop Nutrition. Second Edition, |ZA and IFA, France.

Baldwin DS and Mitchell AM, 2000. The effects of drying and re-flooding on the sediment and soil nutrient dynamics
of lowland river-floodplain systems: a synthesis. Rivers Res Appl 16: 457-467.

Barben SA, Hopkins BG, Jolley VD, Webb BL and Nicholas BA, 2010. Phosphorus and zinc interactions in chelator-
buffered solution grown russet Burbank potato. J Plant Nutr 33: 587-601.

Barrow NJ, 1989. Relating chemical processes to management systems. Pp. 199-211. Proceeding of a Symposium on
Phosphorus Requirements for Sustainable Agriculture in Asia and Oceania. 6-10 March, Int Rice Res Ing,
Philippines.

Blackwell MSA, Brookes PC, Fuente-Martinez N, Gordon H, Murray PJ, Snars KE, Williams JK and Haygarth PM,
2010. Chapter 1 - phosphorus solubilization and potential transfer to surface waters from the soil microbial
biomass foll owing drying—rewetting and freezing-thawing. Adv Agron 106: 1-35.

Birch HF, 1958. The effect of soil drying on humus decomposition and nitrogen availability. Plant Soil 10: 9-31.

Blackwell MSA, Brookes PC, Fuente-Martinez N, Murray PJ, Snars KE, Williams JK and Haygarth PM, 2009. Effects
of soil drying and rate of re-wetting on concentrations and forms of phosphorus in leachate. Biol Fertil Soils 45:
635-643.

Butterly CR, Marschner P and Baldock J, 2006. Drying and wetting cycles and phosphorus dynamics. Proceeding of
18" World Congress of Soil Science. 9-15 July, Philadel phia, Pennsylvania, USA.

Chauhan BS, Stewart JWB and Paul EA, 1981. Effects of labile inorganic phosphate status and organic carbon
additions on the microbial uptake of phosphorusin soils. Can J Soil Sci 61: 373-385.

Chepkwony CK, Haynes RJ, Swift RS and Harrison R, 2001. Mineralization of soil organic P induced by drying and
wetting as a source of plant-available Pin limed and unlimed samples of an acid soil. Plant Soil 234: 83-90.

Condron LM and Newman S, 2011. Revisiting the fundamentals of phosphorus fractionation of sediments and soils. J
Soils Sediments 11: 830-840.

Gee GW and Bauder IWC, 1986. Particle size analysis. Pp. 383-412. In: Klute A (ed). Methods of Soil Analysis: Part1.
Physical and Mineralogical Methods. Second Edition, Soil Sci Soc Am Book Ser, Madison, Wi, USA.

Grierson PF, Comerford NB and Jokela EJ, 1999.Phosphorus mineralization and microbial biomass in a Florida
Spodosol: effects of water potential, temperature and fertilizer application. Biol Fertil Soils 28: 244-252.

Gunes A, Inal A, Bagci EG, 2009. Recovery of bean plants from boron-induced oxidative damage by zinc supply.
Russian J Plant Physiol 56(4): 503-5009.

Havlin JL, Beaton JD, Tisdale SL and Nelson WL, 2004. Soil Fertility and Fertilizers an Introduction to Nutrient
Management. 7" Edition, Prentice Hall, USA.

Holford ICR and Patrik WH, 1979. Effects of reduction and pH changes on phosphate sorption and mobility in an acid
soil. Soil Sci Soc Am J43: 292-297.

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

Jones J, 2001. Laboratory Guide for Conducting Soil Tests and Plant Analysis. CRC Press, LLC. USA.

Kirk GJD, Tian-ren Y and Choudhury FA, 1989. Phosphorus chemistry in relation to water regime. Pp. 211-225.
Proceeding of a Symposium on Phosphorus Requirements for Sustainable Agriculture in Asia and Oceania. 6-10
March, Int Rice Res Inst, Philippines.

Kirkham MB, 2004. Principles of Soil and Plant Water Relations. Academic Press, USA.



WA Jlos /¥ojlod YEAly / SB g Ol il 4yt PR E S Y298 Y.

Koleli N, Eker S, Cakmak |, 2004. Effect of zinc fertilization on cadmium toxicity in durum and bread wheat grown in
zinc-deficient soil. Environ Pollut 131: 453-459.

Kuo S, 1996. Phosphorus. Pp. 869-919. In: Sparks DL, Page AL, Helmke PA, Loeppert RH, Soltanpour PN, Tabatabaei
MA, Johnson CT and Sumner ME (eds). Methods of Soil Analysis. Part 3. Chemical Methods. Soil Sci Soc Am
Book Ser, Madison, WI, USA

Lindsay WL and Norvell WA, 1978. Development of a DTPA test for zinc, iron, manganese and copper. Soil Sci Soc
Am J42: 421-428.

Magid J and Nielsen NE, 1992. Seasonal variation in organic and inorganic phosphorus fractions of temperate climate
sandy soils. Plant Soil 144: 155-165.

Mandal LN and Haldar M, 1980. Influence of phosphorus and zinc application on the availability of zinc, copper, iron,
manganese and phosphorus in waterlogged rice soil. Soil Sci 130: 251-257.

Mandal B and Mandal LN, 1990. Effect of phosphorus application on transformation of zinc fraction in soil and on the
zinc nutrition of lowland rice. Plant Soil 121: 115-123.

Mclean EO, 1982. Soil pH and lime requirement. In: Page AL, Miller RH, and Keeney DR (eds). Methods of Soil
Analysis. Part 2. Chemica and Microbiological Properties. Soil Sci Soc Am Book Ser, Madison, WI, USA.

Mikha MM, Rice CW and Milliken GA, 2005. Carbon and nitrogen mineralization as affected by drying and wetting
cycles. Soil Biol Biochem 37: 339-347.

Misra A and Tyler G, 1999. Influence of soil moisture on soil solution chemistry and concentrations of minerals in the
calcicoles Phleum phleoides and Veronica spicata Grown on alimestone soil. Annals Bot 84: 401-410.

Misra A and Tyler G, 2000. Effect of wet and dry cycles in calcareous soil on mineral nutrient uptake of two grasses,
Agrostis stolonifera L. and Festuca ovina L. Plant Soil 224: 297-303.

Murphy Jand Riley JP, 1962. A modified single solution method for the determination of phosphate in natural waters.
Anal Chim Acta27: 31-36.

Nelson DWLE and Sommers LE, 1996. Total carbon, organic carbon and organic matter. Pp. 967-1010. In; Sparks DL,
Page AL, Helmke PA, Loeppert RH, Soltanpour PN, Tabatabaei MA, Johnson CT and Sumner ME (eds). Methods
of Soil Analysis. Part 3, Chemical Methods. Soil Sci Soc Am Book Ser, Madison, WI, USA.

Nevo Z and Hagin J, 1966. Changes occurring in soil samples during air-dry storage. Soil Sci 102:157-160.

Olsen RG and Court MN, 1982. Effect of wetting-drying of soils on phosphate adsorption and resin extraction of soil
phosphate. J Soil Sci 33: 709-717.

Peck AW, McDonad GK, 2010. Adequate zinc nutrition alleviates the adverse effects of heat stress in bread wheat.
Plant Soil 337: 355-374.

Powlson DS and Jenkinson DS, 1976. The effects of biocidal treatments on metabolism in soil-Il. Gamma irradiation,
autoclaving, air drying and fumigation. Soil Biol Biochem 8: 179-188.

Rattan RK and Deb DL, 1981. Sdlf diffusion of zinc and iron in soils as affected by pH, CaCOs, moisture, carrier and
phosphorus levels. Plant Soil 63: 377-393.

Reed SC, Townsend AR, Taylor PG and Cleveland CC, 2011. Phosphorus cycling in tropica forests growing on highly
weathered soils. Pp. 339-369. In: Bunemann, EK, Oberson and Frossard E (eds). Phosphorus in Action: Biological
Processing in Soil Phosphorus Cycling. Springer, Berlin, Germany.

Rehman H, Aziz T, Faroog M, Wakeel A and Rengel Z, 2012. Zinc nutrition in rice production systems: areview. Plant
Soil 361: 203-226.

Richards LA, 1969. Diagnosis and Improvement of Saline and Alkali Soils. US Salinity Laboratory Staff. Agricultural
Handbook. N0.60. USDA.USA.

Rimmer DL, Hamad ME and Syers JK, 1993. Effect of wetting and drying on P availability in calcareous arid region
soils. Arid Soil Res Rehab 7(3): 265-273.

Sadler IM and Stewart WB, 1974. Changes with time in form and availability of residua fertilizer phosphorus in
acatenary sequence of Chernozemic soils. Can J Soil Sci 55: 149-159.

Sardans J and Pefiuelas J, 2004. Increasing drought decreases phosphorus availability in an evergreen Mediterranean
forest. Plant Soil 267: 367-377.

Sathya S, Pitchai GJ and Indirani R, 2009. Effect of soil properties on availability of nitrogen and phosphorus in
submerged and upland soil- areview. Agric Rev 30(1): 71-79.

Soltanpour PN and Schwab AP, 1977. A new soil test for simultaneous extraction of macro and micronutrients in
alkaline soils. Commun Soil Sci Plant Anal 8; 195-207.

Sparling GP, Milne JDG and Vincent KW, 1987. Effect of soil moisture regime on the microbial contribution to Olsen
phosphorus values. NZ J Agric Res 30: 79-84.

Syers JK and Ru-Kun L, 1989. Inorganic reactions influencing phosphorus cycling in soils. Pp. 191-199. Proceeding of
a Symposium on Phosphorus Requirements for Sustainable Agriculture in Asiaand Oceania. 6-10 March, Int Rice
Res Inst, Philippines.

Tack FMG, Rangt EV, Lievens C and Vandenberghe RE, 2006. Soil solution Cd, Cu and Zn concentrations as affected
by short-time drying or wetting: The role of hydrous oxides of Fe and Mn. Geoderma 137: 83-89.



Y i S gige 5 g5y Slilgus cosS 5 S Cugb, Ciliss Lyl ]

Takkar PN, Chhibba IM and Mehta SK, 1985. Eighteenth Annual Report of All India Coordinated Scheme of
Micronutrientsin Soil and Plants for the Y ear 1984-85. ICAR, New Delhi, India

Tavalali V, Rahemi M, Maftoun M, Panahi B, Karimi S, Ramezanian A and Vaezpour M, 2009. Zinc influence and salt
stress on photosynthesis, water relations, and carbonic anhydrase activity in pistachio. Sci Hort 123: 272-279.

Thao HTB, George T, Yamakawa T and Widowati LR, 2008. Effects of soil aggregate size on phosphorus extractability
and uptake by rice (Oryza sativa L.) and corn (Zea mays L.) in two ultisols from the Philippines. Soil Sci Plant

Nutr 54: 148-158.

Trehan SP and Sharma RC, 2000. Phosphorus and zinc uptake efficiency of potato (Solanum tuberosum L.) in
comparison to wheat (Triticum aestivum L.), maize (Zea mays L.) and sunflower (Helianthus annuus L.). Indian J
Agric Sci 70: 840-845.

Trehan SP and Sharma RC, 2003. Root—shoot ratio as indicator of zinc uptake efficiency of different potato cultivars.
Commun Soil Sci Plant Anal 34 (7-8): 919-932.

Turner BL and Romero TE, 2010. Stability of hydrolytic enzyme activity and microbial phosphorus during storage of
tropical rain forest soils. Soil Biol Biochem 42: 459-465.

Turner BL, Driessen JP, Haygarth PM and Mckelviea 1D, 2003. Potential contribution of lysed bacteria cells to
phosphorus solubilisation in two rewetted Australian pasture soils. Soil Biol Biochem 35: 187-189.

Turner BL and Haygarth PM, 2003. Changes in bicarbonate-extractable inorganic and organic phosphorus by drying
pasture soils. Soil Sci Soc Am J 67: 344-350.

Venterink HO, Davidsson TE, Kiehl K and Leonardson L, 2002. Impact of drying and re-wetting on N, P and K
dynamicsin awetland soil. Plant Soil 243: 119-130.

Wu J and Brookes PC, 2005. The proportional mineralisation of microbial biomass and organic matter caused by air-
drying and rewetting of a grassland soil. Soil Biol Biochem 37: 507-515.

Xu G, Sun JN, Xu RF, Lv YC, Shao HB, Yan K, Zhang LH and Blackwell MSA, 2011. Effects of air-drying and
freezing on phosphorus fractions in soils with different organic matter contents. Plant Soil Environ 57; 228-234.



