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EXTENDED ABSTRACT

Introduction

The use of phosphorus (P) chemical fertilizers has increased as a result of the world's growing population
and rising food demand. The world's non-renewable supply of phosphate rock, which is used to make P
fertilizers, is expected to decrease due to this trend. Therefore, this research was conducted to investigate the
effects of salinity, plant cultivation, cultivation method (monoculture and mixed cropping), P fertilizer, and
the passage of time on the inorganic P forms and plant available-P. It is expected that mixed cropping can
reduce the application of P fertilizers in both saline and non-saline conditions and improve the quality and
guantity of agricultural crops.

Methodology

In this research, two separate experiments were carried out as factorial on the basis of completely
randomized design with three replications. In the first experiment, the effects of cultivation, salinity, and P
fertilizer on available-P and inorganic P forms were investigated with three factors of cultivation type at six
levels (without cultivation, monoculture of wheat (Triticum aestivum L.), monoculture of lathyrus (Lathyrus
sativus L.), monoculture of vetch (Vicia sativa L.), wheat-Lathyrus intercropping, and wheat-vetch
intercropping), P fertilizer at two levels (zero and 80 mg P per kg soil as KH,PO,) and salinity of soil saturated
extract (ECe) at two levels (0.75 and 7.5 dS/m as NaCl) under greenhouse conditions. The second experiment
was conducted to investigate the effects of ageing, salinity, and P fertilizer on Olsen-P and inorganic P forms
under uncultivated conditions with three factors of time at two levels (zero and 90 days) and P fertilizer and
salinity (at the same levels of the first experiment). At the end of the growth period, the plants were harvested
and the soil samples were immediately taken from the cultivated and uncultivated pots and the Olsen-P and
inorganic P forms were determined using the Olsen and Kuo methods, repevtively.

Results and Discussions

The results showed that the effects of salinity, cultivation, P fertilizer, and ageing on Olsen-P and all
inorganic P fractions were significant. Cultivation of wheat, lathyrus, and vetch plants in both monoculture
and intercropping conditions decreased Olsen-P, NH4F-P, NaOH-P, H,SO4-P, and sum of P fractions compared
to the without cultivation at both with and without P fertilizer conditions. However, in P fertilized conditions,
the sum of Olsen-P and palnt P uptake (Olsen-P+Puptake) uner all three plants cultivation conditions
(monoculture and intercropping) was more than the uncultivated pots, which indicates an increase in the
bioavailability of P in the rhizosphere soil of these plants. In uncultivated conditions and 90 days after P
fertilizer using, NaCl salinity decreased the amount of NH4CI-P, NH4F-P, and NaOH-P while increased Olsen-
P and H,SO4-P compared to the non-saline conditions. In uncultivated conditions and no-application of P
fertilizer, NaCl salinity had no significant effect on Olsen-P and all inorganic P fractions. Immediately after P
fertilizer application in the soil, Olsen-P, NH.CI-P, and sum of P fractions were increased, while NH4F-P,
NaOH-P, and H>SO4-P did not change significantly. In 90 days after using P fertilizer in the soil compared to
the first day, NH4CI-P and Olsen-P were decreased while NHsF-P, NaOH-P, and H,SO4-P were increased.

Conclusion

The results showed that under P fertilizer application conditions, the Olsen extractant may underestimate
the amount of available-P for wheat, lathyrus, and vetch plants in the studied soil at both cultivation methods
(monoculture and intercropping). Soil salinization by NaCl salt had different effects on Olsen-P and all
inorganic P fractions under with and without P application conditions. Under P using conditions, available-P
was more in the rhizosphere soil (cultivated) than the bulk soil (uncultivated) and in the intercroping than the
monoculture. In general, in both saline and non-saline conditions, the mixed culture of wheat- Lathyrus and
wheat-vetch and application of P fertilizer at the rate of 80 mg P/kg are recommended at the same conditions.

Author Contributions

Conceptualization, M.A. and N.N.; methodology, M.A. and N.N.; software, M.M. and N.N.; validation,
M.A., N.N., S.0O., and A.M.; formal analysis, M.M. and N.N.; investigation, M.A.; resources, M.M. and N.N.;
data curation, M.A. and N.N.; writing—original draft preparation, M.A. and N.N.; writing—review and editing,
N.N., S.0., and A.M.; visualization, M.A. and N.N.; supervision, N.N.; project administration, N.N.; funding
acquisition, N.N. All authors have read and agreed to the published version of the manuscript.

Data Availability Statement
Data is available on reasonable request from the authors.

Acknowledgements
This paper is published as a part of a Ph.D. dissertation supported by the Vice Chancellor for Research



1825 Effects of salinity, phosphorus fertilizer, and...

and Technology of the University of Tabriz, Iran. The authors are thankful to the University of Tabriz for
financial supports.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The authors declare no conflict of interest.



YAFY—YEYY b

Homepage: http://ijswr.ut.ac.ir

Vo 0 ko (DB 0499 ¢yl 91 S g OT Lliixnd dloro

ine s SBJSAD g G BB i Sl 5 515 L @S byl oS 5 i 355 4595 51

PP o SB S

€ oo 3938 | T byl cmld | X7 dox Al puas | Vo3lsals o 0

alizade.m1983@gmail.com :debbL], .l ) 5355 <o 05 olK1 (g gl 0aSLisly (SB cwdige g pole 09,5 .
n-najafi@tabrizu.ac.ir :asbbl, . lpml oy <oy ol (g 5)gliS 0aSLisly (S wdins g pole 05,5 ¢ Jgiums bdi s .Y
oustan@hotmail.com :aebbly .l ¢y ¢3a 35 oKl ¢(g5ygllS 0aSil> (S wdigs 5 pole 0,5 .Y

a.majidi@aree0.ac.ir :aebll) . )|yl cuog)) o(g559UiS zugy 5 Lbjel «lisios ylojlw ¢ pe Lol bl xub @lie g (5)5liS o590l ¢ lisiow 3,0 ¥

US>

4

o ol

IS5 b g 33kt SIS b ol B 53 5 g o pons S pn il bl g ciagh cul 53
€9 Jols aw b axo jhud o JSs 5 OlSEN-P 5y jiud 555 5 (595 S’ 51 o Jgl Gilol 53 05 plosl
SEmpaS bole cuiS i Suile (ST Gl ST pAS (S SS wuiS (g aw RS ) cutS
9% (ECe) S (6)98 5 (p)5okS 2 pS o Ar g 5i0) o 93 )3 jind 398 (SblompaiS boghsen oS
g e 355 9 Gy93 ploj Sl porp sl pgd Olalell A (s (e uienjigd VIO g +IVO) s
355 9 (59y A+ 9 i) gaw 93 2 loj Jole w b S (g Ll 3 (Sase yiud b JS3 5 Olsen-P
2 Sl g B puiS lalS cuiS oS ol (i gl b plsl (ol Gialel gobaws plos L) 555 5 pied
S i sln IS5 g gazme 5 H2S04-P (NAOH-P NHaF-P OISen-P (bogloks ¢t 5 1S S5 Ll 45
by bglbre cuiS 13 50098 Sl iy yawsy S1B 0 Available-P «jaud 548 L blys (o ol ials' |y
NaOH- 5 NHAF-P NHICI-P (S5 ;5 1,15 poes (6 yseb «pinsds 355 By 1 o 53y &+ g1 LSS5 )
OISEN-P  NHACIP «and 355 (b a5l g (15 (e 315 ytl381 |, H2SO4-P 5 Olsen-P g ,zals I, P
sl S0 OISEN 5ol ey 36 b Ll 13 ol )33l I, H2SO4-P 5 NaOH-P (NHF-P 5 jalS |,
bglsa S lad 355l sia bogloo oS 5 L2iS S byl )3 1, Sible 4 15 piS Available-P ks

D9 dpog Blg oo alie llpd )3 SBpSelS 5 jaud oS e Ar Bras g SdlempailS g jl3—pas

g Ao il g4

VE-Y/0/A el g b
VEYIEN 0 18,5550 &40
VEYIBIYY 1wy e )b
VY olocs 1] G,

18IS slasile

SB A e

youd Aoy (550, lac
ml.:f S

<y Cyno

5 i bl yauwd 5 Silo 5 3 b paS balote CuiS 5 yamd 365 ((gyad 5. (VF¥) i csdummo £l o liwgl fall & pmd ¢ 450 $onp0 0l e ol

DAYYAFE (V) 00 ol SBE 5 o] clid dlxe . ed g8 SBOSS pn Gdee aud b Sa

https://doi.org/10.22059/ijswr.2024.380118.669770
BY NC _ = . . N
By © 2olprs oKussly ol L] Ao 2,00

DOI: https://doi.org/10.22059/ijswr.2024.380118.669770



mailto:alizade.m1983@gmail.com
mailto:n-najafi@tabrizu.ac.ir
mailto:oustan@hotmail.com
mailto:a.majidi@areeo.ac.ir
https://doi.org/10.22059/ijswr.2024.380118.669770
https://doi.org/10.22059/ijswr.2024.380118.669770
https://creativecommons.org/licenses/by-nc/4.0/

YAYY .. Lv ‘n.\f b,]m CwiS 9 M : 395 5‘5),»3 )J| :Q‘)M 9 b)'hj& (u‘w“bﬁf - ‘soJ.C)

-

4o
Caodl G jlame ais g 5luL (65)0liS" 4 olowwd (glp yamd Slowd (oS 5l eSS edlatnl g S ogy yaud | aipo oolawl
Jbo 3l olez 50 ywd 365 Bpuas o5 wad o L 358 lodlpo el dl.m)u Jcplt (Cordell et al., 2009) 51> s ;
Byb e gl lola ilidl 5 B)b O 5l Cumon @y Ay (IFA, 2021) coslasl, (ili8l 5 asee YF/A ¥R B VAN
oo &S e Oland Kiw 055 gy opl b (Tian et al., 2021) covlodds youwd olowd ldsS Byae Linlidl cumw S5
368 Gae Y sb U pan S5 B)b 5l .(Cordell et al., 2009) ol walgs (ials ol jauwd ladgS wlg pibaiss o Lol
(Maetal., 2022) 35 o (law sl ub 8 oy 985 5 i) ool g baplyd doailong) a4y jaud 3955 s yiud
riogl] 9 ol (SlotenSlg)am g 18T 20 (SB (598 (S PH 4 ol ST 3 olS Ll hlB jind jlaie S50 (slaJole
oimogll 9 o] claaunSTy n/ans] daw Gl (glass) b dusgdy Sy jaud clale 8 .(2021; Schaap et al., 2021
ilyd iz 38 e 9h G5 Ll 53 jhed s GalS Y5 gl |y Slied eedS S S o e
Lo pialS olS Clo B jaud donis > g Bad 0 ol gL lacaS 5 4 (loj CuddSTL oS (gl b clawd sla JSS
.(Grattan & Grieve, 1999)

B Sdee yhwd 4 S 3 b ogd ol Ola b aSo) clp JT 1508 51 39 Siee 9 JI SS90 4 S 3 yaus
Sy b Saxe JS5 oyl 5 T dlge 39068 g (6559l S 13 jand  olewd (sladgS e SVgb 3,8 e 54
@ Vg e olS 5 S clabole §l oSS opl Slads 5 Qi LB jaud (Sane jaud sla JSG e oplply sl LI
.(Najafi & Towfighi, 2006; Marschner, 2012; Yan et al., 2022) ule KaS yaud 355 4y oLS Fuwly (e8> iy cdlid

Sy balowe cuiS .l ol S ks cuiS gls @ ady uad S5 g b HUS j 0lS 90 5l i b g cuiS dbglee culS
oS Bran Hials (auwd Buas LS (il38l ¢ 65)5liS sl Jaame g cuils o 205L il8l « SB g5odiols Do
osrely (McClure & Roth, 1994; Eichler-Lobermann et al., 2016) >4 0 plodl jlaul (65,0liS" 4y (oliwd 5 (olond
Cawd (25L o 4 ol es Blas @ ygods cutS )5 oSl [F08SK Sgle 13 Jgaze 93 i (23jL byl cuiS jl Gua
9 Oyd bglbre cuiS 3 Jaase e 45" K350 3,35 Eichler-Lobermann et al. (2016).(Ouma & Jeruto, 2010) c.sl
Yang etal. g o)) iSSS cans o) 9 &) bl cuiS )3 590 365 Byae e Lol 5gr ply )3 a8 SS L Loyl
23,5 osmlie Ul tumd poss |, SB 5> b iliste (ola IS5 A5lg5 oo yhud 395 b yuno ¢ bglswe cuiS a8 wdly 3,155 (2022)
5 COlT LB jaud 5 S ol aud (SOl bB jaud clale (il cuw digw — )0 g duej phl— )3 bgle cuiS o
posd LS balswe cuiS ¢ yuizen .(Ghosh et al., 2009) sls yil38l 1) jaud B pns (o1l poS jomw — Lgw bl cuis oS Wi
oS e 6 i o Jlone i &y i cilien (gln JSib a5 018 cslour T 5 cslosgs] (63Lsll b Sl sm izl 5 -
(Sunetal., 2020) 2> i3l 1, S 5

b deun g aduy slrogly (gilodlil Ll b peS) g ME bgkse cusS” a5 waly 35 Hinsinger et al. (2011)
pos) — M bglo cuiS &S W5 S sdalive Liao et al. (2022) .ai SB 3 olS Cls bl jaus ol58l el SB ol 5
G p630 alS adu, b byl ald 5Slas 5 0LS 93 ;o Aluwgdy yawd Gl il Cal ¢phnd 3908 gl Sal S
sl 3l 4 (Pearse et al., 2006) <l i 5 &Ylo aike aesMunS's,S (Hinsinger et al., 2003) 459, (¢ yidr polio M 4
Liao et al. ..il sedgw oMe (gl peSl-cMe bl cuis (o Slgs o &5 WS 0 iy |y (Makoi et al., 2010) ;blaws
8 Jo s 3980 of Sl (20 5 o8 ClacullB b gbie J jiud ol sl g = 03 bl cuiS o wsls ol (2022)



(u.w.ég).!— ‘sol&) VYEeV ologd )+ b)w ©0 8,93 3l S 4 ui Oludss YAYA

Li et al. (2008) imd e LialS |y la] calé g 03, s s b5 s g i bl5 golin 51 | i o S ST by 50 Loy
Lol Jials oo S a4y Cans yawgisy SB 4o 1, NaOH-P 4 Resin-P NaHCO3-P sla S puiS cusls” a5 winly lis
olS 45 3,8 [y Olgioe ol S g 9 L kil 3 jad (Sla USS (e g jand (glAllid (g pSe)las 4 bgpe Sllllae plo]
« )98 Sl yp Sl gl cnl eonlnls WS (o @l ()98 G5 aalpd 3 g i S 3 1) jhud sl S SIS Pl
S5 53 oS b BB i 5 it i (oS5 e €IS 5 i 355 logbin S 3 AESCSE) EaiS gy ol cniS
5 An> inlS 5l g s Ll 3 |y i (sladgS Gpune Wlgis bgle catS 48l oyl sl 1 plocl IS Ll 5

Cewlodls ploml (lasdllae iz ()93 b oS 0> (LS @lie o)y 2l S9s0 |y 65)gliS sl Jpamme CuneS g CudS

g3 iy

SB b Shg w9 8,12 40905
& cimgh ol 5o odlatul 3y50 S a1l VN Jlo p3 555 ol (65,9liS 0uSily (oSS a5 10 )3 Limgh oyl
Job b 2y oty ligieals (g5y5liS” Slidod sl ) (glas)jo iliie bl (g yio 5bs YO b yho Bos I (Bobal )50
A Jiie olKiulojl 4 ol ans S ye diges 5 6)bpdiges Jload YAV /00" Lldlis oye 5 (505 FEYYYENY" bl
9y % SB Sl )5 s o] oliosd 9 (Soib sla g 9 45 03 pgee sinske ¥ S S cud Ktlon 3] ey
(Allison & Moodie, 1965) sgw b 5,5 45 5 dewl b (g5l 25 (5,4 Jolee Sl yS pundS (Gee & OF, 2002) (¢ yiog )l
EC (Thomas, 1996) S 4 ol V:) sl > S8 pH (Nelson & Sommers, 1996) ;5 iluST jogy 4 S JI op)S
Mn 5 Zn Cu Fe (Kuo, 1996) gl ogy 4 SB 15 olS wis b ausd (Rhoades, 1996) S ol Vi) 5udss o )lac 5
isyd s B Na 4 K o (Lindsay & Norvell, 1987) il ¢is o5us b s DTPA L 6pSojlas [igpa wis LB
58 s (JONES, 2001) yrogid wuld olKiwd b dls g il pouigel b (650 las
halejl 12l g bayless Jlos!
il 15 gl gos) (5 ST Sy 53 555 b (5ol SIS iy )b B 13 5 g &y 0m S o ailSlan ules]
O9) g Ui )3 CulS g9 Jole dw b ¢ Gee pind S JSS g Ol BB jaud p b 398 g ()98 udS Sl oy sl Jdl
{Vicia sativa L.) Ssle oSS (Lathyrus sativus L) [ uis' S (Triticum aestivum L) pus owiS SO wwuiS
695 5 (KH2POg gie 1 S A MG PIKG 5 150) gebaws 53 3 yund 355 o Selo — piS biglive S )l — a8 gl s
S s Syt pod Lialesl 1 plosl clabdS byl 5> (NACH gz 51 V/0 AS/M g +/V0) pdas 33 53 (ECe) S gluil oylas
e g o) ghaw 93 3 gloj Jolo dw b culS (o bulyd )3 (dne jiud S5 5 Qla BB jand p jad 355 5 (59 Lo
A bie gl oialojl 93 0 55 a3 plosl allojl bul s o (L5 (talef] ok Glod ) (655 g jid 355 Jole 93 5 (5
5 b odlatwl (KCH) w187 puwlts muso 5151 yaud 3657 0y (s jlos yd (KH2PO4) cland y59,0um 63 munolis 355" ol yods unslis
(sl yie e (sl i o3lizl o5t e Sl S 1 4l s3i0 ST p S 3] S 53 5 i b Slag S 1 K o
5% e il 3800 )5 o A ¢ (H3BO3) sl g0 it 3l )51 p)5 e S S (0] lis (olsl 2 <S50 (i
VD (CUSO4) g o e 5| oo pS seo ¥ (FESOa)Wgus (1) oyl guio 1 o2l p5 e Vo (MNSOs)  ligus
ol gto 3] el 235 o VAS (5 355 iy (£lo o ) el 2.5 oo WS (NZHACO) o) e J (535555 .5
PS4 Jobre &y90d; (MPSOs) Clilgwr o st @ute 5l mjste p)5 (oo VW 9 jand 355 L slajlows 55 Slansd (159,006
B9 iy SB 3 Bl by b 545 bgle b g 03938l S

65,9kt 0aStils oM JSgo Mol ol (o ) ond dag oS5 o3 o)l piS (sl (S sy (gjlwerlol e
Jslwe b ()8 ploml)3l il (orn qilie 5 (5505l Ghjgel 9 Clasiod 50 ) oud aps SKalo 5,18 (slo)dy gy oSl
3o bl 5l sae Yo oluss g osd hoailes ccalio Cogby b Jlite dn )b 4 dix o 4D g Sehedis Co S oun wudu oy +/0
cuiS gla o 3 .l Lials sue VF 4 cinas LS Gio b S o 5 LS 2las ) aiin g3 ) ey 045 azalS lS



YATA .. L ‘n.\f b,]m w;g )M 395 5‘5),»3 )J| :Q‘)M 9 b)'hj& (u‘w“bﬁf - ‘soJ.C)
odlitul 3)50 (5)lol Ol 438 gl b ploml 255 ped S Ol jloalizl b g cutS a5 CtS L glapAlS (5 5ok |

25 @Y g

SIS )3 3Ll 3y90 O (b G S9 ) Jgsa

(mg L") paie clale EC oH

S 1 .. o AA -1

oo e gy ool o e S by hwd @ST)
I 50k - IA 50k V1D /¥ IV £/a 520 /¥ $/av

b espd g Jlos) (sl a3 Jlosl lojen 55 oaticelS slaghls )3 oadeniS slagluls j oas Jlos! bl plos
oSy oleo Sy 3 b S gltl ol EC 5 S oy o 03938l )8 s cali o alaly (stalofl sty Sy plovl
A e VIO ASIM 4 T EC il (sl 55 5590 1018 s Sad o ¢ gmus Sy doleo gl 31 oolitol by 0 asetie
e (555 SHI> (sl 53 b e 0nd plol Gialojl Sty bl 2 5l 3590 308 s Jgloe Cal 5 poes (pieen
LA b IS s Jgloeo b g 93 Alold b alsjo dus )3 g yias ngalS S oSz Ao 3 5 QLS el 5] g el
il gy g Sy pl5in) olS sy 4l CuBlS 5| s oy A0 5 Suidlen ST 5 iy VO AS/M (£)98 4 b 508 (6 )kl eme
slasid g (Ko, 1996) cpulsl (s29) 2 dar BB yand g anns S diged plajon CudS (jg § CudS L slag WS Sl (plals
(Sne phd S JSS a3 o3l )50 Jlgie (S0 jlas b9y 40N Al (550l KUO (1996) (i) & (Sane yaund
yind b (CBD-P) coigutys — liy, S — o b gl el 8y Jlao ysz 03 )Y S 53 aalllan 550 Sl e S
55 O Stmgy plo dowgas CBD-P clale (g 32 b jlaich o dls jo oyl b &) 5l g j2b bS] ol jo ogene
b caliso slaolas )5 yaws clale (Najafi and Towfighi, 2013; Safari Sinegani and Rashidi, 2011) casloas i,l55
(KUO, 1996) 15 (6,503 sl SyoSal ol 39,

(Kuo, 1996) axlllae 3,90 (Sl ol S 13 Guxe yhuad (SBJSWS (pmund )3 23wl 390 Jlgio (S8 las (g, ¥ Jgua

. ) WO LT e w(g) S Comnd als

05 el S RELI! : () o o S 5 e
(ceslw) (mL) 82, las po> E 50, kasc

(NHJCI-P) Jglono clggusdy yiuud .10 Vioe 1M NH,CI \

(AI-P or NH4F-P) &lind piseg)l \ Vioe pH=A/Y |, 0.5M NH,F Y

(Fe-P or NaOH-P) lawé (yal Y V- 0.1N NaOH Y

i R - _ _ Na3C6H507.2H20+
(CBD-P) gl sloans] )5 wgixo yhud Na,S,04.2H,0+NaHCO; ¥
(Calo'P or HQSOA'P) wl)" \ AN R 0.25M H,SO, [A)
Sobol Jalodi g 1500

La f3505 pusy MSTATC 38155 L oSl duslio 5 pilyly 0325 dmosly i (o Jlog gl Jolis lnesls (s el b
D55 pll o yd B Jlein] pdaw p3 S5l clasabais (905l b oSl dumlio g EXCEl ljéla 5 L

g H sbasl

addllae 3,90 SB (sla S 59

(I o3le 39ia8 (Sl 5 S il b g ydypi Syl Caslodis )] adlbs 3y0 ST olasd sl Shy Sp ¥ et
(Hazelton & Murphy, 2016) 59 550 g e 59y (3] omwlis yhad ¢y,



(u.w.ég).!— ‘sol&) VYEeV ologd )+ b)w ©0 8,93 3l S 4 ui Oldsd YAY .

adllao 3 )90 S olomd 9 (Se5ud S S 59 Y Jg

09

) (%) S crsS ECe@sm)(V:y)  pH(Y:) (%) o (%) cdow (%) o Sk cdl
[Ny <IN IV /sy v- A WY g o
Mn Cu Zn Fe Na K

vy -Jos /50 Y/\Y MY YA FIA b

SB 3 ol Cla B yhud g1 loj CudiS g CulS £93 ptand 365 g 905 iU
(e 39 jloliae ST 53 0lS Ol BB jaud (o] g paud 355 «5)9d (utS g9 (ol sla il 4 oly L i)y 4 g0
Plino S 53 ol i JlB ey Jlito slo ) b ec5)p X s 355 X loj 5 (5398 X yied 355 blite (sla Sl (sl &
Ao BB jhud (S (y9dr 9 b g s9dt 9 598 Lulyd 3 jid 395 Bpae oS 3l (LS b Sile dusliie (B 5 ¥ (slag2) 2092
Najafi gubs b & 29 cutS b slyloss 51 by S 98 bl 55 Gial3al ol e 5 30 Sl Joline yobosy 1, S5 )3 olS
Motalebifard et al. 5 Najafi and Towfighi (2013) . Kuczak et al. (2006) .c.ily callee and Towfighi (2012)
A5 S 53 ol i B b 5 Sl JB s jid (I El jhd 395 Grae oS WS (IS 55 (2014)
5,55 Sl Iy (e b 355 plos bgloe cudS 5 (LIS g 93 0 3 Kblo 5 15 oS oS o o ol gl
2 oL dhsgey Slgie o5 (A) JS) 8l (Bl SB 3 00d Bpas jhud 358 I pdSu (LS (ul 135 0)9 Sl 2
Ol ol 13 A8 o a1y yaud 365 duo 3 Vel S S i oS sl 5155 Tandon (1987) .54 eolitwl (sdx cuss
Jhd clale (bl (Kulhének et al., 2018) wb o (a3 yaud 555 b jlag o ol cuslyy 5l e S Gl LB jaus
Hazelton & ) S6 » Sols 15 )5 Lo VO Slyoo w1 by 0)90 (Sloil ) culiS' b slaplils plas ST 55 olS L LB
oS & olS by 090 slel o SB 5 olS s BB jaud clale aSl gl dad o lis 4 pl g 568 (Murphy, 2016

A oo Bpan (g iy yhud 365 D9y p3Y oy o0 (Sl s

Al 3 )90 S > Sure hod WSS g Olsen-P+Pupt Olsen-P p ywd 395 5 CuiS ¢ 9w 1 (il ylg 1350 € Joua

Slayyo (Nibe -
>) -
£9e2 ) H,SO,-P NaOH-P  NH,F-P  NH,CI-P Olsen- Olsen-P 3131 Gl
b S P+Pupt
INVA F/an A VAJox% ARYA G Ty /s Y o ) K9
VOAVS A Y- AV YN/ \o* ARVAL I A YYO/A** ov/y¥* 0 s
YEOYA/ V¥ Ayys/sEk VOP[ - b%* HAY/FH* YA ofox% Yo OV/yEE ary/yEE ) yhuud 365
A [ AYA/VE% AN Y/ Vv y/AYa s A 0 g X CutS
Yo Y¥/s Vo /-y ofy** /A % a/yx* ) )95 X b 398
AR A Yo/ A Flse YAINYEE AV[yx® a/yEE 0 ot Egi X yhad 39S
Yvio ™ VQ/pk AR AN R e -[axy V/FyEE o g X S X jhnd
VF/A WY RN AR NAR \YAs NAL ¥A iolojl slas
V- A £ YA YIv \RA IV - () Oy oy

o3 ) 90 Jhksl mhaw 43 4Ioliae g yloline ju i i % g * ¢

Clo b jauws clale (balswe cusS 5 SiSST g 93 o 40 Sile 5 J5 puiS LS cuiS a8 ol i 1 Slee dulio

il Glise 500> (EalS laline jobods CuiS (g Jlos A Capd Hhud 395 (e 9 L g yad et 5 450 Lulyd 93 2 3 1) SB LS
e slahs) > GlS ool dhgr jaud Gglite Cla ) (GBU &S (ASY JS8) 39 Cglite cuiS Ciliee slabe) 53 o
Najafi & Towfighi, 2006; ) cusls caallas o Kimgs plo sl i)155 b aols (pl dg g i,y slaasl s 3g Sglite ¢ il
ous el g you bl 90 4 40 5 yauwd 355 L ke o (Boschetti et al., 2009; Ma et al., 2009; Najafi & Towfighi, 2012



YAYY .. L ‘0.).55 b,]&w CusS 9 M 395 5‘5),»:3 )J| :Q‘)w 9 b:‘}g)& (‘:w.bgf - ‘soJ&)

CulS ) SoS 3 pS ke VIV (e 4 SB > it plalS cuilyyy I e SB 3 olS Gla BB jhus clale oyt
bolsen iS55 (S )3 oS Gl b6 jid e (20 95 9 jhed 355 g buld 53 Lol sanbie Stk — o5 biglseo
3ol o W jiud Sl g yites SIS laasily ol (A ) 13 saalie oSS 55 0.5 o ¥IF fiee 4 515 — oS
Li et al. (2001) dlusgas 45 393 poyed pAS — Lgw bglste cutS o yaud Seolind wilie 45 dgy bglsee il slajlos S
0 g bug=)d bl cuiS 0 @)d oled iou yawd clale &S g0 sanlie Najafi & Mostafae (2015) .o i,l58
oLS 4355 dgupy o 4lgB—5,d g Lugl-)d bglie oS a8 1653,8 ol bl gy )3 iSST 5] it (6 yboline Hobods 4ildglS
S SS 158 = Sl byl S jd alS g a8 0 57 o\l Betencourt et al. (2012) . i8S SS d Cad )
peSl bolowe cuiS as winly lis o o)y o peidred Wi 030D Cod 0LS 90 s yaund g )59 AR gk 4y Lyiul8l pl g LmOT
Messaoudi <Liao et al., 2020) 1 )3 L paS iSO L duslio 0 SB 3 olS Cls B jaud yilibdl cel o3 b pas L
SO Cans |y SB 3 olS Cla BB jaud e dbgw — <)) bl cuts 45" sy ol Wang et al. (2017) .(et al., 2020

Sl il bl s

S g bl )3 anlllan 390 S p3 (Fime yund (SJSU g da BB hnd 1 hud 355 9 (5 9 cploj T milylg 4525 0 Jgaa

Ol o (ke @y L
LSS gg905 H,SO,-P NaOH-P NH,F-P NH,CI-P Olsen-P &33! &
TYYY/ ok oA [y A¥ [y 00/ ** ARV VEAY [y ) ob;
YAy MY/ Y/ fyEE /y AT YOFY/ . ) S
VEYAD/ < VPAY/yi Fof i Y/ asya /s VAY/ ) b 345
o/-¥m YE[F <IN AR oA V/of 5 298 Xy 395
YA/Y™ Yy/-¥ ofo¥y of-f¥* \l YAFY/o % ) Losd X o
ayo/.** VOV -/ ok AR Ve AR Foofowk Yoy/\eE ) yaund 3¢5 % o
o[-yvam IR A \lA A \AR 0 9 X yiud 365 X )loj
Ya/y A/ -8y Anx - [o¥Y V¥ £A inlojl (sls
V¥ Vo vIY oy i oY - (7) &y Copu>

Loy Vg0 Jloist pdaw )0 Jblize g jboline s cudygay & 4% 5

25 A A
o ] (A a BEC=0.75dS/m  BEC=7.5dS/m
220 b =
> 15 A :
\E/lO 9 hh
o
c O 1
g 0 - o i
O No P With P

Uncultivated Wheat Vetch Lathyrus |Wheat-Vetch

monoculture | monoculture | monoculture |intercropping| Lathyrus
intercropping
ASO 1 B BEC=0.75 dS/m ®EC=7.5dS/m
240
) a a
E£.30 1
o
SC% 20
o 10 1

o
1

No P With P No P With P

Immediatly after treatment 90 days after treatment

S 3 oS i B a1 (B) o 5 e 355 (55908 lEke 31 9 (A) oS £33 5 o 355 105,98 ke 1.0 JSLS



(u.w.ég).!— ‘sol&) VYEeV ologd )+ b)w ©0 8,93 3l S 4 ui Oludss YAYY

CulS) CusS ogy 93 g 13 3950 g pAS LS jawgiy S jaud el Bl aS WS 5,155 Souid et al. (2024)
OBl 52 Cman g cllad (38l S olge Gl ok ) LS ady; .l (i 035 SB 4y Cond (285 SS 5 byl
3 et onliuns g (Sbss S o 035 Sl 5 T (Slotenl 35 oland slags 3l ol Gl lind oS S
PH clyuss j3l 5 &5 5,8 45,135 Bagayoko et al. (2000) .(Hinsinger, 2001; Marschner, 2012) > 0 yawgs, S
CuliS SB @ Comd 2o pd YV B ladidy ) gl 50 j0ud  odl ) walisee slapsS) g e CuiS | s yowg iy S
Cunes g ole slayaie cdale e bl g @) balswe cusS (5 &5 wdh 535 Jia-En et al. (2009) .cél )58l onis
PEArse o5 olS 93 yo Ad) 5 4435 S92 o 9 CBL Sgue (ST Ll 4y a0l 93 2 gy )3 () £95) (29559
gl 5 l5ee g 3g) glite Calisto poSI VY g puS Lhwgi, S i MuS)S oS5 g PH a5 155,5 sanlie et al. (2006)
bybee plpbs 5 G138 5 Lyu etal. (2016) abuges polie golis oy (S SB35 oL Gl B jond o &
oS 93y clp olie clapaic g O enlp (il g jhwgn, SB 2ol el dbgle cuiS )3 olS 93 aduy (slaoglys i
hboo dgue bolie CutS )3 olS 93 2 A3 g IS conl D D9 o0
395 g 9 L sless 93 2 g p9d et 9 558 Laalpd 93 2 1> SB 3 0lS o B jiud jlade oS oy (LS lapSle dunlie
U &S 8l ials lalias jobods 0lS Sl (el 5 o (loj d Cud slas ) jo Syl Cagb) )3 (alles oy Ae Sl ey i
Lol 3 (als (pl g (v Gl g gy sbanlp Sl p Gl BB b S 4 SB 5 eabbpas jiud 398 JiaS
9 WIZ it 9 9 y9d e Lulpd )3 jud 3957 (g slass )3 5 30> TYIY o YUA o iy 59 9 55 8 Ll )3 yaud 38
ol Myt oS b S5 &y ol B U5 51 (e jind 395 Joa and e ol oS (B-) JS3) 331 2oy VHIY
o win oy iliol 1y Galises (glajlogs 53 0lS Cla b yaud clale wy IS e Sad b S 0l el 45 3l oLis Sl
Ll )3 (LS dliusgas jhd 208 e dy Gal3l Sl (o (A-Y JS3) 395 sloliae (gylol Jlai 51 ojlass (30 p Sl
295 o S & 3 Gl ol s Jl ol oo (B S5 gyt i LS Cudly Sl s 45 el bge 9
& b 555 Khoshgoftarmanesh & Nourbakhsh (2009) .cusl bgpe SB oaldcun; jawd lide 2, l5 pdw
e b zlseinl B jawd iol5sl cuw 18.2 dS/M & o] ECe sl g w8 modws (2938 b jed e SB S 03,890
sSolas G glpie 4 0l e &ty e Sl 03 gmd 420 VO (slad )3 ()l didn Al SB IOl S o
JIPH el 5 S Jsbro Jgr @58 Gul3dl o SB 4y S5 Gial38lsizman 3550 SB 31 6y jhad g5l o
e Cudlad oy 52 «SB Jole Sgy a8 il38l L (Chorom & Rengasamy, 1997; Van & Thanh, 2021) > .
cely SB ad)sd pliin o 6505 Jele oo Gl HT chle 5 055 0 SSi it O laslge il e 2ol
gosd (L5 i 5 dgage sH® 5 jSole S8 Jsloms claNE" o ol Ggsl8' Jols oty w50 SB Jslomo PH. inls
2 o S PH Gials abie ks ol PH 5 G35l S Jgors ,3 HY clale ey 5 oo 3)ls S Jolono &1, H'
d90 DS o prtes ySoskas b gl sl LB jaud (Il g b cleaS 5 pab e Bl caw QLB 5 (Sl s
P e clale 5 Ko Gl B jaud p S50 Jelge 51 SBPH 5 (g)5i a5 0l )55 Ye et al. (2013) .(Holford, 1997)
b g SB 508 o Xie et al. (2022) 4 Van & Thanh (2021) .cusly §l yowd oalyd 4 o SB PH s L SB oo
oialS ()il (als S 5o ol Gl LB jhud (598 Gl g oy SIS b 45 g pgbar 605 ol e ) i 6
Grattan & Grieve, ) s Cous oduisy al8ed 4Y Cubus jials Jdody job byl b (5 Glawd  oxdaw Ol ilidl & oles 0 1)
lound puaadlS” S5 &y yhund Cguy ol 5l el 0L pandS” (sla ey cldale ST cpad byl 3 ¢ pizmen (1999; Dey et al., 2021
oo ol g3l L 1y S5 Hatami et al. (2024) .(Van Dijk et al., 2019) uad o ialS |; SB ool dcun; jaud Hlrie
o)as b gl sl hB) jiud 358 (abjl doyd g 03905 59 0yuf 9 Slilgw (Dl )S o jsie uaedS S I il Sl (ol
3V 5y9b o Sl a8yt e o3 W (6)98 haw )3 jhud 395 2Lk doyd &5 43S edaline g oy |y ((pdgl 55
Sag il38l as aly o )l5S Saleh et al. (2013) 3gs joub Loyl 13 youd 355 onl bl LinlS \SOLE a5 39y yio o e
b Sldgu o 3uie + 3,18 S + Slalgur mrdus + 3,18 i Sl oSy g LIS i mie 50 1A DS/IM & S Jols



YAYY .. Lv ‘0.).55 b,]&w CwiS 9 M 395 5‘5),»:3 )J| :Q‘)w 9 b:‘}g)& (‘:w.bgf - ‘soJ&)

zl el b6 55 Oxzfl i Clale Al Coge 3l Cubd esdwm o g yed S Lol d alie YV Jgo Cod
P yoad abl 8 Nilg o Olpsd pl day o Hlaidy yaud g byaie Cpl Gl bliie il as gl ad SB ) sl Sl b
Sl anslh gl S

oS Alpwwgas DS phacd g o B piund £g00m0 p1 CulS £ phunsd 395 (.5 y90d 3T

olS dluwgds ool Hiud g o bl jaud pgeome p iud 395 g ()9 CulS gy (ol sl gl a5 ol L by i
Sl plo (5)9 X CuiS g3 X jand 355 5 ()98 x cuiS Jlite sl il sliiul 4 ¢prizren N3 slas (OlseEN-P+Pup)
— pAS bolsre cuiS b 355 ok slasless 3 a8 ol LS b uSle duslie (F Jgas) 139 olixe Olsen-P+Pypt p Jlie
cusS SB 4 s 1y OISeN-P+Pypt jlsde (o basl s 45 s Sile — puiS bglte cudS g jgu el g youb Lasl s 93y 3 15
cutS o gy (oolod g cuiST L Ll yd > Olsen-P+Pupt jlade ¢paud 595 L glajlass )3 copioman 150l (o8l jlolixe joloay o
SE ) jiud onl Sl Gl Sl o5 g il Jblise psboay odls CullS SB &) Cund Had e 9 558 Lalyd 93 32 53
Sle = pAiS bolowe CuiS )0 joub s 5 yo Laslyd 93y 3 g yawd 368 L ksl yd > OISEN-P+Pypt jlide oy s 390 yamgis,
o Ol a8 (Jald 4 s ]38l 1o )d Yo 5 YOV/D i ) b sdalio p)S9LS 13 £)5 Lo YYIY o YVIY e 4 cud iy
Caslord eou cpl jl G o Y5 9392 ol ol (iS5l i bl cutS )3 jad eml ) il an

40 - @EC=0.75dS/m  BEC=7.5dS/m b gd b b
30 . de q BB :
20 | i

-
o O
1 1

OlsenP+P uptake (mg/kg)

monoculture | monoculture | monoculture |intercropping| Lathyrus

intercropping

(Olsen-P+Py) olS daawgdy yiand i g i 1B yiundd Fgoone 11 CulS i 5 phund 395 (5 yond Jiliso ,i1.Y S

Oy yud o balypd (3 ewalS clale By a5 05,8 5,55 Van Dijk et al. (2019) s plb g 3,08 e (6945 43 yhud
it ol 45 ol s Sl duglio il ialS od Laylud ) s ol i) olinsd S S5 45 yiad a5
9 i bl S Gl Y3 39 bl 6)ll 5 (p S5k 52 5 e TYIY) Sl — S Lgliee i (p S5k
Najafi & aluogts jiud 355 Gy jl oy ST )3 ol lir BB jind (5ol g0 sl 550 2535 K o8 (Y JS3) o> ol

Caloss 5,158 55 Azimzadeh et al. (2020) , Mardomi et al. (2019) .Towfighi (2012)

S )3 Joloro Cgpuds hud CBIE 5 oloj CudiS g CulS £53 ¢ phund 395 (5590 iU
blize S (NHICI-P) Joloro clopuas yaud o Gloj 5 jhud 365 ()9 «udS g95 ol (sla il a8 ols (i uilly a3
Joliae NHACI-P oy, lite (glo 51 jls (55908 X yaundogS X loj g (59 X s 365 hlite (gl 51 (sl & (yioman .09,
blse cuiS 5 ST 9yl Lulyd )3 5 pud 395 (o lajled 53 4 3l (LS lapSilis duslie (¥ 5 T slaJgia) w092
Clo 4 glge |y pials opl ol gals jblixe jobay sais el S 4 o |, NH4CI-P lade caalllao 390 olS 4w yn
Sl ) yand IS5 (pl sdome (3,5 3Sole ol S il (ol )3 copimen b s adllas 3)50 (ol Abwgas NH4CI-P



(Lomigis — ooke) YET alorgd Y+ 0 lowd 00 293 ¢yl S ¢ o Wlindiss YAY'E

565 ok o b baulus )3 a5 w38 5,15 Najafi & Towfighi (2006 & 2012) .ol #, S 5 yaud IS5 ol adss ot 15
P Ll ag 035 SB I j2aS olS ady) dlsges o Gl 1 g2 @ g 53 adlles 3,90 (SE (551 )5 NHACI-P i i
NHACl- Jaio jlsbixe cgliipis sl S 43 alS Gl bl glio 5l NHACI-P sl Jlolins ciglis 0358 S | bS5y
b ol dume SB caiie nl ) jad Gl L plojon 45 351 byaye S ] jaud (68 (g5 4 cutS (g 5 culS L Laylyd 5 P
2 35290 Oliud (Bly > D9 c0i odnlie Ll pand JSB ol a5l CutS g 5 CtS L e 93 (e 4o 3 9 WS e
ado) dlawgdy Ll Gy o3 D9d 0 Ol Gl ady) dhws 9 bas S cpl 4 plalS ab) 0y Jsb ) by S5l
1 S L S s & Casnd (6 )oline yeeis NHACI-P dile wanl ol NHACIP siome i 5 sy b Ly ool
o1 S S &y g |y NHICI-P i «Silo 5,15 piS olS dus pi LSS5 )08 Ll 15 5 s 365 15yl ylos
b oodgy SB a4 Caus |y NHACI-P jlide Silo g 5 bolswe cusS g (1o)d FF/AY § FAY SVIY (o) Lials jblixe y5ba
NHACl- jlxis .cuils csllao SUN et al. (2019) (slaaisl L & (3o, PF/A g VA (o i) ol ]33l oline yobods ot caiS
oMol &4y lgise |y gl S slajsey sauwgssy S 55 NHICI-P igl5él g piiS 2SS jl jiiky Sblo 2S5 0 P
e D1 Sl 008 5 )5y s Anliamgs S <9y (Il ol Jid jlolS g0 adyy Ooglise (slioly 3 51 o sausgs) S
O sl 4o 3 g 4 | i (sildlil el oo lalS 5 eyt ot A5 1 laygl 4 s lapeslS i Gl
as” waly yo)l35 Chen et al. (2002) .(Marschner, 2012; Bouray et al., 2021) >4 o yaud (ool 3uns s (il3dl 5 a5,
25,5 5,155 Singh et al. (2000) a5 o clale zals 3 SB gzl sl bl cdopwd Sdxe yhud 455 cow Hdgls oS cuss
NHaCl- jlsdo ¢jnd 595 b (glajloss )3 0> pus jloline joboa 1) ST )3 Sime yaud (sla S5 iy — paiS ogls ) oLS S &S
D92 oS yBlan yobody ol CulS SB & S jod g 500 Lalpd 93 52 )3 g CulS laghy) (led g cuiS L llps P
A8 (L b eSile dulis ¢ Jlull 352 598 508 Ll pd 5l oS (5 )oline yobody b Ll 3 NHACI-P (3 lo < IS bt
i balpd 3 5 jhed 355 o slajled 53 45 sty dgr Cogliie iS58 5 phud aw & diiuy NHICIP ke (508
Joling yobody 3L & Cns ygbyed Ll &) Cama |y NHACI-P laia 1,18 s (695 sSilo — piiS 5 5l — puiS bogloka
294 )9y Lulyd 4y o |) NHACI-P e 0,1 oo (6558 sl s )3 85 (Jo )3 (10)0 YYIA 9 ¥V i) ol a8
Sb el ) Cle BB jaud & agb sl S bas «(SB gas e a8 wob olas Nasrin et al. (2016) .l jials jolise
Joline ysbody o) A+ g jao (loj 93 2 5 CulS gl 9 SIS L gl 5 y9d Llpd 53 18 53 1) NHACEP ik j5ud 068" 8 pme
Ol 5l o3 WY g ¢ og) opd b b S ol 5 jaud 368 Bpae 5l w59y A dmd 0 i &S (B g A=Y i) ol yiljél
Do o bods S 4aud S0 sla JS 4 0abB puae 368 5l o yd AY 3gds g dile o 3L NHACI-P s &

D903 9 )98 balpd 93 1 3 (A (pus) S 53 jaud 355 Bpae I oy A IS L a5 D (LS b Slie dulie
NHICI-P i cy it onl yid (S0 sloJSib 4 JK5 ol s §1 86 o il inlS” Jbline joloay NHACI-P i
Ol38l do )3 YEANVA 9 YYYNY s gay) A oddlie joub s 5 youb Lasl s 90y 43 9 S1B 10 10ud 355 Bpuns jl s alolBM
365 Bpan jl L 59y v Lol il dg3g jloline igles (g9 o 93y «SB 10 368" Bpuan jl Ly alolB (Jalds 4 Caunss
5 3 onlite yob st 3 i 355 b Ll 3 oS58 13 o5 o VY o 4y NHUCIP s (3 iy o i S5 5y
518 am3 o s gl ol (BY JS5) o el |y NHACI-P e i 565 et o b Ll 93 5 )3 13,18 mos (6505
@Y Colrs [l o)l ohug S )0 b Conlil Gams (5558 (oloj ClIS L g 3> (St loj & NHCI-P s 5 (59
Barrow & Ellis (1986) .(Grattan & Grieve, 1999; Dey et al., 2021) 50 0 yound (dow Cds iulisl 5 sy &840
ol dwl PH )5 5 Gal33l QLB PH 5 0018 wass (695 o (Al 811 (S alawgts Gland (xdaw Ol oS 00,8 (4155
Ll

S )3 Slind oripagll CBIE g oloj CuddS g CulS 95 phund 395 o5 )95 56
S5 &y jad clale bl Blite sla il obos g loj g yhud 355 ¢ g yp «cuiS g5 ol (slayil a8 sl lis uly)g 4550
9 yimd 355 9k 9 b olayla j3 a8 ol LS o Sile dunlio (B 9 ¥ (sl Jgan) L53gs Jolize S5 (NHAF-P) Clons paisos]
oS S5 &y o |y NHAFP ke Slo g )5 opiS ol dus i bogloe CadS g LSS5 95, g 595 sl 93 b 0



VAYS .. b ‘0.).55 b,]&w CusS 9 M 395 5‘5),»:3 )J| :QV,L{@ 9 b)‘}g)& (W’f - ‘soJ&)

ool bl Hbolime Golds S el Hlewd b &S e byl 0 5 — S bolsee cuiS gl 4y oy Lials oz JYCLRREY
Najafi & Towfighi (2006 gl L &S 59y axlllas 390 olS dw pa Clo BB jaud mle 5l (S5 Sland o gl] 4 ol LS ol
NH4F-) Sliws quinogll a5 253,87 5,155 Yan et al. (2020) .ol cillae Safari Sinegani & Rashidi (2011) 4 & 2012)
yawd a8 W3l )55 Chang & Juo (1963) .(Martinez & Lauchli, 1994) culosss ssalie oYU  Siwwen olS A,
ly Sliwd paieegll 9 Olawd ol b b dbj onlp Ul culasl LSis Oliwd ool 5 Oliwd gl ) Baes s B
5 S ey LS Olawd puiegll g Sland al S )5 93 w0l Cans baeaS 5 ol b oy paw 4 laclind pundS 4 o

BEC=0.75dS/m BEC=7.5dS/m

= DN DN

g O O

L1
@
o

NH,CI-P (mg/kg)
o

o ol
1

Uncultivated Lathyrus |Wheat-Vetch

monoculture | monoculture | monoculture |intercropping

Lathyrus
intercropping

D
o
]

(B) a , BEC=075dS/m  BEC=7.5dS/m

NH,CI-P (mg/kg)
= N W b~ O
O O O O o o

No P With P No P With P

Immediatly after treatment 90 days after treatment

(NHLCLP) Jslono gty s 1 (B) Lo 5 yisad 395 105y allio 515 (A) S 53 gy 395 105 y5:5 llsio 51 Y U3

5L Ll > NHAF-P s i 5l (bglso catS g 1S 0S5) Ciliseo catS” (sla gy e 4 0l (i UneSilio dumlia
5 A5 = puS bolie CuiS )9d 5 jhud 395 b Ll 55 .cuily Sz jlline Cglis )58 5 558 Laalpd 93 8 )3 5 5 395 (9,
g g yiud 365 ey byl 1D g (Mo 0 ¥/ 9 ¥V (i pid) oS aw (pl iSO 4 o |y NHAF-P jlade Sile — pais
ol (A-F US3) 03l LT3l (1o VEID o WIB o i) o] L2iS ST 4y g Silo — piS g 45 — piS bglsts S
& Caus bglre culS slacy 3o jl o (Marschner, 2012) sy cud bolswe cuiS (5 jawgn, SB oMol & g o 1y il
395 SBpae il g dules edlil yige SB- ceg @lie | aBlgn bglste culS )5 (LS 390 el g 3980 Cgune (ISST
ML = yd balsee culS (5 &5 15,8 sanlie Wang et al. (2014) 4 Reichard et al. (2007) .ol (ialS youwd olewd
risogll 9 g mriogll Alg5 oo iyl 929 MBL g )3 ady) slaoglys 53 3L Jlade 4 & ladel Sgid g b jedg)dwgind
o Pl olS 93 ym ady) alsgay  ubo GRIINHIF-P clale wons )5 auS olil ) o olyen (Sane jiud g o ) cland
g
&5 9 yund Spae il ey loj pud aw & dty NHIF-P jlade 5 08 s (6555 31 a5 0l (L5 o nSilie duylie
38 s 9 «Sitle — S g 5 = piS bglie St Ll 3 5 i 355 iy (slalasd 13 5 s bt g it i
e IS ot (698 bl by a8 Jlspd ol (158l 8o )0 WW/E 9 WIY ol gy joud e Lol 4y G |y NHF-P jlaie



(u.whs).!— ‘so.l&) AEZ3 ) slogd Y+ b)w ©0 2,90 ‘&b.ﬂ S 9 ui Oludss YAYT

2 e gloj > NHIF-P jlade o )l e (6598 (A JS3) 3y ials” jboliae jobas o e Larlpid @ Cons |, NHAF-P
oot |y NHAF-P Jliie (it 355 yume g 5 b bl 93 10 5 cdblys g, 8+ 51 s Lol cadlis Jobine il ois s’ 16
syt g 59 bl o3 i 3 |y NHAF-P Jliio insd 368 G puma el cisllao Zheli et al. (2020) gl b &8 sl ials oline
s 395 (19 9 L g 93 (e )and 398 Bpiae | g Aloli ly LaljBl llias pobods CulST (i g CulSTL Ll 93 52
i isagll IS 53 355 (] i 355 B yumne 51y AboldSly 23 o (L5 oS 05 onlie ,blins oglis NHAF-P e b
s 365" 90 Jlos 4y Caad NHAF-P i 5 03 s lad muiegl] IS0 4y jud 555 (allss o) A 5l e Lol 025 3l
Oy sl casllae Najafi & Towfighi (2013) 5 Wright (2009) zobs b a8 cél ilj8l loliae y5bds (doy> AYY)
(B=¥ JS5) a3 osnlie jod e Laalpd )3 9 SB35 jaud 395 Bpae Sl s gy A+ dp)S5kS )3 p)5 e VUT) NHAF-P I
opgds S L)lils 5y 0e o calisee (sla S5 4 Wlgs o loj 9 365 Jlade «SB £o sy diiy S )3 00 B s yaud 355
ol Lo gl (Piegholdt et al., 2013) 115 b sS85 ol 5 (60b5 L5 5 A8 o o3lital yiud Cilizeo golio 1 30 o S,

Sl aoyd WIY g VIA 290l 5y jou w5y byl 50 oS8 )0 50 365 Bpumn | o joy Vv S (e Lol jd a7 0l
S5 oS sy g0 ylas 4l jgalS |y NHIF-P 4y s 568 bas IS ot (698 S0, beds i bas NHaF-P S o o
slagg Cllsd cops (S Jobxe (S @508 (LBl g 0I5 i (6)98 GRIEIL &0l mbe Gy SgSl ) el
LS Tg ¢ pwizmen (Lindsay, 1979) 54 0 0 Jol o S 55 lid puiegll o > comw g Wb o LialS HoPOs 5 AR
Slansd paiwogll 6 > (Van & Thanh, 2021) 1,18 i (659 bulps )3 S Jolo pH zalS b a8 s> 0 Uis

Dgab oo v S i (gyei ]yl 0 NHF-P clale o )5 09 0 0L
AlIPO;.2H,0 + 2H* = AP + H,PO4+ 2H,0

25 1 BEC=0.75dS/m  BEC=7.5dS/m

Son 4 (A) 2

220

DI- 10 9 :n

L|'<r ' o

T 5 1 g B gf:

z o I B i HEl i -
No P With No P With P No P With P
Uncultivated Lathyrus |Wheat-Vetch| Wheat-

monoculture | monoculture | monoculture |intercropping| Lathyrus
intercropping

525 - BEC=0.75dS/m  HBEC=7.5dS/m

= (B) a

20 4

:15 -

L. 10 A

I

Z 5 4

No P With P No P With P
Immediatly after treatment 90 days after treatment

(NHF-P) ol isnsl 52 (B) sl 5y 355 105,95 o 513 (A) €S 5 5 s 5 5908 Jlisn 1.8 JS

SB 5 Olhwd o] Cle g o) CuddS g CullS £o5 ¢ phund ‘:,S‘Lg),d,fl.?

J.»l.o.m L;Lm)i‘l sl 4 Lmo] J;l.m.n dLm)ﬁ‘ U.oLoS9 Oln)‘ g yhuud 395 (S)gus S £ uJ..ol Lgl.m)‘}] aS sy uL**—‘ d‘jli)19 4350
awlio (¥ ¥ (clagun) Wdg sbolime S )3 (NAOH-P) wlawsd yal IS5 & yawd clale 1 (gy98 % oloj g (gy9 X cuiS
A5 olS Ay baloe i g S ST ous S 5 you Lyl b 93 p2 50 g 28 055 ey g b (sla o 50 &S 0 L b 1 S0le



VAYY .. Lv ‘n.xf b,]&w CaiS 9 M 395 ﬁd)y; )J| Zo‘)&.oa‘a 9 b)‘}g)& (W’f - doJ&)

o jl o Slaws ol dmd e lis a5 6ol Lzals lolias yobas odis cutS SB & cows | NaOH-P cdale «Sile 4 ks
Najafi & Towfighi, ) cub calle calise HalS culs jl jw o, SKdagh plo wlo b a8 2 S o lalS Gl BB jauws
sy e  micmen (2006; Boschetti et al., 2009; Safari Sinegani & Rashidi, 2011; Najafi & Towfighi, 2012
09 e 9 y9b bulyd 9 2 53 5 jhud 38 e 9 b kalpd 5> NaOH-P clale Jlas jl (bglseo cuiS 5 (28 S5) s s
sobots |y NaOH-P clalé olS aus oyl (2S5 &y Capmd HI3 — p S g Silo — puiS boglss CuS ¢9ud s g yand 365 | Ll
ol el g amd o ol 1) SO @ balore CullS Cu e aoes (pl &S (Mo )d YAD 9 YYF/Y () wialy yiuljal jlaliae
oyt 9 )9 Laulyd 93 3 53 g jaud 395 (o Laalpd 53 3580 paud (oliend 395 Bpas Bl 9 S 53 hud cenl Bl
JS5) wols il bl joboay 1) NAOH-P jlade «Sible g paiS (S ST &y o Y5 — paiS 5 Slilo — puiS byl oS
Conl UISCT 4) S bgloe S )3 jhud enldcun (LIl g jawgi) SB Mol I 8L e Hla5 4 & (A0
ol 33l MBL — @)d bgbre cuis’ 3 a5 w5 S sunliie Wang et al. (2014) 4 Reichard et al. (2007) .(Marschner, 2012)
sy S Sl ] olpen Saxe hud g o 1) aeolawd ool g oS ool wlg o dasgwl g g s ygdg dwgind clale

Dgb Gl SB I el ady ) dlussds Slg5 o g Jb o il33 NaOH-P clale

FeP04.2H,0 + 2H* = Fe¥* + H,PO4 + 2H,0
(A) a BEC=075dS/m  @EC=7.5dS/m

e ef of f efef . i of d ef

NaOH-P (mg/kg)

Uncultivated Wheat Vetch Lathyrus |Wheat-Vetch| Wheat-
monoculture | monoculture | monoculture [intercropping| Lathyrus
intercropping

12 4 B BEC=0.75dS/m ®EC=7.5dS/m a

S10 1 (B)

210

q 67

T -

S 4

Z 27
No P With P No P With P
Immediatly after treatment 90 days after treatment

(NGOH-P) coliuud (501 51 (B) (3l 5 o 355 c(6 908 o 151 5 (A) oS 5 5y 355 .8y Blike 51,0 S

2904y pe & Cand L) i (6558 bl )5 NaOH-P clale (1 SSho « JS jsboas 45 2l (LS by SSle duslio

CulS £5 5 ymd Bpan jl ey loj Hhud aw 4 aiuy NAOH-P clile 0, 15 s (6)9 51 (Jloppll g 5ieS lolize
09t Ll yd 4 G YIS g P8 (LSS Lyl 53 g b 395 (g Sbajlewl 3 IS e (69 AT ysbds 39y glite
i obas I NGOH-P Clilé 3 )J5 s ()95 ehulpd plo 53 &5 Jlo3 ol alS jblieo jsbas |, NaOH-P clalé
g oy A 51 s Lol Cabl oline 1 0t S S5 3 yho loj y> NAOH-P clalé yy 30,18 motes 695 (A-D JS.3)
Saud 358 U8 puno bl Callas Zheli et al. (2020) zuls b oS sl juals jlolisze soboas |y NaOH-P clale ¢paud 565 L bl



(u“““ﬁ)"_ ‘sol&) AEZ3 ) slogd Y+ b)w ©0 2,90 “’,‘).3“ S 9 ui Oludss YAYA

3o AbolBM by ol jholias jolody S (g g S b bl pd 93y g y9ud 8 g 59 bl pd 93 o 3 1) NaOH-P clale
Aol wed o Hlis a8 wid sdalie jbolize wgley NaOH-P clale S Sl yhud 365 o o b e 93 (ylo phud 365 B uao
35 Jad Sland opnl IS5 4y i 365 (agllsS 5, A0 5l g Lol it 0y land ol S5 1 068 ol nd 568 Bpae ) g
355 o (303 WIIE 5 A8 i) il I3l p5 5 )5 Ll 59 o 53 ke 355 oo &y Cams NGOH-P Calé
NaOH- clale oy iy .caslors [b);5 55 Najafi & Towfighi (2013) 5 Wright (2009) aluwga clawd pal JS6 4 jaud
ol (B0 JSi) ab oamliie o pd Ll 53 9 SB- )3 jaud 395 Bpaa I So) A0 e SekS 3 p)S e VoIV e 4P
S 5 Gl 28 s (6y9d GRIEIL &b mude Glgie BsSLl ] 0)IS mde (6)98 Lulyd > NaOH-P clals
Sediee 35 IO b S > Slawd 8] 08 b a5 Mo il HIPOS 5 FE ol sy b gy S Joloxe
Van & Thanh, ) &,JS" wiw (6)s baslps )0 SB Jole PH LialS' b aS s o olis 5 (35S ¢ pime (LiNdsay, 1979)

D550 15 3,15 maes (2595 Ll 53 NOH-P clald oy 3 39 o 545 i opal g psdy > (2021

SK 50 Coill IS 4 phund CE p (yloj CanddS g CuniS £95 ¢ phansd 395 ¢ 8 ygus iU
Sl Ll 30 joline (H2S04-P) bl JSi s youd clale p ojloj g yhwd 368 S g9 ol (gla il a8 sy L5 uib)ly 4550
24l )50 sl Jole Blie (sl il ol (5)98 X (loj 9 (5)55 X b 395 Jlite (gl Sl gLl & 3955 jbline ()98 (o]
bylyds 90 52 )0 g 0 365 s 9 b (slajlowd 50 oS 0 LS o S0heo duslie (B 9 ¥ (sld Join) Ldgy jbolize HoSO4-P clale
shlixe joboay osuis cutS S & s | Ho2SO04-P clale «Silo g )5 (piS olS dus p bgloeo cuiS g (S ST )9l g o
o o Kingh plo gl b a5 39 adllas )90 S )3 (LS Cla JB jiud mlio j (S cosbl wmd o (i &5 20l ials
Najafi & Towfighi, 2006; Boschetti et al., 2009; Safari Sinegani & Rashidi, ) cuib célle calieo bl cuss
HoSO4-P clale jas jl (Lol culiS g (i S5) ciliso culS sla oy, (b (opimen (2011; Najafi & Towfighi, 2012
CulS g9 g yiud 395 (yed 9 b Laalpd )3 . Culy g2y loline Coglis )9 yuf g 598 Larlpd 93 2 53 g H3ud 365 g o b Lalpd 5
a5 4 a8 ol el jboliae jgboas |, H2SO4-P cdale «Siile g )5 paiS (2iS'ST &y s )5 = paS 9 SLilo — puiS bgloo
bglses CutS )3 ol 63 gy jiud jidy ol g byle S > ol (o> GRIB1 g yhwgiy S Mol 4ty
u’l"'“'“’ .)95 )L\M ..\.5‘9;&0 9 .)y.ugo Sk .)9> Y )Q.MS é}L.o )1 odlii! [y Io9l>u: ORAY AR o uLwJ gL v U"‘ ,\ml} 1994)./:
o5 Sgliie g ol slosly (aberd cuS 5 (g Sslite 4 Wl e &5 (AP JS5) 051 ik JB 5 e puS RESSS
Li et al. (2010) .(Pearse et al., 2006; Li et al., 2010; Marschner, 2012) 1l bgye LS () )5 jhwsi) slaasl,s
i Sy Wgcgn o 351 Sglito LISUSS L bogle S )3 shusginy (a955en dnels 5 OS50S oS5 8 035 35S
b ash 3l blS ads,y dlwga

Lulyd b (g)bline glis )18 ot ()90 Laalpd )3 H2SO4P clale (3S0ke (S jsboay o5 ol (Lt Lo uSSlee s lie
O3 Ly 2 o |) H2SO4P Clile (5 3957 Ll 3 (yblss gy 8+ 1 g )85 ok (69 (A5 JS3) o> ials
bibalyd 93 0 g jodp g yod bulyd 95 pa 3 1) HoSO4-P clale jaud 595 Gpume (1o)d VV/E) by iulidl jlolie joboay 568
cble 5l pd 358 ol 9 b e 93 Hlo (pruwd 35 Bpuas I s dloldl by isl8l jlaliae Joods CuiS (yady g CuiS
5 o ol s 3,1y cusl] Ko 50 395 ol 6 yhasd 39S G paan j L dlolBM a3 o L a5 iS5 sdalie ol glis H2SO4-P
395 5 295 Ly 55 52 33 jid 355 g8 4 e HoSOWP Calé 5 15 oo ol JS8 4y jied 355 cpillss 3o, -
(B—F JSi) s osalie yous baslyis



VAT ...y 08 bglice CuutS g pund 355 ¢(5 5908 i1 105 g 83 j0ke (o — oole)

500 - (A) BEC=0.75dS/m BEC=7.5dS/m
D400 { g 1 ki efd oy ohii gy onj
g) 300 | HE | - ge| - B - - . =1
9 200 -
R 100
No P With Pl No P With P| No P With Pl No P With Pl No P With P| No P With P
Uncultivated Wheat Vetch Lathyrus |Wheat-Vetch| Wheat-
monoculture | monoculture | monoculture |intercropping| Lathyrus
intercronninn
500 1 (B) BEC=0.75dS/m ®EC=75dS/m
00 ¢ o -
= 5
£300 -
200
©)
(%7)
T100 -
No P With P No P With P
Immediatly after treatment 90 days after treatment

(H:SOP) Syl JSuS @1 yiund CE 2 (B) (3l 5 yiand 355 15,900 liie 31 5 (A) S 95 5 yand 355 45,908 Bliie 1.1 JSh

558 5 bl ials Slewd 555 B pne jl L loj CusdS b yhud ebl i) aS 0,8 5,155 Akhtar & Alam (2001)

b IS o5 5 oy rsbas b ot ST ane 5 T st 28Ty 05 o HaSOP S5 &0 (o cadIS b ok Cbpume s

S lSe 3 S b rtongll u3Suls i1y sl Sno o 353 HoSOwP i (il sl wlgicso g 53 (45 (oSlioS

Bpas jl L oloj cusdS b HaSO4-P clale (iulsl . (Penn & Camberato, 2019) aas &) palS dlowgdy yowd Couis o Jols

Hlde duwlio ((Najafi & Towfighi, 2013; Azadi et al., 2015) culosis (i)155 30 o, SKigh plo duwsds S 53 4aud 348

Najafi) cuils cilas o Kingh plo gl b aS wmsls |y e o i brclind puds 48 sl lis Gilise (gl S5 53 yiud
(& Towfighi, 2013; Azadi et al., 2015; Hatami et al., 2024

SB 55 Fare phud GBS £ 51 loj CubiS g CulS 95 hundd 395 (5900 3
sl gl gl 4 gl lite slofl g yind 365 5 culS g5 «s)9 (ol sloil eyl palej] o & ol (lis uibyly o8
il g ool 53 (F Jgaz) g Jblins Sdne yhund slo S5 ggazme 2 (5)9d % CulS X jaud 5 (5598 X yiud 365 lito
Flie sl il o g )98 (ol Sl g jblins (Sane jaud laJSub ggemme p jad 398 X (loj Jlite Sl g 5008 395 5 (loj Lol
SIS SS 9h et 9 598 Lulpd 93y 53 9 Haud 395 (19 9 b slajlew )3 45 3l (LS b Slee dnliio (0 Jg2) 25392 jlolie o
OialS laline jobay odds CulS S &) G |y (Sie joud s IS5 ggecme (SBlo g )5 puS ol dw o bl cuiS
Cui g B = puE 5 Mo )d YD 5 O/ L pa Sile = pAS bkt CulS jod g b 365 o o b ksl o ¢ pimen 0D
dulio L0l ials ol JYieLe Iy Pire youd g S5 gaamme 0l dw (pl jl S$ jp JdSSS A Cond o> VA 5 VIV
g oRalS jhline joboa bolive S )3 1) (Sane jiud sla JSb ggeome 365 b Lulyd )3 o IS mades (6)9 oS0y (LS b (3 S0Le
Sl S ggomme 4o 5l (698 maw 93 (e bl ol p3 ly Gil331 jloliae jolody dald 4y s 2o )3 VF/Y SUile (2SS
o2 (639 o 93 oo b plosl CutS oy Lyl 3 o pod (talofl )3 (AY IS2) bl sy ylaline iglis dno i
=V JS5) 25 oaliie jlliae plis jaud 395 g 9 b laulpd )3 5 iliste (o 93 )3 (Same Hhud o S5 ggere Hlai I IS
Ot g S L Ll 93 g gyl 5 0 Lulpd 93y 0 |y (no hud (gl JSU ggamme shud 38 B pae o Jgl (talesl 1o (B
Ll 93 0 ) jiad 368 Gpuan b (Sme jhd (sloJS5 g0omo 555 pgd (lalej] )3 (AZY JS2) ols [aalEl jlaline jgloay cutS



(u.whs).!— ‘_,olc) AEZ3 ) b‘.e‘_gb AR b)w 00 5,93 ‘0|ﬂ| Jlégui Oldsd AL

(B-Y JS3) <l (il jboline jobods ¢jg) e g o0 (o 93 12 g jad il g y5d

" aa de B EC=0.75 gS/m BEC=7.5dS/m ]
5 %= IR ° gy Z@ gg “EW gy df gp €
"8' e | B |
o
(Vi
O H
) No P With A No P With Ff No P With A No P With | No P With | No P With P
Uncultivated] Wheat Vetch Lathyrus [|Wheat-Vetch|] Wheat-
monoculture | monoculture | monoculture |intercropping| Lathyrus
500 BEC=0.75dS/m BEC=7.5dS/m
18 ! .
%) ( ) b b -
S 400 - " ¢ ¢
€ 5300 -
=<
E—a gzoo .
g 100 f
>
n 0 1 :
No P With P No P With P
Immediatly after treatment 90 days after treatment

(20 i SBSD £g0mn 1 (B) oloj 9 s 355 15908 lEte 3T 5 (A) CuiS 95 5 e 355 15565 il 1.V JS

S 5 4onid

BB by phud 395 oy g CuiS o bulpd )3 IS it S L adllas 3)90 (cag) (35 S (D 59 45 3 (LS b
Mo S )3 jhud 395 Bpas Iy joy A g cutS g kalpd 3 Lol cudls Jloline 31 Sane jand sla S5 (sles g ol
5D 0l Cpuan yaud 395 I iul3l |y cusl] g Gls BB jaud g LialS ]y cliwd al g Olawd puisegl] ( Jolote Clgpuwds yhud
oles €IS L sd s el g lind ol wlind prinogll ¢ Jolore Cggusdy yhud 4y loj SB35 b aalllas )50 0g) (b S
e (bl ilo) a8 spdyde b sS4 ()15 posigel L gl sl BB jind siile) juder sy b slo S 5l jaus
CulS g bulyd o S | Qo B jiud jlade bglse culS g (IS hg) 93 8 > Sle g )b paS plalS cutS A
L bylys ,> (Olsen-P+Puptake) bls aluwgds sabods jaud 9 OISEN-P goozwe (paud 368 b Lalyd )5 Jbo ol ol ials
a5 5 PH GE0IS 51 1 oL el shasginy S 55 s (anl by GRal3E S o 390 S cpgs Sl yity ot
s e Gl (Ko gl S0 )las pind 365 Ll 1> 45 0l Lt @l ol g2 0 g Wspelyinel (B slacS 5 ]
e g 365 b Lalyis 55 izme los 39l ably jhaie 51 yia adllas 3,50 S 5o 1y Kle g 15 oS LS i b5
a3 il38l L a8 dg olS dw (pl S SS ) iy JB = pAS 5 Sile — puS bolswe cuiS” j> Olsen-P+Puptake
5 ) olS 93 ady) glite (slaogl s 4 bglse CulS (55 cpl g (US4 Cond bglote S 3 S > jiud enl b
O3l g siwgiy SB Mol s & Gl bgyyo oglys ol (b bgle g (05 5 agalsival (L6 claceS 5 o sloagu
S la Shg o9 b g 1S o Byl | o (bl olS 93 ady) (slaogl 5 cboglie cutS ) @Bly )3 9o yud (codl s )
5098 sy 53 &5 Wad oo pliond S35S Bpan JIBE g b wile 238 sl paie onl Bl ) Gl cuw hwgs)
395 Bpae g Suble = paS 5 b — puiS bolse CulS 9d s g 9 Lulpd 93 » 53 (5 sbar Cusl Cungjlaes Lais g )k
Pyd o drogh sl Joame M5 g pand conl b ) 3o sy GimoR cnl alie Laulyd 3 Ae MO PIKG fiee; i

15,105 3989 Y N o oy B8l (0,87 AigS "



VALY ... L ‘n.\f b,]éw CusS 9 )M 395 5‘5),»:3 )J| :Q‘)M 9 b)‘}g)& (‘:w.bgf - ‘_@J&)

REFERENCES

Akhtar, M., & Alam, S.M. (2001). Effect of incubation period on phosphate sorption from two P
sources. Journal of Biological Sciences, 1(3), 124-125.

Allison, L.E., & Moodie, C.D. (1965). Carbonates. Pp. 1379-1398. In: Black C.A. (Ed.). Methods of Soil
Analysis. Part 2. Chemical and Microbiological Properties. Monograph No. 9, ASA, SSSA, Madison,
WI, USA.

Amrani, M., Westfall, D.G., & Moughli, L. (1999). Evaluation of residual and cumulative phosphorus effects
in contrasted Moroccan calcareous soils. Nutrient Cycling in Agroecosystems, 55, 231-238.

Appelhans, S.C., Novelli, L.E., Melchiori, R.J.M., Gutiérrez Boem, F.H., & Caviglia, O.P. (2021). Crop
sequence and P fertilization effects on soil P fractions under no-tillage. Nutrient Cycling in
Agroecosystems, 120(3), 275-288.

Azadi, A., Baghernejad, M., Karimian, N.A., & Abtahi, S.A. (2015). Inorganic phosphorus fractions and their
relationships with soil characteristics of selected Calcareous soils of Fars province. Water and Soil, 29(5),
1288-1296. In Persian with English abstract.

Azimzadeh, Y., Najafi, N., Reyhanitabar, A., Oustan, S., & Khataee, A. (2020). Effects of phosphate loaded
LDH-biochar/hydrochar on maize dry matter and P uptake in a calcareous soil. Archives of Agronomy
and Soil Science, 67(12), 1649-1664.

Bagayoko, M., Alvey, S., Neumann, G., & Birkert, A. (2000). Root-induced increases in soil pH and nutrient
availability to field-grown cereals and legumes on acid sandy soils of Sudano-Sahelian West Africa. Plant
and Soil, 225, 117-127.

Barrow, N.J., & Ellis, A.S. (1986). Testing a mechanistic model. V. The points of zero salt effect for phosphate
retention, for zinc retention and for acid/alkali titration of a soil. Journal of Soil Science, 37(2), 303-310.

Betencourt, E., Duputel, M., Colomb, B., Desclaux, D., & Hinsinger, P. (2012). Intercropping promotes the
ability of durum wheat and chickpea to increase rhizosphere phosphorus availability in a low P soil. Soil
Biology and Biochemistry, 46, 181-190.

Boschetti, N.G., Quintero, C.E., & Giuffre, L. (2009). Phosphorus fractions of soils under Lotus corniculatus
as affected by different phosphorus fertilizers. Biology and Fertility of Soils, 45, 379-384.

Bouray, M., Moir, J.L., Lehto, N.J., Condron, L.M., Touhami, D., & Hummel, C. (2021). Soil pH effects on
phosphorus mobilization in the rhizosphere of Lupinus angustifolius. Plant and Soil, 469, 387-407.
Chang, S.C., & Juo, S.R. (1963). Available phosphorus in relation to forms of phosphates in soils. Soil

Science, 95(2), 91-96.

Chen, C.R., Condron, L.M., Davis, M.R., & Sherlock, R.R. (2002). Phosphorus dynamics in the rhizosphere
of perennial ryegrass (Lolium perenne L.) and radiata pine (Pinus radiata D. Don.). Soil Biology and
Biochemistry, 34(4), 487-499.

Chorom, M., & Rengasamy, P. (1997). Carbonate chemistry, pH, and physical properties of an alkaline sodic
soil as affected by various amendments. Soil Research, 35(1), 149-162.

Cordell, D., Drangert, J.0., & White, S. (2009). The story of phosphorus: global food security and food for
thought. Global Environmental Change, 19(2), 292-305.

Dey, G., Banerjee, P., Sharma, R.K., Maity, J.P., Etesami, H., Shaw, A.K., & Chen, C.Y. (2021). Management
of phosphorus in salinity-stressed agriculture for sustainable crop production by salt-tolerant phosphate-
solubilizing bacteria—A review. Agronomy, 11(8), 1552.

Eichler-Lobermann, B., Bachmann, S., Busch, S., Schiemenz, K., Krey, T., Pfahler, V., & Uptmoor, R. (2016).
Management options for an efficient utilization of phosphorus in agroecosystems. Phosphorus in
Agriculture: 100% zero, 179-193.

Gee, G.W., & Or, D. (2002). Particle size analysis. Pp. 201-214. In: Dane J.H. and Topp G.C. (Eds), Methods
of Soil Analysis. Part 4. Physical Methods. SSSA Book Series No. 5, Madison, WI. USA.

Ghosh, P.K., Tripathi, A.K., Bandyopadhyay, K.K., & Manna, M.C. (2009). Assessment of nutrient
competition and nutrient requirement in soybean/sorghum intercropping system. European Journal of
Agronomy, 31(1), 43-50.

Grattan, S.R., & Grieve, C.M. (1998). Salinity—mineral nutrient relations in horticultural crops. Scientia
Horticulturae, 78(1-4), 127-157.

Hatami, H., Parvizi, H., Parnian, A., & Ranjbar, G. (2024). Changes in soil-phosphorus fractions as affected
by municipal sewage sludge and triple super phosphate under saline and non-saline conditions. Water
and Soil, 37(6), 957-969. In Persian with English abstract.

Hazelton, P. and Murphy, B. (2016). Interpreting Soil Test Results: What Do All the Numbers Mean ? CSIRO
Publishing, Australia.



(u.whs).!— ‘so.l&) AEZ3 ) slogd Y+ b)w ©0 2,90 ‘&b.:‘ S 9 ui oludss ALY

Hinsinger, P. (2001). Bioavailability of soil inorganic P in the rhizosphere as affected by root-induced chemical
changes: a review. Plant and Soil, 237(2), 173-195.

Hinsinger, P., Betencourt, E., Bernard, L., Brauman, A., Plassard, C., Shen, J., & Zhang, F. (2011). P for two,
sharing a scarce resource: soil phosphorus acquisition in the rhizosphere of intercropped species. Plant
Physiology, 156(3), 1078-1086.

Hinsinger, P., Plassard, C., Tang, C., & Jaillard, B. (2003). Origins of root-mediated pH changes in the
rhizosphere and their responses to environmental constraints: a review. Plant and Soil, 248, 43-59.
Holford, I.C.R. (1997). Soil phosphorus: its measurement, and its uptake by plants. Soil Research, 35(2), 227—

240.

IFA. (2021). International Fertilizer Association Statistics (IFASTAT). International Fertilizer Association
(IFS), Paris, France. https://www.ifastat.org

Jia-En, Z., Ai-Xia, G., Hua-Qin, X., & Ming-Zhu, L. (2009). Effects of maize/peanut intercropping on
rhizosphere soil microbes and nutrient contents. Yingyong Shengtai Xuebao, 20(7), 1597-602.

Jones, J.B. (2001). Laboratory Guide for Conducting Soil Tests and Plant Analysis. CRC Press LLC, Boca
Raton, Florida, USA. 363 Pages.

Khoshgoftarmanesh, A.H., & Nourbakhsh, F. (2009). Salinity and plant residue effects on soil available
phosphorus Journal of Plant Nutrition, 32(6), 954-966.

Kuczak, C.N., Fernandes, E.C., Lehmann, J., Rondon, M.A., & Luizao, F.J. (2006). Inorganic and organic
phosphorus pools in earthworm casts (Glossoscolecidae) and a Brazilian rainforest Oxisol. Soil Biology
and Biochemistry, 38(3), 553-560.

Kulhének, M., Balik, J., Cerny, J., Nedvéd, V., & Kotkova, B. (2018). The influence of different intensities of
phosphorus fertilizing on available phosphorus contents in soils and uptake by plants. Plant, Soil and
Environment, 53, 382—387.

Kuo, S. (1996). Phosphorus. Pp. 869-918. In: Sparks, D.L. (Ed.) Methods of Soil Analysis. Part 3-Chemical
Methods. Book Series No. 5, SSSA and ASA, Madison, WI, USA.

Li, H., Shen, J., Zhang, F., Clairotte, M., Drevon, J.J., Le Cadre, E., & Hinsinger, P. (2008). Dynamics of
phosphorus fractions in the rhizosphere of common bean (Phaseolus vulgaris L.) and durum wheat
(Triticum turgidum durum L.) grown in monocropping and intercropping systems. Plant and Soil, 312,
139-150.

Li, H., Shen, J., Zhang, F., Marschner, P., Cawthray, G., & Rengel, Z. (2010). Phosphorus uptake and
rhizosphere properties of intercropped and monocropped maize, faba bean, and white lupin in acidic
soil. Biology and Fertility of Soils, 46, 79-91.

Li, L., Sun, J., Zhang, F., Li, X., Rengel, Z., & Yang, S. (2001). Wheat/maize or wheat/soybean strip
intercropping: 11. Recovery or compensation of maize and soybean after wheat harvesting. Field Crops
Research, 71(3), 173-181.

Liao, D., Zhang, C., Lambers, H., & Zhang, F. (2022). Adding intercropped maize and faba bean root residues
increases phosphorus bioavailability in a calcareous soil due to organic phosphorus mineralization. Plant
and Soil, 476(1), 201-218.

Liao, D., Zhang, C., Li, H., Lambers, H., & Zhang, F. (2020). Changes in soil phosphorus fractions following
sole cropped and intercropped maize and faba bean grown on calcareous soil. Plant and Soil, 448, 587—
601.

Lindsay, W.L., & Norvell, W. (1978). Development of a DTPA soil test for zinc, iron, manganese, and
copper. Soil Science Society of America Journal, 42(3), 421-428.

Lindsay, WL. (1979). Chemical Equilibria in Soils. John Wiley and Sons, USA.

Lyu, Y., Tang, H., Li, H., Zhang, F., Rengel, Z., Whalley, W. R., & Shen, J. (2016). Major crop species show
differential balance between root morphological and physiological responses to variable phosphorus
supply. Frontiers in Plant Science, 7, 1939.

Ma, B., Zhou, Z.Y., Zhang, C.P., Zhang, G., & Hu, Y.J. (2009). Inorganic phosphorus fractions in the
rhizosphere of xerophytic shrubs in the Alxa Desert. Journal of Arid Environments, 73(1), 55-61.

Ma, X., Yang, J., Zhou, X.J., Wu, H.T., Xiong, Q., & Li, Y. (2022). Transport of phosphorus in runoff and
sediment with surface runoff from bare purple soil during indoor simulated rainfall. Journal of Mountain
Science, 19(8), 2333-2345.

Makoi, J.H., Chimphango, S.B., & Dakora, F.D. (2010). Elevated levels of acid and alkaline phosphatase
activity in roots and rhizosphere of cowpea (Vigna unguiculata L. Walp.) genotypes grown in mixed
culture and at different densities with sorghum (Sorghum bicolor L.). Crop and Pasture Science, 61(4),
279-286.


https://www.ifastat.org/

VALY oo b oS biglice CulS g piand 395 (5390 11051, Kod g 831jule (o — oole)

Mardomi, S., Najafi, N., Reyhanitabar, A., & Dehghan, G. (2019). Effects of phosphorous and contamination
of lead and zinc on extraction Kinetics of the available P, Pb, and Zn in a calcareous soil under waterlogged
conditions. Journal of Water and Soil Science, 29(2), 29-42. In Persian with English abstract.

Marschner, P. (2012). Marschner’s Mineral Nutrition of Higher Plants. Third Edition, Academic Press,
London, UK.

Martinez, V., & Lauchli, A. (1994). Salt-induced inhibition of phosphate uptake in plants of cotton (Gossypium
hirsutum L.). New Phytologist, 126(4), 609-614.

McClure, S., and Roth, S. (1994). Companion Planting. Rodale Press, 160 pages.

Messaoudi, H., Gérard, F., Dokukin, P., Djamai, H., Rebouh, N.Y., & Latati, M. (2020). Effects of
intercropping on field-scale phosphorus acquisition processes in a calcareous soil. Plant and Soil, 449,
331-341.

Motalebifard, R., Najafi, N., & Oustan, S. (2014). Effects of different soil moisture conditions and zinc sulfate
and monocalcium phosphate fertilizers on the extractable-P in a calcareous soil. Water and Soil
Science, 24(2), 227-241. In Persian with English abstract.

Najafi, N., & Mostafae, M. (2015). Improvement of corn plant nutrition by farmyard manure application and
intercropping with bean and bitter vetch in a calcareous soil. Journal of Soil Management and Sustainable
Production, 5(1), 1-22. In Persian with English abstract.

Najafi, N., & Towfighi, H. (2006). Effects of rhizosphere of rice on the inorganic phosphorus fractions in
paddy soils of north of Iran: 1- Native phosphorus fractions. Iranian Journal of Agricultural Science,
37(5), 919-933. In Persian with English abstract.

Najafi, N., & Towfighi, H. (2012). Effects of rhizosphere of rice plant on the inorganic phosphorus fractions
in the paddy soils (in North Iran) following P fertilizer application. Iranian Journal of Soil and Water
Research, 43(3), 231-242. In Persian with English abstract.

Najafi, N., & Towfighi, H. (2013). Effects of soil moisture regimes and phosphorus fertilizer on available and
inorganic P fractions in some paddy soils, north of Iran. Iranian Journal of Soil and Water
Research, 42(2), 257-269. In Persian with English abstract.

Nasrin, S., Biswas, T.K., Amin, M.S., & Khatun, M. (2016). Study of salinity effects on the inorganic
phosphorus transformation in three different soil series of Ganges River Floodplain. Jahangirnagar
University Journal of Biological Sciences, 5(1), 71-79.

Nelson, D.W., & Sommers, L.E. (1996). Total carbon, organic carbon and organic matter. Pp. 961-1010. In:
Sparks D.L., Page A.L., Helmke P.A., Loeppert R.H., Soltanpour P.N., Tabatabai M.A., Johnston C.T.
and Sumner M.E. (Eds). Methods of Soil Analysis. Part 3. Chemical Methods. Soil Science Society of
America Book Series 5, Madison, USA.

Ouma, G., & Jeruto, P. (2010). Sustainable horticultural crop production through intercropping: The case of
fruits and vegetable crops: A review. Agriculture and Biology Journal of North America, 1(5), 1098—
1105.

Pearse, S.J., Veneklaas, E.J., Cawthray, G.R., Bolland, M.D., & Lambers, H. (2006). Carboxylate release of
wheat, canola and 11 grain legume species as affected by phosphorus status. Plant and Soil, 288, 127—
139.

Penn, C.J., & Camberato, J.J. (2019). A critical review on soil chemical processes that control how soil pH
affects phosphorus availability to plants. Agriculture, 9(6), 120.

Piegholdt, C., Geisseler, D., Koch, H.J., & Ludwig, B. (2013). Long-term tillage effects on the distribution of
phosphorus fractions of loess soils in Germany. Journal of Plant Nutrition and Soil Science, 176(2), 217—
226.

Reichard, P.U., Kretzschmar, R., & Kraemer, S.M. (2007). Dissolution mechanisms of goethite in the presence
of siderophores and organic acids. Geochimica et Cosmochimica Acta, 71(23), 5635-5650.

Rhoades, J.D. (1996). Salinity: Electrical conductivity and total dissolved solids. Pp. 417-434. In: Sparks D.L.
(Ed.) Methods of Soil Analysis. Part 3-Chemical Methods. Book Series No. 5, SSSA and ASA, Madison,
WI, USA.

Safari Sinegani, A.A., & Rashidi, T. (2011). Changes in phosphorus fractions in the rhizosphere of some crop
species under glasshouse conditions. Journal of Plant Nutrition and Soil Science, 174(6), 899-907.
Saleh, J., Najafi, N., Oustan, S., Aliasgharzad, N., & Ghassemi-Golezani, K. (2013). Changes in extractable
Si, Fe, and Mn as affected by silicon, salinity, and waterlogging in a sandy loam soil. Communications in

Soil Science and Plant Analysis, 44(10), 1588-1598.

Schaap, K.J., Fuchslueger, L., Hoosbeek, M.R., Hofhansl, F., Martins, N.P., Valverde-Barrantes, O.J., &

Quesada, C.A. (2021). Litter inputs and phosphatase activity affect the temporal variability of organic



(u.whs).!— ‘so.l&) AEZ3 ) slogd Y+ b)w ©0 2,90 ‘&b.:‘ S 9 ui Oludsd YALE

phosphorus in a tropical forest soil in the Central Amazon. Plant and Soil, 469, 423-441.

Singh, Y., Dobermann, A., Singh, B., Bronson, K.F., Bronson, C.S., & Khind C.S. (2000). Optimal phosphorus
management strategies for wheat-rice cropping on loamy sand. Soil Science Society of America Journal,
64, 1413-1420.

Souid, A., Hamdi, W., L’taief, B., Attallah, A., Hamdi, N., Alshaharni, M.O., & Zagrarni, M.F. (2024). The
potential of durum wheat—chickpea intercropping to improve the soil available phosphorus status and
biomass production in a subtropical climate. Plos one, 19(5), e0300573.

Sun, B., Gao, Y., Wu, X., Ma, H., Zheng, C., Wang, X., & Yang, H. (2020). The relative contributions of pH,
organic anions, and phosphatase to rhizosphere soil phosphorus mobilization and crop phosphorus uptake
in maize/alfalfa polyculture. Plant and Soil, 447, 117-133.

Tandon, H. (1987). Phosphorus research and Agricultural Production in India. Fertilizer Development and
Consultation Organization, New Delhi, India.

Thomas, G.W. (1996). Soil pH and soil acidity. Pp. 475-489. In: Sparks D.L. (Ed.) Methods of Soil Analysis.
Part 3-Chemical Methods. Book Series No. 5, SSSA and ASA, Madison, W1, USA.

Tian, X., Engel, B.A., Qian, H., Hua, E., Sun, S., & Wang, Y. (2021). Will reaching the maximum achievable
yield potential meet future global food demand? Journal of Cleaner Production, 294, 126285.

Van Dijk, G., Lamers, L.P., Loeb, R., Westendorp, P.J., Kuiperij, R., van Kleef, H. H., & Smolders, A.J.
(2019). Salinization lowers nutrient availability in formerly brackish freshwater wetlands; unexpected
results from a long-term field experiment. Biogeochemistry, 143, 67-83.

Van Tan, L., & Thanh, T. (2021). The effects of salinity on changes in characteristics of soils collected in a
saline region of the Mekong Delta, Vietnam. Open Chemistry, 19(1), 471-480.

Wang, X., Deng, X., Pu, T., Song, C., Yong, T., Yang, F., & Yang, W. (2017). Contribution of interspecific
interactions and phosphorus application to increasing soil phosphorus availability in relay intercropping
systems. Field Crops Research, 204, 12-22.

Wang, Z., Straub, D., Yang, H., Kania, A., Shen, J., Ludewig, U., & Neumann, G. (2014). The regulatory
network of cluster-root function and development in phosphate-deficient white lupin (Lupinus albus L.)
identified by transcriptome sequencing. Physiologia Plantarum, 151(3), 323-338.

Wright, A.L. (2009). Phosphorus sequestration in soil aggregates after long-term tillage and cropping. Soil
and Tillage Research, 103(2), 406-411.

Xie, W., Yang, J.,, Gao, S., Yao, R., & Wang, X. (2022). The effect and influence mechanism of soil salinity
on phosphorus availability in coastal salt-affected soils. Water, 14(18), 2804.

Yan, X, Yang, W., Chen, X., Wang, M., Wang, W., Ye, D., & Wu, L. (2020). Soil phosphorus pools,
bioavailability and environmental risk in response to the phosphorus supply in the red soil of southern
China. International Journal of Environmental Research and Public Health, 17(20), 7384.

Yan, X., Yang, W., Chen, X., Wang, M., Wang, W., Ye, D., & Wu, L. (2020). Soil phosphorus pools,
bioavailability and environmental risk in response to the phosphorus supply in the red soil of Southern
China. International Journal of Environmental Research and Public Health, 17, 7384.

Yang, Z., Zhang, Y., Wang, Y., Zhang, H., Zhu, Q., Yan, B., & Luo, G. (2022). Intercropping regulation of
soil phosphorus composition and microbially-driven dynamics facilitates maize phosphorus uptake and
productivity improvement. Field Crops Research, 287, 108666.

Ye, X.F., Bai, J.H., Lu, Q.Q., Zhao, Q.Q., & Wang, J.J. (2013). Soil phosphorus pools, bioavailability and
environmental risk in response to the phosphorus supply in the red soil of Southern China. International
Journal of Environmental Research and Public Health, 17, 7384.

Yu, X., Keitel, C., & Dijkstra, F.A. (2021). Global analysis of phosphorus fertilizer use efficiency in cereal
crops. Global Food Security, 29, 100545.

Zheli, D., Kheir, A.M., Mohamed, M.G., Ali, O.A.M., Abdelaal, A.l.N., Lin, X.E., Zhou, Z., Wang, B., Liu,
B., & He, Z. (2020). The integrated effect of salinity, organic amendments, phosphorus fertilizers, and
deficit irrigation on soil properties, phosphorus fractionation and wheat productivity. Scientific
Reports, 10(1), 2736.



