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EXTENDED ABSTRACT

Introduction

Subsurface drip irrigation (SDI) involves the application of small amounts of water directly to the plant's
root zone. In SDI, sufficient amounts of water and nutrients (based on required by the plant) are placed in the
root zone. Indirect effects of SDI on plant nutrition include: 1) improving the moisture content in the root zone
and consequently soil ventilation, 2) effect on the concentration of nutrients in the soil solution and the distance
of diffusion to the root surface, and 3) changes in the availability of nutrients due to improved activity of
microorganisms. Due to the differences in the amount of water used in various irrigation methods, distinct
chemical phosphorus fractions various in the soil can be expected. Due to the lack of studies on the effects of
SDI and surface irrigation methods on various phosphorus fractions in sugarcane cultivation, this study was
conducted to investigate phosphorus fractions in the soil in the two mentioned irrigation methods.

Materials and Methods

For soil sampling during the plant growth period and subsequent analyses, a furrow was randomly
selected from odd-numbered irrigation sections (1, 3, 5, 7, and 9) in the SDI field. Four stations were
established along each furrow at predetermined intervals for soil sampling. A similar sampling strategy was
employed in the control (furrow irrigation) field. Sampling was done at 30 (T1), 90 (T2), 150 (T3) and 210
(T4) days after planting. In order to phosphorus fractionation, soil samples were combined and subsamples
were selected in triplicate. Soil samples were collected at horizontal distances of 20 cm from the drip irrigation
pipes and at vertical depths of 0-15 cm, 15-30 cm.

In order to compare the two irrigation methods, germination and weekly growth were measured. The
procedure of sequential extraction was performed according to Jiang and Gu (1989) who separated six
phosphorus fractions: (1) dicalcium phosphate (Ca,-P); (2) Octacalcium phosphate (Cas-P); (3) Al-phosphate
(Al-P); (4) phosphorus associated with free iron oxide (Fe-P); (5) phosphorus occluded in crystalline Fe oxides

(O-P); and (6) apatite (Cao-P).

Results and Discussion

Average sugarcane growth, as an indicator of root activity and biomass production, in SDI was about
54% higher than the surface irrigation method. The sugarcane height measured at the end of experiment was
65.3 and 49.2 cm in SDI and surface irrigation methods, respectively. In both irrigation methods, all
phosphorus fractions were decreased over time up to 210 days after planting. More difference of octacalcium
phosphate fraction between two irrigation methods with plant growth could be an indicator of greater uptake
of phosphorus by sugarcane from this fraction. In SDI, Cas-P (11 mg/kg decrease) and Caio-P (10.7 mg/kg
decrease) and a lesser extent Fe-P (8 mg/kg decrease) showed the greatest decrease respectively, which indicate
greater use of phosphorus from these components by sugarcane, while the order of decrease in furrow irrigation
was Fe-P (8.7 mg/kg decrease), O-P (7.7 mg/kg decrease), and Caio-P (7 mg/kg decrease). The average relative
proportions of various phosphorus fractions were ordered as Caio-P (48.7%) > Cas-P (37.2%) > Fe-P (6.7%)
> O-P (4.2%) > Al-P (2.6%) > Ca»-P (0.5%). In both irrigation methods, the labile and readily absorbable
fraction of dicalcium phosphate (Ca2-P) constitutes less than one percent of total phosphorus fractions, while
the highest percentage of abundance is related to Caio-P, followed by octacalcium phosphate (Cas-P). Although
the irrigation method was effective in the amounts of some chemical fractions, it did not different in the
percentage of these fractions, especially in the stable chemical forms of calcium phosphate. The main reason
is the very high amounts of calcium phosphates in calcareous soils in arid and semi-arid region.

Conclusion

The irrigation method is effective in the distribution and amount of phosphorus fractions in the soil,
because it affects plant root activity and microorganism activity. This resulted that SDI had a greater reduction
in phosphorus fractions compared to surface irrigation.

Author contributions

J.S: designed and carried out the experimental work, collected and analyzed the data, conceptualization,
writing — original draft, writing — review and editing. A.A and K.M: contributed to the design and interpretation
of the results, writing — review and editing, revised the final version of the manuscript. T.B: reviewed the
various versions of the article manuscript. M.A.L: contributed to the design experiment, Supervision. All
authors have contributed to this scientific work to its publication.

Data Availability Statement
Not applicable.



2889 Evaluation of the effects of subsurface drip and...

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct. This article does not
contain any studies with human participants or animals.

Conflict of interest
The author declares no conflict of interest.



YAFF—YFYY Ll

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

Vo 0 ko (AP 0499 oyl 1 S g OT Wliixnd dloxo

P SB Fare phud clial polie p sl (g, 9 (P sl ghd (g ll (g, IS

St e .’.s
-

Tl e | VSIF L ygesd | 1B e ol 0l8 | FT g 3l e | gagms Jlon
farabi.cane2024@gmail.com :asbll. |l jlgal ¢ oMl o131 oSl ¢laal sl «SB pole 69,5 .
Afrous@iau.ac.ir :asblly .oyl (ol 05 (oDl ST o8l ¢ Jlod ol 05 a5y ey 5 basmo owdiges 09,5 ¢ Jghume odiunn g5 .Y
mohsenifar@live.com :asbll, . )yl lgal ¢ oMl 811 olEutils jlgal dnly «ol (wdins g pole 09,5 ¥

oUS>

4

Ao OlNb!

P SB hd glesd el 2 (hizuge )l g e slojlad (6lel b dglio Ban | adlllas )
L bl as)je 53 )0 S (g)bpaiged jolate () a0l plosl liwjgs (Ll oS €850 Sty cuis
CutS 1 39y YN0 g Ve cRe Y (dlalej )3 lomge (o)l g (o slojlad (6ylol (sl
oo D90 Sloj ojl )3yl M) (ke dglile D plxil (g t0 Bl V=T 5 +=ND o 93 )3 9 Sl
P93 23 pSulish by Lawogie a5 ol (LS 0355y Mg 5 oS Ay b 3 o)ll £ 1 )l sl sy
CubdS b sd)Lj L«wf) 92y ) Dy dl4>u9> d)Lj O“?) )l ).u.u.u Qo yd INg dgd> u.’?c‘am)J) L;‘D)Ja_‘a d)l.ui
Ca8-P (jaud olowd slipl 5l g sanlie BB S joud  slowd slinl dan 3 LinlS Ky 5oy YV+ U o
8) Fe-P yiaS Jldo 4y g (L2l p)Soks 13 p)5 e 7/10) CalO-P 5 (L2alS p)SolS 13 p )5 ke 11)
Wlgi e oS ol lts ordaws 5 glojlad o)l o 1y GEalST ot o (S 2SS 0 p)S e
iy aS b 3 sl by sloyhad (oylol 55 St bawgs clinl ol 5 jhud yiie oolil oaims s
PSS 3 p S ke TIT) O-P (1alS oSS )3 p 5 o TIB) FeP &j50a i (s)lul )5 Lials
b plord S 5 lgied CABP (obond e Al oo (1S £ Sl )3 p)5 (e 7) CALO-P 4 (als
bl gy 53 3)13 Ca2-P 4y yad Jods g ol ooliwl BB jaud ueli o oalS i a8 Sal bSB ,
Oles AT B eSS 3 p S e MUY b pSolS )5 pS e Voo /Y il bl 1 ok 5 (gloykad
PSS ) p S e VoY B V-0 Sl als ol g ol by, 2 S S 5 b ials (¢Sl
Cal0- &ygots Jlgld 20> pyieS b oy piihs 31 6yl g 93y 53 phund oliandd sl sy .05 omlite
3l aP (48.7%)> CaB-P (37.2%)> Fe-P (6.7%)> O-P (4.2%)> Al-P (2.6%)> Ca2-P (0.5%)
Mo 5 22555 53 3,13 WeuslS g oo olled 5 olS ) colled o &8 Sl 4 g b o)l by £ cnlple
i elip] 13 6yt Ll s ooy sload yl] 33 S gl 5o S 3 yhd _plionss <l
35 sl (6)ll b aulio 5

g Ao il g4

VEOF/VF el s g U
VEEIVIVY 16 ,505L g ,U
VEFIAD 1y g,
V¥ oo Wil & U

(S laejly
by j Slophs oyb]
padd (ot bead /i)
ldud panlSUST
ol S 0

0P8y 5 e ok olel (Be) Sl i)l (V) sire o) gl g 508 @l SLL £l 08 oo (e (sg Bl 1o ccsgms il
() 08 ol SE 5 O clidw dxe WS cutS p SB Suwe saud sl polie o oo

https://doi.org/10.22059/ijswr.2025.392448.669908

[otoios

2Ol o&isly ol sl duye 1l

DOI: https://doi.org/10.22059/ijswr.2025.392448.669908



mailto:farabi.cane2024@gmail.com
mailto:Afrous@iau.ac.ir
mailto:mohsenifar@live.com
https://doi.org/10.22059/ijswr.2025.392448.669908
https://doi.org/10.22059/ijswr.2025.392448.669908
https://creativecommons.org/licenses/by-nc/4.0/

YARY o o 5 (Slo b (5Ll (g, I b)) 1l e g (S350 (g3 — (oole)

-

400
slauin Gl 4 e Ol gl (25R0k 5 Spas (e Jol pus «Siddag 5 SiS lapalil )3 0529 GbLe Sl (g)les
2 $e Jelge g ol 0Shas 1Sy 5] a8l g (Tl al o sl 005 olS g Jouilly Lo st 4y OF (el
g b (gloyhad (o)Ll clagiums (Mohammed & Irmak, 2022 ) col oo (s)lol caliseo (gl o, 51 odlaul 5 50 5 Slas
Glp eS8 O 5l enlazul g 3, Shae ialidl bYsa ely; lals o)ll jslaieds 5 O plie codgize b S Sly > xaw
o clols )bl wae (Sl (EI-Nesr et al.,2014; Wu et al., 2019) 5,5 oo 1,3 o3kl 3,90 (closis]3 jobas olS
13lce gl es 3985 Gl oguie (EalS 4 ) g adyy 4nb 3 olS 5l 2y90 (238 polie g Ol (B polie 585 )18
oLS oy 4l )3 Cugby Cunsg dgu Jolis olS w4 dis 13 xdaw 5 (sloyhad (oylol pubits pue il 31 (AbOU Seeda et al., 2020)
polie oald ) s g ol ) b polie L] g S Jslowo > lie polie clale 1o 3T cplplty § S 505 w2
ogMe -yl (Gongalves et al., 2019; Manikandan & Thiyagarajan, 2021) uib e baeuslS)lg,Sue cudlsd dqu0 3l b olie
5 b oot sladgS” 1 odlial (S (ial38l Judsas olS 4335 oS0 5l Wl g (e slolad (gylol (bgy ol Bpan

(Wuetal., 2019) 5,5 1,3 asg5 3,90 5,Shas yial38] g wiww opl > )kl 5

5 SB Cugby jlie b cow olaml ) Sl Olo dil )b 4 dog b oS w3l e St 5l 2)0 (sy9p8 polie | (S it
oz jlo)ls Sl olS 03 )3 oo SIS St o 3)50 ol polic 1 (S plgisds jud 35 0o )5 ) (515 g Ay
M, (Safirzadeh et al., 2019) 5,5 o)Ll Suis Copd CotsS g 3 ,Sas ¢ Sjdomy sy dawgl (jluwsd & e o b i oy
5 yaud dbPH b claSs > (Jalali & Ranjbar, 2010) sl pee yhuwd S50l caliseo (glae i o @595 ¢S yaad U]
ClMo )3 a5 )15 3gmg calise oliond SISl 4 35 S 3 puedS claclind 5,0 335 meenlS b S &g 4 Bibos S
clinl Calisco glgil Ail Bhe yhud 4 olS wyiwd bl 13 W5 o uadlS land K] oy ol ol 315 3939 glds 5 Ll
polis tigd a3 S0aSs & 35l 5 A5 gl alpond ), 5 pobl i S5 Bl 5] st S LB gk & s
(Yin & Liang, 2013) a»> Lis |y Cawsjlace g9y p (o Ol Juwsly 9 olS (gl (69l p3C ) Llgh o yaumd Calises sljnl
Cilisee glie 5| )RS &y slial Joag 9 SB Jle jaud o jtiod ol oy lp Soo Uhgy o i sz cnlpl
(Shen et al., 2004) Cusl SB jaud o yuwd Cabild 5l gylmo lais & cpd] jaud 5 jaud

3 Kt
Uil caw SB 4 yaud 368 0,8 ailsl a8 winhy L  Sal SB G @se aily (glac 3o Lialesl 5 > Jun et al., (2010)
35 0,5 a8lsl .aivgy Cago-P < Cag-P < Fe-P < Al-P < O-P < Cax-P &jgo &y yaud slin] yoolie fpizmad il S S jaud
ol 5l e 9 3y Bl peanlS” clalawsd 4 S b S clinl )3 Slohd o iy a8 Ndwy aes cpl 4 O v Gllwgs
e b e dlaly SB 5l o I3l s lade a5 wdly olis cpomen gl 515 1138 pasiiegll g al slaciland g JT clacslaws
Mahgoub et ) .55 aslis S5 )3 jaud @ yw 04SN wlie olgie 4 elial opl &5 315 posegll § ool claclins  JT jaud
oS 5D 909 yidw SB pdaw > ooliel BB jaund clale (loyhad oylol oo, 1 a8 3l ol bl s el e olie polic
b ooy sloplad (oylol baslyd )3 cudly ool & gy 9 (88l e8> 4y Jilos odlil B pawlis a5 Jl> 3 cdl o ials S
3 b Cov Wlg e olS bwg polic Gls a3 g 2lie polic el il polte el > 4 S cugby Ll deu
ind el g0y |y sn s gy g gy« CuiS bapiamw pl imgk 5> Dharumarajan & Singh, (2014) .3,8
30> L5 ot dgr pasiuegl] lawd g bl Slawd S Sland i ygo 4 Haud il Jlgld sy ol 8 oyl )90 S
ol lacland (g6 g0y CuliS i 5 &5 b 53 39 S )3 Haud LI i el ©land ((C8 ) ol S piiamw > &S
ool yaud (casia jl dals el g §b gg5 i S D b Cundg dulie jolaieds Bibi et al., (2022) .x5dg LI poainag] g



(udw@s)-'— ‘;oJ.G) ‘f"f"_sb AKe b)Lowv OHF 8,92 cu‘ﬂ, S 9 ui Uw YAQY

,,ahuu,,w 5 Loy dals SB sladises |yt jaud slinl L elgl SB sladiged 3 (IS jobay a5 ol lis gols )8
wsasby bl 60 30 g yaud daw 90 o 1) yaud Calises <ljal @l sy Adhami et al., (2012) .0 saalie odaw SB 50 jaus <15l
w25 35 GRS ol &8 ol LS (yaligSSl il ial81 b land a8 03 (il 00l JE sy 050 S 5 5] cud )
bl 5> (Ja )35 03l posiagll g ool (slosusT 4y Juato jaud pppian g (1)) Cd )b ush) w5 | i By6 s,
b dox 1 QI3 yole mg5 g enld 0 Wl e S )5 Cagb) mjs 090 5 e cplpls g (£l Cad b I b By
S Jglo oliosd S 5 45 3yl3 St S5 shoo > yuolic o ol 4 olS (glyy S > plié yolic anlp L3l 5
Oh9) 3 glite S 5> Cugbo) i g Me (Arlaw i slojhd (sl B9y 3 Sl 4 e b sl SB cugh, e g
wgdiee SB | Hhud dlax jl Q38 ol Gla g olS adyy clld > Sl 4y e 55 SMBT ) & sl lagmse ()
Sl Cilises gladin )y Sl 4 dag b cplply A8l Sglite Wlgi e (ylel Cilisee (gl by 50 yhd il dlial ol
Slal oty fl adls pus 4 a2 g by )l B9yl jidir dnwg glaiedy SB 5 S oS gy (a5 (lojlad (gl
shusd sl )y gl aallas (pl (SB p jaud ke (pliand slipl Slynss St casl)j )3 (oxlaw o slojlad g (gl s>

A plosl (glasje daw )3 555 (ylo] B9, 93 0 S

9 B Wl g y
G oS> Sl o 5 CutS ES 30 ) g pouye (S)lel 5 awyj lojld (s)lel (2] palaied; ealitl )50 ¢)l5e
93 2 b slal e SB Slewd 9 (Soid Gluogad s jalaieds 505 Glesl (48°36'E, 30°59'N) yliwjes bl )
b9y 4 S ojlil ms g w3)S el S ()l pdiges qgyta Bl e Ges Jlsald g (o) slokad o)l] as )0
Ohgy baws glysel LB jawd (Rhoades, 1996) gluil S o )las ;o pH 4 (EC) S5l colan (Bouyoucos, 1961) (¢ yiog s
5 (Knudsen et al., 1982) Yoo +/0 pgsgel cliwl gy 3l olitl b osliwl b5 pawlss o (Olsen et al, 1954) ) Ken gyl
po 450 93y 3 S il s s S cladiges ;> (Nelson & Sommers, 1996) 5 ygmoliunST (g, 4 JI 9,8 doy
e 9 391 yio g pionjismed YIVA 5 YIN plyy oy anld g (b (slosd (o)lul d 50 )5 SB (6595 polie 39 (o)
Gl 59 5l I o2)S 009 o5 4 39 doyd /YDyl dcyie g3 y2 3 SB I pyS lade 3gr YIAD 5 VIAY ol s e pH
2l e ga (o gloyad (o ylol ac i S 5> oaliiw] b ults g yhad e il o Siiddas 9 Suis 3blie claSs
A5 5\”/;\“ ﬁ‘ﬁ WV oalail JJIB TV"“’L‘" 9 ).O.mﬂ )g‘.)lﬁ.o cu.’>:.|am d)Lj Ac )y S BRRRIY) f)§9LS)J r@)f‘_,’.lm av/y- 9\“/\‘;\p
Wb (5 Sojlul p)SokS S e

aey50 5 ol ol b )18 bl cdllo 5S> ol ¢ S0 y05 S | e 8 e Slibes plosl Sl g
ol dg) 0+ sluwi xaw p; sloyhad gyl ey 50 ey ol 4 g D9 dae Bl S claaniy daw daw ) (loylad
bl jie il Yo ()38, Bas b yio il 00 alold g celw 3 i V¥ o0 b oo Koo ,lad s atislis )5 ac 50 4o (1))
@l ool g i3 Sliad g i Sl yinsd 355 430 93 o 3 S ) S 485 )5 5008, 51 e VAY Juolsh 4 iS4y
ol @S> &8y olidlsn oSl DA WS 5 s wljg, leMbl plul 2 g (LSt &0 4050 53 y2 gl )l
O Opme Jeolgd 4 oltn] ez slass domgr o b 3 9 035 Q] (olal Gjgon amgr SH (19 VO X ) (e

sind sl sy a1 pslitods 2iga3 ¥ ol (g1 piges 3es b 3l oel Csd dy 8 s digas 1 g (8 50 digad) Bk oS 5



YAAY oo (o 5o 5 (510,008 (g5l gy 151 95,0 10,808 g (G392 (ig3s — sole)

W plol (g e Sl VO=Y 5 =D Glos! 1 g o ISaelad dlg) (oo Sl Ve 28] Luolgd 51 S (g)ld pdiges L0 b

AT 3 8 oUlio & 4o b oS i) i ullid 5 05 S 5 il (150 0 bl By, 59 Aslie sslite &
2 e Ve Job )0 ol juw sladilen dlaar 5 jless 9 Bad Gl oKiusl A law ds e 40 ol 0l Lo (Sdaw (gl ylad
2 ¢ Stam Ay (650310l polatody bl dolol VFo ) Cuigna)l Vo B LSS 5oy Ve 50 g 00,5 £9,8 Ve L3 pous T oKl o
0 oS £l et ol ol e b 2105 LUl (1050 oy 5,500 5 sl Cannd () ol 3 35 255
A5 sl a5 (e & 5 L s e 53 g (45 )50 s 3 ol VA oo 1) ©8,5 oo )13 (650l

(Junetal., 2010) 15l oo pumdS’ Sland caliste (olows (sla IS5 g0y maendS b oS 5 )3 bdas jhud o Sal S 5
o piawd CablB Wilgy o oS Wi alise scudMs 5 slewd Cuvgad () penlS Glawd Wi o JSG oS s QT &4
ly o9, Jiang & Gu, (1989) .cul cuenl clyls Sal SB 13 jaud olows by S5 ol oy W a3 156 cov 1) jaud
sobateds oyl plo A o pundl dtwd du & |y undS Sland a5 Wl 1)) Sal claSE > hnd olewd cla S S5 <l
Cuol Hedley et al., (1982) 4 Chang & Jackson, (1957) g, ;5 il &5 Jiang & Gu, (1989) b, 5l SB 1> youwd siiusj>
rnlS Oland = (CazP) Joloo jaud =V il aijlie (g ol )3 jhud oleend slipl Bl 0 Joi> g8 4 45 A5 odlita
0 (Fe-P) ol (elorpST b 00 Sgn liwd —F (AIP) posipoqll Clid —F (CagP) Joloo Lo mandS lind | K500
(Caw-P) 5595 cibl =5 5 (0-P) )5k oyl (slodaST )3 ol Loguo Ciliud

(4A) 55 5 Sl i, ooboslt (SO SUSS (st Ty o 95 ) Jgie

o3 oS yloj pH 5 0)las Sud o s3a doye
Celw S ) 0.25 M NaHCO4 Ca-P \
el Ko=) sl ¥ ¥IY 0.5 M NH,OAC Cag-P \
celw S NY 0.5 M NH4F Al-P Y
Celo g3l celolF-cacls ¢ - 0.1 M NaOH-0.1 M Na;CO;s Fe-P ¥
2,5 ol plos - 0.3 M NagCsHs07-Na;S,0,-NaOH o-P o
celo S - 0.25 M H,S04 Cayo-P 5

oyl (6y1) 6yl 55 Jals sy p9m (slajgiST i ) (5ol SelS' o B 5 o986 o pp0y (35 )

V0 g =) gy ypises es g (CutS Sl ey Sy Yo 9300 Ar ) ()b pisal ploj sl o)l g (e

Sl o g 4355 alS s plosl (P < 0.05) ko yd & (6l dme graws 13 (So5 y90] 5 o3l b b puSilio dunlio 15390 ( yia 5l
3,5 plol EXCel-MS 5l oslatul b 413965 pusy g MINITAB VS l33l0 5 Lawgs ANOVA Jgd> &9 4 (5]

o g mbo
1) 5 5 )ladailer Sl ol dnwg g olS len 35y lmer ilel 5 (dawpj slojhd ()lal (g 90 ey yslaieds
TR Lg).;o)‘l.ﬁl u.mlf L;Lmubu: CJ|9;"° & M/

S ybow a9
995 93 03 jaw dilgm 3l VF ) Jlo 359,68 b lul 5 a8 (V JS5) sl lis oylol g, 93 50 0ddh jaw dilgn D dunlie ol
Yo ko bl oy 2 Sloj o3l ol ) Wlg Sl (:S5le &' ygbd g (raw (loykad (bl I i laomge bl
el ple )3 (b gloplad (o)led I 5 8L it o Wl e domt ) gy (e sleplad (ol by, 3l st Ao >
csloskd (63l gy )3 il ol a5 ol (Lt (550318l @l (loj il dp il ISy Sjailen pslitoa S bl g
sy Ll ol 5l (26 Bl o ol a9 Aoy Y5 M () (:Sike &S (gt 292 Slazmse o)l Ut 3l S (P
(§3Llhugy 455) aidy) by dmgs Wile a5 (loylad (5ol ) 5 cnlio Casho ) uiitia i Sl g s jobods slio



(oo — oole) VE+F 63 Vo 5ot BF 593 eyl S 5 Of Colisiios YAAF

Sl Sjaomy g (Sialen dlaw (5ol58) W eandlS )l o Culled gt g cunlio dsard g (gl ds il Bl (VYRR (JRKiss ud YAV

ra. 4 ) T .
e 5 6 ] sl e gyl _/

o Ve 30 dilea Sl
-t

-« 2 =

A A

T
< & & < < K& & & < & XL < < & I
> - ». - -~ < « <
~
-~ -~ -~ & \\ ! -~ -~ -~ = -~ -~ - & -~

Sz (8l 9 (s y05 81o b8 (5l by 53 3 8D jans lge 31l dulie ) IS
ol W,

Moi il e ls Wilg e ;S olS Wy iz bl jo et Caws SO L olS olen (isu 5 uejp; plil &Sl Jdoa
5 5ol e jobate oyl 4l (uojps plil lieas oS sy Cllad b bl )3 s psbody 457 A5l 0353y
Oloj el 2 &5 (Qliwjed plil 3 St olS (g8 clled g8 loj o) A8 4B Hlai )3 Ve Lawl VY )b 1) duslie
by 5803l gl g e Bl WIV 9 WY s & shiomge ()bl 9 (o sloskad (6)lo] Ubgy 0 5l 4yl elis)|
sk Ll 5l lie o Conl (Slazmgn o)lol by 3l yiti olS a3y (ddaw 5 sloylad ()bl (ybgy 53 &S ams e (LS Y JSU 5
Skl Ghey 33 bl loj 1> S (559 Cug) lawgio) canl slazmer 5kl ooy b duslie 53 1St olS g Cap oo
sl (raw 5 sloplad (5)lul g cuized 9392 100 WA ply (slazuge syl o9y )3 9 03 VoIV ol (ordans 5 (slo Lo
2 S Cugb jlade 3 0b5 Glug pis omed 9 olS ady) Cullid 03gu0e 13 cuslio Cugb) S92 (alpll (g e Bl
Oz 5 0bS 5l 350 Ol (el 53 Wil o (s o5 sloykad (39 3 (ol aslyy Comlo Jdoas) (oo 5 gloshed ()l g,
duglie A3l Fgo olS iy ) 03945t )3 LapunslBlg Sue Cullad Ji3 g 0lS ) Cows &y prliy 9 ind Wlo (2IA8 polis yigp S 25
i 203 OF 3900 (xdauyy (glojlad (g)lul g )3 5 M) bawgie 4 amd o LS gy 3y90 Sloj 03l 0 Ay (5:SiLe
ol 5 by lojld ()bl Gag) 03 090 cnl G 53 b (s S el St glis)) ol sl ez o)l Uiy,
Gloyhad (oylol oo,y 1 SKiis olS )3y 03gicm; Mg sdimd s a8 g yie Sl YUY o SO ply b clasugs
Al (g pS 03l 0)95 )3 (b

(oo 2ilaw) 2
-

v 4
Y 4
\
£ L N & A -~ 4 F 3 A " Ty,
. ~ - « “ . < < <
-~ ~ < -
R “ X X “ X2 R " x ~ X <

Slazgs g, 9 (a5 610,08 (6 bl (b 93 p3 Sl 0l Wl Wig ) dwanlile Y IS



YAAD oo (D 525 (510,08 (g5l gy 5T 93,0 10,808 g (G392 (ig3s — sole)

SB 5 yiad el
g yhd il pdle gy 3)90 (5)lel (o) 93 50 (2lom LiS 0395 g8 Hlde g 0lS Ay Culld (g Coglite 4 A2 g b

IWIRVAPES
(xe yad ool slial gl Jillie O151 g (5l (Rgy 9 12 diged os (50511 loj Ol yo (Rile (il 4525 T Jgo
P-Olsen Cayo-P Oo-pP Fe-P Al-P Cag-P Cap-P O s 2o
\RAT WA INZAA INVAV I V/VEmS VAR \TAVal oles
\A% TAL AR FIYA™ < Iy YA/oY™ ofeeeym o
<EA OVE/ A Vol oA TE/YA” VHE™ FYA Y™ A\ sl Ui,
ANG NZAN FIYAS Va/-a™ V¥ VW/YES VA Bos % o)
VAL oy FEON" FIvyns YA \AN - IVE” kel ey X oo
Nl AJYyTs Y[+ AN o/ TS Be/-y" ofeyms Soll by X Bas
\lla i A yIvYnS F/AQ"S V- yns AoA™ A okl Uhey X e X oloj
ias g o/xy YIvs <AA \Y/va o[y s

o) 90 Jhos! maw 43 415 Jxo g 415 Jmo €t Sy s g 3 NS

(Caz-P) rlimd pundS’ 53
poeelS (63 Mo 13 (P < 0.01) (gl stme 136 o lel by, 5 5yl piges loj oS Amd e ol (Y Jga) i)l o5 Jgie gl
Doisize Jole aw o) Blize 51 cpmizman g 3905 I3 gixe 6ylol a1 S (o) pdiges Gos il a5 Jls > wlazsly SB @l
P35S 2 )5 s VA (650ko b lhind S (63 jlde oy 45 0> (Li5 (g5l g (o kol SIS g0 352 (P < 0.01)
el 63 S cpl @ dagi b cplpl )5 odaliio T4 floj 13 p)SokS” o p)S (oo VN (10l b e (2087 9 T2 (o
IS cpl Hlde «SB 1 Haud Qe SRl g ol dnugi g a8 b ddle ol bwgs Qla LB (o)) 4 olerd JS8 Olaus
Slgiee sy CalMo b JUl & jad plend S (nl s Owizmen b oo (RIS ) SLLI S )3 55 jad oleerd
e ey clasugs (oylol a8 ol lis )bl 3y ol ol duslie il ge loj cusdS b Clawd pandS (63 jlabe &l pss 5
a3l lgieds Bl o 45 3g) xaw ) (sloskad )Ll 3 S L dunlie p3 (P <0.05) I dime < ygods (6 yidiy olind mandlS 6

LFT )l 5 2)) 2l (a5 (lojlad (g)lal o Sl St by jhud iy ol

o M (S s} (4520 55l VD Gas 3 45 md o G5 ¥ UK 53 liad oS 23 srbond UK Loyt gl
ool b9y 3 TL loj 3 &S 55y 3,8 s (55031l 0)93 (slail 13 g 392 25 A 0595 sl 13 (gl Lbg, 93 o Ca-P
23l olS by gl 5L edimdlis Wlgi e oS 392 Slmge (ylel by, | a8 20)d V¥ 250> CaoP e (xdaus (s lad
3 it 20> YA g x5 glopad (gylo] by 3 ST Dl S 63 Jle (5 Sojluil 0)9 Slol 3 & yg0
oo & yaud ol 4 S it 5l 4 e ol Uy 99 00 pley B L GBIl Y5 ) og: sl o)l s,
25 o)Ll ) huad aslsl b aty) (das 3585 g A8y gll )3 ada) (91 (o (izmen 5 ol Jid A5) Ganlie balyd

SB yausd jlsin cpl 2ol TA UTL jl a5 gyeb & dgu5 o0 sdaliie Caz-P yoolie BB lugs (g0 Bl VO-Y+ Bos
ilbond 32 351 S nlpls D9 slmsn (ole] o) 5l eS 10 )3 VO 5 Y TF Y iy (x5 (slojlad (bl gy
Glizmgr olel Sy b duglio > (e dlojd (ylal gy > SB 0 olS (gl Hhud Qo BB JSS lsieq; Car-P
Safirzadeh ) .asb St obS (gl yaud yiiun el oaimd yLis ¢ oxdaw o (slo kb (o,lal B9y 55 obS yidin A 4 d>g5 b Wil o
Jslome ool JS5 T3l b olS )3 i il oS 1315 5Uis S ol gy 3 yinsd poleasss <32 alllas )5 etal., (2021
bl il



(s — sole) YF+F 63 Vo 8loud DF 8,93 eyl ! S g o oligios YAAS

Yy o Cgloslab golal B glazy g> g5kl
Y.& 4
ab
abc bk'bc b be
- Vi o bed
b S5 o cde cdecde  cde
: . < ] !
o de e
LR PO c
0
15-0 30-15 150 I 30-15 15-0 I 30-15 15-0 l 30-15
1400.08.16 14001018 1400.12.18 1401.02.20

CazP jlado 45 (5,15 ,aiged Gos g oloj 5yl (o9, Jsliie W1.¥ U

(CaS'P) Oldwnd Mw‘

(P <0.01) o sine Slinsd muuadSUST o 1> (5lel i) 5 )b ptiges Gloj 51 45 amd e it (Y Jgio) uil)ly 4228 @l
295 stz (ylol a1 )b pises Gas g (il (B9 i paiges ploj blite Sl g gy pises Gas S & Jl> o 5
S pdiged loj gl j3 Cag-P jlade oy yiig oS amd o lis ¥ S5 )0 uol &l 5l & jaods (6500 ppdiges calisee (sla o) duslio
31 i 35 S5 51 25 don AN () T ol 3 e (508 5 43 038l (2,555 1 2,5 oo V- VAT (k)
ity land onlSTST 20,5 A Sga Gyl (Slazuge ()l S g oS dmd o (i (0 JS5) CasP ey slel (slang,
g1 oy (lojlad (6lo] oy, b dunlio

oy o

a3
i
Yoo o
LY
b

ar 4 b

AY

ar |

. . v ,

1400.08.16 14001018 1400.12.18 1401.02.20

Cag-P(mg/kg)

CasP yladie )3 5,5 pdiges (loj ol Ol 51 .F S

A

ar

Cay-Pimglkg)

AF 4

ar -

& ek g ] e g ookl

CagP o )3 55l Ligy ol O ,51.0 S



YAAY oo (s 535 (510,008 (g 5lsl gy 51 95,0 10,808 9 (G392 (ig3s — sole)

@39 oS )bl gy 93 50 CagP lade ;> M) @lpss (60 o YO+ Gos 13 0,8 oy iuliél 0o )3 VY 4 T4 \b;
olel gy 3l S 2030 9 ¥ s fa T4 5 TL (slale; 3 Slind TSyl (orbans 5 sloskad (syll g, 53 &S )5k
Dy a0 Y plp TAGTL oloj 5l CagP jlaie ialS (dlasuga (oylol (oo, 50 09 TL floj 5l a8 dop3 A Hlade 4, T4

Y5 51 015 o (Ao 5 (sloshad (bl o) 5 )5 b s gl 03940 )3 (i8S )15 5 ST 4 Canlie gl (el
e slokad glal gy 50 s)lel Gloj o S s g, lawgie) 1bl SE 5 s el 5 wlie 1 olS i eolinl
e BI9Ss Shb (e o lojlab (g )lul (g ciman 9 391 20)d WA il i ()bl (29 59 5 80y Yo /N il
iy 03l 5l sl wlg5 e olS sy i8I b (oylol gy 90 50 liad mundSUST oliowds IS M3 ol 381l ol (4
o Safirzadeh et al., (2021) lawgs )i yawginy )0 yowd olowd slinl adllas 3 0l jowd olewd JS& oyl 5l Siis olS
» Shenetal., (2004) 5y sloj Job jo i (gl yamd alyd g Car-P L bl jo Slewd 535 oy yioge Cag-P oS i ool
b 09> (Stued Cag-P g Caz-P sljnl a5 oy )l gols 50,8 wyp gy obS 0 jawd Clo by jaud slisl Gl b
S s olS jaud Ol gyl jaud

(A1-P) p g T Soland
s 5 5l gy 1 45 3 G5 (Y ) by 556 e 9 S 53 il Sl i i el (s
el Blize @l il g (o) pdiges Bas gyl paiges oy @l il g ol anily S ady, Ll S5 )5 AI-P laie p (P <0.01)
Gkl ;3 SB AP Jlude IS job & a5 ol plis Lol @l il cyge a0 )bl (59, 93 (55ke dunlie 405 )l dxe (gybe] s
(£ JS5) 292 gz o)l (b, 3l 58 203 V5 (s 5 (sl ok

loyhad (oylol 13 (gyie o VD Ges T4 o) ;5 &S sad o i (AIP) poiegl lind olows JKb )y
Olawd Hlade Lials (oo Bl V0= Gos 3 a5 Jb 0 Wb o il o YO Hlde 4 T1 floj b awslic o xawyj
345 gy aly LS oI5l S 50 posinegl] lawd Jlade olS cpw ial38l b« (dlasugs (o lol gy pd s sdalie pouiceg)]
=V Ges yd b lis GBIBITL floy 4 Cand dopd VY ¢ V8 i fdy gy o VO-Tr 5 V0 slaGos ;0 T4 lo;
Oloj 3 A Il 1 39 (Slazugn b 3l sy (b o loyld (o)l gy 0 S 3 priegl] Claud T (loj 55 gt S8l
55 ot OS] 55 VBT G 3 0,8 odblite g (load syl b SIS 5 S5 o Sl L 3 o]
Vg WY ol i SB o lojlad o)l 3 TA T slaplo 13 4S6)db 4 35 52 Glugs il )bl by,
2y Slou g ()bl b dulio )3 (65508 posivagll Clind 1oy

vry a

PA -
PF -
FY -

FY o

AP (mg'kg)

-

ar

oy

ar
Sloyhad s ylul sl = 5okl

AP I 13 g bl iy ol O35 JSW



(oo — oole) VE+F 3 Vo 5)lows BF 593 eyl ST g ol Wlidios YAAA

(Fe-P) oyl woliwnd
el sy 5 )boptiges oloj b o8 ama o (L ¥ g 13 ol Sl (pliand 232 )3 pr 3)50 Jolse 8 e )
adllas 3y90 Jole aw yo Jlite Sl e g ()13 pdiges Gas a5 b 45 3¢ (P < 0.01) s dme (s lol Ll I Fe-P il s )
53 ol Slawd jlade oy yide a5 dmd o LS 6yl pdiges slaile) o wSile duslie g8 I e (g lal Ja ;I Fe-P yslie 4
oS ke WIV 5:Silen U) T4 (s o iges o 3 ol lind e a8 5 (pyS5bS 52 5 oo VYD (S0 1) TL ol
JS 6503l cplplo 0l LS (gls dme MBI T3 ¢ T2 (claylo; 1 ol lawd polie a5 Jbs > i osalie (p,5oks
bl D31 Sile duglio (A JS5) L3l o Gloj CuddS L jaud Loz ol ol K9y onima it (Fe-P) sl Clad olosd
P <) iz psb 4 shizmgr (o)l byl edlital o aty) anl SB o ol wland e (v JS2) oy s (ylel g,

(sl a5 gloyled (o)lol 5] it 200 YA sz ()lol 1) sl (b5 (ol (g ll b, 5l s (0.05

ol ials o) Y8 ol Glad Juie TA B TL 5 loj cusdS b (g yte Sl +—VD Gos 53 ¢ xawpj sloyhad ()bl 5, 5
Slawd  glows JSKb ialS jlade (glasues gyl gy 10 09 Moy YF Lials jlade (650 olw VO-Yr Gos 0 &5 Jbs 3 0
Goe > oonl Dlid Sl plplhy 29 20p0 Ve ¥l e i Gloj CubiS b (g e Bl VAT 5 eND (slases 3 o]
bl gy 99 03 sytaBle 21D Bas ) FeP ke duglio )3 30 iy (x5 (loyhad (gylol o S (g0 Bl YN0
ol Slawd 1o )d VY o (P <0.05) o gxe GMS! (cl)ls oxdaw 5 (gloyhad (o)Ll igy S d9as T fyloj 55 a5 sl olis ol
P9y 95 ol MBI T 51 gy 50l (i 1) oalS” gy BB (I TS o g 092 (slamsn )bl gy b dualie 5 (%08
V0 o b alie gy yio e VO-T+ Gos ,d FeP jlude ol s (A JS5) il Gil38l 0o yd YA b pal Slawd Hlade ) (gl
Eyp 9 (P <0.05) o sxe S| oaimd L5 48 daawy 2o yd YV 4y (g5lol g,y 90 OMBI TA sl )3 coglas ol bols ol |y -
ol (daw g5 (sloyhad (oylol 3 SB el Slaws iy ialS

r.

Yo 4 i
2 T b
s
g
PR
<
=

N

a4

ok gt wshame g ot
Fe-P yladio 45 ()Wl sy Lol I 51 JS

Yo -

. X Dgtodd gl B glamge gl

o abe i abe abed
- bed bed bed bed
: — : - : bede
g ¥ def = b-f cdef -
T w4 e f
= g

[P

5 4

-4 | 13-7. ] I 15-T. A\ l -7 13 | 13-¥»
WeasANP e e dA ALETRL A AL EAER B 2

Fe-P jladio 45 (5,15 ,diged Gos 9 loj gyl (W99, Juliie W1 .A JSS



YAAR o o 55 g0 a8 (g5l (9, 131 il 1oyl )od g (5292 (g3t — ole)

((oF ) IRV IRVINCJUAT J
oo b (Y Joaz) (uilyly 3o S @l o (ol 2 g0 oy 2090 Jelss 9 0ud ugiome jaud (obiowd JSS gy 5
26 el gy 5 )bpiges os Jolse 9 09 S5 )3 0nd giome s o (P < 0.01) Jloine b (sl (sl ptiges
9 T2 T1 glaiyloj oo oS 0 lid (o)l pdiged (yloj (b duwlie Wil Lis SB > jaud olewd JSKG cpl 3 6y xe
2 eSS ke WIVD S5l L) T4 o) )3 odd (65005l ogume siud Hlade o JIo jd Cudlts 3939 (s)lo] o dme 3M3I T3
(A US8) 292 1S () piges ;505 slaglej I (P <0.05) (53 size y5bo 4 (p )55k

35l o psizogll 5 ol BaaSs)dim o bS] CLS 5 5 d250 yind imd 5 (O-P) 005 g jiud gliands S5
SraBle <TI0 Gos 3 SB 0P (pliord IS5 ke ¢ a0 slojlad (ol B9 53 i il BB oS el (2
2 b o oS Ayl g loy CubdS L jawd S pl LialS sniad lis a8 09 T1 bl g8 do > VY Hlade & T4 loj jo
(Ve JSK8) 09 doyd Vol (g5t o VO Bas > Olyos opl &S Jbs

G b o0 200 FY ply gyte Bl V0 Bes 3 Gloj CubdS L 0P aliasd JSb el x5yl g 50
SB gyt g3le VO Gas 3 0l ol |y a2y BB Sl rawj lojhl s)lel (39) b awslie ) 4l ey e
Sllog sl SB  ordaw Connd )d yidus 048 wgue yiuwd olowd S5 plpls Dg dod Ve ply loj cusdS L Lials jlade
a5 amd e Ui odd woxe yhuwd olews JSK5 Jlade i 5l gyll 3gy 93 Auglie g S 5ol Bes b duwolie > (b
Dgr slaougr (bl b anolie 13 (6,508 O-P ao 3 ¥V (glyls oxaws 5 (gloshad (oylol b S (¢ 20 ko +=V0 Gos dTL \lo;
T3 TL loj 5l a8 oy lis gyt il VA=Y Boas )3 (505l ol .8l yials MBS pl loj cubdS L &S Jygo )
Py 2o )3 YV a9 b i8B3] ) T4 o 13 Jg il Lials (oylol gy 93 oy M3

A
o
"
- W oA
z
g o
&
S A
el
¥ -
Y
\¥ LITRERYY VFe- AT A VFedeY Y.
O-P luile 45 (5,15 pdiged yloj (ol 1518 JSUS
L)
Gl el g0l B glea g ol
a
Y ; —
ab ab
oy @ ube abe
_j atx
=
2 Yo 4
a 4
18 l 8-
L) TORY Wi 1 de N 1F YA AL DL N 2

O-P ylado 3 d)"ﬁ“’w Gos 9 0loj ‘d)‘a-!‘ P9y il ;5‘ e s



(i — cole) VE+F 3 Vo 5 lous BF 893 eyl SB g O Coligios Yo s

(Caw-P) cusll
d)bf“dw ulﬂ) Sk > Caw-P u"w S5 e )3 (g 3590 Jﬁ‘a‘ )‘ o amd oo oL (V Jgi2) ib)ly 42520 J9~‘> &’LJ
Ui () pdiges loj pSle dunlie g0 Is dme (gylel Has 5 ,50uSs b Jole dw cpl Jilize 51 a8’ Jls 3 w5y S5y yaud
(P <0.05) b5 sxe BMBI L jlade 1y yieS o (p50hS 1 p)5 oo WVA 4Slo L) T1 yloj 0 Caro-P jlade p yiiin &5 423 0
L5 s pises B el dulin 3,5 10lite (5,55 5 5 e 1Y 5siko 1) T3 o > (s foptigmd oles )
ul):l Wy Dy LS)AAU.*)L» VO-Y Gos 5l i (P < 0.05) )lau;u )919 & LS)IAU}S[»J +=V0 3es ;> Cao-P )IJ&A & ol

92 (hf 9%5 res u;lt‘.“’ WYY gxﬂ:ﬁ L) ‘;‘Jﬂwm‘ L5‘°)‘L"9 ol le w.hu 2 (8 yide CaroP d‘;b (P <0.05)

5 el ade jialS g yme Sl + =V Ges > xaw ) slophd ()bl g, 55 a5 amd e b VY S 3 olewd IS5 )
sy g Mo )d ¥l S (g0 8l VA=Y Bes )0 o) cuddS L LialS Hlade Cpicced 905 Aoy A LS TA UTL e
o [1alS gyt 3l VDT 5 - VD (slages 50 o ol Lt sl ()bl Ubey )3 hed s aberd JSS ol Sy
auwlio 1 Hand olewd S5 cpl Olpss gylol ogy s 3 &S sad o LS gols plply Dg Mo pd Y g 0wl s 54 Cao-P
W o i s SB 3 CaroP &l ol oy 99 5l duglio 13 ol 5uab loj cusiS b yand slewd slipl plo b
e TL loj 45 a5 g ygb 4l Sl oy cad3S b )bl 59y 93 ) (oliowd s o) Slyuii (gt o ==V Gos yd 4
33 yieS Mo & T floj p3 BB 1l g cowl lasugs 6yl 5l a8 2o d ¥ xbaw ) cloyhad ¢l (¢l S ;5 Cag-P
CubdS | (60 Bl V=T Bas 1> ()lel gy 9 0 CanorP lasie BMS] )3 55 gl X9, sy g0 (rbaws o (slojlad (5Ll
&t CawrP pliand IS5 oty (ol b5 b sy csloshsd ()l a8 ke 2y 8 5 V) 130,5 onlito ol
Jalali & RANDE, ) 2,5 o 15 ol i 5 )l gy ol o yind idmo limss (sl JS5 gl 3] 8 )5l (sl
2100559 pendS b oS 5 O jg0 [CRVeS s oS 1aly L5 Sal SB aiges Yo ) jaud olows <ljal adllas 43 (2010

1¥- : =
D gloshad o bl B glasy gor (g0
i
ra
ab
- we J | . ubed abed abe
- a-c
oW
E yyra . bede buk
»
-
“oWw. .
o
N
150 I 30-15 150 l 20-15 30-15 30-15
1400.08.16 1400,10.18 14001218 1401.02.20

Ca-P lado 3 (5,15 ,mdig05 Goc 9 o “5)1.5.3‘ UIS” Bl b1y IS
s oo 31 18 s
u:]).:l.u ..))1.) )l)ﬁ (Cag-P) Slawd WKLSI UT )‘ = "y qul.:uo Calo-P :-)> & ]oy)o d‘gl)s doyd U’)’“‘W"’ dSL;b » JJb.)Lgc
Ik pland S5 3 03294 5 el ol dio > 13 bl g JlIS,5T obesdd izl Sl (S pdlie o ()l o) 4l o e
5 obey caddS b o)l g,y 93 50 il e yhwd elinl ol 3bj sl pdlie o Lol > 48 3,55 bl 59l S land
AP Slows <l clado,d xdawy; sloyhd (oylol ogy ;0 g 4l ial33l ao )y FY/E @ oy FO/A 5 clasugs o)l



YA by sloplad (g 5lal (g, SI5T (2l i)y Ked g S92 (ig3s — sole)

Loy ¥I¥ g 5/ NIV cwpa polie UTA loj 0 &S Jb 10 09 1oy O/ g AN Y/F ply iy 4 T1 loj > O-P 4 Fe-P
WWdgr Mo yd ¥+ g VIO Jlglyd iy Ci g T4 loj o &S Jbs j5 Wdgy duo 3 £/Y 9 A/Y

8o

9.

Ao
< TRy : Cal0-P
3 Fe S wO-p
_;: O 4 I ' = Fe-P
1_9 | S ’ = Al-P

ARG = Ca8-P

Ye 4 mCa2-P

PR

! oy 5 Lol Sl g s Ll ' e sk 5Ll Sl )l
T1 T

o le +=V0 Bos y3 gyl (g, 93 g2 )3 SB 3 hud (alowd slial Jlglyd o> mje8 VY IS

w3l ge 8yt gl < VD Gos e gy gy (65t Bl 10T Gas 53 )kl gy 99 2 53 yaud il do s s @l
Ca-P> Cag-P> Fe-P> O-P> Al-P> jgo & oy yieS B oy 51 coylol (9) 99 o )3 yawd oleewds clinl s 5 (VY JSCo)
Caio-P> Cag-P> Fe-P> Al-P> O-P> Caz- & jgos |y JI i yand olosds elinl pdlio Slold i (505 e .0ib o0 Ca-P
SB s Slold i gl paadS” Oland b GluS y as s o i @l cplply .(Jun et al., 2010) K>S j5)li5 P
Caio- 5 Jb> ;> W Caz-P 4 O-P Fe-P ol widly flis |y ials 09, TAUTL 3l loj cuddS b &S jaud 5l olisl il o
Zhang ) .usb o dsy30 93 (pl 53 yaud ol xio madS b 00l Lo yaud oleowd sjo cplpls Db lis 1y Gili8l b cusdS L P
b S b bL3)| 0 jaud oS 00,8 by (65,0liS pul 5 (6)5liS Sl dwnlie D jhud galsi adllas > 3o etal., (2014
el jhud (olond sl plo b awglie )3 Slolyd (it

Yoo o

q.

Ae 4
- Ve A + CalO-pP
f #e 4 " O-P
- O+ " Fe-P
O “ Al-P
E Yoo m CaB-P

Ye o I I I I mCa2-P

Yo

' ek 5 ] sla g 5ok 5! ok g kel slaze 5,
T T4

S ol VO-Y'e Gas 3 (55l (hg, 99 2 5 SB )-“ Hd lond szl (Slglpd wo)d a5 N IS
(P-Olsen) o3lw! Jsl8 phund
Gos 5 (P<0.01) g lopaiges ploj &5 amd e L5 (Y Jsio) (iloly 42328 Jpaz 3 odlail BB jaud ()lel Jelow 9 4329
JB jaud jlade > (o) size Wb bl oo, as Jb o wilasly oolaiw! B jaud lade > (gl bze b (P <0.05) (g b paiges
ol ol Bl 1wl dunlis g SB Haud Hlade > (P <0.01) jo sxe Sl gyl Jole aw opl Jlite 31 ols oylis oolazwl



(oipgis — oole) YF+F 65 <)+ 0,lowd DF 0,93 ) ol S g Of Wilidios YA+Y
Ry S J) 399 <Ol 9

S o Y10 o X0 AIY SIF polio b iy T2 T4 T3 TL &jgo s odlaitol Jol8 jaumd jlade iy a8 o Lis gyl paiged
Srn ilo +=V0 Bes pd odlail B yaud pdlde (ol 1Sl duwlie ypiren (L3 (P < 0.05) o sxe MBI (glyls p,56lS 5
D9 (£S5 6kS S oo ¥IV (ko L) VA=Y as L (P <0.05) jlo sizo M| gly)s (p)SskS™ o p )5 (o OIY (ko L)

S Ll solol M glam o (55L01
A
Yoo o abed ab
= Po 4 bede
? &, 4 "d‘l b-f ._] derf
8 v - cf
=
a Y o
Yoo o
Voo
150 30-15 1540 30-15 15-0 ] 30-15 150 I 3015
1400.08.16 14001018 14001218 1401.02.20

S o3kl Ll yhasd oo ,3 (5,13 pdiges B 5 oboj e slel o9, ilike H31.VF UKL

s Ao (6 pto il +=ND os 53 (rlaws 5 (glolad o)lul o) 50 4w o LV IS 13 o jle Llite Bl )
ol o &S Cal Jbjo cpl ol ol (ials (Liels wo s B¢ Hlade 4) (P <0.05) (o)l bze yob 4 TA L TL ;o 5l eolawl ol
S gyl piges gl 95 o ine 5yl paiges loj 3 9 gl (U201 00yd YY) e SMB] (elaomge (o)l U29) 50 s
odlzul B yaund e ;5 loj cusdS b (glol o gxe MBS  edaw s (sloplad (g)ll ,o ol LS (g e b YO+ Gas )
BTL gloj 5l Lials o YY) clsugs (o)ll o B3] cpl oS Jbs 1> (TA B TL sloj 5l LialS s )> 1) wis sanlie S5 5
ol Lig) odlisl 3,90 (5ol B9y 93 2y gylol iow g 435 (18,5 Jai 53 (gl IS g 4 23 (P < 0.05) Jlosiae (T4
OF USKE) gy sanline b6 oloj cusdS b oslaiwl LB jauwd lade

Sl Fse gy S pimd Gl Canl oo S pid (g ysd bl oy poliaio &y ST 3 saud slial il o 2T
bl ) (g)ban lgie 4l jind g yind Cilisee @lia ) S5 @ jhud elipl s g SB It jhnd o ytos €l ow)p
13 i _pleans il 3 sise Jole (S ool gy 45 31 bt ool 50Tzl (Shen et al., 2004) Cawl S i s ytand
oS b lojlad (6)lol (bgy S > S jhd lerd Cilises JISI & (GlaisSay 390 1St oS aty) bame S
g yind Gl 0lS adyy cllad 50l jgis bl 1 (280 Aty Lz )3 ooy bulyd 4 4395 b 0g laomen s)lal o) ]
4y e (o JSS i Stiow (392 Oglite g SB- 3 jd S5 g i g Lol Gl g sl Ko b olS
doxs )3 9 obS (sl yimd calio (3ol 4 ot Blgi e Ay bazme SB > St jind glend sla JSs (talS () a5,
5 ey slopad (o)Ll 5l oslitul a5 Wy lis adss > (VFeF) s g cou)S 00,5 S bawgi jhad yidn Ll
035 liongn (ylol gy b dunliio ) jiud Gl (shoyd VA hl38l 4 e St el

o o3l L V0 JSK5 )3 e o +—V0 Ges D TL floj 4 comd T4 loj 3 Sy jaud olewds la IS cbale o5
Fe-P s 9 Ca10-P g CagP pudS lind S 55 s bgye xbaw p (gloshad (6ylol 13 s o yiiin a0 L5 ol .l
239 Ol oy () iy 4 CaroP g O-P Fe-P olows (cla S5 (dlasugs )bl 3 a8 el Jbs j5 ol il o
bl gy 3 adyy e S 1 4 amd o (5 (VS5 o 8lo WO-Y+ s )3 jaud olberd SloJSb Sl )
2 39 Fe-P w5 Cato-P 5 Cag-P  olowds sl S5 & basye Clyns o iy yio Sl =10 Bos aldio (o (slo b
Jdsas )bl g, cplpls .casls 3las Fe-P g O-P CagP  slhows (sla S5 4 Ol i oy yids clasugn ookl o) , &5 s
yolis S5 0lS ady) o515 ciged Jud Jl mibione it I3l g Casboy (el g g Aty 4l Cagb) e wile it
ol elb g, 53 i rgliio il 4 laisSay 18l fgo ST 4 yid slin] ity 155 o ppaadlS g Sio lad 5 olie



YAY o by oyl (g ylal (g, 15T b3y i)y e 9§92 (ig3s — sole)

YOHAQ¥- )g‘)g u:da.mﬁ) dlo).‘aé ‘S)Lj P u] L.B).aa.a )L\.S.p dSqub- PERLY dslllas d)90 LS’L") o)'l.g P g,u&n).m;\/“\‘; ﬁlﬁ d]:\?u?
2 aS ol L ol S b 45095 YUy odd (S claciglis 4 oo lg3 oo Ol L ppan Cu e ;> glds ol 45 39y CaaSeyio
.\b%).imécww‘b’ hol mlio sy panlS” Glawd  olawds slinl ooy (o lad ‘5)[3.31 o9y 0 S dudyy lasre S
)wowumb Blo laisdy pandS” Sland o 5 04D u"ﬁ*’“)wﬁuﬁ’i Olawd olows sl (gla g Lg)l,,ﬂ PSS I o

.Jjby btafd]).g

-
-
J

| ste bl g Lol B clasms e 5 Lol

y ¥
% A
1 F
$
i I
)
3 i
b
R S

¥

Ca2-P Cas-P Al-P Fe-P O-p Calo-p

o ilw 4=V Gas 45 Jol loj b dmulio ;3 (55 ,maig0d (yloj iy T 50 (Il shnd o lhowd iliseo (gla JSWI Jladio pudd IO JSS

\
A d wteplad g B ol e 5,
fl v
% #
g i
e |
% v
Y,
O
1.1 m I I L
he S
& , ]
Y-

Cal-p Cas.p Al-P Fe-P O.p CalO.p

Pl YO-Y+ o 13 Jsl loj b dunliie )3 (5,13 piges yboj (5257 15 Iy sand oy loowsd cilitsen (5o JS0d yloe st V5 JSUU5

S 5 A
563, 5 olS ka5 oB s I el oads ploul oy j sloyhad (6ylol )3 (6yei 9 S Cugby dinej yd 45 (3L Clalllae 4 0gMe
yhund o lawd el yiiin dlaw @l > ey cloyhad (oylol g, ¢ 3uis ) p3 odel Cand w4 ol ol STB 3 Hhud
Sl oslainl b ,Sis olS (gl yaud i onld 4 e Wlgi o aS 2l Lis 1y (P < 0.05) (gl sxe y3l olS adyy anl S )
L (oL (sl oolimal B L e lgie ) CaP (olions 2jo ShalS (orbams o (slojhad (sylol B9y )3 20,5 ()l poitses (]
s ol Ly L) oS 3L 590 s e els glis 2ind 0L lgicse o8 332 sl syl g 3 i e o) ad3S
izl o 5l e 2Bl g 3590 (S)ll gy 99 50 ((odam ey (sloskd (gylol )3 loj b3S b CarP o pians LB S
ol gy b awolie )5 gy il (xdawp lojhad (k] Ubg) 53 55 Fe-P 5 CawoP (obewd GlSy iud olewd
S5le it I b (ol il g 5,5 5 53 i o0 el e gl 0 515 35 i) ) 6 3 s sl



(‘:\Msf— @J&) \f"f"_gb AR b)w HF 8,92 Q,‘,j“ S 9 ui uw Ya+¥

O a5 (ol gulis 158,55 51,8 ()l g5 5L o @ly 5 g widg glite (o)l bg) 93 3 loj CudIS L S Jlade 4 O-P
sl o, Lyl & dags b ol 8.8 )15 ()l gy il o olS (gl oolitl bl Trans _ooliawsd <ln] s oS 13 e
il slizmgn (o)ll gy b amalie )3 (gbo) balpd (3165 i g oo glojad (gylol g, 3 olS iy 4l SB- 5
lojlad ()Ll Lol 53 o Sl £ 4 a2 b oS 2,5 o 8 b Cow SB 3 jhud plesd )13y 5 hed olerd
Joloee (o (s 2 5385 Sl gy polaie 4355 4118 olS LS )3 (6 iy jud Jlade slga B9y b dulie 3 (rdaw

23,5 g0 Sladey (a5 gloskad (g )ll by 0

"3, 3929 (B g (o @8l (5,05 HgS "

&b

b Sl gl gy 53 St olS s (o (6l e €5 (619 5 Casoy Sl adllan (VAY) plgf (ol 4535
gl -olyer dad il Ol osige pole 09,5 . 2505 5 (g)ll (518

@39 B9 2 vy slohd ol > Lb eaiSel cllSeojal (oIS e glash 5 Jolsd S1L(WAR) e (JS2E5 e
pole 09,5 - o855 5 (5)lol SS> asb (bl o)t Csin erldl Lulid o St S g oS 3Skes 5 Ol g0y b
Seal ez duad olSils U usdige

> 80as g Ol (690000 lime 839 Senlnd (595 (w5 (slojlad (ylel S1(0YAR) etie (g0l Lhm camiting ¢ e ¢ JSnbd b
ANV (FIY ST g Of ity 9)5b ,Sis

2 g sload lol wlols plsd o LS (ypr (V) lind o) Pl ccoollungy 455 taome «(s390> eSSBS
Ayt Ol Cupte o Liuled ey leal Lgis St ool

5 lojlad (6)lal Ll 3 185 )3 ranlty g s G g enld dglio (V) dyms 03]t tpla)l ccgablhungy 4S5 45T s S
YOV (Y)Y oyl ki 5 pole sl )lel

REFERENCES

Abou Seeda, M. A., Hammad, S. A., Yassen, A. A., & Abou El-Nour, E. A. (2020). Evaluation and
Optimization of Subsurface Irrigation (SDI) System: A review. Middle East Journal of Applied Sciences,
10(3), 508-534.

Adhami, E., Ronaghi, A., Karimian, N., & Molavi, R. (2012). Transformation of phosphorus in highly
calcareous soils under field capacity and waterlogged conditions. Soil Research, 50, 249-255.

Bibi, S., Irshad, M., Mohiuddin, M., Sher, S, Tarig, M. A. U. R., & Ng, A. W. M. (2022). Distribution of

Phosphorus Fractions in Orchard Soils in Relation to Soil Properties and Foliar P Contents. Sustainability,

14, 3966. https//:doi.org/10.3390/su14073966

Bouyoucos, G. J. (1961). Hydrometer method improved for making particle size analyses of soils. Agronomy
Journal, 54, 464-465.

Dharumarajan, S., & Singh, S. K. (2014). Variation of soil properties and phosphorus fractions in three
cropping systems of lower indo-Gangetic alluvial plain. African Journal of Agricultural Research, 9(24),
1878-1886.

El-Nesr, M. N., Alazba, A. A., & Simunek, J. (2014). HYDRUS simulations of the effects of dual-drip
subsurface irrigation and a physical barrier on water movement and solute transport in soils. Irrigation
Science, 32, 111-125.

Gongalves, I. Z., Barbosa, E. A. A., Santos, L. N. S., Nazario, A. A., Feitosa, D. R. C., Tuta, N. F., & Matsura,
E. E. (2019). Nutritional balance and production of sugarcane irrigated with treated wastewater through
subsurface drip. Irrigation Science, 37(2), 207-217.

Jalali, M., & Ranjbar, F. (2010). Aging effects on phosphorus transformation rate and fractionation in some
calcareous soils. Geoderma, 155, 101-106.

Jiang, B., & Gu, Y. (1989). A suggested fractionation scheme of inorganic phosphorus in calcareous soils.
Fertilizer Research, 20, 159-165.

Jun, W., Wen-Zhao, L., Han-Feng, M., & Ting-Hui, D. (2010). Inorganic phosphorus fractions and phosphorus
availability in a calcareous soil receiving 21-year superphosphate application. Pedosphere, 20(3), 304—



YD o by sloplad (g 5lal (g, 15T (b)) i)y Kb g ($392mw (ig3s — sole)

310.

Karimi, A., Zanganeh-Yusefabadi, E, & Safirzadeh, S. (2024). Comparison of availability and uptake of
phosphorus and potassium in sugarcane under subsurface drip irrigation and furrow irrigation. Journal of
Irrigation Sciences and Engineering, 47(3), 57-67. (In Persian)

Knudsen, D., Peterson, G. A., & Pratt, P. F. (1982) Lithium, sodium, and potassium. In AL Page, RH Miller,
DR Keeney (Eds.), Methods of Soil Analysis, Chemical and Microbiological Properties (pp. 403-429).
Madison, WI: SSSA, ASA.

Manikandan, M., & Thiyagarajan, G. (2021). Soil Moisture and Nutrient Patterns Under Subsurface Drip
Irrigation for a Sustainable Sugarcane Initiative. In Fertigation Technologies for Micro Irrigated Crops.
Apple Academic Press. 171-178.

Mahgoub, N., Mohamed, A., El Sikhary, E., & Ali, O. (2017). Roots and Nutrient Distribution under Drip
Irrigation and Yield of Faba Bean and Onion. Open Journal of Soil Science, 7, 52-67.

Mohammed, A. T., & Irmak, S. (2022). Maize response to irrigation and nitrogen under center pivot,
subsurface drip and furrow irrigation: Water productivity, basal evapotranspiration and yield response
factors. Agricultural Water Management, 271, 107795.

Nelson, D. W., & Sommers, L. E. (1996). Total carbon, organic carbon and organic matter. In AL Page, RH
Miller, DR Keeney (Eds.), Methods of Soil Analysis, part 111 (pp. 961-1010). Madison, WI: SSSA, ASA.

Olsen, S. R., Cole, C. V., Watanabe, E. S., & Dean, L. A. (1954). Estimation of available phosphorus in soils
by extraction with sodium bicarbonate. United States Department of Agriculture Circular, 939, 1-18.

Rhoades JD (1996) Salinity: Electerical conductivity and total dissolved solids. In AL Page, RH Miller, DR
Keeney (Eds.), Methods of Soil Analysis, Chemical and Microbiological Properties. Madison, WI: SSSA,
ASA.

Safirzadeh, S., Chorom, M., & Enayatizamir, N. (2019). Effect of phosphate solubilising bacteria (Enterobacter
cloacae) on phosphorus uptake efficiency in sugarcane (Saccharum officinarum L.). Soil research, 57(4),
333-341.

Safirzadeh, S., Chorom, M., & Enayatizamir, N. (2021). Speciation and Fractionation of Phosphorus Affected
by Enterobacter cloacae in the Rhizosphere of Sugarcane (Saccharum officinarum L.). Journal of Soil
Science and Plant Nutrition, 21, 187-199.

Sheini-Dashtgol, A. (2020). Effects of different installation depths and space of pressure controlled emitters
in subsurface drip irrigation on moisture distribution, water productivity and quantity and quality yield
sugarcane in southern Khuzestan climate conditions. PhD Thesis Irrigation and Drainage. Faculity of
water science. Shahid chamran University, Ahvaz. (In Persian)

Sheini-Dashtgol, A., Boroomand Nasab, S, & Naseri, A. A. (2020). Effects of subsurface drip irrigation on
salinity dynamics, water productivity and ratoon sugarcane yield. Journal of Water and Soil, 34(4), 797-
811. (In Persian)

Sheini-Dashtgol, A., Hamoodi, M., Zanganeh Usef Abadi, E, & Zarei, S. (2024). Investigating the durability
and efficiency of the subsurface drip irrigation system in the sugarcane fields in the south of Ahvaz. The
5th National Conference on Farm Water Management. (In Persian)

Shen, J., Li, R., Zhang, F., Fan, J., Tang, C., & Rengel, Z. (2004). Crop vyields, soil fertility and phosphorus
fractions in respose to long-term fertilization under the rice monoculture system on a calcareous soil.
Field Crop Research, 86, 225-238.

Yin, Y., & Liang, C. H. (2013). Transformation of phosphorus fractions in paddy soil amended with pig
manure. Journal of Soil Science and Plant Nutrition, 13(4), 809-818.

Wu, D., Xu, X., Chen, Y., Shao, H., Sokolowski, E., & Mi, G. (2019). Effect of different drip fertigation
methods on maize yield, nutrient and water productivity in two-soils in Northeast China. Agricultural
Water Management, 213, 200-211.

Zanganeh Usef Abadi, E. (2018). Study of the dynamic of moisture and salinity under subsurface drip irrigation
management of sugarcane in south of Ahvaz. PhD Thesis Irrigation and Drainage. Faculity of water
science. Shahid chamran University, Ahvaz. (In Persian)

Zhang, B., Fang, F., Guo, J., Chen, Y., Li, Z., & Guo, S. (2012). Phosphorus fractions and phosphate sorption-
release characteristics relevant to the soil composition of water-level-fluctuating zone of Three Gorges
Reservoir. Ecological Engineering, 40, 153-159.

Zhang, M., Li, C., Li, Y. C., & Harris, W. G. (2014). Phosphate minerals and solubility in native and
agricultural calcareous soils. Geoderma, 232-234, 164-171.



