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Abstract

Background and Objective: In calcareous soils of arid and semi-arid regions, knowledge of phosphorus (P) forms can
be instrumental in optimizing the use of chemical fertilizers and reducing their detrimental effects on the environment.
The aim of this study was to compare two methods of surface and subsurface application of different levels of triple
superphosphate (TSP) and organic fertilizer (cow manure) on the forms of inorganic P in the subsurface layer (30—50 cm)
of the soil.

Materials and Methods: The research was conducted as a randomized complete blocks design in a factorial arrangement
with three replications. The fertilizer treatments included four levels of TSP (0, 200, 400, and 600 kg ha™') combined with
two levels of cow manure (0 and 30 ton ha™'), which were applied at two layers—surface (0-20 cm) and subsurface (30—
50 cm) for four years under field conditions. At the end of the fourth year of fertilization, soil samples were taken from
the 30-50 cm layer. Soil inorganic P forms were determined using the sequential extraction method, and available P was
measured using NaHCOj3 extraction (Olsen method).

Results: The results showed that in both fertilizer application methods, with and without cow manure, the soil available
P increased with increasing fertilizer levels. Application of 600 kg ha™' TSP with cow manure notably increased soil
available P by 41 and 42% in surface and subsurface applications, respectively. The results also indicated that in the 30—
50 cm soil layer, only subsurface application caused a significant increase in labile P forms, including water-extractable
P (by 70.4%) and NaHCOs-extractable P (by 78.3%) compared to the control. In contrast, in this sampling layer, surface
application of TSP led to an increase in moderately labile and non-labile P forms.

Conclusion: The results of this study demonstrated that the fertilizer application method and knowledge of soil inorganic
P fractions can provide a valuable tool for determining P availability for pistachio plants.

Keywords: Inorganic phosphorus fractionation, Organic matter, Phosphorus Availability, Saline calcareous soil, Surface
and sub-surface application.

How to Cite: Abbaszadeh, F., Boroomand, N., Hejazi-Mehrizi, M., 2026. Interaction effect of application method and
rate of phosphorus fertilizer with organic manure on inorganic phosphorus fractions in pistachio-grown soil. J. Soil Plant
Interact. 17(3), 75-88 (In Persian with English abstract). https://doi.org/10.47176/jspi.17.3.03703

Copyright © 2026 Isfahan University of Technology, Published by IUT Press. This work is licensed under a Creative Commons
Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-
BY NC ; ; ; i ; ;

commercial uses of the work are permitted, provided the original work is properly cited.


http://dx.doi.org/10.29252/ejgcst.9.2.1
https://jspi.iut.ac.ir/index.php?slc_lang=en&sid=1
https://portal.issn.org/resource/ISSN-L/2783-5014
https://portal.issn.org/resource/ISSN/2783-5286
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0009-0002-9723-5289
https://orcid.org/0000-0002-1624-9957
https://orcid.org/0000-0002-1561-8933

https://doi.org/10.47176/jspi.17.3.03703 YO-AA \V(Y) 1 ¥ed olS 5 S Lol

oS 5 S Ly,

https://jspi.iut.ac.ir/ :4elluad v.(al:- P
YVAY=OYA? 1 o5 xSI L 0oV F-YVAT :LLs

e d gland G USKE 5 I 558 b o jand 548 35,8 Ol 5 S, SiKes p f]
Wy S Lo S

TSR SO Ao g Ly p ol sl ele bl

Q\ﬁl ‘dlﬁ; ‘QLAJS J,.AL: J..:@_.:r am\b ‘6))_5LLS am‘é Sl (ﬁjl.‘« a_jjf
mhejazi@uk.ac.ir : g ;S Gy oJ sten ok 53

OFeO/E/TY 2oy )b OV FoO/FNY 1 S35k gl PO/ 1ol 5 )

ouS

GlassS G pme (lating 53 il e (P) jind gla K2 51 AT (Siaas 5 St bl ST slasSls 3 1dun 5 gy dadbn
T e IS 5 a3 1S gy 53 amalie rass ool 3l Os il LSl S Jamme y LaOT e BT 2alS 5 olact
2 S (e il Yom00) cp s aY 53 Gdme P b JSS (638 555) JT558 5 (TSP) Lo 5 Solid 5 il

g ol Jold 6055 slaslesd el SIS a5 St g alas oS glacS 5l b LG s lass e by, g 5l
o) s ¥ g g3 oS 3y GEKa 53 Yo 5 o) ol 555 w5 L oles GUSs s 54k oo 5 Yoo Yoo o) TSP 55
S glat gad (23555 el Jlw DL 53 a1 we 50 Jaul b 3 b Slexr Se o (5 e 8la Tom00) 1 5 5 (5 o sl
L s,Sesbas oay boslinad LBP 5 Jise g, Sejlas (i) 5l eslital b Jaxs P glad S 5 ol cils 5 (5 e mles Yo0o Y
B s () B0) et S S

sslazul BB P Olpe o iy (il al8l (638 >)3)lscla.~)>ja).> S eslizad B P Ol e LgstclaMJii\}élL_sl: LS @L:j @b
A edalin (L¥Y) das 5 (/F)) mbaw 3,558 Gas 55 58 55 638 555 Lol en 5L s f,gjlcs Foo Jlod o dals 4 Cos St
JBP Juls S P wzes LB b Ko Gl caw 38 das 3,8 (S (g e Sl 00 B Ve &Y (s oS sl 0L El Oraes
TSP oo 3,518 (5 e 5l oD Y 55 Jlis 3 . sl L aglie 53 (AVANY) NaHCOs L ol sl LB 5 (2Vo/¥) Ol L ]
A S P e xes BB e s e s s b gl 188 218 o

P oal b mnd 53 gliadiiol LIl Wlsie S Jdme P glizl 51 edlbl 5558 5,08 Jrp) ools OLE hassy cnl b 1 JS S
S pal b ey oS 5l

< ‘-;Q.Q‘)ﬁ ‘Jiabb ‘)jﬁi’:}égdl}- ‘_;@ﬂ),flusﬂ)ls‘gmwéx{gﬁ 2‘5.&.‘5 6"‘“3‘3

©VF+0 ol Olghosl mio of&ls o e ckizen ] L] G
25 T 3 o Ll d Saley b s a4 s bl y by e OT 5l (g losi ek oslinal g5 5 0 jtzia yj IS o dllin () @ @@

1wl s

Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).


https://jspi.iut.ac.ir/
https://portal.issn.org/resource/ISSN-L/2783-5014
https://portal.issn.org/resource/ISSN/2783-5286
https://creativecommons.org/licenses/by-nc/4.0/

e BB UKE 5 T 555 b6 jaud 55 55,8 Oy 5 pgy SiSen S

b‘)lsa.h K) ob‘)'unl...&

Mohseni et al. &S o Wl olS 5 Shas 5 555 &b, ,dn
2SS 5 e 2358 5 5 S amlis L (2013)
sbsles ST 50 b 5 Shes &8 dzils Ol )b 5 Sas
K C g F e S TP PG W
Dlad 5o OIS dee Sdpda o mis Sl (gl s
=355 oy 3l S e Ao VYO oS Al edaline oo i
335 Sl g, L Heidari et al. (2017) pooeer 35 ol
Oy 253 s Sas  wlind 58 ()l 5 b iy i)
eSS VOAY) 555 (ol S sl s wls 5 Shes wizils
33 <=J§j1.§ 4450) 555 51 e eslinal & ol (LS s
Sl 03 i (G

S Ol S Ol g8 Jled Slame 51 s SR
PPN PR FE O A I PO
il e 3 hud Cardy e Ol e DL
oeasss ool 5B s 5,8 e 18 eslatul 5y e (S
=S R (TSP s 5 i 5 2,08 (K58 oo
—alyy 8 e Olpea S p g el s e b gla
wlemu,lj.éui.a)}idljz.sﬁ,\.})\;)\ﬁd):‘)wéu
5 g e Gl panl g Ll e 2S5 008 fys S
355 5,08 iy 5l ABT ASL Sse i eal b pimen
3 A So e Gl 3 Wl e Sdee iud e SO
Al LSl ke 53 0 hud gbas S b

b sy s ol

S Glagg ;S o3Il 5 (5,13 g0l gy 2 3590 ikate
;urms aile iy SLL I SO S S (gl ses
2335 able iy & (30°34723"N to 56°49'44"E)
Rl 03 s358 slsles deel (S8 s plonil 55 s
Jo Yo (o3l (035) amy Ol o 5SSl oS €550 L
A Ol Jab 3 Jlo Sl U 5 AVl &y s0a 0
35) M esle 5 (TSP) Jo 5 lid g 355 Lol (ologyoge
Yoo o sl g Jals TSP 58 55 (1 s (58

\a%

PRV
2 45 o ik LS Il o sl 605 pole Sl S
Sl Gl el plecds s SOSdnd glal
23 1S S 5 eas oS Sl S e ol bl
ey 5 Sl b Gl jobe 5 LS 5 s b alis
0352 OLS A3, sl e (ot 055,555 3 g e 213
Gl el s OF & 106 Sl sl &S (Mou et al., 2020)
.(Chen and Greadel, 2016)

G 1 Ol el sl 5l doys AV 1 iy
—hag 5 S bl s ek sba oS s e S5 Sal
Ghle onl 0> @3S Glagnes Apd eSS S
5 Sl esle 35S Gl pd Wl ola I b sdas by
Shahbazi and ) Jzes axlye U3 pH 5 Sal ( Jlis ole
53 0LlS Wi sdes slalys sds 31 S (Besharati, 2013
Os 25 Jdows & | ol Jand oS eal 3 aS> )
ot Lo jhed o Sl glasl s a5l S sla SIS 5 S
el O SIad s a Al e 2alS 6LS (sl O el
3035 P35 edS Sl S g Ol e AL 2l gl o
-S= s (Salardini, 2009) 555 oo Sl (6 i and e
ORI w3y se b 35S Ol Sl GBLe al gla
Logojiid plecd lasss (b5 pslie AL o Shes
SR 5 b pend a e oS 350 e eslizal O3 5LaS
RELISERETS JSMV&)«;"’ Ll 0l S s S 4l
ol oS L 5 e jind slassS daslhs 38 Ll e
L) peedS Sl S 5 pH S Ko 5 M sl S
S eS s der Hldde oS Cl els o (Adnan, 2025)
Slata sy ool il olS wg Wi el sl 03V lkde
Sd sl ST sa (Sal 5 el S s sddplnl
olS Lo B e o pd 38 Ao o 5l feS (Sl L
B S0 4 s Sl oo Rl s apd e Sl
{(Gatiboni et al., 2021) LT » ;5 Sk 3 ol

@S Gpas LB 53 ege S 5 S A


https://civilica.com/search/paper/k-%DA%A9%D8%A7%D8%B1%D8%A2%DB%8C%DB%8C%20%D9%85%D8%B5%D8%B1%D9%81%20%D8%A2%D8%A8/

O, Ken 5 sl b

VF20 / pgs ojlati / eadin Jlu/ olS 5 S5 Sl

a:@\zjy‘_;jlf{;&w&uvfﬁ}fﬂ A d).&:;

Table 1. Some chemical properties of the used cow manure

Protal C/H C/N O H C N EC H
(mgkg™") (%) (%) (%) (%) (%) (%) (dSm™) P
1010 5.39 9.44 43 4.2 22.7 2.4 2.12 7.6
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EC, N, C, H, O, and Py, stand for electrical conductivity, nitrogen, carbon, hydrogen, oxygen, and total phosphorus, respectively.
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Table 2. Physical and chemical properties of pistachio garden soil (30-50 cm layer)
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Value Measurement method Soil properties
s S il
Sandy loam Soil texture
63.5 o
0,
Hydrometer (Bouyoucos,1962) Sand (%)
26.2 -
Silt (%)
103 o
Clay (%)
L I
1.63 Core sampling (Grossman et al., 2002) sAL o
Bulk density (g cm™)
s ‘
7.3 pH meter (Thomas, 1996) sl
pHui:s
S S LGl
4.4 EC meter (Rhoades, 1996) Fo A P
Electrical conductivity, EC1:s (dS m™)
Tosle
0.78 Wet-oxidation (Walkley and Black, 1934) e
Organic matter (%)
(P9 (,MJS =Ly
27.9 Volumetric Calcimeter (Shahbazi et al., 2020a) J ; il
Calcium carbonate equivalent, CCE (%)
10.4 Spectrophotometer (Sparks et al., 1996) =

Available P (mg kg™

Skt Sdae b sl a3l slasles 3 lsls 45 ¥ dga

Table 3. Variance analysis of the effect of experimental treatments on soil inorganic P fractions

S b 6;\)'T a3 B @t‘“‘
Mean squares Sources of variation
Residual-P  HCI-P  NaOH-P  NaHCO3-P  H20-P Degree of
freedom
10206.06*  4848.17°  210.62* 572.80" 5.69* 3 d Sl e
(Triple superphosphate, TSP)
Y
6229.41*  5493.59*  17.94* 1247.86* 0.61* 1 s
Cow manure
Ls -
18392.67°  633627°  147.66 516.40" 5.08* 1 PR oE
Application depth
S e x.c & X 5 laws
7514.06°  8022.03*  91.59° 972.30° 245" 3 S0 G XS 28 X F Dl s
TSP x Cow manure x Application depth
2.63 1.10 4.74 2.56 2.01 - G

Coefficient of variation

.wbuf-yij);@JL‘,;,s\cla.ﬂ)Uu@”;x,Qg\,;;@nsj*

* and ns indicate significant effect and non-significant effect at 5% probability level, respectively.
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Fig. 2. Mean comparisons of fertilizer application depth (surface and deep) effect on soil inorganic P fractions in different fertilizer
levels of triple superphosphate (T) and organic manure (M). TO: no fertilizer, T200: 200 kg ha', T400: 400 kg ha™!, T600: 600 kg ha~
1, MO: no organic manure, M1: organic manure of 30 ton ha™'. Bars with dissimilar letters are significantly different (LSD, p < 0.05).
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Table 4. Variance analysis of the effect of experimental treatments on soil available P
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* and ns indicate significant effect and non-significant effect at 5% probability level, respectively.
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Fig 3. Mean comparisons of fertilizer application depth (surface and deep) effect on soil available P in different fertilizer levels of
triple superphosphate (T) and organic manure (M). TO: no fertilizer, T200: 200 kg ha~!, T400: 400 kg ha~!, T600: 600 kg ha"!, M0: no
organic manure, M1: organic manure of 30 ton ha™!. Bars with similar letters are not significantly different (LSD, p < 0.05).
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Table S. The correlation coefficients between soil inorganic P fractions and available P
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* and ** indicate significant correlations at 5 and 1% probability levels, respectively.
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