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EEACTION OF ORTHOPHOSPHATE FERTILIZER IN CALCAREOUS S501L AS
AFFECTED BY PYROPHOSPHATE APPLICATION

Eadbism M. Avaed, AlL H. Thyeib and Ahlam M. Ghaia
S5il So3. Deph., ondl &k Agrzo., Basrah Univ. Basrcah
SUMMARY

The porpose’ of this: atudy was to investigate the
= ibltory effect of sBodium pyrophosphests |HaPPl &R P
FEecipisation in two - calcareous soilsc fddition of WaPP to
Ehe studied splils tended to Ancreasw” Poooncentration and it
== mors fFEcEIve BE Ehe rate of 0.5% HaPP-P, especial Iy
Eaen 1t waspadded either simoltaneously at of. 127 howors
g=fore orthophosphate application. The solubility data
dES lcatad that the major reaction products of OP An the
Ealcareous solls with or without HaPP after one cycle was
BCFD bot ikE persistsnce was less in all trestments with no
SasF asded duripg the Efurther wetting and deylng cyels.
E==eral iy, pyrophosphate acts ag crystal growth inhibitor
g5z DCPD, thereby maintaining higher solaoble P concentration
wvws after the inhibitory effect had disappeaced.

INTRODDCT LOM

In calearapus soil, 3 conalderables pare af the sppliled
BrEthophosphate  [0OP) precipitates as dicsglcium phosphate
s2sfhgdrate (DCPD]. The later compound ig also metastable with
ESEgect Lo more bhasic Caliium phosphate  hydroxyvapabite,  HAJ
Sars=hn, 1907). In genefal; in &lkaline o1 calcarepus soils
ESicius phosphate ‘are the most srable compound, Taay
=Scresse lnosolubllity and avallasility te plant in the
BEsEr: DOCPD 20CPx HE: Hence, tThe Ttransiarnactlon, tThe
Snisi=lly Tormed DCPD, and OCP undertaken in dsoils are of
Eracrtical cignificance.

dinE gapgroscly 4imed for lncresaslng ifertilizer P
eEsiciency fe the use of a croystal growsh inhilbikor for
FeEseSing P Immobilization [Amer, 1976 and Amer &nd Hostsfa,
2SSl Ames (1978] ;for Inskance j- firat ‘suggested that
|asitian of a emall amount of tetrassdiuvm pybophosphite
BERFF) To P fertilizer mey eahance the fertilizezr P
WS lahil ity in- caleatecus aolls-due to the réecarding =ffectk
B NaPF o the formation oF POPE 1A scila. Sodium

EcpSosphase (NaPP) was shown toohas ‘a strixdng inhibitory
lopnce dpon ‘the.tete —of cryste]l Srowth of DEPD (Marshall
'“ Eancol las; 19%6%). Tha Inphibiteky effect 'xde “alsh
‘llﬂ-l?d in eErme Af sorption of pyrephesphate’ ions at the
ie’ cryatal growkh sites due  ‘Bg lks Leng=chzin

VB=0-F bands which fit nicely to the caleoite latties
MEsrash, 1967). Work done by El-Zahaby et al., (1982) and
"Be=: anc Mostafa (19611 demenstrated  that a smell

_"_“It gf HaPF ¢an inhibit pucleation end f or orysial

TgEewth ofi DCPD in the systam of their pure CaCl; or



calcarecus Soll. amar B il. [1982)] Eound that HaFP ctended.
td increoasa P orecowvery from MCEP by the wheat and by the
following corn on alluvial soil (4.1% CaCo,), and only by
the wheat on the deserct soil [3%% CaClsl. One of the methods
uted for stabilizing the produck inthe mapufatturing of
DEPD invilves the addieloen of & amall amount af MaPP to the
DCPD Blurey (Toy, 1973). The purpoes of this study is to
investigate : (1} the twaction of octhophosphate fertilizer
wlth or without HaPPF in two ocaloaceows eoils and (14) ba)
test the seffect aof wetting and drylng eyeles on Bhad
ilnhibitory effect of NaPP.

HATERIALS AND HETHOODS

Sanples of two celcaceaas sucrface solls (0 o ¥ cm)
diffarank in origin werce ussd: Ona was siley ctay allovial
gnill eollscted from the expsrim=pntal station of Hartha Sl
Ehe obther wes loany sand desstrt soil. The selle were it
dified and sdewed khrough -8 1 mm =scresn. Thelr main
characteclatiss are given in Table (1], uslng Ehe scandacd

Taple (1]1: Sone= charactezistics of the s0fls.

oLl s i AT grganic 9 Bas i TepTIIreE
(1:=3-5] (mgficg) matbter  (Cmellfhgd (B5/m)  (mafks)” classes
imgd kg
A luvial 803 ZE000 asOD 1842 554 1178 silky clsy
{ilarthal
Dosart F.B2 BOODG . 1360 §.55 EREE: 9,30 Loy sand
|Bubsic)

pEeCcedrEes deserdbed by Bege s &l (T98Z] for theirrs
determinations, EoREST

Teiplicates FO0 gm samples of epach 50l were treated
with one level of orthophesphate fertllizer to 2000 ppm- P as
PHHPD, wikth pewdércsd tetrasediun opyroohssphass
i B0 1OH DI at the sguavalest rate of 0, 0.25 and 9.5 om
P: peE ?ﬂﬂ gm seil in diftferent comnbinatiaons. They wera
Ehocoughl y mixed -and pleaced i round polyethy lens
contalners: HaPP was addad 12, 2§ and 48 hours before or 14
and 48 hours sfcer the addicion of OP. Moisture conkent was
ralsed to field capacity Eal lowed by incubation 125:1“c: Eory
atye BNd seven wetbking and deying eydles. Eacgh seample waas
tredgaksed in Ehe ratia 1:] soil:water] and Jefe For X3
heues for eauilibriwm, then the moistured soll was
ttansfarred to Buchner Funnel ficted with f£llter paper and)
filtered under vacuum. The extract was ool lectead in a 250 ml
Erlenmn?nr flask, amd then used Eor pH, E.C.; Mg and P



EsaTiong. Calcium and magnestum wore deéternined by
B E3sruiion 45 described by Graham et al, (1962) to
B F intecforance. [ow conceotration 1oas of P in the
=8 w=rs soasured by tha méthod of Murphy and Riley
P s=ss high P concantration Wore meascred by the
Ewassdete mothod [Jackson, 1958),
T monosy Ioiun phosphate poténtial (PHaf0y + 143 pla)
B petectial (pH-1/2pCa) were salculsted usirg Pobye-
SRS tion to Gbiain activity coefficiencss Jon
=8 Wwers caleculsted using an alternstive prograne
EES Davia eguation [Davis: 1962}, and E.C. was
esStimate of ionic Btrength (Griffipn and Jurinak,
¢ Stion far the following jons pairs wers mada:
rol rﬂ:‘:"" HoHPO,, CaHPO,. MgH PO, and CaH,PO,. A1l
: CEnEtants wsed for fbnE pairs hydra ly=is
&=, and sineral izocherns woere selested From Lindzay

BESULTS AND DISCOSS 10N

ISELES in Table 2 and 1 indicated that the EEcavery
BESdSe Of the added OF in a water solunle form at Ewr the
® Webting anpd drying c¥cle was 13% and 19§,
EEwsiy. The initia] rapid drep of P concentration in
eSS studied soile can either bo related to P adsorption

etecests cluster formation and heterogenous nuclesticn
=1 BhoEphate on the carbonate surface (Sriffin .and
B IST1] or to P precipitation which is Lhe mét jor
mechapiem a5 obeserved in these solls |Awad, 1985
W2 =nc Rl-gbaidy, 1989). The reduction in soluble p
e ed through saven cy¥ycles (Tables 2 and 3|.  Such
Eeilect the hydrolysis of tha initia]l reacticn
ES. more bagic calcliom phosphate, Solubllliey
== erploidad to monlesr tne supprsaturation of  the
s Felative to the known calcius phooghate at the
B Che reaction and to determine which calcius
Y Save oaigted aftar one and seven wettlng and
Ey=les. Figure (1) indicsted that ohesphate present
___11:-.-:: Eolls jcheck treatments] was more Foluble
EEyspatite (HA) but less soluble than OCP. Many
ESMEA 25 Awad And RAl=Obaidy (19B9%) » FPixen et als
= Dlsen et al. (1383] obtained similar results o9
Blsed calcaroons selle, Tha sxlubility data, Further,
Bt aftsr the first wetting and drying ocycle, tha
B fate saturated the desert sandy loam soil with
= DCFD. Upon further wetting and deving ecycles, +the
fsifersd 2 small increase in the monoecalcium
s patentisls and became supersatutated with Euspackt
Bmg the 7th cycle. The alluvial silc clay . #oil, on

® Band ,(Fig.!) was failed to spaturate with tespect
B corresponding point after the first oyele was
Swlow the DCPD line then droped above the HA 1ine
By Tth cycle. DCPD could be Produced initlially in

-
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Table (2)r Phosphorus solubiliey in alTuvial €ilty clay soil
2fter opne and seven wetbing cycles.

O oysle seven oycles
Treateents pil selhuble—pP Solidbhle Ca pi-  molibhle—P sahidblo Ca
¥10-4 ML WID=3 M/L Ki0-4 ML W10=3 WAL
< 301 . S I | T L] 2L.35 7.54 G461 505
Sall-oe .16 C282.00 1820 o0 ESLID 740
SoileHaPp1Y H.4% Lt | 19,31 B.D 30,00 [T
~ 5ail+HaFp2** .54 G . 5 iVl 6.47 dB.1] 1.34
Ball-(JP+HaPPL]  B.24 492054 20.00 B:15 211.59 17l
-odls{oPelaend) B 48 47773 i B.58 4i0.00 1.0
«S0il+HaPPl 12 hra
Gp B - 13 jE.20 T.BY 385,10 .87
GailsMEPPL 24hve
i B-11 36053 L E.13 27%.50 L5
Eail+HaPPl 48 lirs
e H.16 385,10 £5.80 B.23 Z65.00 33
il =HiPP2 d-hes
. B .53 580,10 1570 784 335.3%0 .44
Foil+HaPPZ 2d frd
falt a3 WI0.00 T4.40 B.iE  3P0uas 1.76
S011+HaPP2 48 hrs-
GF Ba.60- ABL.DO 15.50 BuBZ 305,00 294
S0il+00 I8 hee
MaPFE . B3 3L5L00 16,40 B.57 130,65 1.7
Zallsop AR hrk
HaFe] R L L 1750 B.57 181,10 .41
@il-0P 24 Iirs
N POy H.61  400:D3 £5.10 B.5¢ LBS.50 .57
* Buil+0P 48 hea
Bl P H:65. 410.08 1. 10 B85 17.1) .56

*WaPPl 4 ehe sguivalent cate of 0.25%
fARaPE At Ehe sguivalent rate of 0.5%.

Al FertlTized soils, bBuk lé3 porsistance was. leda  |q
#lluwvial 593l than that @n the desers sail. Meny workers
foind slmller effocts due B0 wetting and drying cycles on
the solubl ity of P spplied to calecarecus =5il {E]l-Danaty BE
Al LATH. This gould either be due to: khe phosphate
compaunds losleg Watec on drying and bécamity mece ifnsoluble
(AMEE et al., 1%80) or that rewettlng orocesses lnereosked
Cacn; solubllity and produced a higher Ca ian concentracion
1I"|'h'ii5; L985). Addition of HaPP o the stodied ecils tedded
ki inccease P concentration and it was more effeceive at the
rate: of 0.5% WaPP-P than ak the cate 0258 NaPp=p,
Edpecially when it added either 13 hours Before OF rata or

EL.]
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i3k F—L-r:r..nh,qpu: splubality in sandy loan  soll atte:
any and -Ee=vesn wetting land drying cpclees

e oyole G ol
Tt g soluble=p Soluble (r pH soluble—P Selubili Cs
L P s lo=4 ML K13 WL
‘1.2 .55 3.20 7.97 .55 4.2
Boal-op T.52 3745l F.40 7.9%  146.04 B 29
Bod 1+3aP ) .08 6. S8 135 gole Al.E LT
Bl lsRappiee B.27 51,60 L-10. #J8T 3ogh 077
i l-{0PpaPPL] 499 445,10 115 Ho4n 194,590 0.50
gollefop-alaBbR}  4.17  B10.04 14.91 Ho44 200,10 {150
$oi1ipape] 13 hrs :
| F T OOBLLY BlaaE o.a8% B.25 2ATL0h I
Soil+kaprl 24hea
i B.eF 41205 0.HO #.16 Fiiiod .73
Soa l=MaPB] 08 frs
o W.E8 43353 Q.70 B.53 £29.50 {1,560
SoileRaPTe 1 bos
¥ op T e 2 B o.95 B.33 45017 .70
Soil-MaFEE 24 hrs ;
n S H.67 45D.04 0G0 .23 315.0d .0
£otlviaPF2 -8 hes
(e Bi5e a20.iM .80 §.25 2as.u .41
SoE1400 28 N
Wt - H.H6 0 3AT.ER 0,78 B3T  IRGL05 0.6
Lol b= LE lics
palel - Bo4Y 3E2L0F 8% B.35% 17I.ED Bigd
Eafi s 24 |£.'_L:_
PRy L b 530.74 [N 1 H.o&3 198,50 a4}
Gk 1+IF 449 -hrs
Bapgd T T §.ld, d65.44 083 B23T -2y AT

unapPl -at thoe eguivalent rate of D.25%
=smafPpd at'the egulivalant rate of 1.5%.

simulbahesusly with 'OP fate, Whereas a little sffeckt was
pbEeryved when the reverss ordec was followed, furthecmote,
jittle inhibition was also cbhserved when 0P level was added
24 or 4B hoors prior 1o NaPFF addition, Lndicating that HaFPp
naea little inhibitory effect if added afver OF. Howavaer,
lesi chan 20% of added OF was sorbed by the boch studlied
soileaven 10 the presence of HaPP at or before 1 houwrs of
OP-reacticph Lime., The increase in water-scluBle OF-F due to
the inhibitory sEfect of HNaPP Was calculated by
subtracting the amcutt of water—-soluble OP=¢ Ln the solls

213
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Table [2]): Phosphorus solubility in alluvial siley ¢lay aall
after ane ard savan 'H'Ettll:'l.g E‘_]“I:'].IS_

(rm cyole Seen oyoles
Ireatmonts EH poldsls-pl Sslable Ca  pil  saloble-p o salukle Ca
Kib=4 M ¥10-3 ML X104 ML WI0=3 ML
-~ Sall i3 e o35 7. kg 0 g1 5
—Saileap B:l&6  IBRi0G 19.20 20 #5.10 7590
- Sl L+HaB B B.44 57417 F9.31 SoDR A0SR0 T
> Sod L+ HapFa e A. 54 59, 50 1741 8.47 46.11 1-35
- Soll-i0p+alFpl |  B.24 §92.98 .00 Hi15 211.55 1.71
Bl TR NaPEY|  BLdE 57T M Y575 3.5 410.00 1.
«5ileMaFPL 17 hrs
i TOBET 4mEIED 1820 7T.87 3a5:00 B
Fall-paPe] 24ahcs
(k] H 11 ~CIBOLSD L5230 043 FIR.An 1.4B
Ll =HalriPl i'i'. nrs
ag Hy36: "ARS=i0 LE=80 sk My R 1.33
BOEL+HAFPE 13 his
1 H.S% 88090 = L 754 435.50 3,69
| SoLleNaPu? 34 hrs
(5] RS 30 {48 0~ N P . 10
SOilsMaPP2 48 hr=
o BT/ R - Ty L5506 Bag2 30500 2,44
SoilwF 24 his
HalFl #:11 31540 LB.40 B.57 13%.65 170
ScilviP 98 hrs
trabpl B8 325,10 17.50 BiEY 151:140 241
© SHLTHOF 24 hits
HapPr? B.61  D0L 0 15.30 g3.5¢  I55.50 287
GailwdP 48 hrs
MaPE: T 0 Bu6% o Al0.00 15,40 B850 {Te-23 Lt

*HaPPl -at the agquivalenk racs af 0.25%
**HaPPZ dt the egulvalsnE rabe of  0o5HE

gl 1l Tertllized soils,
sliovyial eoll ehanm ehak in Ehe.desert gsoil.

pUt lTs peCSiSEENCE  Was less in
Many workers

toupd similar effeces due b0 webtbing and deoying cycles on

the sofubrlity of P applied Ee calcareous eoll

gil., L971}. This could @ither be dos to the
coppounds’ losing wakter on drying and becoming more inscoluble
or that rewstEing processss increascd
Lally Al LI.b!.lLL_',-' and produced a higher Ca lopn ooncenkration
{Aawad, 198%1. Addition of HaPP ko bhe studied =oils cended
Eo increase P concentration and it was nore effective at the
ronte ofC 0O0.5% HaPP=-F than at the
esppcial ly when it added sither 12 hours belore OF ratp or

fiimer et al., 1884

[El-Damaky &t

phodphate

rate: 0. 25% WaRP-F,
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W) ¢ Fhosphoros solublility an sandy loam fall after
ane and seven wetbing and deylng oycoles.

Ona Epele Besan- Spcles

13 polinl==P Zaluble 0a pi soluble-P g0 fidale Ca

W10=-4 ¥l Kli=3 'L 10=4 ML X1U=3 Bl
‘g3 os 0 S 5 - SR 1L 2.30
7.8 AP RO .40 T:85  146.00 0.4
‘St [ HaPEL* B.08 36.59R Lo - s b S o V1]
Sp MaFEire .27 53 .60 1.10 Bi57 39,450 0.72
sELESEP] 7,99 445.10 1:15 B.49 194.50 0.6l
=0l = [0P=paPP2)  B.37  610.00 B9 Badd  290.10 0,50
SoilensPpl 13 hrs
N Bl Shdaal 0.85 B. 26  347.05 .73
Sall«daPrl fdbrs
= (Ut O v L b 3T B.16 711.02 G.73
Soil=HafF] %E hrs
(= B.54 933,52 0.9 H.BY . 224.50 .60
Sof [+gaPp) 12 bra
i o B b (.75 E.33 450.17 p. 7
S511-aP?2 1 hrs ;
P B.ET 450,04 .60 B.23 315.00 0. 50
SoilsHaPPl 4B hes
(e HiBZ  AF0.04 e 4] 8.3 .286.19 .40
Soil«0p 24 brs
= 0.86 33V.B82 0.75 8237 LBE.9S 0.68
Eoil=ie 4i hrs
fa= P0L E.47  3E3L07 a5 B.35 L70.HD 04 B4
SN 1AW 24 hes
MapR2 T Rlyy a0, [, i B.odd  I90.50 043
S0P 48 hea
B=BPE 0 9:18 - 45596 0. 85 B.3T 220 .45

apgaPDl st the eguivalent raze of TC25%
#nglaBpl at the équlvalent rats af 0.5%,.

gimlliantously with 'OF rate. Whersag 3 Fitble Bflect wWes
chesrves when the reverse order was fol lowed, furthermors,
JitEle inhipition wes al=p chserved when OF level was added
74 ar 4B hours prior to NaPP addition, indicating that NaPF
has @ little inhibltory effect if added after OF. However,
Iess bthan 204 of added OF was sorfbed by the both studied
saiflegevan in the presence of MaPP at or belfore 12 hours of
OP-reaction time. The increase in water-soluble OP-P due to
the inhibitory effect of HNePP was calculated by
subtracting the amount of water-soluble OF-F in the solls

113
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treaated with YapPP and QP separately from the amount of
water—-soluble P in the soils treated with nlxture of NaFFP
and OP. Hence the amount of increase in water-seiuble Op=-P
in the golls Ereated wikh HaPP was  assumed to by the =ame
with oaF without OP. It is xnown Ethat the pyrophosphate
hydrolysis Ln s0il is reduced in khe presence of OPF [Gavant
and Racs, 1%73). Therefore, calculated amount of increase -fu\
water=aaloble OP=-P due to the inhibitary affect of HNaPP 1n
the solly cannot be abttributed bd the hydrolysis of NaPF in
the s50ils-

The dita in Pable 2 and 3 shewed Ehat the recovarcy of
the added (0.25%) P 25 WaPP was only aboub 45% and 478 in
the allavial and desert solls, respectively. It appears that
pore than S0% of tEhe =added HaPb was sorbad by the solid
surface in both soils. On increasing Ha”PP level to 0.5%,
nore adesorpticn sites ©&n bhe solid surface would be
gocupied, and mores OF would remain i solution. This 16-in
adreement wikth the result obtained by EIl-Zahaby et al.
ITapay who gepoebad thatk spration of MaPl may distart the
surface structure of CaCly due to its fong=chain P-0-F bonds
and khe degres of distortion may depend on Ehe amount of
HePp dsed. Tha pyFophosphate seems o subject ko adsorption
and possalibly precipitacion on soil suciace, and more B whan
added before OP. Such reackicsn would dedsrease the amaunt of
HaBP lefx Ea aée 3833 a‘ceystal growth iphibitor. These
results indiceted Ehat the NaPP was lesst effectiva whah
added after OF, in the both studled solls. Furthermere, the
HaPP remained effective as long as it was added before the
starting of the nucleation process. For both soils, crystal
grawkh ‘and precipitation ssén beo skart at an sarly stage of
the reaction before the end of the nucleatlion process and,
therefore, NaPPF needs Yo be added at or 12 hours-before the
addition of OF.

The Tesults forther showed Shat thée =ohocy]Eelom
phosphate potential (pH,PR, « 1/2pLa) was cansiderably
lowgred by the presence af pycophosphate and cepwcally;
chepe wes very 11+tle ghange dn So0luble Ca. The effact was
more propouncad with pighasr lebel of pycophosphatce and whan
it added within &F et '3 hours befors OP applicatbion. Tha
pYyrophesphate effect ¢an, thetefore, be atekributed to
crystal growth inhibition. The pHoPGy + 1/2 pla decrease was
greater in Ehe dessart soil khap In bEhHe alluawial soil.
DL Fererice Ln P rekentlon and pobential bBetwsen bhe tws s0il
may be attributed to the differance ln.their Catdy, soluble
galts and ©lay conbents;

Addition of the 0P rate, bowsvel,; 3t arF 12 hours after
RaPP |[D:25% &) application seturated the ptudied soils
with Tespecs to DCPD formation durlng the first cycle:
Increasing cthe leve]l oFf WHaPpP to 0.5% P decreaged Ehe
moiroca Ledium phesphata poteéntial more (Fig. 2) and Ehe sall
apluelon was: fFupersaturated with respect bo DCPFD as comparéd
that to Ereaktmente receiving elither anly the OF orfand with
Lhe fipst level of HaPP.

Generally, the major reackticon product of OF with and
withowut NaPP aftar one cyole was DCPD, bUuk peraistance was



21l ErestsentE ehat ot having NaPP. This
tlen again suggrsto the inhdbitery of DCERL. The
eE r=actiopn Eime on the iahdbition of N4PP (Flgs. 1
et vhat the inhibition was only temporary. The B-
ity in Fig. (L] shows that BappP.failed to ack as a
g growth inhibitor for DCPD after subjecting the snilks
BEring and drying cycle and 411 correspondinyg polincs
"mligne iy below. Pyrophosphate hydrelysis is considered
eeistively fsst process [Khasawneh et 8l 18745y,
fes hydroiysis, howsver, NaPP may acc as a crystal
L iehibitoE for DOPDocompound_in calcatsous eolls and
wnbance the fectilizer P pfficlency. Farthermore, tha
sgian aof GCPo- Erom witer—-soluble fertilizers of the
goighles- P ooontants even after the inhibitory effeck
s pll 35 Compared- that with OPF=traatad =soi1ls without
L gering seven wetting and deyloy cycles.
" iz =zgr=eaent with the abo¥e findings El-Zababy and
|1582) reported that the Bmaller cryatal size of CPD
el in the presence of HaPP may explalin why more water-
plable powap extriacted from the DCPD in the calcarepus
Seiia treated with MaPP than without even after the
RS ea Ty affect had disappeared.
i Agronomic work s needed to. see -whéthet. this
Semititory effect would enhonce the fertilizer P afficlency
e coop Teszonee.
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