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le INPRODUCTIOR

In recent years egnsidersble sfforts are heing
made to 2evelop salis af polyphosphoric acids as phosphe=

" tic fertiligers, Since the ‘polyphosphates are more cone

centrated in phosphorus than orihophosphates they can be
transported at less cost per unit of nutrient than ortho-

phosphate~basedefertilizers.

Other advanisges attributed to the use of polyphos-
phate based fertiligers compared with orthophosphate are:
Lower shipping cost per uni{ of plant food, Less problen
of sludge formation in shipping and application equipment,
Ability to incorporate higher concentrations of some mice

ronutrierts (Fe, Ln, Zn. & Ce) intc liquid fertilizers.

Tre rrimary disadvantage of polyphosphates is that
they heve been more expensive than crthophegphates, The
price diffeyential, howevasr, continues to decrease with
better technology, Some questions have arisen as to id=
efficiency of polyphospnate zs a plent nutrient. Tests
conducted over a varisty of soils ard crop3 have shown
it to be zs effective as crilorhosphete as a source of

phosphorus to the plant.
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While the efficieney of these materisls as a

sourec of phcsphorus for plants has been evaluated in =&

mueher of exneriments hy Texmessee Valley Authorlty
(Huffman (1968), little informetion is available on its
agronomic perfoermance on Egyptian soils, Trus, the =im
of the peresent investigation is to study the following

points 3

a2) The rate at which condensed phosphates are hvdrolv-
zed in soils, and the eifeet of soil mfdsture and

tempersiure cn its nyirolrsis.

0/ The adsorpticn oF zonderced phcsihzies =nd orthophose-

phate by selected Egyptiszn soiis,

¢) The effectiveness of condensed phosphete as a plant

e
-l
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2~ REVIEW OF LITERATURE

. Polyphosphate-based fertilizers are gairing wide

accptance sz a source of phosphorus in the fertilization
of field crops. Until several years ago, nearly, all
the phosphorus used as a plant nutrient wes of the ortho~-
phosphate type, In the past several Yeers, poelyphos-~
phate have received wide publicity sand moderate use as a

source of P, Hossner and Phillips (13971).

The differences between the orthophosphate and
polyphosphates has to do with their chemieal structure.
Orthophosphate contains only one phosphate atom per mole-
cule. The pelyphosphates as represented by pyro-, trie
pely-, and irimetaphosphate, alweys contain two or more

phosphate stoms per molecule.

The value of polyphosphates as an irmmediate source
of phosphorus to plans depend upen its hydrolysis to ortho-
phosphete, and its reaction with soil consiituents, Sutton

& Larsen {1964} and Sutton et sl. (1966),

It was suggested to classify the review tc the

following points : -
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2-l- Hydrolysis of condensed phosphates :

- " —

e . The increasing use of condensed nhos”hates (polj-

phosphates) in fertiligzers has simulated interest in
their behaviour irn soils, The value of pyrophosphate as
an immediale source of phosphorus is largely dependent
on ifs rate‘of hydrolysis to orthophosphate. Pyrophos-
phate and polyphosphate hydrolysze to orthophosphate et
variable rates depending on soil, temperature, moisture,
pH and biologieal activity, Blancher & Hossnmer (13969) '
Van Wazer (1958) and Fleming (1969).

2=1-1- Effect of tamperature on the hydrolysis of

- — e A o e =, i e e S e ke e ey e P

condensed thosphates :

e e e e e e e i e st e

Hossner & Phillips (1972) end (1971) reperted that
the hydrolysis of pyrephosphate inereased with increasing
temperature, At 3590 the pyrophosphate was completely
hydrolyzed after 4 days under flocded conditions, Sutter
et =, (1966) reported that hydrclysis of pyrophosphate
was slow at 30-359C, They zlso stated that the effect
of tenperature on the pyrophosphate hydrolysis was rela-
ted to the biological activity of the studied scils.

They found that inefficient production of the appropriate
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enzyme and low itemperature restricted the hydrolysis of

PyYTrophosphate. The same study showed that the increase

the hydrolysis of pyrophosphate in the soil of lower

biclogical aetivity,

Heshimoto and Wakefield (1974) reported thet the
rate of hydrolysis of pyrophosphate is dependent on both
temperature and the properties of the soil, They found
that the time required for hydrelysis of 50 percent of
the pyrophosphate to orthophosphate was 25 to 60 days
at 5°C, 4 to 13 days st 25°C, and at temperature between
25 and 40°C » there was a moderate decresse in the rzate

of nydrolysis,

T s et e e e s e e e e o e

hany investigztors reported that scil mqisture
affects the hydrolysis of condensed phosphates, Hossner
and Phillips (1971) found that when the so0il was flooded,
hydrolysis was more rapid than at 1/3 atm. moisture con-
tent and the hydrolysis of Pyrophosphate tended to go

to compleiion. The tendency of hydrolysis not to go

Central Library - Ain Shams University



%o completion at 1/3 atm. moisture has been shown by

other studies, Gilliam & Sample (1968) and Hassner &

- et s

Racz and Savant €1972) suggested that the incresse
in pyrophosphate activity in the flooded soils mey be the
remson for the difference which was observed between the
hydrolysis in flooded end soil maintained at field caspa~

¢ity moisture content.

2-1-3- Effect of pH on the hydrolysis of condensed

—— o —— g i - " . Y e ek il e e -

phosphate :

An attempt was zade by Sutton and Lersen (1964)
to correlate the half-iife of prrorhosphate in the soil
with several soil properties including pH, percent clay
and biclogical activity. They rerorted that most of
the veriaticn in hydrolysis reies could be explained by
variations in hiclogicel ectivity end soil pHE. As botn
S80il pE ard CO2 evolutior ircrezsed, the rate of hydroly-
8is incresased. They atiributec the p=Z effect which they
observed to a positive correlation between pd ang bioclogi-

cal activity.

Gilliem and Sample (1968), reported thst the rates

of hydrolysis of pyrophosphate varied according to the
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PH values of these investigated soils, The decreeasing
of the rate of pyrophosphate hydrolysis was muck greater

e . éﬁ"%bii‘? .

Hossner and Helton {1970) found that hydrolysis
of pyrophosphate was more repidly in acid soils then in
basic soils, this is in contrast to the results of Sution
and Largen {1964) who found 2 positive correlsation between

hydrolysis rate of pyrcphosphate and increasing seil pH,

2=1-4~ Effect of soil chemical properties on the

hydrolysis of condensed phosphates :

Hossner and Felton (1970) found that s¢il pro-
perties such as mineralogy, clay percent, extrzctable Al
and free iron oxides did nct have = noticesble effect on

the hydrolyszis of apnlied pyronhosphate. They also

3

treated solls with 7z0C,; =xné fouxd that Ca003 redused
-

Eal%

the ryrorvhssphate hwlrolysis, The mecharism of CaCO3

in reducirz pyrophosphate in scid soils ig unknown .

Zeshimoto et al. (1969) suzggested that colloided
gell and clay minerals catelyze the hydrolysis of pyro-
phosphate, In very dilute solutions, Xaolinite, HMont-

morrilionite, and perticulsary Goethite showed some degree
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of this catalytic activity, but gibbsite had no such effect.
Recz end Savant (1972) Proposed thet the pyrophosphate hy-
drolysis in soil is largely a Pyrophosphatase - catalyszed
“"*W“”“reacticn:“"*§EW§VET“wﬁéﬁ“p?fﬁﬁﬁﬁ§§hﬁf§“§§’éﬁ&éﬁwﬁﬁ“”ﬁﬁil“”"""”"”"”““
it is adsorbed by the soi] complex and/ or chemically
precipitated, They added that the chemical Precipition

ol the added Pyrophosphate decreased its rate of hydrolysis.

2«2~ Uptalke of phosphorus from cordensed Phosphate fertie

[ P,

ligers ;

Although plants have been showvn o utilize some
condensed phosphstes directly, the edsorpticn of phosphorus
from these Phosphates is usuelly as orihophesphate after

being following hyérolyzed (Ssvant sng Rzcg {1572).,

The effects of condersag Rosphate on finel Field

3

of a parti:vizr Sron wWill thus ha s complex interactiox

between the rets o7 nyerolysis in tha 80il, the time of

neximun raguiressrs

<l
2
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by cronz, =nd the phos-
pPhate st=tus of tire soil, Sutton z2n@ Larser {19€4) deter-
nined the avsilebilit« of pyrovhesphate to plant ir shorte
term weter-culture experiments and ip pot culture, They
Tourd that, in soils wiere the biological activity is not

restricted, Pyrophesphate did not persist long enough for
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bydrolysis. Iz a s0il where Py¥rophosphate persisted ,
however, the P-upbeke recorded was lower than that from

"‘—ﬁ’jﬁpﬁosp"ﬁ e,  The Same aufﬁers {18557 stugisd f

P-uptake by barley from the ortho- and Pyrophosphate
fertilizers labelled with" 52? and observed that uptake of
P from pvrophosphate was lower than from orthoohosphate, i
Engelstad and Allen (1971) reported that triammonium pyro-
Phosphate was foung to be lsss effective than monoammoniym
Orthorhosphate when both were addsd as sources of P f or
corn (Zea mays I.) growa in cool spil (l °¢). Ko diffe-
rencess was Tound between these sources when anblled to
ware soil (24°C), ilso, El-Nennah and Ei-Fadi (1976) ,
determined the availability of pyropkosphate to slfalfs
Plants as compared with orthophosphgte in ailuvial and
celcarsous soils, Trey found that Sotal P-urtzke and v-
values were lower frop pyrovhesphate than trat frop ortho-
vhosphate, Sesides, +he CaOC3 in calcareous so0il  was
not Tavourable for the availabllity status of hHoih ¢rtho-

and pyrcphosphate.

Cn the other hand, Blancher and Hossner (1969)7
found an ecual effect of sodium salts of orthophosphate
&lc pyrophosphate as a P Sourees fo*r‘ corm, Simi]__ar;

results was found bx Gilliam (1970), who reported that
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pyrophosphate and orthophosphste solutions were equally
effeetive in supplying P to whest (Triticum vulgare) ,

corn {Zea mays L.) and barley (Hordeam vulzare L.).

Selke and Ebert (1965) foud thst the initial uptake
of P by plants was lower from water-soluble condensed
phosphates than from dicalcium phosphate (Ca1r3?04), thisg

difference almosi disappeared as the time was proceeded.,

ioreovers Takefuji (1966) foumsd that the effecis
of potassium polyphesphets as fertilisers on ghort-term
Crops such as bush bearns ard ocsts were sozewhat less than

these of superphesvhete,

1iy equel ts or Sllgzx*ly sutorios po Tlrnzemionlias thos-
paats (LLI) 2g o omonpe. -0 T Feslizr, totlt (ATT) ani
QLOnNLlu crtrnorraarioas ONEIEAlYT IUNLricy 45 porconte
Yelod sunorroceztate (U000 o ovlhizr el ziue raosphatzs
For enrl: oroocss o SLONIL, L.0Pe Was gcne ouviderce that
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