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(ETTECT OF PARTICLE SIZE ON THE EFFECTTVENLS OF I

. ‘ ) Q8 FEpI , by D.E, 3TMPSON,
(Boottish Agrioultura) Induntries, Ltd. %9, Palmeraton Flace, Rdinburgh,l12, U, X.)

The improved phynical charmgteristica of granular fertilisers in respeot
of bandling, storage and distribution in the field has fooussed attention on the
problen of whether grenulation has at the same time conferred eny agronomic advaninge
or disadvantage. :

The work carried out on this aubjeat has heen oonoerned im the main with
phoephorus, since 1t hes been asswsed that differenaesin the agronomic effects mre
likely %o involve phomphorus rather than ¥ orp K. Perbaps this apsumption ie unwise
and mors work im nesded on this point. Further, muoh of the work has been concerned :
with water-soluble phonphorus, sinae sarlier work showed that - in reepeot of insoluble =
Fhosphorio fertilisers, suwh es ground minspel phosphate and basio slag -~fineness of
particle miza was related to effeotivanees.

In 1950, Sherman and Hardesty (1) reviewsd the experimental work on
Agronomio effeots of particle sigo of supsrphosphate and of mized fertilisers
containing superphosphate or ¢ther water-soluble phosphate. This review covared work
oarried out in V.5.A., Cenada, Englend, Bcotland, France, Netherlands, Germany, Swaden
ard the Bovist Union. They consluded “that the expériment showed no marked difference
in effectsof granular and non-granular fertilisers on orop yields, though, on the
other hand, some of the results have besn decidedly favourable to the granular
products”, This wes particularly trus of the work oonduated by Franck in Sweden. They
emphasise, howsver, that in the U.5.A, "only little attention hes besn given to such
faotors es degree of water solubillty of the P.0_, fertilisar placement, aoll type,
"phosphorue fixing” power and plamt oharnntariﬁtgon in relation to the respective
crop-produoing efficiencies of granular and non-granuler fertilimere",

) The reviev by Shermsn sud Hardesty has baen summarised by Stercatks aa
ollovm 2 '

"Logailved vs, gired plgcemsny (23 experiments) : ('mixed placement' ia

tukon to refer to the practlios of broadonst distribution of fertilisera
with subsoquent cultivation into the soil,)

No eignificant differences in orep yields wers shown batween looalimed
and mizxed plmcement in 50 % of the experiments.

Rmost 50 % of the experiments showed that localimed placement caused
8n increese in yisld over mized plmoement. Not all of the results were atatistionlly



- analysed.
Size of pertioles within localjead “reatments
(47 erpepimonis)

About 50 % of the experiments showed no signifioent differences dus +o
slze of particle.

About 25 % of the experimsnts showed an inoreass in crop yleld due to

use of large granules (2 m: and over) or briquets, ‘Most of these experiments were

on podzolle, lateritic, or low P205 scila,

Lbout 10 % of the experimerts favoured a medium sized granule (2.00 - 0.42 m
Mogt of the experiments were on loamy solla, C

About 15 % of the experiments favoured either & powder ov vary fine
greaules (0.4 - 0.2 mm)., Moat of these wers on sandy or sendy lcem soils or in pot
experinents. Not all of the results were etatictically aralysad.

Size of partigles within g}xad_pl&mﬂmanﬁﬂ {ag_g;pg:;magqu

Mo eignificant differencos in crop yleld dus to particle mize wers !
showa within mixed placement in 65 % of the experiments, :

About 35 % of the experiments favoured a large particle size.All of these

¥ers eithor.in pos experimonts or podzolio meils. Not all of the results wore statis—
ticuily ammlysed. | | |

Gramilated dica;ginm‘and friggloium phOEﬁh&tBﬁ

Ono experiment dealiﬁg with themn mAteriala indlicated thab "granulated
‘@ioaleium phoephats produced a poor orop vield and granulated tricaloium pnosphute
produced & very poor orep ia ocmparieon to the powdersd material.

some of the American experiments can be eriticiesl on the grounde
thet the levala of PO appliad par acra wara ¢ high thet difforences in responses
gould not wo expectst, Tor exampla, in several of the triala, 2,000 1b por more of
84 :8 3 7 fortdlieer were apolied, In othsr cases, i% has neot beem posaible to |
interprat the valus of the results eicom the compoaiticn of the fertiliser, ratesof .
applicaticn and slze of granulo, were not quoted, | -

Tao following selected items from experiments reviewed may ba of
Intorest t

"The differences in yleld date as ragards particle size wers withcut
atatistinal significanca, but, with Cesil moll, the phoophorus-uptake dats showed an
intersating trerd, With band placoment, the partisle sige of ths surarphosphate
hal n> influcace on the percent. of phosphorva in the plante that was derived from
tho applied phasrhate. Hawéver, whoern the phoaphate wos mixed with the top third of
the soll, the percenl, of rhosphorus derdived from the fertiliser increamed with
inercase of rarticle size from €5% for the regular superphosphate to 92% for thae
gravulur meterial of 4,8 - 3.4 . With the large granulea the ‘mixed' placement
wis a8 offective ag the 'banl! applicotion.”

"Pellata of 'soluble phoaphates' wore compared with powdersd
phuaphatma in bands vhen mixed with the soll. Tho pellets gave & groater yleld
bls year when oixed with the moll but.a lessar yield then the powdersd phoaphate
whan applied in barde", : B
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"Thera 1s no significance difference in tha effaotivenses of gramlated
and powdered triple muperphosphate in the present experiments. Ths maxrimum size of | |
the granule. was, howaver, only 4.7 mm and larger granules wight prove more sffeotive,
Granulation is generally asscoiated with woter-soluble forms and it is noteworthy,
therefore, that granulated steamed bone tonds, if epything, to be alightly superior
to ordinary stesmed bons flour, Thim indicstes that some watsr~insoluble phoaphetes
of this type might probubly be granulated without any adverae effeot on their manuriml
value. Since granular products are convenisnt to handle and distribute, thie
poaaibility is of practical interast."”

"The ssaimllability of granular CaHPO4 1s appreciably redused am comparsd
with thet of superphosphate or pulverulent CaEFO ¢ irraspective of the nature of
the soil. Granular Ga? (P0, )2, gives even less &atiufaatory rapulta. The larger the
€raln, the lems aatisfaotofy the resulte given by granular CeHPO. . This phenomenon
is ebsont in the case of water-soluble phosphates (superphosphatés). Addition of the
latter to fertilisers oontaining insoluble phoephates, or finer granulation, raduces
the disadvanteges due to the granular atato,"”

) i FAPERIMENTAL WORK CARRIED OUT AT THE I.C.L. RESEARCH STATION,
Jealott's F11l, Barlkahira, on the affeot of particle size on the egronomio efficiengy

of phoaphatic fertilimers (2)
SUEFREHOITRALE

Exportnent I

The recovery of P_0_ from superphomphate, pelloted and powdered, was
compared in a box experiment %m oats and wheat a8 test orops. '

Soile 1 Oat orop - a mandy moil, pH 5.7
Whoat orop = & heavier moil, pH 6.5

Areatments 1 ,
Superphosphate pelleta — %.2 mm, 4.8 mm, 6.4 mm, all drilled.
Powdered superphomphate drilled. '
" " ‘ bmoadoast.
Control - Yo phoephate applied.

Rogultg 1

(1) In no came aid superphosphate pellets drilled with the seed lead to
signifioently. groster uptake of phosphorus than powderod supsrphoephate drilled
with the moeda, :

(2) Suporphosphate pellets drilled with the ssed gave & signifioantly greater .
uptnke of phoaphorus than powdered smuperphoaphnte broadomst on oats but not on
wheat,

(3) Thoro were no‘uignifiqant differsncea in uptako from pellots of
diffarent slzea.

(Although the racovery from the pellets did not differ slgnifioantly from tha
powdored superphosphate — both drilled with the meed = there wore slight indicationa
that the pellete might, in some oircumetances, be suporicr to the powder. )

Erperiment IT

In the following year, the ahove experiment was repeated in the field
uring mioro~plots with two orops - spring cats and swedes — on & phosphate



~ deficiant moil,

j‘rﬁatmmtﬂ and m"l;qm of aﬁplir:at:l,on wora am desoribed in axpt. I mbove, a hamal
dressing of 1 crwt/aura rotaseium cohloride heing applisd to all plota, The oota wore :
- drilled in ocontact with the fertilisara. Tho swedes and fartiliser were drilled

separatoly, the lattor being 3.8 o to the eide and 2.5 cm bolow the seed, which was
gown 2.5 om deep. ‘ .

Repultn

Cn & soil deficient in phoephata and of averagh fixaetlon capmcity, the
recovery of phosphorus by oata and awedos from pelleted suparphosphate was not differen
- from powdersd superphosphate,- both dnilled with oY near the sead. In the esse of sweder
~ enly,. howeven, the orop yield was higher from the powdered form.

Brporiment 11T (Pot oulture) o | ‘- ‘

To cowpare tha availability to Italisn ryegrass on A range of soils of 4

granular and powderod euperphosphate, gramilar nitrophoaphnto. and the muma product
ground to paas a 1 mn meshk, ' ' ‘

Ireatpents ;
| Granular supers. 2.4 - 5.3 mm,
Powdered supers. pamal ng lwm mash,
Nitrophosphate gramilar. '
" fines passing lmm mesh.

Bolle 1 (12 A ocaleoareous moll, pY 7.9

EE A neutral moll, PH 6.9
3) An acid soil, FH 5.5
a 8 on = squivalant to 60 1b/aora P205.

Results ¢
Gramilar ve. powderad superphowphete,

The uptake of phomj:hom vas algnificantly leas from the granmulated :
suparthosphate on the neutral and acld eolls but not aignificant in the case of the
caloarsous moil, | ' ‘

Iields :
C The powdered muperphoaphate gave a highor dry weight than granular
superphosphato on all.soils but the difference was only sigmificent in one oase — on
the ncid moil.

Hitrophosphaty . | |

The uptake of phomphorus from the fines wea slgnlficantly grea‘tur than
~ from the granules on two out of the three soils, end greater (but not Bignifioantly
80) on the third (the oaloareous soil), :

Teking superphosphate as a standard, the best over=all response to
i trophosthate (as mensured both by uptake, of phosphorus and by dry weight iforease
over ocontrol) was on the ecid soil, slightly poorsr on the neutral goil,; and much
‘poorer on the oaloarecus soll, ' '
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Experiment IV (Pot oulture)

To compare the avallabili:y to Italien rycgrass on & ranga of molls
of nitrophosphate {granules and fines) and superphosthato (two samplos),

Sojls used apd rate of appligaticn were me for oxpt, III above.

Eagoyery of P.O_ t Uptake of phosphorus from both nitrothoaphete granules and fines
slgnificantly ldaa than from supsrphosphate, On the calcargous soll, the nitrophoephad
(both gravules and fines) did not have en uptake significantly greetor than consrol,
There was a relutionshlp batween the reaovery of phoaphorus from nitrophosphate and
the pH of the soil, the lowor tho pH the better ravevery,

Flolds 1 A differonce betwean nitrmphoﬂphﬂtqfﬁE%FQ%%ﬂu was found on ocomparing their
reepective dry welghts. . with those from the two sunorphosphatas. With nitrophos-
Thatoer gramules tho dry weigh*s were significantly less than with tho two eupsrrhosphate
oxcept in ons case, whilst with the nitrophosphute fines, tha difforencos frem the

two superphosphates were not algrificant, excopt in one vase (6 poesibilities of
difference).

DICALCIUY PFOSPHATE DTHYDRATS — CAFEO, 28, o
‘ o
Frporimeat ¥ (Pot oulture)

To oompare the availability to Italian rycgrass on a range of aéil ot
the phoarhorus in diesalecium phoephate dihydrate of varylog aggregate aigos end in
superphospnata, o

Traaty enta : '
CaHPO4‘, EHED cggrogata slze 2 - lmm
n ] . ] 1 — 0.126 mm
" L " <0.126 mm
Juparphosphate,

Bate of mpplicatien - equivalent to 60 1bfaura 3205 .

wolls ¢ As for expt. 11T

F

Influence of degrag of aggreption of GqHPDﬁ'EHEQ pryatals on ﬂam-(ﬁwﬂaﬂhﬁ) b

The differences are aummnriaéd ia the following table t

Llgaregate smizes comparaed

-

Soil 2 - 1 mn va. 2 -1 m va, 1~ 0,126 mm vya,
| 1-0326m {0.126 md {0,126 m,

kS Hot siguifiosntly ¢ 0.126 migmifi~  HNot significantly
( ﬁﬁ? 55 . differert in dry ecantly groater different
PE T wolght dry woight

B 1 ~0.126 m {0.126 nu signifi- Not significantly .
{pE €.9} Blgnificantly cantly greater dry diffaront

groator dry wt. i wolght .

ol - -

(3B 5.5) Not mignifiomntly  Not elgnificantly Not mignificantly

different different differsnt



'IQflUGnGBlfoﬂEETﬂﬂ&tiphDf CEHPqﬁ, zﬂag‘arymtala faie? tdtgl;uﬁtakn-qg_gggs I

Agegeregateo slzes aomparaed

801l 2 -1 umve, . 2-1m e, 1~ 0.126 m vs,
1~0,126m {0,126 mm . < 0:126 mm,
A " Not signifioantly ¢0,126mn algnifie  Not signlficantly
- dizferent oantly greater : difforent
(PH 7'%) : ~uptake '
B 1~0,126 m & 0,126 mm #if3itie Tot elgnifioantly
{pE 6.5) Jigrificently : oantly greater © different
_ . greater uptake . > uptake
G : Not rignl Ticantly Nbf,qignifiomntly- Not eignificantly
{ph 5.5) difforent . &ifferent  difforsnt

Fxporimant VI (Pot oulture)

_ To gumpare the nvailability to Itulian xwugramu of uuparphomphatn
and of dlealeium phosphato ﬂihydrnta, off varying eggregate sige.

The testa were done on two phosphorus defioient soile = one pH 5.5 Hnd
the other pH 7.7.

ggte of appMomtion = equivelent to 60 1b/mcre B0

25
¥nterial ysed
| GaHPO4.2Hé0 “ Aggregate slra 2 - 1 mm
H 1] fl D 5 - O 25 mm
“‘ " n (0 126 mm

Superphosphnta

ﬁalﬁg t  On the anid eoll, the dry weight incrensed with inoreasing aggmg&ta alzae .
bt the differences were nnt algrificent. On the oaloareous asocll, the dry weleght
2eoreasgd with the incronsing alve, the difforonce being significant: between the
© lereeat and the two emller sizam, Compered with superphosphate, on the aoid soil. .
all sanplos of dicalelum phosphete resulted in a higher dry welght, though the :
- differencea wore nof sigmficunt. On.the oalcarecus aoil, the two smuiller aggregats sices
gave & greater dry welght then tha auparphoapha,a treatment though the differencea
. WerTe not significant, |

Atﬂ;i}éhﬁ«;m t On theaold #oll, tho greatest uptalte was of P05 from the 0.5 = 0.25 m
trantment wut nona of the diflerences was signifiennt.

On. the GHlD&rﬂOUﬂ ‘moil, tha uptake from the 2 — 1 mm treatmsnt wam
- elgnifloently lese than from the twe emallor aggregnte. a*zea, whiah, hOWBVBI, 414 not
..difzer aigniiiuﬂntly from cne another.

'EEEEEEEEEE VII  (Pot cultura)

o To ocompare the availability to Itallen ryegrass and rustari of anhyﬂroua
dicalolun phoaphate and dinu&cium vhosphate dihydrate, powdered and pelletad anh}droun
dicaloium phosphata alone/ﬁlzﬁd with ammonium nitmate,
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Tasts were doné on two phosphorus deficlent soils : one pH 5.0
end the other pH 7.6. o :

Moteriols uaed :

§1) CeHPO, ~ all prasing 0,15 mu mesh
2) CaHPO, - palleted 5.2 mm

(3) Fertiliser (1) mized with Nj 0

4) dv, pellisted 3.2 mm

53 CeHPO, o 2Hp0 -

6) Superphoaphate

Farlier work showed that the respensse to DaHPﬂ4.EHé0 in terme of
" orop growth decreased with increasing sires of aggregatea.

In expl. YII, powderﬁd CaHTO (1333 than o 19 mm uiﬂva) apmparsd
with pelleted material (3,2 mm), both dry welght and P,O; uptake were definitely less
from the pelleted meterial, ‘

_ In comperison between pellets of CaHF), alone and of CeHPO,/NH,NOy,
_ the palletsa of the mixture reaulted in greeter yields (%oth treatmenta had the same
anoumt of fertilimer N),

The differcnce in effectiveness may, possibly, ba acoounted for
by the fact that the pellets of CaHPO4 alone disintegrated vory slowly, while thae
mixture disintegrated very quickly In water.

AUMNMART

The Jealott's HLll gxperiments summarimed above reveal no signifleant
differencee in efficiency, &s assessed by ylelds and uptake of P20 + betwean gramilay
and powdered superphosthate over a range of scll types, :

In the expsriments reviewed by Shermen and Hardesty (1050), the results
4o not show any olasr out and ocnaletent patterm, and though the balance of advantage
- 1f any - may tand to rest with the gramular product, the results conform fairly .
olosely with those obtained in the Jemlett's Hill experiments.

Thim in contrery to the findings of'Ffanck in his experiments on
Swadish molls, vhere granulation sf superphosphate was held to confer agronomio
advahtage,

Thers ia scma evidenos to indicate that soil characteristiosa and
plent charaoteristics (type of crop plant empleyed) may heve an importsnt bearing
on the relstive orop-producing efficisncies of gramular snd non-gramilar water-soluble
rhosphatio fertiliser.

In the ocase of nitrophosphate mpd dicaloium phosphate {(Toalott's Hill
expariménts), there was 6 temdenoy for the response to these fertilisers = in terms
of yleld and uptake of P. 05 = to decrease with indresnsing particle size. Nei
unexpectedly, the pH of the soil appearsd to have e marked affect on efficienoy,
these fortllimers being much lesn efficient on caloarecus than na acld eolls.

CBONCLUBIONSY

_ It 18 oconcluded that, over a wide range of arable sollw, particle alze
{within the normal range) hes little effest on the agronomio effiociency of water-



ooluble Phosphatic fertilimers or on mixed fertilimars based pn water-soluble :
phosphates, but that the balanas of advantage, if any, rests with the gramular produc

At the anme time, there may be soil types where gramlation of thess
fertilimers doen effagtively ircrodse their ogronomlo efficlency. In no,.case, .
however, doos granulmtion axert such & marksd effeqt on oefficiency as bend rlacement,

m ' 1

. (1) Plant~Food Memorandum Report No,20 ~ "Review of Experimental Work on
the Agronemia Effeots of Particle Sige of Superphosphate and of ‘Mixed Fertilisars
containing Superphosphate or other Water-Joluble Fhosphates", by Mildred g, Sherman
And John Q. Rardesty, Divieion of Fortiliser and sgricultural Lime Bureau of Plant
Industry, Joilm, and Agrioul tural Engineering, Agrioultural Ressarch hdminietration ,
U.3. Department of hgrioulture, Baltavilla, Maryland, 1950, :

(2) Imperial Chemical Industrien Ltd., Research Statitn, Jeelott's Fill,

Berkehira, , ‘
- Unpublished experimental worlk, R
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