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PART 1I. PHOSFHORUS

INTRODUCTION .

-Thore are few inorganic coupounds of sgricultural importancs, which
have boen so extenmsively studied ond so little understood, as phosphetes.
4 Burd (1948) hes aptly remerked "$he interpratations of phosphste
behaviour In moil involve some of the most intsresting and baffling problems
in the domsin of Soil Scisnse®. This iz lergely owing te the diversity
of types of complexes in which the phosphete iom oscurs, and the varlety of
conditions whick affect the solubility of the phospheie carrier.

The ruis of phosphorus im plant mutrition hurdly nesde ouy ewphasis.
Its deficiency is very wide-sprosd 12 the Jorid amd in many countries such
as fustralie end South ifrica erop production is limited over DHOTIIOUS areas
bty phosphats supply (Russell, 1952). Like any otber matrient problem,
the phosphate problem is ulso thst of deficioncy and availability snd
perhaps the lutter more then the former, in goms ceses. The adsoluts
daficiency of & mutrient is ecay to correct by the use of fertilisers,
provided t;he;m are no further complications, bus in the cess of phosphate
sluilar fertiliser trestments on different soils have produced different
results betsuse of the phosphate and soil interactions being so complex
ad to defy any universal sciution. Unlimited dressings of supere
phesphate -~ a tims homoured rewedy for phosphate daficiency « sre neither
aconomical nor fsasible, for aftor sll ths rich deposites of phosphatc and
sulphur ars limited.

Despits the voluminous litersture thst has grown sround the twe
aspects of the phosphete problem « fization end avelladbility - it is very
diseppointing thst the problem is still as siusive a8 ever, ‘Thsae terms
have becoms commonplece but difficult to define. The available phosphate
as gemerally understood deponds os much on the plant as oa the soil and
Periisps more on the latter than on the former.

The nead, from the point of view of land settlement, to study the
fertility status of the Seddon Series of Kangsrco Ialend prescnted an
opportunity for studying the availability of phoaphate in these soils.

For the proper study of the available phosphate in these mils 1t 1s
Luportant:
(a) To usaeas the existing phosphste status of the goilo

{b) To sscertain tha futurs of the spplied phosphate $o $he soil,
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(¢} To msasure the sctuzl rosponse of plante in the fiald over a
poried of years.

The Seddon Sories, which occur extensively on Kengaroc Island (Northcote
snd Tucker, 1948), have developed on pre-Cembrien shales and are confined
to en undulating pleteau topn or eroded platesu vomnants. ‘'These seils have
been classifiod (Horthcots et al., 1bid) as podsols,comtaining laterite or
ironstone gravel, whisch occurs in the profils as en outstanding festure.
Thsey are the'miduaii ";aa trunceted laterito profile and are highly
vweathered, Those series possess e dietinetive oversll yau&m brown colour
throughout the profils, slthough the intensity of the colour variss end
the subsoil, partlculerly the desp subsoil, is mottled.

The gsneral lovel of fortility of these soils is low end the
phosphate 1s the initisl limiting fsetor to peature develonment. The
moan Py0, comtent in the surfzce soils of the Seddon series is 0.0114%
(Rorthcote et al., 1948) which is & sufficient proof of their sbsolute
deficiency in dlie mutrient. Their low phosphate content, ss compared
to the Urrbrae Fine Sendy Loam and other rsd brown carths shich ere elso
derived from the m—cwxian shales and hzve a model value of Py0 5 0.04
to 0,050 (Piper, 1938), is also suggestive of the very severe woathering
of thes parent muterial of thass soils. As sugzested by Piper and
Prescott (1949) and Fremsott (1952) it seems quite likely thet factors
other than the normsl westhering processos msy also have been
instrumental in producing such low rasultent figures.

Besides the basic phosphate deficiency, these soils slso hava an
availabllity problem. s im field experiments it has been found {Report
1941-44;45} thet ot leest 10 cut. of supsrphosphate per scre is required to
get an optimmum ylold of the paature. The prinecipsl object of the
inveatigstlions outiined in this part of the thesis is to study the changes
in the availebility of phosphats, when it 1s spplied as & fertiliser, to
correct the deficiemcy of the nutrient in the aoil.

Sojls

The Seddon Gravelly Senfy Loam, virgin soil as e representetive of
the Seddon Saries, wes choseon for the study becouse of its extonsive

occurrencs snd becsuss soms fertility problems of this soil are being

examined oz an experimentel block. From the uncleered countyy, soil



samples representetive of the Ssddon Gravelly Ssndy Loem (0-47) wers
collected by 4.0, Tyson of this laboratory during 1951, s«nd thess semples
hsve been used for all the investigstions reported inm this thesis. Yor
comperison, s Sample of Urrbrse fine Sandy Loem, virgin, (0-4"} goil from
the Arborostum of the Waite iAgriculsural Research Institute, was elso
collocted, Lsboratory dete of these ssmples end of others uassd for
these investigntions, elong with the abbrevistions usasd to deasignete

these soile, vre given in Tadble 1.
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TARLE 1

Anslyticel data relsting to soils used
- {on elr dry basis)

Boll " Urrbrae  Ursbres enans Sedten Seddon
Tine ssndy fine sandy gravelly = gravelly gravelly
loam loam sandy losa sandy losm sandy loem
(0=4") virgin “yirgin virgin  acperti-
U287 {0=4") {Omin) (4=8") montal block
| {O-a")
fvbreviated U287 = Urrbrae,V, Seddon,V. Seddon.V. Sedden
nome {o=4n) {0=d) (4~8") (E.B.)
pﬁ i 6-51 5491 6e17 ‘ 6,02 6.05
* .
Analysis of fine ) ,
saxth < Zmm. % % % % %
Mechsnical snalysis .
Cosrse sand 2 4 163 185 228
Fime send 425 46 5832 56% 554
81l 32 13 1 8 8;
Clay 203 15 9 12 9
Lose on ,
igﬂtiﬁn 4e9 449 712 4,1 8.6
Organic carbon 1,22 - 1o .33 .. 60 . .. 085 - 2,40
Hitrogen 0,125 3eda] 0.081 0.054 0e202
;?gcﬁ 0.050 0.049 0.01) 0.00% 0.033
Total soluble
" selts 0. 020 0015 0.01% 04013 0,038
{hlorides as
el 0,003 U002 0.004 - 04010
Exchange cepacity
‘a8 pi7.0 - Pe9Be0e® 1002200  6ebmessh  1l.4m.ee%
dotlature in air
dry soil 2.0% 1a6 et 1e5% 2.6h
Z=ray éitfraction

c

= | e S
epproximeis % epproximete ©

inertz | 210 5 10
EKsolintte 10 = 20 55 45
Liiite 23 - 4 - -
Shioride 10 - 20 - -
deothite - 5

Gibbeite - 10

Unidentified nminerals
{possidly chlorite or
vermiculite) - 25 35

s By Chemistry Section, Division of Soils {C.S.I.R.0.)

* 4s izterpreted by E.¥. Hedoslovich (1951), Diviaion of Soils (C.S.I.R.0.)
(8011 colloids of seversl Adelaide red brown earths. Raport 1951)

=== Js interpreted by K. Norrisk (1953), Division of Soils (C.8,I.R.0.)
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I, FHOSPHAMI'E REPRNTION

1In order %o assose ths phosphete supplylng power of the Sadden V.
ssil, on ettempt woz made to obinin soma informztion on phosphate retention
caprelty and the ralztive importence of the &iffawant factors offecting the
rotontion and relssse of the phosphee ilons.

If 1e most unfortunste that different werkers havs used the szme Yorm
phosphate fixation to imply &iffsyent meanings. It hos baen usel 46 dencie
retention or sorption of phosphsts frem the solution, sdsorptisn of phosphats
precipitetion 2nd slso its becoming unsvaileble ¢o plants, It is ia fact the
lstter semss i which the term phosphate fixetion can be moat approprisiely
used, while i the ordinsry scuse, f'or denoting the loss of PG M ions from the
solution to the aeiﬁ the more comprohensive tere rotention or sorption is more
suitoble. Recontly Wild {1950), end Owen (1947) heve slsc used the torm
rotention or serption in this genss,

(1)  Phesphste retention espacity of soils

The smount of phosphats reteined by soils, whom treated withk phesphate
soluticns, eiapan&g ot only on ths machenical ond chemicei composition of the
soil but alao angg;h.a concentration of phosphste selutien (Mussell aond
Pmsé.iitt-, 1916; Hibberd, 1935: Duvis, 1935; Owem, 1947), the ratio of sell te
solution, the pH, tims of coiSact and Semperature (Black, 1942; Poriins, 1945;
Golawan, 1944), Comssouently the mothods used for mé'&atemm:en of
phospheto retontion cupacity of soils are meisly empiricsi. Two tschuiques
heve been used by most of ths workersie

{a) Sheicizg the soil with phosphate solubions of known comcentration
and pi, for o stenderd time, followed by contrifuging or filtration.
Phosphato not sorbed is estimstad and the phosphete retained by the seil
dstormined by differonce. Being un indirect estimotion it hes the arowback
thet very often the chenge in concemtration is swsll and consequontly the
experimental error caun be considerable.

{v) Loaching the soil wit: phosphate sclutions and then raplacing
the phosplizts retained by the soil by Weod or KB sclutions (Steut, 1939;

LA F R BN E R E R FR YN

- % %ay (1850) culled it sbsorption of phosphoric scid.
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Hosking (Piper, 1950), Zubins =nd Dean, 1947). ‘These methods sre
smalogous to the methods foliowsd for cation exchengs capacity. In these
metheds zlso, the cheice of phesphate buffer, pH of the wuffer, rstie eof
solution to woil, temperature aud tims of rsaction sre the importsnt factors,
but thess motheds wre more direct then the former snd for the studiss
mentioned bere, Hosking's mothod for determination of anion sxchusnge
cepacity as outlined by Piper (1950}, but with slight modifications, wee
used. Normel aai.u_t;nnp of K, ammonium phosphate buffer of 14 3.0, 4.0, 5.0,
640, 7.0 and ’I.is w;a‘r;etuaea. - 25g. soll or soil separate (1 g. in cess of
eley) in dquplicute wers hested i‘oréne Rour on = wstor beth =t 70%C. end
for the satimstion of phesphats, Vililamst (1950e) techmique foxr ths
determinstion of inmorgenic phesphate in the extract obteined with
UeiM,NaOH, wes employ:d.
TABLE 2
Fhosphats retontion capacity of solls &t verying pi

Fhaosphste retuined PO; {peDems)
Soil B .

3.0 #4050 6.0 7.0 Te$

1. U289 3880 5000 5024  4BOO0 4396 4740
2, Urrbrae V.{0-4") 3500 ° 4950 5024 4780 4240 4112
5. Seddon V.{0-4") 12800 1350 15390 13606 12800 11440
4»  Sedden V.(4=8") 6504 9400 8960 G040 IO &N
5  Soddem (B,5,) 8616 11900 ' 12260 10560 10160 9648

4 pefersnce to table 2 =and Pig.l. wili ‘s’z‘:w thot within tae renge of
these studise {pl3 to ?.5} the Sedden Soils retzined more phosphats then the
Urrbree soils. The phosphate rotention capecity of the Seddon V. {0e4%)
s0il is thres times um high a8 that of the Urrbrac V. (0=4%) and twice that
of the Sedden V. (4<8") seil. These differences are not explsinsble on the
m;u.or 11!, tobsli eley, Kaalin and orgamic cerbon content of theso soils
{SzorTable 1), bu;t the role of comperatively high humus content ae indicated
by the N, con’aant}n imparting low phosphetc retention capecity 4o the
Usrrbree soils cam not ba ruled out. This high phesphete retaining yower
of the Seddon V. (0-4") soil may be partially responsibdle feor the high
sppiications of rhosphatic x?aﬂilxsm required for gotting eptimn ylelds

on $his scil,

It is =2lso interesting that tho maxtmum sorption of phomphstes in
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sll the solls was at reactions betweoa DHALO to 5.0. It is stroagly
suggestive of the formation of some compounds with dluminium and iron snd
aot with Kealin like cley minersls, beceuse muny workers (Murphy, 1939;
Stout, 1939; Black, 1942; Perkinas, 1945; Chatterjse and Detta, 1951) heve
observed that highest phosphate retention by Keolin lies in the highly acid
rsnge. On the othar hand, minimom selubility of phesphates adsorbed by
sluminium 1ies betwesen pHA-6, (Teskle, 1928; Gasrder, 1930; Rathjo, 1942;
Saensen et al., 1949; Cole & Jsckson, 1950; Parkins, »1348). and of thoso Ly
iron between pH 2 te 4 (Bochoen, 1953).
(1) ¢ retention by scil separates

To assoss tha relative role of mechenical separates in phosphate
retentien by these soils, coerse sand (2-0.2mm.), £ine mand (0s2 to .02 mm. ),
s11t (0,02 to 0,002mm.) snd olay { < 0.,002mm.) were separsted by dispersing
ths soil with tho ammonium surbonete methed of Purdi (1935}, without yemoval
of erganic matter. Phosphute retsation cupecity was determined only at
pHS.0, employing the same procedurs aa mentionad earlier,

TARE 3
Phosphate retention cepucity of asoil scparstes at pHS.0

moaphato retained 2'04 {(pepeis)

Soil e , :
Coarse Ssnd Fine Sond 811t Clay
W‘(;’*?‘“‘) m‘(?.?aﬂo» P%(P-n-g._) PG‘(P.P-E.)
1. ©G2g7 - 1632 000 17440
2, - Urrbrae ¥.(0-4%) 2640 1308 4000 19600
3. Sodden ¥,{0<a") 692¢ 8200 31840 43000
4. Soddon V.{4e8") 3136 2200 18000 34600

5. Geddon B.B. (0-d%) 4040 A200 27520 3825

Fron Table 3 it may be seen that in ell soils phesphate retention
inoressed as the particle size decressed, which is &in conformity with ths
conolusiens of mehy investigstors such es Hidberd,(1935); Perkins ot el.,
(1942); Beater {1937); Owen, (1947); Neller end Comer, (1947); Merekin ot al.,
(1952)¢ The clay fraction of ths Seddon V. (0<A") seil rotainci twice, while

the silt frsction about sight times as much phosphate as their counterparts
in the.Urrbrae svile. The phosphste retention by ths coarse sund fresction
of the Seddon V. {(0=4%) seil was much higher than even the silt fractica of

the Urrbrae V. (0-4%) soil. Since the Sedden solls have abeut ¥05 of the
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paruol;s biwr then twe micrens (see Table 1), it means thet most of their
:pgkonﬁhafi‘;ei retamion resides in their coerse fractions Iand net in the clay,
mﬁﬁe&n ‘the"réﬁerﬁo is the case with the Urrbrae Iacila. The centributien
made by the clay fraction of ‘ths Sedden V.(0D-4%) goil, towards its tetel
vhosphsts retention capacity is only 20.4% ﬁgsim 62.4% by the corresponding
fraction in the Urrbres V. (0-4%) soil,

The higher phosphate retsntion by the éo&rsa fractions of the Sedden
soils may be dus to the

{a) Presence of Keoliaite

{v) High amounts of hydrsted oxides of iron and aluminium such as
geothite and gibbsite.

Hosking (1953) hos suphasised that clay minerala like Kaelin are not confined
to soil frections amaller than 2 microns only; $they occour in coarser fractiens
as well. It is probable that in the Seddon seils soms Kaelin nay bo present
" 1n these sepsrutes slse, but it may not be contributing mich to their
phosphaie retention cepacity, as cearse Kaolin retains very 1little phesphate
{Miagley, 1940; Reyohsudburi aad Hukhorjee, 194l; Coleman, 1944; Coeke, 1951).

Grahem (1953) reperted thet 2-20 JI frection of a lateritic aoil
(¥o.10143) trem Ksngeros Islend, contains a very hizh asmoust of gibbaite amd
sincs the Seddon soils slse belong o tho sems group of soils they are likely
e heve & fair smount of gibbsite and possibly goothite.

The importsnce of fres (adtive) sesquioxides, perticularly thut of
gibtbsite in comparisen with Ksolinits ns a rae;t’ér for phosphete rotention has
boen emphesised by many investigutors such as Midgley, 1940; Colsman, 1944;
Sieling, 1946; iishlich, 1950; Cim and Sherman, 1952, Hence it wes Ghought
desiveble to investigste the role of froe sesquivxides in phoaphsto retentien
by the saparstes of these soils ss well as the whole seils.

(1i1) Bffect of the free (active) oxides of iron end aluminium en the
retention of phosphute by soils

The effect of the active iron snd eluminium of the soil on phosphste

sorption hes beon atuéie& by moet of the investigutors by any of the fellewing
five apprecches:

(1) Correlstiens have beon established between the amount of phesphatc
retained by the soils and the swount of irem and eluminium diapclﬁd\@arac
from by acids '(cmmt:ated er dilute), (Celemsn, 1944; Fraps, 1922; Vri;. et

8le; 1938; Raycheudburi et al., 1241; Metzger, 1941).
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(42} Iron end eluminium compounds have boon sdded t¢ soils and meil
golleids end thelr affect on phosphete retention studisd {Deughty, 1930;
Scarssth, 1935; Davis, 1943).

(412) Compounds formed during -phﬁ;pha‘bﬁ retention have beon identified
by compering the effect of pH sa phesphate retantion with the known effect eof
DE on the selubllity of iren and sluminium phosphates (Teskls, 1928; Doughty,
1935; Rathje, 1942; Stelly end Piorrs, 1942),

{iv) Phosphate retontion by the soils or Boil colleids bofers and
efter removal of freesesquioxides has been studied (Teth, 1937; Kelly and
Hidgley, 1943; Bieck, 1942; Chandlor, 1941; Metuger, 1941; Goleman, 1942,
1344),

{¥) Sesquioxides havs been rendered ineffective by chelatien with
suiteble complering agents suck as oxine {Cheni, 19430) citrote antens
(Struther and Sisling, 1950}, wolenscus acid (Cooke, 1951), mnd the
phogphute retontion siudied,

A1) of theee metheds ere epon te eriticiam, but ths lest two sppreoaches,

in spite of their shortcomings, have found more favour with a large number
of workers. The serious drawback of the coumoniy used methods of removing
fres ironexides 1iikas the ae.xﬁ oxalate method of Tomm (1922), the H,5 methed
of Trueg ot sl., {1936}, is their attack on clay minersls. The @icro-
blelogical roduction methed of Aliison end Scarseth (1942) and ths modified
hydrosulphite mathod by Ded (1950), slthough seemingly promising, have met
besn well estabiishod for oriticel werk.  Jeffries?! methed (1942} hes been
found, by #illisus (1950) 1a sustrslia, Rics end Levick (1953) in Coneds, te
dissolve very small amounts of gilics frem scils, and this mny be taken as
en indication of itz less vigorcus attack on clay minersls. Deb {1950} nhms
glsc pointed out that the stabiliity of clay minersis towards reducing sgents
cdommenly used for remeoving free iron oxides, ia in the decrsasing erder
Kaolinite, Illite snd Nemtmorilionits, respectively. Since the Seddon solls
ere in the presant state of knewledge presumed to be kaelinitic smd the
Urrbrae acils Illitic-kaelinitic (Table 1), the affect on clay minerals is
not likely to vitiste ths resuits. Uonsidering these points, the mothed of
Jeffries, as siightly mdiftliaﬁ by ¥illiems (1950) eliminating the pro-
treatment with Kzﬁz, #ee used. Iron in the extruct wes detorminod by the

dichremate method as adapted by Haldame (1953) sna sluminium by grovimetric
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methed (Piper, 1250).

(=) Phosphate retention by

iren end eluminius

4 rpeferonce to Fsbie 4 shows that:

the golls aﬁer the removel of froc orides of

{1) 211 the soils mtfsrad. a substantial decrease (about 80%) in
phoaphets ratantifzn efter the trestment with the wsthod of Jefiries, . though
the Gecreass wes &ch greater ia ths csse of the Sedden soils then in the
Urrbree soils.

(i1} The decrcase also .&sp'anae;l on the pH of the pl;éaphata selution.
Thuez 4n all cesos themximum dscrease cccurred st pas.,q, 'thc:augk tho vhesphate
rotentien wes still higher et this pH than e% P30 or 700

{11L) ‘Whem the reductien in phuphejw‘ retontien cspacity is sensidered
ia rolation ¢o the amount of iron and eluminium oxides removed by the methed
of Jeffries, mand the melecular ratic of .1’-04/12 203 :._n calcuieted um iz
Table 4 tls distinction betwsen thoss twe weries of solls becomes guite
apparent, |

(1v) uithin the series snd st the sema pH these ratiocs iz differens
soils sre very close to emch ether. Thus at DH3.0, 5.0 and 7+0 the average
PO, R 203 ratio in the Urrbrae soils is 0,142, 04175 and 0;3,42 reaspsctively,
wheress in tho Sedden soils 1t 1 0,232, 00303 emd 0276 respectively.

These results show thaet the phoaphste rajontien in these soils is
4ependent net ouly on the amounts but also on ths resctivity of the sesqui-
oxideos prasent therein. Thus ﬂw Seddon soils have nsarly twice sa3 resctive
sesquiexides as the Urrbrae seils. This may have sews practicel
inplicetions om the availability of phosphetes in these soils: Tyson (1953)
in pot experiments cbaerved that from an epplication of menecsleium
phoaphate equivélént %o 2 cwt. super per scre, in the cass of Seddon V., (Qed®)
soll, subterranmecsn cleover, utuisod oniy 2@;8% of the apnlied phoaphate,
whoreas from the Urrbres V. (M“) ‘soil under ths seme conditions 38.7% was
svailable, Likewiso efier 1mbatina; thess m;la tor 13 uoeks nz.tk
Ca ,[.sz_*;g Hp0 equivalent %e 12 cwk. super per scre, the eamount of
i)haaphate m:*m@hh #ith the borats buffer + ygrnmt,a. was Tound to be
122 popem. (see Table 26 , pege 43 ) PO, in the cese of Sedden ¥, (0=4")
851l against 220 p.peme frem $hs Urrbres V. (0-4") soil. Thess results

cenfirm thot in the Sadden V. (0=4%) seil, phesphate fixetion is twice as



TAELE 4
Effect of removal of sesquioxides by the @ethad of Joffries sn the retentien of phosphateo by scils

Seils Phosphats retention effor floduction in phosphete re~  Asount of sesquiexides Holscularmtio of F9,/By0,
zomsvel of Lree seaqui- tontion due to removal of dissolved in Jefiries! Reduction in the amount ¢f phos~
uxides by the mothod of froc sosauioxides st axtraetent (Melee %) phake retoined (oles PO °F
Jafftries at 2 —

_ idelo xides disselved
pH pH by tha axtractans g
3,0 5,0 10 3,0 5,0 = 740 Fe0.% M,05% Total | .
20F M08 R ,aﬁ, pm.o pﬁﬁ.e | pav.c
Holes % Moles % Hgl 4
ﬁﬂ N ‘ E N E » '
{p.g.ﬂ,} (PO&»O&.} {Ptpoi}hl ?’;ovoﬁa} Q-Pofﬁo’ a&@cm;
1, U287 ' 970 12a0 1ge 2910 3804 3226 1,487 04850 2331 Col30 0,172 0,145
2. Urrbras V.(0-4") 950 1338 1190 335 3886 3050 l.45  o.842 2,292 0,153 0,178  0.140
3. Seddon V.(0-4") 3080 3280  zm2 9000  1z130 10228 L3R L san RIS R | Sy
4, Seddon ¥,(4-8") 1300 1880 1258 5204 7080 6644 1.23% .23 2,442 0,224 0,305 0,287

5. Sedden (E.B.) 1600 2420 1816 7216 8840 8344 1,225 1,87 3.095 0.245 0,300 0,283

& 4
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2ctive es in the Urrbras V. (0-4") soll. The higser P0,/Ry0y retic at
PH5O then at H3.0 and 7.0 is siso indicstive of the fomstion of loas
solubls compounds of phospheto at PHS.0 then ut PE740, which can be expected
28 eluminium and iron phosphstes sre lenst soluble et this pH {Stelly emnd

?1‘!‘!3; 1942},

(b) Phosphate retention Ly the soils ofter saturation with
droxy-auinoline et o0

To study the roie of sesquioxides inm the retention of phosphute, 2. 5g.

of soils were mixed with 0.2 ~ O.4g. of § hydroxy-quinoline (oxine) bafore

edding K. emmonium phosphate buffer (ph5.0), proviously scturated with oxine.

2:BLE 5

Phosphate retention aftsr trestment with Jeffries' mathod and
with 8 hydroxy-quinoline

Soils

FPhosphete retention after ienn Hesn for the
trestments by seriea
8 hydroxy~ Jeffriea?
quinoline method
Ao B. ,
m‘, (Popom') PO4 (p-pom’) 904 (fgﬁ.p.mo)
+ %
-] B 50 98 - 50 . 8
v.287 1050 1220 1135
: 1094, 85
Urrbrae V,{0=4") 970 1138 1054 |
Seddon V,{(0-4") 3640 3220 3430
Seddon Y. ‘ "“'8 w ) 196° 1886 1920 2626 3 ?
significant
Seddon {(E.B.) 2640 2420 2530_ at 0.1%
2 38,45
A, B.
Hean 2052 0 Hel, 1’75.6
L.3.D. 5% 1% 0ed%
Body of the Tsbls 280.4 407.9 613.0
Verticsl Msrgine 198.3 288.5 433.4
Horizontel MYergins 128.4 1B2.24 274.1

NOTE:

(1) Differences betwesn methods 2 and B are non significent

(11) Differences betwecnz both the series of soils ars highiy

significent.




TARE 6
Reduction in phosphate retentier at pHS5.0 after the trostuent with B Hydrexy-quinoline or the removal of fres sesquioxidos

Zoils Phesphato m@mﬁaioﬁ at pH5.0 ¥U, {pepemia} Dacresso in Bosyrosse in » ¥ros -sanqnié Bstine PO o/R,0
, . v - phosphats retention  phosphute retention oxides ro- v
Beforo re- A | B due to chelating due to removal of  moved by Akt 5F Skhsd
.. maving free  After sstur- ift¢er remevel  sffect of 8 Hydrexy~ freo sesquiexides Jeffriest -
T oxides stien with & of free oxides quinelime troatment
Eym, by Jeffries? (u'alm &of’
_ t!ﬂim;‘.lw methed
Pﬁ& g’éo@tfﬁnf 3?94‘?9.96%} i éﬁv}‘fe%@} : 7 gi@@ {pepema } 25 2 i?t?a@ag (Eﬁﬂi% 5’;; {ilolos PC Mﬁgﬁg}f
U, 287 5024 1050 izec 3974 3804 2337 0.17% Bed72
. ‘ o’
Uzrrbrae V.{0-4") 5024 9IC 3138 4054 3886 2.292 0.186 0,178 -
Beddon ¥.{0<4%) 15390 3640 3220 11750 32170 4,172 C.297 0.305
Seddon V.{4-8") 8960 1960 1880 y [V 7680 2,48% Ge38L 0. 305

Sedden (B.B.) 11260 2640 2420 862¢ 8840 3.095 G.293 0300




TAELE T

Efrect of romeval of sesquioxides by tho mcthod ef Joffries on the retontion of pheaphate by ths zeoll acparates

Soil seperstes Fhesphate yoten~ PFPhosphste reten~-  Reduction im the 7. 03 diuolre& by Al,04 dissolved by Totsl 5120. sni
tien cepacity et  tlom cspocity after retentien ef plios- si, axtractant the Bitractunt Fa,0 4&3.“31%&

pHS.O before re~ removal of frece  phate duc $o ze-  Pey0y% A1,05% by tEs extractant e ocmms

movel of seegui~ scsquioxidse noval of fras sxprossed ey ’

axides . extdes E,0, Bales %

B0, (popema) 56, (Depoia) P, (pedaite] Fo,0.5 By RO, wles

V.28
Cearse sand - - - - - - o
Fine sand 1632 360 1272 0496 0.64 1.227 0.10%
s11% 4000 760 3300 1.98 1.32 2,532 G137
Cley 17440 3200 14240 7.00 2.23 6.552 0,228
; Yrrbroe Ve (0=4™]
Cosrse sznd 2640 2320 320 3] ‘ 0.42 3.894 0.015
Tize and 1308 304 1008 0.98 0. 58 1.122 0.095
8i1t 4000 160 3240 2,16 . 0.9% 2.242 0,152
Clay 19600¢ 3200 16400 7.09 2.22 64553 0.263
Soddon YV, g@-&*k
Fine swnd §200 3200 000 1.40 2.7 J.581 De147
811% 3}.&4&6 ?ﬁj@ 24340 5.15 $. b2 ﬁa&}? 0266
Clay 43000 Baan 34760 5465 4,15 7601 0,482
) Mﬂﬂ VQ ] W“
Coarae snnd 3136 1688 1448 .62 Ued3 i d21 0.107
Fino send 2200 550 i6%0 1.06 1.27 1,906 0.0%2
S11% 18000 3280 1472 4,04 .45 5307 Ce26%
Glay 34600 8080 26520 5.00 2429 5370 D520
Soddon (Rebef

Coarse send 4040 2360 1680 Tiebe el 1.08 2.076 6.085
Fine sand 4200 1100 3100 1.28 .73 2.43%5 .13
811t 27520 8080 18440 4,22 4.48 T.026 0.276

Clay 38250 4960 33296 4.5 3.66 6.402 0.548

"t



15.

The emount of phosphate retsinsd (Table 5) sfter saturatien with exine
shows thet this trestment reducsd the rphguyhata- retention to the ssme cxtent
#8 did the remevel of the iron sad sluminium oxides, Assuming tuet
& Hydroxy-quineline cemploxed the same amount of Fe and il as was reweved
by the ether treatment the caloulsted ratiss m‘f 3203 {Table 6) 1n beth cases
are very closs to eack othewr, - This is strong correbérsiive avidsnse of the
fact thet 1t is the asotive sluminium end iren which are maialy ragponsible
for the reteation of phosphets. Secondly, the differences between the twe
series of soils - Urrbres and Sedden = es indtceted by the™4Ry0; reties
obtained with this methed aleo substantiate the ovidencs of the differsmes
in the reactivities of the seaquioxides in beth thess Series of scils.

{1¥) Phosphato retention &

The reduction in pheaphsata retention brought about by the removal aof
free sesquiexides from the diffaront mechanicel separates of thess soils
{Table 7) elso contirms that phosphate retentisn wes mainly due to sesqui-
exides, though this treatment 414 not reduce the phosphate retantion to the
Wne axtent in diffsrent separstes. The resctivity of the sesguioxides
(mélnzasl a8 meagurcd by the desresas in phesphats retention due %o the
smount of iron and aluminium dissclved by the method of J effries, increased
with the decrasse in particle sise, which seews to bs quite logical. Thus
the auqﬁi&xm&e remaved from the cluy fractions were nearly Sulco am ':Euctiva
a8 those from the silt fractions. The reactivity of sesquioxides present
in 811t and cloy fractions of ths Sodden soils ie also neerly twics, as
ceapared ¢ their cwntezfpérts in the Ulfxfhrae 8oils, as is borne out by %he

meleculer ratios of mﬂ'/ Rp05 in both thess weriss (Tables T sad &),

TAELE 8 |
Shewing average ratioc ef Py Rp03

Molecular Ratie of P%/ Rp0

Seil geries . Gearse sand  Fime Send s: t Clay
Urrbrae 0,018 0101 0s144 0.245
Sedden 0,096 0,123 04268 94517

The lower m“/%g} ratie in the case of Urrbras ssila ns cemparad with the

Sedden soils may be du2 to the differonces in the:
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(e) Beture of sesquiexids minerals {iren and sluminium exides) -

their relative propertien and dsgreo of hydration.

Hesoman ot al. (1950) obssrved that gibbsite has grester phosphate
retention capacity than goethite and far greater than the cley minersls,
Likewise Meblich (1952) roported that snien exchange capacity (PO 4 retention
cepecity) of sluminfum and iren oxide minersls wes, in the decreasing erder,
gibbaite, goethite, deuxite snd hacmatite. As the Sedden soils, 4in
comparisen with the Urrbrae soils, have predemizance of alumine over iren
oxides (Tebles 4 and 7) they ars expected %o retain mere phosphate then
the latter. Horeover, since ths retenticn of phesphete by thase hydreted
oxides invelves an exchange of hydrezyliens, and the extent of this exchange
depends on their degres of hydvation {Ford, 1933; Reiser, 1933; Heck, 1934;
Deen, 1934; Kelly and Midgley, 1943; Perkins sad King, 1944) which mey be
another contributing factor to this difference

(v) smount of iren emd aluminium in cemplex forms with tho erganic
nattor.

The higher nitiegen and orgenic phosphorus content and the Aarker
celoured extracts obtained with sodium versenzte, modium pyrophsaphete and
sodiwm hydroxide, suggest thet the Urrbree soils have much higher amount of
bumified organic matter than the Sedden soile. Since iren and aven
eluminium are known te exist in complex forms with humus (Asrnie, 1913;
Udulf, 1924; Ugksman, 1938; Winters, 1940; Bromer et ale, 1946; 2eb, 1949;
Bloomfield, 1953) it is very iikely that the Urrbrae soils have higher
sacunts of iren and aluminium existing in cemplex forms with the humis than
the Sedden soils. As iren snd aluminium Present in such organic complexes
are net altogether ovailable for reactions with the phosphate {Daushty, 1930,
1935; Tyulin et ele, 1952; Dalton ot sl., 1952} the smount of Fe 0, and 2,0,
d4sselved by the methed of Jeffries dees not necessarily represent tho smount
of reactive 3263, and congequently the mo;/nza, ratieo in theme solls may be
low, _

(¢) Degree of crystellinity

It is alse prodable that im the exides of sluminium end iron present
in these two series ofseils thers is some differonce in their degrec of
cryttailinity which 1s such on impertant s fector in the fixstion and relesse
ef phesphate (Fujiwera, 1950).
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Thera :m ‘anethexr impertsnt aspect which desorves some sonsiderstien.
Fven after trostuent with the method of Jeffries, the soils as well ss the
soil separates still reteined epprecisble emount of pbesphate., i this
method is not designed to remove free alumine (Willisms, 1950) and the smount
of sluminjum dissolved is only incidentsl, and same iron is also left
undisselved (see Table 9).

ToHLE 9
Tetal and free iron ozide iz soils =nd clay fractions

U287 Urrbres V. Sedden V, Geddon V. Sedden
| e d0-4m)  (Owan) {4-8%) (B.3, )
soil clsy wseil clay soil clay wmoil clay seil cley

Total % )
Fﬁea'}'}% 3470 1041 3,68 10470 44,50 7.95 4.88 €,20 5.00 -

rzg:tabl e

(by Jetiries ')
{treatment) 2:38 7.0 2.32 7.0 2,10 5.65 1.94 5,0 1,96 4,50

Bemeining |
F‘g{}}% 1.32 341 1030 37 2440 2630 2.94 1,20 3.08 -

% Potal Fo,0, in the soil = Fo,0; dissolved in boiling HOL after 4 hourst

digestien,

Total raaﬁ in clay repressnts the rezt) determined aftor fusion of
? clay with Ne,00, 3

Moresver in the vetention of phospbate the xols of clay minersls slse cen
net be ignered. All thess factors can account for the residusl retentien of
phosphete. But if wo attribubts the whole of the remsining retentien of
vhesphats to ths residual “263 only, n lower ratio ef ml»/wg3 is ebtained.
It signifies thet sll the iren not dimselved by the method of Jeffries is
less reactive. Likewise 8§ hydroxy-quinoline appears te have complexed only
the mest reective iren end sluminium.

{v) iechenism of retention of phesphete by iren and eluminium in tho
20 0 »

Wild (1950) aiscussing ths mechanism of retention of phesphato By the

iron and aluminium of the solls, concludes thut 1t is aifficuit %o resolve
whether ths retention is dus to precipitetion (Fisher, 1922; Comber, 1925)
oy chemical adsorption (Matesen, 1931: Ford, 1933: BHeck, 1934; Pugh and
duTolis, 1936; Murphy, 1939; Kelly end lildgley, 1943), shich entuils cxchenge
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of bydrexyl ioug fronm ths surfa«aea of the hydrstsd oxides. The distiactien
botwoen precipitatien ana adwrpﬁnn (chm-aarpucn) is rathsr & fm@ one,
baceuze accerding to Baox' (1950) the varicus ferces that held & visiting
melecule for u shorter or longer ting at s surface, g:eg:faetlr the same om
those that ferm molscules tm atomps or crysieis from molecules, Swansen
folo end Sieliug (194%) have adduced sows evidence thet in the presemss

of excess of phosphate, iron and alumintum hydroxides form besic phesphates
af ths type 3(520) 3 (oH),; B, PO,e It is very Likely thet in tho Sedden
and Urrbree soils slse, iron snd eluminium are Torming similar coupounds

and the reaction czn be represontsd by the genersl squetion:-
A -—
[R€323}3‘9K’3] a tEM, — [n{azo) (4:%)3] | .R(Ei,o);~camznam‘+@§

R= A or ¥s
A en aversge ot pHS.0 B = 4 in the case of tley fraction of Zeddon soils and
8 in the oarreapcbding frection of Urrbras soils, as the meleculsyr raties of
POs/R,0; are 112 end 1:4 respectively in beth cuses, The sems mechanisa can
be exiended to axplain the reaction ef 8 Hydroxy-quinoline in rducing
phosyhate reteution, as 8§ Hydrexy-quinoline slse replacea the rasciive
hydroxyl greups.
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III, AVAILABLE PHOSPHATE IN SOILS

i. A Review

The offorts to determine soms fraction of the total phesphate of the
891l which may serve ss sn index of phosphete eveilable to the crops hove
hess made over s contury. Since 1845 when Dsubeny propesed extrsctien of
svailsble phesphate with 60, and Oyex (1894) sugzmstsd the use of citric
gcid, hundreds of sxtructants havs been propesed, but net one of tham is
universaliy applicable.

After Behrons (1937.) . rseviewed thesc ledoratery methods, furtber
roviews have appcersd in Seile and Men (1938), Soils and Pertilisers {1950}
and recently “illiems (1952) has oritically reviesed the whols situstion,

In laberatory mothods of oxtracting the avallable phosphete, an
attempt 1s mede to simulate the sction of plants snd moat of these rasults
are correlated with pet cultures or field triala. In spite of thelr sherie
comings, they still remsin the most popular and convenient tools in the hands
of s30il chemists and sgronemists who are cazlled upon to do sdvisory wori,

The comaen lsboratory methods sre blelogical - liltacherlich,
Neubsuer, and ‘spergilius niger technigues ~ snd chemical extractants - water,
acids, alkalig, saltes end buffer solutions. In recent years consilerable
ettention hus 2iso been focussed 21 the metheds of frsoctienstisn of
phosphstes, eveiustion of anion =nd cetion ssturstien sspacity (Dean end
fubins, 1947; Birch, 1950, 1952) and radic metive isotepe techaique
(¥z408:and Dean, 1552)e A1l of thase chemiczl extractants are empirical amd
suitable only under certain limited conditiona {¥raps end Fudge, 1945; Wesks
and Kapraker, 154%i, Rubins and Dean, 1946). Thare another commen failing is
that the phosphate extracted is not the phosphate sctuslly dissolved by the
axtroctants, but the amount left in ths solution after the adsorptien of the
dissolved phesphate., Thus $he extractable phoaphete depends mot om the nature
of the phosphste minersls but os the phosphete fisdng factors. T evercoms
this defect in most of those matbods a short time of extrsction is
recommended, Boater {1949) in Notsl used 30 seconds! oxtrectien with
¥21 B,50,. Such short time extractions besides being diffiouit to
bsndle give pesuits of lew reproducibility.

The distributien of phosphote in the s0il cen be cohasidered accerding
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%o the achamstic representation of Wiklender {1250)

. L N
Fi s : Fe l Pt
| I I
N |
! | solid |
Pp ! Py ! phass i
| miceliar ' !
intermjcellier or | solution : '.
free soil solution \ - . -
with posaible cley particle

vhosphete praciritates

Ps = phosphate in the fres soil solution

Pe = oxchangeable phesphate adsorbsd om ths particle surfsce
Pt = phosphorus fized in the suxfecs lsyesr of the particles
Py = phosphate proseat as free selt in the micellar sclutien

Pp = phosphets precipitetod ss difficuitly seluble cempounds
of Fo, Al end Cg, ote.

Ps, Pe ond Py are the readlly aveilable forms at any tiue,

Frem this 1% will elisc be apprecisted that as the aystem is in dynasic
equilibrium and &« slight chenge in any portivn willi change the whole
balance, Thus the phosphate from the sell uvailable 4o the plants may be
determined by the thres factors:

{n) The intensity fector - the sum of Ps, Pe snd Py.

{v) The eass of defizstion factor - rets of conversiecn of
P — —Pe and of Pp—— Ps. It depends on soil, plant microe
organisms and slimatic factors.

{c) The capacity factor = ameunt of Ff end Pr. Tho generel
squstien for the avallable phosphate can be uritten us - ap = Kfi £o Cp
(24 = intensity footor; fo = asse of defizction; Cp = capacity fsotor).
The availabiiity of phesphute in ¢ eoil could de determinsd by aaleulaﬁng
all theme factors. 4t the present stete of knowledge, about the intere
action of soil, plent, mioro-orgsnisms sud climxtic facters on this
ecuilibrium, the selution of this oguetiocn iz not pessiblee

Ths best thut can be dsus, 1s t¢ spproximate to the readily soluble
phoaphate by detemmining the amount of Pp + Pe + Py, using suitadle
extractants. Siunce the smount of Ps + Pe + Py clec daepends en Pf and By,
honce it is necessary to get u falr estimate of these slowly soluble forms

of phosphsto ns well. Thie 1s only posaible if sare mothed of

fractionation of phoaphate is usad so as to seporate Ps + Pe + Py frem the
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slowly solubls and extremely slewly soluble forms, Fisher and Thomas
(1935) by extracting separsts samples of soils with scetic scid - modium
asetate solution of pH5.0 for different perieds and alse with sulphuric seid
solution of pH2,0, divided the phoaphetes of the moil intc thrae £roups.
The main defect iz the methed is thet there is no ecfeguard egsinst the
rsadserption of the phosphetes from selution. Secondly certsin arbitrary
factors are used 3)!'91" the calculztion of the sbeve-mentioned three forme of
phospbate. R, #illieme (1937) differentisted between fractioms of
phosphate seluble and inseludle in sodium hydroxide, This mothed besides
other dofects, hzd the disadvantege that the frzction of ;:hasphat@ soluble
in the alkall would depend on calcium content of the seil, becausa of the
vrecipitation of celcium phosphete under alkaline conditiens. Desn (1938)
ovarcame this defect by extracting with sedium scetste solution prior te
sxtraction with the alk,alig Ha also suggentad snother extrectien with
sulphurie acid, oftor the oxtreciien with ths slkell, Ghend (1943e)
modified Deun'’s method by extrscting first with scatic acid, followed by
sedium hydroxide and finally with sulpburic seid. The main disedvsntags
of this medificstion was that it removed imterforsnce due to caleiwm but
introduced error due to adscrption of phosphetes from the solution by the
sesquioxides, us wes origimally ncted by Russell and Prescott (1916},
However, to overcome this shortcaming, Gheni (1943b) propesed the use of
8 .‘hjdre#y-qumum as = chelabiug egent for sesquiexides. C.H. 7illiems
(1908, b, o) in iustralia, simplified Guani'c technique of fructisnsting
phosphate end usod 1t successfully in some ‘ustrelien soils, especielly
red brown earths. He difforentiastes between thres categories of phosphete:
{a) soluble in 2,% aecotic seid + 1% 8 hydroxy quincline

(b} moluble in 01N sodium hydrexide sclution. This fraction s
further subdivided into inorgenic snd emnic phosphorue

(¢c) phosphete net extrsctable by elther of the twe extractants.

Bray (1943) ona Evey and Kurts élﬂs) axtractsd adserbed phosphorus
with 0.033 md F + 0,0258 HCL and acid soluble + adaorbed vhosgthorus with
0,03N M, F + Oo18 K1, 2rmold (1947) incorporated with thess n third test
using 0254 HCL + 0.24N. emmeniunm acotate, for the extractien of “lush"
pheaphorus. Hesides otber considerations, the inserferemce of riuoride with
the melybdiemum blue reaction in the cstimatien of phosphats, limite the use

ef this methed.
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From the foregeing it can bs inferred they oub of the metheds of
fractioneting the phosphates, Ghani's methed as simplified by Willisms
{1950a) soens to be prewising, tut 1% vemires criticsl tests with = variety
of soils beforc its utility for extracting aveilabls phesphote can be
osteblished. It mey =lse be wphasised that 1% is Goudtrfal thsd any
lsboratory method can determine the abgelute smounts of phesphste svailsble
to perticular plsais grown under psrtisulsr conditions. They csn detormine
only the smcunts of compounds of phoapherus resdily ssludlo unier the
conditions of the test.

11,y Laboratory studies of the availa®iiity of phosphsts - Changes in
"~ %he forms of spiiete as affected by tima.

The experiment reported hors is a leborstery sttempt te study the

changes in the forms of phosphots s effected by time, in the sSedden V.
(0<4") and ths Urrbrae V. (0-4") soils, after ths spplicetion of different
phosphatic fertilisors., Williems' methed (1950s) was used to detarains
the different forms in which tho spplied phesphete distributed iteelf in
those soils,

Honvonlcium phesdhate [0&%32?04)2 B,0 ] (4% ) silico phosphase
{Portiliser <Us2mn) end reck phosphate {Fertiliser<0.2mm.) at rates
squivalent to 0, 4, 12 end 30 cwk. super per acre (4" layer), were sdded
%0 300 g, of air @7 soils {<ims ) coutained in smll bottles. Six
sanples were yrepered for sach treciment and for sssh seil., Wetor %0850%
sf the water-holding cepacity of the soil wes addod to 4 samples. Twe of
tha meistensd ssmples were stored for 6 weeks st 200, and snethar two for
13 weeks and the moisturs lost rostored sccasionally. The remsining twe
were not molstened and were analysed just after thorough mixing., 211
ssaples wers sir drisd and orushed to mix thereughly end sieved through
0o 5m. sleve before use.

From Tables 10, 11 end Figs. II, IIX, IV, it will be mseon thot when
the extraction of phosphatc was dome, jJust ufter mixing the soils =nd
Tortilisers, the acotie acid + 8 Hyirexy-quineline selutien remcvei only
about 25-50% of the phosphate that wes upplied o the Sedden soil, while
aver 70% was rocovored from the Urrbres seil. ihen the fractien of
incrgunic phosphate seluble in O.lN NaOHE from both these soils is compared

tho pesition bscomes roverss (Tables 10 and 11; Figs. Vv, Vi, VII)s As these
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fftect of iacubation on the phesphatu ax:plxed to the Seddon ‘*u (0-@") pail

; Control ﬁmsphats appiled 2 4 cwt, Phosphute epplied s 12 owt. Fhosphate appliad g2 56 cwt. Rexarks
Peried of  (n5 phes~ mpar/acml E super/acre _ supar/ecre
iacubation phets 32p.Deme a8 396p.p.m. bt 999 _ggg.m.
" applied) wene- “milice  rook Rono- silico  rock HORO- Siileo  wock
caleius phesphete pheaphste calcium  phesphatoe phaaphs»ta calciun  phesphate phosphate
phosphate phosphate phesphate
First fraction soluble in ecetic scid + 8 hydroxy-quineline (PO, per.ms )© 8  frection soluble in
Inigial ' ‘ acetic acid + 8 hydrexy-
(* weoka) HiL 35 3 30 123 120 126 400 535 505 quinolins is plse the
6 woeks Hi: 5 2 14 33 61 102 161 253 408 fractien of phosphsto
13 wooks Nl 8 é 14 3 3 36 ye 142 207 418 recovered in this cnse
Second gruceion soluble in G.3H, NeOH (26, p.op.s.) (Inorgenis) as the value of eontrol
i(ﬂ;tial ; a & " ' is nil.
0 weaks) 19 2 72 76 97 12 174 344 352 e . ‘
Pl 2 & # a 28 256  zu %8 39 R s i
13 waska 14 82 94 95 . 2*‘? 262 215 807 _593, 304 after subtrecting the
imdtial v‘ value of contrel
{0 weeks} 21 26 i 1 22 23 29 28 28 29 28 $4+ total imorganic
6 weoks 16 25 36 25 27 29 23 26 26 35 phosphate recovared
13 weoks 28 29 30 26 32 21 29 33 30 g 1e the total recovery
Hecovery of inorgenic fracti uble 1u NaDH 1 P04 PsDeiiis ) in the first and
inttial A socond fractions
(C woeka) - 63 &e 57 178 i1 5% 325 333 293
6 weeks - 68 83 Ki 234 242 197 554 528 367
13 woeks - 68 8o 81 233 248 201 593 578 370
8 fetal inovesnic phesphats recoversd {PO4 D.poite) &
initi:
(0 woeks) = 58 91 &7 301 259 i 125 863 798
6 weoks - 13 71 $i 267 303 299 75 718 175
13 weoks - 76 86 $5 264 284 293 135 185 788

€2



Effact of incubstien on ihe phoap iabs appiied to the Urrbras 7, {0=4%) seil

Pericd of Centrol Phos /pheta afplied 4 cwi -supar  Phosphate applied @ i2 cwt.supsr Phosphets eoplisd = 30 cwt,super

incubsticn (2o phes~ 132 pup.m.)} ~ feore (396 p.p.m,) /eere {990 p.p.m.)
pheto - R v an
applied)  Tonocaleinm ciuc@ " yoek monncalcium siiice  POCK meRoGaloium 841100  rock
phoaghste p!wszmwa pheaphoto phesphate phaaphate phosphate phasphat& phogphate phesphate
' ’ﬁ'irai: fraotisn scluble ia scetlc scid + ¢ hyarmf-qptmum Kmﬂ PePeitio}
initial ' ® Recovery
(0 woeks) 15 ‘105 120 100 320 343 312 775 789 m means the
. & woeks 1s 62 7% 92 213 248 283 516 574 737 incraaso
13 weeks A6 72 7 98 : 188 228 27 ‘ 505 51 708 ever ths
scond fracti le_in O,) {inerg phosphate PO4 P.p.si.) centrol
initial _ B
{0 wasoks) &7 95 95 97 132 1 103 183 162 140
§ wocks &6 131 .. 98 213 18y 148 396 268 i8s
13 wecks 69 120 120 98 208 —y 214 146 374 354 206
6 weaks 248 286 253 Bz Z4) 247 255
13 weeks 258 252 264 246 252 242 263 268 254 256
| First fractien solublo in acetic scid + § hydroxy-quinoline (PO, DeDsits ) m@mﬂ
- inftieal i '
{0 woeks) 90 i 85 5035 - 328 297 760 T74 756
6 weoks 47 63 i 136 253 274 501 559 T2
13 weeks 56 81 82 172 212 2517 489 563 - 692
Bocend fraction soluble in Oli, ¥wOR (inergemic phesphste P04 p.p..} aaaowq
inttici chiekl
{0 woeks) 28 28 30 65 44 36 116 95 7
6 weskn 45 4 32 147 123 82 24 302 1ly
17 wesks 51 5 29 139 145 ¥y 305 285 137
Tosel inorgsnic phosphste (eiret + secend i‘:mmti@aa) (P04 Dopeiie} Rae@vmg
initial
{0 weeks) 118 133 15 370 372 333 876 869 829
6 weeks 92 112 109 343 356 356 825 861 821

13 weeks 107 112 1 21 351 334 794 848 82y

Q»? 3
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FIGURE 1I1I.

Illustrating changes in the smounts of phosphates recovered with
acetic acid + 8 hydroxy-guinoline from soils incubated with
different fertilisers equivalent to 4 ewt. super per acre.
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FIGURE III.

Illustrating changes in the amounts of phosphates recovered with
acetic acid + 8 hydroxy-quinoline from soils incubated with
different fertilisers equivalent to 12 cwt. super per acre,
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FIGURE IV,
Illustrating changes in the amounts of phosphates recovered with
acetic acid + 8 hydroxy~quinoline from soils incubated with
different fertilisers equivalent to 30 cwt. super per acre.
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FIGURE V.

A

Illustrating changes in the amounts of inorganiec phosphate
recovered in the second fraction soluble in 0.1N NeOH, from soils
incubated with different fertilisers equivalent to 4 cwt. super
per acre.
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FIGUERE VI.
Illustrating changes in the smounts of inorganic phosphate

A

incubated with different fertilisers equivalent to 12 cwt. super

per acre.
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FIGURE VII.

Illustrating changes in the amounts of inorganic phosphate
recovered in the second fraction soluble in 0.1N NeOCH, from soils

incubated with different fertilisers equivalent to 30 cwt. super
per acre.
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fartilisers ave resdily solubls in scetie acid + 8§ hydroxy-quincline
[Wei1iems, (1950a) and Table 12| tho whole of the applied phosphate should
hevs been removed in the firat fraction and none in the second.

TASE 12

Solubility of different phosphetic fertilisers in asetic acid + 8 nydroxy-
quinoline end 0.1N NeOH.

Form of Weight Total Prosphate solu- Phosphate sol- Total phosphse
phesphete $aken phosphatz ble in acetic wuble in C.1N, dizsolved by
acid + 8 HaoH in 17 voth the

hydroxy quino- hours sheking extractents
lins during 17 end after the
hours shaking extraction

with acetic
’ , seid + oxine |
g, Bg. {7 dimsolved) (% diasolved) (% dissolved)

Honocalcium

phosphato 13.2  %.90 9Le9 0.2 92,1
CalHP0,) H.0 26,3 19.80 3640 0.2 $5.2
(Q » R) 46.0 34- 65 ,301 001 ) ?302
8ilico .

phogphete Z2.4 9.90 95.5 Ve 5 98.0
fortiliner 44,9 19 .80 95.0 U 95'6
{ <002m-’ 78.5 }"065 92.9 gu3 9302
Rock .
W.Phﬁte 18.4 9490 82-5 Qel 82.6
fartiliser 36.9 19060 6302 (o9 69.1
{< 0,20m, ) 64.4 34,65 53.4 0.8 54,2

It soems that the added phosphote was mostly dissolved by the acetic acid +
8 hydroxy-quinoiine, but &uriné prolonged shaking soms of it has boen ad-
aorbed by the soil, : The sdsoyption wes much mors in the Seddon V. soil than
in the Urrbras V. soil. It may be dus %o incemplets chalation of zluminium
end iron of ths soil by 8 hydroxy-guinoline, as it 1s not em ideal blocking
egent pertioularly for aluminiws, at pE}.9 (Mellan, 1941)., Welchex, (1947)
has given the limit of precipitstion of AL with 8 bydroxy-quinﬁliu within
the pH rengs of 4.2 to 3.8, Cooke (1951) obseorvsd thet even in the
presence of one gram of oxine in O.5N. ecetic acid Fe,03, TH0, and 20
retained from 47 to 74% of the zdded phosphste.  Ghani (1943b) slso
reported thet oxine did not prevent adsorption of phosphate completely,
though the efficiency was highexr st pHS.0 than below it. §illisms (1950a)
noted thet cupferrom [ csasntm)o N, | was mich better in preventing
sdsorption of phosphate, by minersls ss well as by soils than oxine. In

view of the above evidenco it seems reasonadle to suppose that ia the case

of Seddon V. soil, because of the predominamce of gibbsite among the
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sesquioxides (Tebles 1, 4 and 7) 8 hydroxy-quinolins, feiled to prevemt
ths ad_'surption of phosphste dissolved by the scetic acid. Comsequantly
tho amount of phosphste ia the first frection iz lower and in the sccond
higher then it should have been.

During 6 weeks incubetion there eppeered e sharp decresse in the
fraction of phosphate soluble in asetic acid + B hydroxy-guinoline
(Figs.II « I¥) and a corresponding incresse in the amount of inorganie
phosphete extractable with 0,1N BaOH (Fige.V-VII). After 6 woeks?
incubetion equilibrium seems to have been roached and except far slight
redistritution during the interval from & to 13 weeks, there is no major
chango in the tws inorgenic fractions of phosphete. If soms suitebls msthod
of extracting availeble phoaphate were employed, this equilibrium value will
be a bettar index of tllle usefulnoss of o glven fertiliser then the inttisl
value,

From theee date, it oon also be inferred that during thie incubation
the organic phosphorus extractedls with NeOH (Totsl phosphate seluble in
Na0E - Inorgenic phosphate soluble in NeOH) remained practically unchanged
snd it was also little affecied with the netuve of fertilisers or their
amounts, The slight differences however axc conceivable becauss of this
fraction bdeing an indirect estimetion thus reflecting the experimentsl error
of two independent determinations. It is slso worth mentioning thet the
total recovery of the applied inorgani.c Phosphsts from the Seddon V. zoil is
less than from the Urrbrae V. soil, It mey possibly be dus to the grester
phosphete retzining power of the former than thet of the lattar soil.

Ths change over of phoaphate from tho fraction soluble in scetic neid
+ 8 hydroxy-quinoiine to the inurganic fraction soludble in NeOH was mosi
markesd im the treatments wiith monocelcium phosphats, followed by silico
phosphats and least in rock phosphate, irrespective of the soil {Figs.II -
VII)., It seems that the rock phosphate being lesst soluble of the three
fexrtilisers did not chenge from the apatite form and thua raieasod vory
1ittle phosphste for adsorption. On the other hend, monocalcium phosphate
end silico phosphate being mors acluble repidly pessed into the forms
soluble in the slkali,

It may however be mentioned in $he case of Seddon V. soil thaet nons
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of these fractions of phosphats, aus they stand (Tebls 10) represent trus
values beceuse of the adsorption during extraction. Some recaloulstio: s
necessary to get a fair estimate of thelr resl walus. Assuming that while
extracting with HgOH alone thers is not mioh interfeorencs dus %o ssledum,
then at least from the trestment wnh reck 'yhcsphats the same amount of
phosphats should be extractable as after pre-treatment with acetlc acid +
8 bydroxy-quinsline, But, es wili N evident from Tabls 13, this is not
the case, for on on average thsre is an sdsorption of 312 Pedemms, of PO 4
from 30 cwte tyeatment series in the Seddon Vv, (0-4%) soil snd enly

3845 DeDems in tho Urrbrae V. {0-4") soil,

TAHLE 13,
Recovery of inorgenic phosphate with 0,1H NeOE from soils trestsd with rock
prhosphato equivelent to 30 owt. super/more.

Mmount of phosphete dissolved by
. C.1i HaCH in 17 hours
Description of aemples , Diffarence
A B. {4~B)
After 17 hours No pre-treatment
sxtraction with with acetic scid
asetic ascid + + § hydroxy-

8 hydroxy~ guinoline
quinolins - »
. P04(p.p.m.) P04 (p.p.m.) m‘ (p,P.m,)
Seddon V, (0=4"} gofl
treated with rock phos-
phate = 30 cwd, supor/scre
' aftor 6 woeks 381 62 + 39| mean
after 13 weeks 334 19 + 305 | 312
Vrrirae Ve (0-4") goll
troeted with rock phos-
phate = 30 cwt. super/acre
efter 6 weoeks i85 156 + 35“ mean

afterl3 wecks 206 164 + 42 _i\ 38.5

#¥hen the phospbate was fructionated Just after applying rock
phosphate equivalent to 30 cwt. super per sere, 312 p.pels of I 4 appeared
in the second frmction scluble in NeOE (aee Tsble 10), which closely sgrees
@#ith the sbove calculated difference. Thus it sesuws that in 30 ows,
trectments from the Seddon soil, the smount of phosphete soluble in
ssetic acid + 8 hydroxy-quinoline is lower by 312 p.p.m. and the frection
soluble in the elkali is higher by the seme smount. If the smounts

dissolved by these extractants from the Seddon V. (D-4%) sofl treated with



different fertilisers equivslent to 30 cwi. super per mere eve rocalculated

by adding this constent factor (312 p.p.m.), the new recslculatad values

snppeey es uader:

TARLE 34

Showing recaiculated velues of different fracticus of phosphate ia the
Seddon V. (0.*‘") soil.

Fhosphato seluble  Fhosphate seluble
in acatic scld +  in O ), HeOH ine-

Soil Tresatment 8 hydroxy- .  orgenic frectioen
inoline {Recaloulated
Recalmlatad velue)
© value)
B0, (pepee] PO, (Devolia)

Saddeon ¥, MHenscalcium phosphotc
{O=4¥) = 30 owt. super facre

Initially na 32
~after 6 weeks incubstion 4T3 256
after .s.ﬁ woeks 1m&hat£en 454 295
Silico phesphate = 30 ok,
supsy fucre
Initislly 841 40
eftor 6 weeks imcubatiom 565 221
after 13 nocks incubatiom 519 280
‘Reck phosphate = 30 cut,
‘super fsore
Initinlly 817 nil
after 6 wosks incubation 720 69
after 13 weeks incnbatien 730 72

It may howaver bo mentioned thet this correction factoer may net be exactly
spplicable to monocaleium phosx?h&te and silico phosphate, especially in

6 and 13 wesko! incubstien seriss, becsuse during this imterval thess
comparatively more scluble phosphstes may even huve changed over te the
fractions aoiublie in the alkaii. However, thers is no escaping the facs
that these vaiues in the caso of Sedden V. (0=4") soil without some
recaleulation are not satisfactory.

It mey sleo be peintad out that whether we asccept the recalculated
velues or the originel velues the fraction of phosphate soluble in ecetic
acid + Sh‘wmgy‘ié\lﬁéix@ (ﬁgﬁ.II - 1V; Pabies 10, 11} indicotes higher
eveilability of phosphate from the irestments with rock phosphats, which
pecns to be quite imprebable. Even in the case of Urrbrae V, (0-4") soil,

ths situation is aimiler. It shows that the use of acetic acid + 8 hydrexye
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quinoline &8 o solvent for the so-called availabls vhosphate recuirss

reconslderntion.

1ii,  fvailability of ;wh&ta as_indicated by the crop
{Subterranesh ;c«lwea‘r_)

Baving studied the changes in the ferws of phosphate eftor the
applicstion of different fertilisors to the Seddon V. soil the next peint %o
varify wes the usefulness of such traetimjmue;; B8 & means e: pradicting
uvailable phesphate in the soil.  In 1951 £ Tyson of this lakoretery
cenducted some pot expsriments on a sample of the Bedden V. (0=4%) seil, He
ussd subterranesn clever as the indicetor plent and tried sixz fertilisers,
threo rates of spplicatien equivalent to 2, 4 and 6 cwt. super par acre snd
three replicates of esch. The fertilisers tried wexe Monocslciue
phesphate | Ce(H,50,), age] , Basic slag, Celcium metaphosphsts, Silice
phosphate, Fused Tricelcium phasphete and Defluorimsted phosphats. After
tho crop had been harvested the top 4" leyer of soil from all tho pots was
yamoved. The soil was air dried ond sieved and the fine eerth { < 2mm,)
wss :‘urthe? subgampled end suitable aliguots wers ground tiﬁer thea
O¢5om,, and used for anelysis raported hers,

A reforence to table 15 shows thet the hignest phosphete uptaeke wes
from silico phosphate, closely followed by monocalcium phosphate zud basie
gleg snd leecst from fused tricaleium phoephate. Statisticsl anulysis
(Teble 16) roveals that the silice phosphate is significently mors aveilable
end the fused tricalcium phosphate less eveilabls than the memecalcium
phosphate and the other phosphatic fartilisers. Meresver, there is ne
significant difference betwsen the rest of the trostments. The frectien
of phﬁphét’a soluble in ecetic scid + 8 hydroxysguinoline (Tatle 17) shews
that fused tricaleiun phosphete, basic slag end defluerinsted phosphate
trostments havs significantly more phesphate in this fractien than mone-
calofum phosphate. If 1t is assumod thet the phesphate extrected by
acetic acid + 8 hydrexy-quinelins is the most svailable fractien this would
Resn that thess three fertilisers wers mors availsble than menccelcium
phesphete, silico phosphate and metaphosphats, which is quite centrary to the
actusl sveilebility es revesled by the crop (Tebles 15, 16} This suggests
that the phosphate soluble in sootic acid ¢ 8 hydroxy-quinslins does act
represont the availeble pkesphate.
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-TARLE 185
@mtiag pmentaga ‘of epplied p osphate taken uy Wy the ocrep *
{Subterrensan clover)

&t@ of  HMowo= = basic sleg calcium _Silic_e Fused tri- Defluerin-

application enleiun ' meta« phesphate caleium atod
aquivalent phoaphuts ... . _phosphate . phesphass phosphate
1]
Percentoge of the spplied phosphorus baken up by the crop
2 owt, ‘
super/ncre 1l.3 12.2 10:9 1a.5% - 68 - 1049
4 gug,
super/acre 12,2 120 10.6 14,5 T2 10.6
ﬁ G‘m; . ;
super/acre 1%.4 12,8 13.4 T 154 T 1.5 12,7
TAHLE 16 . %
_ Phosphete uptake by subterranean clovas
(ﬁmigram phesphate baken up per pot.)
' "Rete of phosphute squivalent $o T
i‘i’ypu of phnphate 2 owte 4 owt, 6 ewt.  Hean
vnpor/acm super/scre ' super/mere
Hesn of threo pots | =
1, onecalciua
phosphate 3340 72,7 110.2 T2
2. Essic slog 35.7 70.% 14,2 73.6
3¢ GCaleium meta~ _
4. Silice : ;
phosphate 2.8 © 8546 136,5 ¥ 88,37
50 m.ﬁ tri-
celcium = - BT s
phosphate 20.5 44.2 66.5 43,5
é, Daflverinsted
phosphate 31,7 62.4 113.? 68.7
RN |
Mean 32.7 86,5 lm.&
k Losat signiﬁean’c aitfammea
5% 1% D415
1. Body of ths tadle 13.5 18.1 24,0
2. Vertical margins 1T 10.4 1307
3« Borigontal msrging 5e5 Te3 3.6

5 Sigaificant at 5k
% Significent ot 1%
= Significant at Q.15

& Date cellacted by A.G. Tysen
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Pnosphete soluble in acetic acid + 1% 8 hydrexy-guinoline (rzm frastien)

Torm of phosphete Rates ol PhospRate equivaliont to
or fartiliser 2 ewh. 4 out. 6 cus,
spplied super/acrs super/eacrs super/ecre Hean
md, p”.no ‘
| § % 0.83
i. Honsceloium
Dh@lphﬂt' 1.3 9.1 905 6.0
2. Basic sleg 4.2 9.2 21,8 13,65
3+ Caleiun netz~ )
phospheta 3.4 8.6 8.5 ' £42
4, Silfee
phosphats 0.9 £43 Be9 4,7
% Faped trls
celeium
phesphate 5.0 643 21,7 11,055
$o Defluerinated _
phosphate 4.0 1.0 15.8% 10,37
2 6059
Hean ) Sel 7.3. 14.4
‘Losst Siguificant Differonces ’ '
» ﬁ p [/ 7% |1
Body of the Teble 4,2 4,6 o Telk
Verticel margin 2.4 3.2 4.3
x Horizental margin 1.7 23 2.0

Deka by the suthor,

. TAHLE 18
Fraction of inorgsnic pheosphate soluble in O.1N HeOH (second fraction)
. m‘ Pv?allo’
¥orm of phosphate Hates of phoaphste 6quiveleht €0
or fertiliser 2 ewbs 4 cwt, - 6 owt,
applied - super/scre super/scra | super/mcre !ﬁasn
' % 3.85% e 2.2
1., idonocsleium v
phosphate 5049 94.4 135.3 23.6
2, Bagie slsz 52.4 96.3 140.3 %643
3¢ Calcium mets~ == ) o
§hclpha'ke 5243 85.3 117.5 88,08
e wiliﬂ@ [ )
phesphate 46.4 9543 127.2 8§96
Se Fused ¢ri-
calecium , o
phosphate 45.3 18,5 127.1 8346
be Defluerinatsd p. -
phosphsts 55.5 98.9 124.8 93.0
| | T3 - |
dean 5045 91,5 g™
Least _Significant Differonces
v 1% 0l
Body of the Tebls 13,0 14,8 - 19.5
Jertical margins 6e3 8.5 1.2

linpizontal wergine ik 6.2 8.1
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A comperison of the inorgsnis phosphate axtracted by W10 neom
{Fable 18) shows that tricelcium phosphste and ¢alcium metaphosphuts
tractmonts give significantly lower results than the monscaleiuz phasphate
and the rest. it first sight this cppears to corrciate with the uptsks by
the plent, but es has been shoun previously this frectien is virtuaily high
dus to fsilure of & hydrexy-quinolins to prevent adsorption of phosphste
during the first actraction.

The tetal inerganic phosphate axtractabls by thess tws extractants
suows  (Teble 19) that in these fertilisers thers does not oxist any
significant difforonce. EHvon busic slag, which sliovs a higher nnd just
slgnificant wvalue is slso & borderline cesz. Thus the total incrgenie
phosphate {frection soluble in scstic moid - oxize + the freoticn solubdls
in 0.1N, HeOH) slso frils to show the differsmces in the aveilsdility of
thess fertilisers. Likewise, the organic phosphorus figures (Table 20)
tafs.i to differentizte betwoen thase {rsatmonts,.

g‘ AHLE 19
anie phospaste extractebls by Yililouws? wathed
\Tirst fractien + aecond frection)

Total ino

'i‘ypo of phosphste | Rate of "appiicatian ot" maiphme ﬁa:m J
gauivalent o )
2 owt. super 4 cwt. super & cwk. super
/acre Jacrs - [ecre
ﬁ“ ppeme) 4 4.2 | & 2.4
l. Henecalcium
phosphste 5243 101.5 144.8 995
2, Baste slag 56.6 103. 5 162.1 = 1074 ¥
%e Oeleiusm - 4
metapkﬂaphata 55, 6 21.% 3,25. 2 ?1:3
& ﬁuiﬂ‘ )
ph“pkaf@ 4703 93%.6 13501 383
"~ 5« Fused tricalolum _—
m'phﬁ‘@ w-; 34. 8 2\-‘“8 '7 9‘-; 6
s DBefluorinuted
ph‘ﬂphﬁ‘ﬁ 5905 4 1(39.9 140'6 m;;}
| t 1.7
Hesn 53.6 98,5 ==& 143,1 ==
Lenst significent differences
% i%b Delgh
1. Body of tho Teble 12.0 l&aﬁ: 21035
2s Verticel naurgins 6.9 2 12,2
3. Borisontal msrgins 4.9 5.5 848
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Orgenic phesphorus extrectable with 0.1N, NedH
Type of phosphste " Retes of phosphate equivalent e
applied 2 owt, 4 cut, 6 owt.
super/scre super/acre  super/scrs lNsen
PO‘ {pepems}] % 2.7 3 2.1
i, Henecalcium
phosphats 27.4 22.9 233 2448
24 Bﬁa@@ Bleg 22.4 25.1 29.% £5.7
3. Calcium meta- , .
yhosphete 34,1 38,0 5.9 39,37
4e Silico
vhosphate 27.6 29.2 27.2 28,0
%, Fused tri-
calciun .
phosphate . 33.5 41,1 27.9 34,27
6. Defluorinated
thoephate 21,1 2‘;7 24, 5 25.4
T, | |
Meen 28,7 20,2 N8 29,7530
‘ o ~ Lenst Significent Differences
| 5 1% 0e3%
Body of %he Tzhle 10.6 14.2 18.7
Vertical margins 6.1 8,2 10,8
Borizgontal mzrgine 443 5.8 7.7

These results illusirated thet is tho Sedden ¥, {0-47) soil
the utility of thie method both as a fractionsting methed for phesyhete as
wold as 8 fortility index is eomevhzt questisnadble,

ive A eriticsl examiuntion of the method of O.H. Tillisma 514}5{3!, e
for frectionation of phosphates =8 sn index of syuilsble

phesphete in the soil.

From the results discussed abeve and ia the previous scchion it

becomes evident that there ars some serious drswbacke in the method of
fractionation of phosphate propesed by C.H. Wilidems (1950e).

1. Ia the first instanse, the scetie scid + B hydresyecuineiine
extyactent is unsuiteble becauss at pHZ.9 (pH of the extractant) im 17 hours?
ghaking 1% disselves mest of the tricalcium phospbsies and other epatites
woich gre of rocognised low wuiue to plants except under certein zoid
conditions, A parussl of the woludility dste (Tauble 12) shows sz the
amount of resk phesphote 1n ths extractent decresses the percentags
selubllity increases. Willisue {ibid) ebserved aimiler increass in
solubility of spatites with the incroase in ths degree of finoness of the

perticlesa. Thus frem solls, tho extractant discolves mest of she apatites
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dspending upon thoir degree of fineuees, degres of crystallinity, chemical
ngture and emount in the seil. Conssquently i}ha gxtractant assigns as
bigh & velus %o rook phesphate sz s monoceloium phosphate or other moTe
soluble phoaphétes. Tyson (1953) in o cemperissn of various forms of
phesphete, a8 a sourcs of pheaphorus to Subterranssn Clever, in the
Seddon V. {(0~4") scil sbsexved that the oxep did mot remove mere than 0, %%
af the phosphste from the applicsiions of rock phosphete equivalsnt to

2 %o 20 cwt. ‘supes/acro. Similar cenclusions heve been resched by
efficers of the Depurtment of igriculturs in South fustralia end Tesmenis,
Jome of these results will be discussed later.  Ths date prosented in
Pables {15 to 17) slso confims thut fused tricslclum phosphete which wes
half ss evailable to subterrenscn clisver es monecalcium phosphete shows an
eoven higher amapund at_"phac;phat@ in tho fraczion ssluble in scetic scid +

8 hyﬂrmm»mum‘ than the iatboer,

24 § hydrexy-quineiins iz cvidentdly not e suitable complexing
agent, espscially in seoils having ¢ messure of fres alumina. Tha feilure
of the reagent o prevent edsorptlion of the phowphete dissolved by acetie
acid frem the Sedden V. (O«#) soil has alresdy been discussed in the
previous mection, end recently Skene {1953) expressed doubt sbout the
suitability of the scetic acid + § hydroxyequincline soluble phosphiorus es
Lartility index in red loams,

3,  #illisma {1950c) werking with Urrbwrse soils noted thet
phesphorus in the plsuts was dettaer covrrelsted with the fraction of the
seil pbosphate ascluble iu U.1N. NaOH than with the ans soluble im aveiis
acid + 8 hydroxyequineline. Ths seme suther conciuded that for neutral
%o allightly acid red drown serth goils either the amount extructod by scetic
acid + 8 hydroxy-quineline or inergenic fractien soluble in NeOH or their
sum, way be usad se an index of availeble phoaphate, but for alksline soils
the inorganic Iraction soludbls ia HalH seema te Le preferable., Skens in his
eriticel examination of tha method hes remarked thet inorganic phospherus
soluble in the alkeli sppears to give = better correlation with the yield
of wheat grown on alkaline soils thun the fractiosn soluble in scetic acid +
8 hydrexy-quinoline. Hecently Weedreffs and Willisme (1953), im working
cut the associstien of the whest yields with sveilebls phesphats in the soil,

heve used the tetal inorganic phesphate (sum of ths phesphate soluble in
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acetic acid + § hydroxy-quinoline zud the imorgsnic phosphats soluble
in the slkall), znd not the fraction extractsble with eestic scid +
8 hyaroxy-quinoline,

A1l this evidence confirms that the scetic meid + 8 hydroxy~
suinoline method of fractionation of phoaphate, 28 a guide to available
phosphete status of the soil, is not altogether suitable especially
for

(1) Soils having fairly high apatite end tricslciws phosphatas

(2} For eikeline moils

(3) Por esid soils with high free sesquioxide contont such as

rod loams or kramnozems.
Byen for letarites s;nd podsolic aoils derived from lateritic matewrisl
such as the Seddon Soils, the applicability of the msthod 1is

questionsble,

ment of an alternative mnthoﬁ Tor extracti
rallable phosphste,

(a) "Eh; use n:rt:to:ﬁ:e ::::a:zte {disodium salt of ethylenms

The mein defects in Williams' method (1950s) are the high
ettock on spetites due to high buffer acidity (pH3.9) and the
unsuitability of 8 hydroxy-quinoline as s chelating agemt. On the
other hand, en extractant of pHS-6 will dissolve least emounts of
leas availeble sources of phosphate such es epstite, variscite,

wevellite, dufrenite and vivianite (Stelly and Plorre, 1942).
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soraover, in critical comparison of methode, Fraps and Pudge (1943},
docke end Karrekar (1941), Rubins and Desn (1946), Iwwa Statien
{1946), end Brown (1340) have conciuded that Morgouts acetate
buffer pH5.0 1s not so drastic z sclvent ae most of tho seid
extractants are. If the festurss of ilorgants wethod, i.e. a
butfer of pHS5 0 =nd short time of extrsction, =nd these of Williams?
wathod, i.e, pressnce of a suitable complexing sgeni, to prevent
readsorption of shosphete are coabined in one method, s better
gepsretion of essily soluble phosphates can be atfactad. Williamg
(1950a) observed that cupforrom is = bstter cheluting sgent them
oxine, snd recantly for complozing divalent and trivaleat metals
Schwargenbach ot =l. (1948) have suggested the use of ethylens
diemine tetrz-acetic acid disodiun selt (sodium versenate),
The data reported in Table 21 illustratoes ths effect of

such combinations in extracting emsily soluble phosphetes. Though
a combination of ecetate buffer plS5.0 and cupforros, is better thun
sy other combination, but ia 30 Mtss' sxtraction all the wateyr
soluble phosphate (396 D.p.m.) wes not axtractadle. It wowld
have required longer time of oxtraction, which has two defacts:

(1) kuch higher amount of yock phosphats i dissolved then

its ovallsbility justifies.
(41) Cupferron decomposes cad thus ite effsctivencss as
a choleting sgent is affected.

On the other hend, sodium verssnats at plb5.0 did not prevent the
readsorption of phosphete, bocwmuss it complexes with Fe successiully
cnly below pH3.0 (Cheng, Hrsy and Xruts, 1953). Thus for the extrsetion of

reaéily soluble forms of phesphete, none of these slterations sppeered to be
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IAHLE 21,

Comparison of some methodes of sxtrscting phoaphutes fyom the Sedden V, (0~4")
Seil incubated with &ifferent phoaphatic fertilisers oquivaleont to 12 owt.
Super/sore. T

.. Phosphets extracted POy {Depome)

H¥athed of ¥oneCa.Fhos, Rock Phes,  Hock Fhos. Remorks.

Ixtraction - after O wka. eftor O wka. aftor & wks.

1, Water alene, {extract filtered
30 minutes {(through 0,44 £1l-
sheking. 149 21 15 (sox papor and

. {phesphate detor~

2. Water + leig {mined directly.
sodiun ver- . {
senste (30 {
mimutes shak- {
ing). 26 16 5 {

3, Water + lofg (extract contri~
sodium vere (fuged filtered &
ssnate (17 {phosphate deter-
hours). 26 36 - {mined directly.

4 Water + Oulg
sedium verw

senete + l.0g

csupferron (30

minutes ex~-

trection). 26 52 16 (extrast Pilterod
{ignitsd & phos-
{phate determined
{er usael.

5¢ Watsr + le0g
cupferron (30
minutes oxe
trection). 221 14 b § 6

6o Ammonium Jce-
tate bufler
P 5.0 + 0e2g
sodium verson~
ate + 1.0z oup=-
faxrren (30 mine
utes extraction) 228 51 22 “

To Ammonium acetgbe
ety FH 500
+ 1.0g cupfor-
ron (30 minutes
extraction). 240 317 11 "

8, Zvnenium acetate
btuffer pH 3,0
+ Cu2g nodiun
versenate {30
wmimtos extrac-
tion), 148 45 49 #

Note: Soil to extractent retio was 2.5: 100 ia sll casoa.
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promising.
(b) Use of sodium versenate in alkaline solutions:~ Aas mentioned earlier,

that from the point of view of availability of phosphates to plants, an alkaline
extractant would be more suitable than an acid onee Recently Rubins (1953) usi ng
radio active isotope techhique, observed that Crops utilise more phosphorus from
the fraction soluble in O¢lN NaOH, than from the fraction soluble in 0,002

N H,504.

Secondly if the contention of Overstreet and Dean (1951) Burstrom (1951)

Overstreet and Jacobson (1952), that plants absorb anions by exchanging OB and
ﬁEbZ ions from the roots, be accepted, it would mean that the extraction of soil
phosphate with alkaline solutions is more skin to plant rootst action, than the
extraction'wtth acids. Moreover, hydroxyl ions exchange phosphate ions better
than'E ionse 411 these conmiderations show that for extracting available phose
phate an alkaline extractant is preferable. But in alkaline solutions calcium
interferes, because of the formstion of insoluble calcium phosphates, as was
observed by Teakle (1928) and Dean (1938). The former investisator used ammonium
oxalate to prevent precipitation of the extracted phosphates as Ca;(P04)2 and the
latter resorted to pretreatment with sodium acetate, to remove the exchangeable
and water soluble calciume Sodium versenate is reported to be very effective in
complexing with Ca and Mg in alkaline medium (Schwarszenbach et al. 1946, Diehl 1950)
It should be preferadle to oxalate, because of the higher stability of its complex
with Ca, than that of the calcium oxalates, Secondly the complex is water soluble, .
but does not ionise to liberate E: ions, and thus it is less likely to adsorbd any

phosphate from solutions as the precipitates of oxalates will do.

TABLE 224
Solubility of Minerals in O.1N NaOH with and without sodium versenate.
Minersal Weight PO4 equiv~ Percentage Phosvhate extractable in
Mgs T Mga _ :
+ versenate =~ versenate

Monocalcivm Phoas
phate (Reagent A.R,) 46400 34465 9340 59.0
Tricalcium Phosw~ 5646 do. 85.7 20.5
phate (Reagent AsR.)
Silico Phosphate 7845 do. 7245 0.7
(Pertiliser { 0.2mm) v
Rock Phosphate (A) 64.4 do. 1943 0.4
(Pertiliser{ Oe2mm)
Rock Phosphate (B) 64.4 do.
(Fertiliser ( Oe2mm)

lst extraction 2005 Oe4

2nd extraction 27.4 0.4
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Effect of Sodium Versenste on the recovery of phosphate
with Co1N NaOH

- " (Wethod A.) “(Bethod_B.)
Phoaphate extracted with Phoaphste extracted with
Soils Treatment 100 ml 04,1F KaOH contain— 100 ml 0.1N ¥aOH slone
ing O¢2g sodium versenste
(+ versenste) (= versenste )
(Poﬂ p.pom,) (?04 Popohh)
Seddon Ve(0-4") Soil slone no trestment 16 16
Soil treated with ¥onoeslclimm Phosphate i
s 30 ewto Super/acre Bmwmery of Tesults.
after 6 weeks incubation 728 128 et hod Yean
after 13 * - 768 704 % 950 p.peme PO,
Soll trested with Silico Phosphate
e 30 cwt. Super/acre a 51648
fter & weeks incubati ‘ 2 448.7
:ﬂ:: 13 "5 s f on g;g ﬁg Mfference 68.1 Significant st 0.1% :15'
So01l trested with Rock A Phosphnte level.
= 30 owt, Super/scre LoS.D
[ 2.
after & weeks incubation 156 62 N
after 13 “ n 163 19 5% 29.6
Urrbree V,(0-4") Soil alone (no treatment) 76 55 1%**4 41.7
Boil trested with Monolal.Phos.z 30 owt, Super/acre 0o 596
efter 6 weeks ineubstion 876 836
after 13  * “ 872, 800

Soil trested with S 1lico PhoseZ 30 owi.Super/rcre
after 13 weeks incubation 868 788

Soil treated with Rock Phoss = 30 cwt.Super/scre 268 164
after 13 weeks
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The dets given iu Tebles 22, 23. show thet i preventing tus precipie
$atieon of ca3{m—,¢},2 from soils g8 well as frow minerals, .28 sclutien of
sodium verssnate in Q1N Na(H. proved jguite effaciivs. Secondly from the
soils treatsd with wmoenecalcium phosphste 1t rasovered nsarly ss muok inorgan~
is phesphorus == the two extractions of Willieme? method (compars with Table
10), but rock phosphate was not zpprecisbly dissolved,  In saso proliminsry
experiments it was elso soen, thet in the prossnse of over G.fi scdium
varsenste in 0u1N NaOH, an addition of csloium as selcium acetate upto 4%, had
ns adverse effaaf on the recovsry of phosphete from $he soil.

Thess experiments illustratc the offectivonsas of sodiuz veraenste
in.removing intorfsronce due to caloium, but the phospbate soluble in
Os1N NeOH, is not necesssrily saveilsble, becauss comperstively Xeas eveilable
ahwsinium and iyen phesphete minersis and other sdsorbed phosphstes sre alse
hydrclysed. On thesw considereticas and cize kooping in view thet sluminium
phesphate begins %o hydrolyse efter pH 2.0 (Britton 1932) borats huffer pH
7+0, in conjunction with sodium versenets was trisd. The sxtrectant is aimed
to disasoclvele

i, watsr soludle phoaphates.

ii. mone, di and %ri csleium phosphates but very little apetitas.
iit. megnesium and manganses phesphatoes.
v, exchengesblz phoschorus.

v. limited amounts of alumintum end iron phosphetos, as will bo extract-
able under the same conditions, in which almest whols of the mers
goluble forms are dissolved.

7 Sediun worssnste prevents the precipitetion of these ssludblo phosphates

with celcium, The solubility of asome of these compounds in the extrachiant is
given in Taeble 24,
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TABLE 24.

Solubility of Phosphate Linerals in 100 ml borate buffer + O« 5g
sodium versenate.

Compound , Weight taken PO, equivaelent % POjextracted
1. Monocalcium Phosphate 100 mg T« 5% mg 99,0
Ca(H, PO,), Hp0 (A.R.)
2. Dicalcium Phosphsate 10.0 mg 5510 mg 9745
3s Tricalcium Phosphate 10.0 mg 64120 mg 94,0
4, Ferric Phosphat= (L.R.) 100 mg 4,675 ng 21le4
5. Aluminium Phosphate (L.R.) 10,0 mg 4,30 mg 62.8

(¢c) Comparison of 2 hours! extractions, with acetate buffer pH 5.0

and with borate buffer pH 9.0.

Duplicete samples of 2.5z Urrbrae V. Soil which had been previously
trested with monocalcium phosphate snd rock phosphate equivalent to 12 cwi
Super/acre (396 D.pale P04), were extracted sepsrately for 2 hours with

() 100 ml of acetate buffer -1 5.0 + Oe2g sodium versenate + l.0g cupfere
I'ONa

(B) 100 ml of borate buffer pH 9.0 + 0.2g sodium versenate.
(C) 100 ml of borate buffer pH 9.0 + 0.5g sodium versenate.

The results (Table 25) show, that there is no gigﬂricant difference in
the methods B and C, but extractant A, dissolved significantly higher amounts
of phosphates particularly from soils treated with rock phosphate, than the
B and C extractants. When just after the epplication of monocalcium phosphat%
the extraction was done, ali the three extractants removed almost whole-of the
phesphate that was added. But after 6 and 13 weeks! moist incubatien of the
same treatment, the amounts extractable with the acetate buffer wers higher
than with the berate buffer. In 2 hours! extraction from treastments with
rock phosphate, the high solubility of phosphate with acetate buffer, shows
the unsuitability of this extractant, for readlly available phosphates, be=
cause rock phesphate ié not so availablé, as its solubility indicates.

(d) Effect of time of extraction on the recovery of phosphate with

borate buffer and versenate.

The smounts of phosphate extractablzs with 100 ml of borate buffer

+ 042g or Oe5g sodium versenate, in 2 and 16 hours from the Seddon V. (0=4")

_and Urrbrae V. (0-4") soils, treated with phosphates, show (Tgble 26) that
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TAHLE 25.

Comparison of 2 hours! extractions of phosphate with borgte buffer
versenate, and acetate buffer versenate - cupferron methods.

A. B. c.
Scil Treatment Phosphate Sol- Phosphate Sol~ Phosphsate Sol-
in acetate uble in borate uble in borate

buffer pH 5.0 buffer pH 9.0 buffer pH 9.0 +
+ 0s2% sodium + 0.2% sodium 0.5% versenate
versenate + versenate solutiocn

1.,0% cupfer- solution

ron solution

PO, (pepeme) PO, (Dopome) PO, (p.pem.)

Urrbrae Incubated with mono-
V.(0~4") calcium phosphate
= 12 cwt.Super/acre

For O weeks 398 373 38¢C
For 6 weeks 303 230 231
For 13 weeks 306 233 ' 220

Incubated with Rock
Phosphate = 12 cwt.

Supar/acre
For O weeks 162 28 46
For 6 weeks 160 44 45
For 13 weeks 155 64 59
+ 9458
Means 247.3 = 162.0 NS 16345 NS

LeSeDe @ 0ol = 62415
www Significent at 0.1%

Remarks: Phosphate extracted was determined efter ignition in method 4 and
directly in the methods B and C, using Williems' technique for the estimation
of inorganic phosphate in alkali extracts.

there is no difference in 2 hours! extractions in the presence of 0e2g oOr Os5¢
sodium versenate, but 16 hours'extraction is significantly more drastic, pare
ticulerly from the semples treated with the rock phosphate. These results cleer’
ly indicate that 2 hours'! extraction is adequate to remove most of the so-callJL
ed available phosphates, such as Ca(H2P04)2 and longer extraction dissolves i

comparatively less esvailable forms as well. Thus in view of these data, end

-

also some prel iminary observations it seems more sppropriate to use 2 hourst

extractions with borate buffer containing 0e5g versenste.



TAHLS 26,
Comparigen of the affect of the time of extraction with bersie buffer and versenste on the recovery of phosphsto (PO, DeBems)

2o T Be ' ‘ C.
2 hours extrectien with 16 hours extraction 2 heurs extraction with
borate buffer + 0.2% with borate buffer  borete buffer + 0.5%

- ' ‘ » ’ . Yversenate , + 022 varasenste
Seddon Ve{0-4") Soil Monocolcium Phoms = 12 owt, Supsr/scre (facubated) P% (Pepem. ) m¢ PeDem. PO4 (popome)

initialiy 258 304 300

af'tor & woska 128 160 130

aftor 13 wecks 111 - 168 122

Bock Phosphete = 12 owt Super/acre {incubsted)

initially 14 68 24

after 6 weeks 8 &4 21

efter 13 woeks 16 R 24

Urrbroo ¥,(0-4") Soll Monscsleium Phos. = 12 cwt.Super/acre (incubated) '
’ inltially 313 368 380 &
aftor 6 uoske 230 251 231 .

after 13 waeks 233 220 220

Bock Phosphete & 12 owt. Super/ecre {incubeted) P

initislly 28 92 46

after 6 waeke 44 112 45

aftar 13 aecks 60 120 59

' * 4,76
Moans 128,1 164.4 1335
Ditforences from ¢ - 5.4 4+ 30.% -
LeS.De (nen sigaificent) {significant}
e % 13496 (@ 1% )
1% 19.00

0e1% 25435
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(o) Prosedure for the extraction of available phosphstoe.

2.5g sexple of soilis sheken for 2 hours st a constant temperature
(20°¢), with 100 mi borate buffer (pi 9.0), centeiniag sodium versengte.

Tho buffer is prepsred by mixing 850 ml of borsx-verssnate solution, contain-
ing 32.47 gram borax (Nap. Bs Oq. 10H,0) and S.0g digodium selt of 2thyleano~
diamine tetraacetic scid, with 150 ml 0s2 N HOl. The suspension is cenmtrifugsd
for 15 mimutes and in 25 ml of the exirect, phesphste is determined Ly the
technique of Williems! (1950s) for the determination of imergenic phesphate,
in the alkali extrect of the soil. It is essantiel %o prepare 2 stendard
curve with the extractent selution in the same way.

The remeining liquid is completely poursd off and the residus is
shaken with 100 ml of 0,1N NeOH for 17 hours &% 20%C end centrifugei as usuel.
Inorgenic phesphate is determined in 25 ml of the aliquet by the smus techniqus
ns mantioned ebove.

The inorgenic phosphate soluble in the borate buffer end 0.5 versenate
may be censidered ss readily molutle or reedily availeble, while im the second
fraction 1,00 ColN NeOH, as slowiy selubdle or aveileble. The sum of these
two frections mey be terwmed as totsl soluble or aveilable inerganic phesphate.

{(£) A Comparison of seme Methods of frectionation of phosphate.
The soils which had been troated with different fertilisors st rates

squivelent to 12 owt. Super/eere (376 p.pems POy) for incubetion studies
{Tables 10 and 11) were extracted with ((A) Williemst method (B) Acstats uffer
pH 5.0 + (.25 versensts (C) Borate buffer pH 9.0 + 0o5) versenate. 2.5g of
the treated solls were extrscted with 100 ml of ssch extractant foxr 17 hours
in method (A), 30 mimutes ia msthod (B) end for 2 hours in method (C). The
socond fraction in ell ceses was 17 hourst extraction with 0.1¥ HedE.

A somparison of the first fraction extracted Dy these three metheds
(Tablo 27), shews thet in both the soils treatsd with monecalcium phesphate,
%he borate buffer method oxtracted more phosphate them any of the other methods,
Wwhich was %o be expscted, becausa of the high edsorption from the solution in
the othier twe methods. Thus in the sxtraction of phosphates just after ald-
ing monocalciun phosphate (396 p.pem. PO,) to the Seddon V. (0-4%) soil, 300
DePelis 0f PO, wers extracteble, with borste buffer + versenste, whoroes acetic
acid +8 hydroxyquineline, zave a figure of123 and acetats buffer 148. Frem

the soils treated with rock phosphate, the borate buffer + versenste, as com-
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Comparison of some methods of frsctionstion ef phosphate.

Urrbras V.(0<4")

Seil Trestment Willigmet othod Acetate buffer {ph5.0) iethod , {pH {
Fhosphate Empm' Total Fhesphate gﬁin ﬁfo‘ — Potal in~ , _ etal
Soluble in Soluble in inerganic soluble in soluble in osrgenic seluble in  soluble inergani
Acetic acid NaOH {(O41N) phosphate s, acotate OelN NaOH phosphate borete btuffer in 0.1 pbesphate
+ 8 Bydroxy- {(inergro,)  sxtracted wrfer + 0:2% (inerg.ro,) extract~ +.405% NaOH extrach-
Guinelins in 17 houis versenaio in in 17 heurs  able versenste in {(inorgan- abla
in 17 hours. 30 mimtos 2 houvs ie PO,
, " P04 (PePolls) '
Semples incubated with
differa Aat iv.
@ 2 Sune: °
abs Menoceleivm phosphate
s, " initielly 123 197 320 148 168 . 316 300 66 366
& after 6 weoks 33 248 281 20 212 232 130 140 270
“:‘ aftor 13 woaks 2. 247 278 ié 212 228 122 141 263
L RBeck Fhosphsate : >
g initielly 126 174 350 45 - - 24 - -V
% efter & weoks 103 211 314 49 8o 129 21 45 66
a after 13 weeks 92 215 307 52 8o 132 24 48 12
8ilico FPhosphate
ipitially 120 196 316 128 111 239 156 42 198
aftor & weeks 61 256 31 59 224 283 154 128 283
after 13 weeks 36 262 298 48 214 262 103 113 216
Mouocslaium Phosphate after 13 weeks v
188 208 396 106 248 354 220 164 384
Esck Phesphato ® 273 146 4319 102 128 230 59 86 145
glico Phoaphate ” 228 214 442 115 264 3719 170 184 354

Notat= 2e5¢ Soil wes extraoted with 100 ml of the sxtrsctant in each case and phosphate extractoed determined by Williems' technique (1950a)
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pered with othsr methods, extrected very little phosphste, which shows thet
this trestment had produced very little of phosphstes of = type soluble in
the vorate Wulfer + versemstc. Tho higher resovery from sil ths fortilisey
treatments in ths second frestion solutle in Q.1H WaOH by ;ﬁilliamai method
snd the acgtate mothod, ue compured %o the corrssponding fraction of the
borate buffer-vsresaatc method counfirms that im oll these cases some
phosphute disaolved in tho first Craction was resdsorbed by the soil,
otherwise tio sacond fraction should hevs been the same 48 all the thrae
methods. The totul inorganic phosphete extrsctadble from ths Sractment with
monocaicium phosphate in eil the three wethods le virtually the pame, bug
from the solls trested with silicophosphaioe and rock phosphate, Williems?
mathod recovered most of the added phosphate, but not the borase tuffer
versenate msthod. It is becsuso of the compsretively less golubility of
the apatites in tho torste buffar + versenste,

From the sbove, it can be inferrod thet whon sompared with ¥illtaugt

method, the borate buffer-versonste msthod hes two adventaeges: _
(1) It doems mot dissolvs tho slowly eveilable phosphetes like
apatites and rock phosphete to any prest extent.

(11) The phosphate dissolved by the borate buffer + versenste does
not get adsorbed from the molutions, becsuss of the high pH,
and the presencs of versenste.

it may however be meutioned thet if the soils contelning msre than
2% soluble caleium cre to be sxtrssted, a higher smount of verssnste will be
required. Socondly since the spstites sro not without sny aveilsdility,
e third extraction with dilute solutions of orgenic acids such ss eitric aeld
to dissolve such compounds, ufter the first two extractions with borats
buffer + versenste and O,1N NaOH, may be desirable.

vi. Tho comparieon of phosphste extracted by the borate buffer
Targenate ’i!etﬁog with sho pleni : ponSs.

{a) Pot Cultures.

Semples of soils from the pot culture expsrimsnts of Tyson (see Tables
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15 « 20) have been fractionated by the dorate buffer versenate method. The
rosults (Tables 25,29) show that frcm the treatments with fused trisalolum
phosphate, the borate buffer + versenate, as well as 0.1N NeOH extraoted,
significantly lower amounts of phosphate then fxom the treatments with sonoe=
¢aloium phosthate snd the others. The amount of phosphate taken up by the
orop (Tables 15,156) compares falrly well with theseresults,
Fuogphate extractable from 'r&noni's pot experiment (1951) by borate duffer

versenate method,
Saddon Ve {U-4%) S0il.

‘Frosphate Fom of Phosphate scluble Fhoaphate Total incrgsnic

added Fhosphate in Worate buffer (inuvrganic) phosphats extractabl
oquiv, o edded +045% versenate soluble in R, {PaDente)
m& (Pebamta) Ol WaOH
e m.;(.mp-m}
¥Mean of 3 nots.
'Em ' ¢ 16935 %+ 2492
93 7 & oub, Monooaleiva 34586 5&&3@ 89.22
Super/acre phosphate
0 4 Basio glag 31.93 %070 8244
s 0 = , = n
L Qaleiwva jieta 28 n53 49400 M o5
phoapbate .
Ve Silico éi'iﬂﬂPh&%l 33&“’ 541@5 37@‘-
o S
-~ Fused Trisal-  23.86 38,40 62.3
‘ ciuwe phosphete
by Defluorineted  31.8¢ 36670 82.6
phoaphate
LeSeDs @ 54 4,52 $:0 9.01
eld 606 8.40 12463
@ 0.4 8.59 11.88 17.83

ez Signifiomnt mt 0.14
we Significent at 14
2 Signiffcant at 54
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TAELE ‘239 v

Phos @z extractable from Tysonts ret mms (3351) w borete
buffer versensts method,

Thosphete extracteblse with borzbe DuIfer

Pot He. Phosphate Form of + «  versenate method
::uin;_gaat afded soluble in  seluble i  ic Fhosphate
' borate buf- O.1N NeOH extracteble
Tor + 0450 -
ﬁ@raegggg . , .
m‘; {Pepem. }
350 4 owt, Monooslcium 3246 52,0 84.6
Super/ascre Phesphats
35 " " 36.0 5713 7353
352 * " 36,0 53.8 89.8
359 e Besic Sleg 3066 48.0 18,6
360 % . 32.2 55.8 88.0
381 B Ly _ 33.0 48,3 81.3
248 . Calcium meta 28,6 49,5 | T6.1
Fhosphats
369 . " 28.0 48,3 76.3
by Y " " 29.0 49.2 1842
37 " Silico Phes~  37.6 56.5 94.1
' phate
318 b o 3246 53.8 86,4
379 " L 30.0 51.8 81.8
386 " Tused 24.6 40,0 6a.6
" Tricalcium 3, R =
387 Phosphate 23.0 28.4 6l.4
388 " " 24.0 36.8 60.8
395 " Defluorinated  28.6 44,5 13
396 " ESnipinise 31.0 55.8 86.8
91 X 5 3640 51.8 87.8
355 6 cwt. Hososaleium 5146 250 136.6
s oplere BNERS 5640 8%.0 143.0
355 . - 516 87.0 133.6
389 " 364 575 93.9
30 ¥ 35.1 €l.5 96¢5

391 " " 31.1 53.0 90.1
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MEAN MGMS. PHOSPHATE UPTAKE (y)

PHOSPHATE SOLUBLE IN
BORATE BUFFER + VERSENATE (X,)

©  PHOSPHATE SOLUBLE IN OIN NaOH ()

1 A I 1
3020 30 . 40 50 - [-5)
EXTRACTABLE SOIL. PHOSPHATE (904 RBM) 3 oR X,

FIGURE VIII.

Showing relationship between milligrams PO, uptake by Subterranean
Clover from each pot and the inorganic soif phosphate (PO 4 DPeDellle)
extractable with: (a) Borate buffer + versenste

(b) 0.1N NeCH.

& g 8
T T T

MEAN MGMS. PHOSPHATE UPTAKE (y)
s
T

1 - 1
3050 [le] Kol 80 Q0
MEAN TOTAL (ac,+::c,) INORGANIC SOIL POs (P p.u)

FIGURE IX

Showing relationship between milligrams PO, uptake by Subterranesn
Clover from each pot and the total extracté'ble inorganic seoil

phosphate (P04 PspPells) by the borate buffer versenate method of
fractionation.
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It has also been possible to calculai:.e significant regression equations
relating phosphate uptake by the Subterransan Clover and the amount of
phosphate extractable by this method in the first and second fractions or
their sum (Teble 30, Figs. VIII, IX). From Table 30 it may also be seen that
in the case of Williams'! method there is no significant regression on any one
of these fractions or tﬁeir sum, though a partial regression on both the

first and second fractions exists.

TABLE 30
Showing regression of phosphate taken up bY Subterranean Clover on the
phosphate extractable from the soil by different metbods.

Regression of Y ' Significance of the Equations relasting milligrams of
on regression lines phosphate taken up by the crop
fitted to the means from each pot to pep.m 1’04
of PO, extracted extractable from the treated soils.
from the different
fertiliser
treatments.
Wiliiams' Borate
method buffer
versenste
method

X Non (1)

signif. Signif.
at 5% (1) Y == 26,01 + 3,01 X

I, Non (2)
signif. Signif.
at 5% (2) ¥

- 39498 + 2,15 X,

1 + X2 Non (3)
signif. Signif,
at 5% (3) Y

i X, both (4) Non

( artial regres- Signif. signif. (4) Y
sion on both the at %%

fractions Xl and

= 35,43 + 1,27 (X} +X,)

Lad 60083 - 4036 Il + 1073 x2

X,)

Y = Milligrems phospbate taken up by Subterrenean Clover from each pot.

Xy = PO, (p.pem.) extracted by acetic acid + 8 hydroxy=-quinoline or
borato buffer + versenate.

) OF = Inorganic PO, (pepom.) extracted by 0.1N N2OH in both the methods.

X3 + X, = Total inorganic PO, (p.peme) extractable in both the methods.

(v) Field Experiments
Williems (1950b, ¢) had collected a number of soil samples from the rod

brown earths st the Waite Institute and some alkaline soils of known historyd?
phosphate treatments. Some of these 80ils were extracted by the borate butfer
versenate method and the results obtailned are set against Williams'! data in

Teble 31. From these slightly acid red brown earth soils from the farm of the-

Waite Institute, both the methods extracted virtually the seme amount of phos-
phate (Table 31) and as a fertility index, one is as good as the other, which

was expected becauseil-

(1) In these soils the phosphate dissolved by acetic acid + 8 hydroxy=
quinoline, suffers very litile adsorption (see page 25)



TARLE 31.

The Comparison of Thosphete sxtractable (el Delie} by Williems end borate buffer versenste nethoeds from gelils of verying fertility.

Faosphute extracteble with borste
‘bixffnr-vmenata method

Passphate extmet&’ole with

¥illiame' method *

Soil Ne, pH Trestmsnt Soluble in Solubla in Totel extract- 1lst rmtion 2nd fraction Totel ex- Remarks
. borate buffer 0,1N NeOH able inorgenic soludle in soluble in tractedle
4+ verssnats phogphate acetic acid 0,1N Nall inorgenic
| + 8 gydroxy- phosphate
quineline
PO4 @opo%j
Weito Institute Soils -
i Red Brown Eorths (a)
U454 6231 2 cwt.Super/scre 45 118 163 42 112 156 '® (a) Phosphate upteke by whest
: = § 1be/acys
- (#illiems 1948 2.73)
0442 6e3% 2365 owie &P@i’f - {"bl ®
2eY0 135 230 348 150 212 {b) Mhosphste upteke by whest
23.4 1b/acre
(e) (¥1lliems ibid)
U188 6.37 WL 30 62 92 20 52 72 {c) Phesphorus uptake by wheet,
, ] . oats, barley & poas wan
Zg’g :" saper~ /gacz?s wheress in the csae
sphat | of ULBS, it wes 15.2, 1247,
Soms slkeline Soils Bodo & 27.0 1b rospectively
11034 2ppils  8.88 HiX 8o 33 113 60 4% ios (§111ieme 1950c).
11024 8,76 30 owt, Super/sexre 298 -1 375 352 123 473
10774 Pallamana 8,17 Hil 32 © A3 15 28 43 T
11010 Wokprne 8.81 MHil 717 31 ik 77 25 o2
11036 Yepowia B.5i kil 188 91 276 255 129 384

¥iiliams data.
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(i1) Thess soils wers treated with suparphosphate, which being oms of
iho highly soluble fuxms of phosibete, was equally well extractable by both
the methods.

The differences bacome more appurent only vhers apatites or fomus like the xoek
phosphate are pressat.

The ‘data pertaining %o some alkaline solls (Teobdle 31), sias show the
sane trend, in both the methods, except in soil Woe 11024 and 11036, It seems
$hat from both of these soils, soetic seid + 8§ hydroxyquinoline, diesolved a
Teir amouni of apatites, :dhilch may be elither originally present in the soil,
or Ray have besn fomued due t¢ the reversion of superphosphste at mich };1/5;1.
particularly 12 eoil Mo, 11024 (pif 8,78) Dosn (1938} smd Nagelschmidt and Hizos
(1944) also observed that in an slkaline so0il at vthansted, supsrphosphate

had been retainad by the soil as trisaleium phosthate or apetite.
) , TABLE 32. _ .
The Comparison of shosphete extrasteble by ¥illiamms® and borate buffer-versenste
methods fyom semples of soils from the permenent pasture experiment (W,2,Rel.)
Fiowphate extracted by yillisus' methoa™
1s% fraction 2nd fraction Totel axtraci-

Soil ‘rraatmunt oH ‘soluble in goluble in able iwr;ganu
No, o ¢ seetie ascid O4lN NeDH phosphete
¢+ 8 Hydroxy=- (irorganis)
quinoline ' m‘ o
| | | (g pebema)
vé22 Ml S 2 R £ Y | S
U618 supex . - e = 254 274 528
U624 ok Phos. 6.36 . . - 6c8 : 139 . 741
U626 Deslc Steg = 6.6¢ - - 282 25 i 897
hr s [‘ Proghate extrastable by bcram butr.r vemn&to wsthod
goil Treatment @ iH lst fraction end fraction Totel exiracte
No. .. soluble im = goluble in = able inorgenie
B ' ‘borate buffey OelN Natf = phosphate
+ versennta - (inorgaric)
. o N
. (m& ‘PoPabis )
U622 Ml 6e22 13 43 56
618 super Be20 196 363 ¢ 553
U624 ook Phoss  6e38 36 SR & 188
U626 Basic Fag  6.64 T 169 - 276 oL BAB

2 %Fillianms' date.
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In Tabls 32 ere shown the mesults of phogphate extrasted from the
so1ls under natural pasture experiment, at the Waito Institute. The
axpsriment was started 4in 1925, and tho main treatmenis ars:w

{1) no fertilizer

{2) superphosphate

% (3) mperphosphats + nitrate of sode
{4) rock phosphate
- (5) bastae slag
The rate of application is 40 ib. P04 / asxs per anmm. The comparison of
phosphate goludle in borate buffer + verssnate (3€ pepemelU,) with that
aoluble in acetis ecid <+ 8 Hydroxyquinoline (608 pepeme F0,) (williemat
data 1950h; shows thet though is 22 -mz‘::oak phostbate inorsased the more
wluble forms such as Ca {Hy F0,), and Cap (H P0,), %o a sertain extent, but
noat of 1t renained in apetite fomm. -Secondly there oscurred an ajpreciable
inoresse in the forms of inorgenic phosphate soluble in NaOH; ooz 43 Depets
in the control plots to 152 pepens in the plots trsated with the rock phospheti
Tuin shows thet this build up of isorgenie phosphate soluble in the alkall
has bsen due $0 tho conversion of the first frection soluble in Lorate buffer
+ versenate, to iron, sluminivm snd other adesrbed phosphates. The ylelds
of herbage (Walte Supizh 1943 ~ 47} show that sincs 193 the plots treated
with rook phosphate, are yielding as high or even higher, then those treated
with superphcsphats or basie slag. It is diffioul® %o offer any satisfne~
< fory 0@1@%&0&, but the followiug seens % be a plausible one.

Rock phosphste slowly diseslved, giving rise %o y"”m‘ and H,70, lons,
vhich eave partially depleted by the growing crop, as the plants take up thelr
phogphorus mataly as K,R0, lons (iussell 1952 2.38}, sad partielly adeorbed by
the sesquioxideas Thus at the prevalling rH of the soil, from en spetite fom,
the equilibriwm is shifting to cumpuratively move soluble phosphntes and aisord

The
ed phosphates, and both these forma have been a gource of phosphorus to plents./

®x sampled in 1947,
% ©Sample not available,



iavi&an@e for this comes from the fect that in the firet 5 yosrs of the dresse
fnze vith rock phosphate, the yield of tho herbegs wass not ineressel appreciab
i1y, which indicsitsn thal some chenzes in rock phospbstes wers proveguisite,
bafore it could be as good a sourco of phosphorusz ss superphosphate =ad basie
slage ‘The more soluble phoaphstes thus formsd bsinz subjected to two way cone
tinuous removsl could not build up lerge reserve, Tha followinz cqustion can
illustrates the rosctions invoived.

e 7/
Rock phosphate " H PO, T Hp PO, adsorbed phosphstes

‘svailuble phosphats
utilised by the crop. .

{c) FPhosphste trisls on Potatoes aud Pagtures.

Daring 1251 snd 1952 officers of the Departmont of Sgrisulture in South
fustreiis and Tesmwenia conducted some field trisis with various puosphetic
fertilisers on 5 variety of soils mnd crops. Some of the raprasentetive soil
semples of the top 4" soil from these oxperiments were availsblic é.na it was
tiue possible to cowpere the rasponses obteined in the field, with ths phose
vhate extrectebis by the borate hurfnr-vsrsenaté mothod.

TABL.E 33. |
The wmarnon of phoaphats rectuble by borete buffer versenste method with
3 otatoes, ®* (Fiold Sxpts. with Potatoes).

Phosphate (pepolia} axtractabls vy
borats buffer varsonats method

lst Frection 2nd Fraction Totel wre Yield of
goluble in sclubie in  trsctsbls Totatoos
borste buffer 0.1H HelR inorganis Tubers

+ vorseaste Qinrp&ganxc) phosphete {tons/ec.

Kllios 3‘ (ﬁi 5,2) HiL | 58 494 552 3s5
Eg Fine rock 67 539 636 5.7
phoss 10
-ﬂ“t/ |00
{Tesmania) By Superphos. 125 574 699 Tob
5 m./ﬁcm
Nerth Borbon
MMI{pH 5.44) N1 210 1600 1810 19 Y
(‘i’amaniahlz Fine rock 253 1348 2161 8.7
phes. 19
ow./acre
Ny Superphos. 280 1680 1960 10.3
5 cwk./acre

« xporineuts were conducted by the Department of Agriculture, Tesmanis, Juring
1951 = 52, and samples snalysed by the suthor during 1953.

¥rom the date given in Table 33, it is eppaorent thet on these soils the

phosphste soluble in the borete buffer + versonete c¢an falriy well be used es an
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index of reedily svailsblo phosphute to potatoes. Secondly it slse shows
iual these soils haws vexry high ascunts of inorgenic phosphetes salghle'in
tho alkell, but the potetoes still respond to superphosphate. It indicates
that they have high phosphate fixetion capacity, which is probsbly tied up
with high mmounts of froe sesquioxides in these soils. Ths unevailebility
of rock phosphate to potatoes, is also apparent.

Likewiss broadly spesking, the duta prossnted in Table 34 slso show
$ho velue of borate buffer-versenste msthod iu predicting the emouns of
avsilable phosphate for pestures in different soils, but a high correlation

is not possible bscause of the inadeguecy of smaples snd yield records.



The Comparison of phosphate extr

TALE 34s

sebgble by borets bulrfor versenate mﬁhg&. w3k $he yield of Pusturs (Fubellover, ¥hite Clover, Persunigl
Ryo gress) {(Pisld Nxps. with Pesturs = )

Phoophtts (PeDefe] extractabie Ly the borats
Yiold of

Locelity  Ssmwle Trostmens bufier versenste method ,
Hos 1t Foeetion 2nd Fraction Totel extract~ [ oSvere Remarks
soluble in solubls in sbie inorganic
borate buifer Ol NeOH vhosphete
+ vorsenate  |imorgsnic POy
cwto/sere.
Gressy Cressy 1 (pH 5.62) NiY 24 23 45 375
Cressy 2 Super 1 owt./acrs 32 53 85 63.0 -r
{Tasmanie) " 3 ® o2 " &7 58 105 T0e5 2
=k " 4 « 122 9 220 4.0 =
- 6 Rock Phoophate 1% 124 17 T6e5
{¥inoly ground)
- I — . 4 ewto/uere , . 3 o
Ellis% Blliot 1 (pH 5.90] Ril » 42 452 494 Poor y
Ellfot 2 Super 1 owt./acre 45 490 535 Poor }
(Tesmanie} Ellfot 3 .- 2 " ? 39 dde 479 Fair . )} No qusutitetive wecords svesilabdls
Blliot 4 ® 3 B .. 52 456 506 Pale good ) :
Eiltet 7 Rock Fhoss {(Finely 44 s22 566 v. poor )
ground) 4 Cate/avrm 1 ,
Tybybolite AL (P8 5.48] Wi ELd L. 5 Took
A2 Superphose 1 cith./uere 24 32 56 5%9.5 gtetistical Anslysis of tho yield shows:e
A3 o - L 33 37 70 65.8 :
8 ustraiie AS Rock Phoge 4 " & 23 ‘3% 60 41.1 l. 22, A3, A, 29, A0 significantly better
A7 Very Fine Rock Fhos, than the control.
4 evbofucre 27 44 Y39 S4.4 2. Trestmenis A3, A0 geve sigpificently
& Subsncid Phosphate grontor yislds then A5
2 oute/oore 26 3% 63 57¢5 3, No significsnt difference Letwesk A1 end
210 Siiico Phosphato + ASe
Gypsum 2 cwte/ecre 74 55 129 65,3

X Experiments conducted by the Depsrtment of igriculture Tesmania ond S,Mmstrolie.
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PART 11. COPPER.

I. INPRODUCTION.

The necessity for copper in the nutrition of plants did not emerge
as an lsolated and clear cut discovery. Reulin's discoveries (1863-69),
thet zine and probably mangsnase and silicon wers slso essential for the
growth of Aspergilius niger, stimuletod the seerch for other micro-
mtrients, It stood by itself until early in ths Twentieth Usntury.

&% first, alli incrscess in the yleid of crops by copper were
ascribed to chemical stimuletion (Konds, 1904; Felix, 1927; Allisen,

Bryen and Hunter, 1927/. 1Tho bosis of the recommendations of Lutmen
(1911) end Floyd (1913, 1917) fer copper sprays wos the fallecy thet it
kills some fungl causing lower yiolds of potutoes snd die back in citrus.
Hudig et al. (1926) observed iis bemeficie)l effect on moor-lends in
Holland, in overcoming the reclamation disease of csreels. In 1927
Hortels demonstrated the necessity of copper for producing blsck sporas im
Lfapergillus niger, but credit goecs to Sommer {1931) to sstablish its
essentiality for sunflower, tometoss and flax. In 1942, Piper in mistralia,
with criticel wstaor culturs expsriments, firmly established the indispens-
ebility of copper as a plant muirdent. Now it is well-kmown that 4n
mimte traces, copper is diologically essential for the growth snd repro-
duction of gresn plamts. Its deficlomcy is identified in cereals with
reclamation disesse, and in citxus with exanthema.

The imporssnce of copper in the mutrition of snimels can herdly be
over-emphasised, in view of the deficiency disessss from which cattle and
sheep are known to suffer when grazing in pastures with suboptimsl coppar
content in the herbage, pamrticularly in Australis, New Zesland, United
States of fmericn, United Kingdom snd the Comtinent of Burope.  The problem
$s not easily solved by applying copper to the scil, partly becsuss it is
lisble to becoms toxic to plents and animals if present beyond certasin
limits, and partly becems: it is essily fixed, consequsntly becoming une
svailable to plants. However, from the point of visw of the soil, it is
mainly a problem of mmount, fixation and evailability of the mutrient.
This thesis is priusrily concernsd with these sspects of copper in the

virgin soil of the Seddon Gravelly Sandy Loam from Kangaroo Islend.
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11, EEVI® OF LITERATURE.

1. ZTotal Copper in the Boil.

Although considersbls intersst has been svinced in the copper content
of the plents ond soms suthentisated dete =re sveilable, yet the mrcm:_;tiou
on the $otal copper conbent of the scil is very semnty. It may be partly
dus to the technleal difficultics involved in the estimation of smsll
quentities of copper in the soil, end partly dus to the doudt iz the relis-
bility of such aun sualysis as an indox of the svailedility of the mutrient
to plants and animels.

Mcliurtrsy end Robinson (19358), have found thet the total copper
content of most of the egriculiurzl solls of United States of ;msrica renges
from 1 to 50 p.p.ms, whils Holmss (1943), from an extensive study, reported

$his renge to be 2 to £7 v.p.m, Sedletski =ni Ivenov (1941) observed that
in U.8,8.He; red eurths, chornozems, pesty podsclimed soils and highly . -
podsolized sends have 140.0, §0.8, 32,0 and 3.0 parts of copper per million
perts of soil respectively. Ia s lster paper, Iveanov (1950) reported that
the average copper content of the soils, he examinad, was dDetwaessn 10 $o

3¢ pepemts, and primitivs soils, formed under lichens, were found to contain
many timos more copper than the pavenmt-rocks.  Mslyguge (1944), snother
hussian worker, reports thut the chernomens contain somewhat nore copper
than the aversge (20 p.p.m. ), while podsol =mwemps and serozems nre bolow
average. He zlso reports ths non-uniform distribution of the slement in
the goil profile snd tokes 1t as & sign of the prossnce of the metal come
binations suck ce carbonates or humetes in the aoll., Sbiha (1951) from.
Japen reported thot the total sopper comtent of the soils he sxeménod,
ranged from 26.4 to 150.8 p.p.m., while availebls copper was 0.5 to 8.8 p.p.m,
Total copper wos loas in solls darived froa shales than in those from
-endesite. Acock (1941) reporte thst the HCL socludle copper in soils from
Eangoreo Isiand (South fustralis) ranged from 0.3 $0 22.0 DPepelts, while a
rod brown eerth from the Walte Institute propexty contaimed 20 p.p.wr.
iticeman, Donnld and Piper (1938) have indicated that the cslosrecus sands,
which extend for bundreds of miles slong the South Zastern Coost of South
Mstrelie, hevs axtremely low total copper content. Consequontly, the sheap
grazing on the pestures grown e¢n these solls suffer from coast disesae -~ a

copper-cobalt deficiency disosge. Cunninghsm {1950) from New Zaaland,
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stetes that there are about 250,000 scres of druined and recluimed pest whers
the cettle und sheep &re prone to suffer from peat scours becausc of the
comparstively low copper snd high molybdemum content of the pasturs. The
same outhor goes on to say thet these soils have 3 to 7 p.p.m. of totel
copper, wherces the normal soils sontain sbout 18 to 22 parts of copper per
million perts of soll.  Mitchell (1948) in Scotland, by spectroe-

chanical enalysis of soils derivod from granites, norite, serpentine, slete,
gendstone end granitic gueiss, found thet they contained( 10, 10, 25, 30,

40 and 40 ports of copper per mﬁlliox; parts of soil, respsctively, Thonas
{1940) and Cayroll (1941, 1947} in sustralis, on goochemicol considerstions
have sttempted %o correlate the copper deficionsy of soils with the nsture
of the rocks, tut no critical values of soil coppar content heve been given.
Generally it is cseumed thet the golls derived from more basic rocks are
less likely to sbow copper deficiaoncy, @n comparison with others foymed from
scidic perent msterial. The importsuce of a geochamical approsch to tho
fertility problems of soils in gonersl and trsce olsuents in particular,
herdly needs =ny omphrais, but it is dangerous %o twerbﬁmlity end
genaralise, unless sufficlont enulyses of the parent meterial and soils are
avalleble to establish such sorreletions.

From the foregoing, it can be concluded that the smount of copper
present in e soil is very small. In most cesss, whers crops end snimals
exhibit deficisncy asymptoms, $iis soll mey be inherently deficient in the
mutrient, due to thoe nuture of the parent metsrisl or subsecquent wenthering.
Host often the detsxminstion of the total coppexr content of the soll, or even
the geochemicel considerations ss Hitchell irn Scotlend end Themas in
fustralie have pointed out, con ba useful in predisting the copper stetus
end its likely conssquences, but tho difficulty zrises in another group of
solls wherse ths total copper content mey be sufficiont and smimels and crops
may still be suffering from insdequate aveilebility of the mutriant or may
bs due to improper belance with respect to other nutrients., Such prebiems
of induced deficioncy in contreat to the imherent deficiency can only be
solved by proper understending of the factors affscting fization amd
relesse of copper and it%s interzctions with other mutrisnts in relstion to
planta.
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2.  Ability of woils Yo supply Copper %o plants

{Fizetion and availedility of Copper)

. The sbility of solls to sunply copper to plants depsnds on the tetal
contont of the mutrient and perhaps muckh mors on its forms of association
with the soll components, Besidos the climstic snd plant fsctors, the
othor fsctors influencing the fizztlon and availlabilisy of copper in the
goil era:~

1. Soil reaction or pH
ti, Cslefun cerbonate
111, Orgsnic matter or humus content
iv., Hiaorobial sctivitices
v, Amount and neture of clay minerals snd other inorganic colloids

vi. Portiliser pructicos such es the zsnplication of phosphates

{£) Soil Resctionm or pi

sscording to Britton {1932) copper is precipitated as the hydroxide
ot pHSe3 - 5.4. This i» 12 accord with the exporimental evidence thet the
aveilebility of copper is gresier in soils more ecid them this pH (2iper,
1942; Pipex & Beokwith, 1949). Beckwith (veperted by Piper, 1947)
gbuerved that pracipitetion of copper as hydroxidss, besic carbonstes,
phosphates or sulphides, elwsys laft traces of copper in golution,
Zocording 0 Pipsr (1942) evon traces of copper, dces 1 part in m9 ia
putrient solution, are sufficient for the normal growth of the plants.
It seamss that precipitstion slone cannot account for the leck of evalle-
124ty of copper in e soil, though the soll resction determines the
aveilebility to o great extent, Peech (1941), Luces (1948), Steendjerg &
Boken (19%) hsve confirmed the high fixetion of copper with ineresse iu pH.
Steenbjerg (1940) 4n sn earlior puper reported that there is mintmm
solubility of copper in a soil et pH 5.5  Lundblad et al, (1949)
concluded that in scid soils of Sweden losass of sopper in drainsse water
ars marked sud lining, due %o its effeect on pH, may prevent such loases.
Likewise, Bryszn {1940) observed that copper deficiency in citrus is more
prevelent on ascid soils than on neutrel soils in Florids. Hearmer (1941)

reported thet the muck soils of lilchigen gave a greater response $o copper

when pH is below 6.0, although e few crops responded to sdded copper when
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pH excseded 7.0. On the contrary, Willisas (1930) obtained plsat injury
from an sppliestion of 50 1b. of sopper sulpbats por acre, on on unlimed
soil in North Carelina, whersss zn applicstion of & tons of lime rowoved
the injurious effact, eand & tons per acrs crestel o deficienmey.  Purvis
& Davidson (1948) concluds that in solle 1imed in sxsose of neutrslity
zepper decomes Tized and in more scid soils gote lost through leaching,
Thus 1t seoms th.ﬂ;}t the effect of soll resction on the avellability of
copper i Aiffioult to generslisc because in highly scid soils it may
bocome deficient through losching, or msy becoms toxic becsuss of high
solubllity. Howsver, in neutyral or alkasline smoils the proble: uay be of
its precipitetion, eud thus decoming less availeoble.

(11) Colotun Corbonste |

Boischot & Quillion {1952} concluded that iu calcareous svils
{pH > 7.0) copper in solution could not reech = higher concentration than
4 mg. por lire. Solutions soxntoining O = 1.4 mg. copper per litre were
traated for Aifferent periods with varying mmounts of lime, spd the pere
contage of copper f£ixed wass found to rise with thoe incressing Gonsentration.
Fizetion wes complets within oue hour. They slsc observed thet $he uptake
of copper wes 10 times higher in mer-celcarecus scils than in celcarscus
onsss Likewise, Donald, Passey & Sweby (1952) hold the csleium carbonate
responsible for fizing copper and other trace slements is the Robe soil
{G‘accs > 508},  Steinberg (1935) advocatad tha 'uae_:';o:t 0@63' for
offectively removing trices of hesvy metels iike copper from cultures,
and both Stous & Arses (1939} eud Piper {1742) have adepted this technique
for the resevel of traces of micromutrisuts frem mitrient solutions for
higher plazis,’

fhe fixstion effect atiributed %e CaC0; msy pertly be e %0 the
affect of high pH Pavourable $o precipitation of cu(OR), and barde copper
serbonste snd pertly due to ite £ine partlcies providing locil for the
procipitating particles $o gother sround.  Dopald et al. (1952}, however,
do not subscribde to this vies theb the fization of copper by calofum
carbonote 1s due te its high pi, becsuse from a modium mors alkaline than
the ome containing 3&3@3 the fungus (w)‘ ecould extract coppsr guite
seadily, On the other hemd, Bockwith (1953), in these lsboretorics, coculd

not find smy ovidence of the irreversidle fixetion of coppsr by Jai o3
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a5 the copper cdeorbed wes readily oxtrsctable with a solution of smmonium
chioride. Thus i% iani;u.l sk open quastion iow Cally renders sopper
unaveilable to A. mizer (Donsiél e ole, 1952) snd to planks {Dogschot et
#hey 1952).

{111) Oxygenic wstter or hums conteus

Mony investigators {@mwith, 1927; Radeascher, 1936; Heizer, 1934;
Hoffmans, 19393 Brandenburg, 1933 ) bellievs the couse of reclumstion disesse
of corselsy = e cupper deficienoy dlzease so prevalent on nexly recleimed
hosths, moor, muck and peet soils « is the unsvsilebility of copper due to
its fixetion by the orgmnlc mstter. Lees (1753} reports thet the husmus
sapereted frow « Trintded aofl Tixed 140 ml.ee® of copper. Vammae? ot al.
(1950) attributed the copper rstuining power of sils to the circulating
{coarse organis muttor) orgenis matter, In orier to immebiliss cepper
end to render it unevailable t¢ rabber plamts, they susgested the heoavy
mpplicetions of organic metter. Svanberg ot si. (1949) hove chssrved thet
fixetion of coppor in soils is = function of orgenic mattsr. Solls more
ucidic than pH 5.5 showed = lower coefficlent, but ths effsct was still a
function of orgunic watter. Slifson {1931) reported that the copper
fixing power of pects Was mo great that en epplicstion of 10,000 1b, of
copper sulphate per aere cuused but a 1ittle temporery injury. Similar
are the sbservetions of Bobke & Peuove {1945), Vegetabls farusrs on the
Carolin: coastal plein usually apply 200 1lb. of copper sulphate per scre
te newly clesrsd peats and may :pply 50 lb. par acre anmuaelly {Gilbart,
1952), wheress on the other head Tozkle (1942), in Vestern ‘ustrslis,
observed toxic offects with es 1ittles as 10 1b. applicetion of covper
sulphate per scre in coms gandy minsersl solls, Threo pounds per sere
wers foumd $o be the optimum drossing for such zollias. Howaver, this
zppears to bs ruther an exceptioncl case, dut tho £sct rewsins that the
organic solls racuire high drsssings of copper sulphste to produse good
crops (Browae, 1950; Comin, 1944; Harmer, 1941, 1945),  Thie hes deen
sttributed $¢ the lower avallability of coppor fron orgenic soils
{ mtipov Karataev, 1947; Steenbjorg et al. 1550; Vermest ot el. 1950), but
Buedish workars lundblad et zi. (1949) could mot find any svidsnce to

subsoribe to this vlew; they hold that tho guestion is not of coppar
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fixetion but rather of the absciute deficiency of the mutrient in such
solls. Thay hgvagano %o the extent %o say thuet in pasts copper is
deffclent not bevause pest is theve, but the psst is there becmuss the
copper is deficiont. Donald et al. (1952) using 4. niger technique, clso
could not find any svidenceo §Mt bums or pest rendsred copper unavailable.
Thus 1t is still & dlsputed point amhether the pests ere the cause of copper
éaﬂcl&ey or tha effoct thereof,

The knowledge sbout tha othor sspect as %o hoz the coppax is held
by the orgenic mutter is aﬁ.m very acenty., JBremor et al. (1945) ars of
the opinion that copper is fixed by orgemic mattor in metallo organdc
complex forms, Dawson & Nair (1950) recognise some combinstion of protein
and lignin, involving ofl group, for the formation of both copper snd
‘copper ammonis complexss, by the psat soils, The groups resctisg with
copper to form the primary copper pest complexes exe RSH and ROvoH, provided
they ocour in the same molecule to form these omuplexes, The ma group
is considored to be nocessary for the formstion of secondary copper
emmonia pest complexes. Swith (1927) attributed the fixation of copper
by the argaiic matier Yo ths presencs of glisdime. Recenmt work by Elets,
Fuller & Urquhert {1950),Fraenkal ot al. (1950) shows thet certsin proteins
are quite avid for heevy metals. It is well-known thet e number of
microbial products like histidins, cystins, ribdoflavine sre cepsbls of
cheleting with heavy metals. ZRriksson (194%) considers the binding of
copper to orgenic mstter is through oxygem, sulpimy and nitrogen groups.

Besidos the sbove-mentioned sspscts, thers sre three other aapects
of the réiats.om:tp of organic matter and copper on which informstion is
lscking.

{a) Brrect of the high excharge capecity of orgauic matter and

conssquantly low degrse of ssturstion with a given smsumt
of copper on the Iixation and relesse of the mtrient,

(b) MNeture of the complaxzes of orgenic matter with copper, which
may not be cosily broken by conventionsl slectroiyte
solutions and even by plonts, but may bs ocesily brsakeble
with chelating sompounds, -

{c) <mality of organic metter snd its relation $o sopper fixetion.

{4v) Miorodlel ectivities

It 1s generslly assumed thst microbes decomposing orgenic metber

Way compete with plants by lecking up copper ctoms in their colls. EHowever,
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Donald et al. {1952) in Austrclian soils could £ind no evidencs of the
fixation of truce motels like copper and zine by microbes.

(v) mount and mapure of clsy mimersls end other imorganic soil
,oaz olds '

Steenbjerg & Boken (1950) have concluded that besides pH and humma

cley content is emother very tmportant factor which sffects the aveilsbility
of copper. = Amtipov Kerstasv (1947) noted thet bentonits and
mentmorilionite heold copper ions very tightly. Menzel & Jackson {1950)
observed that hydroxy cupric ions comstitute st least 50% of ths copper
sorbed by kaolinite or momtmorillonite from cupric solutions. Hydroxy
cupric ion sorption is incressesd by increasing the cupric ion concamtration
or the pHi of the cupric solution, It is more pronounced with keolinite
then with momtmorilionite. Spstein & Stout (1951) using rediosctive
isotopes, concluded that when Fa, iin and Cu ares less then 0,15 of tha
exchengeable sations, the emount svallable is slmost proportionsi %o their
concentration. Above a degree of saturation of 0,1% varying proportions
of Ca end H, ss complemextery foms, affect the uptake of niero-zutrients
very littla. Unfortunstely no work hos bdeen done on the role of imorganic
soil colloids like sesquioxides and silica in fixing and affecting
avallability of copper, but as Domcld, Sweby & Passey (19522 )have found
that sluminum oxide (chromstogrsphic brani) is very effeoctive in removing
traces of heavy mstals, the pert pleyed by iron ond nlumimm oxides and
other colloids in fizing copper in soil mey not bo insignificans. However
siuce this brend of Al;0;has slkalinc reaction, its ectivity msy even bo s
pH effect causing pracipitation.

(vi) Fertiliser prectices such as the applicstion of phosphstes
Jamigen (1943) in laboratory studies noted a rspid drop in the
solubility of copper in the presemce of phosphetes 4n thoe region of pH § to

6, the £al)l continues to pH 10,0, But in most of the soils of Floride
which are known for copper and zinc fixatiom he found iittle difference in
the fixation of both thess elements in the ptsaeﬁm-a or ebsence of
superphosphate. In the Norfolk sand moderate spplications of super-
phosphete were found to incrosse the solubilisy of copper. Reathsr and
associates (1952) in fertilisor cxperiments with oranges on acid sendy soils
in Floride, Obaerved thet oven goven years of hesvy spylication of phosphate

did not produce any merked increese in the sccumuletion of coprer, zinc and
Bangeness,



Froa tho forsgoing revisw of the fackors offecting the Pixetion of

gopper sad the brebable fom iz which coppor distributes itsolf in the

soil, 1t 1s avﬁ.dent thut tha information on these uspects is vsry scenty,

but the following tentative schome may illustrate the forms in which cepper

axists in the 2011,
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cu* 1.By oxygen groups

ii.By sulphur groups
111.By aigrogen groups
iv.Basic salts of
coppor with meny
organic a3ids
like citrio,
‘malic, maloanic,etc.
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3.  Methods of assessing the availablc copper in soil

The Tectors affecting Fixstion of copper in solls determine the
availadility of the mutrient o plants. It is herd o defizme uliat the
svailable copper is, becense tha svailebility of o mutrient is genersily
measured by tho incressss ia growth or yield obtsined by the applicationm
of the mitrient under investigation. The growth or yield belug «
resultsnt of o many indepsndent and some inter~dependent varisbles, can
hardly be relisd upon for this purpose,

The second eriterion is the porcentege emount of the mutriant in
plants., Piper ot =l. (1943) dstermined the availebility of copper in
difrerent soils by estimating thes copper comtent of Algerian osts grown on
thom, but as Steembjerg (1948) hus pointed out the leef enalysis or the
coppor content of the plant is mot enm infallidle guide in tha disgnesis
of coppexr deficioency, %ep undsr severe conditions of copper
deficiency the growth is stunted, the copper contont of the plant meteriel
as percentage of dry maitter mey not bs unduly lew, Swaenback {(1950)
observed that, with ons exception, there was less copper deposited in the
icaves of tobasced, with copper sulphete spplicstion, then without it.

It tndicstes that copper context of the plant is not the indsx of the
aveilable copper in the soil,

The third spprosch is tho anelysis of the soil for totel copper or
part thersof, snd its correlation with either the copper content of the
plant or total coppor upteks by the plamt. ‘The totel copper sontent,.
pareienle:ﬁx in soils with absolute doficiency of the element, is fairly
raliable an isdex of their copper-supplying power, but thers are other
solls whers the total copper costent may not be unduly low but the crops
mey still respond to copper applicsation, &z heppens in meny organic soils.
To avlve such problans efforts have been mude to get an estimate of some
fraction of total copper which may sorve as an index of its aveiledility.

There ars two types of lsboratory metheds which sim to measura the
aveilable copper in soils:

(a) Ohemisal extrectanis

{b) Biological methods
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Chemionl methods of extraction ave of two tyves:

(a) Bingle axtractions

{b) Fractionation
The common solvomba used for singls extrastions ere water, acstate buffer
PH 5.0 (Morgan, 1941; King, 1947), ED1 of such & scomcembration as 4o give
final pH of the suspension approximatoly 2,0 (Stesnbjerg et sl., 195%0),
0, SH.END5 (sntipov Kevekaew, 1947), 1N.HCL or By (Luces, 1948), Nitrie
+ Perchloric scids (concentrsted) (Lundbled et al., 1949). I(u thess
moethods o correlation is established betwaen thz amounts of sopper
sxtrected Ifrom the soll and its responss to crops. Stesnbjerg ot al.
{1950) take on sverage copper vaslus of 1e6, 301 snd 1448 pepexs of copner
iz the soll, se a sign of povere deficiency, dsficiemcy and sufficlency
of copper, raspsctively,

~ Qut of the mthe&gv'gf‘traetiomten, Yood?s (1945) and Vormast et elus

{19%0) ere imporsent. = Wood rocogaises three sategories:

{a) Resdily avalleble copper - extractable with AN. smonium scetate

(b) Slowly sveilable copper - sxtroctable with 1N.H0,

(¢} Extremely slouly avsilable coppsr - aoluble in SHoHIR 3
Ho assumes that theso forms exist in equilibriwa with one smather, $hough
the mature of the compounds of copper in thess forms is not kncun.
Vermeet ot sl. (1950) ulso divide copper iuto thres forus:

(2a) Zxzohangsable (ionic fom) - soluble in % E,30,

{v) Kxchangaable + orgenicelly bound - (2sh copper) - extractadle
@*t@ EH)B HzﬂQ&, aftey igniting ths soil

(e} Lattice bound or silicste copper = deterained by fusien of
the rosidue from (b) with bisuiphite.

These authors consider the Sonis form of covper derived from both
inorganic snd orgenic cowbinestions, as aveilabls coppsr.

Besides thowe, the ume of complexing sgents such as alksld
pyrephosphate for oxtrecting svaileble coppsr has also been suggested by
Briksson (1949) and Heintze and demn (1949), but the usefulness of such
ax$rectants hus got to be yat established,

Out of the biological metheds, the Aspereililug nige;' bio-ussay
method suggostod by Mulder (1937, 1938 ) has boon tried by meny
investigators such ss Mulder (1948) and Gerretsen (1948) in Hollemd,

Hicholas (1950) snd Nichelas snd Flelding {1951} in Britein, Wright
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and Johnston {1350) in New Zesiand, Acock (1941) end Donald et al, (1952)
in Mustrelia. Ths fungus feils to dovelop black spores in copper
deficient medium and the invensity of sporuleticn can be coumpered with
the stenderds sud thus copper avallsble to the fungus estimetod. The soil
to be tested is sterilised bafore edding copper free medium snd subo~
claving with i. niger inoculum. Most of thase invastigators hsve
asserted that the results obtainued with A, nizer method arve better
correieted with the risld responses than those obtained by many ¢hemical
oF spectro-chsiical methods, bui this bio-assey method also suffers frem
three main defsotss

{a) The fungus 1s expectad to simlsto the sction of pleont roots,
whick is fmpossible, Being very sensitive o copper it can only
distinguish copper aaﬁcient gsolls :nram ths woun-deficient ones.

(v) In the case or organie soils the fungus extracts mors copper
than is actuzily available to crops, Thus it Zalls to {nMassa copper
dsficient soils (Wright snd Johmstonm, 1950).

{e) Tho sterilisation of the soil, whick 1s a pre-requisite of tue
blo-assey method, mesites the prediction of sveilebility by this tochnique
unrelieble, as Piper (1942) observed, thet sterilisstion of s coppar
daficlent soil made i% non-responsive to any applications of copper
sulphate.

Frow the above roview of the methods, 1% 1s avident that 26 far there
is no clesr cut auswer to

(e) what forms or compounis of copper in the soil constitute the
available copper;

(b) how to msasure the aveilable eoppsr.
A% the present state of knowledge, nons of these laboratory methods
can he expected to determine ths sbsolute amounts of available copper,

thoy can only rete the soils ¢n scme empiricel basis standsrdised with the

field obacrvebions.
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II1. MEFHOD ND MATERIAL

Matorislg

For the wost of the lavestigations outlined in this pert of the
Thesis, the seme solls wers used, ss have boen described in Tedle I,
Part I, in coanection with the phosphate studies. As the Seddon V.
s0ii containe ginarah such as gibbsite, go2thite and kaolinits, smaples
of these minerals, along with dontonite {Wyoming bentonite) mal aluminius
oxide (2.R.B.D.H, chromatogrsphic brand) wers alss imciudod in thess
studies,

‘Freperst ion of s=mples

The soila wors earefully subsampled, ground to pess through 0.5 o,
nealh sleve of stuinless wiscl, and kept in glase jevs for use. In the
cass of minersls whose X-pay diffraction patterns were recorded by
K, i%rxfi:h Of CoSelaRtols; Scils Division, £i0%y greus of msterisi wers
- ground in o porcelain pestle sad morber end sioved on a 0.2 1. shove
{B,S. No.80), An emount of 1015 gms. of the msteriel passing through
uwas further pulverized for ons bsur, 1in e machsuicslly drivesn sgete pestie
end mortar. This well ground mstorisl was ussd for =11 ths studies
veported hore.

Cosrse particies of orgsnic mztter slong with cosrse sand wers
seporeted from the Seddon ¥, (0=4") goil. The eoil was dispsrsed in
weter and sisved on 0.2 mm, sieve. The motorial thus sepursted was washed
theroughly to remove zs much of the sdhering coelloidal cley perticlos s
possible. It was further tremsferrsd to a 300 wl. dish contsining wober
end heuted on tho waker bath. The cosrse orgsniz perticles flosting on
the surface ware removed by hend. JAfter awnporating thes weter, the
romsining orgsnic particles which hed fomed = scum on the coarse sand
wers removed and freed from suy sdhering send gesins by reflosting on -
water., It wae air dried sud gontly crushed bofore uss.

Sepexration of humus frem the soil

Bumup wae extrscted froa ths Seddon ,V. {(0=-47) soil, uaing the
similer tochnique es adopted by Vermeet et nl. {1950) for removing the

Hstiere Noire from the soil. - 40 gms. of soil were shaken over-uight,

with 200 21, ¢f O0.5N, copper fres smmonis. AfSer centrifuging, the



[+33
e+
»

aliquot was collscted in o ¥incheater. This process was reposted s
mosbsr of times till no more coloured extrest was obtsined. The come
binsi extracts wers acidifisd with HO1l and f£iltered through Whstsan ns.d4
f£ilser pspor. Ths precipitete wes weshed frse of chlorides and dried
on tha water bhatk, followed by drying im tho eiyr, It was crushed befors
use.

Hathods

(1) Eguiiibrium studies

To 0.5 gii. dupliccto samples of each minorsl in cenmtrifuge tubes,
35 mi. of copper sulphate solution of appropricie concentrstion, nemely
¥/2000, ®2000, /500, ¥/250, nua /100, vere saasd end shaken for
1% hours et a constant tempereturs of 20°¢, It was contrifuged end the
cloar supernatzut liquid was collected in pyrer bobttles and used for the
dotermination of the mon-absorbsd copper. ‘I'o vamove the remaining copper
sulphete solution from the solid phase, the residuc was washed with two
seperete 25 mi. lots of 60% slcchol by shaking for 5 minutes followed by
sontrifugiiz. 211 washings sers rojected 2ni the finsl washing wss done
w#ith 25 ml. of 60% rediatillisl sleobol. Three washings wexe fouad
z@acuats to rauove trsces of the copper sulphete solution, occluded by the
solid psxticles. For sxtracting the sopper sdsorbed by the miuerels or
soils, tho weshad residue wes shoken for 16 hours with 35 ml. or 100 ml.
o HC1 of epproprizte concontration, ané cemtrifuged, and in the eztracts
thus obtained copper was sstimcted. In some cases, further extractions
wers alse dons afier ramoving the cembrifugate of the previous extractions.
fuplicete blanks wers carried out iu the sems wsy. In the case of mﬁ;l..
the rest of the grceedura was the ssmo oxceph that 1.4285 gm. of socil and
160 ml. of copper asulphote sclutlon wers used for squilibrium studies.
However the ratic of soil @ sopper sulphate sclution was the same {(1:70)
ag 4n the caso of mimerals.

Tor the study of the eoxchange of copper with neutrsl solutions of
wlectrolytes, &« batoh of solls und wminsrals were dbrouzht inte aquilibrium
with sopper squivalont to 3¢5 moe.s (1106 pup.ss Cu™*), wiich vas sdded
as 100 ml. of ¥/ 2000 copper sulphete solution, to 1.4285 ga. of mstertial.

if%er centrifuging and weshing, the edsorbed copper wes extracted
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succesaively aither with 100 1. of 0,005M.NsCl, 1N.NaCl and O.5N.NaGl ¢
0,050.HC1 or with calcium chloride solutions of the samo concentrestions
as the sodiwn chioride solutions. The coppsy recovered with each
sxtraction wen estimated separately. The solutions of NeCl snd CaCl,
were purifisd by using the teochunique of Donsld, Pessey and Swsby {1952a)and
the resction of the copper fres solution was udjusted to pH 7.0.

{11) Estimstion of copper from solutions

The method used for copper estimstion was easentially that of
Piper (1950) oxcept for & faow modifications wherever necesszry.

In the centrifugates obtsinsd from winersls after squilibrium with
copper sulphete solution, copper wam detsrmimed directly withsut prior
extraction vith dithizons,but befors sfding smwnis, in order to aveld
precipitation of alusimm and iren hyiroxides, an sddition of 2 ul. of 108
solutiocn of smmonium citryate wes found uecessury. The ssme procedurs was
followed for the detormination of the copper axchenged, with weak solutions
of BCl. 1In cortain csses, whers the amount of copper sdsorbed reprosented
only = amall fraction of thet spplied, it was found more apprepriste %o
deternine tho smount of copper adsorbed not by difference, as in other
cases, but actuelly by cxtravting it with 6H.I3l. Ths copper satursted
minersls or soils were sheaken for 16 hours with 35 ml. 6N.HOL end the
ecopper disacived was extracted with dithizome and estimeted Ly the
cerbemate msthod, as outlined by Piper (1950, pp.334-337).

For sil the studies with soila, and in sams witk minerels also, the
oxbracts were digested with 2 mil. Hy50, in 3 microkjeldahl flask,

Subsequent procedure was the same as describsd adove,
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IV, EXPERDMEND AL
!m‘ ilibrium Studies with Copper, )

(1) Adsorption of Copper from Copper Sulphste Solutions by Minerals,
oils and So &agara'son‘. ' ' '

Tho object of these squilibrium studies was to inveatigute the copper

fixing power of the Seddon V. (0-4") soll, =nd to trace its relationship with
somo of its major minerel components. Fram Tables 35, 36 it By be seen
that the amount of copper adsorbed by these minovals and soils is roughly
relasted to thelr exchangs capacity.

TAHLE 35
Showing adsorption of copper from copper sulphste solutions by the minersls

ﬂogger added Amount of copper adsorbed
Cu™" m,e.b ' site Goethite Bentonita inium oxide
{Chrometographic
‘ brand )
p36.8 PH6-8 yﬂ?»ﬁﬂ pﬂlﬂ.i‘& pm.%
Moo
3450 (N/2000 Cus0,) 1.69 2,90 1.1 3.50 3450
6.40 {¥/1000 Cus0,) 1.80 3.30 1.20 6.40 €.40
13.90 (H/m Guﬂc‘) 2.42 5-56 hed 13n90 13.3&
27.80 (N/250 Cus0,) 2,70 5.60 .30 27.80 26450
69.50 (¥/100 Cusly) 2.86 6.00 1.31 53440 31.00
200,00 (K/100 ©us0,) * 3,54 - - 81.30 36.60
Bxchangs copacity (mee.%) i
at pH7.0 as determined
by N.emmonium scetate 4.1 1.90 l.00  95.2 2.2
Percentage adsorbed (Cuw'* aagorbed e
‘ (Gi™ saded )
Kie 8o%
3450 48.7 82,8 3.3  1l00.0 100.0
6,40 28.0 5l.2 18.¢ 100.0 10G.0
Bu?g 1702 3’06 o« 100.0 95.9
27.80 9.7 20.0 4.7 100.0 9648
6%.50 43 8.5 ie% 76.8 533
290‘00 1.72 - d 40-65 9&15
Copper adsorbed expressecd as percautage of the
exchangs capacity
(cu** adsorbed x 100)
(Bxch. cnpacity )
n.@.% %’ )
3gﬂ' 41.3 153.6 Msb 30? 3-5901
6440 43.% 17367 120.0 6.7 291.0
1.3.90 59.0 28905 - 1604 6009@
27.%0 66.0 400.0 130.0 32.8 1201.2
69: 7008 A21.0 1}106 6300 1681.7
200,00 - « - 85.4 1663,.7

Be.% = miliigrem eguivelent per 100g. of the
moterial. P

* Mineral: Copper sulphste soluticn = 12200, in ell other
(8) (moeoi cages it is 1070.

But 1a nome of them except goethits, gibbsite snd aluminiumoxide

{chrometographic brand) has the copper edsorbsd been squal o or mors than



TABLE 36,

Adsorption of copper from the copper sulphate solutions by the soils
{80il = solution retio = 1:70)

Coppar sdded fmouht of copper sdsorbed Percentage adsorbed Copper adsorbed sxpressed us percemtege of

%34- Mo b e Go {Cu*t saeorbod = 100 the ezchongs cupscity. {W x m@)
(™ adaded ) {Zxch. cepecity )

Beddon V. Seddon V. Seddon  Urrbrae V. Seddon V. Seddon V. Seddon  Urrbres V. Sedlon V. Sedicn Vo Beibn T Tmnav
{0-a")  (4=B") (B.8.) {0-a") {0wd®)  (4-8") (B.B.) (0-a") {0=4"}  (4<8*) (2.B.)  {(0-4")

soi) soil soil soil soil soil soil soil . okl - sofl soil soil
(pH5.39)  (pH6.02) (oH6,05) (pHS5.91) , , i
Re G ot & e
Be,ﬁ&&:&.@a%(WQWG WAJ 30‘39 2.15 3'3’3 3934 881&6 51«5 9&.} s?o? 3‘3.@ 3205 2809 31.’3
7.00 % {B/1060 Ci’nw#) 4450 2,5 5.40 4.90 64.3 3517 T2 70.0 3%.6 51.9 47.3 £9:5
-3
13.90 " (N/500 CuS04) 5.70 360 3.60  6.20 40,5 25.7 6.1 4d.e 56,0 54,5 5.5 62.5 &
69.50 ¥ (¥/100 W‘} 6.80 3.80 .10 1.0 9.7 5.5 13.0 11.0 66,8 5.6 79.8 1.6

Hxchabge cepucity dy ,
armonium scotate ﬁ?oe 16,20 6,60 131.40 7.96 10.2 6460 il.40 .90 i0.2¢ 6.60 il.40 9.%0
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the exchange capacity, despite the fact that the amount of copper applied in

N/100 copper sulphste solution has been much higher than their exchange
capacity. Another noticeable feature is the high percentage retention from

low concentrastions of copper sulphate solutions and the decrease in the per—

centage adsorbed from 'stronger solutions. As is evident from Fig.X bentonite

sdsorbed all the copper below 278 mees% and aluminium oxide up %o 6e4 Me0eBs
The Seddon V. (O=4") soil adsorbed more copper than the Seddon V. (4=8") soil.
When the percentage of the copper adsorbed is plotted against the logerithm
of the copper added (Fig.XI) the plots of gibbsite and the Seddon V. (0=4®)
soil lie quite close to each other, while the Seddon V. (4~8") soil lies
closer to kasolinite and below gibbsite. Aluminium oxide (chromatographic
brand) and bentonite seem to be ﬁm:elated to any of these soils.

When the soil separates; of the Seddon V. (0=4%") and (4-8") soils were
treated with N/2000 copper sulphate solution, corresponding t0 3«5 m.e. per
100g, of separates, the amount of copper adsorbed (Table 37) indicates that the
coarse sand end fine sand fractions of the surface soil, adsorbed approximstdy
twice as much copper as their counterparts from the deeper borizons.

TARLE 31

Copper adsorbed by soil separates from an addition of 3.5 milliequivalents of
copper per 100g. of the separate.

Soil Coarse Fine Silt Clay
Sand Send
Copper adsorbed Meoe% B
Seddon V. (0=4") soil 3.17 3439 3.48 3.42
Seddon V., (4~8") soil  1.90 1,60 3.48 3439

At this low level of copper the silt and clay fractions showed no differences, |
but when 70 milliequivalents of copper per 100 g. of the material were added,

the differences in the copper adsorbing powers of these separates also beceme

evident (Table 38).
TAHLE 38

Copper adsorbed by silt and clay frections from an addition of 70 milli=-
equivalents of copper per 100 g. of the separate.

Method of extimation Seddon V. (0=4") soil Seddon V. (4=8") soil
siit Clay silt Clay —
mees% Cu'' adsorbed
Direct determinstion
by difference 27.2 3949 18.4 27.4
By extraction with
6N HC1 2746 40.1 19.5 2743

x :
Separated by the ammonium carbonate dispension method of Puri (1
the removal of organic matter. (1935) without
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Exchange of copper with HC1l

To replace the copper adsorbed by the minerals, an amount of HCl cor-

responding to the concentration and amount of copper sulphate solution origine

ally used for adsorption studies, was added.

The results (Teble 39) show

+
that within the range of these studies H ions are cuite effective in dis=

placing most of the copper adsorbed by goethite, kaolinite and gibbsite, but

not from aluminium oxide, and bentonite.

: TABLE 39
Exchenge of copper with HCl (from minersls)

Minersl Copper Copper HC1l added for Copper Percentage copper
added adsorbed exchange ex=~ exchanged
chenged (Cu**exchanged )
(me 8e%) (Cu™ adsorved 100)
Kaolinite 345 1,69 345 (N/2000) 1.59 9345
6.4 1.80 1.0 (N/1000) 1,69 96,0
13.9 2.42 14,0 (N/500) 2.26 91,0
27.8 2,70 28.0 (N/250) 2.23 9040 Mean
69.5 2,86 70.0 (N/100) 2.69 94,0
140,0 3430 140.0 (N/100) 3,00 91,0
200.0 3,54 200.0 (/100) 3437 96.0 ] :
Gibbsite 3¢5 2490 3¢5 1.63 SGel | —
6ed 3430 1.0 3,31  100.0
10.0 4, 65 10.0 3090 83.9 Mean
13.9 5450 14,0 4.85 88.5 88.5
27.8 5460 28.0 5030 95,0
40.0 6450 40.0 6420 9243
70.0 6400 14.0 6,90 110.0
7040 0.00 040
Goethite 3450 1,10 345 1.14 101 ) —
6.40 1.20 7.0 l.14 100 Mean
27.80 1.30 28.0 1,34 101 100, 5
69450 1le31 14.0 (N/500) 1.31 100
10.0 0.00 0,00
Bentonite 3.50 3450 3.5 0.47 13¢5 ~—
6,40 6,40 7.0 0.51 8.0
13,90 13490 14,0 (N/500) 0.73 S5e
14,0 (N/500) 0.00 0.0
100.0 (N/70) 3497 2847
350,0 (N/20) 4,42 31,8 104.4
17000,0 (N/1) 4.42 31.8
42000.0 (6N) 0695 6o
27,80 27.80 28,0 4,68 17.0
69.50 5%.40 14,0 (N/500) 6424 11,170
70.0 (N/100) 19.60 3647 9945
42000.0 (6N) 27.30 5l.1 !
100.0 6642 14.0 (N/500) 12,46  18.87
70,0 (N/100) 20.80 31.4 93,3
42000.0 (6N) 27450 43,1 _
100.0 6645 350.0 (N/20) 44,70 6742
7000.0 (1N) 20,80  31.3 9949
42000.,0 (6N) 0.90 1.4
Aluninium 3—:50 345 345 le33 38.1
oxide 6.40 6.40 7.0 2.83 44,3
A«Re 13,90 13.20 14,0 8436 6045
(chromato~ 27.80 26490 28,0 19.40 7646
graphic 69. 50 37000 14,0 150 20 41.1 77.8
brand) 700 13,57 3647
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It was necesssry to use repested oxtractions with HCl of ineressing
strength up to 6H, to desort copper from bentenite. In the csse of
sluninium oxide {chromatographic brand) tho percentage of the adsorbs
copper extrected by the ecid inercesed with the concemtration of H fons,
bt throughout the range of thcose studies, it was lems tham in the case
of gibbsite.

V' In the case of solls, iustesd of verying the concentration of acid
eccording to the amount of copper used for equilibrium studiea, only
¥/2000 HC1, corresponding t¢ 505 el 3* fons, per 100g. soil, was used,
The emount e# well o the pax;eantag@ of coppsr sxchangeable (Tadle 40)
ghows that higher the mmount of copper edsorbed by the soil, tho higher
the percentuge extracted.

TABRLE 40
Amount of copper sx eiaagaahla with HC)l (from soils)
Soll copper copper HCL (M/2000)] Gopper  FParcentoge coppor
2iled  sdsorbed sdded axchanged ox ggaageﬁ. -
{meaeo) (mee®) {m.e.%) (mee.%) (Qﬁ Qzﬂ% 100'
_ {Cu” wdsorbed
Seddon V. {0=47) 3.5 3.09 %5 ‘ G.91 ‘ 29-2‘
13.9 570 33 2.25 39.8
Seddon V. {48%) 3.5 2,15 3.5 1.22 6.8
13.9 3,66 . 3.5 2.36 60,5
Seddon Ve (HeBe) 3.5 3430 3.5 8.44 13.5
13.9 8.60 3.5 2.32 2649
Urpbroe V, {0=4") 3.5 3014 3¢5 0.62 22.2
13.9  6.20 345 1.90 3547

Secondly the percentage of coppar desorbed from tho Beddon sube-surface soil
@as nosrly twice that from the corresponding surfecz soil, Hosulss (Table 41

with the seperstes frow those soils slso confirms this differsnce.
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TABLE 41
Exchangs of copper from soll separstes, with N/2000 HC1

Soil geperates  Gopper added  Copper  HUL  Capper Percentsge of |
¥/2000 Cu' 0 4 adsorbed addel axzthanged %tho sdsorbed

(120 04%5) {meee%) B f0n (m.es%)  copper
{men.%) exchenged

Seddon V. (0-4")

Coarae mand a5 ' 3.1 35 1.3 4l.3

Fine sand 3.5 3039 3&5 L.41 dl.&

Sily 3.5 3.48 3¢5 Q.02 God

ﬁley 3e5 3.‘2 3.5 G.00 0.0
Ssadon V, (4-84)

Coarse sand 3.5 1.50 3.5 1.48 116

Fino sang - 3.5 1.68 3.5 1.28 796

841t 3.5 3.48 3.5 $.07 4.2

Glag' 3e5 . 3-3’ 395 D0 ; D0

—

(111) Effoct of organic matter on the sdsorption and exshange of coper

The expsriments described above have shown the diffsreunces in the
retention and exchenge of copper by the Seddon V. {0~4") and {4-8") soils end
their ssperstes, bubt it is not clear whut 4s the ceuse of these diff-rvences.
£a organic matter snd humis are koown to be capable of fixing copper, it
was considered desirsble to investigate the role of orgenic matter iz the
fixetion of copper by these scils.

{a) Bffect of remoyal of orgsnic metter:

The soils and their cosrse sand fractions wers trested with hydrogen
perexide, according to the stendard method used 1a the mechsnjosl anslyasis
of woll, for rewoving orgsuic mutter (Piper, 1950, pe60). After oxidetion of
tha organic matter tho residus was weshed and drisd on a water bath at 70%C.
end subsequently air dried befors use. Duplicate ssaples of these peroxide
trested msoile and coarse sand fractions wers brought to eouilibrium with
copper sulphate solution conteining 3.5 milliéquimlgnt of copper
(1106 p.p.m. Cu) por 100 g. meterial, end the sdsorbed copper wus oxchenged
with H/2000 HCL (3.5 m.es% H' fons). The Seddon doil from she experimemtal
block was slso included in these studies as it has & much higher orgsnic
notter content than either of $he other two soils.

¥rom Table 42 it cen be geen that in sll cases efter treatment with
hydrogen peroxide the amount of copper edsorbed fell econsidersbly end the

decrease was In tie same order s the orgsnic carbon content, ths loms aftor



TAMLE 42
Effect of treatment with E ﬁa on the adsorption und exchenge of copper

Soil or separaete Copper ad- Coppor ed- Decresase in  Percentage Percentage Porcentage Orgenic Fitrogen %
sorbed befors aorbed after esdsorption copper ex- axchangesble loss on carbon %
trostmont troatment catt chungeabls aftor trontment
with with Eo0, {po.pomis ) belore trentuent with 8,0,
’3‘1&292 ou**e 2 = treatument -gz -
Seadon V. {0-4") 982 302 680 29,2 13.9 6.38 1,60 0,081
. Seddon V., {4-8%) 680 172 58 56.8 88.5 3,55 085 0.054
Saddon (Boly) . 040 298 142 135 6503 9,60 240 0. 202
Seddon ¥, {0-4") 1005 327 678 41.3 66.9 2.6 - -
coarse send
Seddon V. {4-8%") 602 287 315 7746 763 1.14 - =
coarse send

Nots: (i) Copper added = 1106 parts of ot por million perte of soil or soil sepsrete

{4i) ALl celculations sre bessed on the woight of air dry soil

ngL
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treatment with B0, or N, costent « anmother sttribute of orgenic matter,
Likevise the percentegs of the adsorbed copper exchsngeebla with N/2000 HOl
increesed in o1l the treated sauples in the s=ms order.

(b) Effocs of

gddition off organic metter:

The dcta reported abovs illustrate the offsct of organic mstier on the
rotention and ralease of coppay, but it 1s by no woens cextuin that the
trestmont with H,0, 444 mot affaect the soils or soil separstes ip sny other
way. Secondly, uccording to Hosking (1932) the efficiency of the trestment
with B0, depends upon the pH, iino,, 6&063 ond clay contemts of the soil.
In view of this it was consideorsd desirsble to study the effect of the
addition of organic msttey on the sdsorption snd relesse of copper.,  lor
this experiment coarse sand; coarse organic m:atiarz ‘and hwmay ¥ ‘wiich hod
beon soparsted from the Seddon V. (0=-4") soil, were used. Ths comrse send
Weo trestod with H,0, and in onc cese %o duplicate ssmples 3.5% coarse
orgenic matter, while in anothor suse l.54% humus wero sdded and aﬁsorpﬂon
snd exchange of copper studied.

TABLE 43
Bffect of addition of organic mnttor to peroxide trsuted cosrse sand fraction
of the Seddon V. (0=4") #0il on the sdsorption and exchangs of aopper.

Treatmont | sopper  eopper "~ Poroentags
aorbsdv exchangsd sxchangoed _

fﬁ“{p,p.m,) Su™{p.p.m.) | %

Lo Coarse sard (K0, treated)
+ 3.5 cosrse crgenic

aatter : 16 232 392
2. Cosrse sand (Hy0; treated) | |

+ 1o540 huuus 537 304 56,5
3. Coarse orgunic matter alone 1068 ia 1.3
4s Humus clome 1073 24 Ze?

(Meuns of duplicute detemsinctions)

Froa Teblos 42 and 43 it wey ba sean that though in both cases the
smount of soppsr sdsorbed ;nereiaa,ad, it 4aid not vewnch t;zq figure obtained
prior %o oxidation of orgemic matier from tho conres sand, aeapiﬁa the
sddition of coorse organic mﬁte‘g bein_g grester than the 10#: on treatmont
with HyOp, - The percentage of the copper exchanged with N/2000 HCl was
lower than befors tﬁe eddition of organic aatgexé and bumas. i“'hm COET8e

organic metieyr ss well ] the hama slone sdsorbed almost the whole of the

Ql.'.’.."..’ﬂ.
® Se2 page 67 for the method aof preperation of coarse organtic matter and
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copper added, but the amount satracteble with HCL wes only chbout 25,

{iv) Zxcha of ecopper with salt solutions.

4 atudy of the litersturs raveals that for removing available copper
generally acidic extractants have been preferred, lucas (1948) observed
that from en organic sofl 1 N. sclution of ammenium acetete failed 4o
dissolve eny copper, bus with 1W. ms. 50-80% of it was extreotubls,
Pesch (1941) using IN.NeCl even at pH3.0 could not extract moreo than 405 of
the applied copper. Antipov Karstaev {1947) with széo. B0 + CO, and 045K
solution of zzmonium acetata,' could extrect only = very small wmmount of
copper, Likewise Jemisen (1942) even with 5 leachings with 1.78. MaCl oy
BaCly molution sdjusted to pHA.6 could not extract all the coppsr adsorbed
by the soil. The guestion arisom whether the adsorbed copper vemsinms in
sxchangesble forms, and if so, it should be sll axtractable by suitadle
neutrel solutions of electrolytes, provided thers sre no other seccudery
reactions such us the precipitation of the displeced copper as m(m)z in
Beutral solutions. I copper is precipiteted as is assumed by Lucas {1948)
or above mentionsd secondsry reactions oceur, then the effactiveness of
B toms and weldified selt soiutions sud even that of chelating agents in
dissolving it becowss apperent. If it 1s forming some complexes in the
soll, 1in thet csse chelating sgeats should be szpebleo of descriing it more
offactively. To elucidate thsse poiuts e bateh of soils end minorals was
troated with copper and the adsorbod copper wes extracted first with neutral
solutions of HaCl or Call, and them with acidified solutions of the same
salts, From the perusel of Tables 44 and 45 it may b’.. ason that from
@inerals as weil as from soils, 0.005N. Calciwm chloride sxtrectod imeh more
copper than sedium chloride of ths same concentration. Thesa differeaces
were miuch more apperent in the cess of soils then in the case of pure
mineralss Thus in soils, the zmount and porcentage of the sdsorbed copper
extractable with 0,005N. CaCl,, wos noarly 4 times the fraction exchongeablo
#ith 0,005H, NaCl, while in Xeolinite, gibbsite snd goothite, it was only
twice es much. ‘hen a compmrison is made between the ‘copper exchangesble
with IN.NaCl =nd that sxchangesble with lﬂecaclzg the differanses in the
veplacing powers of H: and G:* ions, which wers so marked in dilute

solutions, becsme less significant, end it seoms that there is little to



TAHLE 44
Amount of copper ecchangesbls with solutions of sodium and caicium chloride

iiineral or soll Copper Mount of copper exchanged by successive Amount or}eeppw uéhangea by successive
udsorbed axtractions witk sclutions of HaCl extractions with soiutions of CaClg
from First Second Third Total Firat Secoad Third Totzl
B/ f"@{’ extroction extraction extrsction amount of extraction extrsotion oxtraction amount of
Culidy with 0.0058 with with 0.58. copper with O.0058 with with 0,58  copper
solution R0l 1N.MpCL NGl + rocoversd Cely 1H.Ca02,  CeCly +  recoversd
0,054, HoL 005, HC1
{ileuns of duplicstes) v {¥osns of Suplicates)
e " (5. p.io. |
Sedden V,(0-4"} soil 982.0 48,1 371.0 468.3 887.0 201.3 323.0 379.4 903.7
Seddoa V,(4-8%) soid 680.0 55.6 263.9 315.0 634.5 245.3 197.4 213.5 656.2
Seddon (E.B.) soil 1029,.0 36.% 3159 534.3 946.9 127.6 358,3 439.2 $65.1
Urrbrae V.(0-4") soil 9291.0 34,3 347.5 575.8 957.6 202.2 427.0 35C.7 9719.%
m‘t’ 56?.@ ?703 1211.@ 35009 555!3 168.0 5209 379-8 58“0?
Gidbaits 927.8 63,0 129.5 668.5 907.0 205.5 147.0 537.3 889.8
Goathise 354,90 5% 3 85.8 295, 4368 1i2.? 245 235%.8 3771.0

Hotei= The adsorbdbed copper wes sxtrscted by shaking the copper trested msteriesl
with the salt solutions, added in the rstio of 1:70.

*él




RABED
Pmentasa of the sdeorbed copper axchsugecblo > With the sclutions of sodium und celcium chlorides

Mnaml or soil | Parcentage of the adsorbsd cappor exchanged Percentage of the sdsorbad copper exchbenged with
with sodium chloride solutions CaCl, asolutions.
Fizoh Second Third Tokal Firet Sscond Third Total
sxtraction axtraction extrsction recovery extraction extraction extrsction recovery
with 0.,0038 with wish 0,58, % With 0.005N.with with O.58. #
Well W BaCl RaCL + caalz H,caclz GM@ +
. ) G.Gﬁt; Kl ) ) % 0.0 Sﬂ.ﬁﬁl
Seddon V,{0=4") seoil A; 5.0 398 83.3 90.3 20.5 41.4 . 82.9 91.9
pr= 5.0 3.5 41.8 90.3 20.5 32.9 38.5 91,9
Ssddon Vo{4~8"} sot) 2 8.1 42,3 95.6  93.5 36.0 45.4 90.0 96.5
B 8.1 3%.1 46.% 93.5 36.G 29.1 3l.4 96.5
Sedden (B.8.) soil A 3.5 e 5 835.1 91.0 12.3 43.6 85.4 92,7
B 3.5 5545 5i.5 . 91.0 12.3 38.2 42.2 92,7
Uprbree V.(0-4"} soil 2 35 3641 93.6 96,1 20,3 53.7 94.8 98.4
B 3.5 34.8 57.8 96.1 20.3 42.9 35,2 98.4
Kaolinite A 14.0 25, 6 %05 98.0 29.5 8'} 104.0 102.3
B 14,0 22.0 62.0 98.0 29.5 5.8 671.0 102.3
Gibbeito A 1l.1 15.7 96.0 97.4 22.2 20.3 23.5 96.1
B 1.1 14.9 q2.5% ¥4 22.2 i5.8 53.1 96.1
Goethite A i%.1 27.% 132,90 120.0 31.0 8.7 105,06 103.7
B ls-l 23.6 &1.3 120-5 31-3 6-‘? 6600 393e7

% A, = Porcontage caleulated on the basis of copper still held by the exchanger

#% g = Percentage calculoted on the bueis of totul copper adsorbed by the
oxchanger.

‘o8
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choose betwassn the 1N solution of Nall or CaClpe It is also evident that
oven with two extractions these meutral solutions failed to remove more than
50% of the edsorbed copper.

When HCL wes edded to thoso salt solutions to give a finmsl
concentration of 0.05N with respect to l+§ lons and 05N with respect to sﬁ
and 0:: ions, their replacing pomer increased vsry merkedly (97.4% im KaCl
and 95.1% {n CeClp). This clourly ostablishes the efficiency nr;! ions
in extraoting copper from soils, oa well as from minorals. ;; fons even in
such low concentrstions (0.0005K.BECL) as 3.5 m.0. per 10Gg. of the
exchanger worse wach more effective in extrecting copper than aven ten times
more concentrutad soiutions of Xe or ch lons, ¢» is evidont fyom Tebic 46,

TABLE 46

Comperison of the percentage of the adsorbed coppsr excheongeabls with
difforent molutions

Soil or mimersl ’ ~Percentugs copper exohangesbls With
0.0005N.HCL  0.,0058.CaCly 0.005K.NaCl
5 K K]
Sedion V., (Ced*) goil 29.2 2045 5.0
Seddon V. (4-8") goil 56.8 36.0 8.1
Seddon V. {3.B.) soil 13.5 12.3 3.5
Urrbrae V. (04"} soil 22,2 20.3 3.5
Enolinite 93 . 5 29 5 14,0
Gibdsite 56.1 22,2 1l.1
Goothite 101.0 31.0 15.1
“Bﬂn 53.2 24;5 8a6

{v) Zxtraction of copper with solutions of soms ¢
ggentg

Accepting Lundblad end associctent {1949) contention that copper from

combinatlions with pest is ss sveilsble as from minersl soils, the gussiion
arises, how do the plents mske usc of thet copper which is not cesily
extractable with neutrel solutions of electrolytes or even with scids. I
would necessitate the assumpiion of such a phencmencn as Epstein {1953)
has suggested that plant roote fomm complexes with the cotions or anions.
doreover, plunt roots possoss strong complex forming groups such as suino

end sulphur which can chelate with copper. Thus to simulate the action of
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plent roots, the use of chelating substences se oxtrectents for avallsble
copper would be desirable. Helntze and Memn (13949) heve suggested the
extraction of coppexr with (.2 molution of sodium pyrophosphste and
Schwarzenbach ot al. (1948) have reported that disodium salt of sthylens
dlamine tetraecetic acid aleo fomm a very stable complex with it. Cone
sidering thesc poluts and akeo kesping the practicel sspects of thsas studies
in visw, for the extrection of sopper from the Seddon V. (0<4") moil,
solutions of sodlum pyrophesphute snd versenste were used. 2 highly.
orgenic soil (orgenic carbom %o48.6%) from Rendelshem (pHbe4), =hich is
known to respond to copper, wus elaso compared with the Seddon V. {(0-4") soil
so that the iafluonce of humus on the effectivoneas of couplexing agemts
would be more clearly understood. A part of those studies was further
extended to keolianite, gibbsite znd Seddon V. (4-8") soil.

340g. of s0il in duplicete wero brought into equilibrium with loml.
of copper sulphate solution containing 42,9 microgrems of copper; en smount
equivelant to an epplicetion of 56 1b. of copper sulphate per scre (4" layer).
After sheking for 16 hours, Sml. of 0.00083M or G.05{ solution of o
complexing agent end in othor cases Sul. of water mﬂm added uznd sheken
for i hour. The soil was then extracted with 15xl. of 2N solution of
NaCl for emothor hour, The finsl concentration of NaCl in every case
, beceme N,

From Table 47 it may bo seen thot from the Rendelsham as well s the
Seddon soil, the recovery of ths added copper extractable with 1LW.NsCi
was much better in the presence of 0.00083M solution of sodium versenste
than without 1%. When the sxtranction was dons, in the presenss of more
concentrated (0.0%M) solution of sodium versencte, the greater psrt of the
added copper was recoverable with ome hourts sheking snd a second 16 hours!
extraction, with NaCl slone, ramoved most of the remsinder. Sodiuam pyro-
Phosphate in amounta equivalsnt to sodium versoncte proved to be far less
efficient than the lutter, purticulsrly in the csss of Rendelsham soil.
SAnother point that is evident from these studios is thet froam the orgenic
soil (Remdelsham) 1N solution of NaCl inm the prosonce of scdium versenate
{0,05) extractad copper more offectively then in the presence of HOl
{0.058), whereas ia the cess of Seddon V. (0=4") soil, both were sunally
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TANLE 4’_]
Racovery of copper from soils ond minerals treated with 561b. copper
sulphate/acre @ Cu' 14.3 poleRe

Method of extraction Seddon Rendslshem Seddon Kaolinite Gibbsite
i Ve (0"“; Yo

{0=4") sofl {4-8")
soil ~ soil
CatY extracted {p.poma.} ]
1. 18.NaCl alons 9.50 0.12 le??” 20‘5 6»59
2. 1IN, Nall + sodium versenate
Qom‘m}!& 3053 4-92 L - -
3. 1.HaCl + godium pyro~
phﬂlphﬁibﬁ 9.0008333 G-?S 0003 - - -
4, 1N,5aCl + sodium versensts
0,054 8.46  9.06 10,15 1l.20 9.85
5. 1H.NaCl + sodium pyro-
Wlﬁhﬂ‘m e'ﬁﬂ 3615 9036 - - -

6. Rgpestoed sxtrsctions with
AN.NaCl (1:10 extractions)

2. First extraction with

1K,ReCl for 21 howr Qﬁ&g Q.12 - - -
b. Second extraction with
1N,NaCl for 16 hours 0.5 .00 - - -

&+ Third extrsction with
1N, NaCl + 0.05N,HC1 :
for 1 hour 917 0,36 - - 5

de Totel smount of copper

extracted i three
extractions 1G.27 0,54 = - -

7+ Extyrections with sodium
yersencte

2. First axtraction with
18, ¥aCl + OU.,08M golution
of sodium vorpenate;

fﬁr 1 honr 8;46 9066 - - -
b. Second extrsstion with

iN.NaCl for 16 hours 2996 3.?@ = - -
¢. Totel amount of copper

recovered il.42 12.76 - - -

Hote:= (1) In all extractions one part of soil is extrected with
IC parts of 1i.Ma0l molution.

(11) In the first five methods of axiructions the iime of
axtrnction wns 1 hour,

effective. Hxtrnction of the sdsorbed copper from ksolinite, gibbeite and
Seddon V. (4-8")} 'soil also shows the effectivenecss of sodium versonate im
removing copper.

~ {vi} Copper supplying powor of the soil

To iavestigate the coppar supplying power of the Seddon ¥. (D-4%)
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s0dl, it was considered necessary to meke an invontory of its copper status
end compare it with somo other solls of kmown history. To meke this
inventory, fractionation of copper was attauptod according to the folliowing
schenet -

(e) Bxtrnctable with moutrel solution of iN.NeCl:= 6 grem soil
ware shaken with 3Oml, water for 1 hour foliowed by extraction foy ancther
bour, with 20 ml., 2N,NeCl.

(b) Extractuble with sodlum versenste: Residus from (a) extracted
@ith 10mi. G405 solution of scdium versenata for 1 hour, follcwed by another
one hourts extrsction with 30ml. solution of 2W,NeCl and 20ml, wsier,

(¢) Soluble in hydrochloric acid:- Ome pert of moil digasted with
ten parts of eonstant boiling HOL for 4 hours.

{4) Zotul coppori~ Determimed by the spoctrochemicsl snalysis of the
whole soil,

The sam of the first two fractions (a) and {b) wes comsidered readily
soludle (available) und the diffurence of readily soluble from the totsl
soluble 1.e, [a - (g + b)] ' @8 .glowly soluble, The basis for this
classification is that in the exporiments with couplecing ssonts 1% was seen
that moet of tho copper added to tha ieil was Pacoveresd in fha Tirat two
fractions (e) und (b),

TABLE 48
Verious forms of copper in certain soils

Soil , 1% Trection Zud fractiom Tobal ~ Totel solublo SLoWLy wolus
exchangeable chemosorbed rendily copper - ble copper
copper - copper -~ soluble extractable (tokal solu-
extracteble extrectable copper with boiling bdle copper =

with N.@od> with sodium HCl.{conatant total readily
fum chloride versenste + boiling point) soludle
asolution in H,ieCl in 1:10 extrice copper)
3 houre1:10 1 hour, 126 tion,. 4 hours
extruction oxtraction ,
SurF (p.p..)
8.4“‘ vo(@““} 3.20 ) Qn“ 0064 3-35 2-71
Seddon {(E.B.) 0.67 1.481 2.08 4.96 2.88
Urrbras V,{0-4") 0,20 3.17 3.37 .72 1l.45

From Tablo 48 it is eppursnt thst the amount of reuldily soluble rforms of
gopper in the Seddon V, {0-4") acil is congidersbly lower than in the

Seddon (E.B.) snd the Urrbrae V. {0-4") soils. likewisc, « reference to

Table 49 shows that all of these soils, which sre known to respond to
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TAHLE 49
Soil T copper * HL solubie Wm;;oun Remarke
Cu  {p.p.m.) ecopper t0

Cu™ (p.p.m.} coppor

Soddon V.{0=4") 33 3035 yo8 Report fizld oxpert~
ments {1941-44, 45)

Tyson {(1953) Pot

experiments,
Seddon V.(b&") 2.6 2.20 yaa we Do,
Ssddon (B.B.) 5e5 4,96 6o Report 1945,
Rendelshem (0-4")
(48,65 organic .
carbon) 640 3.46 yes Backwith
{Pot expsriments)
Robe (0-4") |
{CaCos > 73%4) 2,0 1.92 yon Riceman, Donsld end
Piper (1938)
Urrbras V. (0-4") 23.4 14.72 no Farm experience of
many years

% Spectrochamical enalysis of the whols soil doms by R, McKemale
(OoSaI-ﬁ.ﬁ. Sotla Divilm).

% Onp part of solil wes digesied for 4 hours with ten parts of
HC1 (constent boiling point) end in the extract thus obtained,
copper wes eatimated by the Vechnlgue of Pipsy (1950, pp.333-337).

spplication of copper sulphete, have o low reserve of copper. The samples
of the Ssddon V. (0-4") and (4-87) soils, have far less smounts of fotal
gopper than the Urrbrae V. (0-4") soil wiich is considered to be o
astisfactory sodl wilih respect to copper and it csn be salely concluded
that the Seddon V, scil hes sn absolute deficlency ia this mutriont,
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V. DISCUSSION

Togethar with phosphorus, sopper is enother plemt mutrient, the
applicetion of which has been found essential for the establishment of
subterranesn clover on soils of the Seddon Saries on Kangaroo Islsnd
{Roport 1941-44, 45). The probdlem is two-fold:~

(e} 1Is the dericiency of copper sbsoluts or inherent?

{b) Is it ® quostion of fixation snd uneveilability of tho mutrient?

The laboratory experiments mentiomed in the previous section were sn
attespt to elucidate thess two sspects of the problem, The resulte
(Tables 48, 49) show that tho ustural reserves of totel and resdily soluble
eexmér in this 863l ere very low, and the deficiency may be considered to
be en absolute one. It is moat likely that due to pronounced westhering
and ezcessive leaching over geological periods, copper has besn lost.
Preacott snd Pendleton (1952) and Stephens (1949) have expressed the same
view to sccount for the deficiency of trace mitrients in encient laterites
and in lateritic end similer soils. Creham (1953) conmsiders the presence
of high mmounts of gibbsite, and the virtual cbssnce of ferro magnesiunm
minerals snd feldspars in the lateritic soils of Kangaroo Islend, as an
index of very complete weethering and as in conseouence associsted with
copper ani other dettc_;emi@..

The noxt point to conasider is what im likely to happen when copper
is applied to such a soil whick 1s besically deficient. Will the
sutrient remain sveilable, or be locked up or fixed, or will it be reedily
leached away from the soil? A8 Poech {1941) hes azptly remsrked, the
important ractoia that govern tho avallability and consequently utilisation
of ions in 1ight sendy soils, under field conditionms, are leaching emd
fizstion.  Steenbjerg, as interpreted by Leeper (1952), bes raised the
siniler guestion of why in sandy soils low in organic matter copper
bacomes less availaeble.

The equilibrium studies with a seloction of soils sad minersls
(Tables, 35, 56) corroborstc the evidence of Lucas (1948), Jemisen (1942)
and Sieling (1941) that copper edsorption from copper sulphate solutions
‘does not approach the exchange capacity figure, even though the smount of

copper added bo far in excess of the exchange capmciiy. Some ninerals

such ss gibbsite, goothits and eluminium oxide {chromstographic brani) are
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exceptional, as thoy have adsorbed more copper than their exchange cepacity,
as determined by swmosium acetete pH7.0, would warrant.

The sdszorption of copper up to twice the gxXchange capaciiy can de
eeslly explsined on the besis that e pert of copper is adsorbed ss divalent
covper [%]M 4,0 and anothor part as hydroxyl cupric jons [en oa]*’ 3H,0,
ap wWas observed by Bower and Truog (1740) in the case of soils and leter
confirmed by ilenzel end Jackason (1950) im the csse of kaolinite end
montmorillonite, However thaiz oxplanation does not ssem $0 be adequade
to account for all the edgsorption by gibbaite ecnd particularly by sluminium
ozide (chromatographie brand). It appears that besides tho sdsorption of
copper in the sbtove mentioned msmner, some of it wes precipitetsd ss Cu(0H),3
boceuse the initisl pH of both of these minerals, espe;zially that of
sluminium oxide, is much higher than pHS«3 end 4,7, which sre the lowest
indts for the precipitation of Cu(UH),, sccordinmg to Britton (1932) emd
Lucas (1948) respectively. In the casc of bantonite, besiics the high
initisl pH favourabls to prscipitetion of cutamz, the very high sstion
sxchange capacity is amother fuctor and thus within the range of these
otudies, adsorption 41d not ozceed the exchange capscity. Precipitation
@ay 6iso be partislly responsible for the retention of very high percentege
of the added copper by soils from diluse solutions such as N/2000 copper
sulpbate, as tholr initiel pH 1s siso bigher then the lowest limit for the
precipitation of Cu(0H),,

The easo of displacement of copper by hydroshloric acid from the
mineyals trested with solutions of copper sulphute verfes im ths order
gosthite > keolinite > gibbsite ) sluminium oxide > bemtomite (Teble 39).
8ince sluminiuwm oxide and bomtonite probabdly hed e considevable smount of the
copper emtrappsd cs e precipitate of Cu(OH),, owing o their high initial
pl, therefors with the same § ion concentyation the lower percentage
recovery from these minerals, as compared with others, is understundsble.
Tihe addition of ogqual amounts of HCL will produce unequal PH in different
minersls, depending upon their initial pH snd buffer capacity. But in the
case of bentonits it msy also be seen that oven highly acid solutioms such
as N/20 HCl, wers unable to replzce the whole of the adsorbed copper. On
the other hend, fyom kaclinite oven N/2000 HOL could replsce mlmost ell the

copper. It scoms thet besides the precipiteted nature of some copper in
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bentonite the rest of it is slso held most tensciously, and ;i ioas are not
80 effective in replacing i% as thay cen from kaolinite. . Antipov
Korataev (1947) end Elgabaly ot sl, {1943) have also reported similar
observetions ia connection with copper end gine satureted besntonite and
kaclinite. The differences iz the oxchangesbility of copper from theae
clay minersls may be due to the differences in the mature of thoss scidoids,
and their degres of smturetion, with copper (ses Table 35). tocording to
Wiklander (1947) for the exchunge of cations from s highly hydrclysed
acidoid likas bontonite, ; iong are very wesk replscing egents, but from weakly
hydrolysed scidold such =8 ksolinite, they ure quite officient. uoreover,
the higher tie degree of seturstion, the higher is the relesss.
ifehiich (1946) has slso observed high sffinity of keolin for § »

"In the case of soils, the precentasge of the adsorbed coppor that
was axcbangesble with a constant I‘i' ion concontretion wes found to increase
@ith the increasing degree of ssturation, with respect to copper. If
5 ions are the agents for making cstions available to plants, es is generally
acoepted, it would mesn that & given ﬁ ion concentration would bacoms more
effective in relemsing copper from soils et higher degrse of saturation, than
at lower,

In these equilibrium studies it was also noticed that the Seddon V,
(4=8") soil not only sdsorbed less copper then the corresponding surfsce soil
+

. 4+
but elso released a higher percemtage of it with H, Na ana Ga @ oms.

The game differences were noticesbls in their mechanicel sepur:stos as well.
The possible cause of these differences is the amount and mature of the
organic matter they comtain, because on trectment with hydrogen peroxide the
differences in the adsorption snd relesase of copper beceme less apperent
{Teble 42).  Northcoie and Tucker (1948) have concluded that the cation
oxchange capacity in the Seddon soils is meinly dependext on orgamic matter
(carbon), as a given percentege of orgenic carbon contributes 24 times as
mach to ths exchange capacity as the seme percenstege of cley. Ths high
adsorption s«nd low exchange of the adsorbed copper, due %o orgunic metter,
wuas elso confirmed by adding orxgenic mastter znd husms which had been
previously secperated from the surface soil end sdded $0 the coarse sand

fraction free from organic metter (see Teble 43). Svasberg et al. {1949)
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and meny other investigaiors, such as Rademssher (1936), Hoffmann(1941),
Leos (1948, 1950}, havs elso noted that the fixation of copper is a fumction
of orgenic metter. The decrcase in the relesss of copper, wiih the
increase in orgsnic matter content (Table 42) in the Seddon scils zlso
substantiates tho conclusion of Autipov Karataev (1947). Lagarev (1939)
8lso noted that after treatment with Hyip, e mawsh soil ceased to be . |
copper deficient. It eppears that some fraction of copper is chemosorbed

probably forming metalls organic complexes as

remner of al. (1946),
Dewson and Noir (1950}, Erikssen (1949) postulate, and it is not eesily
sxchengeeble. In the exchange of copper with B‘fa* and Ga“ ions (Tablea
44, 45) 8.00513.31&(312 golution wes found to be mors effective then 3400 5N,
Ha®l, but the differences in the replacing powsrs of thair normsl golutions
were not so merked. This appears o support the coxtention of W¥iklander
(1947) end ielstod and Bray (1947) that divelent ioms like Ca'*, at high
dilution, ere mors strongly edsorbed then monovalents beceuse of the increass
in their activiiy coefficient with imeresse in dilution, therobdy the
difforences in their powers tu sxchenge cations bacome mors marked in
d4iluts solutions thum in concentrated solutions.

The high replecing power ot :i#u in couparison with Na and caﬁ
lons was menifested very etrikingly whem the acisified solutions of zodium
and celcium chiorides were used (Tedle 45), Ykus the copper replacing
power of thede caiions is H ) (s > He. Thiz corroborates thes
observation of Peech (1941}, whe moted am increcse in the copper replucing
power of Na* ione with increcsing H+ﬁ.0n concentration. Slgabaly =nd
Jenny (1943) also obesrved thst iz the case of zine bantonite ths
replacing power of cations wes B > Ca ) Na. They postulete thay Ne and
%Baw ions replsce mainly the divelent zine [Zn]% ead fall to axtract any
zine from complex forms such ag [w1]+ snd [gmﬂf , which occur in the
mossic surface of the exchengsyr. It seems thst in the extrasciion of
»zine or copper, ths loss eoffectivensss of 3: and '3:++ ions than H+ ions,
is not bdecemee they cannot repluce them from the sbove-mentioned
complexss in the moseic surface but probably becsuse of the occurrancs

of some secoadary reactions, us will be evident from the following

aguations:e
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{2 - - ne*
Clay |~ + 3Ma'——=Glay |~ Ne' *ou + [ouo]
*
(3 w'™ o+ mo = > [CacE]  +H
L ‘
[cuoH]  + B 3 — culom), + &'
Pt

Beéauaa of the precipitstion of cu(oa},‘, by the rsaction B, unless tﬁc o
of the solution is kept falrly 1ow the amount of sxchengeadle coppar
axtracted by the neutral solutions of Na' end Ca' ' fons remsins low, On
the other hand, in the case of H jons, by virtus of their grester
replacing powsr =and also simultansous effect oz pH of the solution, the
secondsry roections are supprossed and all the copper exchanged remeins
in solution, Similerly any cspper held by the exchanger ss e precipitete
of &;{03)2_ is =lso more essily soluble in scidie aolutions thean in meutrel
golutions beceuse of ths pH effect. Thus i% bacomes obvious thet in
repoving copper fyom soils and minersls why the acidifted salt svlutions
proved more offective than ths neutral solutions. It also seems to be the
probable explamation for ths populerity of ths ucid extrsctents for copper,
Similar recsoning can bo extended to explain the better recovery
of cogper with neutral solutions of HaCl in the presence of chelating
compounds such ae sodium verssenste snd pyrophosphste (see Tebls 47), them
in their ebsonce. In the presencs of solutions of chelating compounds,
the exchange as well as solution of precipitatsl copper can go to
completion becsuse the complexes thus formed reduce the concentration of
Gu” ions, Consequently, not culy the secondary reactions are asuppressed
but sliso the primasvy resction is favoured, us will Be claur from the
recctions indicsted belowie

e -  + 3Be

- HNa + + copper complex
= Na (weter soluble)

1= @™ , Boddun versousto =R
elay

L
$

— G\xH
+ sodium pyrophosphate ]. Na©

elay |- = . +3Ne ~¢lay |- Na® + copper complex
@:w{] - ita’ (wster soluble)

CulOH), + sadiqmogarsqna%e | coppsr complexes
, . = . s
sodiwn pyrophosphate soiution
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The better copper extracting power of modium versenate as compared
@ith scidifiod KaCl (Table 47) in the case of fon type soil from Rendelshen,
is indlcative of the fact thet sertsin metello orgsnie comploxss of copper
are toc stromg for R* ions to bresk end only strong cheleting compounds
like sodium versencts ere eble to breek the linkege. This lmplies that in
such organic soils if the plents ars not showing smy copper deficiency
symptoms the pilani roots probably remove adequete amousts of copper by forn-
ing complexes rather than by exchangs with 5 ions,

Another faature of these extractions with complexing sgents thet
deserves scme conalderation is the better extracting power of sodium
versenate in comparison with sodium pyrophosphete, particularly from fen
type soil from Rendelsham (see Teble 47). From this soil, solution of
sodium pyrophosphate failed to extract sny more copper than normel solutions
of sodium chloride slone. It sppesrs that in this soil, vhich hes mors then
100m. 0. of exchaugesble Ca, some pecondsry recctions like precipisation of
¢alcium pyrophosphste occurred, snd so reduced the effective strangth of the
pyrophosphate solution wialch wes elready very wemk,  Beckwith (1953a)in
these laboratories hss noted that in 1:10 extractions with 0,054 pyro-
phosphete solution from soils containing over 8m.e.% exchangesble Ca, the
calcium pyrophosphots gets procipitated, The interferencs due 5 Oz in the
extructions with pyrophospbete was aslso notod by Jomes (1949). One
poasible explanstion thet Hsintze snd Mann (1949) 4id not observe any
noticeable effoct of the interference due to calcium on the extractions with
pyrophoaphate, i3 thet they used repeated extractions with more
concentrated (0.2M) molutions of pyrophosphsts, whersas ia the cese
mentioned above, only one extrection with 0.05! sodium pyrophosphate was
used. In the light of the sbovs discussion it seems thet the uae of sodium
pyrophosphate for sxtracting copper from soils, sspecially from those heving
@ falr smount of sxchangeable and soluble caloium, hes soms serious
limitations. ©On the other hand, in extractions with sodium versenste from
the same soll, thsre was no interference due to eakeium, partly because in
nsutral and siightly ecidic solutions the complexcs of versenats with
copper are more stabls than with celclum (Schunrszenbach et al., 1948) ana

paxtly because sodium versenate has grester affinity for copper then for

caleium. According to Schwarzenbzch st al, {1947) log K, for copper
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s;qppiqi 1s 18,86 spna :t‘or sslcium complex 1C.59 where
Kz - -_{98 or Ou Y.ZJ (Y.4 -
cat* or'cu"'"j[y“}

[}
L

sodium verssnata).

Bup if the extructions with sodium versenaste wers done in sikslies range,
particularly in soils heving hizh smount of cwos and exchangsable calcium,
&n interference due %0 caleium cun boe sxpectod becsuse under these
‘conditions celcium complexes are more stabls.

One furthexr extension of thase studies is the fractionstion of soil
vopper by oxtrscting successively with N.NaCl (1:10), sodium versennte +
IN.NaCl and bnilineg HCL, Thess three extractions probdably represent
exchangeable, chaaosorbed and slowly soluble forms, but deteiled
investigstions aro neoded to explore the poseibilities and practicsl
utility of such frsctionstion,
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SUMMARY AND _CONCLUSIONS

The iuvestigations outlineé in this thesis desl with the availability
ar.phoaphate and copper in the Sefdon gravelly ssndy loam virgin
[ Seddon v, (owﬂ ] sot1 trom Eengoroo Islend. To sssist in the
interpretation of laborstory results obbeinod with this soil, the Urrbras
V. (0-4") s01l 304 & few others abouts which considersble sgricultural and
lsboratory information is svailebls, wers also inciuded. The first part
of the ¥hesis 1s devoted to phosphorus and the second deals with sopper.
It hes been found that the total amounte of both these elemerts im the
Seddon V., (0-4") soil are very low and it can bo essumed thet thers is s
basic deficiency of these mutrients, spert from any aestion of avallability
thet way arise.

Phosphorug

In the cese of phosphorus, besides this inherent deficiency, there
are indications of an avallsbility problem and the salient fasturss of these
investigetions are as under:

{1) The phosphate retention capucity of esch of the thres Seddon
soils is 2-3 tiuos as high as that of the Urrbres soils. JFurther, the
Seddon soils, uniike the Urrbree soils, have most of their phosphate
rotention due to the perticles beisg greater thsn 2 microns. |

(2) The maximum phosphate retention in thres Seddon and twe Urrbrae
solls was observed to be between pH4<5, which is indicetive of the formation
of some compounds with Al and Fo.

(3) The vhosphete retention in these soils wes found o be meinly
dependent upon the sctive (free oxides) iron end sluminium dissolved by the
method of Jeffries or complexed with 8 hydroxy-quinoline at pHS5.C. Tho mainm
cause of the very high phosphate retaining power of the coarser psrticles
(>2 ) of the Seddon soils was siso found to bs the froe oxides of iron sad
aluminium, pzrticularly the lattar.

(4) i oxemination of the solutions obtained efter extrmctinsg tho
soils and their separetes, with Jeffries! method, shows the predominance of
alumina in the Seddon and iron oxides in the Urrbrse soils. Studies of

Seray diffraction patterns of ths clay fraction of Seddon V. (0-4") soil, by
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K, Nowrrish, slsc confirm the prescacs of high nucunt of gibbsite in this seil

{5) GHemoval of the freo oxides of irom wad aluminiua from these
soils s=nd their separates by the method of Jeffries, reduced their
phosphate retention by sbout $0%.

(6) The resetivity of free sesquioxides ia the Seddon soils or
their separates as ma:ureﬂ by the moleculsr rotios of P04/R263 was found
$0 B0 twice thut of those in the Urrbrac soils snd in both the meries of
soils the raaeﬂvity incressed with the decressa in perticle size.

(7) Fresemse of twice as reuctive sesouioxides in the Seddon soils
a8 in the Urrirse ones eppears to be the causs of less aveilability of
pheaphate in the forer ceass,

(8) Using phosphatc soiutioms bufferad ai pk5.0, in the presenmce
or absence of Iros oxides of iron and slumianium in the clay seporstes of
tiho Seddon end Urrbree series of soils, the molaculer retios of PO,/Ry05
wera found 1o be 1:2 snd 1:4 reapoctively. It seeme Lo bs suggestive of
the formmtion of hydroxy phosphsotes of sluminium and iron.

{9) Proctionstion of phosphate by Williame! method, frum soils
incubated with different fertilisers revealed that within ¢ waoks most of
the phosphate adled chenged from the foris soluble in ecetic acid +
8 hydroxy-quinolise, to tis forms azbractable with O.1N.Ne0H. The change
over wWes much grester in tho Seddom than in the Urrbras soil. Rock phosphate
suffared the losat changs and the monccaleium phosphate the most. Recovory
of total extractsble inorganic phosphets wes not affected by the period of
incubetion, though in the caso of Ceddon moil it was lesm than in the
Urrbrec soil.

(10) High solubility of spatites in scetic scid + 8 hydroxy-quinolins
snd ineffectivensss of 8 hydrozy-quinoline to prevent edsorption of
phosphate from solutions in scetic scid (pH3.¥) as noted in incubation
axperiments, discounts the suitability of this extractant as a guide to
availeble phoaphates in the soil. Ths results obbained from pot culture
triele with subterrsnean clover support this contention.

In vier of some serious shortcomings of Williamet method, attempta
have been made to develop an alternative mmﬁ for axtracting svailable

phosphat e, For several reasona preference ins besn given to an alkeline
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solution for oxtracting avellsble or readily scluble phosphate. To
prevent precipitstion of phosphate with Ce, im alkeline solutions, use of
disocdium pait of sthylems dismine tetre-acetic acid {sodium versensse)
sosis to be setisfactory. Two bours? extrectien with a borats buffer
(pE9.0) comtaining 0.5 sodium versensts sppesrs t¢ renmove most of the
readily soluble compounds of phosphote. 4 procsdure for the fractiomation
of the so-called available phosphute from a woll is outlined. Firet
{raction reprosents the resdily soluble inorgsnic phosphates extractable

by borsie buffsr + varsenzte in 2 hours. The sscond fraction cousists

of slowly soluble inorgsnic phosphete extracted with O.1N.NsOH im L7 hours,

The proposed msthod has besn used in the leboratory on & mumber of
soils from which rosults of £isld end pot experiments are sveilsble.

{a) In pot experiments with Seddon V. soil end subterrsness
clover, it hes been possible to caloulate significent rogression equations
comnscting the phosphate uptaks by the plants and the inorganic phoaphete
goluble in borate buffer + versenste , or im O.Li,Ha0H, or the totsd
axtractablo inorganic phosphete., In the cuse of Mllmf method, there
wes no sigoificont raéfrew.ian on sny of the individual fraat iona, though
e partiel regression existed,

(b) ¥ith meny of the slightly acid end some elksline red brown
oarths, that had boen tested by #illiiams, the proposed method nlso gave
sutisfectory results,

(c) In soms highly slkaiine soils the lower smount of phosphete
oxtrectable with borste buffer + versenste thun with acetic acid + 8
nydroxy-quinoline seems to be an indication of the presence of apatites
possibly formsd by the reversion of superphosphsto.

(d) An cxeminetion of soils from a permsnent pesture experiment
st-the Weite Institute reveals that though ia 22 yeers some of the
phosphete applied es rock phosphsts has passed into forms solublo im 0.1N.
NeOH, yet most of it ia still present as apatites, The build-up of the
forms of phosphete soluble in borate buffer + vorsciszte has been vsry
masll.

{e) Amounts of phosphets sxtractable from = mumber of solls under

_rzeld experiments with potatoes znd pestures show thet the borate wuffer
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versenate method can be fairly well used as s fertility index Wt further
investigations are nesded to tast its sultability with a rangs of soile snd

CEOps.

Gopper

{1) rdsorption of copper from solutions of copper sulpheto by a
mumber of minerals end soils was studied end the mmounts adsorbed were
found to depand uven $he exchange capacity, initisl pE of the minersls or
soils and the concentrmtion of copper sulphate solution. Very high
edsorption from dilute solutions like R/2000 CusD 4 Peems £0 be pertially
aue to precipiiation of Cu(OH), - a pH effect.

(2} The curves showing adsorvtion of copper by kaolisite snd
givbaite are quite close to Seddon V. solls, whils thosa of bentonite and
aluminium oxide (chromatographic brand) sppesr to be unreleted %o exny of the
soils under investigetion. Gosthite elso does not seem to plsy sny
important part in the adsorption of copper in eny of those soils,

(3) The copper adsorbed by the minersls was extracted by using HCl1
of the seme comcenmtration as thok of the solution of copper sulphate from
whick it was cdsorbed. It wss found that uandesr these conditions, frem
goothite, keolinite end sibbaite the edsorbed copper was quite easily
aztracteble, but not from aluminium oxide snd bentonite, perticularly from
the letter., The differences in ths exchangesbility of copper from bentonite
end keolinits seem Yo be reflsciive of the differences in the maturs of
these clay minsrals, along with other factors.

(4) In the case of soils, the percentsge of the adsorbed copper
extractabls with a congtant amount of ﬂ+ ion concentration waas found to
be proportivnsl to the degree of seturstion with copper.

(5) The higher adsorption and lower psrcentage relewse of the
adsorbed coppur from the Seddon V. {0-4") seil or its separstes, ss compared
with Seddon V., (4~8") soil or its separetes, was another notsble femture
of the squilidrium atudies, Diffesrences in organic metter content were
found to be the ceuse of this diffsrenca. It eceme thet by incressing the
organic matter contont of thaese soils, even the remotest chences of any

lossos of coumer applied to thess soils can by yemoved,

(6) ¥rom soils snd minersis treated with copper, 0.005H.Cegl "
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oxtracted coppor more effactively than C.00RM.HslCl. lowever thare were
po differsnces in the exchanging powers of 1N soiutions of these selts,

(7) Less sffectivensss of nsutrsl solutions of sodium snd caleium
chlorides then ccidiffied solutioms of these salis to extract the adsorbel
copper was confirmed. It seams to be due to ozcurrence of sows secondary
resctions in the neutral solutions cousing precipitation of cnibﬁ)z.

(8) Extraction of ths adsorbed copper with lN.ReCl us sucl, =pd
after pretrestment with complsxing agentz - sodium versenate and
pyrozhoaphate - justifies the following comclusions:~

{a) Two extrsctions with 1N solutions of WeCl elone fulled to
sxtreet sny appreciabls amounts of coppor. However when the scils end
minsrzls wers pretrested with comploxing sgents oven a single sxtraction
with 1N.NaCl wee found to ba gquite offective.

{b) Sodium verssenste proved to be far more affective than sodium
pyrophosphate, whose efficiency wes further lmpsired by high amount of
caleium in the fan type soil from Rendelshem (South ;ustrell).

(e} The effectivensss of cauplexing agents increased with the
concentration of thelr selutions.

(9) Zrom thess squilibrium studies it is concluded that the copper,
applied to the Seddon V. (0-4") soil, is in no woy less easily extractable
$hen from the Urrbrae V. {0-4%}) soil which has no copper aveilability
probl as,.

- {10) Preliminery sttempis have boen mede to fractiomste copper
by uweing iN,ilsCl sodium versensto + 1N.NaCl aznd bolling HC1l as three
extractants. The very low roserves of total sud assily soluble copper
in the Seddon V, soils confirm that the msin probles in these moils is

a besic deficlonmcy of copper.

Further investigations nceded: v
1) Extenaive teats wlit orateo bmitTer verssaste method on a variety

of soils and crops under controlled conditions with a view to determine the
eriticsl limits of availasbla phosphates for different crops.

(2) Btendardisation ¢f the above mathod with e range of slkeline

3 content.

(3) Extension of the propossd method of fractionetion of copper to a

aoils of warieble CaCO

pumber of aolls of known treastment and performance.
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