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ABSTRACT.

A number of colorimeiric methods suitadle for £icld as well
a8 laboratory use were dsvelopsd and adapied for the analy-
sis of Morgan extreot of soils.

A small lightly-sonstructed shaker and contrifuge weare
designed to suit £ie14 work.

The effact of different moisture levelis of soils on the ex-
trectablility of different plant nutrients by Morgan's rea-
gent was studied. Five different s0ils varying in pH, or-
ganie matter contant and taxture were ingubated (28°C) at
three different moisture lewels (25%, 50% and 785 of mois-
ture holding capacity.) Iron, manganess, aluminium, mag-
assium, sulphates, rhosphates and potussium ware determined
and the fluctuations in thair extrastability with time were
examined.

Perennial rye gress was gvemm in agid washed sand, and also
in seil diluted with sand 40 study the minmeral deficiency

© aymptoms in selation W lswels of mutrient supply and to the
efficiency of the methods of analysie deweloped. Wery clear
visual daficisncy symptoms of iron, manganese, magnesium aad

sulphur were odbtained from the sand gcultures and oonfirmed

by recovery tests in the plants.  In the sofl-sand mixture,
nowever, deficienay sysptoms were observed only in the case

of magnecium and sulphur whils ohemigal snalysis ( of aoil

J



solution obtained by laboratory lysimiters and Morgsm mxtracts)
showed clearhy the lower levels of these elements in the wun-
treated soil.

Iron, manganese, aluminium, magnesium sulphates,phosphates
potsssium and aitrogen were studied and deficiency lswels are
compared with the existing data. Also the effect of 1ron,
manganese, magnesium and sulphur deficiency on the mimeral
composition of the grass is reportsd.
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1.
Caapter I

INTRODUCTION ~ HISTORICAL REVIEW
' OBJECT of RESEARCH

The use of chemical ﬁnalyiio to assess soil fertility
dates back to the ninsteenth centurys  Davy(l), was one of
the earliest scientists to call attention to soil analysis
when he wrote "If land be unproductive and a system of amslio-
rating is to be attempted, the sure method of cbtaining the
objeet is to determine the cause of its sterility which must
necessarily depend upon soms defect in the constitution of the
soil which may be easily discovered by chemiocal analysis®.

Rarly worksrs, having established the fact that plants
obtain an important portion of their food from soils, mads eff-
orts to evaluats soil hrﬁlity on the basis of total mutrient
content. Despite the faot that poor correlation was obtained
between the uta af nueh anly-:u and erop ruponn to fertild-

sers 1n ﬂn mu, thou mlyln hlm umd m useful pur-

| pou- 1n ﬂu unlomnt cr noﬂ. leun«. |
Thc dilooury of tho proneiplo or buo oxchlnxc by Way

| '_;('((2) n.rks thc bog:lzmhx or tho lodom u\ o:t aou ‘chemical ana~

“min- aimo thcn, in t.ho search for tha n-calhd "availa~-
'bh" or 'oxoh;mublo' nf.au or mtr:lcnu, chcmt- turned their
| .otfcm to é.nlopi.ng nthodn or cxtnetion un dohninuen

of auch poruou of mtr:lonu 1n no:lll uh:leh eeu:m met the



tamediate reuiremests of the growing piants.  Thers s evi-
dence that Deubeny’®), suggested the terms "sctive® amd dorment
to differentiate Detwean the easily amd A4fficultly soluble con
stitusnis in eoils and propoud the uu”ot earbenic noid to dig-
tinguish between the two categories. L e

It was obvious from the literature that Phosphorus, pot~

. ua:l\.n l.m nitroges attracted the attention of workers more than

the other nutrfents.  Lietdgl®), investigatea tre avatlantitty
of phcsphom sni potassium on Rothamsted soily using diiute
turmchhm, nitric axi agevic aseids for extragtion. Byu"s)
suggested the use of & acid for phosphate extrestion j his
choics came 85 & result of an examination of a wids vardety of
root saps of plarts.  He reported that goils with less . than
Qe01% soluble PeOy probebly need phiosphate fertilisations

, The use of neutral salts such a8 ammonium chlesride
ond samentum acetatel?) for lenching of the availahle bases fn
80ils Decams common at the beginning of the present century,
Strongy minerel seids have been used by several workeps(®) for
. the purpose dut tho main objection to these is that they virtu-
ally bring into solution more nutrients than caa be regarded as
available. Other conventional methods of soil analysis include
elactrodialysis, water extrastion and soil solution studies.
Elscirodialysis was und a8 early as 1906 to inwvestigats the rate
of solution of phosphate from sot2®.  mas teomnique was used
by many workers1®) specially in studies of phoiphorus and potess-
fum but the resl Impetus was £ov reashed until 1908 when Matteohll)

©



- introduced the z-chubu'od eoll. mm mnma
.: ) flmdnn uunz) w:lth unhr d:luuim and rophcnd water with
" ,‘:"':o.es ¥ borde ae:l.d -olution thu m-a tho rau or release of
| _"vhuu ,“ f.hnt ohcmuﬂ.ylin ns meonpnuhcd w:lﬂ:in hnnty nin-
| : ttu;. " cornﬁlm“‘) wornng with soils trom long tu'n manu-
| rial trials comelvdsd wat elestroaiaiysis 1s s relisbls method

(m)ucﬁ"; :

L t&- cxtruting mmn p:um mtriants mnaou. i- compared
B onomamym w.tth \u:u. kmm chcnﬂ.eal oxtuem gm;,citrie

- Jlargl.l) and. tom aigniﬂ.mt oomhtion bomoa the mathods.

, Werkers dcv:lud mnu umiqun to eomhu mtrients

.,o:m-um with pyre u‘hr, wwa the grewth of plamts. Schloesing
_,(15), uqu to be the t:l.r.t m oonaucm lueh investigations.
He uod :n'uh so:u. ana pomd on 1.t wa.tu- colomd with carmine,

o | ycomeud t.hc otnunt un uu.lntﬂ :lt ror sonm nntriontn and

A
o
h‘—‘_"\_

“ ‘orpn:le nnttor. P:l.om m Putu-(“), smutod tho use of
~eo » bagn f.or d:l.fﬁuion of watlmolubh eou'u.tmm from

| thl un. | ,‘ Other uehn:lqun unlvo tho .xtnation or the soil

lulution oiﬂur m, proum“") or u.lporuon ot 801l solutdon

 inalerge vomn ef mn-. liquid parmm’ or glyeod!® o
sthyl mohol.

m main ummt.y 1n ma.:l.yaing tho son. soln'u.on is

j | thc grn.t d:l.].ution of num‘nh oxu‘ung 1n 1’6, _thiu roqu:l.r:ug

nry lmit:lu muum uohaiquu. -
In «ntrut to ﬂu :lonc oonuntioml uﬂ\odl of soil
umnu, ﬂu dnwlomnnt of. rapid uohniqnu u assess the soil

fortility and to help in fertiliger recozmendation found its place



-

4.

in mieulﬂral seun« aome thirty years age. ° The main object,
| oramhhehniqmiatomaumm:ofumn th-

" shortest pusibh wu and at -in:ln\n cxpom Graﬂntrie
uld wlﬁntﬂ.e mum ror aon am.ysis m not aensiuvo ’

n auam m ‘the utemtien eur sm n:lnnu qmﬁuu u m cin-

' cimd. . Oﬂn tho cxpwiuntal cmr 1: oens:ldanbh uul dni-

‘ ﬁmt dim.'nneu hmen mun a.nd mw.n uﬂn au aot

olearly m | Oa the oum- w, m use er colnrhltric utn-
oda u\d :m eu'tl:l.n cuu thn Wmmtric uehniqm :l.n ml.n:ls
of sofl cxtnotc M rwul uuch u@;ﬂmt dir.fcnuu. m _
'up:l.d' 'ﬁold 'alu" m mn» iﬁ(lﬁmn to thc mu:lgcnt :
devios of lpot tasts and suitadle extractants. It is in the
‘m:murm Mrmmmtmmntmkdtmuﬂnh
tunlchnilttodnuﬂiu thnnutritienlmdor ampin thn
£ield, to ows.n thu hﬂchut peui‘bln y:lou with tho hut txponna
nn-n upoeu :hould be om:lnnd. |
B ¢ B m p'oblen :h to bo diaganud. |
‘(2) m dogru ot d.ﬂ.eiomy is to be dotcn:lmd and ‘
1(3) tho peopor mt. or rcrtﬂiur is uuuod to ¢1v. |
 the dnirod ,r.lold. |
’ ja-o ~ Waem all other fastors of plant
M are nenn‘.l., m u:ln procodurn are follmna t.o hnlp h
-mng a eomat dhunia in m :1.14 - '
\ ist ' Moll mlyl:ll ot so:ll by npid uthod-.
k, 2nd s Uu ot phnt- u um cf nn cxniut:l.en (dnﬁ-

chm lmtou 1£ lxinting




chon:lcnl a.ua.lysia o:t euﬂ. in the field dspends J.u'gel,r
on aanpnng, _typu et' extraetauta and amlrucal mthods uud-

' Smpltng ncns to he a rathc:' ehe.llon;ug probhn but w:l.th la-t |
eo-on sense. cnn ea.n abta:ln a reproaentatiw samples’ ..

Ds.mnnt extraetanta were used for the: pnrpeso. A.-eug
the early field tests mromeu for phnspherua in the mt..a
st.atu. : Spamay(m) tuted the wauz\»scluble and’ diluu n:u.ric
asid-seluble phosphom 1n the sou by. uatug a d.rop of ﬂn no:ll
extraot vnlth &' aéhuon ofm: amon.'mn molyBdate. 1n nttrie ae:la,
using a tin ponc:u t.o aevuop the eolour.. . Brag(®l), ‘Antrodused

& stmilar techaique Wut W uaua the phoaphom in the présence

of aon.. h'uo (8?), oxtraeud the soil with anuu :ulphurie

acid and dsnlopcd the ulour with stanneus shloride amd: umum‘ 3
‘ nolybnu soutien in aulphudo asdde ller (23) pnbnlhal a
bulisetin in which e :lnelndnd a system of sou ominuoa for
pHy phosphorus, nitrogon (smmenis and nitrate), almuu,calcin
and sulphur, Jl‘ uud. diﬂ.’omnt extractants fer the different
~ constituwents, o.nd by means ot doloursd charta estimated mim’
extrastable omtitmxru with the oxeaption of potassium.  He
dsvised the “Morgan coll test block® for leaching the sofl.
m‘“) used a very diluts selutien of acetic acid
( 028!) approximately ems part of seil to aix parts of. d:lntilhd
ntcr (ua:luﬂod with acetie acid) for nxjrutioa, shald.ng for
one minute and ﬂltration. ﬂimu-nimgu, phosphorus, petua:!.u}
oa.leiun, mboute, pK, ‘ammonia~ad trogen, : nitrito, u]nn:lu, iren,

umuu, nngnuu ’ luphata ehlor:ld., ‘sodium were examined



6.
‘ ‘.eolorimﬁ'ie‘nly‘ and again he used eoloured charts for his dster-
o , m(zs) htroduud on, o!‘ tho most widel.r nud ax=

- 'tnounts Lor diawutic and advigary worke . This is a mixture
oo e acetio ae:m and sodium acstate h:l@ly buffered at [K 4.8.

It is prepared by dissolving 100 gmus.., at sodium acetats trihydrats

.dn a litre of muma water centaining 30 ml. of glacial acotio
acid.. . The mos important ehamcurutioﬁ of  this systea is

o that n 1s nighly buffered, 1t has s wnahsnged solwat sctien

| . while oxtrutbz, and. cztraots are auitabh fer .colerimstric
- and Nrbid:lutr:le techniques, 11'. sxtracts quantiﬁes .of a.vathblo

;,,' nutr.{cm which are within the ssnsitivity range of the nu.ytical

.mthoda in force, and the ameunts ef mtrhnta extracted are cor-
related with response of different mps over a wide range of
soils and its resistance to biolagien decempositicn at least for
e time lenxonougxto oarry out the roqniraduatl.

For extrastion, Mergan suggosudia ‘teaspoon of soll (appro-

. ximately 6 gms.) is placed in a funnel i 10 mle of the extreoct~

' 4ing reagent to pergolata through it, moistening with water will

- Dbe meosséry i1f the soil is not readily wetted by the extractant.

- This 1s more or less one of the jomplete syatems for soil exsmina~
tilen as it includes all the mutrients, most of the harmful emuv
-wants of the seil, pn,,:crga_u@ matter, and lime requirement.

| ~Since then, saversl werkers have modified and used-Margais
or simijar oass to datermine more than ome const:l.tunt in a

single oxtnct Soge Huur‘“) used the same amalytieal toohni.qm



Te

as Morgan but smployed an extrecting solution with a total acetio
acid conecentration of 0u8N buffered with sodium scetate abt pX 5.
enas‘®7) ) used the Morgan system but meds many miner varistions.
' Another technique used for rapid tests wss applied by Rray
(28)  Gsing & meutral salt solution of 258 sodium perchlorats but
llorm(”’ s Delieved that extraction with meutral salt solution
fails to bring out inte solution measurable amounts of availadble
phosphorus, aluminium and iron.
Baver and m"o), used O¢3N HC1l for extraction and
the ratio of soil to extractamt 1:Re
It 48 clear from the foregoing that a varisty of extract~
ing mn& have been used for rapid tests. These oould be
classified into 4 main groups s=
1« Very dilute acid whose action is similar to water e.ge.
the Spurway type (0.088K acetic acid.
8= The fairly concentrated msutral salt solution type used
by Brag2l) ana Peech{3),
3= The strong minmersl scid solution which is sometimes buf-
fered at a certain pH eogs used by n-mg‘”),‘aa), Bray(s)
Spurway(®4) (using 0.135X HC1), Baver and Briner(30),using
0+3X HCL while ¥1108¢%2) used a buffered perchleric acid
extractant.
4~ The weakly ionised organic acid buffered with its sodium
salt or Morgan'®®) type used by nomr(“) moh"“uu
' 'w omu’ PTG L i L e s
Poach ™) neported that thess different systems may be se



related that a factor may be employed to convert yaluss obtained.
from one syatem 10 another. .. .. T :

" any, womum’imna ant standandised the rapid mioro-
ehuion tests to attain the highest possible acourecy while . ..
others(36), compared these rapid techniques with the long copven-
tiomal laborstory methods. .. Peech and. hguah‘”) called atten-
tioh %o .thi -08e, of npocir:lc..nmnt- for color:lntﬁe analysis .
and the need fer careful examinationm of interferences. Anderson
and lobh‘a‘) .made. a cuparatin study on.widely different soils
uaing different systems of quick tests and reported that s~
(a) Reswits by two obeervers with the ssme set on a particular. .
aoil were in fairly good agresment. . .
ht.-rpnhé bx;uustrm. -mmu who are familar with the
lande

‘With th uwlomont ‘of the rapid mu, utuhuy thna
was unlnp-ont of tppmtu to meet the lp«d, and uuwy of
reqiired £or such testss ~ In the field; m-m tnuu xm
have been luimd ‘for omin:l.ag the aifferent lon nntrhah,
nk:l.ns uo ‘of colnmd ehu'ta or of pomunt dius for oo-pu-l
soms | '

..............

coumlc and mu(sﬂ .mads several improvements in the

working techniques such as. pipetiing, extracting, filtering to
increase the effieciency of the laberatery production. |



-

SR Plntl mw:l,uinﬂu ﬂoummrum for
,wﬁu ﬂu npp);:lqz powsr of soils under utnrd. conditionn
and thus ﬂn-ow some nght on the uvuhbility of. mt.rhm. T
go-pmuu -m;‘s" and sualysis of healthy ani "abnermal®
‘ ' "unhu‘lthy" umlu omn '.mu to eomet d:lagmltt padticus
,mlyifcnphduthn-cn tut. L . oL
o m:t‘tmnt organs. of pmtl are n-phd Lor mmu tu'
urm-ont anm-nt mnmm) e.g. nitrogen test (NOp-¥) is.
luuuyuu on m nins'hnor lesf midrdd, while :lnw‘.:oat,
osta, barley sad r7e the mxin stem is weed. Phosphorus fn matse
is determined on leaf midribs near the ear, while in graminae
leaf tissus near the untro .0f the plant.

. cu'lou(""), ‘suggests making the m on the sap obtain-
ca from plant samples collected after magosration, extraction
with 2§ scetic acid and decolourisation with charecala

Niocholas{41), exsmined plant tissus in the field by ex-
traction with Morgan's reagent and application of colerimstrie
and turbidimetric teokmiques making use of a Lovidend Comparator.
He also stresses the compsretive study of plants in suspeoted
£ie1ds a8 this facilitatesv the diagnosis of dafieient or texic
oases in situs  The Long Ashton Field Kit he dssigned, oomtains
& hydrometer balance for weighing in the fields

Comparative studies in ‘the ﬁu:l.d are or put va.:l.uo Lor
dhnuh even. :lt the shortegs of sn ohunt is not uvu-c ouuh
to cause visual lmtm , In mto cuu hmvor, mn nutri-

snta are munm low, plntl may ho stunted in grovth,



10.

aam of siehuss on mns, st.em , fruit and disintegration

of nriou pu-ts of the plats Thess symptoms of mutrient
dcﬂoiuciu Mntah tho q\dehat and ohoapost method of diagno~
ah :ha the ﬂou. a*h.uu (42),(43) and (44) , Suides
and pnbnoutiom 'lith oclotrod platas are avaihblc to hnlp qn
Mmtiﬁuﬁan ar thuo suptus in the field..

‘ Bonm, oorroct a.tmous roqtiros good powlrc of o‘bura
vatio# and nry emm meridution. T Also it 4a {pertant
but aot ouy to cxeluan oﬂur pouible cmca of poor grom or ay
synptou thlt ek l:lh -:I.nn'al deficdencies as s result of other
mndn u rer emph, wm, mst, heavy u:ln, drught, over-
ndu, inuet dmgc md v!.m diseanes. Ihlhco(“) classi~
fied the mtm of ns.mul hﬂoiemea into two categories, the
lhph typc 1n Meh nynpt.m ere elnr and decisive in contrast |
to the oupnoutod typc wnch 6 not nrford conclusive evidence.
H‘ emnrua «m:ln plalru mdor th- neme of mm_m,
whioh m uns:ltiu w niunl doﬁoimiu&xin very ‘olear m
Kueiuin ulptm and uu«tod making uwse of them in the field
nuor imnugstioa :ln mo of ecaﬁl:lom ne 1iterature on
orrcctn ot mmnu tutora in nincul daﬂe:lcney :ynptou
’hmeumumeyoalyatn Onnphu._ '

0P, cleined that 1 - 2 Kpuee of Borste/hsctare removed
all dron@t sigu rron a ﬁuld ofn nd clovor hspite eight
Knm of oonu:wmo hut. | eamp(“) fonnd thtt the availabdli.
ty of s:lnc va.riea with the pH, bt:lng Lower ag the pf rises, tha
‘eritical pelut being botween 5.6 and Gebs :



11,

lu'ehulw’) not:l od vur:htion in mlybdnm conuht

. -'4m severel Plants at different seasens in d:lﬂorent Jocalitiess

2 Fiuetintlons 1n svailable metriests. in soils {partioularly nitro-

T geit whieh umhtu in gpring-time) has Been nn-incd by sever-
U ad werkerws . Ku-r“s), states that it 1s pou:l.bh that

plant remuu ™ ooppu- are greater 1nhot ary mrs than
1in cool motst omes. mn“” Bas ‘shown ‘that 1ron detics~
my esn be mm in a. mp m on a no:u eonuiniu too

U nign a cmmﬁon of utﬂuc ioms b.g. cobalt, eoppor,chree
o ."lmtu, sine, manganese mﬂ Jesd san an cmu p:l.m to show symp-

‘tems of iron deficlency as well as thou of spuiﬁe tox:loity of
| ‘4ndividual metals. mmo“s) ’ pohtod out . that eel worm,

' wire worm and ewt worms Mm rootamsteu mﬂﬂuint’hn

. appnrmo ot' ynnow, m, puplo mtinz -mm- u n!.troxon,
Vphuphom ‘and potuciu dcﬁohuiu. | Hu roana me that

- ‘aeu vlm d:lauln M« luf pntumswhich cm mﬂy be con=
fused with ninerel. doﬂchur 0.3. vﬂm yellow ot suu- best
wnoh 1- ahi.:l.u- t.o mﬂu «ﬂem:ey

. m- 18 the moat de:l.ieau oporatioa 4n. thc m:.- systen
- ot aoﬂ ommuon, mui:-ing wide oxperhneo, good aoquaintance
. with the seils exsmined, their Fhysical amd chemical propertiss.
. xorm‘”) “eomata in this comeetion, “sound Judgunt through
y apononie traininz am} mch axpuicneo 1n the a.npliuuon of

tests on soils of known pcrtomnec au nunthl to the
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. *'ugmitief'inﬁipr,oﬁﬁon of iaii tosta hﬂm of seil mansge-
mant praepiess.’ . . He adds that * the practical value of the
tests 1s 1imited chiefly by the qualifications of the person who
' 18 vesponsible: for ‘trasislating the data inte amevnts snd kinds
‘of fertilicers, mamures, limes 2nd other seil smendments that
 are mont 11kely to Do am-uve in’ premoting pratzmm produc-
tion. : e o
Pla.nt tigsue testa on the other hud., r.quire & -sound
\mdarstanﬂ.ng %0 tho ﬁnoticns ot the, eluont teatod, the forms
1n whieh it nxiatu 4in plant tiunu and ite auhj.htion. The
 plant tissue tests are valusble in inieating the plant mtrunt‘
A'whiehhnniﬁgmwth. : , :

T4 i very clear that soil and plant quiek tostl are on:l.y
Mcauﬁ and diagnestic and far from being quamtitatives Mo
gomaral ruals could be laid down fer mmﬁm"tnq daty of
such tests in terms of fortiliser requirement. .. A knowledge
of the msiaal and gheaical conditions of the axuinod soil e.g.
texture, «upwtmu, peuoam&ty, ssration, unpontnn, watey
-nyply, PH, lime roquromnu, eroppiu mtory, ornnio utur
‘con’ua‘bwindu‘bema. ‘ SR

. m pr:lmy atnp hmvu-, fs the ltabl:lahmnt of tech~
\niquu Ler the ehn:leal tuting of tho so:l]. or plam, widoh can
" be stadardiud to mnd hvele or aeeu'acy and are not nahlc
[ Antarters undor the wide range of oemum m which m
m‘umho cxpeeudtobonadebothinthe ﬂoldaad in the
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laboratory. Effective diagnosis and the sssessment of the
remedial sessures then becomes a matisr of coupling data s0 ob~
tained with local knowlsdge of soil types, conditions eto.

he analyticsl methods sought in the course of this work,
(Chapters XIT, 1I¥, ¥ and VI, YII) were deweloped to deal with
Morgan extracts of soil. Norgan's extractant was chosen fer
the present studies partially because of its very gemsral adap-
tation in many countries thus facilitating comparative ghudy and
partly because among the extraotants used for the purpose it
permits exsaination of a particularly wide rqnge of mutrients
in one singls extracts It is extremely difficult if mot im-
éouihh to find an extractant suitable for all soils or all ele-
ments. Pipor(m), resarked in this connection * it is impro-
badble that any aimple form of anmalysis can simanlate the conditioms
existing in the soil threughout the peried of actual plaat
growth and so give a reliable measure ofm availability under all
conditions)®.

Eowever, the successful use of a chemical test dspends
mainly en the careful calibration of the results of the test
with rasponses of different crops to applieation of fertilisers

on differeat seils. w;“"), on the other hand, deseribes
the requirements for a successful soil test more optimistically
and specifically. Ha peints out three definits principles

for such a test 1~ o
(1) The axtracting solution and ths procsdure wused should
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oxtraet the tetal mt (er a prcportioml part) of the avail-
nbh tmortu-u otamtﬂmm;oih huvingvariabh
proporttu | .

(2) The unntotmtﬂutinm ntnct-hoaldumm
WA Feasopakbls dccuracy and speed.

(3 ) " The mm' u‘h-utd uhnld h oomhud with ﬂll mvth
" and responss of oacn mp w t‘hnt mtrhnt wdr m:lou
“‘”coﬂiﬁmo ‘ S

- The. amum use of llorm‘n mmdnn tor d:l-;nnttc

mmhorywork is new reported from many ceuntries. . .

- It 48 thought that one of the main factors oontrﬂntug

to soms failures in establishing & cerrelation detween soil M'-

cal snalysis and erop respense in the field is the ineffi€iency

and inaceuragy of some of the chemiocal methods applied particu-
larly in the so-called "quick® testse - The analytical mathods
deV¥eloped and modified in ths courss of this investigation are
mainly colerimetric and intendsd fer wse in rapid tests. of seils
in the field as well as in the laboratory. = Proosdures and
apparatus required have besn simplified as far as possibls. All
these metheds have been established initially, using the Riochem

Absorptiometer or the Tintomstar for standardisation and ﬁmu;.

persanent. colowr umm, whensver. suitable, haw been made by

Messrs Tintemster Ltde. The main advantage of thase mesthods

of snalysis may be swmmarised ss followa-s». . . . . .
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my are rclativ-l.y lhph uchniqun, rcqur:lng ahpln

lpplhtu.‘ A techinioian with & reasomable traiaing

em urry ont luh exsmination using these tschniques
r.,my asouratalye:

‘hnother oleke sdwrtAge of thess thsts vhathar wied 1a
ety o n 414 40 the Fepielly it vhieh

| they may Be darrfed out. - Bapid decisfons. as - to.
. fartiliser rcquinnm or in ahmu of hﬁehneiu
ia mﬁu mya are ammz.v nlub:u. ."/ -

m ﬂu nﬁou ducﬂ.m are. ;Wm Tep mm :
extrests, thus ouum the investigater to  examing

mmmmumm : The effects of .

Iermlomwmtonm «wtomﬁmmw
stadied so thathcuh,mmm of the Mergan
mtﬁtchwhuﬁinwulnnmﬂwmr-

B .tpnnec or undesirable side reactieons have been datarmined.

- This dacides the size of aliquet of extrsct wsed ‘in the
tests.
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OBJECT OF NRSBARCH 2~
O
t I B - IR

m;romtmkm eoninem g
7 1st. 7o '‘sontribute to the’ refimement and davelepment of

R

t«hﬁqm wh:toh are Feasonibly ascurate and sliple
mmmwuoauwmuunnummmm
storyimtint:lom.“ R !

r : '
[T

. 2nle to amy ﬂu otfoct of mﬂm mum hnh on
. the: cxtracmi;uty ot aiftu'm phnt mtricnts. The
(rmmm-ogumuuuvmuurm the
80518 befere their .muon. : n 'tho nau, scils
- are always undar umsnt -outuu hnh and 12 o the~
~apot tests ave. nanod, 'oflld ﬂu ust be affected by
- ‘the meisture eonunt, aml 'h mt nxtant ?

3rd.  To study the deficiency sympions of otrtain matrients
4n poronlnl m Wl m itl niunl am:ltian as aff-
eoted by ueh &ﬂoieneiu. m- proﬁnnnt was utili-
sed %o, cm the oftieioacy of ﬂn tut:lns mthods davel-
oped. ltomnr, a oomhtion between Morgan extract~
able mm, lon ulutim eontew and wptake of mutrie
‘ents by plants was imvestigateds



 CHAPTER II

- Anglytical MNethods
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Apart from the methods estasblished in this work to suit
the anal ysis of Morgan extracts of soil it was necessary to use
other metheds in supplementary work and for later experiments
in the use of the methods of analysis.  These msthods are in
detail below s~

"1 = goil Analysis.

Samples for Soil Solution 3-

The rye grass experiment was designed so that twe pots
from each treatment, one Kilogrem Capacity each, were utilised
for soil solution displscement, Morgan extraction for avallabd-
11ty test and moisture content determination.

Displacement of Soll Solution i~

Thealeohol displacement method deseribed by Parker(52)ant
modified in this laboratory was adopted. A battery of Bakelite
tubes were used for the purpose. Glass c:l.otﬁuﬁam treated with

hydrochleric acid and rinsed thoroughly with distilled water.
It has no effect on the pH of the displaced soil solution.

Analysis of the Soil Selution 3~
The Moisture content of the soil uged was determined on oven
dry basis with a ten gram sampls of the fresh soil.
Micro-chemical methods of analysis were used and all data
from s80il solution analysis are expressed in parts per million
of oven d&ry s0il to obtain comparable results.




Measurement of rl =
 The Mr:ldgn glass electrods pH meter was used in the

ease of coloured solutions while the Lovibond Comparator was
used in the ease of colourless clear solutions. :

- Organic Carbea 3~
Walkley and Black!®®) uethoa.

Mechanieal Analysis 1~ .
The hydremater method uging Calgen {sodium hexsmetaphos-
phata) in O.iN sodiwm hydroxide was adopted.

Determinatien of Iren 2~
" The thiseyanats method modified as desoribed in CHAPTER

¥ was used.

Determination of llangnno g

 The hueml»hiu green methed developed in this labora-
tory for the purpese and described in detail in CHAPTER n of
tho thu:u was uod. ' '

Dotamimt:lon of Aluminium 2~

The *Aluminen*{ method was used. It was noticed in
a prolininu'y investigation at the early stage of this work that
different "Aluminom" batches differ both in sensitivity towards
aluminium amd in the stability of the lake.  Accordingly, it
was decided to use one and the same ssmple throughout the whole
investigation.
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Determination of Magnesium 3~
The Yitan yellow method adapted by Tobia(54) was used.

Doten:lnation of Sulphates-
The turbidimetrie method adapted by Jarrett(55)was uged.

mummtion of Phoaphate 3=
Stannous method as nod:lﬁ.ed by Yuen and Pouard(ss)wu

\lﬂ.dov :

Determination of Potassium 3=
Flame photometer was used.

Morgsn Extracts i~ |
The norgaﬁzalt of nutrient availability was adcpetd.
When coloured solutions were obtained, purified activated char-

coal was used for decolourisation, this was rarely the case.
Aliquots of the filtrate were uged feor the following determin-
ations 3«

Iron 3+ Thiocyanate as modified and described in detail in
CHAPTER ¥ of tw thesds, j<jc 94

Manganese 3~ uucoulwhiu green mathod described in CHAPTER
——— E,/ e

Aluminium g~ Alu-_inon method as above. The solution was
neutralised before analysis using 0.2N NaOHe

Magnesium st~ This was determined by the colorimeiric method of
Cornfield and Pollard®?) using ¥itan yellow as modified in this
laboratory by the muthors
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Sulphate 3~ This was determined by & newly developed colori-
metric method using barium chloranglate. The method is des-
oribed in detail in CHAPTER IIIs /*4¢30-

Phosphate 3~ X -paphthel sulphonie acid method.

Potessium s~ Flame photometer,

2 - Plant Analysis.

The cuttings wers made by stainless steel scissors.
The samples were dried in an electric oven at a temperature of
70 - 80°C. The samples were then mixed thoroughly, erushed
by lund. and then in an agats mortar. The metal mill was av-
oided for fear of iron contamination.

Fe, Mn, Al, Mg, P, K, N were determined after wet ash-
':I.ng with sulphuric~-acid-hydregen peroxide as described by Yuen
and Follaral58),

Peo was determined by o-phenanthroline method deseribed
by Peech and English¢5®).

Mn was determined by Yuen'se nethod“o).

N was determined dy direct Nesslerization.

Al, Mg, P and K were determined by the same methods as

for Morgan extracts.

Sulphate s~ A geparate subsample was taken Tor this determina-
tion.  The method deseribed by Dutters snd Chanery(®1)  was
adopted.



s ADAPTION OF ANALYTICAL METHMDS:

PR USE IN SOYL, EXTRACTS BY THE MURGAN'S

, .



*WHEN YOU CAN MEASURE WHAT YOU ARE SFEAKING ABOUT AND EXPRESS
IT IN NUMBERS, YOU KNOW SOMETRING ABOUT IT,AND WEEN YOU CAN-
NOT MRASURE IT, WHEN YOU CANNOT EXPRESS IT IN NUMEERS, YOUR
KIOWLEDG@E IS OF A MEAGRE AND UNSATISFACTORY KINDe IT MAY
EE THE BEGINNING OF THE KNOWLEDGE, BUT YOU HAVE SCARCELY IN
YOUR THOUGHT ADVANCED TO A STAGR OF A SCIRKCE."

| »  LORD KELVIN.



CHAPTER IIT

COLORIMETRIC IRTERMIRATION of SULPHATES in MORGAN SOIL
EXTRACTS by means of BARIUM CHLORANILATE
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Despite the fact that sulphur stands among the essential
plant maaro-nutrients, soil chemisty and pedologists do not often
determine the sulphats content in routine analysias of soil or in
sdvisory werke. This is partly due to the fact that sulphate~
deficient soils are uncommony and partly to the fact that sul-
phur is frequently added to the seil in fertilisers and manures |
and in rainfall. However, a knowledge of the sulphate status ’
of the soils is desgirable if mnot nscessary especially in arid
and semi-arid regions or in saline seils in which high contents
of sulphates and other salts may interfere with the growth of
Plants.

Gravimetric methods for determining sulphate are not
suitabls for field work for obvious reasons. Seversl workers
(68) (62) gqyeloped and improved turbidimetriec methods for sul-
phate determination in soils but when applied to soil extracts
such techniquea frequently are subject to interfersnce by other
soil componsnts e.ge from colleoidal organic matter, especially
if Morgan extracts are usedfor extraction. Lituo“s)poinud
out that shaking with charcoal decolourises the extract but does
not remove the organic matter completely. Hease(4)claimed
that the organic matter interferes in turbidimetric metheds of
sulphate determinations in two ways 3~ 18t : at lew sulphate
concentrations, organic matter may act as a protective colloid
and cause low results of 2nd 3 at high sulphate concentrations
when it co-precipitates and leads to erronscusly high determina-

tions. Heo suggests the precipitation of organic matter using



5% ferrie chloride ani 40% sodium hydrexide prior to the deter-
mination of the sulphate twrbidimetrically to obtain mere re-
liable accurate resulis. , , ‘
The sulphats ion gives few coloured reactions and this
probeblyn explains why gravimetric, titrimetric and turbidimet~
rie sulphate determinations received more attantion than colori-
metric techniques. = Marsden amd Pollard“s)dowlppodl,.;n:v t
sensitive method for sulphate determination in soil extraets
ueing benzidine hydrechloride. The technique is lengthy and
not suitabie fer field work. .
Recently, Lambert, Yasuda and arotaeer$®) usea the in-
soluble therium borate-amaranth dye reagent for eolorimetric de-
terminations of the sulphate but the method sulfers from inter-
ference of ions likely to be present in soil extracts.
Bertolseini and Barney<®")made use of the reaction beo
tween s0lid barium chleranilate and sulphate ions to liberats
the highly coloured chloranilic acid ion for determining sule
phates in oils. The teat solutien ig passed first through &
resin column %o renove the cations which interfere with the de-
termination. !mr“a; gtudied the properties and reactions
of ghloranilic acid (2,5 dichloro, 3,6 Aihydroxy-p-quinone) in
an attempt to determine caleium in plant material. He reperted
that cations interfere with the colour of the chlorsnilie aciad
either by forming soluble complexes as in the case of iron (when
present in low concentrations), or by forming precipitates as

in the case of copper, mangansse, barium, strontium thus redd-
cing



the residual conceatration of the chloraniiic acid without affect-
ing ite bagiec colour or spectral transmission characteristics.

In the ordiginal method, Bertolacini and Barmey pretreated
the test sdlution by passing it through & resin celusm (Dowex 80
x B0, 12 ~ 50 mesh), to rémove the cations i4ha taking an aliquot
which contains up to 40 mgmd sulphate and developing the colour
"dn a 100 ml. velumetric flask and separating the excess barium
chloranilate and the precipitated barium sulphate by eentrifuge
or filtratien. They reported that the maximum sensitivity of
- the reaction is at pH 4 'and used 0.08HM potassium hydrom phthe-
alate as a buffer. - They found that the raection is sensitive

in 5% alcoholic medium,
Inn trying to develep a colorimetric method for sulphate

examination, the sbove method was followed substituting Zeowoard

225 (hydrogen-form) for Dowex §0 x 8.
Two main points were inveatigateds~
18t the possibility of applying this method for sulphats
dotermination in the presence of Morgan's reagent.

2nd the effect ‘ot nurror:lnz anions and the eliminatien
of them and, at the sams time, hoping the procedure
and apparatus lutﬂeionuy -hph for field use.

The 18oiutdeon was prepared by disaolving 1.814 gms of
potassium sulphate,analytical reagent, in a litre of distilled
watar, then passing it through a resin column of Zeo~carh 226
(H-Lornm). The first 40 to 50 mls. were rejectsd and the next
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lot was collected in a clean dry flssk and used for preparing the
standard curve.  The detectdon of the change in pf using wide
range B.D.H._ pH pupm, helped in o‘nnrving the u-r:lnl of tho
oot onine? solution. A resin column of Zeo-carb 225 ofm 20

3] he:lght and 1.5 em in dimur gives over 800 mls. of thil 80lu~
| t.ien before :lt medaregnmntion. - It was oburvod on thc other
hand that a column of the same resin, of t.'he same ﬁmmim,
gives only 25 to 27 nln. if Morgan's resgent wag passed thrquh
it. | _ | o
Te each stendard 1 ml. of 0.06! phmluu‘ solution was
added.  The adsorptien was measured by the HILGBB Blm AB-
SORPTICEETER after choosing the proper filter. The sero read-
ing was adjusted in every case with a blank determination.

Preparation of Resin Colwsms 3~
Tubes of 35 cm. length and 1.5 em. dlameter, fitted at

one end with & tap to, ¢ontrel the flow of the effluent are pre-
pared (preferably 25 ml. burettes). The ends near the tap is
plugged with glass wool of 1.0 t0 1.5 cms in haight to nuppért
the resin columm. X The resin is soaked in about twice its wol-

ume of 2N hydrochlexic aeid( )f or half te ené hour with occasio-
nal stirring, then transferred to the prepared tubes. Water
is passed wpwards through the bed to wash away very fine utor:l-’
als and air bubbles.  Care should be taken to see that the rate
of flow of the water should not ba so high as to carry away the

main bulk of the resin column. This backwashing is continued




@111 the water leaving the tube is clear when the surplus water
is drained downward through the bed to the level of the top of
the Bed. OKNE bed volume (i.e. 35 mls. in this case) of 2K -
mi'echloric acid is next passed through tho' column in 10 to 18
minutes. The effluent should be strongly acid as tested Dby
methyl orange or B.D.H. DPH papers. The acid 1s drained to bed
level and excess acid is washed out till 100 mls. of the effluent
requires less than i ml. of N/50 alkali to neutralise using methyl
orange as indicater. Experience in this laboratory however,
showed that if the sffiuent gives a negative test with silver
nitrate, it is safe to use the resin column. The colusn 4as

now ready for use.

Regemaration of resin coluzns :«

Teats on the treated effluent (using B.D.He paper) show
that its acidity dus to the exchange rises to a maximum which
is maintained until the capacity is exhausted as indicated with
the fall of the acidity of the treated solution. Regeneration
is then carried ocut uwsing hydrochloric acid 1.25 bed volume (1.e.
roughly 45 ml in this case) of 1.§N hydrochloric acid.

Through this work, for each ssmple of Norgan ektract, a
resin column was used once and then either regensreted or repla-

ced by & new Yesin column as the Morgan extractant is wvery ex-
its

haustive to such resin columns te this high sodium content.

Experimpental :-
It was npcrud(“) that asmonium ions do net interfere
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:lf. pruont in soluuon up to the concentration ofm 250 Y/ml.

' This was not confirmed espscially in presence of mmsbull;;:: ;
truttd in ru:ln oolm; very high blanks were obkained. The
aqjuuut or the ’ottnunt pH to 4 required higher concentratiom
than 260 7/al. ammenia especially when working with as Limited

s wlm as 10 lllo It was decided therefore, to uu 1mlof
phthauu lohtion (0.05!) vith a view to n:l-:lng tho pu of thc

“auo

Choice of Filter 1~ _ ‘ .

This test was made by mnni.ng sulphate solutions contain-
ing 80, 200, 600,.1000, 2000, micrograms of 80, into centrifuge
tubes marked at the 10 ml. level. Ons mi. of 0.,08M phthalate,
2 ml. of Nergsn's solution passed through the colunm and 6 ml.
of aleohol (mohu) were added mixing after each additien. The
tubs was £111ed to the mark with distilled éwder and the contents
mixed thoroughly again, From the ‘tip of a thin-bent glass
rod (2mm in diameter), 0.03 gm. of barium chleranilate was added.
The tube was shaken for 5 minutes, then cemtrifuged for another
5 minubes at 2500 r.p.m.  Readings were taken immedistely af-
ter preparatieon and results are shown in Table ﬂ“ﬁ%“ elearly

the use of the green filter 0GI.

Effect of Morgon's Solution 3-
To see the effect of Morgan's solution as comparsd with
water solutions on pE and on the nature of the colour developed
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two sets of standards mere=mede covering the range frem 50 2igm
to 1ooo j/gus ao., (1... 6 to 100 ppm 50,") were prepared swd;one
set was made with the add:lti.on of 2 ml. of Morgan uolut.ion pasased
through the colm a.nd tho other set was made with ntu- only.
!hc ruult- aro lhom in !'ablt Ry/- 38

o is noticod that the intensity of the coleur has increa-
ud in the presonu of llorg-.n 8 solution ana at all eonoontrationa
of lulphatc tested. From the curves (Fig. I) 1t 49 ovidnnt in
beth utl of standards the reaction follows Beer's law closely.

uuug ot t.‘m colnnr
!o test the -ubmw of the colour ruunp ot a ut of

cmm 4n ﬂu prcnmo of 2 ml. of Morgan puud thro'agh ru:ln
colum were taken nudiatoly (after 10 mimtes), half an hour,
one hour 3 hours and 15 hourl after preparation. kqul_t: are
shewn in Table 8,/ 37.

It 1is obsemd that the colour is wery steble, ne chango
whatsosver could be traced in at hut 15 hours from the time of

- preparation.

Recovery s-

. The recovery of amountis of sulphate added to standerd
solutions or soil extracts of predetermined sulphats content was
omimd. Regulis are shown in Table 4,/+ Recovery ranged

from 989t0 1088,
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Effect of Interfering Anions.

The sericus interference of cations which are likely to
be present in soil extracts with the colour of chloranilic acid
14derated during the aﬂphate determination i3 eliminated by *
removing these cations using ion exchange resin columm. It
wag decided therefore, to test the interference of anions only.
Selutions of the desired oonoent.ntions were m&o and passed

through the rui.n eolm rojoct:lng the £irat 40 to 50 nl. and
| receiving u:tﬁehnt quntitiu for the test in cloan dried tubes.

All these t.uts were mnade by the following procedu'o 3=

In a oantr:lmze tube marked at 10 ml. £ ml. of MNorgan's
'aolnt:lon passed through the resin column were placed and mixed
~with the required quentity of sulphate and foreign anfon to be
tseted. Then 1 ml. of 0.08M potessium hydregen phthalate and
6 ml. of absolute alcohol were added snd the tube wes filled to
the 10 ml. mark with distilled water, the zolution being well
mixed after each addition. 008 grm. of solid barium chlor-
anilate was added and the tube was shaken for § minutes, centri-
fuged at 2500 repems for 5 minutes and readings were taken by
the bilochem absorptiometer. Reaults are shown in Tables &, 6,
7, 8 and 9,p4-4The Quantity of barium chloranilate added is
roughly estimated by the guantity removed on the tip of a glass
rod {2 mm. thicknesa) with a 8light bend at its end dipped im
the 80114 reagent. Excess of barium chloranilate in moderate

amounts does not aftgct thg determination as it will be remowed
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together with the praeipitam barium sulphate by centrifuging

but teo great an. cxeou n‘.lght M to high blanks dsspite that

, tbl unuuw ot hu':lu ohloranihu in 111 othyl aloshol-water

140 only 52 x 107" moln por ntnm) o

-  The orfut d’ nm-sm, phuphatu, ehlorim, m-bon-

‘;tu, bioarboum m uzli‘blo 1:: muntuﬁom *» hm as

- 1000 pm TRR 100 p-p.n.) i.n uch oan wit.h qmﬁthl of sul-
M!ptoaoopﬂ. (ni.m greas)s .

| L ﬂﬂnmm:-mmmumwopm ‘sulphate

- the aa:lou iahrrom -M ﬂu inumuuo beccms mm nriou

| _thn higher h the. comntration of sulphates ' Thus the safe”

J.Mt of tho ngg«m nthoa appliad. to so. deuuiuueu 1s

bohvm 50 ~ 800 pgaa. 1.0. 5. %0 80.pspems  sulphats i tho n-‘

emﬂnﬁ mmm i3 %o Dde follewed. o
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Notes on the Method 31—

(1)

(2)

(3)

To test the effect of orgenic matter, determinations were
made on twe samples of a Morgan soil extraci. To one of
them the reagents were adied direcily without remeving the
organie matters  ihe other sample was treated with HgOge

" No eignificant effect of the deatruction o erganie matter

was apparent.

Fo attampt vas m 't.o remove other anions as they m oM~

inslly prenut in amounts ingufficient to :l.numro. '

Yor field work, a small skakdr with a capacity of 42 tubes
and hand driven centrifuge ware designed and made in the
College werkahope. Thia apparatus designed is light
(weight 13 = 15 pounds) and ié shown in Flate J.

The shaker is hexagonal, carries 7 centrifuge tubes on each
side. Esch row of tubes is fixed by a loag bar which
holds them in positien while shaking.

The centrifuge is designed with a head to take 20 tubes and
to0 be capable of 2000 r.peme



PLATE I z- "SHAKER AND CENTRYIFUGE DESIGNED FOR FIELD WORK.®






BEEE uom merpumur (Alnn mugor).
1 ems con- | o
m ﬂltar 031.
R Mm eonparator with tubes.
suphate d.tao 5= ea p-p.u. nnge with -cr«n.
!!oagomeu o | S o
it Zeo-carb 285 resin (H-form) (16 - 52 mesh) au' |
- make a!iquotenmter the colmnquirﬁnﬂuak
44 4n ‘dovble 1ts volume oflt—Hel for 1/8 -1 hmw:lﬂt
 oconsionsl stirring. | Transt‘er o the ulm !ﬂ_!llh
" 4% ohloride frees
2« Standard sulphate steck solutiens 1000 PePeme 80,
Dissolve 14814 gus. of potassium sulphate Kg0, (AR)
ilnou ntn‘orauumanur. Pass threwgh a resin
oohn or uosou'b 285 (H-form) ef 20 exm. in height and
1.8 om. in d:lmtor. ' llacot the first 40 = 60 ml. and
umetmomumuamemma

3~ Iorp.n Wnt 3~ Diesolve 100 gms. of sedium aee-

uu trihydnt. (Aolo) 4n 800 ml. of mtmu watar.
Trensfer to one litre flask (velumetrie) comtaiming 30
mle glaeial acetic acid (AsRe) £111 te the merk with
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water, mix thoroughly. Pass aliquot of this through the
resin column and collect it for use.

4« Bariwum chloranilate solid.

5~ Ethanel (ablolnu.).

6« 0.08 N potassium hydrogen phthalats solution 3~
Dissolve _g_-_z_.t_i_ gus. of potassium hydrogen phthalate in ONE
LITRE of wﬁmd water.

7~ B.DeHs wids range ;H paper.

Method of Procedure t-.
& Calibration curwve s«

Run from a burette volumes of sulphate solutioh con-
taining from 50 = 800 micro-grams of sulphate into & centrdi-
fuge tube marked at 30 ml.  Add 2 ml. of Morganspassed
through the resin column, 1 ml. of phthalate Solution, 5 ml.
of aloohol and £ill to the mark with distilled water mixing
thorom:l.r aftar each addition. From the tip of a thin
glass rod, add roughl& 0038 gm. barium chleranilate,stopper
with a polythens top (rubber and cork are to be avoided)
shake for 5 minutes, centrifuge at 2500 r.p.m. for another
five minutes. Measure the absorption in the Biochem Absorp-
tiometer or match with the disc. |

The relation betwsen the absorpticmster readings and the
amount of sulphate in micrograms is then expressed graphically
(Pig. 2).
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B~ Unknown Solutiens :-

- Shake 20 gmge of soll with 40 ml. of Morgan reagent and
Lilter. Pass the extract through the resin column. Detact
the removal of the‘ cations by the changs in the pH of the eff-
luent using w:la, range DH papers (the pH of the effluent
drops to 8) - reject the first 15 ml. and collect the ' mext
2 ml. in & centrifuge tube and eontimus as in the procedurs.

The amount of Rulphate in the test solution is dster-
mined either by referring to ths calikration curve or by mat-
~ ohing, using the Lovibond Comparator, and the suggested disce




SUMNMMARY

‘A colorimetric method for the determination of sulphate
in Morgan extracts is worksd out. The method is based on the
highly coleured chloraniliec aecid ion liberateéd when solid barium
chloranilate teacts with the sulphate solutions in a 50% aico-
holic solutiony . - . , e

The seriocus interference by the cations is eliminated
by prior treatment of the solution with ien exchange resin.

" The snions which are likely to be present in normsl agri-
cultiural soils {e.g. nitrates,phosphates,chlorides ...etee) &
not imterfere to the 1000 microgram level on the dsterminmation
of 800 miocrogrems of sulphate.

A coloured disc was made to cover the range from 860 ~
800 p’gus 80, i.es § « 80 ppm to bs used in the field,

' A combined shalsr and hand-driven centrifuge were de-
signed for field work, easy te transport due to its light wgight
and convenient for determinations in the field.

The reaction i3 rapid, the colour produced under the ex-
perimentel conditiens deseribed is stsble for at least fifteen
hours, The main modifieations from the original method -~

1= The utiod suggestad does not require preliminary adjust-
ment of the pH.

2- 7The use of Zeo-earb 226~ Hydrogen form instead of Dowex
80 x 8.



lorgan extracts were used ingtead of water extracts.

The metihod 1s accurate, reliable and of special wvalue
for the field work as well as laboratory investigations.
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RV
mam 3

Cholce of Filter ;-

Absorpiiometer Readings X 100

Miorograms SO, Dark Blus Filter Light m.;?n Filter Green Qgiur

ORL
80 1.0 2.0 5.8
200 . 86 5.5 7.8
600 8.5 17.5 ' 28.0
. 1000 £0.5 45.5 56.0

2000 | 48.0 96.0 126.0




gtandard Curves -

Absorptiemeter readings X 100

Micrograms With distilled water only In the presemce of 2 ml.
SO0, (average of 4 readings) of Morgan reagent pass-

ed through resin c¢olwmm.

(aversage of 4 readings)

50 3.5 540
100 646 748
200 . Beb | 12.0
300 13.6 17.0
400 | 17.0 21.6
500 23.0 . 28.0
600 29.0 33.5
700 3245 40.0
800 386 4.0
900 42.0 6040

1000 48.0 5640




TARLE 3.

Stability of Colour 3=

39.

Abgorptiometer readings

X 100

¥Mierograms 10 minutes 3C minutes ORE hour 3 hours 185 hours

804" (each determination is an average of 2 readings)
50 545 540 545 548 545
100 748 78 740 78 745
200 12.6 12.68 12.0 12,0 1240
/800 1745 18,0 18.0 17.6 17.0
- 400 21.0 218 21.5 21.5 21.0
500 28.5 2845 28.0 28,0 288
600 33.5 33.5 34.0 4.0 33.6
700 . 40.5 40.5 4040 4045 41.0
8OO 44.5 45.0 45.6 44.5 4.5
1000 56.0 5640 56.5 6640 56.6




TABGE . 4

Recovery of. sulphates from mixtures of standard sulphate and
Morgan extracts of soil passed through the resin column inde-
endently and then mixed prior to the detarmination.

¥
Miorogrem 80,"

Test Solution ¢

Theory Found % Error
2 ml.Har |
801l extract. - 285 -
( 2 ] ( 2] "e ne
+ 100 pgms S0, 3286 306 ~8.1
2 ml. Buxted soil o
Norgan extract. = - 160
" m:ud soil
L + 200 360 376 + 4.1
2 ml. 811”0‘
soil Morgan ext. =~ 120
" wm eR
100 pgms SO." 2820 210 - 4.5
100 pgms S0," 100 98 - 2.0

e ok LL S

100 pgms 80,* 200 206 + 28
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@ of . .

1. Effeot of Nitrates i1~

41.

m&pﬁmur Readings X 100

e -

Micrograms | — | —
¥0s" 6 . 100 500 800 1000
0« 76 s M40 . 5646

100 = 7B 2840 446 5645
00 . - 766 29,0 44.0 57.6
1000 = 8.0 285 “".s 88.5
18600 e 9.0 2946 46.5 6148
: TANE €
2= Effect of Fhesphates 1=
o Absorptiomster Readings X 100

lﬁ.crogrm Microgrems S0."

PO, '* 0 100 500 800 1000
0 - 745 28.0 43.5 5640
20 - 745 28.0 43.5 56.0
50 - 8.0 28.5 44.0 56.5

400 - 840 2846 44.0 56.5

200 - 726 28.0 45.0 8.0

800 - 7.0 28,0 4.5 §7.0

1000 1.0 8.0 29.5 44.5 88.5
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nEE 7.
3= Effect of Quorites -

Absorptiometer Readings X 100

nimcgm | ‘ _ Mcrogrems 30,
| 0 100 500 800 1000
[} - 8.0 27.6 4.0 5648
100 - 85 27,0  43.6  56.0
500 - 8.0 28.0 43.0 57.0
1000 - 840 288 436  BI.E
1800 245 96 205  46.6 52.5
. 2000 48 1l 831.5 47.5 -
L —— —
4~ Effect of Carbonates te

%

Absorptiometer Readings X 100

Merograns ' . Mierogrems 80,"
00s* 0 100 800 800 1000
1100 - 748 280 43.6 = &7.0
500 - 745 275 44.0 = 56.0
1000 - 3 27.5 4.5 58.5

1600 2.6 9.0 30.0 48.5 69.6




5~ ect O bopateg -

" Absorptiomster hnqingl p 4 a.oq

L — L
‘ o - 100 600 800 1000
0 . . 748 - B7.8 - 48.0  86.8
500 - 7.8 27.0 44.0 87.0
1000 - 8.0 28.0 43.5 87.0
1600 1.6 9.8 30,0 46.5 59.6
2000 348 11.0 31.8 46.8 61.0

Comparative study of sulphate ¢ontent of Morgan soil extracts

wsing gravimetrie, turbidimetric methods and the suggested methed
wag made to see how would the méthed anguud atn.nd among the
other methods in force. Results are

P e

TARE 10,

Comparison betwsen gravimstiric and turbidimstric techniques and
the uuggcsud Colorimstric mathod.

PP 804" (oven dry basis) each gijuro-anrm of 8 uunimt:lo;s

Morgan 8611 .

extrast tes- Gravimetric Turbidimetric Suuuud method
teds - nethed. methods -

Buxted 14.8 18.7 . 16.8

mlm ' 26,8 28.6 . 28.2

81lwecd 12,0 . 19.8 . 12.5 .

Slough | 13.0 13.2 13.6

A coloured disc was mads covering the range from 50 « 800 pgms.

804%(1e6. & = 80 ppm. 90,%)-chacked and used te compare the data
with the Biochem Absorptiomster Table 11,



TAHLE 11.
of soils as determined with ths Bf Abs

cpnpara.tor | Diac.

Values obtained firom the

(Peddi sofl)

6.0

Soil curves using the Biochem.
Harlingten - 20 P B 22.8
8ilweod 10 11.6
Buxted 18 16.8
. darden 40 36.0
Ee Pakisten | 3
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"Colorimetric Determination of Mamnganese
in Soil Extracts using
Isucomalachite green®




Intraduetion 3«

8ince the introduction of the periodats oxidation

method by Willard and Greathouse, it has been applied to the
nanganese determination in both soil extracts and plant mat-~
erial. This is largely due to the fact that the method is simple
fairly accurate and rolgtinly free from interference. For very
low manganese contents, however, the method is not sensitive enough
Moreover, the method involves heating to boiling point which 14 not
suitable for field work. 72, 73, 74, 75

Several workers, reportad the detection of minute guantit~-
ies of manganess using p.p'~tetramethyldisminodiphenyl methane -~
known also as tetrebase or methane base gr Arnold's bases

Ku'ry,(%)’ 77) svas the first to use this reagent for the
deterndnation of manganese quantitatiwvely; ammonium persulphate
{(25% solution) was usedas an oxidaht. He reported that the eol-
6ur obtained varies with the mangsnese content of the teat solu-
tion froem pale blus at low concentration B0 purpls with high conw
centration. I:lcholu(?s) , 8studying manganese deficiency in
plants, reportsd that he successfully used the tetrsmethyldismine-
diphenylmethans for detecting menganess dsficiency in cereals, the
formaldoxime mothod was not sensitive enough for the purpose. He
used a saturated potassgium periodate for oxidation and measured
the blue colour initially formed with the tetrabase. The colour
produced, howswr, was too bright to match and unstable. Morsower,
Yuen{?®)reported that at low temperatures (below 10°C); &



superficial mist forms on the walls of the optical cells and
leads to errors in absorptiometry.

Cornfield and Poua%qappnod the meathans base for deter-
nim mangenese in soil extractsa and measured tﬁo colour ten min-
utes after the addition of the reagent but the colour formed was
unstable and its rapid change made it diffieult ¢t.obtain accur-
ate measurements., . _ e |

The use of a chemically related compeund to. the methans
bage, the "Leucomalachite green' or tetramethyl dismino triphenyl-
nethans was reported Ly a number of workers determining mangansse
in blological materials, . Schwarz, Pisher and Hagemarm®) used
this compound in determining mamgansese in butter. They developed
the colowr in lactic ac;l.ﬁ medium and measured the colour after ten
simtes from the addition of the colour-forming reagent. Gates
and K114s(82) getarmining manganese in small samples of blood
serum and other tissues used p-p'-tetramethyldiaminotriphenylme-
thane and reported that it is approximately ten times as sensitive
as the diphenyl compound. They used potassium periodate in a
mixture of nitriec and phosphoric acids at 100°C for oxidation of
manganous ions and measured the ysllol colour produced with p-p'-
tetramethyldiamnijotriphenylme thane at 80°C.

Recently, mn(”), made use of the sams compourd for the
determination of manganese in plant digests. Es reportsd that
the results obtained are in geod agreement with the permsnganate
method with a precision of approximately & H%» The principls
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- of the method 1s the oxldation of mangancus ions to permanganic
aclid at room temperature using potassium pc:iodate for ths pur-
pose. The reaction 1s made to proceed in acetata-acetic acid
buffer solution at 3.35 pH and use ig made of the coleour produced
a8 a result of the oxidation of the lsucomalachite green b the

- bermanganic acid formed to determine minute quantities of mangan-
05 6. -The present study was undertaken with a view to wusing
this reaction in the determinetion of. mnanganese in Morgan extracts
of scils and s0il aolutions with a form suitable for field work,
Three probleme were investigated i~

(1) The possibility of the use of lonconaluuﬁ green as

& colowr-forming agent in the presemce of Morgsn's reagent.

(2) The effect of the interfering ions on the colour farmed
'4n the presence of Morgan's solution.

(3) The ltaﬁiliv of the colour.

The tests were made with manganece astandards containing
0+03“aicrograns of manganesa.  All the trials were made in 10
ml. tubes with a view 10 making & permanmnt coloured disc to be
used in the field determinuticns. The Hilger Biochem Absorptio-
mater was used with a red Chance filter CRy to establish ths meth-
od. Froa a prsliminary investigation it was found preferable
to change the concentration of the leucemalachite green to 0.04%
instead of 0.1% as the latter gave wvery high blankse

Effectb of Norgan reagent on the colour formeds-
The following meagents prepared as follows were uged for



thie investigation :-

1 Manganese Standard Stock Solutiom 3~  0.203 gms of MnSO,.
4Ha0, AsRe are dissolved in water containing 2 ml. of conc.
Ha804 diluted to ome litre. This solution contains &0

nicrogrems “of BARgANese/mle

g Standerd Solution”aA” 1~ 2 ml. of the above solution are
diluted with distilled water to one litre. This selution
containe O.1 micregream manganese/ml.

3 Standard Solution "B* 1= 60 ml. of Selution "A" are dilu-
ted to 250 ml. with distilled water. This solutien ocon-
tains 0,02 micrograms/mle

Yorgan's Roaégnt 3-; 100 grye of sodium acetats trihydrate
AJR. are disgolved in 800 ml. of distilled water, 30 ml. of
glacial acetic acid A+Re are added and the volume mads up
to one litra.

p

§ Buffer Selution 3= 50 grme of sodium scetats trihydrate A.il
are dissolved in one litre of distilled water containing
400 ml. of glacial scetic acid A.R.

Potassium Periodate Solutien 3= 0.2% aelution =1 grm of
KI0, dismolved in 500 ml. of Aaistilled water.

o

7 Leucomalachite green 1« 0¢04% sclutdon = 0.1 grm meonlqz
chite green dissolved in 250 ml. of distilled water contain-
ing 1.26 ml. of conse. HCL.
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Effect of Morgan's Reagent of the Colour developed 13-
To test the effect of Morgan's reagent on the colour de-

veloped, four sets of standards were prepared, the first with no
Morgan reagent, the second with 0.1 ml. Morgan reagent,the third
with 0e3 ml. Norgan resgent and the fourth with 0.5 ml. of Morgan
reagent, To each solution tested, i ml. of buffer was added,
1 ml. of OeR% potassium periodate, mixsd theroughly after seach
addition with a thin glass rod bent at its end to aid mixing and
the tubes were left to stand for 10 minutes at reom temperature
(23°C) , then O¢5 ml. of the leuccmalachite green solution was
added and the tubes were filled to the mark with distilled water,
and the eontents mixed thoroughly. Readings were taken 45 min-
utes 1ater.  The absorptiomster was adjusted to give a szere
reading with the "blank" test. The results are in Tabls 18 and
HMg. 3, 4, 5§ axd 6. It is observed 'l:.lnt Morgan's resgent up
140 Oe3 mlsper test does not affect the celour formation or stabil-
ity. The colour developed with O.4 and 0.5 micrograms of man-
gaxese in the absence or presence of Morgan' reagent was too fugi-
tive for ;t:lltcctory measuremsnt when dewveloped in the 10 ml.
tubes. On the other hand, the presence of 0.5 ml. of lorgan's
reagent caused an apprecisble decreasse in colowr intensity. With
more than OS5 microgrems of manganese, the solutions dewsloped

a dsep violet to pink celouration. It was decided then té use
only Os1 and 0e3 ml. of Norgan's reagent in the following tests
and the quantities of manganese were limited to 0.5 micrograms in

test solutions,
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Effect of time of Primary and Secondary Oxidation on the stabili-
ty of the Colour formed in the presence of Mergan's Reagent:-

H.xing the time of the primary oxidation (i.... the oxida~
tion of the manganous ions to permanganic acid v:l.th the poricdato)
at 10 nimtu, the effect of time of secondary ox:lhtion was tes-
‘ted at 30, 45, 60 and 80 minutes to find out the shortest time
needed for this oxidation u engure “the fermation or a ltlblo
colou-. In thu oxpornnnt, standards conhini.ng tren 003 to
Oe3 uerogrm of manganese wers used. The sensitivity lof the
method suggested the test sheuld be mads in the presence of Ol
ml. of Morgan's reagent with a view %o using Oel ml. of the soil
extract.  Besults are shown in Table 135rct. It i observed that
the colour formation incresses considarably till the forty-fiwve
ninutes limit and seems to setile afterwards as mo appreciabls
incresge took place in the last thirty five minutes of the experi.
ment (from 45 « $0 minutes). It was decided to take readings
at 45 mimtes after mixing with leucomalachite green.

Effect of time of primary oxidation on the stability of the colour
formed :I.n*tho presence of Morgan's Reagenti-

Fixing the tims of the secondary oxidation at 48 minutes,
the effect of time of primary exidation was examined. The same
experimentdb was repeated but adding the leucomalachite green 10,
20 and 30 minutes after the addition of the buffer and periodate
to the standards in the presence of O.1 ml., of Morgan's reagenis
Results are shown in Table 14,763 It 13 quite clear from the
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results that no advantage could be gained by extending the time
for the primary oxidation beyend ten mirmtes.

Intorrcronoo‘s :-; |

i - Tengsten 1- At the earliest stages of thia mx, tnnzlt.nn
wag thowght to be thn cause of the appearance of th pals v:loht
colou'ation. 11(83> reportad that tungsten givu a vu'y
similar colour vith huouhch:lu green. Sodium tungstate was
used to clarify thia point and it was tound that up h uqnul of
tungstale had no omct on the eolour formed with 0.3 pgnl mangan

ese. mreenr, wh‘n tungstnto alons was oxamiud, it gave nmo
colour with huconahehitl green. Table 1B,7¢4- with the promu
of the work, it was noticud t.hat the violet and p:l.nk golours are .
always associated with cmpmtivaly high manganese econtent i4n
the soile  Also, tho standard solutions above the O.5pgm lewel
showed sush eolouration and with 0.8 pgm mganon the whole solu-
tion Md pink, in some .cnsu bafore the aadition of tha leuco-
mﬂachiteagroén solution and in others immediately after the addi-
tion of the colouring resgent. = It was concluded that the maxi-
raum quantity to be determined in the presaence of O.1 mle. of Morgsn
reageat is only 0.6 pgm manganese. |
2 - Effect of Acetates = (lorgan Reagenmi) i~

Standards eentaining Oel, 0.3 and 0¢5 mle of Morgan solu-
tion were examined, Tabls 12, and the data oblained showed clear-
ly that only 0.1 ml. - 0.3 ml. wikiouirany effect oan-be-weed, oa
on the colour of the standards as compared with the standards with-

out Morgan golution. The set of standarda containing 0.5 ml,
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Morgsn solution showed ar appreciable decresse in the colour.
Oel ml. of Mergan reagent contains 7.41 mgm acetate and thus up
%o 22.2 mgm acetats added would not affsct the determination if
the recommended progedure were to be followed.

3§ - Forric and Ferrous Iren i-

To tast whether ferric and ferrous iron interfare with
the dstermination, two sets of gtandards were prepared adding to .
~ each Cel ml. of Morgan'reagent and different amounts of irom both
in the ferric and ferrous state, Table 15p.shewa the resultse
The results show that ferrie ircn interferes if it is present in
cencantrations as low as 10 pgms. Ferrous iren on the other

hand, shows more serious interference; the presence of over 6
pgus of ferrous iron 3Jauses a considerable reduetion in the colours
All trials to eliminate the effeat of farric iren using
flucrides, oxalates or citrates wors uwnsuccessful. Dus to the
fact that only Oel ml. of Morgan extract of seil is enocugh for the
determination owing to the great sensitivity of the mathod, this
interference is not as serious ss it appears. When applying
the methed to the determination of mangsnese in soll- extraocts
it was necessary in several cases to dilute the soil-extract 10
times or 50 times or sometimes 100 times. This greatly redu-
ces the imterference of iron or even éliminates it altogether.

Interfersnce of Aluminivm s-
A set of manganese standards containing 0.03, 0.12 and
Qe3 pgms manganese was used, to each O.1 ml. of Morgan's reagent



was added and varied quantities of aluminium as aluminium sulphate
were used .  The results are shown in Table 17,/..¢- Aluminium
interferes in the datermination of mangsnese; the interference
inoreases with manganese concentration. The presence of twenty
niorograms of aluminium causes an ;ppnciablld'}c:{? Séohur of the 3
standards used and 15 pgms of aluminium is taken as the maximum
amount to be pnicnt without introducing any measurabls interfer-
ence with the preecision of the suggested method in the presence
of Morgan reagent, Taking into consideration that only O.i nl.
of the soil extract is to be taken feor analysis, such high quanti-
ties of aluminium are not 1ikely to be present in Morgan extracts

of soils under normal field conditions.

Application to 8oils s- Twelve soils of different DH were ex-
anined for their Morgan extractable mangansse. The pH of the
s0ils used ranged from 4.0 to 8. In a preliminary investigation
it was noticed that the colour 4id not reach its maximum wuntil
after 80 mimites from mixing with leucomalachite green, and it was
decided to inorease the tims of the primary oxidation to twenty
mirudes and the time of the secondary oxidation to eighty minutes,
wheareby wery stabls colours were obtained. It seems possible
that reducing agents exiasting in goil extractis may cause this re-
tardation in the presemes of process of oxidation of the manganous
ions and in turn that of leucomalachite green to malachite green.
Os1f Oe3 caiic0ws883 ml. of Morgsn extracts of goil were utilised
in the determination of extractable mangansse.  Data obtained




are compared with determinations made by the"psrmenganate*
methed. Data are shown in Tables 18 and zo&i;z The resilis
of the soil analysis show esonsistently that when 0.3 ml. of
Morgan)is taken for snslysis, values ebtained are lower then
when Os1 ml. of the extract is used. The difference -was
50 elear that it was dscided to use O.1 mle of the spil ex-

tract for analysis..

L] + .. ) 2,401 . LR &
e

sxtracts and to stanfard solutiops 3-

The recovery tests were mads on soil extracts with
conﬁaratinl’y low mangansse content to aveid the appearance
of the pink éolountion caused by higher concentration than
0.5 pgms of manganess. O.1 ml. of the extract was pipet-
ted into a 10 ml. tube and diluted with distilled water to
5 or 6 mnl. Ons ml. of the buffer and i ml. of the perio-
date were added. After 20 minutea leucemalachite green
was added and resdings were taken 80 minutes later using a
1 om. cell and RO filter. The resulis are shown in Tsble
18.

At this stage it was decided to make & coloured disc
covering a range from 003 « 0e3 micrograme of misvegram man
ganese. The digc was checked against a set of standard
gsolutions and it was approved for use. Due to tha bright-
negs of the colourv produced, a dulling soreen is used with
it.



*The lethod as M Adapted”
Apparatus -
Biochen Absorptiometer..

One-ems cell.

Red filter OR2. :

or Lovibond Comparator.

Nanganese disc with dulling screen covering the range from 0.03 «

0+3 micrograms mamgansse .
Comparator tubes marked at 10 ml.

Reagents and Solutions -

(1)

(2)

(3)

{4)

Morgan Reagent 3~ Dissolve 100 gms of sodium acstate
trihydrata(i«Re) in 600 ml. of Gistilled water, transfer
to a litre volumetrie flask. Add 30 mle of glacial
acetic acid (A.Rs) and dilute with water to the mark.
Stock ‘u Solution (if Biochem absorptiometer is to
be usedft~ Dissolve 0.203 gms of MnSO,.4Hs0 (A+R.)in one
1itre of distilled water containing 2 mle of concentrated

Hq904 (AeRs)e This golution contains 50 p/gas Mn/ml.

Standard Solution "A* :- From the stock solution pipette
2 ml. accurately into a ons-lisre volumetric flask and com-
Plete to the mark with distilled water, This solution
contains O.1 miorogram Mn/ml.

Standard Solution "B® s~ PFrom solution "A" pipette 850 ml.

into a 250 ml, volumgtric flagk and complete to the mark
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with distillied water. Thia solution contains 0.02 micrograms
Mn/ml. ' a

(5)

()

(7)

Buffer Solution s~ Dissolve 50 gms sodium acetate trie
hydrate (AsR.) in a litre of distilled water containing

400 mles of glacial acetic acid (A.Re).

Potassium Pariédgg t=  Prepare 0.2% periodate solution

by diesolving 1 gm of KIO, (A«Re) in 800 mle. of distilled
water. This solution must be prepared freshly every

weeke.

Leucomalachitse green Soiution s- Prepare 0.04% solution
by dissolving Ol gm of leudomalachite green in 250 ml. of
distilled water containing 1.26 ml. of concentrated HC1
(AeRe) . This solution should he prepared freshly every
ﬂu days.

Procedure s~

Ao

Calibration Curve s~ Run from a burette volumes of the
dilute manganese solutions (use Standard Solutions A and B
prepared) containing from 0,03 - 0.3 j/grm into the 10 ml.
tubes. Add to each standard O.1 ml. Morgan reagent. Dil-
ute with water wp to 6 ml., add i ml. of buffer and i ml of
psriodate solution. Mix thoroughly and leave to stand
for 20 minutes. 433 0.5 ml of heucomalachite green, com-
Plete to the mark and mix thoroughly. Take a reading 4in
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the Biochem absorptismeter using a 1 om. ¢ell and red filter ORZ
aftar 80 minutes.

For field tests wse the Loviboad Comparator and the sugges-
ted dise. S |

B. Unknewn Selutions i~

Pipstte sscurately O.1 al. of the Mergan extrect (10 gms
of soil shakea vigereusly for ene minuts with 20 ml.ef Mergen
reagent, fiitered through a No. A Whstmsa filter paper amd sel-
lected in a dry flask) inde & 10 ml. tube, dilute with water
to five or six ml., add buffer, periocdate, mix theroughly aad
stand for twenty minutes, adi 0.6 ml. leucemslavhite greenm,
take abserpticmeter readings. The ameunt of manganess im
the test solution i3 determined by referriamg to the ealibrs-
tien eurve (see &%). Alternately, match against the
permanent colour standards uging the suggested dise and day-
light, a north light is preferable whensver pessible.

Notes on the Method 1~ o

(1) It wes noticed that if the tubes iud were not gi;uod with
ehromic-sulphuric acid mixture before the deterxination, no
soleur weuld be develeped. It seems possible that the
eleaning mixture activates the glass surface snd has something.
te do with the reaction.  The maximum time reorded from
the time of rinsing {n this laboratery is ¢ - 8 hours after
which the eolours bscome irregular if develeped. Accordingly,
sdvies 1s given to rinse the tubes with chromic aoid prefersbly
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immediately before the test and not more than 6 hours before the
tenst is doxm.

(2) Effect of organic matter and Colour of the Extract on deter-
| minations~
Dus to ths sensitivity of the suggested method (the or-
iginal extract is diluted at least 100 times) it was obvieus
that even in the highly coloured extracts no interference
would be expected. However, the apparent instability of
of the colour formed imn the presence of the se¢il extracts
which did not appear while working with standard solutions
may be due to the presence of some reducing compounds in the
organic matter extracted with Morgan's resagent. Also it
is known that soil humus may also work as an oxidation-reduc-
tion system and this might affect the mechanism of the reac-
tion. Unfortunately, the mechanism of the reaction of
production of malachite green from the leucomalachite green
1s not well established. Swain(®4) nowever, attempted to
and Hedberg,

explain 1it. They suggest that the mechanigm is similar to
that of exidising agents of high potentials. They obtained
evidence that carbinol is not the intermsdiate stage in the
conversion of leucomalachite green to the dye in aguecus
golutions at room temperature using ceric sulphate as an
oxidising agent. hccordingly, they suggested that the
leucomalachite green is oxidised directly to the malachite

green.




"It 4s possible that this 1s also the ocase while cxidi-
sing the leues—hash te the ére by potassium periodste to
permanganate, heln; interaediaie amd, in turn, exidising
leucomalachite green to malachite green. The speed with
whiek the dys is formed on the addition of the leuco-base,.
suggests the improbability of the formatlon of an interme- .
diate stage.

~,
1}

(3) Rffect of Tempe srature 1= %

The reaction is affected by wide differerces
in temperaturé but it was found that between 20°C & 30°¢
there ‘1s no appreciabls effect on the eolou; formed. Below
20°C however, the colour developed ecomparativeiy slowly
and abave 30°C the colour developsd rapidly and irregularly.
A series of tests on both standard solutions and soil ex-
tracts were made at 16°C, 20°C, 26°C, 30°C and 36°C. Ol
ml. of Morgan extracts of the soils or the requirid standard
to which O.1 ml. of Morgan reagent is added was pipetted in-
to 10 ml. tubes.  One ml. of buffer and one ml. of perio-
date were added after dilution to six ml. with water,mixing
thoroughly after each addition. The tubes were left in
water baths (250 ml. beakers were used) for 20 minutes and
then leucomalachite green solution was added and readings
were taken after 80 minutes. Regults are shown in Tables
21 and 22, f o
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SUMMARY.

A sensitive .u'ethzd for the dstermination of nnxmao
hnrgm c:traeu has been mptcd for use in d.:lugnnsing Ban-
gmumnc:hnt soils. | -

~ The om nr:lm interference seems o come. from ferr-
ous and ferrie salts but due 1o the sensitivity of the method
to manganese, iren murteromo is reduced to a great. extent
by dilution. The nthodl 1s sensitive to 0.03 « 0.5 B/ gmedn
and 10 p/gn. Fo+® were nssded to cause interference on the re-
commended procedure. Aceord:lngly, the concentretion of the
iron should be at least 20 times that of Mn in the extract to
osuse serious interference. |

Wide variations in temperature affected the colour for-
mationbut standard solutions and Morgan extracts did not shew
serious error when the temperature was raised from 20°C £°30°C.
Temperature geeme to ueroan the rate ot the reastion but not
the intensity of hhe oolour.

The maximum time for the primary oxidation is 20 mimutes
and for the final oxidation is 80 mimutes. The colour wag pta-
ble for two hoursg after the 80 minutes limit and no change eould
be traced in the colours during these two hours.  After this
time however, the colour started to fade.

The methed was also very useful in studying mangsnese
levels in different soils sodutions.
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E

SofUt iom

Effeect of Iorguﬁ/:-

Absorptiometer Readings x 100 (ueh reading is an
Test Solutden TP average of 4 samplea).

micregram Mn.
No lerm Q.1 nl.lorgan 0.3 nl.l(etgan 0.8 ml.Mor-

_added added sdded’  gan added
Blank (0.0) 3.0 3.0 4.0 R 4.8
0.08 8.0 5.0 80 4
0.08. ' 11.0 = 10.5 9.5 9.8
0.09 16.0 - 18.§ 188 15.0
‘0.2 - 28.00 - 23.0 28,0 21.8
0.18 28.0 - 28.0 27.6  26.0
0.18 33.56 -~ 38.0 4.0 31.8
0.1 42.8 - 42.8 41.5 38.0
0.28 60.0 - 49.8 8.5 42.0
0.30 - 87.8 §7.0 54.5 48.5
040 70,0 - 70.0 6.0  61.5
0.60 = 75.0 - ' 74.0 . 75.0 610
0.60  73.0. - 76.0 2.6 71.0
0.70 71.0 - 715 9.0 €8.5
0.80 €8.0 - 67.8 2.0 @+
0.80 . @65 -  65.0 e e

1.00 640 62.0 + e

N.B. 1~ All the séunplu marked + showed violet to pink colour and
readings werenot taken.
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'in presence qg l!g Tgans Reagent.

Test Solutfon  Readings afier | .
(each with 6,.1 rl. Morgan % tes 45 uins. 60 mins 80 wins.
. reagent) .
Blank 2.6 3.0 3.0 3.5
0,03 pfgm. Mn. 4.0 5:0 6.8 5.8
0.06 *" v 7.8 10,6 ‘1:1.0 11.8
0,09 " v 12.8 16.5 16.0 18.5
0.1 "% W 18.5 23.0  23.8 23.5
0.15 W+  nn 25.5 23.0 28.6 29.0
Q.18 " ww 28.0 37.6 37.5 38.0
.21 " w» 31.5 42.6 42.0 42.8
Q.26 "% wn 38.0 §0.0 §0.0  61.0
0s30 "%  ®¥w 47.6 57.6 8.0 58.5

It ia observed that the colour formation insreages con-
siderably t1l1 the forty-five minutes limit and seems to settle
afterwerds ag no appraciable increase took place in ths last thirty-
five minutes of the experiment. It was Jdecided to take readings
at forty-five minutes after mixing with leucomalachite green.



TARLE 14.

68.

Effeot of time of 1 ry. oxidetion en the stability of the colour

formad in the proaoned of Morgan's Reagent.

Test Solution

Lbsorptienetar Readings x 100 (each reading is an
average of 4 ssmples).

10 minutes for

primary oxidation 20 mimtes 30 mimtes
Blank, 3.8 3.5 3.5
0.030 p/gm. Mn. 5.0 5.0 5.0
0.080 " 11.0 10.8 11.0
0.080 "% 4 16.0 16.5 16.5
0s120 **  ue 23.5 24.0 ~ 25.0
0.150 "n  wn 28.0 L 29.0 28.0
0.180 " #s 38.5 39.0 39.0
0.810 % wn 43.0 42.0 43.0
0.850 "% on 50.0 5.0 50.5
0.300 " » 58.0 §7.0

67.0
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Effsct of Tungstate :-
Using Sodium tungstate.

Absorptiometer Readings x 100 (each reading ia an

Tungstate added average of 2 gamples.
B ome
0.03 pfgme Mne Oel2 pfgm.Mne Oe¢3 pygmedne.

0.0 6.0 | £3.0 86.0
10.6 5.5 24.0 56.0
20.0 8.6 23.0 §7.0
50.0 6.6 23.0 56.0
76.0 6.0 23.6 57.6
100.0 8.0 24.0 56.0

150.0m 5.8 23.0 8§6.0




TARLE 16.

Interference of Ferric and Ferrous Iron te

Irom Added P e of bwo s taradnatiden, Feading 1s an

0.03 Mﬂo Mne. (1% 3 Mﬂo Mne 0.3 Ffﬂo Mn.

Perric iron -
O Wgme 8.6 23.0 58.0
g " 5.5 23.0 I
4 " ‘ 6.0 23.8 58.0
e 5.8 23.0 67.0
8 " 4.8 24.0 68.0
10 " 4.0 23.0 56,0
18 v 8.5 19.0 54.0

80 "¢ : 2.8 16.0 50.0

Ferrous iron s~ :
O pfgme 5.0 23.0 §7.0

2 " 8.0 23.0 58.0
PRRY 4.5 23.5 8.5
(L 3.5 21.5 61,0
g8 " 3.0 19.0 43.0
10 " -5 . 17,8 . 458
186 LA J - i —treben - b
20 " -z i —-——iae

NeBet~ Consentrations above 20 p/gm. of ferric iron caused
turbidity in the solutions. The test is carried out
in the preasence of 0.1 ml. Morgan ruzent. in each man-
ganese standard solution.



TAHE 17.

Interference of Aluminium s-

_ Absorpticmeter Readings x 100 (each figure 13 an

average of two determinations).

saded. 0008 Wgie Mo  0eif Wga. Mne 0.3 jga. Mne
Oe W 2NeAL. 8.0 23.5 57.0
i. ‘--" " 5.0 23.0 87.5
2, *v e 5.5 24.0 . 57.0
4, v wo 8.0 23.8 58.0
g. " W s;o 23.5 57.8
12, wr ww 8.5 24.0 53.0
15, wn n 8.0 25.0 88.0
20, w0 ww 6.5 5.8 59.5
25, %% ww 6.0 26.0 €0.0
30, v 6.5 27.6 €1.5




TABRLE 18.

Application of nothbd to analysis of Morgan Soil Extracts 3=

KT on

Extractable Mn expeeesed as P.Pele OVEn
each determination is an average of 2 samples.

ary

Soil Original Ten times  Fifty times

Tested pH. Soil Extract. Dilution. Dilution. Average

sedd-  Octmle Oo3eml Oeloml.OeBemls Oolnl.Oe3mle Oolmle0.3ad
Bo1l T 6.8 7e84 646 7.0 58  7e8 58 7.3 60
* 1T 6.0 4.8 3.8 4.0 2.9m 3.6 3.2 3.8 3.0
» 111 6.5 * + 8.3 6.8 8.0 6.8 7.9 7.0
* I¥7.0 5.0 4.2 4.0 3.6 4e8 3.0 4.8 3.6
» 2.0 + 8.0 €.8. ‘7.5 6.0 7.7 6.8
* ¥ s.0 1.0 1.2 1e4 1.2 cee wee 1.8 1.2
» TIT 6.8 + + 42.0 39.8 46.0 40.0 44.0 39.6
» ¥IXY 4.0 + + 30.0 27,0 30.0 24.6 30.0 25.8
* XXs8.0 + * * + 130.0 120.0 130.0 120.0
» 316.5 + + 16.6 12.0 14.0 12.0 15.3 18.0
v XXs.0 + + 12.0 10.0 12.0 11.6 12.0 10.8
v XTI 4.8 2.4 8.0 3.0 2.6 2.8 2.0 2.7 2.2

NeBe t= Solutions marked + showed a deep violet to pink col-
ouration indicating higher coneentrations of mangsmese. Such
solutions should be diluted 10 or §0 times as required.

DILUTION SHOULD ALWAYS BE MADE WITH MORGAN'S SOLUTION.



TAHLE 19.

Recovery of added known amounts of Manganese to Standard Solu-
tiong and to Soll Extracts.

K gme Manganege.

Test
Solution Theoretical Found Error %
goil extracts:-
Sodl I — 0.38 —
" owR 40,12 pFgmedn. 050 0.48 - 4.0
Soil II —_— 0.225 —_—
"n o w%30,10 Rigmeline 0.325 0325 0.0
WRown 20,21 1/ gmelin. 0.6536 0.520 - 2.8
Soil IV — 04260 —
"w  we 40,12 péemelin. 0.375 " 0375 0.0
"R %R 40,09 pfgmelin. 0.259 0256 - 1.1
Soil 0+0860
Hinayen e R -m
"e N 40,21 1/gmllin. 0.260 0.265 + 1.9
Standard Solutions 31~
0.03 pfgmelin. 0.130 0.124 ~ 4.6
0403 + 0.09 00120 0.126 + 4.5
Qell  ¥w W 04220 00220 0.0
0¢12 + 0s03p/umein.0.123 0.125 + 1.6

0.21 "% wm 0310 04300 - 446




TABLE

20.

Comparison betwsen the Periodate Mothod and the suggested Leuco-

malachite green Method.

'Mbrgm Extractable Manganese { O.D. basis ).

Soil
used Periodate Method The suggested Laucomalachits
. green Method.

god1 2 6.8 7.4

L { 4.0 4.5

" IIT 748 8.3

LR 4.8 4.0

I 9.3 8.0

" v_l ——— 1.2

v VII 46.0 42.0

v VIIi 32.0 30.0

» I 130.0 13040

» X 16.0 16.6

r I 11.3 12.0

" XTI 3.8 3.0
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TAELE 21,

Effect of Temperature s- Readings of Standard Solutdons 3~

Teat ‘Absorptiometer Readings x 100

Solution 15°C 20°C 25°C 30°c 35°¢

0+03 |/gmelin. 2.5 3.5 4.5 60 8.0

012 j/gmelin. 18.0 21.5 24.0 26.0 28.5

0030 “/mnn’ 49.0 64.5 56.0 88.0 ’ 59.6
TAHLE 22,

Effect of Tempersture - Determination of Jn in Soil Extracts.

Pepelme Mne in Soils {(Oven Dry Basie).

Teat
Solution ‘ g :
| 15% 20°C 26°C 30°C 36°¢C
Soil Y G0 - 7e 7.6 844 9.2
Soil IT 249 3.2 3.6 4.0 4.6
Seil I¥ 3.6 4.5 5.1 5.4 5.7

Soil VI 1.0 . 1.2 1.4 1e4 146




CEAPTER V

' COLORIMETRIC METHODS for DETERMINATION of IRON in MORGAN
EXTRACTS of SOILS'

THIOCYANATE METHOD using an ORGANIC EXTRACTANT.
‘B ¢+ THIOCYANATE METHOD using an ORGANIC STABILISER.
C s O-PHERANTHROLINE METHOD.

>
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Introduction 3~
' The thioeyanate method for :I.ron“ determination
is the oldest and one of the most convenient techniques gener-
ally accepted in analytical practice. It is8 very likely that
Berzelius ‘85) was the first to use the distinetive reaction be-
tween ferric ions and thiocyanate ioms,. It was alse suggested
by Ossian _(36) for iron analysis. The main disadvantage of the
method however, was the instability of the colour of the complex
formed which tends to fade rapidly on exposure to light. Since
then, efforts of different workers have been concentrated on
trdals to stabilise the colour of the ferrie thiocyanate complex
to ensure accurate determination of the iron. .
Two prineipal schools of t.hought originated in the course
of these studies s~ .
1st s Stabilising f.he colour in situ by adding a *ata-
biliaing reagent” e.g. Stokes and Cain 87) suggested
thioéya.nic ‘acid reagent stabilised with mercuric thioey-
anate. They oxidised the iron with potassium persul-
phate. Other workers ‘es)naod hydrogen peroxide and
preferred it to potassium permanganate for the same purw
pose. Baily FBQ) recently, used acetone-methyl ethyl
ketona mixture to stabilise the thiocyanate complex in
aqueous medium and was able to determine up to 0,020 mgm
Fo"" in 100 ml. solution.

2nd : The second school of thought favours the extraction
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of ferric t.hiocsranato with an organic liquid immdsedible
witﬁ waber, the separation of the organic layer and 1ita
direct use for colour comparison €.gs Bemard a.nd Drok-

~ ter (go)usod a mixture of the monobutyl. ether of ethyl-

- ene glycol and ethyl ether. The extracted thiocyanate

colour was intensified and it was stable for twent}-?opr

hours.

‘Oie of the main factors which contributes to the instaw
bility of the ferrie thiccyanate complex in water is its abmer-
mally high dislectric eonstant (80). In order to stabilise
the thiooyanate complex,liquids of lower dielectric constants
are added to the reaecting medium so that the dielectric constant
of the mixture becomes comparatively lowe  Ionization of the
thiocyanate complex is thus minimised or even inhibited for a
period sufficient to obtain an accurate measurement of the col-
our. Altofna’oively,” the thiocyanate complex is extracted in
organic liguids of comparatively low dielectric constant, thus
avoiding disgociation of the complexe |

The present study was undertaken to develop & relisble
method for the determination of iron in Morgan extracts of soils.
Two successful trials were made 3~

1st 3 Extraction of the ferric thiocyanate complex with
a mixture of equal volumes of amyl alcohol and amyl acetate.
2nd s Addition of a mixture of methyl ethyl ketone and

acetone to the reaction medium, thus stabilising the colour in
aitue



73,

The method adapted here 1s bzged on the reaction of fer-
ric iron with thiocyanate (which should be present in oxcess to
inereass the colour iatensity), in the presence of mineral acid
which serves t0 suppress the hydrolysis of the iron complex.:
Hydrochlorie aeid is usually used instead of sulphuric or nitric
acid. There is evidence!91)that sulphates are more effective-
than chlorides in preventing the development of the colour and
aocordingly, hydrochlor:le acld was used for ad;]ustment ol tbe pK
to avoid hydrolysie of iron (Fe + 3HaO = Fo (OH)g + 33 ).
Nitric acid may con‘t.a:ln traces of nitrites which fom n:lt.rosyl
th.iocyanate NO.GNS, the colqur of which is very similar to that
of iron thiocyanate and would :lntroduée approcia.ble error if pre-
sent :ln meagurabla guantities. |

The atability of the resuliing complex is affected by
pH, temperature, light, and properties of the uxtractaﬁt or "sta~
biliger® applied as claimed by Lister and Riving"hon {93).
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4 ¢t "Colorimetric Determination of Iron in Morgan Extracts
of Soils by the Thiocyanate Method using an Organic
Extractante

In these studies the Biochem Absorptiometer and Tinto-
meter wqh used for colour meagurements.

Stock Iron Solution s Osi g/l.

The test solutions were iron standard aolut;ons prepared
in smounts such that each five ml. will give s- 2, 4,6, 8,50,12.,8,
15, 20 or 25 pgms of irons

Ammonium thiocyanats t= 7.6 M. Solution.

Potasaium éemaggﬁmh ¢ Osl N Solutions

Hydrochloric acid s~ Approximately &5 N. Solutione

. Amyl aleohol - Amyl acetats (v/v) s was used as an extractant,i:|

Choice of Filter s~

To select an appropriate filter for use with
the Biochem aAbsorptiometer, a set of standards was prepared as
aboves Five mls aliquots were pipetted into separating fun-
nels with one mle of hydrochloric acid and one drep of potassium
permanganate followed by ten ml. of the amyl alcohol-amyl acetate.
the funnels were shaken vigorously by hand for 1 -« 2 minutes and
left to stand till the two layers separated (6 = 10 minutes).

The aqueous layer was decanted and the organic layer transferred
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to a one-cms Gptical cells ' Thres ﬁltera were exn:lned, ‘the
zero being adjuited in’'every case wi'th a b:l.ank deuminatién.
Results are shown in Table 23,p/07: "

It is clear from the readings that the nght blue f:llter
gives rather the widest range of colour ahd thus wag uacd through-
eut this investigation whenever wl-aleoho1~amy1 acetate mixture
was used for extraction of the complex. . Readings were taken
tanediately after separation 1.ee 20 minutes from the time. of -
aaaition of the wmentus thlooyanstes

Stability of the Colour extracted s

o : - The same experiment was re=
poa.tod to hat t,ho stabil:l.t.y of the colmu' both in the shade and
in atrect sunlights ' Two sets of standards wees prepared, one
otwhiehm kcptintho shada in the laboratory and the other
set was pnt on the window aill of the laboratory. It was a
bright sunny day '(13.7.1959). Ienporaturcs averagod 23'0 1n
the laboratory and 2545°C in the opens Ruulta recordod 1n ‘
Tables 24 and 26/ show clearly that the standards kept in the
shade were stable for at least ONE hour while those pu'b in’ tha )
sunlight were not atable for aore than half an hours Hmwr,
all readifigs obtained in further work were taken imdiauly | |
after geparation of the organie layer i.es twenty ninntos rron“ |
the timé of the sddition of the thicoyanate reagent. It u'
observed that light affected the colours of thiocymto t.o a

greater extant from the higher than from lower :I.ron conccntntion.
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Effect of llorganf.a- Solution on the Colour dsveloped gu

muur two aots o:r standards wm prepmd, ‘one with
Kdrzan'u aolntion and the ‘other \vith d:taulled watcr 80 that one
¢ BT 2, 4y 6, 8, 10, 12.5, 15, 20 and 25 B :Iroq/nl.) " The'
desired aliquot of iron was pipettcdv into separating fumnels
adding the smount of Morgan's solution or water to complete the
volume to five mie ~ ‘The 8¢t of standards with five ml, Morgan's
was taken from the previous ‘experiment. The colours were pro-
duced a,q_.abova in the presense of @1, 3 and & ml. of Morgan's
solution. In each cau, ‘the zero was checked against blanks
containing the appropriata amount of norgan‘ solution. Roaults
are recorded in Table 26,//0t- These results show that the presence
of up to 5 ml. or norga.n 8 solut:lon in the rcact:lon medium did
not :lntrodnce any apprec:la.bla nurreronce .with the development
of the célour. . rig. 9 shows the relation botwoen 1ron concen-
trat:lon and sbaorptiouter readings uaing standards contnin:l.nc
five mle of ,éa Morgan's solutione

Effect of addod_l@_ﬁydrochleric acid on the Golour' fomtion e

' Iorga.n 8 lolut:lon :ls buftered at pH 4.8 and 11'. Wa§ necess-

ary to ﬁad the wluma of hydrocbloric ac:l.d (SI apprexima.tely)

nudcd to lonr the pH to 1.5 - 8.5 which is the fawurablo i

ru- the dsteminat:lon to prevent 1on:lzation of ths re complexs

It was found that 0.75 mle of ‘thn &N hydrochloric aeid .are . re~
quind
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_ Ito ehange t.he pR or ﬁw nl. of lorgaa'a solut:lon to 1.67. In
. pract:l.ee howover, aeua elasﬁciw :!n the quantity of acid added
may be asmod without appreeiable emr in the datenimtion.

A | ) Bocauu th:ls nethod na davind fer both ﬁ.eld and 1aboratory

wo:'k, the anount. et h.rdrochloric a.c:l.d needed to give maximum

. sensitivit\v of ‘the test was neaaurcd. : -me resulta are showm

in Table 27;ff07 The colour :I.ntana:lty decreaged with incresse in
., the nmount of acid uéed. . ror oach :h.ve mlo of uorgln 8 solu-
© tien 1t was dscided to add 1.5 al, of hydroehloric aeda (8W),
due ragaad be:lng pa:ld to the oxeeas of ac:ld nqu:l.rcd to prewent
‘mterferencies particularly of the phoaphateso '

Effect of ‘added Potassium parmeaggnata on the colour ‘0f the Thio~-
'oyanata Complex ‘3= - "' i ‘
L ' "The effect of potagsium permanganate on the

. ‘celour of the compiex formed in Morgan's solution using standard

wAS ExXAMINED

solution and soil extxactst © The soils chosen for this study
‘vary mainly in the organie matter content namely, Haklingten soil
with organic matter 2.3%, Silwood soil with 3.8% and Slough soil
with approximately 10% orgenis matter.  The latter is a water-
logged seil and rich in organic matter.  The Morgan extracts
~ of these soils were observed to have ‘a gradation in: celour,
Harlington soil extraet being lightest, Silwood s0il extract more
deep yéllow in eolour, Slough a deep yollow,

The reqnired stm maac in Morgan' aolution were pip-
etted into acpu'ating funnels (5 ml. ﬂ'om oaeh) and fx'om the
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Morgan soll extracte £iwe ml. were used in esch cases. 70 each
test solution 1.6 ml. of hydroshloric aecid, different volumes of
potassium permenganate were added, followed by Live ml. of thio-
cyanste solution end ten ml. of snyl alochole~amyl Godtate mdxe
ture, The colour was extracted and readings were taken both 4in
the Blochem absorptiometer, uedng a 1-cus cell snd ldght blue file
wr OB twenty minutes after preparation.,and in the Tintometer
to trace any change in the nature of the colour extracted.

1o T8 _FSULNS are shown in ‘febles 28, 28, 30, 31, 32 and 33,

It 4o evident that O.1 ml of Ui Kiinbg had no effect on
the colourv extragted either in the case of standord solutione
or korgan extracd of eoils.

It was also observod that the solutions which dfd not
regaive any pormangenate gave indtially higher readings than those
which received up t 0.3 mls of the permanganate solution. These
solutions whioh 4did not receiw any permanganate however, were
unstable and lost their colour in less than half an hour oven
when they &% kopt in the shade.

Tintometer readings on the other hand, showed that the
yellow and red units inorecsedgreduslly 4n the standard stlutions
which received pormanganate while in soil extracts the red undts
were moye or less constant (when Cigures obtained from each acil
are compared betwesn themselves) and there is a gradunl inerease
4n the yellow component of the extractse This was further 4Line

wvestigated by obtaining Absorptiometer readings of the soil extreq
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using a dark blue filter OBl and a 1 cme cell and the thiocyanate.
The coloured soil extracts of the previous three goils were used
to clarify this point. Five ml. of each extract were used and
the results are shown in Table 34. The data of this experiment
suggeated two possibilities s~

18t s+ either the solouring material in soll extracts is pume-
Yieadiy extracted by the organic layer during the extraction of
~ the thiocyanate or

2nd : The organic layer decolourises the soil extracts.

By shaking the soil extracts with all reagents except
thiocyanate it was found that the amyl alcohol-amyl acetate mix-
ture decolouriged the s0il extracts as the organic layer gawve
practically no reading on the Biochem Absorptiometere. ’

Interferences s=
' The most common interferences in this method are
due to phoaphateé, fluorides, acetates, citrates and nitrites.
Fluorides are not likely to be present under normal conditions
in quantities to cause any interference. The method as adjus~
ted tolerates up to 5 ml. of Morgan's solution with no interforence
vhatsoevers Phosphates, citrates and nitrites were examined as
followss~

Three standard solutions of iron containing 2, 10 and
20 pgm Fe'® in Morgan's solution so that 5§ ml. will give the



reqiured Fe concentration, were placed in separating funnels
w:lth 1.5 mie of HC1 and Oel ml. of O.1N KO, rollowed after
thorough mixing by the desired quantity of the foreign anion
to be testeds  Five ml.. of ‘ammonium thiocyanate and 10 nl. of the
organic extractant were added.  The extraction of the thiocyam~
ate complex wasa oarried out as nsual and read:!.ngs were taken after
20 minutes from prepa.ration.

" Results are in Tablea 35, 36n and 37, J /7 #/3-

Interference of Phosphates s~

The presence of 500 ugm of Phos-
phate did not caidse any interference but there was a condiderable
decrease in colour in the presence of 10009)}@ of phosphate added
as NaHgPOgse = In Morgan extracts such quantities of phosphates
(100 pepems phosphates) would be comsidered extreme]y high and
iery unlikely to be pregent in Morgan extracts of soil even after
a recent addition of phosphatic fertilisers. Results are shown
in Table 35e | I

Interference of Citrates t= .

. ~ c:l.tratoa to the concentration of
1000 pgm added as sod:lum c:l.trate did not cause any measurable in-
terference in the colours . Results are shown in Table 36.

Nitrites i~
20 pgm of nitrites caused an increase in the colour
extracted and the effect was more evident with low iron concen~
trations
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(2 pgm) and almost negligible -at at the 10 and 20 1pgn-!‘cf+‘<ie‘vels.
ﬁent.y pex/sml extract is equivalent to 4 Pepele and such high
concentrations of nitrites would be toxie under nermal agricule
tural conditionse ' Results are shown in Table 37,//3. -

Récovery teéis sa ‘ , , . _—
: L me recovery of added amounts of ferrie irom
to st.anderd :lron aolutiona in the presence of f:lve ml. of Morgan
r%égent and to oil extracts was examined. The results are
shown in Table 38,/://4

The results show clearly that the method ss adapted aff-
ords perfect evidence for complete recovery. It is seen that
this method is extremely semsitive and very reliable. - The ex-
traction of the colour from the reacting medium immediately after
its preparation prewvents almost every interference.  The recov-
erias are between 99.5% and 101.0% in ti‘th 80il extracts amd
standard solutions. }

At this stage a standard colour disc was made, checked
and used in determination of iron in soil extracts. The data
obtained is compared w:l.t‘n those of the _absorpt:l.ome'bar_deﬁarmina-,
tions xable.&,/p//_o“t_ -
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‘The Method as finally Adapted.

Apparafus t A

Biochem Absbrptiomi;er.

1 cm. cell.

Light Blue chance F:I.l't«ar 032 or
Comparator and Compuator ‘Tubas.
Ix;on Disec (Th:lbojanéte llathod).

Reagents =

1.

2.

3e

4.

lbrgan‘a Extractant Solution s~  Dissolve 100 grams sodium
acetate tr:l.hydrat.e (A«R) in one litre of d:lstilled water con-
taining 30 ml. of g]_.ac:lal acetic acid (A. R.).
Potassium pemangaﬁate lf/lO solution s~ Dissolve 3.16 gms
KMnOg (Ae Rs) per litre of distilled water. Keep in a dark
bottle with glase stoppers |
Hydrochloric acid &K solution s~ Measure 423 mle of HCL (A.R.)
Spe GIe 1418 :I.na]itrc flaakandcomplete to the mark with
distilled waters |
Ammonium thiocyanate 7.5M. solution s~ Dissolwe 570 gms

' (As R) in a litre of distilled water.
This solution 1é left for twenty four hours before use after
preparation. It should be kept in a dark bottle with glass
stopper to exclude light and kept in a cool place. Experi-
ence in this 1abora1;ory showed that it keeps unchanged unjer



these conditions for at leagt six months.
§. Amyl alcohol and Amyl acetate mixture 131 by volume.

6. Standard A_l_r_onl Solution s-
o ' O«1 gm pure iren wire/l.  Suitable
~ aliquots were a;;g';gd, with Morgan's solution to give standards
: containing from 2 to 25 pgn Fe/5 mle |

Procedure s-v.
1~ ' Calibration Curve := {if absorptiometer to be used.)

Pipette 6 mles of qach.- of the standards above prepared in a e

 separating fumnel, aclaify with 1.5 ml. of the hydrochlorde
acid, add 0.1 ml of the permanganate, mixing thoroughly afe
ter each addition. Add § ml. ammonium thiocyanats follow-
ed by 10 ml. of ‘the amyl aleohol-amylacetats mixture,shake
vigorously for 2 minutes and leawe to stand for the organic
layer to se,pmte';fj:;om the aqusous layer (7 to 10 minutes)
4;'cqluirod for complete separation).  Decant the aqueous
layer and transfer the organic layer to a lecm. coll and
take readings. . Figs 9 shows the calibration Curve. .

2~ Unknown Solutions s=
| Pipette ﬁve mle of the norgan 3611
extragt (prepared by sha.k:ln.g 20 m of ao:ll w:lt.‘n 40 nle of
Morgan solution for 1 minute vigorously and ﬁltration '
‘through Whatman filter paper (No. 1) into a separat:lng fun-
nel, add 1.5 mleof hydrochloric acid, Q.1 ml. of Kino, and
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‘5 mle of {he thiocyanate followed by 10 ml. of amyl alcohol-
amyl a.eetat.e mixture. Proceed aa for the calibration
curva. The amount of irom is ;tound by referring to the
ealibration curve. The Comparator could be exchanged
for the absorptiometer and a med north window used ' when
-ever possible is preferred for matching with standardse '
‘The standard eolour dise is marked 2, 4, 6, 8, 10,12.8,
and 26 , these being the actual amounts of iron producing the
. colour in ihe test. Accordingly, the dolour is matched against
20 when 5 ml. of the solution is taken for the test, the concene
tration of the iron will be 4 pepeme. a -

If the eolour produced is deeper thenm the standards, the
teat nay'be carried out on a smaller aliquot of the or:ltinal- ex-
tract after dilution with Morgan's reagent to five mle  Alter-
natively, the thiooyanate extracted may be diluted with amyl al-
ecoholeamyl acetate mixture to produce an appropriate colour with.
in the range of the method, o
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SUMMAR Y.

A sensitive method for the determination of iron (total
ag ferric) in Morgan extracts of soils and in soil solutions is
presented. |

The distinctive colour of the thiocyanate eomplex formed
is extracted immediately afier its form:tion using an amyl alco-
hol~amyl acetate (1311 v/v) mixture.

The colours produced are stable flor one hour in the shade
(1.0e away fron direct sunlight) and for half an hour in direct
sunlighte
The most imporitant modifiscatioms of the original method

are g

i- Application to Morgan extracts of soils.

2~ The volume of 6N hydrochloric acid added was increa~
sed to 1.5 ml.

3~ The volume of 0.1X potassium permanganate added was
increased to O.1 ml. instead of one drop (0009 ml.)
This :lncrﬁaaed the stability of the colour.

The ions which ace present in soil exiracta and which
are likely to interfere with the determination were examined and
the method as suggested is not subject to these interferences.

Recoveries are very anigh,ranging fiom 97.4 to 100%.

A standax?a colour disc was made covering the rangs of
2 « 20 micrograms Fe i.e, 0.4 to 4 PeDelts Fo if five ml, are
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taken for analysis. = In cases in which the iron concentration
exseeds the above, & convenisnt dilution is made before the mea-
surement of the colour. - The disc was used to determine iron
content in Morgan extracts of coils and results are compared
‘,with thoce obtained from the absorptiometer, Table 39.

The methed is valuable in determining iro:n in displaced
soil solutions, the only precaution being ithe adjustment of the
pH to 1.6 = 2,6 before the determination.
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B Colorimetric Method for the Determination of Iron. Thiocyanate
Technique using an Organic Stabiliser.

This method is basically similar to the previous method
except that in order to simplify its operation in the field,the
possibility was examined of stabilising the thiooyanate complex
in situ is.e. without extracting it in the organic solvent. Thus
saving time and reducing the amount of apparatus to be carried.
The stabiliser here was ethyl methyl ketons + acetone (211 v/v).
The test solutions used were standard iron solutions of the same
concentrations as used previously. Tubes of twenty ml. capa-
city were used instead of the separating funnels. Five ml. of
the standard solutions were pipetted into the tubes, 1.5 ml. of
6N hydrochloriec acid were added, one drop of Q.iN KMnO, and three
mle of ethyl methyl ketone mixture, shaking thoroughly after wach
addition. It waa noticed that when the thiocyanate was added,
the colour produced differed considerably from that extracted with
smyl alcohol-amyl acetate.hsing the Biochem Absorptiometer, the
effectivenssa of the two blue filters OBl and OB2 was compared.
Readings were obtained thirty minutes after preparation. The
Absorptiometer was adjusted to zero reading as usual. Results
are shown in Table 40 from which it appears that the dark blue
filter is better. It was used subsequently throughout this in~

veatigation,



. Effect of Morgan's Solution. on the Colour formed pw.

To test the effect of Morgan's s;)lut‘ion on the colour
formed, two seta of standards were made, one with distilled wa-
ter and the other in llorganfa solution s0 that five ml. of each
will give the reguired guantity of iron to be tested. :One dreop
of KiMnOg, 1.6 ml. of HCl and after mixing thoroughly, three ml.
of the stabiliser were added.  Finally, five ml. of the thio-
cyanate wars added and the solutions were mixed thoroughly and
left to stand for t.h:lrty minutes after wh:lch, readings were ta-
ken and shown in Table 41.

"It is svident from the results that the presence of up
to five ml. of Morgan's solution did not interfere with the col-

our formation or intensity.

Effact of various quantities of the stabiliser on the colour s

xeeping the volume constant at 14.5 ml., dirrerent vol-
umes of the stabiliser wore added to standard iron aolutiona pre-
pared so that one ml. g:lvoa the required quant:ltioa of :I.ron to |
be testeds 0.3 ml. of HG1 (6N) wea as added (to lq\ver ’tfhe pn of
the test solutionfl"‘.o' 1.5 A '2 5) together with one déép of xiﬁo.
snd mixed thorough:ur' Water and varying proport.ions of stabili
ser were then added to make the volume up to 14.5 ml. ta.king into
account the ﬁ.ve nl. of the thiocyanate reagent. to be added. Read~
in@woremade aﬂaraoumtesandblanks wexre a.lwaya used to
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adjust the zero readi.ng before reading the smdard Bolution.
Results are shown in Table ufand suggest that the effect of
the stabiliser was to intona:lfy the ‘eolour, the proportion bew
:lng of similar order for the four levels of iron tested. It
wos thought advisable to uao ‘saven mls or stab:l.l:laor :hmtoad of
the three ml. mst. usod. o ’

Effect of 't.:l.ua‘ on coloni :t"ormat:lon' and étaﬁil:l_tx ':'-' o

The tost wag. ropoatod using five ml. of 8tandard iron
solution in Morgan's solution,gontaining the quantity of iron
to be testedy 1.5 ml. of HCl, one drop of KMnOg and 7 ml. of
the stabiliser being addod followed by 6 ml. of the thiocyanate.
Readings were taken after 10, 30, 60, 80, 120 minutes from prep-
aration. '

Results are given in Table 43,//9

The colour of the fhiooyanate complex formed in the presg-
ence of the stabiliser does not form instantaneously as in the
cagse of amyl alcohol-smyl acetate extraction method but takes
approximately 30 minutos to develop. The colour developod :la
stable in the shade for at leagt two hours if the suggoatod pro-
cedure is followed. '

A stendard curve was prepared in the presence of five ml.
of Morgan's solution and seven ml. of stabiliser to be used for
iron determination in soils.  Readings were taken thirty min-
utes after praparation“using a i-cm. cell and darl:_";blﬁo filter
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OBl. . Results are given in Table 44,//2/ Fige 10 showa this cali~

bration curve.

Interferences 3=

" mis test was made by preparing the .standard iron selu o
tions in Morgan's solution so that four ml. will give the requi-
red iron standard. The interfering ions were dissolved in Mor-
gan's solution to provide the required ciuant:l.ty of the foreign
ion'in 1 mls of too-t. solution. With this arrangemnt it was
posaibls to omm:l.ne the effect of foreign icms on tho th:l.ociana’h
colour formod in tho prosenco of 5 mle of Iorgm a aolut.lon. The
effeat of phosp_hot.os, aluminium, oalciommggnosi\m wo;'o ‘examined
and the results are shown in Tables 45, 46, 47 and ﬁ;/)/'zlzlzi; |

Effect of increaging quantities of KMnO, on the colour developed 3=~

The offeot of different volumes of Q.1N nmo. used was
tested and it was clear from the results (Table gg)}zg)that up to
0.3 ml. of the permanganata do not introduce any 1nt4er:terenco with
the readings. This servea the purpose if totall would bo deter~
mined in soil extraots as ferric. It is preaumod that such Y
volume of permanganate 19 capable of oxidising the ferrous :lron
to forr:lc iron 1f 5 ml. aliquot is te.ken for analysis as anggoo-‘
ted. At this sto.go of the work a disc was made according to the

£inal method adopted.
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Comparison between the thiocyanate method involving the extrac-
tion of the colour with amyl alcohol-amyl acetate mixture and
the technique using ethyl methyl kstone-acetone mixture as ata-
biliser was made and results are shown in Table 50, p/44-

Methed Finally Adapted.

Apparatus g-

Biochem Absorptiometer.

i-cm. celle

Dark Blue Filter OBL or

Comparator and Comparator Tubes.

Standard Iron Dise {thiocyanate - sthyl methyl ketone-acetone

method.

Reagents g~

1

Mdr‘gan's Solution.

KlinOg O+1N solution.

HCl (5N approximately).

Ammondum thicoyanate 7.8M solution.
Ethyl methyl ketone-acetone mixture = 2/1 by volume.

prepared as before.

Nt N’ St S S it s

Standard iron solution s~ prepared as before.

Standard iron solutions in Morgam's solution 3= & set of

standards prepared in 100 ml. volumetric flasks, using Morgan's

. solution for dilution so that five ml. of each will give 2,

4, 6, 8, 10, 12.5, 156 or 20 pgn of iron.
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Procedure 3~

A- 'Standard Curve 3=  (if Absorptiometer is to be ﬁsed) éipqttc
5 ml. of each of the standard solutions into a 20 ml tabe,add
1.5 ml. of H¥1l, one drop of nmo., {up to 0.3 ml. will not af-
fect the colour) s mix thoroughly after each add.itiqﬁ. Aa
7 ale of ethyl methyl ketone, mix thoroughly and the add & mle
of the thiocyanate. Stand for 30 minutea and take readings.
Praw a curve showlng the relation between the iron concentras~

tion and Absorptiometer resdings. rig. II.

Unknowns s= ,
Take & il.,of the Morgan extroct of seil, add 1.5
ml. of ihe acid, one drop of KinO,, mix thoroughly after each
addition. Add 7 mle of the ethyl methyl ketone-acetone mix-
ture. Stand for 30 minutes after vwhich take readings using
& le.cme cell and dark blue filter OBL in the Biochem Absorptio-
meter.  The iron concentration in the test solution is calcu-
mudﬁ% Imgedﬁence to 'r.he calibration curves , :
Alternately, £ill the Tintometer tube with the blank and
place it in the left-hand side of the Comparator, place another
tube with the test solution in the right-hand side and match

against the permsnent colour using a north window whenever

possiblee



SUMMARY.

A sensitiife:iisthbd is described for the”détermi:‘:'aﬁéh |
of iron uzing the thice}anate methed. The oolonr producod |
is stabilised in situ using ethyl methyl kewneeacetom m:l.xtnre.
The colour is stable for at least two hours 1n 1.he shad.e | gnd
over half an hour in the sunl:lght. ‘ N |

The mothod i quick and almost free from huﬂaﬁhéo‘:
of other ions preaént in soils under matural field conditions.




C~ ‘“Dotermination of Iron using O-phenanthrolinee-

Introduction 3~

Walden, Hammett aud Chapman(®) clained that the
ferrous orfcho-phena.nthroline complex was discovered by Blau“in‘
1898. , | | | | | o

‘ ;Sa.yy;ell ami lCumin.gham(%) deten‘ained. Nthe.i;ro.n éolori-
metrically in .:b.'ui’c jﬁiees and wines by the o~phenanthroline
method aﬁ_er welt éshing with sulphurie~perchloric nixturo and
reduction of the fe:;rie‘liron to the ferrous state using hydroxyl-
amine hydrochloride solution. They observed that the method
wag auperior to thioglyvollic acid method having a relatively
more intense colour for a given iron concentration and a greater
working sensitivity.

Hummel and #i11ard{®3) used the samwe reagent for deter-
mining iron in other biolegical materdals (food and blood...etc.j
- They olaimed that the ferric iron was effectively reduced to the
ferrous state by a solution of hydroquinone in a sodium acetate-
acetic acid buffer of pH 4.5. They also observaed that the
interference of the large qua.ntit:los of cealclium and phosphates
present in the metabolic materials they analysed could be obvia-
ted by making the test at pH 3.0 - 4.0, at which acidity maximum
colour is developad.

Fortune and uellon( 87)

factors which may affact the formation of the o-phenanthroline

made an extensiwve study of the



ferrous conplexs . o

In the present work a trial was made to adapt the method
to dron é.nalysis in kKorgan extiracts of soil with a view to dewvel-
oping a qﬁick tachnique for £ield testa.

Effeet of Morgan's solution on the ferrous o-phensnthroline coie

plex formed s~

The test solutions in this experiment are ferrous ammon-
dunm zulphate standards econtaining 10, 20, 30, 40, 50, 60, 80, 100
and 126 pgm Fe/mi. .. . From these, four sets were prepared, one
without Morgan's solution, the other three containing one, three
or five ml, of Morgend soluiiens  The desired quantity of irom
to be tested ie pipetted into a fen mls tube {Comparator tubes
were used), mixed thoroughly with the deslred wolume of Morgam's
solution and diluted with distlilled water to 6 mle if necesgsary.
One mle of 10% hydroxylamine hydrochloride is added and the tube
left at room temperature for 10 minutes. Then 1 mle. of buffer
(made by mixing equal volumes of SN HCL and 5N ammonium acetate)
and 0.2 ml. of 0.5% ortho-rhenanthroline solution in 50% alcchol
are added. The tubes are filled to the mark with distilled wa-
ter and the contents are mixed thoroughlys Readings eare taken
in the Biochem Absorptiometer using a l.cms cell and dark blue
filter OBL after twenty minutes. The Absorptiometer zero read-
ings are adjusted against distilled water in each case, then the
readings of the blank in each case is recorded and the Absorpido-

meter is set at zero against the blank of the appropriate series
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before the readings are taken. Results in Table §bf/z:fshow
clearly that the presence of up to five ml. of Morgan's solu-
tion in the reaction medium did not introduce any effect on
the colour formation. The calibration curve (Fig. II) is
prepared with standards containing § ml. of Morgan's solutione

Adjustment of the volume of o~phenanthroline solution added i-

In a preliminary study of this method, it was noticed
that the addition of 0.1 ml. of the o.phenanthroline solution
to the standards did not provide a clear distinction between
the different levels of irom, especially at higher levels than
60 pgm Fe.  The doubling of the quantity of this reagent i.e.
the addition of 0.2 ml. (instead of O.i1 ml. in the original meth-
od) gave a better opportunity for differentiations

Bffect of Temperature s-

Three sets of standards were prepared as usual and the
determinations were made at three different temperatures, 20,
25, and 30°C. The test solutions, reagents used and the cell
in which the readings to be taken were kept at the required tem-
perature in a water bath maintained at that particular tempera-
ture. Imediately before readings, the cell was taken out,
wiped with filter paper and used. Results are shown in Table
5;,/,2 5. There 18 a slight increase in the colour with the rise
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mmmww:mammwrmmrmm
tration of the iron in the test solutions © -

Substdtution of hydroxyismine c_qgms for the 105 solution s«

Wm bxdmchlpride golution 15 unstable anél :lt
is always necessary % prepare it freshly before uses An attempt
was mede to use the erystals (Oel gme for each determination) ine
stead ofn netng the somuon. The Ol gme cwld be malmd
Wmmupotapua 8poon made mthelabomwm
aghurodorfourm.inthicm. m:'uunym in
Table szfé'iu ahow two sets of standards treated similarly exoept
mthatmsetrecalvodouml. of m%hydroxylmimhmmor-
ide while theotherm:lvuo.z £ afthe hydroxylomine hydro-
chloride erystals approaimatoly. mn was nubatantial.ly no
dmmomwuwhmmmm. The only precauv~
tion however, is to ensure the complete dissolution of the solid

reagent.

Stabliity of the ferrous o-phunanthroline complex in presence of
Morgan's solution s~

To test the stability of the colour formed in presence
of liorgan's solution, the test was repeated in presence of § ml.
of lﬁrgan's solution. T¢ each standard solution, 1 ml. hydroxyl
amine hydrochlorids 103 solution wes added, mixed thoroughly snd
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left to stand fur ten minutes. Cne mle of buffer and 0.2 ml.
of o-phenanthroline solution were added and the tubes filled to
the mark and the contents mixed thoroughly. Readings were ta~
ken with the Bloclkiem Absorptiomster after 20 minutes, 46 minutes,
one hour, thru hours and ﬁf'been hourss R Results are shown
1n t.able 563 and 1nd:l.eate “the striking atahility of the colour of
this complex for 't. least ﬁmen hours,. / 12}

Interferences s- “

The likely interference of phosphate in soil extracts was
examined. The test was made by adding increasing amounts of
phosphate to standard iron sodutions in the presence of £ive ml.
of Morgan's solutions  Table 65 shows that up to 200 pgm phos-
pPhate (1eés 20 DPePemis PO.Vin final wolume) has no effect on the
colour but larger quantities caused a reduction in the colour
intensitys p/27 -

Effect of organic matter s«

Organic matter under natural conditions has no effect on
the detem:l.nat‘ion.‘ ' Howaver, it was found necessary to decolor-
ige the extraots of soils relatively rich in organic matter. .De-
colorisation using activated charcoal was fomnd to introduce an
error (a decreage of 7 = 10%) in the results, very. likely partly
due to adsorption of a poition of the iron in the solution amnd
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Partially due to that of -the yellow coloured organic matter. A

permaneat colour disc which could be used for field work was then
prepared. - The disc covers a yange of 10 = iio«pgn'.» Fa*' de0e -

2~ ae PePelte Feﬂ in the original soil extract if five ml. are.
used in the tests

The Msthod as Finally Adapted.

Apparatus gt~

Bilochem Absorptiomater. -
One-~-cme cell . , ‘ . .-
Dark Blue Filter OBl. .
or altermately
Comparator and Comparator Tubes.
Standard Iron Colour Disc.

Beagents -

(1) _Morgen's Solution.

(2) Hydroxylamine hydrochloride s- 10 gms of Analar RH, OH HC1
are dissolved in 100 ml. of distilled water.mixed thoroughly.

(3) Hydroxylsmine hydrochloride crystals (for use in the field).

(4) O-phepanthroline Solution s~ 0.5% solution in 50% alechols

(55 Buffer solution s~ Equal volumes of gN HCl and 6N ammonium
acetate (Propared from Analytical grade reagents) are mixed
thoroughiy.
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(6) gtandard Ferrous Iron Solution s~

0s7023 gmd of ferrous amonimn sulphate Fe{NH,)g(S04)s
6HgO is weighed accurately and dissolved in water with the
ﬁd:!.t.ion of 20 nl. cf 0.6N HCl. This ds tranaferred quan-
t.itat:lvely o a utra vol\metric Tlask which 18 filled with
dlstdlled water. Th:ls solution contains 100 pspems Feo
ie.ee 100 miorograms iron/ml.

Procedure s«

A~ Calibration Curve s« (Absorpiiomeier).

From a micro-burette, run solutions containing the requi-
red amount of iron, into a tube, add five ml. of Morgan's solu~
tion and mix thoroughly. Add 1 ml, of 10% hydroxylamine solu~

tion, mix and stand for 10 minutes at room temperature (20 ~ 30)
3. Add 1 ml. of buffesr and Oe2 mle. of o~phenanthroline solu-
iion, mixing thoroughly after each addition. Complete the
tubes to the 10 ml, mark, mix again and take readings in the Bio-
chem Absorptiometer afier twenty minutes using a i-~cm. cell and
dark blue filter OBl.

B~ Unknowns s=
In & 10 ml. tube, pipette five ml. of Morgan Extract of
80il (prepared by shaking soil with Morgan' solution, Wit/vol.1:2
for 1 minute and filtering), add O.1 ml. of 10% hydroxylamine HC1

Solution and mix thoroughly, or aléernately, add Oei gm. of
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hydroxylsmins hydrochloride, dissolve completsly and mix thoroughs
ly with the help of a thin glags rod (2 m.ne in diamater bent at
its end to effact completa mixing). Leave to stand for 10 mima-
tes, add { ml, of huffer, 0.2 ml. of o=ihenanthroline solation
and eomplate to the 10 mle mark with distilled water, mixing
thoroughly after each addition. Taks readings in the Abserp~
tiomster after 20 minutess The amount of iron in the selution
can be obtained by refarring to the Calibretion Curve. Alter-
nately, match the dolour against the permanent glass standard in
the disc using north daylight whensver possible. A Dblank
should always be prepared from all the reagents)h added to the
unknown and placed in the lsft~-hand compartmsnt thus falling
behind the permanent glass standards.

If the colour produced from ths sample is more intense
than the highest in the disc, the teat may e repeated using a
smaller aliquot of the filtrate and diluting to five ml. with
water or Morgan's solution. Develop the colour as abowe des-
eribed and calculate the iron concentrations |

Recovery Test i<

Recovery of ferrous iron added to standards and to soil
extracts was tested by the suggested technique. Table 56 shows
that iron can be determined with an sccuracy of % 241%,//3. The
test solutions used were five ml. of Norgan soil extracts or
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RN

standard solutions in the presence of five ml. of Morgan's solu-
tion. ' R

Determination of both ferrous and total iron us:l.ngjha Method -

liﬂut air-ﬂ.ry soill were examimd :t‘ar t.he:lr ferrm and
torrié iron contento ‘using the suggested method.‘ _ m romus
mn ua detem:lmd muatety after extractien with lorm‘
lolu'uon um thc noml proudnrc except that no hwroxyhdnq |
h.vdroehloriao achuon was added. As soon as the oxtractlnt
was obtalned, a five nl. &uquot waa plaecd inte a 10 nl. | tubo,
one ml. of bu:t‘rcth added and xnixed, followed by Oe2 nl. of o-
phemthrolim selnt:l.on and the colour was devnlopcd. |

Another ﬂve ml. aliquot. was taken from sach so:ll extrast
and the total 1ron was datominod by the redustion of the m-:m
iron to the ferrows state. The difference betwesen tho two val-
ues obtained is taken as the ferric irom.  Resulis are in Table
67 and show that from 88.9 - 1003 of the iron is present in the
forric state under air-dry eonditions, /al3’ ~



SUMMARY.

he oaphomthrol:lm at.hnd :I.s adopud f.or tho dnton:ln-
ation df iron (ru-mn and fu-ric) in llorm utracu of -o:u..
The prom of up to five mls of ‘Morgan's solution did not cause -
any interference in the development or the stability of the ecol-
our and the colours are stable for at least friftesn hours if the
procedure descoribed is followed.

Phosphates in amounts up tp 40 PePeme (PO, ) in soil ex-
tract 414 not interfere. Such high values of phosphates are
unlikely to be preseant in Morgan extracts of soils.

The temperatures in the range 20 - 30°C caused no appre-
ciable increase in the colour of the complex formed and the in-
creage at higher iron concentrations did not exceed the experi-
mental errore

The method was addpted to field tests and permansnt col-
our standards were made for the purpose. Hydroxylamine hydro-
chloride solution being unstable is better replaced by the solid
reagent. The quantity required being easily measured with suf-
ficient sccuracy on a marked length of a thin glags rods Oaphen-

anthroline solution in a well-stéppered dark bottle may be kept
unchanged for at least six months.

The method is accurate, guick, almost free from interfer-
ence and 1s very promising for field work.




Choice of Filter 3=

: 10"

© aerpticaster Restings X 100

i

-i'cst Boluﬂ_.on '

. 1ight Biye Filter Dark Klwe Filter Greem Filter
T ome om. oal

" us

ot * - S

30 g0

18,6 11.8
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Table 85.

Set of Standards kept in direct Sunlight e

- L 'Ahsorptt\» c_tﬁrio ' 'vl‘iool '
Test Solstlon . - - “Chesn o tmo Festifes) o -

16 nimites 30 minutes 60 minttes 150 wimutes

" 335 I 305 . 2.8 1\‘ '
h . ' “is - 14.0 12-5 w.5 .

r. 33-5'--, i - 3600 32.5 . 2500

S8t of Standards kept in the Shade ¢-

2 microgyems
Fe 3.0 ’ 3.5 3.0 2.8

10 micrograms

+8

Fe 14.0 4.5 14.6 12.6

25 n.‘..cx"op-m

O 36.0 36.6 35.5 31.5



Tabls 26..

Effect of lior!g.n’Sant:lon on Colowr s~

Teat Solution 3 readin 8 _ihe mean ¢
S smﬁth inprtmtincp:eniu :I.nmm
RO m of 1 ml.Mor- of 8ml.Mor- of Sml.Mor-
80 : - gan ‘solne gon soln. gan solm.

Sy . 3.0 2.5 3.5 3.0

4 pgnles 6.0 5.6 7.0 5.5
Cpamle 9.5 9.0 9.0 8.0

8 ugn Fo © 11.6 11.0 © 12.0 11.0
10 pgm ¥e** 1.5 14.5 15.0 18.5
12.5 pgu Po'* 18.5 18.0 18.86 18.0
1500 pgm Fe'® 22.0 22.0 22.5 21,5
20,0 pgm Fo 29.0 29.0 30.0 29.0

26.0 pgm Fe' 38.0 38.5 38.5 28,0
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Table 27.

Effect of added hydrochloric acid on the colour formed -

'Absorptiometer Readings X 100

Volume of soid

added e pgm Pe'® . 10 pgn Fo'© 80 :p.gm r:'
Heme = 4.5 . 16.0 31.0
0.5 ml. | 4.0 15.6 29.5
1.0 ml. 3.5 18.0 29,0
1.6 ml. | 3.5 14.5 29.6
2.0 nl. 3.0 13.8 29.0
3.0 mls 2.5 12.0 28.0
4.0 nl. 1.8 12.0 28.0




Stahdard Solutions:-

4 pgm of ferric iren 1n 5 ml- of Iorgan s aolution.

morpt:lmur xoad:l.nge !:I.ntmuur Rud:lnga(avu-m of

Oe1X KMnO,. X100 .. . ~ two detsrmimatioma). .
Average of gg ngat.qm:l.na AthJ(.ow units | Red units
0 mle B - 8.6 ' / 0.9 1.2
0.05 mle 5.5 0.8 1.0
0.1 ml. 5.0 0.8 1.1
0.2 mle . 5.6 0.8 1.3
0.3 =l 6.0 1.0 1.6
0e5 mle 7.8 1.8 3.0
‘Zable 39.

15 pgm of ferric iron in § ml. of Morgan's solution. N

P———

. Absorptiomster Readings Tintometer Readinga{average of
0. 1N Kmoq Ao 00 T daterathati et tiiy

O. mle 24.0 2.6 8.5
‘0,06 mle 22.0 - 2.3 7.7
0.1 ml.. 22.5 2.1 7.8
0.2 ml. O 22.8 2.3 8.0
03 mls 24.5 T 244 8.2

0.5 ml. 26.0 2.7 8.8
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20 pgm of ferric iron in 5 mls of Morgan's solution.

Absorptiometer Readings Tintometer Readings(a of
100 e raadiags) e of
Ooﬂ XnO4 - ' : oo ,
L Average of two resdings Yellow units Red vunits
00 ml. 3.6 2.8 10,0
0+08 mi. 30.0 2.6 9.8
0.1 mie 20.0 2.4 9:6
0.2 ml. 20:6 2.4 9
0.3 ke 31.0 2.8 10.1
Ou5 ml, 33.0 3.0 10.6
Zzble 33«
Soil x;tracti to Har Soil Morgan Extrect(1:2 ratioc soil 3

Extrectant <« shaking for i minute aad ﬁltrlt:lon)
X‘nsnbwmuadforthismrw o

Mx'ptio;ttor Readings mtmu;:. § (a}orm of
O.1NENN0, Average of two readings  Yellow units Rcdiunits
0. ml. 8.0 1.3 3.0
0405 m1. 8.0 1.2 3.0
0.1 ml. 8.5 ° 1.3 3.1
0.2 ml. ) 8.6 - ?1-; 3.0
0.3 ml, 9.0 14 84

0.6 ml. 9.5 1.7 3.0




Silwood Soil Morgan Extract s~

Iable 33.

110,

Slough Soil Morgen Extrast i«

L Absorpticmeter Readings Tintometer Readings
Qe iN x 100 o

sdded - . '

Average of two determin- Yellow units Red units

0s ml. 10.8 i.3 e 34
0405 ml. 10,0 1.4 3.3
0.1 ml. 1040 - 1.4 34
Ce2 ®mle - 1040 1.3 3.3
03 mle ' 10.6 i.3 3.8
06 mls . 11,5 14 38

Zable 33.

added Averege of two detemin- .
ations.

Aheomimtor Ruunm

Tintometer Readings

Oeb

' OsiN KMnO4
O mle
Q.06 ml.
Oel mi,
02 mle
0.3 ml.

nl.

Yollow units Red units

82.8
§1.0

‘5,3.,8‘

82.8

§6.0
a 56.8

58
5.1

6.3

8.3
8.8

8.9

- 18.8

18.0
19.0
18.1
19.0

- 19.8
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~ Effect of added XMnO, on the Colour of Soil Extracta g

c momimumm-x 100, - o
- ‘ oed 4
Teas solution . - fowen | s R&rlinsyen,
Original exiraet 64.0 16.6 6e5
C. ni- ) 2;!,»5 8.0 colourless{no read-
| ‘ . ing obtained)
0s05 ml. KinOg 23.0 Celourlesg)no . ** 'Wn  mw
, reading obtained)
Oel mle KMNO, 20.0 LI L I L L L
e ml. KMnO, 18.0 "o uw um T " ow
Oed ml. M¢ ‘. .1‘,9, | e UL UL L LL Y ]

0.6 ml. KO, .12.5 e "o ne o wm mm ]




Table 36.

Interference of Phosphates 1=

112,

rp

microgrems

' Absorptiometer Readings x 100 .

.8 pgm et

+$
10 pgn Fe.

. ,.2o.p¢-:lif'

\ w L

20
78
300

500

1000

3.0
86
3.0
3.0
3.6
3.0
4.0

285

- 16.0
16.0
150
16.5
15.0
16.0
15.8
15.0

13.5

'29.0
e

30,0
£9.5
29.0
20.6
30.0
29.8

26.0




Table 36.

Interference of Cltrates 3=

113,

- mom:lmter Readings x 100

o , .
miorograns 2 pgn 1e* 10 pgafe” 20 peame’
10 ' 38 16,8 30,0
20 3.0 160 s
50 3.0 " 16.0 20.0 .
100 3.8 15.0 29,0
150 4.0 15.5 30.0
200 3.8 " 16.0 29.0
400 3.8 18.0 29.6
800 3.0 15.5 29.0
1000 3.6 15.5 3040
Table 37.
Interference of Nitritss s-
Absorptiomster Readings x 100
Nitrites
mie:%g:gm 2 pgm FJ’ 10 pgm !‘eﬂ 20 pgl re*’
2 3.8 16.0 20.5
4 3.0 1640 - 29.0
6 3.0 16,0 '29.0
8 3.5 18.5 30.0
10 3.0 15.5 30.0
16 b 4.0 16.5 30.0
20 5.6 16.5 29.5
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Table 38.
~ Recovery Test i1~
-
' ZTest Solutiom=
S RV Theory Found Error %

5 ml. of”ﬁarliwwiééil o e " 640 " S
S uo oo
LA L2 "—4;»12;5:'" we 18.8 1804 - Qed
,_‘.l "~ l;.e, g ® ¥ g.a 10.0 2.0
(1) LT N T R 8 (LI T ) 15.8 16.6 1.3
e sen’ ow 4 12.5 e an 19.5 20.0 2.8
2 pgne of Fe 2.0 2.0 0.0
(T T ;n + @ 8 n 8.0 7.8

" " W4 g e W 10,6 10.0 0.0
10 "% »s 16.6 10.0 . 0.0
10 SR W% 4 Q. " um 12.0 _ 11.# 1.6
10 ** S84 g MR W 16.0 16.0 0.0
10 % BE 4 g8 W% W 18.0 8.2 i.1
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_Table 30.

Co-priua 'bc'hun values obtained for Iron Betermination u:l.g‘
the Blochem Abso; ster and the s stoddisc:us _the
_ Same aoih as in the Sulphate aadlaqguu tests.

. Pepele "’ (omdryhuis)

Test -
‘ Biochenm Absorpueuter. Dise.

1 s K
P e
et T 1.8 1.3
Sod1 "E o iz U e

5o 1 1.
(Harling-t.onSoil)

Soil VI 1.6 2.0
{81lwood Soil)

sl TIT 1.6 2.0

8041 107 | ‘. 1.6

Soil 3.4 3.0

nn

o Bm 1o s
,2‘ ’
o

8oil 3.6 4.0
o ’ {wag diluted 5§ ti1-8.8 mes i.e. 1 mls: of 8,0
Soil XIT |lNorgan soil extract with 4 ml. Morgan
. Solution and concentration calculated.



‘Choies of Filter i . -

1ie.

Test &ltuong N

'
i

o Absorptéiometer Readings x' 100 "

Park .

Rlue Filter
(4) 3 §

Light Rlus PFilter
one

2 pgm “+a in 5 ml,
Morgan's solution.

10 pgm Fe'® in & ml.
Morgan's solution.

2.0
10.5

30.5

1.0

8.5

24.5
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Table 41.

Effect of Morgan' solution on the Thiogyanate Colour 3-

orptimurne x 100
. {each figure 43 an averngo of two. readings). .

(1J° REMF-23 1048 & ml. of Morgan'g sole

nur). . . ution present.
2 -:lu"ogrm r" © 20 S ‘» e T
é - 4~ " ' o 6.5 BB
g " ws W 8.0 8¢5
1§ . "f . 10.6 10.5
12.5 %% s am 13.5 13.0
16.0 "s  ww 08, 16.8 16.0
20.0 %8 s se 21.5 22.0

25,0 "% wm W 28.6 29.0
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Table 42.

- Y .

Effect of various quantities of Stabdiiiser on the colour formed 3-

Absorptiometer hu:lngx 100(“01-&30 ‘of dupli-

170 xmount of ‘Stabiliser added. . .

Feo in teat sclutdion O inl. 3ml. b6m. 7nml,
(b gmse) . L
2 = 1.8 . Re0 2.8 - 200 240
10 €.8 .. 840 8.5 .96 10.6

i8 : 11.8 12.6 14.0 15.0 16.8

20 “00 1 16.0 . 18.0 -.19.8 21.6




Effeet of Time en Coleur Fermation ami Stebliity 1=

i19,

Test Solutien

morm-ter Readings
o Y averazt of twe

zlni‘:ch

10 mimites 30 mirutes 60 minutes Qouaummo ning

10 L1 ]

15.'

SO"

2 pom pe”’

1.8

5.6

11.0

17.8

240

12.0

19.0

7.5‘

26.0

2.0

7.6

19.0

£6.0

2.0

748

P

| 26.8

2.0

| 748

128

19.0

PRV
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Table 44.

solutdon

+8
2 pgale

10 ix 6
12.8 o=
15.0 "¢

20.0 **

Absorptiometer Readings (aversges of two readings).

2.0
- 4.0
6.0
8.5
10.6
13.6
16.0

21.0




& = Effect of Phosphates := (¥ He POy)

 Poge morptiouuio!é_omim (average of two readings)
x .

2 nimgrm r- 10 micrograms n""ao ﬂgﬁ“
. 240 4 11.5 81.5
100 2.0 B O gg.e
200 2,0 1.8 28.0
" 800 248 1.0 21.0
1000 2,0 | 11.0 21.6
1500 2.0 1046 19.0

B« Effect of Aluminium (pomh alum). Tabls 46.

Alm:lnium added Absorptioutnr Roadinga(average of twa rur.um)
Mloregrams

Al. £ micrograms Fa 10 microgrm w2 licro?an
o 0 116 22.0
2 24 11.0 2148
4 2,0 11.0 23,0
10 23,0 11.0 * 21.0
20 2.8 12.0 22.0

20 290 12,0 £2.0

-~
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Table 47. ) e -

,
!

C - Effect of Calciwm 3= (caloium chlorids.)

Cnlc:luaddud - Absorptiometsr Re 1
. adings x 100.
groms 2 - e —
| 2 pgm. Pe 10 pga. re 20 pgm. Pe
0 240 7 118 om0
400 20 s £2.0.
800 2.0 11.0 22.0
1000 2.0 11.0 1.0
able 48.
R = Effect of Magnesium s~ (Mg8O, 7Hp0).
Absorptiometer Readings x 100
Magnesium )
.m . . +9 +3
miorograms 2 pgms. Fe 10 ugmie Fo Q30 pugms. Pe
o 2.0 11.8 S 2240
80 2.0 11.0 £1.0
100 2.5 | 11.0 2146
150 2.0 11.0 28.0
200 2,0 11.5 22.0
400 2,0 12.9 21.5

500 2.0 11.6 815




‘_ oy
Table _49.

Effect of increasing quantities of KMnO, on the colour developed

KMo, added Absorpticmster Readings x 100 (average of two . .

in mls, readings.) T

T AR

2 pgms. I'Q* 10 pgms. ro" 20 pgmas Fe ’
0 2.8 11.8 21.8
00“ . 300 . 1105 82-(}:

0o 2.8 11.0 22.5

0.2 2.0 - 11.5 22.0
0.3 2.0 11.0 23.0

At this stage of the work a disc was made according
to the final metbod adoptede o



-coupu-iun between tho n:beymu llcthod involﬂ.g_gﬁth. mrnc-a
‘tdom of the colour wAth ug:l. aloohol/anyl scetate mixture " and
the hclmigg mﬂ_@l methyl ketons/acetons mixture as Sta~
biliser 3 (Absorptiometer readings).

Test Thiocyanate = Extraction with Thiocyanate « Stabllis
Solution amyl a:l.oohol)wl acetate mix~ the colour :ln situ by e

ture. y1 methyl ketons)acetone/
mixture ¢
Soil I 2.5 2.8
o IT 4.0 - 4.2
s TIT 1.4 1.4
LA | 1.8 1.2
on I .
{Harlington) 1.2 1.2
(ggﬁoo ) 1.6 1.6
8011 AT 1.8 | 1.8
LU 7 ¢ ¢ § 147 144
LI » & 140m 1.0
e 3 3.8 3.6
“ Xi 3.8 . 4l

" m' 8.8 | 9.2




Teble 6ie
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Effeot of Morgan's solution on the Golour of the o-phenanthroline

- ,~eonplex.:~_A.

Test

Solutien

Ahnorpuoutor Bud:mp x 100
of two re

l;ﬁgnrcisanamm

solu

. solu

sciution.

2 :"ii ~,:1,“1-;, Morgan's 3 -l.lomn 8 6 ml, llorgan' '
J:n "~ solution. 1 .

lllnkl;_

30 -n

40 "V

50!!

7°vI' o

80 "¥ -
100 LK

120 **

" 52.0

0.0

9.9

n """ 19.5

.-u' "" 80,0

'

"® 40.8

" g9.0
" 22.0

"% 83.0

* 120.0

o0
":. 9.0
7 19.8
" 8040
" 4040
42:51.0

- 6840

o 130

o 888

120.0

100.0 = . .

0e5

9.8
19.5
30.5
41.0
51.5
€2.0
78.0

83.0

100.0

120.0

TT
 10.0
'80.0

- 3060

.‘151.0

61,0
1 f72.o
.. 8240

. 100.0

120.0
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Table 52.

Rffect of form of hyd-oxylsmine hydroehloride added 1=

. -morptimtor Rnﬂ:l.ngs x'ioo."

' Teat
Solution '
| Wdﬁlﬂ. of 108 Standards with Osi gm. of
hydroxyhnin Mg:ochlorm b,rdroxﬂ.nim hydrochloruo
mm‘.',.*-' T s
80 pgms F¢t 81.5 | 83.0
; h +8 L o




I27
Table &3.

sm:ll:lt; of ferrous o- mnthrolim Co. ].u in presence of
R lorgma sodmtion. - PR

'morptimtor ‘Rndings x 100 ' aﬁar g

Teat
Solution ,20 ni.mrt.u 40 m:l.nntu One hour rhroe hom I'.inoen hr

"10=nic;:§:m 9.5 9.8 9.0 9.6 ‘98
30 " » 30.0 2040 30.5 31.0° 30.5
60 " ", | 31.6 ' 62.0 61.0 61.0 61.0
‘80 "= ew ao.& . 80.5 81.0 80.0 815

120 "® e 120.0 120.0 120.0 120.0 1200
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Table &4.

Effect of Temperature t= -

Ahlorptioutor Bead:lnp x 100. each reading is am
© average of ‘two dete tions) ~

Teat
golution | ,
o 20°C . 25°¢ 30°¢
+3 , . o
10 pgms. of Fe - 9.0 9.6 10.0
§Q nw aw A 51.0 51.0 . 62.0.

100 sn s 100¢0 110.0 116.0
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Table 535,

Interferente of Phosphates i1-

. ‘ . Absorptiometer Readings x 1 (“ B
*(70y) L RO e resatng). . o
e - S Ve

S _ +g - +
10 pguss Fo 8Q pgms. Fo o100 pgase Fe

8 e 90 81.0 o 100
100 | 9.5 ao.s. . »105
180 10.0 81.0 100
200 9.5 500 110

280 10.0 80.8 ‘998

s00 8.8 49.0 . 9%.0
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Tablﬁ 5§ .

Recovery Teat 3~

.. Test L Micrograms Fe.
Solution ‘

o Theory = . - JYound - Rrror §
Goil I  13.8 - -
*9410 pems.fe’®  23.6 . g3.0 24

% 440 4% W . 53.6 53.86 . 0.0
"4g0 U e 93.5 936 0.0,
Seil 1% 8.0 T - -
"+ 40 pgms. Fe'?  18.0  18.0 0.0
$a40 w0 e 48.0 . 49.0 * 2,0
* 4804 8840 88.5 * 0.5
soil Wi 1040 ' - -
"+ 10 pgrmere
VT I 8040 50.0 0.0
* 4+ 80 % o 90.0 91.5 *1.6
Soil YITY™ T8 - -
" + 10 pgme.Fe'® 1746 17.8 0¢0
"p 40N W 47.5 47.0 o140
wsgows W geiEs T sglo | w0l
19*pgs;§of:. 30.0 30.0 0:0

+ 50 BT I ] 60.0 6140 - * 1.6

4 80 e W 90.0 89.0 - el

. -,
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"rable -51.

‘Dotermination of Ferrous and Ferric Iron in Seils 3-

/8011  Total Ifon ~  PFerrous Iron  Ferrdic Iron
| used BOL1 extrasy. Soi1 emtrmst.  boIl exteaste s "::’:?i"
soir T 13.5 - 0.8 : 12,7 94407
. hé s 4 8.0 0.8 7.8 . 93.68
Iy 9.0 1.0 8.0 88,90
I 5.6 0.25 | 5.25 95.56
* B - 10.0 - 1.0 9.0 900
- ¥IX 6.5 .o.q | 6.0 92.3
 ° F2e 84 748 0.25 725 96467

- IX 60 - 8.0 1100.0"




CHAFTER VI.
Adaptation of the Titan Yellow Mathod for determination
of Magnesium in Morgan extracts of Soils.
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Introduction 3=

| NMagnesium hydroxide exhibite a notable capacity
for adsorbing ecertain organic dy.stuffs‘aa). With some dye~
stuffs, of the azo and anthraquinons series, there is a differ-
ehce in colour between the adsorption produwct and the non-adsor
bed dyestuff., - Since the adsorption i3 instantaneous, the re-
action affords an excellent test for magnesium.

Xolthotf;ga) observed that magnesium imparta an orange
or red cb].oir to alkaline solutions of titan yellow and this for-
med the basis of a colorimetric technique for magneasium deterw
mination. |

In Morgan's syatem of quick tests for soils, two rea~

gents for magnesiim determination were used, namely, titam yel-
low and p-nitrobenzenazo-rasorcinel. The titan yellow test
was also used by Baver and Bruner?ao) while Gillan¢!%?
1t for magnesium determinatiom in watersye

Cornfield and Pollard ®?’ made use of the titan yellow
teet and determined magnesiwm in plant dGigests.

The most important interfering ions in the test are
ecaleium, manganese, aluminium, phoerhate and to a smaller ex~
teat, iron. The attempts to eliminate such interferences are
summarised below 3~ '

applied

i~ Separation of the interfering ion by precipitation.

2- Complexing the interfering ion thus rendering it ineffec-
tive.

3~ Addition of compensating solutionse
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Hirechfelder and Series’1%l) determining magnesium in
blood, separated calcium by precipitation as oxalats prior to
the determinationn of -agmun. Becka{102), on tne othor
hand, carried out the doun:lut:lon without the uneval or oal-
ofum although xo:.t.horf‘”)m shown that the presence of cale
cium alurc both thn :I.nttuity and nature of tho Qolour prod.u-
ced by magnesiums hur axd lrmr u«l ncron w0 obvim
| the caledum Mertennco throudh ceuplox .fm;tion. @illem
also made a similer trial. o

Pueh and Bnglieh (35) han ahm that the addiuon ot
sucrose partly eliminated t.he ca..e:l.un interference if the nag-
nesiwm eoncohtmtion is 1088 than 20 Pepeme With highsr con-
centrations ef nasnu:hm, oalc...un ‘dsereagad the cqlouxf oﬁn in
the presence of sucrose.  They ¢liminated ealeium interference
by the addition of ,. 'cempohnupg solution" centahnng'mfﬁcb
ent caleivm to produce maximum intensification of the lake. They
used the same procedure 0 prevent aluminium interlerence.

Mannite was used by Poech(ma) in prennt:lng the inter-
ference of small amounts of manganeee, while Gilliem saparated
iron and aluminixmi as phosphit.u but did not attempt to remove
manganese. He uaed a solution of hydroxylamine hydrochloride
to prevent the calour raaing of the lake which occurs by oxidas~
tion in alkaline solutinn, Peech attributea the beneficial
effst of hydroxylamina hydrochloride reported by Gillam to the
action of this reagent in preventing manganeae interfarence ra-
ther than any direct -.f£fect on colour fading of the lake.
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Recently, Mikelson, Toth and Prince(lo‘) spparated  cal-
cium and the heavy metals as ingoluble tungatates. . This is
based on the fact that oaly the alkali and magnesium tungstates
are soluble. - Mikkelson(10%) and Toth, after studying a largs
number of dye stuffs found that Thiazol yellow {sodium 2.2 disul~
phonate of ‘mthme'uolathiazoh) was the best for magnesium de-
termination. - - The sensitivity range of ‘this compound {obtained
from general aniline works) 2z O - 30 pepem. magnenium as repor-
ted by these tm,mke:é-u compared with o ~ 15 p.pem. magnesium
for titan yeliow (obtained from Dr. Grubler and Co., Germamy),

0 - 10 p.p.:m. magnesium (obtained from Eastman Kodak s Cous

O « 8 p.peme magnesium {obtained from Eimer and Amnd,l.?g'sl):

0 =5 p.p.mcwq{‘u:lg:btamd from Bastran Kodak and ee.,'z;zo),
Titan yellow {often knewn as 8loyton yellow 4m Britcin) 18  the
resgent commorly wsed in this country. |

The present study of the methed was underisken to sdapt
the method for magnesium devermination in Morgan ccll e tracts.
Morgan's solution is hiffered at pH 4.8 and it was necessary to
adJust the wolume of the alkali addsd to give a eatisfactory eol-
our which is stable for a sufficient period for measurement.

From a preliminesry study of the method it was otserved
that titan yellow from diffarent sources diffsred sonsiderably
in the production of the finsl colour of the lake formed. Accord-
ingly, in all the workm dome in this fuvestigetion, one sample of
titan yellow wes used throughout. ‘

Two main poin*< were inwestigated i~
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ist & Rffect of Morgan's extractant on the colour formed
before and after its meutrailmation.

2nd s Recovery of added magnesium to stendard solution and
to 801l extracts.

The method is initially aa follows :-

Ru_tgnta t L

(1) Compensating solution : 13.9 gmuss ealcium chloride,
: 0.96 gms. potassium dihydro-
gen phosphate and
0.88 gmse potassium alum.
are disgolved in waber with the addition of two ml. of
concentrated HCl. The solution is transferred to a
liter flask and diluted to the mark with distilled
water.
(28) Mannitol ¢+ 2.5% agueous solution.
(3) Titan yellow 3 0.085% aqueous solution.

(4)  Sodium hydroxide 3¥ solution : 120 gms/l.

Procedure -

An aliquot of Morgan soil extract containing up to 60
pgms. magnesium (usually 1 « 2 ml.) is pipetted into a 25 ml.
tube marksd at 21 ml. The solution is meutralised by sodium
hydroxide, ome ml. of the compensating solution and ons mle of
mannitol were added and the solution diluted to 21 ml. with dig-
tilled water, mixed thoroughly and left in a water-bath at 20 «
21°C for 15 minutes. Then 2 ml. of titan yellow were added with
mixing followed by two mle of 3K sodium hydroxide. The contents
of the tube were mixed thoroughly and left to stand for 10 min-
utes ® 4 minutee Readings were taken in a Biochem Absorptiometer
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using a 4 cme coll and OGL grunf:ll'ur-

Effect of l(oga_n 8 mctant -

Solntions conuiningm, 20, 40, 60 and 80 pgma. of mag-
nesium were pipottod into tubes marked at 21 ml., and one ml. of
conpduntiu solution was added followed by ons mle of mannitel.
The .contents were mixed thoroughly and diluted to 21 ml. with
distilled water and then mixed azd.:and.hpt at 20’0 !'or 15 -:ln-
ubes.  Two mle of titan yellow were added vdth sha.ung foun-
ed by two -J.o of sod:l.u hydroxido and the aolnﬁon m thorowghl:
mixed, left in the’ watercbath at ao'c for 10 minutes, ‘after which
readings were taken. . o .

Fve utl of ltanda.rda were cnuimd, one was prepared
with water only. (no Morgan solution was added), 2 sets with one
Rle of Morgan solution added and 2 sets with two ml. of Morgan
solution added. The colour was dewveloped in the presence of
Morgan's solution without previous meutralisation with sodium
hydroxide solution,and after uutnliut:lon. The results are
shown inn Table ﬂ,/’/:f;l |

It 1s elear from the results that the acidity of Morgan's
solution (pH 4.8) prevents the complete colour formatiem if it
is not neutralised before the dstermination. vhen Morgan solu~
tion was neutralised on the other hand, no difference could - be
traced between standards prepared with water only and in the
presence of ons or two mla. of Morgan's solutionm. - Figure 12
shows the calibration curve. |

Rocoury s~ Table 59 shows that recoveries ranged from 94 = 103%y
£r37- _ :
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Effect of Morgen's Solution om Lake formation of Titan Yellow -

_Adserpticmster Rnum x 100

Tes llorgl
Scht:lon Solution Ome n:l..or Iorpu 301:. Two -l.of JMorgan Solne

‘Bafore nsut After nsut Before neu Aftsr neut-~
SR ral:l.utiﬁo;.‘ ‘7 tralisation tralisation ralisation.

10 ] - -
ﬁ?‘ 4.0 3.8 4.0 ©e6.0 4.0
g0 °** 8.0 4.0 8.0 6.0 7.8
40 "™ 14.0 9.5 13.5 11.8 14.8
60 ** 20.0 18.5 19.8 17.0 20.0
80 *" 95.0 22.5 26.0 21.5 28.0
Table &9.
Recovery Test 1=
Test Solution .
Morgan extmact. Theory Found Rrror
1 »l.Buxted Soil e 15.8 Ll
+ 10 pgm.Mg. 25.6 24.0 « 8.0
1 ml.Harlington Soil —— 27.0 -—
“"* 20 pgmelige 47.0 47.5 +1.0
2 ml. 8ilwood Soil e 7.5 -
+ 40 pgm.Mge. 47.8 47.5 040
2 ml. Garden Soil wa 12.5 o
+ 10 pgme.lig. 22.5 21.0 = 6.3
2 mls E. Pakistan Soil 10.6 -

+ 10 pgme Ng. 20.6 20.6 0.0



CHAPTER YVii

A Tield Test for Potassium in Morgan So0il Extracts using
Cobaltinitrite.
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Introduction 3=

Since the introduction of the cobaltinitrits meth-
0d far the determination of potassium by Adie and Wooa(106) early
this century, it has been extensively studied and used by a great
aumber of workers. This is due to the fact that the method is
rapid, economical and adaptadle to semimiero techniques. The
only faster and more flexible méthod for potassium determination
is by the flame photometer.

The cobaltinitrite method depends primarily on the dJdiffer-
encies in solubility of cobaltinitrites of sodium and potassium
and would have deen ideal but for the isomorphism of the sodium
and potassium salts. |

vo1x(307) gtuated the effect of different comcentrations
of sodium in the precipitation medium on the domposition of the
sodium potassium cobaltinitrite precipitated. He observed That
ths higher comcentration of the precipitating reagent { within cer
tain limits, 10% concentration in the fimal solution being optimum)
the more accurate are the regulta. He also observed that with
the 10% 1imit the precipitate containad a lower percentage of
pobassium but was less subject to changes in composotéon.

Bromn ot a1¢1%8) succeeded in deweloping a rapid tech-
nique for the potassium determination in soil extracts by precipi-
tating it as cobaltinitrite, oxidising it with excess of eceric
sulphate and back titrating the excess ceric sulphats using a
o-phenanthroline complex as an m:tcagog.

mMm9)m an extensive study of the posadbility
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of applying the method for the dstermination of potassium in many
biological and agricultural materials such as blood, milk and aif-
ferent soil extracta. - , ,

Eramer %) has demohstmated that sodium, caleium, magnese
fum, barium, strontiuy, zing, iron, sulphate, nitrate amd . phos-
Phate ions do not intarfere in the dstermimation of potassium by
cobaltinitrite. = Ammonia however, introduces appreciable error
if present in considerable quantities. This interference could
be obviated by addition of formaldehyde or hypochlorite.

Addition of different alcchels is very sommon in this tech-
nigue asa this decreases the solubility of the precipitate.

The present work was based initially on Tinsely's tech-
nique and was undertaken with the view th the approximate estima~
tion of potassium in Morgan extracts of soils using a technique
sufficiently simplified to permit a rough estimats of fertiliser
requirement in the field by an unexperienced worksr. Fhe test
is sensitiw encugh to differentiate between low, mdium and
high levels of potassium correaponding to levels of 10, 25, and
50 pepems K in the s0ils.: .

The method described here was first established inm the
laboratory using a Biochem Absorpiiometar. After several trials
the following technique was adopted and simplified for field work
as deseribed later.

Reagents 3= 7 _
(1) Morgan Solution 3~ 100 gms. of sodium acetate irihydrate

~
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(A+ Re) are diagolved in 500 ml. of distilled water in a litre
volumetric flask. 30 ml. of glaeial acetie acid are added
&nd the mixture is diluted with distilled water to the mark
and shaken thoroughly before use. |

@

(3)

(4)
(6)

{6)

D § (Ae Re)

Sodium nitrite

Glycel :~ 2% agveous solution (v/v).

. iso-propyl alcohol and ethyl alcohel mixturs V/V s-

mix 100 ml. of éach of thc alechola and sheke theroughly !
before use. R
Standard potassium solutiom 3~ Dissolve 1.907 gms. of
potasgium chloride in a litre of Morgan's sclution.Dilute
aliquots with Morgam's solution to prepare solutions con-
taining 6§, 12.5 and 26 pgms. K/ml. i.e. 10,2§, and §0 pgny"
K/2 nle | |

Apparatus 3~ Flat bottom tubes 75 m.m. in length and 16 Reme

internal diameter.

A grid mads by drawing 2 lines i mems in thiciness
nndi/s" ofu:lnchapartw:lth indian ink on a
seni-transparent paper kept betweenn twe glass
plates {photographic plates were ﬁnd) or alter-
nately & plastic plate half white and half black
(supplied by Tintometer Ltd., Salisbury.
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Method dsveloped in the laboratory i~

In a tube of the above dimensions, 0.12 gm. of sodium
eobnltihitriu and 0.12 gm. of sodium nitrite were weighed and
dissolved :ln 3 m1. of 2% glyeol sohtion. Five nl. of iso-
propyl-othyl alechol mixture were added and 2 mle of Morgan soil
extraet blown in { th: so:ll extract is prepared by ashaking 20 gm.
of ao:ll with 40 n'.l.. of morgan lolu'u.on and filtered through What~
man filter plper). |

The tube was shaken thoroughly for 30 seconds and left
to stand for 40 menutes. The unknowns wers compared with the
standaxrda prepared l.‘..ﬁnltanooum containing 10, 256 and 50 pgm.
Ke The test is made as follows &~

Take an empiy tube of the abowe dimensions (75 meme lon-
gth and 15 m.n. inner diameter with a flat bottom) and place it
on the grid, pour the solution in just enough to obscire the lines
Messure the height each time . By ecomparing the heights of
the aifferent siandards (low, medium and high) with those of the
unknowns, the ststus of the potassium in the soil is predicted.

Experimental 1-

The Biochem Abgorptiometer was used in all these tests
to eatablish the applicability of the method to soil extracts.
The method was ﬁnally tuhd. with fiwe soils varying in content
of Morgen extraetable potulixm.

Stabili}g of the M formed.
Thn teat solutions were standard potassium solutions
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containing &, 10, 15, 20 or 25 pga. X/mle 80 that when 2 ml.
are used give 10, 20,30, 40 or 50 pgm.K 1.¢. 10, 20, 30, 40 or
50 p.pem. K with respect to soil if the ratio soil to Morgan
ao;l.ution used on extraction is 1122 {eegs 10 gm. of 80il extrac-
ted with 20 ml. of Morgan's solution). .

0.12 gme of sodium cobaltinitrite and 0.12 gm. of sodium
nitrite were weighed in flat botiom tubes of the above dimensions,
disgelved in 3 ml. of £% glycol, & ml. of amyl alechol mixture
added and 2 ml. of the standard were blewn in. The mixture
was then shaken for 30 seconds.  Readings were taken 5 minutes,
20 minutes, 40 mir;utea and 60 ménutes from the time of prepara~
tion using the Blechem Abgorptiometer and red filter ORR2. In
erder not {0 dlsturdb the eloud formed, readings were taken in
the special tubes (i cm.diameter) whieh fitiod in a plastiec eone
used for sueh purposes. A blank was prepared with set of stan-
dards and was used to =djust the zero readings of the absorpiio-
meter before taking readings from standards. Results are showma
in Ta®le 80 and graphieally {those taken at 40 minutes) in Pig.13,

' The results show that the cloud formation increases grad-
ually, reaches its meximum at 40 minutes after which the gtabdil-
ity of the cloud declines =& shown by readings taken after €0
minates,p /4. -

Height of Standard Solutions at which lines of the grid becoms
invisible 3= |

The same experiment was repeated and the grid was used
to measwre the height of the 1iquid required to obscure the lines.
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Results aré shown in Table 81,/7/45 -

Application to Soﬂ. T

'nw different soils wers tasted for their Morgan extract~-
able potagsium as follows 3= Ten grams of air-dry soil were
utract‘d with twenty ml. of Morgan's solution by shaking for 1 mi
and filtering through & io. me £ilter paper.

The mixture of sodfum cobalfinitrits apd scdium nitrite
0.12 gm. each) was dissolved in 3 mi. of 2% glycol, 5 ml. of
algohol mixture were added and 2 ml. of the scil extract were
dlown in and the whols mixture was shaken vigorously for thirty
seconds. | Readings were taken aftar 40 minutes and are shown
in Table €2,///7

Adsption of the test for field work i

It was agreed that the cobaltinitrite as nl],'u the ni-
trite sodium salts could be prepared in tablet form far field
worke  In the field, the soil is either weighed by a rough
balance on s sheet of polythens or estigated by measuring it on
a spoon which carries a mark showing roughly the volume of soil
required for the teat (wsually & or 10 grams). The tube used
for the taet is marked at the 3rd mle, 8 ml and 1Oml.levels. The
above test for potassium was simplified for field work as followss

F11 the tube to the 3 ml. mark with the glycol sgolution,
diesolve in it ons tablet of sodium eobaltinitrite anmd another

of sodiym nitrite.  When the tablets are completely dissolved,
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addSnlo oftlu llcoholnixﬁrc, n‘ixthﬂ‘mndl&l t'c
nlnotthsoum - Shaks vigorcusly fer thiriy . seo~
: omandaﬂm' 40 minwtes standing put the tube used for the
determination on the grid and leek throujh the dspth ofmithe
iiquid 3 1f the linas are clear, then the potassium status of
the so0il u\,-zoy.-;.-;,_e On. the pther hand, if the limes are nst-
visibls; take another: tubs and peur: in solution till the lines
m Jut oumod llcme tho ho:lcht.

Mﬂn nrk dm inﬂu hbmtory, 1twu toul that
uih contaiaing hu tlum 10 p.p.n. lorgaa oxtrutabh potule
mnmnuma, domobmu tho liulotthc mllttll o
'ith the wse of tho whoh wlm of thc nqua wsed in tho teste
'Iith soils which sontain 8265 p.p.m. Norgan extractable potassium
the 1ines beeome invieidblas at 1.5 < 2.0 em. height, whils the
seils whieh give higher valuss than S8 25 p.pem. Norgan extract-
able petassium the lines are obscured at 2 lower heidght ( Q.6 ~
1.5 ems) K L |

l.le Itwn found that wp wso pgu. a—nniu M
n wnﬁu oh:l.oﬁ«h d:ld not aﬂcot tho !ndin‘o whn m'hd
1n the pnuncc or tho thru hnh of potuui\n m'n unt:l.emdo



Jable 60.

Stability of ihe cloud formed i<

Test Solution - - ‘mwpﬁmuz‘- ludinn X 100

 pgme Ko
' smmaﬁor aemu-mmmwmu-
- preparations
20 8 8.8 68 B
40 | 9.0 11,6 12.6 1045
€ RN i8.0 = 20.5 17.8
80 23.86 £8.5 31.6 20,0
100 20.5 33.8 36.0 33.0
Table 61,

Standard Solutiens s-

Lo

Test Solnt.ion Absorptiomster Ruﬂ:lngs Height of the solution just

oL I e b et
20 6.8 3.8
40 1.6 3.2
€0 20.8 2.3
80 ai.6 147
100 36.5 = i.8




Tabls 62,
Applioa of_the Method to PO
Soil Absorptiometer Height of the liquid in thse Remarks
extract. Readings X 100. tube just encugh to obscure as to K
used. the lines of the grid.- Status.
Haxrlington I '
Soil. 27.0 Leag tham 1 ems High
8ilweod ‘
Soil. 9.8 4 cmen Low
Buxted ' ‘
So0il. 19.5 2.3 m
Gardsn
Seil. 28.0 1.2 High
E+ Pakistan
Iow

Soil. 5.0 - 4.4




CHAPTER VIIT
"Studiea on the REffect of Different Molsture lewels

of Soils on Mineralisation and Extractability of
Nutrients.®
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INTRODGCTION 3~

Hinsralisation under different moisture t B

Einsrelisation is thse process of breakdown of complax
compounds into simpler ones finslly inte simple inorganie com-
pounds or slements which are utilised by plants or the seoil
Launa. The most important agents which play the majer roie
in the minsralisation process are the micro-organisms inbabit~
ing the soile Almest every element is subject eithar direct~
ly or indirestly to the action of these organisms. Iren,
mangenese, aluminium, magnesium, sulphur, phosphorvs, potass-
ium, walcium, zinc, cobalt, nickel, carbom, mitregen, hydrogen
and oxygen compounds in the organic and inorganic forms sre ac-
ted upon by bacteria, fungi, algas and e&r menbers of the
soil faunz. The net result is the formation of inorganic
compounds which are utilisable by the growing plants or hy the
soil inhabitants. Other agente which take part in the pro-
ceas of minerniution‘u'e either physical or chemical in disg~
tinction from the biochemical processes above mentioned. It
is a well established fact that activities of the micro-organ~
isms are affected by tsmperature, moigture, pH of the medium,
light, oxygen supply and in general, sny factor which affects
the activity of such organisms will affect mineralisation pro-
cesses.

This work was undertaken to study two main points 3~
18t 1= The mineralisation of iron, manganese, aluminium,
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magneaium, potagsium, sulphur, and phosphorus at different mois-
ture lewvels.

21d 1= T§e effect of air-drying the seil from differemt mois-
ture levels on the extrectability ef these elements , using Mor-
gan's solutions | | |

A qiick survey of the forms of these elsments in the
soilreveals the fact that iron is present in the soils as the
minerals, hornblends, biotits snd chlorits.  The iron in the
minerals is largely in the ferrous state and on weathering, mest
of the iren 1s changed to the ferric state and forms different
iren compounds. In nsture, the kind of parent murial and
' the conditions under which it is weathered influence the valen-
éy state, distribution and kinda of iren compounds formed.

Manganese, on the other hand, oceurs in some ferro-man-
ganese minerals and other complex silicates and ag the oxides
and hydrated oxides. | A csrtain amount of iron and manganese
ocours in goils in organiec formg which during mineralisation are
converted into soluble salts. These selts may be utilised by
plants or micro-organisms inhabiting the eoil.  Under normal
agricultural conditions, these two elements sre not likely to
be lost by leaching especially if well-asrated oonditiona pnvail\
and the insoluble higher oxides are formed.

Alvminium is ons of the most abundant elementd in soils
especially in the clay fractions wharq it oceurs in combination
with the silicatas. It seems likely that mineralisation of
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.alvnn:lm is #ot readily brought about as in the case of iren
and manganese. NMagnesium is introduced into the soil in com-
sideradls quantities in the form ef inorganic murhlc such u
dolomite or reck phnpute, often used as fort:lliaors or in m
organic matter added to the soil.  Ames(illd) reported that
magnesium compeunds dre less resistant than those ot calcium
to the action of mitris and sulphuric acids formed in ﬂu pro-
cess of nitrification and swlphur oxidatien. ’
Sulphur is added to soils as ammonium a.ndpotunu sul-
phate or sometimes in the form of elemsntad sulpm to ehng-
the zoil pH. Often, other different fertilisers contain an
appreo:lable quantity of sulphates e.g. gndu of luperpho.pha-
tes, one of ihe nest commnm.y uea fortilisers, waro rcpomd
by Mehring, and Lundstros{}12) to cantein as high as 8.09% sul-
phur. Sulphue is also added to moils in the ferm of organie
materials such as mamures and piant residues. Moreover, rain
contributes to the aulphur content of the soil sometimes in lppﬁ-
reciakble quantitiess The changes which organis sulphur ecom-
pounds underge during mineralisation proceaéea are gcytrnid
largely by prevailing conditions of the soil e.g. moisture con-
tent, aeration and also ithe nature of the sulphur compound.
Aceording to\da.ksman(ua), the organie matter 1a firct decompo-
sed by hetarotrophic bacteria, fungl, actinomycetes and the sul-
phur bearing fraction is liberated.  In the preaiénce of suffi-

cient air (oxygen), the sulphur is ehméod to sulphate (S0.%)
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having firet been reduced by hydrogen sulphite and then oxidised.
the sulphurous and sulphuric 2¢ids produced in the soil as a res-
wlt of supphur mineralisation exert a solvent action upen other
minerzls, Under anasrobic conditiens however, the reduction
processes predeminate and sulphatew are reduced to elemental §
and HyS if such eonditions prewail,

Phosphates are 'mont. in normal soils in the form of
inorganic a3 well as organiec compounds. The :li;erganié ‘com-
pounds include phbepha".;ea of potassium, sodium, calcium, magnes-
ium, aleminium, iron and manganese. The organic compeunds in-
ocluds the phospherus of plant and animal residues as mucleic acids
lecithin and phytin. When organic matter is mineraliged, the
phospherus 1s 1ibersted in the ferm of inerzanic salts which may
be reasgimilated by the same er other micro-organisms and aynthe-
sised 1nto miorobial protoplasm. Meeanwhile, insoluble organie
pEodphates may be msde soluble by the products of metabolism of
nicro-organisms, such as carbon dioxide and various organic and
morga.nic acida. |

A large number of micro-orgamisms ineluding various hetero.
trophic bacteris, fungi and actinomycetes are capable of decompo~
ging organis phosphorus compounds. A part of the potassium
supply of mineral soils comes from the minsrals e.g. orthoclase,
mieroecline, muacovite and biotite. A ¢ertain qlantity of the
potassium exists in the "fixed® form i.e. wery difficult to re-
place. Lnothnr portion of the potassium may be held as a con-

stituent of the orgsnic matter particularly if an apbéoe:lablo



quantity of fresh plant residus is presgent. Potagsium miner-
als differ considerably in their degres of weathering, micro-
cline deing very resistant to weathering ageats, thus gives wp
its potassium very slowlyj orthoclase is less resistant than
mieroclins.  The potassium of muscovite and biotite, on the
other hand, is fairly availadle especially if the minerals are
in the finely divided state as reported by Denison(1i%),

Fotassium is usually added to the soil in the form of
soluble inerganic salts such as potassium sulphate or potassium
nitrate or in some localities, insoludble form sSuch as marl or
an insoluble form &8 manure. The activities of bactaria may
lead to sn increase in the available potassium as by the decom-
position of organic matter and by the fermation of acids which
libersts the potassium from its minerals. Miorobial activity
nay also lead to a dsoresse of the available potassium throwgh
a process of assimilation and trmfemﬁ.en into organic mater-
ials,  According to Amesti11)tne liberation of potassivm in
the soil is drought about by the salta formed pedhhirather than
by the direct action of acidity on insoluble potassium compounds
although he found that both nitrification of organic and ddorganic
compounds and oxidation of sulphur in the soil inocreased the am-
ount of water-goluble potassium. \

Thus, plant nutrdents in gensral are present in either
the mrianio or organic form and the organic compounds are acted
on by different micro-organisms inhabiting the soil, and the mu~
trients are mineralised smd ive. liberated in forms available to



the plant. The process of ﬂmnlint:lon vhethsr chemical
or biolog:lcal, rnq\\ircl m:lntu'o which should be pruont h tho
medium which is tho soil. Litth attention was givnn to the
effect of d:lffomt noistnn .unh on n:lural:luti.on m mobili-
sation of plant mtr:lontn ‘

| Norgen's aehtion was used in the present ntnw to ox-
trn.et the soil, huping the :nt:lo, soil to extuch 1:8.

It is mm pnoti« to afr dry tho oo:u. bcrorc it is
lubjtct to ohnical a.nn:nh. In the fieid t-m hmvu', the
8011 xmay be waed in its original form (moist) and a sub-sample tak
en for moisture dsterminations in order to axprun the results on
ons and the sams basis. Unduubtedly, soils in the ﬁom ey
considersbly in their moisture content and it is of inderest to
investigate the effect of the air dry:l.n; of soils on the status
of the mutrients and on their oxtraotabiliv u:l.ng Norgen's solu-
tion.

Experimental 3- |

Five soils were collected to the depth of €", air dried,
sieved through a 2 Tn.n. sieve before use. A short description
of the soils used 13 glve below 3~

(1) Buxted 8pil :- This soll is collected frrom a farm near
| Buxted in Sussex. It is greyish in eolour, acidic, with
a i of 5.28y It is comparatively rich in organic matter.

It is with a very low clay but high silt and sand percentage as
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(3)

£4)

(8)
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rovu.ud by thc nnehur.lenl n-mtiomtion ot' tho niunl part:lon
ot tla no:ll.

Garden 8011 1= This soil was collected frem an allotment 4n .
Harrow, Middlesax. ' The soil is dark, brownish, nsutral,having
a'pH of 7:14¢  This soil contains 26% elay, 38% silt and - 31%
sinde . This, together with the high pereentage of organio -
matter ueonts for the hfgh water holding capasitys

M sau s-'_" ms so:um colhcudfruaphtunhr
&8 in the co:uu- rm.a Stat:len. m n:u s mw-m.n
in eolou' ana :ll unaxtly tlhnu !n mﬂon, 'ith a pi! of 7-56-
This uoﬂ. 1- Qxeopﬁoaany rieh :I.n tho nut of tho mm-mm
stedied.

8ilwoed 8o0il 3~ - " The soil was collscted frem Silwoed Park,
Research Station, from a plet which 1s pleughed anmually and is
under giass. ' The soil is very sandy (81.5% sand), dark in -
eolour with 3.56% crzanie matters .

Eut Pakistan 8011 g !hil soil mbronght from Dacca Univer-
sity Farm to the departmsnt to be used for other purposess Its
reddish-brown colour suggests that it is lateritie.  Compared
with other soils studied, this seil 4s wery peor in plant nutyi-
ents studied, hewever, 1t is netably Righ in manganase. The
soil 1s acidie, p 5.89, very poor in organic matter (0.51%)
and with 17.5% elay,

N



 29.88 841t and 51.5% ssnd- |

; The rest-of the amalysis of thesé seils 1s given in Table €3.
~The Norgan extractable ircm, mingsnese,. aluminium; magnesium,pot-
Av';ssin,' -aulphete and phesphate were. determined in eaéh seil hefore
the fnewbatien of the 3idil (a3 deseribed below) and results are
‘given in the table of the ooz-reaponﬂ.ing so0il (!‘ablu 64 & 68).

Incubation 1o The ctfcct. of thres utm-m levels of seil -ou-
tare mamely, iu, 608 ana 768 of the motsture holding capeeity en
| the liunnuuon ud utuefabnity ot mu-ioau on d.r dryhc
of Mou worc amucd. Pluﬂo mmr pots hu:l.u a total
upaoity ot' 800 gm. ot noﬂ. were ucd. lneh pot m md,
_"muhd umul,y c(with a piceo of g:l.au elot.h pmv.tou:l; treat-
ed ﬂ.th xcl, r:luu un 1t m ohlorid. fru nnd dricd at co'c.z
to hold the soil in position.  Half of the soil was weighed into
thcpot anﬂ-:lndwithulrtho volnn ofthouurroqundto
briuitte th-noa.c.‘ nunﬂu othorhﬂ.for tln aeuwumod
mm':lth the rut ot ﬂu water rcqundto brm the ao:l.:l.
to tho dui:nd nur hnl. !hc pots, with thc m:ut u:ll were
thon Muhaw a.t 88'0 and tlu loss of water a'on nek pot ws
roph«d by wo:l@ing each pot Mpendcauy and adﬂnz l.iaﬁmd
water t111 the original weight was regained. ‘
Sempling and Extraction 3~ The incubated soil was sampled at
—t;u'« week intervals and extractad with Mergan's solution in the
wet condition f.0.at the moisture lewel at which these soils were
naintained. In ordar to extract ths asoil at a moisture
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content at which the pots kad been kspt, the incubated soils were
brought to the rcqur«i moisture level as usual and the soil was
sampled by weighing out £ifty grams for analysis, -

The amount of water required to dilute a Norgan solution
of amh thc usual congentration to the 1:2 ratio with respect
to the onnsdry soil was caleulated, taking into account the am-
ount of moisture present in the gampled moist seil.

Four n-plu were snalysed in the twelve wesks (at 3week-
ly intervals.) After the fourth sampling, the seil remaining
in thev pots was spread on polythens sheets in the constant tem-
beratm room to di'y, tﬁ-n extracted with Morgan solution,as usual
& sub sample m ﬁbn toi' air dry moisture and all the regults
were expressed a8 P.PeR. OR oven~dry baaia,

Regults :- .
The soils under investization were analysed in the air-
dry condition at the beginning of the experiment (i.e. Dbefore
incubation). After twelve weeks of ineubation, the remaining
soils in the pots were air dried and the Morgan extractable nu-
trients were again determined.  The results are given in Tables
64 - €3,

The difference Setiwen ¥orgon extractable elemsnts before
and after incubation was taken as the amount mineralised in twelve
weeks . The Aifference is expreassed as W of the original
amount extracted from the correap‘onﬂing_qoil before incubation.

The resgults are shown in Table &9.
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Table 70 showa the difference, per cent, in extractability of the
elements studied when using the same 80il in the wet condition,
and after air drying. . The figures express the increase or de-
oreass per cent in the extracted elements on the basu of the air
dry soil. All the results are expressed on oven-dry basis to
enable comparative studys-

Discussion of Results i1~

Minerelisstion 1- It 15 observed that in general,";ﬁh; extracta~
bility of all elomentd studied is greatar the higher 1s the mois-
ture content. w showed wide variations at
the different moisture contents of soils.  An extrems exsmple
is met with in the ma soil. The lorgan extractable mangan~
ese of the air-dry soil before incubation was 40 Dep.ms OR OVER~
dry basis.  After six weeks of incubation at 76% MeHeC., the
Morgan extractabls menganese increased t0 480 pepems ON OVER-dry
basis (1.0. the extractable manganese increased 10 1/2 times in
6 weeks incubation at 76% M.HeCe ot 28°C.  This s mot the
case with the lower :I.ou:l.s of yoistm where chnngu obnrvod
were far below this value.

Iron behaved similarly in this reapect in general, rela-
tively large quantities of iron are mineralised at the higher
water content.  In the same sofl (Buxted) and at the same mois-
ture lovel (76% M.HoCs) the soil which originally gave 2.9 p.pems
Morgsn extrectible iron when extracted in the air-dry condition,
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gove 70 DeDemls Horgazi extractable iren after incubation. It
sseme possible that modsture affects the eloments imn twdk  ways 3~

1st 1- At higher moisture levels amdl a high percentage of the
pore space 1s £1lled with water, and oxygen, becomes 1eas av-
ailable, and thus eonditions appreach the anserobie condit-
ions more than at the low moisture levels, especially when
e finer fractions of the soil (namely clay and 8ilt) pre-
dominate. Under such conditions, more of the two slements
tend to exist in the lower state of wvalencies, - both of whieh
 are mere soluble then the oxidised form.

2nd 1~ AL highor_ mj.sture 1e~vala more of the soluble forms will
mobilised and dissolved than at lower woisture levels dwa to
the abundance of moistwure.

Aldminium

followed more or less the ssmé tread as iron, more
aluminiwa appearing in solution at the h{t@er moisturs levels.
Mineralisation was more rapid at the 75% M.H.C., pa.ruonhriy

in acid soils, aa compared with the two lower hiélp of moisture,
In the same Buxted soil, the uorgan-oxtraetablé alnminiu at the
beginning of the experiment {before incubation) was 5.24 Pspemp
aluniniwhk as against ;0.5 Pepeds Morgan-extractadle alumigium
after six weeks of incubation at 75% MeHeC.  The behavier' of
iron, manganeseé and aluminium in this nmmer in auch a soil nay
be attribut‘d partly to the acid reaction of the so:.l and partly
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4o the high percentage of s:llt__wh:leh possibly contributed pami-
Iy to the partially anserobiec condition when the soil was incu-
bated at 75% NeHeCe

In neutral or alkaline soils studied (gardsn soil, pH
714 and Harlington soil, jH 7.56), the pioture was essentially
the same in ‘the sense that comparatively larger quantities of
iron, manganese and aluminium were minsralised at higher moisture
levels, notably at the 75% M.H.G. lowel. However, it was wery
clsar from the results that the fluctuations were relatiwvely
.amaller and in no case reached those in acid soils at any lewl
of the moisture in any of the soils studiedy e¢.g. in the gardsn
soil, Norgan-extractable iron was 5.04vpvme at the beginning
of the experiment (i.e. befers incubation) and the highest value
recorded was 12 pe.pems at 75% N.H.C. after six weeks of inouba-
tion. Manganese in the same 80il behaved in a very similar
mameyr as originally 1t}m 3.5 pePems and after six weeks of in-
cubation it rose to 11i.4 pepems at 756% M.H.Co, while aluminiuvm was
2.6 p.pesits And Decame 8.0 P.pems at the same moisture lewel after
the same time of inscubation. The same ploture was odtained in
the Harlington soil which is more tewards the alkalime side than
the mden soil. Thus it is concluded that mimeralisation of
iron, manganese and aluminium is dependent on the resction of
the soil and their mobilisation and activity under acid ocondit-
ions, by far exceeds their activity under alkaline éonditions.

Magnesium 3= lNagnesium mineralisation gemsrally incresded with
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the moisture lavel. ' Comparison of the data obtained at each
moisture lavel shows that mineralisation increases with time and
then becames more or less constant.  The case was not the same
howsver, in §ilwood soil and the E.Pakisten soil where the miner
alisation ia the first and second moisture levels (m m\l 7%
M.E.C.) was higher than at the third lewl. In the Silwood
soil which is a wery n.w soil (81.6! sand) with vu-y low ehv
{5.2%) and silt (7.95) the original native ucnuin m vuhod
out to a great cxum, the valwe of lorggn—-mtabh upnin
bﬂiulwemmdliththltofothlrioﬂl ﬁlllltb‘im..
in magnesium obtained m:lw incubation is presumably fral the
organic matter rather than from the mineral n-uﬁ.ox;‘oz the soil.
The mineralisation of the orgsnic matter in this soil was high.r
&t the 25% and 50% M.H.C. levels than at the 76% level. This
irvegularisy in this soil was noticed not only in the case of
magnesium but also in the case of iren and phosphate especially
towards the end of the experiment i.e. at the Srd and 4th sampling
Possibly the hreakdown of organic matter which preceeds more rap-
idly in presence of sufficient oxygen is restricted at the higher
moiature content due tov th. nore mplou £111ing ot tho pore
spaces with waters

In the B.Pakistan soil howsver, the case is the ronric |
83 the organic matter content of this soil is extremely low (0.5%)
and the contribution of the mineralised magnesium comes frem the’
mineral part of the soil mainly,
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Sulphate it~ Gemsrally there was a gradual imoreage in Norgan
extractable sulphate with the increage of moisture lavel, The
increase in the extrected sulphats becams, in most cases, great-
er with the progress of the experiment.  An increage in the sul
phate 1s almost always associatsd with a condiderable inereage

in woat of the other elemants studied. The ot‘to"ct being great-
er, the higher the moisture status of the soil. This state-

- ment could be explained by the fTollowing examples from the rea-
ults of thid experiment -

© InBuxted sfoil, The morgan-extractable sulphate in the
l:l.r-dry condition at the b.ginn:l.n‘ of the oxpcr:lunt was 8.78
PePele 90," {oven-dry bnu), while aluminium was 5.24, magnes-
ium 130, phosphate 2.5 and potagsium 60 Pepeme In the first
sampling after 3 wesks incubation at 768 M.H.C., the aluminium
increased to 40.5, magnesium to 200 p.pemes, phosphate to 20
and potassivm to 194 pDepem. (Oven-dry basis) whils the hm‘uo
of the sulphate was t0 41.25 DePos

R 1= -In the Garden Soil, In the second sempling (i.e. after 6
weeks from incubatien), also at the 75% M.H.C., the Norgan-ex-
trectable~ 80, increased from 23.76pepem. in the air-dry con-
dition, to 31.24 aftsr € weoka incubation and aluminium increa~
sed from 2.6 to 8.0 pepP.ms, mognesium Lrom 285 to 650 pepems,
phosphate from 5.0 10 178 pepems (oven—-dry basis).

[} - Harlington Soi) s~ The game picture 1s maintained. It
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1s worth mentiozing however, that in most cases an increase
in Morgan-extractable-sulphate was always sssociated withcan
increass in aluminiun and potessium values.  Where the sul-
phete ingresse was great, there was a metable increags in al-
most all the slexmsnts studied. The explanation given o
this phenomenen is that the final product of the sulphur min~
eralisation is sulphwreus and sulphuric acids which exert a
remarkable solubility effect on the rest of the elements,bring-
ing them inte solution as shown by analysis of Morgan extracts.

Phosphates 1~ The phosphates becams more soluble the higher the
meistwre content particularly at the 75% M.H.C. In most of
the soils however, very 1littls increase is gained by incressing
the moiature level fron 26% to 50% M.H.C. It seems possible
that the mobilisstion of the phesphate is related to the pH of
the soilj Harlington aoil being slightly alkaline (pE 7.56)show-
ed one remarkable increase in Morgan-extractable phosphates in
all the samples analysed and the net gain in phosphate content
at the end of the incubation period (12 weeks) was roughly three
times the original valus, i.e. from 10.6 to 44 pPepeme (Table 66.)
In Buxted soil on the other hand, which 4s an acid seil (pH 5.28)
the net gain was only ons and a half timeas the original wvalue.
from 2.5 10 4.0 PePeme Moreover, in the Qarden Soil, which
is almost neutral in reaction (pH 7.1), there was a met gain of
twiee the original valus ( & increased to 16 PeDéRe) e The
dava suggest that mineralisation of phosphates is favoured more
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'by n nmu.r a:l.hnao or mtnl nil ﬂnn -n acidtc onee IY
" 18 worth nmuoa:ln‘ honvu-, ﬂut tho lu-l:lnzton u:u. contains
‘-ngmy hu ornn:le nttor thln th. md nen (a.m):l.n Har-
‘lington soll .u z.su m m« um, mnu, th. Harlingten
sof1 containg 10.3: m-o em, 108 less silt m ﬂu Buxted soil.

" s, 4% 10 reasonable to attribwte the differemces in minsralised

YalheyY

'vpmmmwmmotthsouﬁm'&mmm»mc
fraations

L Lo L i . o

T Pﬂulhn T Muniu showed pu.t w.nﬁty 45 :lﬁ ‘mineralisa~

( ttn. hmwurm-utnm... mumanryauwh-

.. oresse inﬂn values of thn lorm—omm:le petus:ha:ln all

the ntuu of the czporiunt at different moisture levelse The
inareass is gradwal frem 25% lswel to the. 508 level te the 758
lewls . It waz observed however, in mogt of the. cases, that the
- inorensge. in mineralisation from the 50% level to the 768 lewel

p V-1 nmatmmhimrﬂmnbetwamthea% and 50% levels. This
_bessmes alearer by sxamination of the curves ef potasahn of the
eorrespending soil.

. Mimsralisation Curves s~ 5 . .
, Generally speaking, these curves could be dividod into

3 &ifferent parts 1= . A L
. 18% s~ Watting Period :- Wet'ung the soil resulted in an inereasec
~of all elsments in all sells with the exception of magnesiwm wid,
in a few instances iroa and manganése 6.g. in the eaeé of
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Rangansse, 505 level in Buxted soil and iron (28% and 50% leuls)
in the garden so:'..., iron and. mangamso in Earlington soil in the
sams two levele whore a dccroase in uorgm—ort.mcubh-mn and
manganess was recorded 1f compared with the or:l.ginal values ob-
tained before mcubation. In no 6ase however, was a decresse
in Morgan extractable valun recordsd on wetiing the soil anmd
maintaining it at the ‘768 M.H.Ce lovel.

. Magnesium on the other hand, behaved mmanuy'-m was
the only element studied wjich,on wetiing, showsd a decrease in
Morgan-extraciébles vdlues in a fer caaes. Tha behavier of
magnesium in such a mammer oould not be explained.

This suddad increass in mineralisation on wetting of the
soils qould be explained as follows 3~ |

A 1~ Weiting the soil stizmlates the micro-orgenisms to sct
upon the organic matter prosent in soils.

b ¢~ On wetting, the proceas of slaking the minerals is
brought about. This could affect the mimeralisation of
certain ciementd particularly potassium.

after the third week, there wasalmost always a sharp de-
creage in the values of thc elementis mineralised except in a few
cagag (S.ge 1n sulphatc)s

Magnesium in contraat, showed in most mu, an imruu
after the third week of incubation i.e. after the f£irst ssmpling.
This céum be e:qala.inqd by the fact that nagnnsiun‘n:lmrall are
not 83 soluble as some other minerals of the soil.
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28d :~ The aecond part of the curves represents the next two
samplings (at 9ta and 12th weeks) after incbation whem the minc
eralication reached a sort of equlibrium snd more or less a
steady level of the "aveilable” form is obtained;y this level be-
ing dependent upon the chemistiry of the element studied,moisture
level, pE of tae $0il aad the minaral or organic portien of ‘the
goll, esge |

Iron anl manganess oR the other hand, showed the most
drastic filuctuations particularly at the 76% moisture 1“01,‘
more especlally under acid conditions than under neutrsl or ale
kaline conditiens, Alwmindum, to a greai exient, followed the
pame trend of iron and mangahess.

3rd 3= The third snd last part of thz curve shows the fluetua-
tion (inomeage ox decroqée) of the wvaluves obtained on air drying
the soil after twelve weeke of incubstion and extracting 1t in
the alr-dry condition. | , ’ :

The nst gain of ﬁhe soil in elements (i.e. mineralised)
is taken zs the differgneo between Morgan-extraciable wvalues ob-
tained at the beginning of the experiment {as air-dry soil before
incubaticn) and these obtsined at the end of the experiment (1.ee
from airwdried sodl after incubation). This difference 1s ex-
preased as percent of the original valiuves. Tne guestion re-
maing open, to échat extent thess nutrients mineraliscd and mo-
biliged at different moisture lavels are utilised by plants.

Seversl workers hn tried to answer this question and only a



few sxamples are cited here. .

Archibald, Nelson snd Bemnett{115) studied the chomtoar
compodition of field gwown grasses under different manurial treate
ments and repowtad a clese correlation betweem amounts of rainfall
and phosphorus content of the test plants, the higher the rainfall
ths higher was the uptaks of the phosphats. Daniel and Harper
(116) yrdertaking similar studies drew the comolusion that [hos-
Phate uptaks inoresses with the incresse of rainfall while ecal-
cium decreased.  Metwalli and Pollard (117), made an attempt to
study the uptake of nutrients by barley plants grown under differ.
ent moisture levels in a glasshouse pot sxperiment and pointed
out that there was an increase in uptake of mutrients and dry mat-
ter when the soil moisture increased. Very recently, Kilmer(118)
et al, studied the effect of different moisture levels on the con~
centration of twalve mutrient elemsnts in fisld-grown forege crope
and reported that the phosphorus content in all the plants tested
infiresged as the soll moisture increagsed but other elemants inves-
tigated were not consistently affected.

It should be noted however, when tsking the data of such
experiments into considsration, the difference in conditions bew
tween incubated soils cited here and soils supporting plants grow-
ing.  The mutritional balance will be continmually changing due
to abeorption of the nutrienta by the plants.

38 _studied s~ Despite the fact that results often obtained daia
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not furnish A very conoluin evidence, except in certain cases,
of the offoct of n:l.rudry:lng on the oxtractnbﬂity of these element:
studied, hl-l-n, the results obtained indtcate that 3+ in the
_gg__g_g_gmmdmmu, air-drying resulted .’mnn ingrease
in the Norgan-extractable qmt:l.tiu of both of thue olmatl.
In the case of manganess, it was not:leod that d.redryhs alwm‘
mutcd in higher qunt:ltiu ﬂun obtl.:l.md by thn wed malnin
of wet soil. It was igt.orutinz %o observe thlt jhil is ;1-
ways the case in soils which ﬁoucn an tou n;etiog'ht nefl'.'
in neutral or (more dsfinitely) in llhlm soils, o.j. a:l.r-dry-
ing the soilresulted couiuﬁnﬂy in an Mno in !oégaﬁ-cn- |
tmtabh-—mmu in ma, 8ilwoed and East Pakistan soils
all of whieh are acidie in reaction. In sontrast, Garden and .
Harlington soils, Noggan-extractable-manganese decreasged on air-
drying. It was also observed that the decresse m‘oxtraoublo
manganese occurred only in the 50% and 75% levels whereas, there
was an incresse at the 25% M.H.Ce |

gherman snd Harmer(119) in this comnection, found thst
airwdrying or heating the soll samples resulted in an inorease
in the exchangeable masnganese by considerabls smounts. i‘hcy
cited an exampls in which the exchangeable manganese increased
from 4 PepPee t0 80 pP.pems on air-drying. According to Mi—
moto and Sha “‘20) drying seens to release ths divalent man~
muo(lln ) from h:lynr oxides.

Aluninium s~ Aluminium extracted from any air-dried soil atudied
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‘was in general, legs than that extracted from the cerrespending
wet sample maintained in the wet conditiom. = RExcept in a few
cagses, there was an insresss in the Morgan-extractable alumimdum
e.g. in Buxted soil when the sample at 25% level was extrected
it gave €.9 p.peitts almin:lu and on air-drying it yielded 9.3
PePeiie sluminivwm and this phenomencn was olearer in extracts of
acid soils wems than in the nsutral or alkaline solls.

Nagnesium was the element lsast affected by the process
of air-drying the soil. At the lew moisture levels studied,
in Ahid work, (the 26% and §0% M.H.C. lsvels) no effect of air-
drying was apparent in any of the soils stwdieds At the high-
est moisture elevl (the 75% M.H.C.) however, thers was a &iffers
ence whieh in no case exceeded I 258 of s value obtained from
the air-dry soil.

Potasgiwm :- Alr-drying tho 801l before extraction often res-
ulted in a different value ﬁn ‘that obtained on extracting the
corresponding lamplt which was msintained at any ‘otv the moisture
levels gtudied, From the resulis may be conciudcd that the ef-
fest of air-drying :ls mmod by the pH of the soil in the
cage of potassium. In ao:ld soils, air-drying 1ncuaud the
l(orgln»oxt.ractablc-potua:ln, particularly in those loﬂ.n incu~
bated at the lowest mo:laturc level. On the other hand, neu-
tral or slightly a].kaune soils (e.g. Garden soil and Harlingten
soil) showed eonstétanuy a decresse in the nergan-axmctabha

potassium on air-dryinag.
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Lawton (as cited by Black(182), damenstrated that move ex-
eha.i:geable' potassium is released to the oxchangeabia form upon
incubation under acid than mder neutral ccnddtions. Attoe
(122) ~reparted that air-dry:lng the soil decreases tha content
of oxohlngcable potun:l\m in soils mated with soluble potass~
ium salts and :I.noroana it in soils not 80 mated. The do~
ereage in the pot.alsitm added to soils 1s gamra.uy acooptod to
be brought about by & process of gixation in the olay lattice
layers. ' |

Phosphates 1~ There was an increase in Nergan-extractable phos~
phates on air-drying acid soils. In nsutral or alkaline soils,
the oxiractab:llity of phosphatss was either unaffected or de~

crnudonair-dry:lngap in the case of the Garden and Harling-
ton soils. ‘

Sulphates 1~ There was a gemeral tendency of the sulphate ex-
tractability to decrease with air-drying, the only exception be-
ing the Silwood soil which is acidic in roact:lon, ccmparatively
high in organic matter and the most sandy soll 4# the soils ex-
amined. ' Thie increase may be accounted for by the possibility
of the mineralisation of an additienal smount :Ii sulphar on
air-drying, especially the first dey whene the moisture conteht
Lhere was

was high and ample exygen supply and fawurahh temperature
{23°C.).
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SUMMARY -

Five soils differdng in texture, organic matter con-
tent and reaction, were incubated at thrae &ifferent moisture
levels {namely, 26%, 50% and 75% of the M.H.C.) at 28°C. The
fluctuations in Norgan-extractable iron, manganese, aluminium,
magnesium, potassium, phosphate and sulphate with time, were
atudied. At the end of twalve waeks incubation at the conw
stant moisture levela, soils were air<dried and amalysed for
Morgan-extractable elements above mentioned. The ehanges in
extractability of these elements 8s a result of air-drying were
studleds It was observed that i- |

i~ Iron, Manganese and Aluminium s< The extrafitadbility of
these three c¢clomants wasg higher at the upper moisture lew-

els, usually incressed with time of incubation; aldminium
being less affected than iren or manganese, manganese be-~
ing most active with iron being intermediate. The ex-
tractadbility of iron and manganese and to a .ocm:ln extent,
alunipium, particularly mangahese, inareased when when air-
drying acid soils, but a negative effect was observed when
soils were neuiral or alkslins.

8- Magnesium :~ lagnesium was the moat uniform of all the
elements studied in its extractability. The drastic de-
ersasse which took place on watting the soil {notably at 25%

and 50% M.H.G.) was folidowed by a shmrp mriano in Morgan-
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extractable valuss of this element after which it ceemed
a state of equilibrivum must haveﬁ‘ﬂtained at each of the
moleturs lsvels studied. Eagnesium w2s the slement lea~
séd affected by air-drying the soil. No appraciable
change wag observed in Morgan-extractable~magnasium on
air-drying the seils studied from thea 25% and 50% moilsture
holding capacity lsvels. Such ehanges, howevar, eccurr-
¢d on air-drying ths soil from the upper lavel of moisture
(76% M.H.C.) and even then theae changes wers small and:

‘in no case exceeded ¥ 25% of the Morgan-extractable-mag-

nesium from ths corresponding air-dried sample.

Potagaium 1~ There was a steady inorease in Morgan-ex-
tractable-potagsium with riaing wmedature lewvela, Alr-
drying caused an inoreage in the Morgan-extrasctabls in
acid soilag in neutral or alkaline soils, there was al-

ways a decreasse.

Sulphate t~ The extractcbility of sulphates increased
the higher the moistn:.?e level i3s3 however, therc were few
exceptions recorded, e.g. in the 3rd sampling in Buxted
aoil, the sulphate extracted at the 50% M.HeCs was Sppre-
clably higher than that exiraced at the 75% levele

An increese in Morgan-extractable-sulphate wag almost
always assoccisted with &an increase in Morgan-extractable

quantities of other elements studied, particularly alumin-
ium and potassium.
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In gensral, a decreasge in sulphate-extrectability res-
ulted from air-drying, exespt in the case of gilwood soil,
a very sandy aoh. with appreciable organic matter content
(3.67%) | |

Phoasphate 3= Mobilissbtion of phosphates under acid econ~
ditions was greater than under alkaline or neutral condi.
tions, probably due to the soluble iron and manganese phose
phates under acid conditions. _ ,

Cn alr-drying, Horgan-extrastable-phosphatea from acid
soils increased 2s compared with the values obtaineq‘ from
the corresponding soll maintained at a certain moisture le-
vel. This was not the case wnder neutral eor alkaline
conditiens where the phdspha.u sxtracted was egual or'oim
less then those 6bta:ln¢d from analysis of wet soils.

'fhe results obtained from this experimen¥ indicate that
air-drying introduces & variation in the extractability of
the autriants studied. A suggeation ia made that analy-
sis of the fresh soil (field meistura) might lead to detter
correiation between thedm extractability and uptake by
nlentse
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Physical and Chemical properties of the goils Studied s~

Moisture Organic Alr-dry
Soil Homiag Natter. pH MNoisture Clay. 8ilt. Sand.
Capacity ‘ %
O.D basis.

Buxted 68.4 2.65 §5.28 1.57 8.20 40.70 47.50
Garden 67.0 4.14 7.14 4.67 £26.0 38.0 31.0
Harlington 48.4  2.34 7.66 1.65 18.5 30.2 G50.4
Silwood 40.8 3.57 .94 1.17 5.2 7.9 81.6 |
E.Pakistan 42.7 0.51 5.80 1.27 17.6 29.2 b&51.8




A ‘ 1 .,
T Buxted Soil. Table - 64 78..

M.E.C = Neisture Holding Capacity. (pepems OsD. basis)

Afr-dry Sodl at. . Fo Mo AL Ny 8.° Py K
&' m?t ao" 40.0 8.24 180 .0 8.75 205 60.0 V

inoubetion. ' = o L R
26% M.H.C. ~  2.45 80.0 7.7 40.0 6.25 10.0  80.0
50% M.H.C, 2.0 7.2 9.7 45.0 6.25 15.0 92.0

75% M.H.Cs  10.0 330.0 40.5 200.0 41.25 20.0 184.0

p i, -

inoubation.26% 2.6 $1.0 8.0 172.56 6.25 4.0 50.0

50% M.HoC. 2.4 8.0 7.3 220.0 37.8 4.0 0.0
78% H.HeC 70.0 420.0 81.6 300.0 35.0 8.76 82.0
3rd g
®
incubation
2” ‘0!’6. 200 900 8.0 350-0 1805 800 52.0
50% M.H.C. 1.8 6.6 8.0 285.0 40.0 3.0 60.0
| 75% M.H.C. 20.0 114.0 11.68 380.0 26.25 §.0 72.0
I aml L
wee r
incubation. :
25’ 'ogoc. 1000 900 6" 200.0 23075 300 46.0
50_5 MeHoCo 1.8 9.0 7.6 240.0 71.8 3.0 5@.0

75’ x.n.e. 7.0 18.0 80.0 350.0 87.5 6.0 64.0

Alredry 8oil at i
end of experiment. -
25% Ms.H.C. 3.2 18.0 9.3 200.0 20.25 C_.O §82.0

50% M.HeCo 2.4 0.0 7.0 240.0 20.25 4.0  52.0
78% M.HeCo 2.0 13.6 9.3 280.0 20.26 4.64 .5s.c'o
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Table €5.
II Gardep goil.
Conditionof godl Fe Mm Al Mg  SO." PeOp 4
when extracted s~
Adr-dry soll at
4he be of B5.04 3.5 2.6 285 23.75 5.0 108
ths experimsnt.
- e | A .
+HeCo 2.45 6,0 3.0 85.0 11.285 20.0 210
3 weeks from ’ _ ‘
80% M.H.C. 1.6 3.6 3.3 176 11.25 20.0 2¢¢
ineubation
. 735 I.E-Go ‘os 2700 8-5 300 28.?5 20-0 -~
. | e go
%"% %l‘
mﬁ“o . . )
258 MoHoCo 5.0 Bed 4.0 50O 15.0 9.0 86.6
80% M.H.Co €id 4.8 7.8 4650 18.78 3.0 100
78% M.H.Co 2.0 11.4 8.0 550 31.25 17.85 -
we
':I.ncubat:l.on.zsl 3.2 3.6 3.6 400 26.5 9.8 . 90
50% MeHeCo -
5+6 3.6 5.0 400 28.75 10.0 125.8
75% M.HeC 4.0 8.0 6.6 3380 ' 36.25 13.75 80
weeks »
incubation. ' : .
25% M.H.C. 3.0 5.4 8.8 380 40.0 15.6 84.0
50% M.K.C. 3.8 3.0 5.0 400 28.75 8.5 96.0
75% %.H.C. 4.0 3.6 10.0 380 86.26 12.8
’ - h. “ - - P
at end of experi
ment. . -
25% MeH.Ce. Besd 7.8 4.6 380 40.0 12.6 84
50% M.HoCo 6.0 1.8 4.3 400 36.26 13.5 88
75% M.E.Co 4.4 1.8 4.6 410 86.25 o4

15.0
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Table €6.
¥IT Harlington Seil.
Condition of seil Fe Mo AL Mg S0, POy K
analysed.
Adr-dry soil at S » F o
beginning of the 0.80 6.8 1.7 200 18.0 10.6 170
experimnt‘. _
3 weeks . : ‘
mcnbauon.ass 0.60 3.4 2.8 100 11.25 42.5 238
&50% MeHeCo 4 . ‘
SR 2e8 346 3.0 400 13.25 42.5 344
75% MeHoCo 2.0 6.0 B.0 118 15.0 47.6 380
we
inecubation. - e
26% X.1.C. 1.4 8-! 3.0 300 17.6 4.0 164
80% M.HeCo 1.6 8.8 3.3 276 17.6 33.56 182
75% M.HeCo 1.2 5.4 5.0 400 25.0 43.0 228
Sam - |
we . o
incubation. ‘ Co , o .
26% M.H.C. 0.80 3.6 246 380 28.5 38.5 164
50% M.HeCe . 0.80 4.2 2.6 380 28.0 27.6 168
| 785 MeEsGe 148 3.6 3.0 350 23.0 46.0 196
. i .
Ig mﬁ ﬂ!‘
incubstions ' } B
268 M.HeCs 1.0 6.0 3.3 380 40.0 B50.0 160
- 50% HM.HeCo 1.0 3.6 2.3 370 23.0 44.6 174
» 75’ l'.H.‘e. » 006;1 3.0 608 350 2300 5205 192
. ‘“ ’ - -
end oi *:Eﬁ cxpor:l— , . _ o
28% n.n.c./ . 1.0 9.0 8.3 880 23.0 42.5 150
6¢ M.E.C 1.0 2.4 2.3 370 280 &
Y . hd L 23.0 .
7% M.HC . 0.8 2.4 2.6 380 12.3 i}i

23.0
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IV silweod Soil.
Condition of 30il Yo xm Al S0.°* Pa0 K
anslysed. = 4 s
Mmon at
begi of the O0.80 1.5 1.7 27.8 8.75 §.0 2¢
expariment.
e r ,
incubation.26% 08 2.0 2.8 16.0 6.26  20.0 28
50% MeHeCo 0.8 2.4 3.0 12.6 6.35 20.0 30
756% M.H.Co 1.2 84 7.0 - 17.5 6.25 20.0 as
5 o
we r
incubation. - o
£8% M.H.C. 1.0 0.6 3.0 35.0 7.°% 7.0 18
&50% X.H.C. 1.8 2.0 2.0 7.8 6.25 78 20
7“ nonico 106 102 500 30-0 21-25 9.0 28
T
we r
insubation.
25% M.HeCo 0.8 0.6 2.0 42.5 10.0 5.5 16
m n.n.c. 100 1'2 200 57‘-5 1000 7.0 16
75% M.H.C. 0.6 1.8 8.0 50.0 12.5 75 20
v
r
incudation.
26% M.H.C Qe8 1.2 5,25 62.56 12.5 7.0 16
50% M.H.Ce 0.6 1.2 2.5 88.5 10.0 7.8 18
75% M«HeDo 08 1.2 6.8 50.0 10.8 S.5 22
. of expe nt
25% M.H.C. 1.0 3.0 3.0 62.5 20.286 .. 12.5 20
50% M.H.C. 1.2 1.8 3.3 58.5 £0.26 i2.5 16
7“ Koﬁodo 1.¢ 1.2 3.3 64.0 20.25 7.6 228
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75% M.H.C.

3.0

Table 68.
-i E. Py Oile
Conditien of soll Fe Mn Al Mg 804" PgOp | 4
aubégct Yo analysis
Air-ary soil at
beginning of expte 0e3 130 2.658 78.0 3.75 +trace 21.4
18t Samp ‘ % 1=
3 weeks T
inoubation.
28% ¥.H.Ce Ce8 240 3.0 20.0 1.25 2.0 40.0
50% M.H.Cs 0.8 58.0 5.3 1i2.8 1,85 4.5 48,0
| 75% M.H.Co. 11.6 189 15.0 29.0 6.25 7.0 48.0
wea r
incubation. :
5% N .H.C» 1.6 186 4.0 §.6 3.75 1.0 18.0
5C% M.H.Co 1.8 87.0 6.3 172.58 12.F 3.0 24.0
78% M.H.C. 1.6 150 15.0 §&7.8 28.5 6.0 30.0
Sxd_Sampling 3~ ‘
9 wesks aftar
ineubation.
26% M.H.C. Ce2 186 4.0 160.0 6.25 0.& 8.0
50% M+H.C. 1.0 81.0 6.3 105.0 10.0 0.6 18.0
76% M.H.C, 130 63.0 12.6 106.0 12.6 2.5 24.0
4th 83%1% (T
2 wee r
incubation.
25% M.H.C. 0.8 177 4.0 85.0 10.0 0.8 16.0
50% M<HeCe 1.2 . P0 7.6 98.0 10.0 0«85 24.0
76% M.H.Co 27.56 99 10.0 105.0 20.85 2.0 24.0
Alr-dey goil = o
of experiment..
25% Hell.Ce Oe2 198 2.0 85.0 10.0 0.b 822.0
50% M.H.C. i.0 130 6.5 95.0 10.0 06 80.0
16.8 180 5.3  85.0 12.5

26.0
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75% MiHiCot4966.6 + 74.8 +100.0 +.13.3

Table €9.
Mineralisation of the Elements studlied.
(Diﬁ‘ortnce between ist and last air-dry gamples(12 weeks period)
expressed as percentage of the first.)

Soil ) Mn Al Mg 80," POy ¢
%2 oHeGo #10s4 =85 + 77.5 + 588 +131.4 + 60 - 28
50% M.H.Co =17.1 = 77.5 + 33.5 + 80.8 +131.4 + 60 - 28
75% MoHoCo «31.0 = 70.0 + 77.5 #115.3 +131.4 + 60 - 50
%a.c. +¥7.2 +122.9 + 76.9 # 33.3 + 63.8 +180 » 17.6
60% M.HoCo =0.8 ~48.6 + 69.2 + 40.4 + 52.8 +170 «15.7
T76% MeHoeCo =12.4 <« 48,6 +76.9 + 43.9 + 62.8 200 - 7.9
% n.%.%o -912.8 * 5401 + “01 +* 90-0 + 5303 "306 “1108
50% MoHeCo +12.3 <61.2 + 35.3 + 85.0 + 53.3 +268 «16.8 .
75% MoeHoCo =101 = 612 + 47.0 + 90.0 + 53.3 4315 «10.6

. .

. %ﬁoc. +12,3 +100.0 + 76.4 +187.2 +131.3 #1850 w 23
50% MeHoCoe #34.8 + 20.0 + 94.1 +112.7 +131.3 +180 =38 .8
25% MeHoCo 4;127.3 = 20.0 ¥ 94.1 + 96.3 +131.3 +150 wif.4
gﬁiﬁn w33.3 + 92.2 «22.6 + 22,6 +166.6 <~ * 2.8
§0% M'H'Ce +166.8 —— 4107+§ * 22.6 #166.6 - - 6.8

+240.0 «- +21.8



Table 70.

i8i1,

Changes in Extractability of Elements Studied on air-drying -
expressed as % of the values obtained from airedried soils.

78% MeHeC.

+ 80.9 + 485.0 ~88.7 ~ 23.5 «62.0

+ 38.3

S0il Po m Al Mg  80," PyO, X
Buxted 26§ -212.5 ¢ §0.0 + 25.8 —~  ~ 42.0 + 28.0 + 11.5
BO% MoHeCo + 25,0 — « 8.6 - «200.0 +25.0 - 3.8
75% MoHoeCo +280.0 w= «115.0 = 25 «330.8 « 50.0 =~14.3
R C. v ada 307 2817 we = 24.0 = 0.0
" 60% M.HeO. + 24.0 ~ 66.6 ~ 16.3 =~ + 20.7 + 51.8 =~ 11.6
76% M.H.Co + 9.0 ©100.0 ~117.83 + 73  we + 30,0  wwme
BEER - s we e =739 -17.6 « 66
50% MeHeCo ~= = B0.0 == e e - 11.6 = 28.8
766 MeHoCo + 37.6 @ 26.0 «160.0 + 7.9 == - 10.3 ~ £6.3
1lweo . |
nOHOCO + 20.0 ¥ 6000 . 7500 ol L 4 “01 L 4 44.0 “’2000
BO% MeHeCe + 50.0 + 33.3 + 24.2 = +50.6 + 40.0 =~ 18.5
75% MeHoCe ¢ 50.0 wn « 97.0 + 7ok + 50,6  =13.3 —
E.Pakis
mm:.'%? +200.0 + 10.6 «100 - - e + 27.8
50% MeHoCo + 20.0 + 30.7 = 17.0 w=o — e - 80.0
+ 7.7



CHAPTER IX.

POT CULTURE EXPERIMENT USING PEREKNIAL RYE GRASS
(LOLIUM perenne)

1. 'swu on the visurl symptome c¢aused by magnoaim,
sulphur, iron or manganese deficiency and the possi-
bikity of making use of such deficiencies in the
field to exanine the supporting power of soils.

8. The cffect of these deficiencies on the minersl com-
position and uptake of mutrients by the starved gruis.

S. GQorrelation betwesn Soil Solution Conient, Mopgan
extractabls nutrients and uptake of plants. ‘




INTRODUCTION 3=

The relationship which exists between the minersl com-
position of plants and soils supperting them has attracted the
activities of many worksrs in agriculture since early stages
of the development of sciemtific agriculture.  The main ob-
jeot of these workers was and still is to find eut what 1s
the level of nutrients inm & particulsr £0il at which the op-
timum yield of & particular crep is obtained. Previcuwsly,
carbon, hydrogen, oxygen, mitrogen, phosphorus, calcium and
to a certain extent, msgnesium and sulphur known as"macro-nu-
trients®, required by plants in relatively big quantities,
attracted most of the efforts of these workers, The problem
ineressed in complexity with the eatablishment of the essenti-
ality of iron, manganese,gopper, sine, boron and molybdenmum,
the so-called micrownmutrients, required by plants in smaller
quantities or traces and hence, the 0ld terminology, trace
elemengs. MorEeover, other slements were observed to have
beneficial effects on certain crops, at least under ocertain
sets of experimental conditiona and were claimed by certain
schools of thought to be essential to growing planta, eeg.
Broyer et al{128)  claimed that chlorine is an essential ele~
ment and were able to obtain characteristic visual symptoms
of wilt, chlorosis, nscresis and unusual bronze discoloura~-
tion on the leaves of tomato plants grown in chlomine defiecient

gsolutions. The aymptoms disappeared on addition of chlorine



t0 the mutrient solutions confirming their observations. on
‘analysing leaves of ‘tomato plants iufforibg n'omacutn chlorine
“deficiency, they reportsd that such leaves sontained 250 Pepeme
chlorine on dry matter basis.  Osane$124), found that subtes
~ ranian clover (Trifolium subterrensum L.) lhond ehloriu dew~

. fioiency aymptoms when grown in nutrient solutions uﬁe:lcnt in
" this element or in soils poer in chlorins and auppmd with com-

plate mutrient solutions daficient in th:ll clmnt. Souu was

"~ observsd to have beneficial effects on a variety of oroplq

Harmer ani Benns®125), olaimed that sodium has caused vigorous
development of barley, carrot,cotton, flax and tomato only when
potassiun is defieient. = The same autjors found that even in

' presence of potassium in sufficiency, addition of sodium has
bensfioial effects on the growth of celery, table and sugar beet
and turnips. Recently, howsver, Brownwell and “od(126) ob-

tained evidence that sodium is ann essential micronutrient far

- Abtriplex vescicaria.-

Plant physiologiseta found it necessary to adopt eriteria
by which the indispemsability of an element can be judged and
ruled ewt that the essentiality of an element is established
only if s~ | |

a Lack of this element results in injury, abarrant develop-
ment and ultimately death of the plant grown in culture
medis using a technique for refining the euliure and nutri.

ents used.
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‘b Before i certain element can be finally accepted as essen-
tial for the life and healthy growth of green plants gener-
ally, its essentiality for a wide variety of species repre-
senting a number or,dittoront families of the plant king-
dom must have been Wumm- .

8 Benonstrat:lon that mo ot.her element of similar chenical pro-

| perties can subltituu that partifular element is necessary.

Undonbtedly, the econcmic inportan« of these mutrients w:lll. |
depend on whether or not growth in the field is unitod b their
“deficiensy.  Plants differ markedly in their mutritional re~
quirements and in tohra.nce to mineral deficiencies. A plant
suffering from a mtrient deficiency doea not necesssrily show
any visual symptoms except probably that its growth is mot as
g00d as that of other healthy plants. |

Apart from diSectly messurable criteria of growth, visual
symptoms have the advantage of interpretation in the field with-
out needing any equipment. When such symptoms exist, they
furnish the most dhup and quick diagnosis of the lacking "avail-~
able" element. The difieiency of a nutrient may occur at any
atage of the life of a plant and cause an unbalanced nutritional
condition which might affect the rate of growth, yield or often
both. | |

Under field conditions, howewer, it is unlikely that the
complets ..Lbsence of one or more of the essential elements above |
1isted would occur. The element causing the troubls may bDe
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present in the so0ll but held up in an unavailable form in one
wey or another which is not roaéily taken by the plant. nir.
1s every reagon to classify such an element ag deficient at
least as far as the growing plant is concerned.

To make uwse of the visual symptoms, ons should have a
wide knowledge of the plants growing on his land. He ahould
be acquainted with life history of these plants, their habitats
and behavior at the different siages of growta. ‘He should
8l806 pessess a good power of diserimination to differentiate
between symptoms caused by different climatic conditions as rain,
dreught, teampaersture, wind and other faetors such sa insect dam-
ageg-diseases and symptoms which result from minersal deficiency.
Batailed deseription of mineral deficienecy symptoms of the d4aif-
. ferent crops is a useful tool for diagnostie purposes. There
reaains an agsessment of the right quantity of that element to
t0 be added in a suitable form which could be utilised by the
crop usually as foliage spray or when added to the soil.

Physiologically, iron and manganese sgem to be involved
in nitrogen metabolism, Nicholas127)» “’28), hag shown that
copper ia nsont:lai for aitrogen reduction but there is reason
to believe thht iron, manganese, zine snd melybdenum are involved
at one atage or another, xoaulerum), has shown that iron is
concerned in aoms way with nueleie an:lg metabolism while De Kock
and Morrison claim that iron is comnected with metabolism of
amino acidse
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Manganese on the other hand, apart frox being connected with ni-
trogen reduction, appears to have a funetion in photosynthesis.
Mangamese has alweys heen imvolved in oxidation~redumetion phen~
omenas Aceorpding to Sommers and sxive(m), Wc is res-
possible for the oxidation of forrous iron to the physiologically
imactive ferric forms  The seversl ebservations that iren is
present in chlorotic leaves in quantities higher tham greem heal-
thy ones lends support to Sommers and Shives's t'.h.ory' which ex-
plains the iron 5ﬂeiomy as manganese toxieity and manganese
deficienoy as iron toxieity..  The school ef thought originating
from this theory buﬁa its condideration of cméoﬁe leaves sus-
pected of either iron or manganese deficiencies on the iron/man-
ganese ratio of soluble forms rather than on the absolute value
of either,

Magnesium is the only mineral constituent of the chloro-
phyll molecule and in this respect it is different from the rest
of the elements gensrally accepted as esgential for plant life.
The ohlorophyll molscule contains 2.7% magnesium.  This element
is knowvn to play a role in phosphate metabolism and thus in the
respiratory meschanism.

Sulphur 18 known to be a constituent of certain amine
acids which build the proteins in plants e¢.g. cystine,

b a constituemt of certain plant hormenes e.g. thiamine amd
biotin and |
¢ the mustard oil glucesides e.g. sinigrine
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Magnesium and sulphur in contrssgt with iron and mngaani are
easily ‘ranslocated to the different organs of plants.  In the
case ¢f defieciency tramnslocation of iron and manganesev ﬁ-om 0l=
‘der leaves with ample suppn is not readily effectads

mua:l. synpf.ons of h-on, mAnganeses, magnesium and snlphur‘pro-
viously deseribed in the members of Graminas 3=

Iren deficiancy symptoms 3- Walh.c"e“a)‘, described iron deficien-
¢y in ycung wheat plants as severs chlorosis of leaves, begimming
at the tips which finally results in their death.  In cereal
erops, iron deficiency ahews as intervenal chlorotie dtripea‘Cl
in whest and oat leaves. Hoffer deseribed nitrogen, ~ph(mphox'\u,
potasaium, magnesium, calecium, boren and zine deficieneies in
maize but no mention was found dy the author in connectien with
iron deficiensy in ether small grains such as wheat, oats, barley
or rye. | ‘

Manganese deficiency symptoms 1~ Are Wpieal;y displayed in
oats leaves due o the sensitivity of this plamt to this defieci-
encys Wwallaaee anseribén manganese deficiency symptoms in wheat
leaves as intermittent intervenal chlorotie stresks. According
\te the same author, manganede defifienoy symptoms in eat leaves
show as irregular greyish-brown lesions which eoalesce and result
in leaf collapse. These symptoms aie Xnown as grey speck
symptoms.  Albert{13%) 45 the Unlted States obeerved a mangan-
e3e dsficiency in oats growing on heavily limed soil. He




describes the symptoms under these conditions as the bright yel-
low colour which break down at their bassl ends and die slowlye
The tip ai;di rt-d.nod yellowish-gresn and alive. wmh(m),
studyiﬁg the suseeptib:ln-'by’ of grasses to mangansse deficlency
found that percn:ﬁal snd Italian rye grasses grown on a soil-gand
mixture developed mamnose dnﬁcieﬁgy aymptoms a month after gere
nination y the ymnger 1'oav§gdévelopod a chlerotic appearance

- agcolmpanied by severe tip withering. Spraying the chlorotic
nségancao plants with ‘solt':ble manganese s8alis restorad tha green
colour of the leavea and the symptoms disappeared entirely. It
is observed that iron and memganese deficiencies show first in
the - younger leaves ag the supply ef:n these two elements become
restricied while the older leaves were not affected. This is
explained by the fact that 1little or me translcecation of iren

or manganese occurs in the tissues of plants.

Magnesium 4
Manganese deficiency 3~ Wallaece Asseribes magnesium defieiency

in cereal erops s~ ® Leaves are glightly pale green, ‘older leaves
yellowing speelally near margin, aldo. thege marginal and imter-
venal brown streaks and leaves dle off premoturely.® | Thornton
in the United States studied the magnesium defieiency symptoms

in saéze grown in controlled mitrient cultures and describes mage
nesium starved plants as atunted in growth with leavss showing
a distinet mottlimg of lighter yellowish-green patchese

Sulphur dediciency == According to Woellace, sulphur deficiency
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was not recordsd in England. It is possible that many faotors
contributed to the masking of sulphur deficiency or rather inade-
quacy in the different arops and retardsd the research in the sul-
Phur status of soils and plantsy the early workers determined sul-
phur in plant ash ank often gave values lower than the actual val-
ues, thus erromsously established that sulphur is required in quan-
tities smaller than the actual. |

b Sulphuy is almost always present in varying amounts in artifi-
cisl fertilisers; nitrogen, potassium and to a certain extehrt
nagnesiua are oftcﬁ spplied in the form of sulphates. Organic

I manures ofter added to the soil also contain sulphur in differ~
ent oéganit formse

¢ Rain contributes to the soil sulphure

Thus it is evident that conaidsrable amounts of sulphur are re~
turned to the soil mainly mixed with other ameliorating agents
which are almost always credited with the beneficial effeots on
growing crops while the sulphur contribution is ignored or over-
looked. Thus samonium sulphate contains approximately 20.5%
aitrogen and 24% sulphur but still its beneficial effeots on erops
are attributed to nmitrogen rather than sulphur.

It is evident from the literature that sulphur has not
been studied as extensively as mamy other plant autrients. The
possibility of inadequate supplies of sulphw in soils, howewer,
18 becoming more generally recognised. Methods of aulphur
determination ih soil extracts and plant material had¥ebeen
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. improved by several worksrs and also the mineralisation of or-
ganiec suiphur has been investigated. mkor(m), recently
surveyed the gitustion in Australls and New Zealand and collected
evidence of many instances in which responses of grass to sulphur
dressings eccurred. He guggests that two sets of conditions
under which sulphur response are likely 1o oceour -

2 The acoumulation of erganic matter partioularly wnder high
producing pastures whers legumes are ralied upon as the main
source of aitrogen and

P Under intemse cropping where heavy dressings of nitrogen amd
other nutr:lenis are applied.

White(136)  giuaied the mineralisation of sulphur amd nitrogen

in sulphur-deficient soils and aﬁgguhd that mineraligation and

iemfoilisation of sulphur in a soil may follow a pattern similar

40 that of nitrogen. The present work was conducted with a

view to 1~

1 3 To study the visual symptoms caused by iron, manganese, mag-
nesium and sulphur on perennial rye grass (Lolium peremns),
and the possibility of using these symptoms in the field
Por disgnostic purposes.

2 t The effect of thege deficiencies on the minersal composition
of the grass grown on sand culiure and soil mixed with sand.

3 3 To investigate the posasibility of the existence of a relation
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between soil solution content, Morgan extractable mutrients and
plant uptake.

The test plant chosen was a grass for the following reasonss-

L Gresses are almost always growing on agricultural land either
28 a part of the agricultural rotation or asintruders" thus
furnishing an ever ready material for field observatiom.

II s+ Crasses either a.loao or often mixed with each otﬁer ox
with legumes, form the bulk of pasture cover upon ihich grazing
cattle depend mainly for their feeding. noro' is a rising
neceasity to maintain & healthy growing crop to support these
caktle whieh, due tc increasging population became restricted
4o a more limited area than before.

III : Among the merbers of Graminae, grasses seem to have received
but little attention as far ss micronutrient deficiencies.
Uatil very recently, only scanty papers were published in this

connection.
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Experimental 1=
3 th: uge t~ The soil p% of the glasshouss,for

two main reasans,was cultivated with grass.
1l To avoid contamination from dust as much as possible,
2 To maintain a hunid atmosphere favoured by grasses.

The soil used in this experiment was from the top aix inches of the
Silwood Park Station fallow plots, It was air dried and sieved through a
2 m.m, sleve before use, The soll is described in Chapter YIil,
Purification of the silver gand used s~ The sand was subjected to prolonged
treatment to remove impurities and other nutrients particularly iron \and
mangenese whose oxides are usually associated with sands of different |
sources,The teshnique used in this work was essentially that described by
Hewitt (137).As modified by the author,the purifigation process wus
as follows g~

4 Small portions of the sand were placed in polythene buckets
(4 gallons capaoity) and treated with 1% caustie sode solution,stirring
at intervels, The laﬁd was subsequently washed with tap water,The process
- was repeated with intermediate washing 1111 all the olay and silt particles
had disappeared,

b The sand was then transferred to large glased containers ( 1F cwt,
capacity) with a tubvlare near the bottom which was plugged with glass wool
and connected to the drains, . There the sand was sosked in

111 (v/v) hydrdchlorie acid for seven days with
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eceasional stirring. The acid was changed 1f it showed any

. colouration of ireon oxides Greddiéhnbrown) .

¢ 7The sand was then leached contimuougly for another seven days
with hydrochloric acid 1a1 (v/v) whieh is 2% with raspect to ox~
alic aeid. The 1eaehedl sand .was occasionally stirred to help

. in erushing the iron eoneretions through the abraising astion of
the sand partieles. 'sti,r:":lng is very esasential at this atage.
4 Sand was then leached with distilled water tiil it was chloride
free, d-ied in the glaéshdnu and then sieved through a 1 mMem.

siave.

POTS s~ PFlsstle pots of 1000 gaos. capacity were used. Each
pot was fitted with a plece of scid-washad glass cloth at the
bottom to hold the culture uzed in position without hindering
the aeration of the rootie  The glass clota wad boiled in eon-
ecentrated hydrochlordc aeid for half an howr and rinsed therough-
ly with di=tilled waier till chloxride free before use. Each pot
stood in a plastic saueer 10 allow alternate watering (from bot~
tom and top of the pot) in order to ensure even distribution of
the mutrient in the pot.

Sowing 31~ Perennial rye grass {Lelium perenne) was sown at the
rate of 0.5 gm. in each pot 1.¢. in each 1000 gms. of soil.
For analyasis of the seaeds see Table 71.

Nutrisnt solution used 3t~ The nmutriend solution used was essen~

tially that adopted at the Long Ashton Research Station.




The following stock solutlona were made 3~

Salt. | Woight in gms. dias-—
- ¢lved in 1 litre of
' ’ diatillad water.

Potaseium nitrate : KNOg
Caleivm = "" {anhydrous) C2{NCg) s

Sodiwm bydrogen phosphate NaHgPU,.2Hg40

Magnesium sulphata Mg304.7HgO

Ferric citrete

Manganese sulphate nnso..én.o
Copper we  R% Cu30,.5Ha0

Zine "% %W 2280, .7HaO

Boric aeid JgBOs

Anmonium molybdate (NH,) ¢MDyCpe+4H0
Alumigium sulphate Alg({SOq)g.1E8HgO
Cobalt "M W8 (4030, .7Hg0
Nickel "W A% N1S04.7HeO

All the salts used were A.R. grade.

. 83.60

65.60
2080

36.80 3de8 gmse S0
g%hyd for §¥:§ar=r
tion of "minus
matrient solution.

OF - 49.9 gmse NgCly.
GHgO 1o prepare the
"minu" S solution.

2445

0.223
6.022
0.029
0.186
0.0038
0.0186
0.0028
0.0028
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The actual nutriant solutions were prepared immediately before
application, in polythens containers (5 litres capacity). six

autrient solutions were used 3-

(1) Complete Solution 1= This contains fifty ml. of each of
' the above sthok solutioms diluted to 5 litres with distil-
led water.

(2) "Minus Iron* Solution s= Fifty ml. of all the above atook
solutions except ferrie eitrate, diluted to five litres
with distilled water. -

(3) "Mimus Mangenese" Solution 1~ Fifiy mle of cach of the
above stock solutlons except mangangse, diiuted to Live
litres.

(4) "Minus Aluminium® Solution 3~ Fif4y ml. of each of the
above stock soiutions except aluminium sulphate, and the
Linal volume being teo five lities.

() "Mizms Magmesium" Solution 1= Fifiy mle of each of the

2bove stock solutions except megnesium sulphate. In
order to supply the same amount of suiphate witheut mag-
nesium, sedium sulphate anhydrous (34.8gms{l and 6O mle

were used for each 5§ 1. of nutrient solution) was used.

(6) "Minus Sulphate” Solution s~ This was made by pipetting
£ifty mle of sach of the above stoeck solutions axeept
NSO, «7THgO and diluting to § litrea. The amount of
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sulphate added with the different mieromutrienis was meg-
leated, being wery small.

In order to supply the same quantity of magnesium as in
the other mutrieat solutions, an equivalent amount of magmeaium
ehleri&e (MgClge-€H40) was used to replace the sulphate.

After preparation of the diluted mutrient solutiems
(8 1litres), the pH of each was adjusted to pH 5.5 ~ 6.0 using
0.08N-%OH solution. - Each mutrieat solutlen required 20 mls
of the potassium bydroexlide for tihis purpose exespt the "minus
sulphur® nutrient solution which required 30 ml.

The stock sclutions were always prepaked fLrom the gams
bateh of Analmx Reagents throughout the whole sxperimente Analy-
ses of the dilute nutrient solutions applied to the pots is
given in Table 72.

#0:- .qua gn. teExpexément_:.- 1000 gmse. of the prepared sand
were weighed into each rot. Six treatmenta, each of which was
replicatad four times were sat up for studying the visual symp=-
toms. Thase pots were randomised on the bench in the glass-
housae Another fallow pot esperiment was set up similarly,

but sech traatment wes replicated six tiwss.

B Sodl Sand Mixture Pots st~ 100 gms. of Silwood seil were
mixed with 9C0O gms. of the sand in a small polythene bag. Each
let wag prepared separately to ensui'e thorough mixings Each
treatment was replicated 1& times. Fallow potis were prepared
similarly.
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To ensure equal distribution of heat and light and to
eliminate the effect of other enviromental factors in thw
glasahouse, the cropped pots were moved periodically from one
place to another.

Sampling s- At the time of each outting, duplicate fallow pots
from each treatment were mixed thoroughly on a ¢lean polythens
sheet. A subsaxple was immsdiately taken for moisture deter-
nination, usually 10 gms. Another subsamples {(usually $0 gms.)
was air dried in the constant temperature room and used for Mer-
gan extracts. Throughout this imwvestigation, the extracts
were obtained by shaking one part of soil with two parts of Mor-
gan's solution for one mimute and filtering through No. i What~
man filter paper.

S8oil Solution s~ Soil solution was obtained by alcchol displace-
ment &8 desaoribed by Parker(62), The seil was packed tightly
into resin cylinders especislly used for the purpose and 76 ml.

of alcohol were carefully added te the top. From previous
trials, it was found that 90 = 100 mle of soil solution ocould

be cbtained safely without contamination. This was enough for
tle analysis and pH determinations |

Flant Material s- The tere were cut with atainless stesl scis-
sors kept especially for the purpose. The tops from each pot

were weighed separately, dried in an oven at 70 = 80°C owernight
and weighed separeatsly for the dry matter yileld. Average of
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fresh and dry matter yield obtained from each treatmsnt are
given. The tops frem each Mvidual treatment and subs tratum
nronindandcmhodhyhuﬂ;tlmnplommminm
mtcmt;rgnd:hudthmuzha?Onlhdcn and kept in an
air-tight eéntaimr for analysis. At the time of each outting,
‘& bloek of the soil sand mixture eropped pots was siways taken.
for analysis of the soil to keep a check on the appliecation eof
nutrients. = Meamwhile, the extracted roots were washed thorough-
1y and dried and their ary matter yleld was recorded.
At the time of the third outting, "minus magnesium" and
*minug sulphur'and treated pots from the sand eulture seriecs were
taken for analysis. At the end of the experiment, roots from
the reat of the treatments in the sand culture pots were remeved,
washed, dried and weighed tnd analysed. The Morgan extract
of the soil was also m:.yud.
The roots were oxm”uum«utummmw mu |
mortar and it was memu-y to use the uchanical will for tluir

m.

Preliminary Experiment :-

To test the washed sand, its Morgan extraet was analysed
and no trase of the elements t0 be studied for their deficiency
level (iron, manganese, sulphur and mmu:mn) was found. Im-\'
over, four pots were sown at the rate to be used (o.sgn./pot), |
two with ac:l.d washed lnd and the other two with soil sand n:le .
ture. Onn pot of ueh was given distilled water uhilo the e¢or-

responding two received 50 ml. of complete mxt.rinnt lelntion ..
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the plants cultivated in sand with matrient selutions deficient
in the element eomrmd.

The first signs ot msiun dcﬁ.ciemy ghowed in the
outer layers of leaves (immediately adjacent to the wall of the
pot) and gradually spread into the vhele plants grewing in the
eenire of the pot. . Coloured plate 8 shows magneaium defieien-
oy in the rye grass {ist. siaga).

| A close examination of the leaf at this atage shows intra-
venal chloresis as the veins keep their green eelowr. Looking
at the pots in Plate 8, apart frem the yellowish green colour
the magnesium deficient plants acquired, it was observed that thel
growth at this early stage of the experiment was vigorous and '
supsrior to that of the plants receiving the completes nutrient
.nlut:len. This cbservation is eonfirmed by the dry matier
Yield percent of green weight of these plants being higher than
those of plants given any of the reat of the treatments, Table
7. This is attributed to the beneficial effect of the extra
sodium added to the nutrient solution on which these plants were
fed, sodium sulphate was used to replace the magnesium sulphate
to supply the sulphate. The dry matter yleld from"minus mag-
nesium® was 23.9% as compared with 21.7% for the plants recei-
ving domplete mutrient solution.

The sulphur defeieient plants grown in sand culture
(coloured Flate 6) were markedly stunted in growth as compared
with plants receiving ccmplete nuirient selution. The tops
of the swlphur-deficient grass showed a very characteristic
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upright form of growth and alsodt formed a right angle with the
surface of the sand partifularly towards the middle of the pot.
In the soil-sand pots, on the other hand, the magnesium
defieiency showed similar symptoms as in the sand cultures but
the colour of the tops was more greemish with only a slight yel-
low tinge. Sulphur deficiency in these pots showed in +the
stunted growth of plents which retained their green eolour. Thus,
it was decided not to take any eoloured plates for these soil sand
. mixture pots till the symptoms became clearei. The delay in
appearange of clear symptoms of either magnesium or sulphur de-
- ficleney is obviously due to extra reserve of nutrients in 3jhe
soll mixed with the sand in these pots.

Second Cutting 3~ ' The second cutting was taken four weeka fr'em
the date of the firat one (26.8.1960).  The magnesium defieien-
cy on the sand eultured plants hecams acute. The colour of the
tops wag straw-yellow but still the green colour could be seen
in the veins as light green streaks. At the fourth week (three
days before the 3rd. eutting) the tops in two pots showed very
severe symptoms as waite spots appeared on the basal portion of
the leaf @5 well as the upper third Plate 1Q.  These white

spota were presumably due to severe shortage of magnesium which
resulted in oomplets abaence of ehlorophyll in these white tis-
guss. The gpots seemed to extend upwards from the basal portion
and downwards from the upper portion. The leaves suffering
from magnesium deficdency were veryb smooth to the touch, very
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fragile and the least breath of air would result in the lodging
of tops (coloured Flats 8). Sulphur dsficiency in the sand
cultures resulted in very stunted growth of tops, leaves were
extremsly short and narrow and the plants were showing their
upright growth very olearly.  Moreover, the leawes developed
ehloroﬁc tips and chlorosis was progresaing steadily towards the
base of the leaves. In the soil-sand pots however, the magnes-
ium~-deficient plants did not show the white spots which appeared
in the und cultured peds. planta. The sulphur~deficient plants
partly retained their green colour but still with chloerotie app-
earance being greenish-yellow in colour. In general, ‘the
plants growing on soil-gand mixture looked stironger and made com-
paratively bettsr progress than those grown on gand culture.
Comparison between coleursd Flates 8 and 9 illustrates this.

Immediately aftsr the secend cutting, the cropped pots
of the treatments "minus magnesium" aj and "minus sulphur® were
divided into two halves, one was kept under deficient conditions
a8 before and the other received the deficient element in the
form of a complete mutrient mutrient solution for the four weeks
between the 2nd. and 3rd. cuttingse

The pots which received the corresponding deficient ele-
ment will be termed the treated potisa.

Third Cutting s~ The magnesium-deficient plants in the sand
eculture which were kept under deficient conditions collapsed
and died. Sulphur-deficient plants on the other hand, became
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severely stunted in growth and leawes became needle-like, being
short and narrow with a po:lntod end. In the petn treatsd after
the 2nd. cutiing (with lulpha‘h or mgnoa:lun) ’ phntl regained
their green colour and in an interval of three weeks, all signs
of chloresis disappeared sampletely and made remarkable progress
in growth. The plants treated with sulphats, the tops made

. -.pxt:urdimy progr,ou'}““hgained their deep green colours

.. Astonishingly, the sulphur-deficient plants when treated with

sulphate (in the form ef complete nutrient solution), despite
their remarkable progress in growth which by far, excceded that
7 cadiste treatment, kspt their upright form of growth. Plates
12, 13, 14 and 16+ . Iron and magmesium mangansse deficiencies
made their firat appearance on the plants growing in the sand
cultures at the interval between the second and third cuttiings.
Ten days after the second cutting, the newly formed tillers were
ehlorotic while the older leaves retained their green e¢olour.
At this early stage it was difficult to differentaiteb between
iron and manganese deficiencies in the pots. It was observed
however, that iron deficiency caused a remarkably stuntsd growth
of the grass while manganese deficiency did not. After apprexi-
mately two weeks, iron dsficiency became preminent in the lsaves
which showed e¢hlorotie streaks throughout the length of the lea-
!‘2"5 néoex"? definite in the younger leaves than in the older ones.
Coloured Plate 16 shows the iron deficiency immediately befire

the £hird cutting 24.9.1960. Mangangse deficiency was not



R04.

very clear at that stage. In the plants grewing in soil-sand
mixture, on the other hand, no definite signs of either iren or
manganese defielencies apart from ohlcrotic‘tiuora, scattered
in each pot. However, the dry matter yield of these plants

- was lower as compared wit.h plants receiving conpluﬁ mtrient
golution. |

4the Cutting s« After the third cutting, half the rémaining
pots received a complets nutrient selutlon carrying the defie-
ient elements, while the other half was kept under deficient
conditions. - ' | ' :

The iron deficiency in sand-cultured plants becams very
eammitst and the plants showed remarkably stunted growth. The
whols ares of the leaf apart from the mid-rib which had a green
tinge, dsveloped a &ill yellowish-green colouration. There
was blotching condition varying in colour from light-green to
yellowish-green. Treatment of the iron def:lii.ent pots with
complete nmutrient solution carrying ferric citrate (5.6 DePeBs)
removed the iron déﬁciomy' symptoms, the plants resumed their
growth, regained their green healthy appearance and the charac-
teristic blotehiness disappeared. Coloured Plate No. 20 shows
the difference in growth and colour between iron-deficient grass
and treated grassj the latter almost identical with that recei-
ving complete nutrient selution.

Manganese daficiency, by sontrast, did not appear to
affect the growth of the graas but mangsnese-deficient plants

!
t



i
s

l 205

F

._givun

gave lower dry matter yleld than thouargt théj complete treainent.‘rhe tops of
the mangenese-deficlent grass acquired a danary-yellow solouration exsept
the mid=rib vhich partly retained its greca’ golour, These plants on
treatment with complete nutrient aolutﬁon,i'ecwered their green colour,
Coloured Plate 21 shows manganese dofic{epcy ’.n the grass grown in
sand-culture ( <Mn pot) in emtrast with }ct i-eeaiving manganese after the
3rd,cutting.and that given the complete troatment throughout,

In The plants grow in the soil-sand mixture,iron end manganese
deficimneles showed only in the ogcurence of chlorotie yomg tillers which
were seattered among the plants kept deficient in these elements, Closer
exsnination however,showed that the leaves were narrower and their green
colour was not as deep as in the plants given eomplete nutrients, The
defiolencies or more precisely,the inadequate supply of iron and mangsnese
were shown in the analysis of the soil solution obtained by aleohol
displaecment,in Morgan extracts of the soll and in the snalysis of plant
material,particular}y the tops which showed notable differences in the
levels of these elements,espeoially the manganese when compared with the
plants recelving complete nutrient solution,

It is evident from the foregoing that magnesiwm deficiency in
pereanial ryc grass was shown initially by chlorotic intravemal tissues,
the tissues becoming lightegreen, At a later stage,these chlorotic areas
became whitish and white spots were formed at the base of the leaf as well as at
its upper third, These spots grew upwards and downwards and resulted in the
death of the plant,
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Sulphur deficiency mainly resulted in wery stunted growth, the
tops deweloped chierotic tips and wpright form of grewth.

Gnn treatment with the deficient element in question, thes:
plants made & very quick recovery and symptoms disappeared comple-
tely in a short time (10 - 12 days).  This confirms the findings
that both magnesium and sulphur translocation is sasily effected
within the plant.  Moreever, it suggests that the 1limit between
the deficiency level and sufficieney level ia narrew and that ob-
served deficiensies im the field, partieularly‘ that of magnesium,
must be remcdied quiekly. = Application of magnssium after the
development of white patches on the leawes was not always effective
One deficient pot was treated with MgSO,.7HgO in a complets mutri-
‘ent solution but did not recover and ultimately the plants died.
Iron and magnesium deficiencies sympioms made their first appear-
ance as chlorotic newly formed tillers. At this stage, it was
extremely difficult or even impossible to differentiate between
the two defleiensies. A% a later stage iron deficiensy couid
B differentiated from that of manganessv in the perennial rye

grags by 3~ '

ist 3~ The iron defieient grass having a ysllowish-green eol-
ouration with bletehes differdng in colour from yellowish
green to greenish colouration apart from the mid-rib ,
while mangenese deficieney showed a canary-yellow celour-
ation of the teopse

2nd.3~ The iron defieiency affeeted the yield more severely,
particularly the tops while nom such effect occurred in
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the mangansse deficient plants. On treatment with solutions
carrying the defiecient element in question, it was observed ghat
sulphur and magnesium moved more freely in plant tissues than did
iron and manganese, particularly iren.

Studies on the Soil Solution obtained by alcohol displagement :-
Analysis of displaced solutions obtained from fallow pots
of the sand and soil-sand mixture are shownn in Tables ,4, 82, 90.

Discussion of Results :~ In the solution from the sand, the
mieromitrients atudied mn'uwa present in traces (i.e. less

than 0.002 pepem. oven dry soil basis) except in one case namely
"minus iron" in the 3rd. sampling; its eoncentration reached 0,002
PePeRs The appearance of this relatively high iron concentra-
tion in the soil solution may be attributed to the possible con~-
tamination, some of the pots with iron containing dust or the fact
that sometimes the sand grains become stained with a very thin
£4lm of iron oxides which extends in the grooves and cavities of
these grains, as pointed out by Hewitt. In time, some of this
iron might pass into the soil solutioen. However, the impurities
d1id not affect the object of the experiment as the iron deficien-
cies aymptoms appeared and becams gradually more severse. The
concentration of iron in the displaced solution firom the other
sand culture pots (given iron in their matrient solution) ranged
£rom 0.006t@ 0.008 p.p.m./unit oven dry soil at the time of the
first sampling, from 0.008(R 0+013 p.pem. &t the time of the



' 2nde sampling and from 0.008 < 0s011 pepem. 80il at the 3rd. ssmpl:
ling. ' | - |
 Manganese on the other hand, was not detected in the soil
‘solution obtained from "minus mangansse® treatment of the sand
culture pots at any sampling. Its concentration ranged from
0000250 0,009 Pepems of soil (oven dry bdasis) at the first ssmp-
ling, from 0.008t0 0,009 PePeme at the ime of the 3rd. sampling,
thus gradually incresiing in other treatments which received
manganese in their nutrient solution.
| ' The consentrations of magnesium and sulphur in the dig-
placed solution from sand cultures supplied with "minus Mg" and
*minus S" nutrieant solutions deficient in these elements were
ét'h -1ét‘h the concentrations in the displaced gseolutions obtained
from the other treatments supplied with these two elements. The
concentration of magnesium in displaced solution from the "minus*
*magnesium” treatment at the appearance of the first signs of
visual symptoms was 0.019 pepemes a8 cbnparod with 0146 pepem.
Mg (so0il oven dry basis) in the complete treatment. Despite
the fact the values obtained from the 2nd. and 3rd. samplings
werehigher than the valus of Mg in the ﬁéat sampling magnesium
deficient plants died except those which received magnesium after
the second cutting.
Sulphur concentration in the displaced solution from sand
cultures ranged from 0.32{Q 0.46 p.pem. {oven 4ry basis) where
the concentration of 8 4in "mimas-sulphur" treatment was Oel DeDem:

At the time of the second sampling, the sulphur concentration



ranged from 0.8 0 0.89 pepems whire in *minus<gulphur* treatment
it was 0,13 pepems  In the 3rde sampling the values inereased
from 0.81 to 1-44 Pvpem. emeept in the "minus-sulphur® treatment
1t was 0407 Pspems 8.  Thus there was a gradual ineresse in the
sulphur concentration in the scil solutions from the different
sulphur—eontaining and a slight deerease in those from the "minus
-sulphur treatment. D

- Aluminium was examined mainly to investigate its effeet
if any, at such low con¢entrations on the uptake of phosphates
it is evident however, that -such differences in coneentration of
aluminium applied to the pota could hardly be expected to have
any effect. Tho‘ mtrient solutions {Table 72) contained from

: OeO1l to 0.080 Pepeme Al. The concentration of aluminium in the

displaced solution obtained from the sand-culture-fallow pots at
the tims of the first sampling ranged fram 0,003 « 0«01l DePols
while in the "minus-alumijium" treatment it was 0s004 pepeme At
the time of the 2nd. sampling the concentration of aluminium had
inereased from 0,006 t0 0.010 pepeme While with the "minus-alumin-
dum* treatmentit was 0.003 pepoeme At the time of the +third
sampling both values wers unchanged.

The analysis of the phosphate in the displaced solution
from the sand-culture showed that fluctuations in phedphate con-
centration were small and more or less uniform. Nearly always
there was a slight inorease in the phosphate concentrations in
the solutions obtained from the "mimis-iren} "mimus- aluminium®,

"minug-magngsiun® and to a certain extent, from the "nim-u.:g:n—



210.

tregtmsnts. The eoncentration of phosphate at the time of the
second sampling showed & slight deerease as compared with that
from the first sampling. The range of valuezs at the time of the
£irst sampling wes 023 « 0«51 peDems P (oven dry“basia), 020 =
0e31 pepemes in the éeeend sampling and Oel = Qe5 Pepeme P in the

- 3rd. sampling.

Potassium, en the contrary, showed a gradual increase in
the values obtained from sucecaessive analysee of the digplaced
solutions from fallew pots of the sand-cultures and values for
the "mimus-iron® pots were slightly higher than from the rest of
the treatments. - This phenomenon eould not be explained.

In the Soil Sand mixturse pots, it was eveldeht that the
displaced esolution ‘contains 8lightly higher quantitics of irom,
manganese and aluninium but lower quanitities ofm sulphur, phosy
pworus, potassium and magnesium than that from ths sand-culture
pota; probably due to adsorption or fixation of the latter elementa
on the elay and organic matter cemplexes preaent. 1t 18 pogsi~—

bls however, that such elementswere released in an available
form under eropping conditiond. Thus the first symptoms of mag-
nesium and sulphur deficiencies which were prominent and elear
in the sand~culture pots at the time of the first eutiing wers
less ebvious in the goilvsand mixture pots indicating ihat the
leve] of ths defifient nutrients studied in the latter was high
enough to hinder the appearance of tynical symploms but not
enough to supply adequate mutrients to maintain healthy plants.
Moreover, the slightly higher iron and manganese values in the
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801l solution obtained from the soil-sand pots explains the mask-
ing of the appearance of the visual symptoms in the plants grow-
ing in these pots even after four cuttings. The only visual symp-
toms recorded wers scattered chlorotic tillers in each iren or
manganese deficient pots. The pH of the soil solutions (rablu_
73, 81 and 89) from the soil-sand mixture pots gradually deorea-
sed in the "minus-iron", "minus-manganese® and to a certain ex-
tent, "minus-aluminium® pots from the first te the third ssmpling
¢.ge with the "minus-iron" treatment the pH dscreased from 6.43
to 5.4; in 12 weeks while with the "minus-manganese" the pH da-
ereased from 5.84 to 5.50. The pH from the "mimus-aluminium®
treatmentwas 5.66, 5.74 and 5.46 in the successive samplings.

The decrease in pH walues following the "mimus-iron and "minug-
manganese” treatments possibly contributed to delaying the visual
iron and manganese deficiency symptoms by releasing extra iron
and manganese from the soil mixed with gand in these pots.

Analysis of Morgan Extracts :-

A Analysis of Mergan extracts frem Fallow Pots of Sand Culturesd-
M Morgan extractable mutrients increased with the pro-
gress of the experiment, the only exception being the phosphates,
the extractability of which decreaged markedly from the first to
the third sampling. With the "mimua-sulphur* treatment however,
the extractability of phosphates inereaged from the firast to the
third gampling.
When comparing the Morgan extractable values of phosphate
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at one and the same time, it is evident that extractability of p
phosphate wags slightly higher from the "minug-iron", "minug-man-
ganesa” and to & certain extent "mimus-aluminium® treatments than
from the sand-cultures which received complete nutrients. At
the time of the third sampling, the "minus-aluminium® treatment
showed alightly higher norgaﬁ' extractable phosphate than the rest
of the treatments with the exception of the "minus-sulphur* treat-
ment, the extractable phosphate from which was considerably high-
er than from the 'ndnus-aimini\m' treatment.

- Results of Morgan extractable muirlents are shown in Tables 75,
.83, 91 and 98.

B Analysis of Morgan extraets from the Fallow Pots of the Soil-Sand
mixture 3=

In the pots & receiving complete mutrient soluticn, the
Morgan extractable iron, manganese, aluminium gradually increaged
from the first sampling to the second where it either remained
approximately constant in the case of iron and manganese or slight
1y increased as in the case of alumindium,.

The Morgan extractable magnesium increased from the first
to the second aampiing % slightly further in the third and
fourth sampling.

Morgan extractable sulphates increased gradually but
steadily from the first to the third sampling and more markedly
in the fourth sampling. The Morgan values from the pots giwven

the *minus-sulphurttreatmsnt were comparatively lower and decrea-
sed
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progresaively with time.

Morgan extractable phosphates also showed a gradual in-
crease with the progress of the experdment. At the time of
the first sampling, the values ranged from 4.0 to 6.6 PeDeltie P,
at the second sampling from 6.1 to 10.0 pP.pems and at the third

- gampling from 8¢9 t0 19.6 pepems, the higher values being gener-
ally associated with "minus-iron", "minus-manganese”, "minus-
alumijium® and to some extent "minus-magnesium® treatments.
Evidently, the Morgan extractability of phosphate inereases with
decrease of iron, mangansse, aluminium or magnesium levels in
‘the soil. This #8- 18 also apparent from the data for the
sand-culture experiment.

Potassium increasedv steadily at successive sampling.
Analysia of Morgan extracts from the fallow pots of both the sand-
culture and soil- gand mixture are given in Tables 75, 83, 91 and
98.

C Morgan Extracts of Residual Soils from the Cropped Pots 3~
The main objects of the analysis of the residuel soil from the

eropped pots were i3~

1) To ascerm ‘whether the rate of appligation of
nutrients usedlm sufficient to give adequate sup-

& plioa.t:'y the plants.

{(2) To examine the rate at which the different mutri-
ents ﬁore ﬁptakon by the growing plant as shown by
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Morgan tests and by plant analysis and to seek relation-
ships between these two factors.

- The analysis of the Morgan extracts of the residual soils
from the cropped pots (Tables 76, 84, 92, and 29) show a gradual
increase in the level of Morgan extraetable elements studied from
the first to the fourth samplingexcept when a particular element
has been omitted from the nutrient solution in which case all
elemenis exeept the ‘défiéiezit one increased as tifne advanced.
Values & the element ocmitted showed a gradual decrease. The
only exeeption to this statement was manganese values for which
deereased considerably in all treatments from the first sampling,
reached a minimum at the third sampling in the soil-sand mixture
pots but in the 4th. sampling showed a slight inerease over pre-
vious determinations. The coneentration of manganese in the
tops pf plants growing on soil-sand mixture and receiving com-
plete nutrient decereased from 115 p.p.m. at the time of the first
saumpling to 52.5 PePeme at the time of the fourth eutting. In
plants grom in sand-culiure and also given complete nmutrient
solution the mangansse concentration in the tops ranged from
90 pepeme in the firast cuttings to 52.5 pe.pems at the time of
the fourth sampling..  The menganese deficient plants grown in
sand-culture showed clear vigsual symptoms of manganese deficiency
when manganese concentration in the tissues deoreased to 18 pepem.
(dry matter).

In the soil-sand mixture, the Morgan extractable alumdnium
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from the eropped pots remained more or less constant in the first
three samplings but showeda slight increase at the fourth sampling

Magnesium showed mare or less a constant level at the.
first and second samplings, but increased slightly at the third
and fourth samplings. , - ,

The lewvels of sulphur, phosphogus and potassium showed
a steady but a gradual inerease in the liorgaa extracts of these
cropped pots from the first to the fourth sampling. = The level
of Morgan extragtable potassium in the residual soil was the low-
est from °minus-magnesium” treatments indicating the ijereased
uptake of potassium by these magnesium-starved .pla.nts. | 'n-x:ls'
was elear in the first ahd second samplings but not do prominent
in the third sampling, probably due to decreased top growth oec- |
urred by magnesium deficiency.

Yields and Mineral Composition as affected by mineral deficienciecs
& t= Yield :- | |

i : Sand Culture Plants :- At the itime of the first eutting,

the yield of tops following the "minus-magnesium* treatment(fresh
weight) were higher than those from the rest of the treatments
ineluding the complete nutrient. This is attributed mainly to |
the benefieial effects of the extra sodium added in the form of
sodium sulphate to repla.ée the magnesium sulphate usually used

in supplying the magnesiuﬁ and sulphur in the rest of the treat~
ments. The dry matter yield percent of the tops from the "minus

magnasium was 23.9 as eompared with 21.7 for the complets nutrient
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‘The dry matter yields were also highest from the "minus magnesium®
treatment, those from the other treatments decreased in the order
"complete treatment", "minus-mangenese®, "minus aluminium®,*minus
iron®, and*minus-sulphur®. ~ '

At the seeond cutting, the "minus-gg.?gma:i‘gg" and "mimus-
~sulphur treatments gave the lowest fresh and dry matter ylelds.
Yields from other treatments decreased in the order :- ccmplete
. treatment, "minus-aluminium®, "mgnus-manganese", "minuseiron),
"minus-megnesium” and "minue-sulphur®.

At the time of the third cutting, all the magnesium de-
:icient plants ¢ollapsed and died 3 no cuttings were taken. An
attempt to save plants growing in one pot by adding complete
nutrient solution containing MgSO,4.7HgO twh weeks after the see-
ond eutting failed. The magnesium defieient plants which were
treated with complete mutrient solution garrying magnesium sul-
phate immediately after the second cutting showed a remarked
steady profress and recovered completely from visual symptoms
(Plates 12, 13, 14 and 15). Yields firom the plants were 6.267
gus/pot (fresh weight) against 6.304 gms/pot for those given com-
plete treatment throughout (Table 94). The corresponding dry
yield = 1.763 and 1.644gms/pot respectively.

The fresh weight of tops from the sulphur-deficient
pPlants which received gulphate after the second cutiing in the
form of MgS0,.7Hg0 at the same rate as was applled to the complete

treatment increased tremendously being 10.212 gms/pot as compared
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with 6.304 gms/pot from the complete treatment. Moreover,

the dry matter yield in the sulphur-treated jeamts exceeded that
obtained from the complets treatmentbeing 1.719 gms/pot in the
former against 1.644 gms/pot in the latter. However, the per-
eentage of dry matter in the fresh cutting of the sulphur-treated
prlantsg decreaged considerably being 16.83 when compa.fed with com=-
plete treatment which reached 26.07%. The exﬁlanation of this

phenonenon is that z=-

18t s The sulphur-dsficient plants subsequently treated with
sulphur inersased considerably in size and accordingly the
rate of transpiration inereased and with it jhe uptake of
of water inereased.

ond : Another important factor is the presence of the chloride
ion in the sulphur-deficient pots as magnesium was added in
the form of chleride (MgCly.6Hgz0) to Supply an equalt magnes-
ium eongentration in the "minus-gsulphur® nutrient solution.
Chlorides often lncrease succulence,. According to Black(lasg
truck-crop growers in the Unlted States observed that toma-
toes and other fruits are more firm when fertilised with pot-
assiun sulpbate than when with potassium chloride. Also it
was found that cabbage, letiuce are more succulent when treat-
ed with potassium chloride than when treated with petassium
sulphate. It is suggested that thls 1s the ease with planis
from sulphur-deficient pots which were supplied with a chlorid
ion and showed a low percentage of dry matter (i.e.high water
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content) while in the "minus-magnesium®, plants supplied with
sodium sulphate, the percentage of dry matter was considerably
higher (i.e. relatively lower water content).

The effect of Magnesium and Sulphur deficiencies on the growth
and yield of the root system of Rys grass grown in Controlled
Sand Culture s~

Both magnesium and sulphur deficiencies in the growing
medium, particularly the latter exerted a considerable nsgative
effect on the growth and development of the grass roots. Flate
18 shows roots of grass deficient in magnesium and sulphur com-
pared with the treated roots (which received the deficient ele-
ment after the 2nd. cutting). The roots suffering from mag-
nesium deficiency are very thin, weak and fragile as compared
with those which received magnesium. The sulphur-deficient
roots were stunted in growth but in general, looked better than
those of magnesium-deficient rdots.

It is of intereat to note how quickly these deficient
roots respond to magnesium or sulphue when supplied to the star-

ved root in a solution. The magnesium deficient roots increa-
sed in weight by 46.84% when treated with MgSO,.7Hg0 solution
for four weeks and the sulphur-deficient roots gained 31.26% in
weight when treated with the same solution for the same timey

The treated plants thus received a complete nutrient solution
after the second cutting at the same rate as the original com-
plete nutrient for the interval between the second and third
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cuttings.

Iron and Manganese deficient plants s- gave alightly lower
yields than those given the complete nutrient when one and the
same cuttings are compared. . This lasted for the first three
euttings. Atlﬁrst., the iron deficiency did not exert any
effect on the weight of the plants as it happensd at the time
of the fourth cutting when the iron deficiency resulted in a
very serious reduction in fresh and dry matter ylelds, particu-
larly ak in the plania grown in sand-culture. The weight of
the fresh yleld from "minus-iron® treatment was 2.980 gms/pot as
éompared with 7.418 gma/pot from the complete treatment. At
this time, the visual symptoms were wvery clear.

Meanwhile, in manganese~defivient plants, visual symptoms
were apparent as bright or canary-yellow colouration which spread
all overthe tops éf the starved plants. It is :I.n'bereating to
note that the reduction in fresh or dry matter ylelds was not as
great as in the cage of iron defifiency and thus the effect of
manganege differed from that of irom. The fresh weight 3ield
at this time (4th. cutting, Table 100) was 6.416 gms/pot as com-
pared with 7.419 gms/pot from the complete treatmant. The
corresponding dry matter ylelds were 1.172 and 1.609 respectively.

The effect of Iron and Manganese deficiencies on the root growth.

Although these deficlencies resulted "in decreased root
yields when compared with the complete treatments, there were
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no serious effects on root growth or development unlike the eff-
ects of sulphur and magnesium.  Plate 22 shows the roots from
the "minus-iron","minus-manganese” and "minug-aluminium® treat~
ments as compared with the complete treatments.  Table 101
gives the weights of plants treated with Fe and Mn after the 3nd.
~ eutting and thoso kept under deficient condition throughout.

The treated roots rcceivod the deficient elemnt in question as
& eomplete nutrdent solution for an interval of four weeks.
During this period, roots of "minus-iron" plants gained 8.25%
of their weight when treated with ferric eitrate in a complete
nutrient solution, roovtso.f’ "iims-manganoso plants gained 4.96%
of their weight on treatment with MnSO,.4HgO and roots from
*minus-aluminium® treatment gained 3.30% of its weight on treat-
ment.

Minus Aluminium Treatment :-

There was a slight decrease in fresh and dry matter yields
from the "minus-aluminium® treatment.  On treatment with a com-
plete nutrient solution{eontaining aluminium sulphata)_ the ary
matter yield inereased from 1.614 gms/pot to 1.719 gma/pot as
compered with 1.609 gms/pot for the complete treatment.

: Soil Sand Mixture Plants 3~ | -
Yislds from magnesium and sulphur-defieient plants showed

reductions similer to those observed in the sand-cultures. The
beneficial effect attributed to sodium was not observed except
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at the time of the second cutiing where the fresh and dry mat-
ter ylelds of magnesium-deficient plants exceeded those obtained

of the deficient F/Q.nﬂ:s

from the complete nutrieant treatments. On treatment /with the
cpmplete nutrient solution ef-the—defieient-plants, earrying the
nissing nutrient, the fresh yleld of "minus-magnesium" wag in-
creased from 2.763 gms/pot to 7.638 gms/pot and dry matter yisld
incresged correspondingly from 0.914 gms/pot 10 1.613 gms/pote
Again, the sulphur-deficient plants on freatnent with sulphate
showed a similar sarked increase in fresh weight which increased
from 2.216 gms/pot t0 9.896 gms/pot and dry weight from 0.466
gma/pot to 1.868 gms/pot. The dry matter weight percent of
the sulphur-treated plants also showed a remarkable decrease
when compared with the rest of the treatmenis. This 1is adtri-
buted, as noted previously to the effeet of the echloride which
probably inereased the suc€ ulence of the grasa. - The effect
of sulphur and magnesium deficlencies on the root growth and de-
velopment were the same as in the sand culture and after the
additisn of the deficient element, the roots in both cases gal-
ned weight; the "minus-magnesium" roots gained 22.5% of its weight
on treatment with complete nutrient solution while the “minus-
sulphur® gained 37.2% on treatment with the same solution.

Both iron and manganese«-deficieht plants showed a slight
decrease in fresh and dry matter ylelds but the difference be~
tween these deficient plants and those grown with complete nu-
trient was not consistent as in the case of sand cultures. The

effect of iron and manganese defieciencies on the roots of the
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planta wag not as serious as under sulphur and magnesium defici-
ency conditions. At the time of the fourth cutting, the root
yield of "mimis~iron" plantswas 5.896 gms/pot, of*minus-manganese"
was 5.108 gms/pot and "minug-aluminium" was 6.439 gms/pot against
7.169 gms/pot from plants receiving complete nutrient solution.

on treatment with the mqpect:i.ve deficient element added in the
form of complete nutrient solution at the same rate as the origin-
al complete mutrient solution for an interval of four weeks, there
was an inoreage in weight of 8.13% in the treated iron roots and

. off 2.5% in the treated manganese roots and of 6.76% after the alu-
minium treatment (Table 101).

TRe offect of Magnesium, Sulphur, Iron and ianganese deficiencies
on the Mineral Compodition of tops of perennial Rye Grass.

A 3 Effect of Magnesium deficieney 3-
The most important characteristic of magnesium-starved

plants is their high concentration of potassium. This was ob-
served in the analysis of the tops of each cutting both from sand-
cultures and soil-gand mixtures. In the first cutting, the
potassium concentration in the tops of magnesium-deficient grass
was 5850 p.pem. K (dry matter basis) as compared with 3800 pepem.

from the plants fed on complete nutrient golution.
The magnesium-defiecient plants also had ecomparatively
low nitrogen concentration @ege in the first cuiting the minus-

magnesulm tops from the sand-culture contained 20750 pe.pem. X as
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compared with 26875 p.pems N for those tops given the cpomplete
autrient . This coxjxdition persisted throughout the wholé ox~-
periment as shown by the folowing examples from the data of the
analyses given in Tables 79, 87, 96 :« "minus-magnesium" plants
from the soill-sand mixture at the time of the first cutting con-
tained 15000 p.pems N dry matter basis as compared with 25688
PePeme for the complete treatmant. At the time of the second
cutting in the sand culture, the concentration of nitrogen in the
magnesium-deficient plants was 20250 pepeme as compared with 23500
Depems from the complete nutrient while in the soil-sand mixture,
*minus-magnesium® plants gave 16125 pepems in the dry matter and
complete nutrient F%“&”ﬁtaimd 18939 pepeme It is worth mentioning
however, that the difference between concentration of nitrogen
in the "minmus-magnesium® treatment and complets treatment deorsased
R segettnde hy btime ke bDecame smaller as the experiment progress
ed.

However, when comparing the @ptake of the tops of "magnes-
ium-deficient" plants which were kept as such and those which
received magnesium in their nutrieant solution, it is observed that
the uptake of nutrients studied, inereased considerably on treat~
ment of the deficient plant with MgSO,.7HaO in the form of a com~
Plete nutrient solution. The difference in the uptake of pot-
assium between magnesium-deficient and "magnesium~treated™ plants
however, was very small viz, 9.414 mgm K in the tops of “minus-
magnesium" Plants and 9.758 mgme K in "magnesium-treated” plants.
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Taking into consideration the big difference in the dry matter
yield between the two treatments, it is clear that the potassium
concentration in 'mngnosium-deﬁcient' plants 1is notabl.y highe.
The detailed calculated uptake of other nutr:lents ia 1n Tables
104 ~ 109.

-t Effect of Sulphur. deﬁciengx 3~

Sulphur deficiency in most cages resulted in an increase
in concentration in most of the elements studided obviously due to
low yields obtained. However, it is seen that the coneentration
of magnesium is almost always lower in these plants than in those
receiving other treatments, the only exeeption to this generalisa-
tion being magnesium concengration in topd of the sulphur-deficient
plants at the time of the first cutting in the sand-culturev pots.

The nitrogen coneentration was considerably higher in the
sulphur-deficient plants than in those given the other treatmemtis.
Again, this was not observed at the time of the first cutting but
showed consiatently in the second and third cuttings both in sand~
cultures and soil-sand eulturaes.

On treatment of sulphur~defiecient plants with sulphur (in
the form of MgSO4.7HgO added at the same rate as in the other
treatments), the magnesium concentration increased considerably
(from 4100 pepem. dry matter basis in the sulphur-deficient plants
to 5400 pepem. in tops of treated plants from sand-culture and fron
4200 pepeme Mgs t0 5300 pePem. in the soil-sand mixture pots.

Nitrogen concentration on the other hand, decreased
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markedly in the treated pots e.ge. nitrogen concentration decrea-
sed from 32500 pepeme N dry matter in sulphur-deficient tops grown
in gand-culture to 27600 pPepeme on ireatment with sulphate and
from 31000 pepems N {dry matter bagis) in the soilegsand mixture

t0o 28625 pepem. on treatment Jable 96.

Considering the difference in uptake of the nutrients
studied, on treatment of deficient planis the uptake increased
greatly, obviously due {o inereased growth and considerable in-
erease in dry matter ylelds. - Table 106.

1 Effect of Iron deficiency on the Mineral COE_pos:ltioxi of Grass.

| Iron d.cric.tency affacted the conseentration of phosphorus
in the starved plgntav. Tl_xe phosphorus concentration is higher
in the :I.ron-daf:lciént planft.s than in those given Wy the rest of
treatments, the effect becoming clearer with the péogress of the
experiment. At the time of the first cutting, the concentration
of iron in tops of grass grown in sand-culture and receiving com-
pPlate nutrient solution was 450 pepem. and that of P was 2048
Pspem. {dry matter basis) while in the "minus~iron" treatment,

iron concentration was 80 pepsm. and P was 2320 pe.p.mes dry matter
basis. At the time of the second cuttdng, the iron concentra-
tion in tops receiving complete mutrient was 170 pepem. and P

was 2593 against 40 p.pemis Fe and 2740 peDems P {dry matter) for
the deficient tops. The same picture was msintained in the 3rd.
and 4th cuttings, Tables 96 and 103.
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Caloulating the ratio of phoaphorus to iron (P/Fe: ratio)
in the tops of plantsm reeeiv:lng complete nutrient solution
and those fed on nutrient solut:lon deficient in iron, it was ob=-
served that P/Fe ratio :l.s always considerably h:lgher in iron-de-
ficient plants (_M ,  Showing that these plants tend
to take wp more P t.han do planta receivd.ng iron. |
| On treatment of ironadeﬁ.cient pJ.ants with iron salts
‘(ferric citrate appliod at“the game rate as the fast of treatments
in the form of complate nutrient solution to the soil for four
weeks), a reduction was observed in the P/Fe ratio of the treated
plants which recovered rrom their chlorosis and regained their |
green healthy eolouration in their tops. The P/Fe ratio in
chlorotie plants when the visual symptoms were clear, was 14,7
a8 compared with 5.46 in tops receiving the ecomplete mutrient.
After treatment of the plants with ferriec citrate, the ratio of
P/Fe in chlorotie plants decreased from 14.7 to 11.6 at whieh
the plants regained their healthy appearance again. The pot-
asgium coneentration of ironedefielent grass in most cases showed
a slight increase over that in plants receiving complete nutrient.
This phenoménon was elear in plants whether grown in sand-culture
or gsoil-gand mixture but was more obvious in the former. The
only exception to this generalisation is that at the time of the
first sampling of plants grown in the soil-sand mixture where
the potassium concentration in the iron~defifient plante equalled
that of the complate treatment. It was also ohserved that



the difference in potassium concentration between the iron-defi-
cient plants and those supplied with iron becomes bigger in mag-
nitude with increasing deficiency of iron i.e. the"coneen&ation
of potassium in the iron-deficient tissue increased with the se-
' verity of the dsficiency symptoms.  For example , at the t:l.m
of the first cutting, in the tops of the sand-cultured grass, the
concantration of K in the "minus~ iron" plants was 3900 PePela K
(dry matter) against 3800 p.peme K in those having the complete
nutrient, .at the seeond eutiing, the corresponding concentrations
of K were 4950 pepem. K and 4550 pepems K and at the third sam-
pling when the visual symptoms were prominent the values were
5850 pepeme and 5350 respectively. |

Magnesium congentrations in the iron~deficient plants
showed no reguliar trend probabl¥y due to a disturbance in the for-
mation of chloroplasts.  Possibly also the slight inerease in
the potassiumm céncentration in the iron-defieient leaves was a
contributory factor.  This irregularity in magnesium coneentra-
tion of iron-deficient plants was more marked in the plants grow-
ing in the solil-sand mixture than in those from sand-culturese
The ratios of magnesium econcentration in the iron-deficient plants
to that in those given the complete nutrient in sand-cultures
were 0.68, 1.00, 1.29 and 1.25 from the first, second and third
and fourth cuttings. - The ratio decreased from 1.25 to 1.0 on
addition of ferrie ecitrate to the nutrient solution of the "minus-
iron® plants after the third eutting. In the soil-sand mixture
however, the ratio of magnesium in "iron-deficient" plants +to
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that in those given complete mutrient solution was irregular
being 1.34, 0.8, 0.77, and 0.9 for the first, second, third and
fourth cuttings respectively. On treatment of the "minus-iron®
plants with iron the ratio increased firom 0.9 to 1.03.

The interrelation of iron and manganese {(total) is shown
by the calculation of the Fe/Mn ratio {Table 11i). The Fe/Mn
ratio in the iron-deficient plants inereased steadily in the sand-
grown grags. In the soil-gand mixture the ratio Fe/Mn in the
tops was irregular being 0.92} 1.06, 0.66 and 1.77 at the time
of the first, second, third and fourith cuttings. After addi~
tion of ferric citrate, the Fe/ln ratio rose from 1.77 to 2.66
in the soil-gand mixture series and from 7.22 to 9.22 in the sand-
cultured plants.

s Effect of Manganese Deficiency on the Mineral Compositio of

the Grass -

Manganese-deficient plants are characterised by an ex-
tremely low manganese concentration j by contrast, chlorotic
plants due to iron deficiency, contained &s mudh as 320 PeDenms
Fe (dry matter basis) wsat the time when visual symptoms were
definite in the manganese-deficient plants grown in sand-culture,
the concentration of manganese in the tops was 16 p.pem. of the
dry matter.

Manganese-starved plants showed a lowerwconcentration of
nitrogen. This statement is true for the first three cuttings

of the sand-cultured plants but at the time of the fourth cutiing



the reverse occurred. Plants grown on soil-gand mixture fol-
lowed the same trend in the fourth as in the first three cuttings

i.0+ lower nitrogen concentration than in those receiving the com-
plate nutrient.

Anal.ysia of Roots 3= |

The roots of the magncsium-»def:l.cient plants grown in sand-
'cultures and ao:ll-vaand mix'hxre were observed to have a 1mr pot-

asgium concentmt:l.on than thoae receiving any other trcamnt,
the exterme opposiu of the dondition en the tops of these pla.nts
which poseibly drained the potassium from the roots. This is
particularly so in plants grown in sand-cultures. |

The roota of plants deficient in sulphur, showed a higher
concentration of almost all the nutrients studied. This is ob-
viously due to the small root ylelds obtained under conditions
of sulphur deficiency. However, on treatment of these planﬁa
with sulphur {(as MgSO,«7He0), there was not only inecreased growth
but also an :lhcrease in concentration of magnesium and potassiume

The roots of iron-deficient plants again contained as
puch and eften more potassium than the plants recelving the other
treatments e.ge in the roots from the soll-sand mixture at the
time of the fourth cuttdng, those receiving complete nutrient
contained 1300 pepem. K (dry basis) while the roots given the
"minus~iron" nutrient contained 1550 Pepelle Ko Oon treatment
of these plants with iron, the potassium coneentration in the
roots deceeased 1o the level of those given complete nutrient



1300 p.p.n. K {dry basis) Table 103.

' The P/Fe ratio in the roots (Table 110D was always higher
in iron-deficient roots than in other treatments, a similar pic-
ture to that in the tope of these plants thus confirming the highe
eér uptake of phosphates by the iron-deficient plants.

Discussion of Results 3~
uinus- ~Magnesium P;ggg 3=

It is evident from the data obtained in this experiment
that a deficlency of one of the essential nutrients results ale
most always in characteristic changes in colour of tops, growth
habit, rate of growth and yield to varying extents snd also in
changing the chemical composition of plants.  Any unbalanced
nutritional condition caused by the absence of any of these ele-
ments in the soll in an “"available* form will invite the plant
to increase its uptake of other elements. The uptake of pot-
ass:lmi by the mangane’se-deﬁcient plants i3 a good example of
this. Lucas and Scarseth(13® , 8tudied the balance of potass-
ium, calcium and magnesium and their reciprocal relatdonships
and noted that if the uptake of one increased that of the other
two will decrease. In the present work, the ratio K/Mg in

grass given the complete nuirient was very consistent and ranged
from Q.80 ~ 1.24 in those from the soll-sand mixture. The
K/Mg ratio at the time of the first appearance of the magnesium-
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deficlency symptoms ranged from 5.6 - 6.3 and incressed to 19 -
20 when the defieiency was s‘er.{ous enough to cause the death of
the tops. _

N:l't.rogen is concerned with magnesium in the building of
t.he chlorophyll melecule and ‘under magnesium-defieient conditions
it is obvious that litile exr ewven no chlorophyll may be formed
and this explains the low nitrogen content of the magnesium-de-
ficient tops. - It is observed however, that the roots deficient
in mégnasi\m contain the highest mitrogen concentration. .-

| It is well established fact that the nitrogen supply fre-
quently controls the amount, of protein formation. The dry mat-
ter yield of plants from t.he "minus~magnesium" treatment of the
first cutting in the sand—cnlture pots and the second cutiing in
the soil-sand mixture serles exceeded that of the cox;\xg{éegetjiﬁ
it is suggested that the inereased weight could be attributed
to the formation of proteins from sulphur and phosphorus. This
suggestion receives some suppori{ from the data for the sand-cul-
tured grass at the time of the first outting (Table 104) when
the uptake of sulphur from the complete nutrient = 5.708 mgm.
8/pot and with the "minus-magnesium® treatment = 4.520 mgm{pot.
Meanwhile, the the upt;ake of P by these magnesium-deficient
plants exceeded that from the complete nutrient e.ge with the
complete nmutrient the uptake of the tops was 2.388 mgm P/pot
and with the "mimus-megnesium" treatment 2.893 mgm/pote
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Minua-Sulphur Flants :-

Apart from the serious effeet on the yields of tops and
roots caused by sulphur deficiency, the chemlcal compesition ef
sulphur-deficient plants was observed to change as follows s~

1 : The most important characteristic ‘of these planfg :I.a the

greater coneentration of nitrogen in their tissﬁeé ceﬁb&ed

. With that in plants given complete nutrient. “ ﬁis obser-
vation was not apparent at the time of the first cntting but |
was definite in the second and third cuttings. i‘pi.s is
probably due to the incomplete utilisation and assimilation
of amino acids in the gulphur-deﬂc:lem plants as indicated
by the findings of Saton(m).

2 s The concentration of P in the tops of the sulpbur-deficient
‘plants exceeded that in plants given other treatments. Com-
paring the P and K coneentrations in the sand-culture pots,
it is evident that there is extra accumulation of P. @«ge
At the time of the first cutting in the complete treatment
of the sand-culture pots the concentratlion of P was 2593 Pepems
(dry matter) while that of potassium was 4550 peDem. ad o~
pared with 4309 pepem, P and 4550 pepems K in the sulphur-
deficient plants.  This means that the potassium coneentra-
tion was the same in both treatments (complete and "minus-
sulphur®) while the concentration of P was congidarably higher
in sulphur~deficient plants. In the soil-gand mixture, the
concentration of P in the planté given the complete nutrient
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wag the same as in the eorrcspohding plants in sand-culture
{2593 pepemes) while the congentration of K was 4775 PeDellle
against 4203 pepem. P aiﬂ 4950pspeme. K in the sulphur-defi-
.eient plants.  Genarally speaking, it was observed that there
Wwas extra accumulation of P in sulphur-deficient plants, a
phenomenom which was not observed except in the iron~deficient
plants. o |

Iron and Manganese deficient plants :-
Iron-deficient plants were characterised by thedr high

phoaphate econcentration. . The phosphorus/iron'rat_io {P/Fe ratio)
was consistently h;lgher in the iron-deficlent plants than in
those receiving an adequate iron supply. The importance of
this ratio 1ies in the fact that it increases considerably even
if the visual symptoms of deficiency are no'h‘ clear.

The iron eontent of deficient plants did not show a conw
sistent relationship with the appearance of visual ‘aymptoms .0,
the iron content of deficient plants was not an effective index
of the deficiency. In one case, tops of plants given the "minus
iron" treatment contained as much as 320 pepems Fe in the dry
matter as compared with 550 p.p.m. for the plants given eomplete
nutrient. It seems possible that plants can accumulate iron
when growing in cultures containing even traces of iron. This
phenomenon applied to the tops as well as the rooits. In this
respect, iron differed from the rest of the elemenis studied
where the deficiency symptoms are associated with the low
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concentrat:lox; of the element concerned in the tissues. Mangan-
ese deficiency symptoms on the other hand, were observed when the
manganese concentration in the dry matter of the tops was wvery
low. In the sand-dultured grasy the first symptoms (chlorotiec
newly~developed tillers) coincided with a manganese concentration
in the tops of 18 pe.p.m. dry matter. This value decreased to
15 pe.pem. when the visual symptoms had spread all over the plant
and caused then characteristic canary-yellow colouration of the
tops as described previouslys

Inter-relation between Soil Solution Contents, Morgan Extractabls
Kutrients and their uptake by Grass Tops.

From the curves relating these quantities (Fig. 49 - 56
for the sand-cultures receilving complete nutrients and Pigs. 92 «
98 for the corresponding treatment of the soil-sand mixture),
it 1a evident that the Morgan extractable nuirients and soil solu~
tion eontents were good indices of the uptake of the nutrients
studied by the tops. The only exception was the phosphate and
to some extent, iron where the Morgan extractable and soil solu-
tion values in certain cases disagreed with the uptaks in the

sense that when there was considerable decrease in the values of
phoaphates or iron from one sampling to anoiher, there was a
continual increase in the phosphate uptake by the topse This
18 particularly so in the sand cultures (Figs. 49 and 866).

In the soil-sand mixture, however, it appears that the Morgan
extractable phosphates furnished a better index of the phodphate
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(for FIG 49-133)

—-e------- SOIL SOLUTION PPM SOIL oven dry basis
( X10 for Fe, Mn, Al,Mg & K)

+ —t + MORGAN EXTRACTABLE NUTRIENTS PPM
SOIL OveN DRY BA SIS,

PLANTS UPTAKE (TOPS ONLY) mgmy/pot
(dry matter basis)

1,2,3,along the ordin-te : Samplings or cuttings,
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uptake than in the gand-culture Fig. 97.

irop 3= ,

In the case of iron, the rye grass tended to absorb and
'acc\‘tmula'be iron trom.yerysmall concentrations in the medium in
which the plants were growing. - For example, at the third cut~
“ ting of the grass from the gand-cultures receiving the "minus-
iron" treatment, the concentration of iron in the soil solution
from taliow pots was 0.002 pepem. iron {oven dry soil), the Mor-
gan-extractable iron was 0.2 p.pem. and the concentratdon of iron
in the tops from the corresponding cropped pots was 320 DPeDelle
iron {dry basis). In the pots given the complete nutrient nu-
trient, iron concentration in the soil solution wWas 0e011l DeDems,
the Morgan-extractable iron was 0.6 pe.psmv and the concentration
of iron in the tops from the corresponding eropped pots was 6550
PePeme However, the total uptake of iron in the tops from
the two treatments was 0.2466 mgm Fe/pot with the complete nu-
trient, iron concentration in the soil solution was 0.011 pepem.
and 01065 mgm Fe with the "minus~iron" treatment. Thus, des-
pite the fact that the plants showed a tendency tom absord and,
to some extent, accumulate iron in their tops from dilute solu-
tions, the growtt\x and total iron uptake was considerably smallexr
in the "minus-iron" plants than in those receiving adequate iron
in the nutrient solution. The iron content of Morgan extracts
of the soil as well as soil solution were two useful and success-

ful indications of the iron uptake by the plantis,
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Magnesium, Sulphur and Manganese i~

Low concentration of these three elements in the soil
solution and in Morgan extracts were without exception associa-
ted with a low uptake by the plant. | |

Aluminium 3~

Diﬂerencqé :ln soil eolut.ionv content and Morgan extract-
able aluminium between the '_complete nutrient and the "mimus-alu-
minium" treatments were comparatively small. However, from
the figures (No. 94, 115) relating soil selution content, Morgan~
extractable alum:l.nium and the aluminium uptake of the tops din
pots receiving complete nutrient and "minus-aluminium" treatment
in the soil-sand mixture, it 18 evident that both soil solutdon
and Morgan extracts could serve as gobd indieators of the likely
uptake of this element by the plant. It is observed however,
at the time of the 3rd. cuf.ting in the soil-sand mixture plants
receiving complete imtr:lent, the uptake by the tops had increased
while the aluminium in bdt.‘n Morgan-extraets and soil-solution
decreased Fige 94.
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SUMMARY AND CONCLUSIONS 3«

Magnesium deficiency showed as an intravenal chlorosis
which inereased in severity with the progress of time and res-
ulted in the formation of white apots on the leaf surface al-
most always at the basal portion and at the upper third of the
leaf, Ultimately, the planta collapsed. Treatment with
magnesium at this stage did not kring rechvery. Magnesium
applied to the soil in a soluble form before this stage is rea-

ched produced rapid recivery.

Magnesium-defiecient plants are characterised by high
potassium, low nitrogen and comparatively high phosphorus and
sulphur percentage in the dry matter of the tops.

Sulphur deficiency : showed itself in the stunted gjowth of the
tops and greatly reduced leaf area. The tops aéqu:lred & char-
acteristie upright habit of growth. Finally, the topS& develo-
ped chlorosis at their tips which spread backwards and ultimate=
1ly covered most of the leaf arec. |

Sulphur-defieient plants are characterised by high nitro-
gen and comparatively high phosphate content in the dry matter
of the topse

Sulphur and magnesium deficiencies had a marked adverse
effeet on the growt.h of ihe roots which on ¢lose examination
showed a halry appearance and were considerably weak and fragile.
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3 Iron and Manganese deficiencicg s showed a chlorosis in new-

ly formed tillers as the f£irst sign of thesa two deficiencies.
Later, in both cases, leaves were chlorotic along the veins in
the intravenal tissues. Up to this stage, it was extremedy
difficult to differentiate between the two deficiencies (iron
and manganese) . In a later stags however, the iron-deficient
plants acquiréd a dirty yellowish-green colour but still the
veins retained a green colour while the manganese-deficient
grags developed & ¢anary-yellow colouration of the tops.

Iron deficiency lowered the ¥ield of the tops severely
while the effect of manganese defieieney was much smaller.

The most marked change in the chemical composition of
the iron-deficient grass was the considerable inerease in phos=~

 phorus concentration in the tops which was always higher than

in normal healthy plantsa. The P/Fe ratio was a consistent
index of iron-deficiency, as ¥ was being higherh in the tops
of defieient than in these of normal plants (aomplete treatment.)

Manganese deficient plants, on the other hand, apart
from the characteristic canary-yellow colouration are character-
ised by the increased nitrogen percentage in the dry matter of
the tops as eompared with those glven complete nutrient.
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Plate 2 : Difference in growth between grass grown in
soil~gand mixture and acid-washed sand only. The two"
pots were Sown on the same day and received distilled
water only. -

Plate 3 ¢+ Difference in growth between grass grown on
gsand culture supplied with complete nutrient solution
(ecomplete) and that supplied with distilled water only (S)
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Plate 4 3 Difference in growth bestween grass grown on

soil-sand mixture supplied with complete nutrient solu-
tion.

{complete) and that given distilled water only (SSM).
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Plate 6 : Magnesium deficiency in Perennial Rye Grass
grown in acid-washed sand. {i8t. cutting).

Note the yellowigh-green colour of grass tops in the
{minus-magnesium) pots as compared with the green colour
of tops of grass receiving the complete nutrient solution.

Plate 6 ¢+ Sulphur deficiency in Perennial Rye Grass grown
in acid-washed sand {ist. cutting).

Note the stinted growth of *minus-3" grags tops and their
upright habit of growth as compareé& with the grass +tops
from the complete treatments
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Pla.te 7 H 'Boo't. yield from soil-sand m:lxture pots (1st. cutting).
Note the reduced yield firom * minus~Mg" and: "ni.mlaus" plants as
conparod w:lt.h the rest of the treatments, :






Plate 8 3 Magnesium and Sulphur-deficient Rye Grass grown in
gand-culture as compared with grass receiving complete mutri-

ent solution.

"Minus-Mg" pota : note the lodging of grass tops aa a result of
the formation of white spotis at the basal as well as the upper thi
third of the leaves.

"Minug-g"pots i~ note the stunted growth of the tops, the appeare
ance of chlorotic tips which spread backwards towards the basal
portion of these leaves. The upright form of, growth became
very prominent. .' .

Plate 9 : Magnesium and Sulphur deficient Rye Grass grown in
s0il-s3zand mixture as compared with grass receiving complete
nutrient solution.

"Minus-Mg" pots 3 nots the wvigorous growth in these as compared
w:l.'t.h plants receiving complete nutrients.

"lﬁm:a-S" pots 3 are also stunted in growth and still acquire
upright habit of growthe






Plate 10 : Magnesium deficiency in Perennial Rye Grass.
Whitqa spota developed at the basal portion a.nd the upper
third of the leafs






Plate 11 : Root yleld of Rye Grass from soil-gand mixture pots.
' {2nd sampling).
~Note the reduced root growth of "minus-sulphur' and *minus-Ng"
pPlants as compared with the rest of the treatmemtse






Plate 12 3 Sulphur-deficient and magnesium-deficient Rye
Grass a8 comparsd with plante treated with S or Mg (in the
form of 1gB0,4¢7Ha0 solution)after the 2nd. cutting) - and
those which received complete nutrient solution throughout.
{soil-gand mixture pots, 3rd. cutting)

Note the disappearance of the visuzal symptoms as well as
the vigorous: growth in the plants which received treatment.

Plate 13 : sSulphur-deficient and magnesium-deficient Rye
Grass as compared wilth plants treated with S or Mg (in the
form of MgS0ee.7HgO solution after the 2nd. cutting) and those
which received complete nutrient solutiony throughout. (Sand-
culture pots - 3rd. cutting).

Note 't.he vigorous growth of the plants which received sulphur
after the 2nd. cutting and the complete disappearance of the
chlorosism from the tops.

The "minus-magnesium® plants dled at this stage.
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Plate 14 3 shows Flate 13 in black and white.

Plate 15 1 Shows Flate in black and white.
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Plate 16 : Iron~deficlency in Perennial Rye Grasa grown
in sand-culture (3rd. cutting).
Note the stunied growth in "minug-iron® plantas

and the appearance of chlorosis on the tops of
these plants.

Plate 17 3 shows Plate 16 in black and whites



PLATE 18,

/ /

T .il'nﬂ/é/‘

\\‘ t“ W]

PLATE 17.



Plate 18 : Effect of Magnesium and Sulphur deficiencies on root growth.
Magnesium-deficient and Sulphur-deficient roots as compared
with roots from plants treated with Mg and S (as MgSO4.7HgO
after the 2nd. cuttiing).

Sand-culture plants, 3rd. cuiting.






Plate 19 : Root yleld from grass grown in Soil-Sand Mixture Potse
(3rd. cutting).
Note the stunted root growth of the "minus-magnesium®

and *mipus~sulphur® plants as compared with the rest
of the treatments.
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Plate 20 ¢ Iron-deficient Rye Grass as compared with
treated grass (which received ferric citrate
after the 3rd. cuttddg) and those which received
complete treatment throughoute. (Sand-culture pots

7 4th. cutting). |
-/ Note the stunted growth and the chlorotiec appear-
ance of the "minus-iron plants.

‘ ‘///,

Plate 21 3 Manganess deficiency in Perennial Rye Grass
grown in Sand-culture (4th. cuiting).
Note chlorosis spreading in the tops of the
"minus-manganese” plants. |






Plate 22 : Root yield of graass grown in Sand-culture at the
time of the 4th. sampling.






Plate 23 : Root yield of grass grown in Soil-gand Mixture at.
the time of the 4th. cutting.






Table 71i.
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Analysis of perennial Rys Grass seeds 1< Results are oxprund‘

&8 DesPels
) ] n Al g 8 x » K
350 60 180 280 TS 18000 2252 1200
Table 72.
Analysis of Nutrient Solution used i1~ (mgm/l1).
Solution JFe Al Mg - 3 P K
Complets 8.5 0«67 0.08 41.3 78 40 47
mims Feo Trace® 0,54 0.08 40.0 ¥{3 41 145
*F Mn 6.3 0.01 0603.. 41.9 80 41 e
"R Al 5.4 0«56 0.0 41.3 76 40 148
" Mg 5.1 0.67 0.02 8.6 80 Ag 143
" % 5.3  0.58 0«08 42.5 4 “ 144

Trafe »- means lesa than 0.008.
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Table 73.

pH_of displaced seil solution and soil moisture % even dry basis

of the fallow pots (1st. u_!gngg) t T

P

Sand Calture  8oil Sand Mixture
Sample - o Noistare % M Molsture §
Complete  6.60 130 | 627 18.6
nim To c'..u,‘»“ | 13.6 643 13.1
* w643 119 8.94 14.0
", Al 625 14.0 5.68 12.3
- g 5.2 13.3 6.82 12.8

bl 8 5.44 12.5 5.68 14.0



Table

74 -
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Analyisis of Soll Solutien frem Fallow Fols 3= (i1st. Jampling).

Analytical data re-caleulsted as DePells of oven dry soil ;-

Treatasnt Yo ¥ M Ng 8 P &
Sand Culture 1~ - . L
Complets = 0s008 = 0,002 O.011 1,48 048 O0u34 0460
minus Fe Traee 0008 0.008  1.92  0eA2 0.45  0.60
" Jn 0,006 Trace 0,008  1.05 0032 6.33 0.50
" A1 0,006 0.008 0,004  1.62° 00328 Oedd 0.50
"* Mg 0,007 0,000 0.008  Oel®  Oed§ 0.1 0.80
" g 0,000  0.006 0,006  1.40 0.10 0u34 0,40
Soil Sand Mixture t- |
Complete 0e033  0e008 ©0s046 083  Ocdl 0.09 0,40 .
miflis o Trace  0.004 0.037 o056 0632 0u0B  0.40
=  ¥En 0.010 Trace 0,040 0s88 0426 0,06 ©0.35
®58 A1 0012  0s008 0e080  1.08  0e22 0s08 040
" Mg 0014 0008 0.034  0.08  Oe21 0s05 GodO
hoded 3 o.ozi. 0.008  0.040 1601  0.09 = Oeld 04D

* Trace:= Lass than 0.008



Table 78.

Analydis of Morgan Exiracts from Fallew Pots t~ (1st. Sampling).

PePels Ooven dry basis (mean of mbneaua)”

Treatment ) [ Mn Al g 8 P - K

gand Culture s-

Complate  0s20 0,30  0.08

minus 'h'au 0.60 o.“,
e 0.20 Trace  0.05

0.20  0.30 0.08

0:20  0.30 0.08

0e20 040  0.08

10,9 15.2 12,0
8.4 207 11.0
11.2 179 13.0
11.7 111 18,0
& 8.9 €6 9
0 5.0 1B.2  16.0

« R ERFJ
S5 88898

' S0i1l Sand Mixture s~

Complate 0.30 0e68  0.80 29.0 6.1 6.6 28.0
minus Po 0410 078 0,70  20.0 6.1 6.6  19.0
o 0020 026 .60 32.8 6ol 4.0 18.0

0,30 .78 0480 35.5 6.1 4.0 28.0

0:30 0,78 0e80 28.8 6¢1 6.6 20.0

0.30  0.78 0,85 26.6 3.6 6.6 22.0

L 42

ﬁgbg

* Trace = less then 0,002
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Table 76.

Analysis of Norgsn Extractas from Cropped Pots 3-(Seil Sand Nixture
1st Sampling.

DsDeme OVen dry basis (mean of duplicates

Treatmsnts  Fe ¥n A g 8 P X
Complete 1.2 6.0 16 35 Rl 50 10.0
mous P 0.8 5.8 14 326 29 52 9.0
ne n 1.3 é.a. 1.6 35.8 2.9 4.0 10.0
e Al 1.1 6.3 14 37.8 2.9 4.9 9.0
" Mg 1.4 5.6 1.6 2256 3.9 5.0 8.0
“ 8 0.9 3.6 1.6 32.5 1.6 8.2 9.0
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Table 78.

Root Yield if the FPirst Cutting s= (Soil Sand Mixture)

Ireatment

Weight of oven diy roets
$/Pot (average of twe pots )

Complete 4.872

minug Fe 3.998

3.598

[ ] ] 4.188

& B F

3.660

»

2.060



Tadle 77 260

Yield ofm the First Cutting s~ (Tops).

Treatamnt @reen Yield Dry Matter Yield Dry Natter Yield
(gme) (gws) (%)

Sand Culture :-(average of 4 pots)

Complete 5.374 ta7e 1.7
mious Pe 5.084 | 1.089 . 2147
"“  yn 4.968 1126 | 2.8
TR 4.877 Cpan 22.7
wa g 5e214 14247 23.9
. g 3.034 04654 £1.6

Soil Sand Mixture i~ (average of 12 pots)

Complata 5.691 1.5328 26.8
mims Je 4.018 1.181 27.9
.. n 4.770 1.250 26.2
AL 4.350 1.120 25.7
" g 8.430 1.120 25.3

-2.910 Q.709 . 24.0



Teble 79.

Analysis of Tops from First Cutting -

Pepoms dry maStar , mean of duplioates.

261

Trestment Je ‘M Al g s | » K

Sand Culture s~ . S

Complete 450 90 385 4400 4875 2€375 2047 3800

nizus Fe 80 90 328 3000 4750 26500 2320 3800
" Nn350 60 385 3300 4126 23780 2320 3900
" Al 850 80  2B0 4000 4000 19750 1902 3650
**  Ng350 105 328 900 3625 2G760 2320 5850
s 350 185 250 4600 1568 24500 2598 4150

Soil Sand Mixturs i~

Complete 365 115 200 3050 €719 25688 2598 3775
“s pyei1a25 138 176 3760 6852ec 25000 2798 3776
s XN 215 6 260 3370 8406 21438 2247 3650
" Al 216 80 180 3800 6344 18750 2487 3575
" Mg 260 128 180 750 @250 15000 2380 4285
"o §305 413 288 2600 1780 16565 3339 3778



Table 80.

Analysis of Roote 1~ (Soil Semd Mixture) 1ist. Cutting.

PeDeme dry matter, mean of duplicates.

262

!:aaﬁmmb' Fe m AL Mg S | P X
;-puu 35 106 336 250 1438 6125 819 580
@ Po 320 165 1075 480 1#13 5250 117{:‘ ss0
" ga 353 150 1000 150 1563 8250 819 850
#» A1 335 185 13256 1850 1563 5260 319‘ 800
" Mg €0 170 835 1060 1438 G626 919 450
"o § 400 226 1800 750 1189 6375 1178 450



Table 81.

263

PH of Soil Solution and Soil Moisture § oven dry basis of

sampled Fallow Pots 3= 2nd. Sampling.

Trestment S8and Culture Seil sSand Mixture
Moisture % PH Moisture %
Complete 6.28 20.0 5.68 18.0
mirag Fe 6.28 17.9 6.02 i16.8
. in 6.3 19.5 8.52 19.8
" Al 6.36 20.0 5.74 174
. Mg 6.38 16.9 8.54 18.6
. 3 65.80 20.2 5.24 18.6



Table 821. 264,

Analysis of Soil Solution from Fallow Pots s- 2nd. Sampling
Analytieal Data rcwuloulatod f¥e 88 p.pem. Oven 4ry soil.

Treatment Fe in Al Ng 8 P R

Sand Culure - R
Complete - 0.010 0008 OC.B08 0,30 074 0.28  0.70

"‘,“" Fe mooA 0e008 0.004 0.38 0.60 OJ88 0.80
" MR 0000 Trase 0.007 0s34  0e89 0s31  0.70
" AL 0s013 0s003 0s008 0e34 0097 OuBT 0«70
® Mg 0,008 0s003 0006 0.08 0.89 080 0080
. S O0wAZ 0,008 0s009 0.86 0e13 0,82 0.75
Soil Sand ixture 1e

Complate 0.015 00013 00009 0626 047 . 0el7 0.60
minug Fe Trace 0021 0008 029 0481 0.88 0,70
. Mn 0,010 Q008 0,008 0Os24 0e40 0019 0080
. Al 04008 06007 0,002 024 039 0Qel1® 0.80
® Mg 0s011 0013 0s002 0s0B 068 0413 0460
3

. 0010 0025 00008 Q.35 008 0409 0.80



Table 83.

Analysis of Morgan Extracts from Fallow Pots i~ 2nd. Sampling.

PeDems oWeRn Ary soil, mean of duplicates.

Treatmant Fe m Mn Al Mg 8 P K

Cal 3 ‘ . N .

Complete 1.00 . 0.30 0,08 30.0 17.56 9.8 15.0

minue Fe 002 0s36 0.08 95.0 17.5 12.0 16.0
Mn 0.00, 0.06 Trace 25.0 15.6 6.5 16.0

" Al 0.80 0.30 *»  27.5 15.6 13.1  18.0
Mg 0.80 0.24 0.08 18.5 15.6 16.3  15.0
S 0,60 Oe42 0.16 28.5 0.8 15.2  14.0

- 804l Sand Mixture -

Complete 0.80 0.36 0.40 49.0 10.3 9.0 33.0

minug Fe 0060 Oe48 068 49.0 10.3 7.2 38.0
*  Mn 1.00 0.80 0.40 45.0 8.9 7.6 38.0
* Al 1.00 0e48 0.38 45.0 7.5 10.0  36.0
" g 1.20 0«42 0.40 12,5 7.0 8.3 28.0
i $ 1.00 042 0,40 45.0 2.0 6.1 24.0
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Table 84.

}!,

Analysis of Norgan Extracts of Cropped Pots 3~ 2nd. Sampling. ‘

PsDeme oven dry soil, maan of duplicates.

Treatment P Mn A} B s P X
Complete 0.8 2.4 1.3 325 3.3 7.9 12.0
mivis o 0.8 2.2 14  40.0 3.3 72  18.0
*  ¥n 0.8 1.8 1.4 385 2.0 7.2 12.0
* AL 08 2.0 11 35 8.3 69 100
" wg 1.0 2.3 1.2 25,0 3.3 7.2 9.0

. 8 1.2 i.9 1.4 40.0 1.4 7.9 16.0



Yield of the Second Cuttings :-

Table 865.

{TOPS) .

267

dreen weight of

dry matter yield peroent dry matter

=N \

Treatment  yleld (gms) {(gus). yield
gand Culture(average of 4 pots)s-
Complate Bek72 14284 24.36
mimus Fe 5,188 1.219 21.56
" - 8.337 1.202 22.95
" Al 8.299 1.239 28.38
" Mg  1.317 0.408 3038
" 8  1.383 0320 23.65
Soil Sand Mixture :- (average of 10 pois) |
Conplete 427 1.178 25.45
minus——Pe - 4.683 1.189 25.38
MR 4437 1.116 25.18
. AL 4.798 14807 265.18
" Ng  5.510 1.388 £5.19
" 8 2.0z 0,443 21 .90
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Takle 86.

Root yleld of the 2nd. Cutting 3~ Soil Sand Mixture.

x

Treatment - matter yleld in gms.
: (;vﬁggn of two determinations)

Complete | 8.450
minua Te 4.160
" ¥n 3.940
"o Al 4.880
e Mg 3.045

&
®
»

o
et
o



ble

Analyeis of Tops from 2nd. Cutting :-

PePelie dry matter, mean of dwplicates.

269

Treatzent Fe

s

¥n a Ng X P X

Sand Culture g-

Complete 170 60 385 65700 68756 23600 2608 4580

mirus PFe 8C 76 250 8700 7760 19750 2740 4950
" Jn 405 2 A 260 5700 7600 80260 2740 5450
" a1l 170 80 150 8750 6687 20250 2740 4850
*  ug 260 48 250 500 9183 20250 5458 10500
" S 170 106 325 4600 930 28000 4309 4560

Soil Sand Mixture e

Complote 820 60 250 5825 8638 18939 2593 4775

mims Fe 80 76 250 4670 8813 18688 2720 4875
"*  Mn 130 90 150 B350  §094: 18812 2646 4650
" AL 170 €0 78 5460 8313 18188 2456 4825
*" Mg 260 106 325 350 6938 16125 3275 6926
"n 5 170 150 880 4500 2000 4203 4950

22437
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Teble 88.

Analysis of Roots from 2ad. Cutting 1~ (801l Sand Mixture).

PsPele dry matier, mean of duplicates,

Trestment Fe Mn Al g 8 N P K

Complete 660 106 325 €00 2188 4875 1173
minus ‘

" €20 210 250 250 2000 3128 10e3
106 150 206 4760 4250 1083
400 106 250 690 4875 4875 1160

560 180 326 780 8860 5250 1160

« & & F &
%
832888
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Table 89.

PH of diaplaced Soil Solution and Soil Noisture % from Fallow
Pots 1= 3rd. Sampling.

Sand Culturs Soil Sand Mixture
Treatment pH Moisture % pH Noisture %
Complete 6.82 19.; 8.56 20.0
minug Fe 5.82 16.9 S.44 18.9
okl ¥n 6.04 i8.8 c 8.60 19.0
e Al 6.80 16.8 _ §.46 18.6
" Ng 6.90 19.5 5+50 20.4

we S 6.48 . 18.6 8.567 19.€



Table

90.

Analysis of Soil Solution from Fallow Pots 3~ 3rd. Sampling.

Analytical Data re~cajculated as pepem. soil oven dry basia:-

272

Treatment Fe Mn AL Ng 8 P K
Sand Culture :-

Complete ©e0ll ©0s002 0.000 00328 0:88 0410  0.90
mimis Fe 0,002 0,008 0s008 0.27 092 0.28 1417
"' Mn 0,010 Trace 0.006 0¢19 1.44 0.i8  1.00
" Al 0008 B.007 0e003 0.22 1.42 0.30  0.90
" Mg 0.000 0.006 0s005 0e09 081 0.30 0.90
"" g 0,008 0.008 0.010 Q.20 0+07 0.80  0.62

So1l Sand Mixture 1-

Complete  0.008 0.0156 0.004 Oeld 135 0.07  0.64

mimas Fe 0,008 O0.020  0.006 Oel7  0.85 013 0493
e Mn 0.007 0.003 04006 .. 028 1.16 017 080
" A1 0.011L 0,008 0.008 Osi8 0g92 012  0s70
2% Mg 0.000 0.013 0,005 0.0 0.70 OelZ 0,82
®% 5 0.006 0s017 0s008 0.86 0,06 0e15 0092
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Table 91.

Analysis of Morgan Extract frem Fallow FPots 3~ 3xd. Sampling.

PePeme S0il oven dry basis,mean of duplicates.

Treatmszt Fo  un A Ng s P X

- Sand Cultire = : i
co‘pl.u . Q8 " 0e80 erys - 45 16.6 3.3

26
minus Po - 0.2 0.48 0.08 27.5 8.8 2.1 26
"" Mo 0.8 0.06 - 0.07 17.5 17.6 3.3 26
¥ Al 0.6 0,36 Trace 20.5 14.1 8.1 18
" Mg 0.8 0.24  0.08 8.0 16.9 4.4 28
*" 3 0.6 042 0.15  20.8 1.8 27.8 20
S04l Sand Mixture s~
Complete 0.8 0.42 0.80 45.0 10.9 8.9 41
mims Fe Trace 0.48 0.50 48.5  10.9 10.4 56
" Mn 0.95 0.32 0.56 €9.0  12.0 16.5 66
% AL 0,80 0,36 0.56 60.0 12.0 17.0 66
"% J}g 0.60 O0.54 0.40 17.5 12.0 11.7 é4
" 3 080 0.60 0.70 69.0 1.7 19.6 66
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Table 92,

e

Analysis of Morgan Extract from Cropped Pots 3~ Soil Samd
Hixture, 3rd. Ssmpling.

PePems 80il oven dry basis, mean of duplicates.

Treatment Fe n Al g s P K

Complets 1.2 0«90  1.60 45 4.1 14.6 13

mms Fo 1.0 078 140 45 41 1.7 11
*  Em 1.0 OB 1.0 375 3.3 9,6 10
" a1 1.6 1.08 1.60 62.6 4.1  16.3 16
" Mg 1.0 1.6 1.70 $8.0 5.5  i2.4 14

&

i.2 1.74 2.1 85.0 1.7 20.8 36



Tabls 93.
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Analysis of Norgan Extract of Treated Pots i1~ Fallow and Cropped.

PePels ovea dry basia, mean of duplicates.

Treatment Je

Mn Al

8

Sand Culture 3

winus Ng
untreated

minus
treatad
eropped

minus S
antreated
eropped

minus S
treated
eropped

1.0
1.0

0.8

3011 Sand Nixture 3~

ninus Ng 1.4
treated
exropped

minag Mg
treated
fallow

Mims $
treated
cropped

minus 38
treated

1.0

1.8

1.6

O.4

0.30
0.18
0.36

0.76

O.42 0.88

1.4 1.83

2.82 Q.90

1.26 1.35

2.88 1.08

033

Q.80

17.6

32.6

46.0

48.6

187.5

9.7

10.3

3.3

8.8

6.6

6.6

8.3

6.6

.156.8

10.0

20.7

17.9

17.2

38.8

i2.9

37.1

16

110
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Teble 94.

Yield of Grass, 8rds Cutting (Tops).

Weight of green - Dry matter yleld Dry
Trestment  grass (gma/pot) W(wpt y - aand

Sand Culture -

Complete ©.304 1.644 26 .Q7

mirus Fe 5.266 . 1.3190 . 25.04
" g 6.36% 1.415 £2.20
LIS | 6.596 1.569 23.78
" 8 1.176 0.269 23.10

Treaied Mg* 64267  1.763 28.07

ke 8 10.212 1.719 16.83

So0il Sand Mixture 3~

Complete 6.708 1.612 24.04
minus Pe 6.984 1.653 23.88
LI 6.845  1.668 b 24.40
LI | 7.199 1.650 2e.01
" g 2.768 0.914 33.08
»e S 2.216 0.466 21.02
Treated Mg 7.538 1..613 21.99
" 8 9.896 1.868 18.87

*minus Mg plants growa on sand culture died at this stage and
no cuttings were taken.



Root yield of the 3rd. cntti.x__:! B

Table

Waldght in gme/pot
(u:gkot duplicates)

Jand Culture 1~

ainus Mg
_treated Mg¥
ninus 8

treated S

S04l Sand Culture 3~

Complets
minus Fe
L] in
ne n
e "
treated Ng*
minus S
treated - S**

3.337
5837
2.310
3.360

6.355
4894
44477
5.880
3.490
40276
£.883

3.936

277

Incresse % gained by
the reots on treatment

46.34

31.28

22.5

37.2

# Treated Mg - raceived magnesium irmediately after 2nd.cutting

% . s



Table 98.

Analysis of Tops 3rd. Cutting 3«
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DeDelle dary matter, mean of duplieates.
Treatment Fe Mn Al Ng 8 KN K P
Sand Culture s~
Complete 580 85 313 €00C 8937 33750 2593 6350
minus Fe 320 8 313 . 775C 11312 83750 2740 5850
" yn 440 18 313 ¢ 6300 8427 31260 3275 6650
" Al gC 45 2C0  650C 8427 28760 2729 5380
treated Mg 650 60 163 2800 9437 20600 2740 B350
minus 3 260 30 163 4100 960 32500 3411 7500
treated 8 170 €0 185 5400 €500 27500 2720 6900
Soil Sand Mixture 3=
Gomplete 175 60 125 6026 9624 283756 3007 5650
minug Fo 40 €0 144 4876 9906 26062 3075 5?75
"  n 80 €0 101 5925 10312 27625 32756 5400
** A1 30 €0 85 4750 9500 26628 3007 5400
" ¥z 80 80 120 825 10224 22812 35186 10300
" 3290 75 180 4200 3054 31000 3480 6525
Treated Mg 170 75 100 3850 10469 26875 3411 €050
*e g3 215 85 125 8300 7565 28628 2740 7750



Tabls 97.

Analysis of the Roots from the 3rd. Cutting :2

_ Pepems dry matter, mean of duplicates.

279

1827

Teeatment  Fe M Al g s N P K
Py —
mins  ¥g €00 120 163 600 4760 10875 1965 1300
treated Mg G55 53 163 1260 3876 0000 1742 1880
Cpims S 468 45 125 2200 1663 17600 102 1560
treated S 0363 45 128 8160 2313 18625 1743 1800
8ol Sand Mixture 3-
Complate 313 60 128 1400 2313 138750 1386 1080
minus Fe 285 45 75 7650 2438 12626 1419 1080
"*lin 225 30 76 1560 2600 14376 1687 1450
ur Al 220 46 425 3260 2438 11576 1366 1800
Mg 666 76 200 1100 2613 7875 1419 600
"3 536 9 75 1400 1438 12500 1910 960
treated Mg 305 45 250 1260 2438 9025 1410 1080
* 3 635 120 163 1750 1038 10076 1080



88.

Table

280

Analyeis of Mergan Extract from Fallow Pots, Soil Sand Mixture:-

4th. Sempling.

Pepeme oven dry soil, average of Quplicatas.

0.70

Treaimant Fo Mn Al Hg S P ) ¢
Complete  1.00 0.680 0.58 40 19,8 12.0 47
minus Fe 0.0 ©0.70 0,68 45  18.9  18.0 B
" Hn 0480 0.50 0.70 49  12.5 18.0 &8
" AL 0480 0.80 0,40 40  16.6 17.4 &3
tMiated Fo 0.40 0060 0,60 45  15.5  14.0 55
" Mn (.80 0.70 090 49  17.5 20.1i €8
o A1 1.0 0.80 49  15.5 14.0 63



Table 99.
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Analysis of Morgsn Extracts from Cropped Pots 3= 4th. Sampling,

PePesEe Oven dry soil, mean of duplicates.

Treatment JFe

Mn Al g $ P 4
Sand Culture :«
Cemplete 0.8 0e6 1.8 16 9.5 19.0 12
minus Pe Trace 0.8 .3 17,6 9.5 18.0 19
" Nn 0.6 0s2 183 18,5 7.5 19.0 14
" Al 0.8 OB 13 17.8 7.5 14.0 11
treated Fe 0.2 0.8 1.0 18.0 6.6 16.8 12
**  Nn 1.0 Oud 1.4 12.5 6.6 18.0 10
"' A1 0.6 0.5 1.4 12.5 6.6 16.8 11
Soil Sand Mixture i~
Complete 1.4 1.8 2.6 37.5 8.9 18.0 18
minmas Fe 0.08 1.0 2.1 32.6 {1 14.0 15
*  Nn 1.4 1.0 1.8 22.8 8.9 124 14
", Al 1.4 1.6 2.2 37.5 76 14.8 16
treated Fo 0415 146 ~ 2.0 37.5 8.9 18.0 16
**  ¥n 1.0 1.4 1.9 22.5 7.6 14.0 18
"OAl 14 1.8 2.0 37.6 76 168.8 16
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Table 100.

Yield of the 4ths Cutting (T0P3).

 Treatment  Weight of green Dry matter yield Forve
| yield (w%#) | .(m/pog, utu:tw

Sand Culture 1~ (average of two pots)

Complete = 7,419 1,609 21.68
ninus Fe 2,860 0,676 - 23.63
LLLTEN 6.416 1,178 . 18.27
JCLIN 7,878 1.614  20.80
treited Po 5.991 1.202 £0.06
IEL I 'Y 7.877 1.603 20.36
LI | 6.760 1m0 25.43

Soil Sand Mixture s~ (averege of 4 pots)

Complete 9.772 2.354 24.08
ninua Fe 9.566 : 2.160 22.67
LLL R " 9.629 24178 - 22.87
new Al 9.424 2.078 22.04
treated Pe 100177 2.303 22.63
wew - 10.318 24381 23.09

a1 10.473 24279 21.76



Tabls 10i. | 283

Root yleld of the 4th. Cutting s~

Weight of dry matter yleld gm/pot

Treatment {mean of duplicates)
ot Onltere v Treated pots* Wm&w
‘Gomplate | 74610 |
minus  Pe 5.149 54873  8e25
BCCT ™ 44956 5.208 4496
woooa 8.910 64108 3480

80il Sand Mixture -

Complete 7169
mimus Te 5.296 6.327 8.13
... Mn §.108 8.246 2.50
bt Al 6-439 $.876 6.76

* These treated pots received the deficient element in a soluble
form immediately after the 3xd. ocuttings-

mimms iron pdts t= received ferric oitrate g a1l 11ed
. gpp

ne n "F "% manganese anlphatog atuthc u,:o
" AL o e gluminium % o» ; ::tpl:%t?::ri..
ant solu e



Table 102.

Analyais of the Tops from the 4th. cuttigl T

PepPeme dry matter, average of duplicates.

284,

Treatment .. Fe

¥n Al Ng | P 3
Sand Culture 3- ‘
Complate 650  52.5 325 10000 268756 3548 7200
mirua Fe 325  45.0 325 12500 32800 4776 8050
"  wn 80  15.0 75 8000 33000 4367 8950
®s A1 80 - 45.0 163 7400 32800 3547 7760
treated Fe 326  35.0 163 10000 32600 3777 8050
"o Mo 170 45.0 250 8000 31500 4367 7800
" A1 170  35.0 376 7700 32000 3412 7500
Sei) Sand Mixture 3~

Complete 170 52.5 200 €000 28500 3848 6650
mizmms Fe 80 45.0 126 6400 26250 3411 6400
**  ¥n 170  35.0 200 6000 26126 2740 6400
e Al B0 45.0 163 5260 24350 3411 6400
treated Fe 120  45.0 75 €200 26250 3411 6400
"  un 80  46.0 163 5700 24250 2740 6100
" Al 80  15.0 163 5700 23875 3411 6400



Table 102.

Analysis of the Roots of the 4th. Cutting s-

pP-Pslile dry matter, mean of duplicates.

285 @

Treatment ;. Je

Mn Al Mg X P ) 4
Sapd Gultura 1=
Complete - 465 30 250 2050 10800 1527 1450
minus PFe 258 2 45 280 2500 10800 1801 1300
" Nn 396 ‘80 200 2200 13376 1742 1300
"= Al 443 48 126 2700 10260 1419 1300
Treated Fe 703 83 250 2200 17378 1902 1300
**"  un 268 45 126 2800 19750 1638 1450
" Al 288 45 228 2200 21250 1364 1300
Soill Sand Mixtrue :- s
Complete 718 45 163 960 9376 283 1300
minus Pe 6516 45 125 600 8376  B93 1550
**  Mn 765 45 163 1260 11876 1092 1300
"% A1 605 53 126 €00 8625 1201 1550
treated Feo 635 53 163 950 6875 983 1300
"*  Mm 356 53 163 %50 10876 1201 1450
". Al 335 30 1265 600 9876 1201 1450



Uptake of Tops :- 1st. Cutting, mgm/pot.

Vi

£

Table 104.
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Treataent

Mn

Pe Mg s N P X
gand Culture 3z~ ' -
Complate 053  0ell  0.88  5.16 8.70 31e47 240 4.45
minué e 0409 QelO0  0.36  3.27 5.17 28.86 2.52 4.14
"% Hn 0.39 Q.07 037 3.71 4.64 2%71 2.61  4.39
"M AL 0e39  0.10  0.28  4.44 4,44 21.94 2.11 4.08
"t Mg O.44 Q.13  0.40  1.12 4.52 25.33 2.90 7.30
ne S 0.02 0.09 0036 2,80 1.02 16.62 1.69 2.71

Soil Sand Mixture i-

Complete  0.54 Os18  0s81  4.67  10.29 39.35 3.97 5.78

mirus  Pe Oeld  Oold 0080  4.22 732 28.03 3.14 4.23
"N MR 0.27 0.08  0s81 431 8.00 26.75 2.81 4.856
*r AL 0.24  0.09  0el7  3.59 767 21.00 2,756 4.00
"% Hg 0.29 O.i4 Q.17  0.84 7.00 16.20 2.60 4.73
" S 0el5  0.08  0.20 1.84 1.19 11.75 2.37 2.68



Uptake of Tops :~ 2nde Cutting (mew/pot).

Tabvle 105.
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Treatmsnt Fe

g

Al ;| X P X

Sand Culture :«

Jomplate 0,22  0.08  0.54  7.32  8.83 £6.32 8.33 5.84

minus  Fe 0.10  0.08  0.91  6.95 9.4 24.08 3.34 6.03
" MR 0.28  0.06 031  6.97  9.17 24..75‘.3.35 6466
¥% A1 0.21  O.11 0.1 4.35  8.20 25.09 339 6.00
Kt Mg Qell  0e08 0610 002 3.73 5444 2.2 4.26
Pl g 0606  0.08  0elG 1447  0.3C 8.9€ 1.38 1.46

Soil Sand Mixture 3~

Complete Ce21 007  0.99 6.86 10.23 23.31 5.63 5.62

mimis Fe Ou10  0s08 0430 5.56 10.43 22.22 3.24 5.80
Bn Mn GelS  0e10 0.17  5.87  5.68 20.99 2695 5.17
" Al G.21 007 0.09 6.58 10.03 21.95 2.95 5.82
"W Mg  Ge36  0s15 045  Ced4®  8.63 22.38 4.56 9.61
" S 0.08 0.07 Oull 199  0.89 0.84 - 1.86 2.19



Uptake of Tops :- 3ard. Cutting (mgm/pot).

Table 1086.
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Tweatment PFe Mn Al Mg 8 £ P K
Sand Culture 3~
Complete 025 Qell 061  9.86 14.60 56.40 4.26 8.80
minus Feo Oell  0e0P  OCodl 10,22 14.92 44.52 3.61 7.71
" Mn 0.20 0.08. Oudd  B.91 13.35 44.22 4.63 9.41
" A1 019  0.07 0631 10.20 13.24 46.11 4.28 8,39
treated Mg 026  Oe1l 0,28 4,38 1444 36.94 4.80 9.39
mimas § 0.07 0.01 o.o& 110  0e26 8,76 0.892 2.02
treated S 0029 0,10 0e3  9.28  11.17 47.27 4.69 11.86
Soil 8and Mixture 3~
Complate 028 0.10 0420 9.71 18.51 45.74 4.85 9.11
sima Fe 0,07 0010  0.24  7+73 16.37 43.08 5.08 8.71
"' MR O0el3 0el0  0s17 988 17.20 46.08 5.46 9.00
"8 417 006 0e10  0.00 7484 17.283 43.83 4.98n 8.91
"F Mg 007 0.08 0.1  4.80 9u34 20.85 4.74 9.41
" S Oeld 0,03 0408 1.96 142 14.45 0016 3.0¢
treated Mg 0627 0el2 0816 5,728 1689 43.35 5.80 9.76
" 8 o.io 0,16 9.23 9.80 14.13 53.47 5.12 14.48



Table 107.

_ ggtahe of Tops s- 4th. Cuiting (m/pot).
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Tree:tmeni Fe

Mn AL Mg | P 4
Sand Culture 3

Complete  0.24 Q.08 - OeB2  16.09 * 43.24  3.71 - 11.88

‘minus Fe - 0.06 0,03  0.08 845 20.97 . 3.19 © 5.44
"M MR 0.0 002 0,03 . 9:38 38.68 512  10.49
" A1 0420 B.07 0.26 11.94 52.46 3.79 = 18.51
treated Fo 0e15 0,08 = 1.95 12.02 . 39.07  4.84 9.67
"' Mn 027 0,07 . 0,40 12.82 50.49 . 7.00. 12.86-
" AL 0,20 0.08 0.06 16.64 65.00 3.72  12.89
B8oil Sand Mixture 3«

Complete 040 - 0s18  0e47 20418 67.09 8.36  15.65

minua Fe 0.17  0s09 0427 11.71 56.94 7.40 13.88
" Mn 0e37 007 - Oedd 13.05 60.82 5.96  13.92
®R AL 0el0 - 0s09 034 1091 5089 7.09 13430

treated Fe 0028 - 0el0  0el7 14,28 60.45 7.86  14.74
" Mp 0el9 Q.11 - 0.39 13.67 67473 6452  14.52
"* Al Q.18 0,03 0937 12.99 56411  7.77 14.59



Roots uptaks 3=

3rd. Cutting (mgm/pot)

Table 108.

290

Al

g

Treatment Fe Mn s P K
Sand Culture -

Complete .

minus MZ = 2¢00 0040 . 0obf  2.00 15.85 36.20 6e56 4.34
treated Mg,a.zé 0e30 0e98 7440 22,72 52453 10417 9.08
mind S 1.06° 0s10 029 5408 © S.61 40,43 4039 3.58
treated § 1422 025 04  10.58  7.77 62058 5.86 8.05
Seil Sand Mixture 3-

minus Mg 2432 0626 0s70  3.84 912 27.48 4.95 2,09
thlated Mg 1430 Q.19 1607  5e34  10.42  41.14 607 4.49
minus 8 1.53 0426 022  4.08 4412 35,25 5448 2472
treated 8 250 0647 0s68 689 763 40084 6.0l 4013



Tables 109,

Roots uptake 3~ 4th. Cutting (m/pot)

29I

Treataent JYe

Mn Al Mg X P 4
Sand Culture 3«
Complets 3448  0.23 1448  15.40 78.86 11.47  10.88
minus Fo 2036 0023  1.29 12.87 654.06 9.27 6e69
" M 1,96 0s18  0.62  10.00 66.20  8.63 644
" AL 2.62 0,27  1s18 ' 15.96 60,58  B8.39 768
C4reatnd Fe 3.92  0.20  1.39  12.26 96.83  10.50  7.24
" MR 1.34 0,23 0.65.  14.67 7047  8.52 7454
"' Al 14857 0s27 046  13.43 129,73  8.33 g.94
Soil Sand Mixture ;-
Complete 5413  0.32  1.16 681 67.21 7.9& 9.32
minus  Fe 422 0627 074  3.54 49.38 579 914
"% Mp S.91 0,23  0.83 €.39 60.66 5.58 6e64
" A1 3-890 0e34 080 3.86 66.53 7.78 9.98
treated Fe 4,02 0¢33 103 6,01 43.50 6.22 8423
"% MR 1.86 0e28 085 4.98 57.056 6.30 761
bl AL 266 0e21 0086 4218 67.89 8.26 997



Phodphorus :~ Ir@n ratiec P/Fe ratio

Table 110.

Sand Culture

Sodl sSand Mixture

R92

Complete Mirmag Fe

Complete Mimes Pe

EOP-'S )
18£- " Cutiing

;Bnd. "e
3“. L] *n

4th. ¥ L L

ROQTS s~

.4st. Cutting
2nd, *° L4 ]
3rde " (] ]

4th, " L]

4.55 .

29
| 16.28 34425
471 886
545 14,69

Treated Fe 11.62

2.12
1.77
4036
1.34

Treated Fe 1.64

3.66
2443
€403

178

7.3  22.38
11,78  34.1
17.1 7687
20.87 42.63

28.42

3.8 6.96

21
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Table 1l1l.

Fo/Mn ratio in Tops and Roots of Grass,

sand Culturs Plamtas  Soil Sand Mixture Plants.

Minus  Mimas

cutt:lnx co-phtc Mimus ll:lms Complete
treatment e Ma treatment JFe ¥
!ﬂdPS 34
ist.Cutting 640 0.80 6.83 3.62 . O.92 3.69
gnd, ¥ 2488 1.08 9.00 3.66 1.08 2418
Srde "0 8,46  4.70 2440 2491 0,66 1433
4the "" 12,38 7.22 5433 3.23 1.77 4.86
Treated Plants 1~ Treatsd Treated Treated Treated
Fe in Fe ¥n
0.23 8.77 2+66 1.77
ROOTS 1=
1st Cutting 3.66 1.94 235
g2nd Cutting - — —-- 6.28 310 2.98
3ra - ~a e 520 5422 7e5
Ath, "¢ -— - -— 16.88 11.46 17.0
Treated Plants 13.38 &.72 12.08 17.0



CHAPTER X

General Summary and Conclusions.
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1. ANALYTICAL METHODS :~

&

Ito

The methods were developed s-
1) To avoid or eliminate the interference from Morgan's
extractant and
i1) To be suitable for field use with the minimum of
apparatus.

A colorimetrie technique for the determination of sulphates
in Morgan axtract of soils was introducede The reaction between
80lid barium chloranilate and soluble sulphate in 50% alcokolic
solution at pH 3 to 3.5 liberates the highly coloured chloranilic
acid. The purple colour is stable for at least fifteen hours.

The cations which might interefre if present in appreciable
quantities in soil extracts (by precipitating the liberated chlor-
anilic acid) are removed prior to the determination by treatment
of the soil extracts with an ion-exchange resin {(Zeo-carb 225,H-
form)

The method as suggested 1s sensitive to § ~ 80 pe.pem. sulph-
ate and in the presence of up to 100 p.p.m. of the other anions
which are usually present in soll extracts (CJ.',NO,-, HCOg', CO,' 'y
and PO,''') no interference occurred.

For field work, a lightly constructed shaker and centrifuge
were designed. A coloured standard disc was made for the purpose.
The determination of Manganese in Morgan Soil extracts using
leucomalachite green. '
The presence of very small quantities of manganese in soil solu.

tions and Morgan extracts made it necessary to adopt an exteemely
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sensitive method for these studies. A colorimetric method using
p:p' tetramethyldiaminotriphenyl methane covering the range from
| 0+03 to 0.3 pgme Mn was sought. The manganous ions are oxidised
%o permanganic acid using pétaaa:l.um periodate in acetate<acetic
buffer solution at P 3.38. Permanganic acid oxidises the leuco-
malachite green o malaehite green, the colour of which is propor-
tional to the amount of mnganose present.
The sensitivity of t.he method as well as the interference of
" Morgan's solution nade it. mcessary t0 take Oel mle of the soil
extract for' ana.l,yéis- This made the method almost free from
interferences. The colour produced is stable for two hours at a
temperature ranging from 20 - 30°C. Temperatures above 25°8
seemed to accelerate the reaction rather than interfere with the
colour.
A coloured disc was made covering the range from 9.03 to
0.3 pgme manganese for field work.

¢ (1) Thiocyanate method originally developed for determining iron
using an organic extractant was standardised for the examination
of Morgan extrect of soils. It was found tha
& Morgan's solution in reasonable proportions had no effect on

the thioeyanate complex formed.
Increasing the volume of hydrochloric acid added increased the

I

toleranceof the method to presence of phosphates.

¢ Increasing the volume of KMnO, added to a limited extent, did
not affectb the colour of the iron thiocyanate complex but in-
creaged its stability and gusranteed the complete oxidation
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of any ferrous iron present. S
g, The extraected thiocyanate complex is stable for one hour in the
shade and half an hour in the direct sunlight.
(2) The thiocyanaté method for determination of iron using & stabi-
liser. The method wa.a further modified and simplified by stabi-
| lising the t.ﬁiocyanate gomplex in situ by adding a et,hy]_.-n;ethyl
ketone/acetone mixtui-e. Again the complex formed wags stable for
one hour in 't;he shade and half an hour in the direct sunlight.
For field work, in both cases, permaneni standards were made
covering the range 2'- 29 pgme Fe {(ie€e 04 ~ 4 Despeme Fe if §
ml.of the extract were used.)
{3) Owphenanthroléne Method 3~ The test was developed for field

work by 2~ , :

i Increasing the Wolume of the reagent used, thus furnishing
a better differentiation between the different levels of

ii iron to be tested.

11 The‘ 10% hydroxylamine hydrochlorids solution could be safely
substituted for the so0lid reagent without interfefenco with
the test. The colour formed was siable for at least fifteen
hours. ~Permanent standards were made covering the range
from 10 ~ 140 pgm. Fe.

D The titan yellow method was standardised to suit analysis of
Morgan extracts of soils. It was found necessary to neutralise
the test solution before the determipation in order to obtain

accurate results.

E The test for potassium using cobaltinitrite turbidimetrically



207

was modified té suit the field work as follows 3=~

The cobaltinitrite reagent was dissolved in 2% ethylene glycol
and mixed with iso~-propyl and ethyl alcohols.
Both s0lid sodium cobaltinitrite and sodium nitrite may be pre=-
pared in the tablet form to avoid weighing chemicals in the
field. B |

The test is sensitive enough to differentiate between
10 DPepeme (Law), 26 pepeme {Medium), and 60 Pepeme K (High)
with respect to s0ile |

III STUDIES on the EFFECT of DIFFERENT MOISTURE LEVELS and AIR
DRYING of SOILS on the AVAILABILITY of KUTRIENTS as ASSESSED
by MORGANS' TECHNIQUE s~

An attempt was made to stiddy the fluctuations in the avail-
ability of iron, manganese, alumipium, magnesium, sumul,
phosphates and potassium under different soll moisture lewels in
soils varying in texture, pH and organic matter contente

The soils were incubated at 28°C at three moisture lewels

(25%, 6§0% and 75% of the corresponding moisture holding capaeity).

The fluctuations in Morgan-extractable {or available) elements

were studled by analysing three-weekly samples. At the end of

the incubation period, soils were air-dried and Morgan extracts
of the air-dried soils were analysed. The changes in extractabi-
1ity of these elements as a result of air drying were studied
and cempared with a corresponding analysis of the Morgan extracts
from the soils meintained at the same moisture level throughogt.
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The general inecrease in the iron, manganese and to a certain ex-
tent, aluminium availabilities with inereasing acidity of the
s80ll was accentuated at the higher moisture levels.

Magnesium avallability inereased progressively with rising
moisture level. Potassium also showed a steady increase in Mor-
gan-extractable values with .:lncreasing moisture level, the effect
being more marked in acid soils than in neutral or alkaline soils.

Sulphates : With a few exceptions, the Morgan-extractable sule-
phate increased with inerease of soil moisture levels An increase
in sulphates was almost always accompanied with an inerease of
the Morganwextractable elements studled, particularly aluminium
and potassiums
Phosphateg :- Generally, the Morganwextractable phosphates in-
cfeased the higher the mo:lsturé levels Mobilisation of phosphates
in acid conditions was greater than under alkaline or neutral con-
ditions probably due to solubility of iron and manganese phos-
phates undsr such acid conditions. It is probable, howeier, that
transformation of organic phosphate to the available inorganie
form is accelerated in alkaline soils considerably rich in organ~
ic matter.

BFFECT of AIR DRYING on the EXTRACTABILITY of the RUTRIENTS
STUDIED s~

{1) Iron, Manganese and Aluminium :~ The extractability of iron,
particularly of manganese and to a certain extent, aluminium,
inereased on alr drying acid soils but decreased in the case of
neutral or alkaline soils. |
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(2) Mognesium :~ Of the plant nutrients studied, magnesium showed
 the Ilea.st changes in extraetability on air drying the soil irres-
pective of its reé.ction. Alr drying the soils froﬁ; 26% and S50%
moisture holding capaeity did not resihlt in any appreeiable changs
Adr drying the soil from 75% moisture holding eapgcity caused cex-
tain fluctuations in the extractability whieh in 'np case exceeded

¥ 25% of the value the corresponding air-dried sample.
(3) Sulphateg 3= Adr drying almost always re'sultedli:m a decrease
in Morgan-extractable éu;phates. The only 'exeeption' to this gen-
eralisation was in the case of a very sandy soil ificﬁ in organic

matter

(4) Phosphates 1- Alr drying of acid soils resulted in inereased
| values for Morgan-extractable phodphates while in neutral or alke -

aline soils a negative effect was obtained.
(8) Potassium :- A similar effect to that of phosphate was obtaimd
. Adr drying acid soils increased the Morganvextractable potassium
which in the case of neutral or alkaline soils, there was always
a deerease.
It is suggeated that Morgan extracts should be made with
made with soils while fresh (field moisture) instead of air-drying

as a preliminary precaution.

STUDIES on the VISUAL SYMPTOMS of IRON, MANGANESE, MAGNESIUM
and SULPHUR DEFICIENCIES in PERENNIAL RYE GRASS and the EFFEDT

Il

OF THESE DEFICIBNCIES on its MINERAL COMPOSITIONs=
An approach to the study of the visual symptoms caused by

iron, manganese, magnesium or sulphur deficiencies in rye grass
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grown in pot culture (sand-culture and soil~sand mixture) was made
with parallel analyses of Morgan extracts, soil solution ard plant
material.

- A ¥ STUDIES om the VISUAL SYMETCUS :=

(1) Effegt of Iron deficlemgy :~ appeared at first as newly 48~
veloped chlorotic tillers. In a later sté.ge leaves acquired

an intravenal chlngos'is along the midrid whieh retained its
green colour.‘ Finally, the tops acquired' a dirty yellowishw
green eolouration. Iron deficiency resulted 'in a severe reduc-
tion 1n growth ofﬂups but affected the root gcbﬁth only slight~
'1y. | | | B

(2) Manganese deﬂgliemz'/ :- The symptoms were very similar to
those of iron dzriéiency when they made their fii-st appearence
é.s chlorotic néﬁl& broduced tillers. In a later stage, the
tops had a charaeteristic canary-yellow colour as a result of
the spreading of intravanal chlorosis. Manganese deficiency
dsereased the yield from tops aund roots but to a @ch smaller
extent than did the reat of the deficiencies studied.

'(3) Magnesium deficiency i~ The firet signs of deficiency showed
as a lighter green colour of the tops as a result of intrawvenal
chlorosis while midribs retained their greenish colour. The
plants were fragile, twisted and lodged very easily. Later, |
white spots appeéred on the leaves, almost always at the basal
portion and the upper third. These spread upwards and down- |
wards and ultimately the plants died. Both ‘tops and root
growth were severel¥ reduced as a result of magnesium defici-

ency.
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(4) sulphur deficiency s~ Tops were severely stunted in growth
andy as a result, acquireda very upright habit of growthe In a
later stage, leaves showed a characteristic chlorosis starting at
the tip and spreading towards the base of the leaf. Sulphur defi-
clency restricted the growth of the plants (tops and roots) very
severely.

On treatment with the corresponding deficient nutrient, planta
made a quick recovery in the case of édulphur and magnesium defi-
ciencies while the iron and manganese-deficient plants took a
longer time to recover, obviously due to the ease with which the
former two nutrients are translocated in plant tissues.

Iron, manganese, magnesium and sulphur deficiency symptoms were
very definitely shown in the plantas grown in sand-cultures and fed
on & nutrient solution defiéient in the respective element while
in those grown in the soil-sand mixture, only sulphur and magnes-
ium deficiency symptoms were clearly defined. In the latter how-
ever, iron and manganese contents in Morgan extracts and soil solu
tion were markedly lower than the corresponding wvalues in soils
receiving complete nutrients. The iron and manganese deficiency
symptoms were manifested only in the appearance of scattered ohlor:
otic newly-formed tillers. In this case, soil and plant analyses
were the only possible techniques for dstecting theb deficiencies
present.

B : CHANGES in MINERAL COMPOSITION ACCOMPANYING DEFICIENCIES of

IRON, MARGANESE, MAGNESIUM and SULPHUR in RYE GRASS:-
Iron deficiency resulted consistently in an increased
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uptake of phosphate by plants. The phosphorus/iron ratio was found
to be a satisfactory index of iron deficiency being higher in
chlorotic plants (even when no visual symptoms are clear) than in
plants receiving complete nutrient solution. Moreover, these
Plants showed a tendency to absorb and accumulate iron from very
dilute solutions, an observation which was not recorded in any of
the other nutrients studied.
nanganose-deficient p].antab apart from their considerably 1ow
manganese cdntent, are charaeterised by their high nitrogen per-
centage in the dry matter.
lhgnosium—doﬁ.cient i)laﬁts showed a very high potaasium, low
nitrogen and comparatively high percentage of phoaphurus and sul-
phur in the tops (dry mgt'har) « Sulphur deficient plants are cha.rao
terised by high nitrogen and comparatively high phosphato percen-
tage in the dry matfar.
C INTERRELATION between MORGAN EXTRACTAHLE, SOIL SOLUTION CONIENT
and UPTAKE of TOPS 2~
A correlation was established betwesen these three walues. It
is concluded that Morgan-extractable nutrients and soil solution
content are good indices of plant uptake. |
Rye grass 1is capable of absorbing iron from extremely dilute
solutions and accumulating it in the topse 4
The absorption of nutrients from the soil solution is affected
by the absence or inadequacy of any which leads to an unbalanced
condition which manifest itself in visual symptoms orn disturbed
mineral composition, of the plant.
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It is suggeated that in the field, such deficienecies could be
.detectedv by analysis of Morgan extracts of the soil and data
obtained are confirmed by plant analysis, due regard being paid
to the reaction of the soil particularly in the case of iron and

manganesas



1)

2)

4)

5)

6)
7)
8)
9)

10)
11)
12)
13)
14)
16)

16)
17)
18)

19)

BIBLIOGRAPHY.

DAVY, He 3 1813. Elements of Agricultural Chemistry LONDON.
. {cited by S.B.Hendricks and L.T.Alexander,
UeSe Dept. Agric., Year Book 1957,p.11).
WAY, T.T : 18560. 'JonoyoAgric-SOOo ,_1.-1._ 313 and 18562 &, 123.
{cited by E.J.Russell,soil Conditions and

Plant Grom’ 8th.Ed. 3P 700)

DAUBENY, CeGeBes 1845. Roy. Soec.(London) 4Phil.Trans. 41356 ,179.
{cited by Anderson and Noble 1937).

LIEBIG, Von J. 1872. Bodenstetik und Bodenanalysen.Zeitschr.
Landw. Ver. (cited by Anderson and Nobke 193°

DYER, Bs 1884. Jour. Chem. Soc.(London)Trans. s 118.
(cited by Anderson snd Noble 1337).

HISSINK, DeJ. 1923. Soil Sci., 15,369
Schollenberger, C.Jde 1927. Science, 65, 552.
HENDRICK, Je 1931. Agric- Prog., g, 134,

WN’F.K. and BELL,J«He 1905. UaSe mptoAQ.'ico Bureau of
Soils, Bull. 20.

BRADFIELD,R. : 1923. J. Amer. Chem. Soc., 45, 2669.
MATTSON,S. : 1926. J. Agric. Res., 33, 683.
PURVIS,E,R. and HANNA,W.J. : 1949. Soil sei., 67,
MARSDEN, AeWe 3 1940e Jo Sci. Chem. Ind., 59, €0.
CORNFIELD, A+He 3 1949. Fh.D. Thesis, Lond. Univ.
SO, T+ (2558 5% Shtens L%,

Plant Growth, 8th Bd., p. 438,
PIERRE, WeHs and PARKER,F.W. t 1927. Soil Sci., 23, 13.
RICHARDS, LeAe 2z 1941. Soil Scd., S1, 377+

DOYARENKO, AsGe 3 1924. Versuchsfeld f. Allg. Ackerbau.Landw.
Akad. Moscow, g., 1.

KAWE, A. 3 1932. Y.F.Landw, 80, (Russell,Soil Conditions and
Plant gx'owth, 8th. Ede¢ p. 439.)

98.
)itions and



20)
21)
- 22)
23)
24)
- 25)
26)

27)

28)
29)
30)
31)
32)

34)
36)
36)

- 37)

38y
39)

40)
41)

42)

SPURWAY, C.H., : Mich. Quar. Bull., 9, 64.

BRAY, R.He : 1920. Ill. Agr. Exp. Sta. Bull., 337.

Truog, E. 3 1930. Jour. Amer. Soc. Agron., 22,574.
Morgen, M.F.: 1932. Conn. Agr. Exp. Sta. Bull., 333.
SFURWAY, CeHo 3 1933 Mich. Age. Expe 5ta. Tech. Bull., 132
MORGAN,MoFe = s %935. Conn. Agr. Exp. Stas Bull., 372,e

HESTER,J+Be ¢ 1936. Mimeograph publication issued by Va.

THOMAS, 3 1836. Mimeograph publieation issued by Agrons
Depts., University of Maryland (Jan. 1936).

BRAY,ReHe t 1936 Ill.AgreExp.Sta.Mimeo.Cir.Dept.of Agron
MORGAN,MoF. @ 1941. Conn.AgreEXpeStasBul., 450, 581.
BAVER,L.Ds and BRUNER,F,He 1939, MiB8eAgreEXp.StasBul.,404,e
PEECH,M. : 1941. Ind.and Eng.Chem. Analy$. Ed. 13, 436.

HELLEGE,INC. : 1936. Soil Testers by Hellege and Truog.
Hellege, Inc., Long IBl&Ltl.d Ciw, NeYebul. ’wo

PEECH,Me : 1946. Soil Sei.Soc. Amer. Proc., 1Q, 246.
PEECH,M. and ENGLISH,L. : 1944, Soil Sci., 57, 167+

ANDERSON’ MeSe and NOELE, WeMes 2 1937+ UesSeDept. Agric.Misc.
| Pub. 259.

CONSTABLE,E.W. and MILES,I.E. 3 1941. Jour. Amr.Soo-Agron.,
33, 623.

THOEAIB’WO and MACK, We 3 1939. Penn.AgroExp.Sta.Bul-, m-

OHLROGGE yAede 3 1962 Pur.Soil and Plant Tissue Tests,Sta.
Bul.’ &0

CARLOUS, ReLe 3 1838, Virg- Truck exp.Sta.Bule ,gg_,o
NICEOL&S,D.J-D- 3 1953. Chemical Tdasue test for Dete

the Mineral Status of Plants in the Field.
Tintometer,Ltd., Salisbury, ENGLAND.

HAMERIDGE,G. 3 1941. Hunger Signs in Crops. A Symposium.
Amer.Soc. of Agron.and Rational Fert.Assoc.
Washington. DeCo



43)

44)

45)

46)
47)
48)
49)
50)
51)
52)
63)
54)

65) ’

66)
57)

&8)
59)
60)
61)

62)

63)
64)

WALLACE, T. (Sir) 3 1943. The Diagnoa:la of Mineral Deficien-
‘eles in Plants. A Colour Atlas and Guide.
------------ HeMeS¢0 LONDON. 19443 Supplement,H.M.S.0.
Londone

COOK, ReL. and MILLAR,CeEe. 3 1949. Mich.Agr.ExpeSta.Tech.Bul.
3530

BOAS, Fe : 1934« 3 Wbl. Landesbauernsch Bayern, 124, 1078.

. CAMP, A.Fo s 1946 3 80il Scl., 6Q, 157 and 163,

BARSHAD, I. 3 1948. Soil Sci., 66, 187.
HARMER, PoMe 3 1946 3 Proc.Soil Sel. Soc. Amer., 10, 284.
HEWITT, EeJe s 1948 Nature, 161, 489,

PIPER, CeSe 3 1950. Soil and Flant Andl ysis. Uninersity of
Adelaide, Australiae

BRAY, R.H. 3 1948. Soil Sci., 66, 83.

PARKER, FeWe 3 1921. Soil Sel., 12, 209.

WALKLEY, A. and ELACK,T.A. 1924. Soil Sele, 37, 29.
TOBIA, SeKe 3 1950. PheD. Thesis Lond. Unive

JARREIT, HeQe 3 1260. The Scdentific Tournal of the Royal
College of sclence, 27, 41.

YUEN, SeHe and POLLARD,A«Ge 3 JeSci. Food,Agric, ’
CORNFIELD’ A.H. and W, AcGe 3 195001J gg%OFOOd Agx‘ic.,

YUEN, SeHe S.Dd POLLARD, AeGe 3 1954. JeScieFood Agric.,s,sﬂo

PEECH,M. and ENGLISH,L. 3 1944, Soil Sci., 57, |

YUEN, SeHe = 1958. Analyst,83, {987), 350,

BUTTERS, Be and CHENERY,E.N. 1959. The Analys$, g_%é (997),

CHESNIN, L.and Yien, C'H' ¢ 1950. Soil Sc:l.Soo.Amz;.Proc.;_ﬁ,
149,

LITTLE, ReCe 3 1953. Je Seis Pood Agric., 4, 336.

HESSE, PeRe 1 1057. Analyst, 82, 710.



€5)
66)
67)
68)
69)
70)
71)
72)
73)
74)
76)

76)
77)
78)
79)
80)
‘81)Y

82)

83)

84
|
!

MARSDEN, AeWe and POLLARD, AeGe 3 1937+ Je Scie Chems. Inds
§_§.’ 464.

LAMEERT, JoLe and YASUDA, SeK. and GROTHEER, MePs @ 1985,
' Analyt. Cheme, 27, 800

BERTOLACINI, ReJe and BARNEY, JeEe 3 1957. Analyt. Chems,
ga’, 281.

TYNER, E.We 3 1948. Analyt. alem., 20, 76

Permutit ion exchange booklet No. 6: Properties and inatruc~

tions for using Zeocarb 2256 and De acidite FoFe Permutit,Co.,
Gunnersbury, London, Wede

WATERBERG@, GeRe and BRICKER, C+.E. 3 1957.Analyt.Chems 29.

SUITO, E. and TAKIYAMA, K. ¢t 1966 Bull.Chem.Soc. Tapan,
. _2_§, 305.

TILLMAN, Jeand MILDNER, HeJe 3 Gasbel, 57, 4961, 5238544.
(Chem. Abstr., 1942, 38, 3450.)

MELIAN, I« 2 1941 s Organic Reagents in Inorganic Analysis.
The Blakiston Co., Fhiladelphia, &4 452.

WENGER, P+ DUCKERT, R. and BUSSET, MeLs 3 194le Helv. Chim,
Acta’ 3 1143;(ChemoA stro1942,36,3450)

VOGEL, A«Je 3 1948. A Textbook of Qualitative Analysis,
3rd. BEd., Longmans Green Co., Ltd., LONDON.

HAFRY, ReGe 8 1931+ JeSoces Chem. Ind., 50, 796.

HARRY, ReGs 3 1931. J.Soc. Chem. Ind., 50, 434

NICHOLAS, DeJeDs s 1946+ Nature, 157, €96e

YUEN, SeHe. s 1958, Analyst, 83, 1987).

CORNFIELD, A.He and POLLARD, A«Gs 3 1950, JeSci.Food Agrice,

1, 107»
SCHWARZ, G., FISHER and HAGEUANE, By : 1943. Deutach.
8Me

Molkerels zeitg.e4, 143. Abs, 1944,38,4708)
GATES, E.Ms §llis, G.H. 3 1947. J. Biol.Chem.,168, 56537,
SANDELL, EeBs t 1938. Ind.Eng.Chem.,Analyt.Eds,10, 667+
SWATN, C.Ge and HEDEERS, Kv 1 1950. Jusner.Chom. Sog. 72,




86) BERZELIUS, J. 31826. Lehrbuch der Chemie, yol. 11, 771,
{Quoted by Baily, 1957) .

86) OSSAIN. P 1 1837. Fharm. Zeht r,13, 205. (Quoted by Bauy,
’

87) STOKES, H.N. and CAIN, J.R- L 1907- J.Amer-Chem.Soc-, 20,409,

88) PETERS, C.As and mus'mas MM, and FRENCH, CoLes t 1939,
Ind. Eng eme AnRlyte Bde., 11 &02.

80) BAILY, P. 3 1957. Analyt. Chem., 29, 1534.
90) BERNARD, A. and DREK'ER, I.Je 3 1932, Science,?__, 517.
91) HENDERSTROM, A. and KcmAu, Be s 1932. 2 Anal.Chemogz,, 17.

92) FIEKGEL, Fe 3 1958. Spot Tests in Inorganie Analysis.5th.Ed.,
| ’ ~ " Elsevier Publishing Co., LONDON’

93) LISTER, MsW. and RIVIRGTON, DeE. 3 19856.Canadisn J.of Chem.,
' _a, 1672.

94) MM, GeHe HA.MMETT’ L.?e and CHAHBAN, RePs 3 1931. J.Amer.
Chﬁllhsoc-, ﬁa’ 3%8.

95) SAYWELL, LeGe and CUNNINGHAM, BeBs 3 1937+ Ind.Eng.Chem.Analy
Edo’ g’ 670

96) HUMMEL, F.Ge and WILLARD, HeHe 2 1938. Ind.Ean Chelgml.m.,
b ) *

97) FORIUNE, W.B. and MELLON, M.Ge. 3 1938. Ind.Eng. chgn.Anal.m.,
10, 60e

98) WBISSELLBERG, Ke s 1930. Dissertation, Vienna,
> ™" (Quoted by S.K.Tobla,1950).

99) KOLEI!IOFF, T.Me : 1927. Blochem Z. ’ 344.
(Quoted by S«KeTob 8,1950)-

100) GILIM, s 1941. Ind.Eng. Chem.Anal.Ed., u, 499,

101) HIRSCHFELDER, 4.De and SERLES, EeRe : 1934. J. Bio. Chem.,
104, 635

102) BECKA, 3 1931.° Biochem, Ze 232, 188,
103) PEBCH’ Me z 1939, Soil Seci. ,Soc- Amsr. PI‘OC., ﬁ, 189

104) MIKKKISON, DeSe, TOTH, S.Je and PRINCE, A.Les 3 1948, Soil
Sci-, _ﬁ, 3850




106)

106)
107)

108)

109)
110)
111)
112)
113)

114)

MIKKELSON, DeS. and Toth, S¢de 3 1947. &.AmEr«.S0C. ALron.,
29,166,

ADIE, ReH. and WOOD, TeBe 3 1500. JeChem.S0cCey 77, 1076.
WLK, Nede 3 1941. JeAmer So6. Agron.,33, 684e

BROWN, D.Se ROBINSON, ReRs and EROWNING, GeMs s 1938. Ind.
Eng. Chem., Anal Ede, 10, 652.

TIRSELY, J. 3 1949. The Analyst, 74, (876), 167.

KRAMER, B. 2.1920. Jo Biol. Chem., 41, 263.

AMES, J.We 3 1921, Ohio Agr. Exp.Sta. Bul.,351,.

MEHRING, and LUNDSTROM : 1938. Amer.Fert., Tan. 22nd.

WAKSMAN, SeAe 3 1927. Principles of Microbiology, 18t.Bd.,
Bailldere, Tindall amd Fox,Londox.xa.

DENISON, 3 %929. U.S.Dept Agr.Tech.Bulle,128.

115)ARCHIBALD Je+Ge NELSON,P.R. and BENNETT,Es 3 1932. JeAgric. Res

116)

117)
118)

119)
120)
121)

122)
123)
124)
125)

45, 627.
mNIEL’ H'As. and m’ H.Jl 3 1937. JQAMI'.SOCQA@&, a’
L 4

METWALLY, SeYs and POLLARD, AeBe JeSci.Food Agrie., 11, 632.

KILMER, VeJe BENNETT, OsLe and GTAHLY, V.Fe and TIMMONS,D.Re
1960. Agron. Jour., §2, (5).

SHERMAN, GeDe and HARMER, P.Me 3 1943, Soil Sci.Soc.Amer.
P'oc., z, 398.

FUGIMOTO, CeKe and SHERMAN, G.De 3 1945. Soil Scie.Soc.imer.
Proc-, lg, 10?0 ]

BLACK, Cele 3 1957. Soil Plant Relationship. 1st. Ed., John
Wlley and Sons, INC. New Yorf:.

ATTOE, OeJe 3 1946 : Soil Seci. Soc. Amer Proce., 1i, 146.
BROYER et al. : 1954. Planit Physiol. , 29, 526.

0ZANE, P.Ge : 1958. Nature, London, 182, 1172. ‘
HARMER, P.Ms and EENNE, E«J. 3 1946. Soil Sei.,60, 137+ J

126)Brownelly P.F. and WOOD, J.G. 3 1957. Nature, London,179, 635e



127)
128)
129)

130)

131)

132)

133)
134)
135)
136)
137)

- 13§)

139)

NICHOLAS, DeJeDe : 1857, Je. Sci. Food Agric., 8, 15.

1957. Ann. Bot. London, N.S., 21, 687,
KBSSLER, B» 3 1957. Rature, London, 179, 1015.

De KOCK, P.0. and MORRISCN, R.I. 3 1956. Biochem. J., 63, 13.
‘ : 1958. Biochem. J., 20, 266.
SOMMERS, IsI. and SHIVE, J.W. : 1942: Plant Physiols, ;1,58é.
ALEERT, WoBe t 1931+ S.Co Agr.EXp. Sta. Ann. Repe,44, 46.

- WALSH? T» s 1945. Nature, London, 155, 429,

WALKER, ToW. : 1955. Soils and Fertilisers, 18, 185.
WHITE, JoGe 3 1859. NeZe JeAgric Res. , 2, (2)e

HEWITT, EeJe $ 1952+ Sand and Water Culture Methods used in
the study of Plant Nutrition. Technical
Communication No. 22 of the Commonwealth
Bureau of Horticulture and FPlantation
Crops. Easr Malling, Maidstone, Kent.

BLACK, Cehs 3 1957. Soil Plant Redationships, ist.Bdition.
John VWiley and Sons, INC. New York.

LUCI\-S? ReE. and SGARSE éaG «De 3 1247+ J+ Amer Soc. Agrono,

140JEATON , SeYasd, Bote Gaz., 104, 306e



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297
	Page 298
	Page 299
	Page 300
	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308
	Page 309
	Page 310
	Page 311
	Page 312
	Page 313
	Page 314
	Page 315
	Page 316
	Page 317
	Page 318
	Page 319
	Page 320
	Page 321
	Page 322
	Page 323
	Page 324
	Page 325
	Page 326
	Page 327
	Page 328
	Page 329
	Page 330
	Page 331
	Page 332
	Page 333
	Page 334
	Page 335
	Page 336
	Page 337
	Page 338
	Page 339
	Page 340
	Page 341
	Page 342
	Page 343
	Page 344
	Page 345
	Page 346
	Page 347
	Page 348
	Page 349
	Page 350
	Page 351
	Page 352
	Page 353
	Page 354
	Page 355
	Page 356
	Page 357
	Page 358
	Page 359
	Page 360
	Page 361
	Page 362
	Page 363
	Page 364
	Page 365
	Page 366
	Page 367
	Page 368
	Page 369
	Page 370
	Page 371
	Page 372
	Page 373
	Page 374
	Page 375
	Page 376
	Page 377
	Page 378
	Page 379
	Page 380
	Page 381
	Page 382
	Page 383
	Page 384
	Page 385

