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ABSTRACT.  

(I) A number of colorimetrie methods suitable for field as well 
as laboratory use were developed and adapted for the =alp-
ale of Morgan *strut of soils. 

A small lightly-sonstructed shaker and centrifuge were 
designed to suit field work. 

(2) The effect of different moisture levels of soils on the ex-
tractability of dift.rent plant nutrients by Morgan's rom 

t was studied. live different soils varying in Mt or-
genie matter sontent and texture were indubated (WC) at 
three different moisture levels (25%, 60% and 75% of mil- 
twee holding capacity.) Iron, imurgenese, aluminium, 
assign, sulphates, pbosPhates and potassium wue determined 
and the flustuations is their extractability with time were 
tad. 

(3) Perennial rye grass was gum in said 'calked camp  and also 
in soil diluted with sand to study the mineral defloionact 
allaPtome in relation to levels of nutrient supply and to the 
efficiency of the methods of analysis developed. Wry clear 
visual denote/my symptoms of iron, manganese, magnesium sad 
sulphim wee obtained boon the sand sultans and oonfirasd 
by reoovery tests in the plants. 	In the soil sand mistime, 
however, doificieney symptoms were observed only in the case 

of magneeium and sulphur While chemical analysts ( of soil 



solution obtained by laboratory lysimiters and Morgan =tracts) 
showed clearly the lower levels of these elements in the un-
treated 

Iron, mazganese, aluminium, magnesium sulphat•es,phonhateS 
potassium and nitrogen were studied and defielenoy le eels are 
compared with the existing data. Also the effect of iron, 
manganese, magnesium and. sulphur deficiency on the mineral 
composition of the grass is reported. 
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Chapter  

INTRODUCTION M HISTORICAL RIVINN 
ON.INCT of =MR= 

The use of chemical analysis to assess soil fertility 
dates back to the nineteenth century. 	Davy(i), was one of 
the earliest scientists to call attention to soil analysis 
when be wrote "If land ba unproductive and a system of amelio-
rating is to be attempted, the sure method of obtaining the 
object is to determine the cause of its sterility. Which most 
necessarily depend upon some *afoot in the constitution of the 
soil which nay be easily discovered by ahemioal analysis'. 

Zarly workers, having established the fact that pleats 
obtain an important portion of their food tram soils, made eff-
orts to evaluate soil fertility on the basis of total nutrient 
content. Despite the fast that poor correlation was obtained 
between the data of such analysis and crop response to fertili-
sers in the field, these analyses have served many useful par-
poses in the developont of soil science. 

The discovery of the PronsiPle of base exchange by Syr 
(2), narks the beginning of the modern era of soil oliemica3. ana- 

lysis. 	Sines then, in the search for the so-called *avails- 
hie" or seichahgeable* state of nutrients, cheatsis turned their .•.. 	,• 	••  
efforts to dsvolcping methods of extraction and determination • • • . 	.. 	• 	. , 	,.„ • . 	. 	. 	. 	„ 	. 	• • " 	, • .. 
of such portions of nutrients in soils which could met the 



2. 

inamdiate requirement, of the wowing plants. There in 
deuce that Daubeny(3), suggest ad the terns osietive* and dormant* 
to differentiate between the easily and difficultly soluble con-
stituents in soils and proposed the use of carbonic said to dis-
tinguish between the tiro:  categories. 

obvious trom, U* literature that phosphorus,..pot-
assiial,and. nitrogen• attracted the .attention of workers . aore than 
the other nutrients., : 	,investigated the availability 
of phosphorus aid potassium : sin Rothansted soils  using . dilute 
hydrochloric, nitric, ,and ace $o acids for extraction. Zwer"5), 
suggested: the use of 4gliiisci acid for phosphate txtraotion ; his 
choice earn as a result of an examination of a wide !variety of 
root saps of plertass 	Se reported that soils with lees.. than 
0.01% soluble PsOe  probably need phosphate fertilisation. 

TM use of neutral salts such as ammonium chloride46),. 
and assonian aostate47)  for leaching of the available bens Ia 
soils beams eosinon at the beginning of the present century. 
StrossEg mineral acids ban been used by several workers")) tar  
the purpose but the , nain objection to these is that they virtu-
ally bring into solution more nutrients than can be regarded as 
available. Other cOurentional methods of soil analysis include 
electrodiallysial  water extraction and soil solution studies. 
nectrodialysis woe:  used as ,early as 1905 to investigate the rats 
of solution of phosphate frees soil(9). 	This *amnia* .was used 
by many workers"°).  specially in studies of :phosphorus as* potass- 

ium' but the real hilDetus was rot rushed until 1996 when liattaoltn) 
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introduced the 3-chambered cell. 	Purvis and Halina62)used 'a 
#4 ., 

Marsden ceirgw.' with smaller' dimensions and replaced water with 
0.05 If boric acid solution thus increased the rate of release of 
buss so that, sicctrodialysis was accomplished within twenty Mint= 
*tea. 	Cointiii(14) ; wo rkig with soils !roan'  long tsz

•  
rill trials concluded that eleetrodialysis is a reliable milled 

r S.1,16sOtiug.910141. 14 plant riStriSnts #`.on 110144!:** compared 
049tr,!lisliSig 4* !la 	ahhesi cal iorap,• 	(Truogloitrie 
loran) and : feMaid 	correlation betweian the methods. 

'Worker. d!rise4 numerous tatehi4ques to correlate nutrients 
es mated with IMF*  rater, with VI* grrith,: Of galkti,f 8ohloesing 
(1-10 '; seersto be the first,Whe conducted such 1.111111' 

Be used fresh sell lad poured os it water coloured with carmine;  
PeLliet4d the •0111.24and analysed it for several nutrients and 
organic matter. 	Pierre and Parker(lai g suggested the use of 
co 	a bap, for diffusion of r  vator-s el,b.1.• constituents from 
the foil. Other techniques involve the extrastion of the soil 
solution either under pressure(  17) 	dispersion of 5°11  solution 
in a large volume of inert ilquidlaraffiaP8)  or laysol"9)  or 
ethyl alcohol. 

The main difficulty in analysing the soil solution is 
the groat dilution of nutrients existing 1s it;  this requiring 
very sens4ivesnalyticaltechniques. 

In centrist to the long co*ventionel methods of soil 

analysis;  the &mole ;sent , of, rapid techniques to assess the soil 

fertility and to help in fertiliser recommendation found its place 



is ,agriculturel 641.4111011 sane thirty *ears ago. 	The main. object 
of smelt tachniques is to examine a large number of soils In the 
shortest possible time and at minimum expense. 	GraVietieie 
and voltimstrie procedures for soil analysis are net sensitive 
exec 	for the determination of &ugh slants ' quantities as are • 0031- 

. 	, 	.  
earned. 	Often the' experimental error is considerable sad isigni- 
0-cant 'Offbriness.  between. fertile and infertile . soils are not 
elearly 	0!): the  other :handi the use of solairimetria aaetir: 
ads and in Ortein oasis. the turisidimetko techniques 'in analysis 
of still extracts dO 'regal such significant different,  'es, 	a* 
"rapi4" or 7giii341 .415".87 fiepb, existent's to ti4 inteUigen.t 
devioeof spot testa an suitable extractents . ' L It it I  is the 
interest of the tarsier a* the east important task of the 
turai chemist to detarmisie the nutritional mud of a crop in the 
field, to obtain them highest poeasible, yield with the least expensei 
Three aspects should be exaainod. 

(1) 	The problem, is to  be di used. 
(p The degree of deficiency is to ,be determined and, 
() the properanount of fertiliser is assessed to, give 

the desiret-Yield. 
The diagnosis of the -1rfbles!- • liken all other factors of plant 
growth 

 
area 	 twro ato" proceduree are followed to help in 

making acorrect diagmbeis 'im the field 1-• ,••,, 	• 	,,.• 	.• 	• 	• 
7 	I. 

1st s henical'aisalysis of soil by rapid.methods• 
2nd s Use' of 'plants as means of soil examination(defi- 

ciency symptoms it existing. 
04. 



• Chemleal, avalysis of soil: in the. field depends.  largely 
on sampling, types of oxtractanta and. -analytical, methods teed*. 
Bawling seems .to be a rather challenging problem but ivitkiimse 
sawn sense:eat can obtain,  a representative: ample.; 

Differurt.:extractants - were,- used for the: purpose. Astons, 
v.*, early nem tests ,  were these • for •phosphorus 	,the 'United, 
States. 	sparway(Ff),-, tested the water.soluble •aral'diluie nitric 
acid-solublephoaphorus• in the soll.by. testing a drop.'of the soil.. 
extract with a'•solution, of,m:ammenium molynate in nitric said* , 
luting • a tin .pancil to develop •the eolour*:. , gro$04) 7 ,Introicood 
a• 'similar technique. bet lac tested the 'phosphorus • in the prillitikee 

of• soil. 	TruogF,),: extracted the soil with dilute ;eulphuric 
acid rand de veloped.the sole  ur with :stannous ohloride. :aud:ammeniun 
molybdate. 	in 'sulphuric mild*, • Morgan(23)  published a 
bulletin in which he included a grate" of soil mattnation for 

01.• PheePhornat nitrogen (.ammonia  and nitrate), aluminiumacalcium 
and sulphur* Ms. used different eitractants for the different 
constituents, anit i  by: means of Coloured charts estimated .wariets 
extraotable oonstituenta. with the exception of potassium* :He 
devised the *Horgan 'eon. test block' for leaching the soil. 

(214) gperway 	a  used ,a very dilute solution of acetic , 'acid' 
(0402m) approximately one put of soil to six parts sr. distilled 
water (acidified with Bootie acid) for exinsactiona ' shaking for 
one minute  and filtration, jiitrate-nitrogen, phOsphorust;.potassimal 
calcium, carbonate, , pH, .1ammonia..aitrogen, nitrite;. 	iron, 

aluminium, mangaliesol.  sulphate chleridoi ,  sodium were examined 



6. 

•selorimetricelly, and twahe used coloured chests ,tor his doter- 

• ; Sutd.ons. ; • • 	., 
• • 	' 	• *oiostan125, .) ixtrothiced 	of ,tkse,. most wideljr used eni* 

tractants for diegnos,tio, and adVisory.ivork.,  ; Thi.e is a aixturs 
• ,, 

 
of, acetic •alid awd,-,sodium.•acetate• higsly• battered 

, It. is • prepared , by discolring,,iop gma. of ,sodiam. acetate trihydrate 
• • in,  a :Litre of ; 	',water centaining, 30 713.4 of, Slafgal, acetic 
acid. , The, noe importantEtharaettristiopi of ,,this • syntem is 

, • , that it, is . lastly lrafred, , hei an, unehspged •solvent sotien 
•• • ;, 	•extreatimg, aid. Ztraeta, are, 'saitable for, ,colerinstric.. 

And ,turbidimetrie • technique. 	extracts •queatitiee ,.of available 
; • , nutrients, Which are ,within,the •sonsitivity range of the analytiesi 
• **Ueda in fores,,, and , tbe, amounts. -of imtrfenta extracted are cor-. 
related with response et different craps, over awids range of 
soils and its resistance,  to biologioa1,4110000altion at least for 
a time long enough .to ,carry, out .the required teats, 

;Per extraction, Morgan suggestiedifti:teaspoon of soil (Appro 
ximately i gas.) is placed ,in a funnel rigig  1.0 1131. of the extract-
ing reagent to percolate .through it oistening rithltater will 

•• be necessary if. the, soil :is not readily. wetted by Ille.,extractiutt. 
• . • This is more ,or less one of. the ,;omplete, systems for soil OX111141111,0 

tion as it. includes .all the nutrients, moat of the harmful oonstit-
vents of the soil, 01v :emanate matter, and ,line requirement. 

Since then, sever4 rarkera have,‘,4odified and-nandaimrseals 

or_Slattlerrones,.to 'determine eurre than one constituent in a 

single extract sop. Rester(26)  used the same analytical toobniques 
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as Morgan but employed an extracting solution with a total acetic 
acid concentration of MI buffered with sodium acetate at pi 1. 
ThousMI), used the Morgan system but made may miner variations. 

Another technique used for rapid tests was applied by inky 
(28) , using a neutral salt solution of 26% sodium, perthlorate but 
Norgan(29)  I  believed that extraction with neutral salt solution 
fails to bring out into solution measurable amounts of available 
khoskberes, aluminium and iron. 

laver and Bruner(), used 0.31 11C1 for extraction and 
the ratio of soil to extraotant la. 

It is clear from the foregoing that a variety of extract-
ing agents have been used for rapid testa. Those mould be 
classified into 4 main groups se. 

lg. Very dilute acid whose action is similar to water e.g. 
the 2Paren1 type (0.0281 acetic acid. 

2 	The fairly concentrated neutral salt solution. type used 
by Brs$01) and Peech(31). 

I- The strong mineral acid solution which is sometimes buf-
fered at a certain 1111 e.g. used by Truog(a7),(32), Bray")  
Sperwaw(94)  Awing 0.1361 ICI), Raver and Brine")tusing 
0.31 NCI while lilles(33)  used a buffered perahlorio acid 
extraotant. 

4- The weakly ionised organic acid buffered with its godly* 
Salt or Norgan(28)  type used by Hester(26), Peeoh(31)and 

. 	, Nov OTA11141, 

Pesch(4)  reported that these different systems say be so 

. 	 ,1 
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ralated that : a r factor, nay be. .-eskployed convert inluas obtained 
;ran one,..yetea:_ta east rrs: 

,;; • Many. liverkers(36  ..?.inproved and, 0,44'04.4 the rapid;  !dere* 
ohasiosl tests.  ,te, attain the,.hignest,.possible ae ear/v-1041e 

r*P.41•:•t116W.Rose. 14.t4,11 
tito4 :14116!ri0027..alithod0,• , 	 (0444  attar"` 

tet, .14 	•:11•:* 4.0; 0!)?.e,i4f ,  :reagste, 04' ,:Celeriasetrio ,analvrais • f 

and the, need.fm.!oaretul,Inakeinationm of interferences. Anderson :.•!.,,,.,• 
8$ and MU, , „ *Se. ,a„eoltisibatiVe , at 	0211,411T different. *oils .•. 	" 	, 	 • 	• 

dipkre4:eystans ,:of..qaiek-tests and. reported that so. 
(a) Resnit.e; bylswo observers .,with :the sane net. ,on a.particular. !.. 

641!rire ;44. cairi$:.P94...04rei•inio2t• , 
(b) These tests,. are 	valuable, aid for diagnostic purposes if 
interprete8 by:well,trained.  ao*Lononiete rho : are. Dudley:  with,the 
lard. 

, 	• 	,. 	• 	, 
1ith"the4ieVelerieesit tair the rapid tists,'iiature13,y.  there 

was deVeiopioni of 'aivernies to lest the speed, and accuracy eff 
regtilred- fer 'such marts. 	'thk field= seiner l tlitifl kite .. 
have beeiiisaigned'isir exesdninir tbfi 'aithrint: soil nutrielitioi l,  
asking `Wei 	itoletirii 'akar* or of pernanSni discs ' or 
son. 

• - 	. 	• • • 

;Conitehla and 	(37,Y sad., sevexia improvements . in the 
working, techniques:  Fieh:.ee,pipetting,• ertraeting, filter? to 
increase . the siTioienoy of the laboratory prediction. 



in the : field furnish .another imam fOr 
tint the supprirng power of soils under natural conditions 

and thus .t1,460" she  Melt 0* the ,elleile1434tY,(4. 3etorielttes 
CriParatir !t-07(38, ).t. and  ,ealaYeas of  helathl abl.",abnornal" 
or ,ivalisalthe sel*Plee00en 3,aada to correct diegosett,Pelit4011,°. 
1.114Y, if e$P1•41111th 11.epii. test. 	 • 

D#Orfat. erica* of  P3A0e ere ealiPlati for ,mil,ysis far 
.41Attereit autrieat! eleaeldiPR)  e.g. nitrogen, test Mein la, 
wnieur ands en. the "an stint or leaf eidrib, .161.11. in wheat, 
oat!, barley and rye :the asitp.• stew is used. Phosphene in suds* 
is, doteada04,031-10af*4111411  near tar ears 16116 	grigainSe 
leaf thane, near ,the .oentre ,of the plant. 

Carlons(40), suggests asking the tiacm6I on the sap obtain-
ed from plant amass ,aollected after, nut...ration, extraction 
with If acetic said and deoolourisation with charcoal* 

Itioholas(41), mandated plant tissue in the field by ea". 
traction with Morgan/ s riagent and application of oolorlantric 
sad turbidinetric teohniques asking use of a LOvibend Comparator. 
Hi alai strain. the Ompitrative litibir of plants in suspected 
fields as this facilitates v the diagnosis of deficient or toxic 
cases in situ. Ili Long Ashton Field tit he &Deigned, caftanins 
a hydroseter balance for weighing in the field. 

Conparative studies in the field are of great value ,for 
diagnosis, eves. it the shortage of en element is not never* enough 
to cause visual symptom/ 	in mute eases however, when nutri- 

ants are critically low, plants nay be stunted in growtk,show 
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aligns of sicbleis on leaves, stems • fruit sad - disintegration , 	. 	 . 
of various parts Of the plants.. 	Theet "SyMptons Of nutrient 
difieientiles furnish, the quiakest and cheapest methodiof Idiagno. 
ass 	 (2) /(43) ana (44!, guities 
and publioations with -coloui4d plates are :airailaile. 'help 
identification of these adapt ems in the field., a  

However, oorreet diem' isele requires 'geed' powars'..of coheir. 
vation end very caref*l itscriminition. 	leinriaat 

• . 	 • 	 • 

but not easy to exclude :ether possible' Conseil of Pooai'growtic or sis 
symptems that look 	 as r+os 	if other 
*posies as for exaspla 	test, heavy reins  drought; *Ver. 
lining, insect &siege *end viros diteeeeli. 	Telleie(")  ,eleasi-
!Lea the nature of isisikai defielenciei into two' celagerias t  the 
simple type in which symptoms are clear end; decisive is Contrast 
to the complicated 44pe Which:de not afford 003301111Sin evidence. 
Se claseified Certain plants under tie 'Wait of ziligitajsmiza, 
which 04 sensitiire to aural deficieneietArgive Wiry *Oleer sane 
decisive symptoms and eUggisiid making use of then' in the field 
under investigation Oise of contusion. 	The litirsturs on 
effect" of interfering:festers in Mineral dekloieneY siiptonS 
is tremendous and can be 'illustrated ' by' on.lx a 	ommiplos. 
Doask4°), claimed that 1. a $ Xs, of liorit,siisatars removed 
all drought sigis from ...field ran red clover despite ,eight 
weeks of oontiavions heat. 	Camp("), fetind that , the 
ty of sumo 'Varies ,ieith the. pi,: jbeime levier as the. pa rises, 'the 
critical petit being between '5.5 and 



*arahad(47) , iSotiOed varittion . 311 stol,ybde  mum contebt 
is 14110114 Plants.at different ossaienss :.13i different localities• 

,Smstriesitt,in Soils tPartiasilarly 
**Isiah ittiOanalatia isflpring4iiiiei his been :examined by sever- 

al' workira•- 	 states ti ot it 'le Pinioilile that 
plant reopens.. t eippei : sira . :gristter in hot 'drY 'siorsors than 
inn • cool *slit 	.' 1titt("49)', 	that iron defiel- 
e'nei don be isidaitii is a crop growing on a soil . oOiXialsing too 
high a 'conisintratittis of metallic 'ions, 44. cobalt; 'sop peroduses. 
'rates, sings; Sessigiaiie and lead San all Celia, plaate to show amp« 

ef 	 thole of .0e  stifle toxicity of 
Andividiai 	 :pisinited oat ,thai eel worm, 
wire worie as eft Vertu: i rre riots sad stems iesuiting in the 

apPetriknoe of yel3.ow, real' purple tinting similar to nitrogen, 
phoisithirio 'and potisiima difleiencies. 	He foind also that 
solo rites disa'asit prodiee leaf pattern Bich 	' easily be sos . 
fused 	 e.g. virus yellow of sagar beet 
;which IS similar', 	 deficilency. 

Inte►rprete►ti~en,of data from soil and, plant . chemical. analysis s 
This is the most 	eperation. ,in the 'whole system 

of soil examination,requiring wide experience, good. ,acquaintance 
. 	, 

with ,the soils ,end,, 	Awsical , and ,chemiCal:properties• 
Iforgan,,  (16) $ :comments in tea conneetion,,,Sound judip4  nt througn 

alPfzieide ,,r423#11eand 3120ch..0xPSridinae , :in, the applieation of 
tests on soils of known performance are essential to the 

; 	• 

• • 	• 
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dl igaoltie interpretation sail tests in: Urns_ of . ceil:nitnege- 
seat straajtiassii. * 	,He .adds that .the .practical 	_the 
tests 'is limited chiefly .by , the,.qUalifications of 'the person Irk° 
is respensib3.11': for traXislaiing: the data into: :EnclintO 	.iF414s 
of fertilisers, sanaresi lines and other soil,*in‘nts ,that 
are most likely tai be effeetive In pre:not 	profitable., yciodus- 
tint. • 

Plant tissue 'tests. on the other haid, :require'.a :sound 
understanding to ,  the fUnctions of 'tbs. element, tested)  .the. forces 
In Which it ,  exist• in'plant tissues and its assilailiition. :The, 
plant tissue teats 'are valuaile in indicating the plant nutrient 
which Ls 	tig the growth. 

' 'It is very clear that soil and plant 'Itiuick,.tests are oxily 
indicative aid diagnostic and 'far from being .quantitative• ?Ito 
pairal'rule could be .laid down for isterpretating the datat of 
such tests in terns of ,  fertiliser requirenen.t• • A. knewledge. 
of the physical and.dhenical conditions of the examined, soil e•g• 
texture, compactness, perneability, aeration, temperature, water 
supply, pa, lino requirements, +propping history, organio natter 
coatsat will Ilse be flooded. 

She prises" step b.oweve r, is the sstablisb*ent of 'tech- 
niques for the 	testing Of the soil or plante r  Which can 
be standardised to agreed' levels 'of accuracy and are net liable` 
to Intarferelinder the wide ranger  of Conditions 'in Which the 
tests say be expecti4 to be sada both in the field anti in the 
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laboratory. 	Nffective diagnosis and the assessment of the 
remedial measures then beoomee a matter of coupling data so ob. 
tamed with local knowledge of soil types, ()conditions eta. 

The analytioal methods souiht in the course of this work, 
(Chapters Za, !, I and 32, NV were developed to deal with 
Morgan extracts of soil. Morgan's attractant was chosen for 
the present studies partially because of its very general adap- 
tation in many countries thus facilitating comparative **ay and 
partly because among the extraatearts used for the purpose it 
permits exemination of a particularly wide swage of nutrients 
in one sing is extract. 	It is extremely difficult if not Jaw 
possible to find an extraotant suitable for all soils or all ele- 
ments. 	Piper(0), remarked in this connection ' it is impro-
bable that any simple fora of analysis can simulate the oonditions 
existing in the soil 'throughout the period of actual pleat 
growth and se give a reliable measure aim availability under all 
conditions)... 

lowever, the successful WI* of a chsed.al test impends 
mainly en the careful calibration of the results of the test 
with rayons*a of different crops to application of fertilisers 
on different soils. 	Dray(51) , on the other hand, describes 
the requirements for a successful soil test more optimistically 
and specifically. 	Be points out three definite principles 
for such a test 
Os) 	The extracting *elation and the procedure used should 



extract the total amount (or a proportional part) of the avail-
au rail or fermi of a aitirteiti"troil LAU' ham iariabla 
ProPerttisi  • 

(2) Teemortukt;  of nutrient in :the extraet should be measured 
with rtuaonahlo uesuraoy and speed. 

) 'rho amounti extraetedahoilti 	'Oorrelatod 'with' the growth 
crop to thit'nwtrient i tr various 

eAllesasfel. use of, Morgsn',41..pr000doro for..diagnipotic 
and:advlsory work is, new reported,41roakimay.00untriell?  

'It is thought taut. oaika 	the, main factors, , '030,4401st 
to, sem fallures..in eitabliaking a eorrolation botweeiksoil !hail,. 
eel analysis .sad crep',respenao, iaat the *law is ice, inoxitiax447 
and inaeouregy of aerie fl..the..sheaissi ,Sisthods •11.P144$1. Park* Su- 
larly„ in the ao..eallod 'quick',_ tom$010 	 methods:  
deWoloped,amd auditalad in the course of this investigation are 
mainly oolorimetrie, and intended for use in rapid ,teate!, of orna4a 
iaa the tie*, ,aa wrli as in the laboratory. . .Prooadairos and 
apparatu ; roquired.have,,hoon siaplified as for, as poseihlief ;411. 
these motheds:,hrivs,.bSen  established 1414.1111.•. :GODS the *900,* 
Abaorptiometor,  , a the,. Tintometer 	st4taderdiOst4021  and final  .17 
pe oan**. eoliorstaadU4Iss. .360411wir. ssites4S, 'haft :  been as* Py 
Messrs ,•Tintomoter Ltd 	The main advantage of theme method* 
of anoi,,,vois may.:bk siaearieed 



(i) 	y 	relitaWly steple toishalquiet  requiring 14aple 
. 	 'teih4iiia* with a< 24841*bl* tioiaing 

oiaiiirry out such examination using thee' toebniquea 
fairlir,1411V1014*. 

Anether:'Ojoer .adioaatap ot"tii4iie testa viiithen user la 
lahlirateri, Or, 3uttho 	 Whisk 
thty mar 	 , 	de eialoae as 
;art/dill* itii ifs iImett$ ors is diagtieels" 	iteilOiesiOlia 
is Oiling' Oripit -aro 

.4611,tho .mathode,4*eorlhoft are eteSardisott,  :for morgra 
autraote, .thue eaabliag ,ths lavestigatar 'to .. ousilat • 

. "worm". aetrp s iA wee .extraot• •• • The "Mott 	. 
forgant,e- extraotaat :oa tato toolour, forastlea 	thoroughly 
etudiS eo „that la 2oaohi • aulatw.quautitios Of' the ll'orgaa 
any 	wirkteh say ..he 'wed: , .the tests, without 	late 
.foroaos or,uadasiralalo sibs. • Miens haw ken' dotaxembaed. 

,deoldles the siao of aliquot of extract. :mood 	the 
toots.. 
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0118Ther 	11111111.= 

The priaent work was condected 
the refinieniat and deislipilent of 

:*4'04134citis Which aare iisiOnibly accent. ant sing* 
aad 	be' Used' lit the' field 'Will 	in' tai labor- 
Oseri 

• 
2Ms 	study the effect I  of different noistere Uteels on 

the Eqsraft,044tir et dirlirant plant netrients7  The 
tels#11 P,,1109,4 	 air dry the 

i before their, owanteatAlin! 	 soils 
. are always ender differe,noisture levels' end it moths-
spot ,tests !4'G regitired, world, the teet be affected by 
the moisture content, and to what extent ? 

3rd. to study the , daficienot,synp4ons of certain nutrients 
An perennial rye, grass and its wineral oeispooltion as of 

by such deficioncios 	This experiment was utili- 
sed to, onantwo the efficiency of the tasting &litho& Meal- 
oped. 	Moroovor,,a ,correlation bitisen Morgan extract's 
*Ws nutrients, soil solution contents' and uptake of nutria' 
ints by Planta was investigated.. 
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Apart from the methods established in this work to suit 
the analysis of Morgan extracts of soil it was necessary to use 
other: methods in. supplementary work and for later experiments 
in the use of the methods of analysis. These methods are in 
detail bolo* sc 

1"» Soil Analysis. 

Samples for Soil Solution :- 
The rye grass experiment Wait designed so that two pots 

from each treatment, one Kilogram Capacity each, were utilised 
for soil solution displacement, Morgan extraction for availabi-
lity test sud moisture content determination. 

Displacement of Son Solution 144 
The Alcohol displacement method described by Parker(452)ead 

modified in this laboratory was adopted. A battery of Bakelite 
tubes were used for the purpose. 	Glass clothiiras treated with 
hydrochloric acid and rinsed thoroughly with distilled water. 
It has no effect on the pH of the displaced soil solution. 

Analysis of the Soil Solution 
The Moisture content of the soil used was determined on oven 

dry basis with a ten gram sample of the fresh soil. 
Micro-chemical methods of analysis were used and all data 

from soil , solution analysis are expressed in parts per million 
of oven dry soil to obtain comparable results. 
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Measurement of pH I 
The Cambridge glass electrode pH miter was used in the 

ease of coloured solutions while the lovibond Comparator was 
used in the case of colourless clear solutions. 

Or)pnic Carbon s 
Wa3.kley and Black"53)  Method. 

Mechanical Asysiss 
The hydrometer method using Calgon (sodium haxametaphos- 

phate) in 0.11 sodium hydroxide was adopted. 

Determination of Iron *- 
The thlocyanate method modified as described in CHAPTER 

2 was used. 

Determination of Manjianese  
The leuceamplashite green method developed in this labora-

tory for the purpose and described in detail in amp= n of 
the thesis was used. 

Determination of Alvadailail a- 
M11.1.11.11•1•101•0111.10MIEr 

The nultuninene( )method was used. 	It was noticed in 
a preliminary investigation at the early stags of this work that 
different "Aluminang batches differ both In sensitivity towards 
aluminium and in the stability of the lake. Auscordinglyt  it 
was decided to use one and the same Sample throughout the whole 

investigation. 



Determination of Magnesium :- 
The 'titan yellow method adapted by Tobia(64) was used. 

Determination of Sulphate;- 
The turbidimetrie method adapted by Jarrett(55)was used. 

Determination of Phosphate 
Stannous method as modified by !ten and Pollard(56)was 
used. 

Determination of Potassium :- 
Flame photometer was used. 

Morgan Extracts :- 
The MorgaieLt of nutrient availability was adopetd. 

When coloured solutions were obtained, purified activated char-
coal was used for decolourisstion, thid was rarely the case. 
Aliquots of the filtrate were used for the following determin- 
ations :- 
Iron z 	Thiocyanate as modified and described in detail 'in 
=API= I of the thesis, Mc 99 • 

Oneness a- Leucomalachite green method described in CHAPTER 

13, 2 55  

Aluminium i. Aluminon method as above. 	The solution was 
neutralised before analysis using 0.21 NaOH. 

Magnesium s- This was determined by the colorimetric method of 

Cornfield and Pollard(57) using litan yellow es *edified in this 

laboratory by the author. 

1.9. 



Sulphate s- This was determined by a newly developed colori- 
67 metric method using barium chloranetate. 	The method is des 

oribed in detail iu CHAP= W0732- 

Phosphate s- a<-naphthol sulphonic acid method. 

Potassium s- Flame photometer. 

2 M Plant A. 

The cuttings were made by stainless steel scissors. 
The samples were dried in an electric oven at a temperature of 

70 - SOC. 	The samples were then mixed thoroughly, crushed 
by hand and then in an agate mortar. 	The metal mill was av- 
oided for fear of iron contamination. 

Fe, Mn, Al, Mg, P, Ls  I were determined after wet ask- 
ing with sulphuric-aoid-hydrogen peroxide as described by Then 

and Pollard(58). 
Fe was determined by o-phenanthroline method described 

by Pesch and. 3Tig340.(59)  • 
Mn was determined by Ittente method(60). 
3 was determined by direct Nesslerization. 
Al, Mg, P and E were determined by the same methods as 
for Morgan extracts. 

SulPhate 	A. separate subsample was taken for this deteriidna. 
tion. 

	

	The method described by Butters and Chilnery(61.) was 

adopted. 

20. 



ADAPTION OF AkIALYTICAL METHODS  : 

761k _ USE IN SOIL EXTRACTS  BY THE MCI GAN  

atocpxffis 



°WHEN YOU CAN MEASURE WHAT YOU ARE SPEAKING ABOUT AND EMUS 

IT IN NUBS it  YOU KNOW SOMME:NG ABOUT IT tAND BEN YOU CAN" 

NOT NUS= IT, VEEN YOU CANNOT =PRESS IT IN =MRS, YOUR 

IIKAnaDGIE IS OF A MEAGRE AHD UNSATISFACTORY KM* 	IT MAY 

Ng THE NB GUIELIS OF 'm KNOWLEDGE, BUT YOU RAVE SCARCELY IN 

YOUR THOUGHT ADVANCED TO A STAGN OF A SCIENCE* II 

" LORD EMAIL 



CRAP= = 

COLOR:116TRIC 	aRATION of SULPHA= in MORGAN SOIL 

-ZXTRACTS by means of BARIUM CIILORADIILATS 



Despite the fact that sulphur stands among the essential 
plant macro-nutrients, soil chemists and pedelogiste do not often 
determine the sulphate content in routine analysis of soil or in 
advisory work. 	This is partly due to the fact that sulphate-
deficient soils are uncommon, and partly to the fact that sul-
phur is frequently added to the soil in fertilisers and manures 
and is rainfall. However, a knowledge of the sulphate status ' 
of the soils is desirable if not necessary especially in arid 
and semi-arid rigionts or in saline soils in which high contents 
of sulphates and other salts may interfere with the growth of 
plants. 

Gravimetrio methods for determining sulphate are not 
suitable for field work for obvious reasons. 	Several workers 
(56) (62),  developed and improved turbidimetrie methods for sul- 
phate determination in soils but when applied to soil extracts 
such techniques frequently are subject to interference by other 
soil components e.g. from colloidal organic matter, especially 
it Morgan extracts are usedfor extraction. 	Little(63)pointed 
out that shaking with charcoal decolourises the extract but doss 
not remove the organic matter completely. 	Hesse(4)claimed 
that the organic matter interferes in turbidimetric methods of 
sulphate determinations in two ways s- 1st 3 at law sulphate 
coneentrations, organic matter may act as a protective colloid 
and cause low results 5, 2nd at high sulphate concentrations 
when it co-precipitates end leads to erroneously high determina-

tions. 	He suggests the precipitation of organic matter using 
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5% ferrie chloride and 40% sodium hydroxide prior to the deter. 
ablation of the sulphate turbidimetrically to obtain more re-
liable accurate results. 

The sulphate ion gives few coloured reactions and this 
probablyn explains, why gravimetric, titrimetric and turbidimst-
rie sulphate determinations received more attention than colori- 
metric techniques. 	Marsden and Pollard(65)developed a, very 
sensitive method for sulphate determination in soil extracts 
using beuzidine hydrochloride. 	The technique is lengthy and 
not suitable for field work. 

Recently, Lambert, Yasuda and Grotheer(66) used the in-
soluble thorium borate-amaranth dye reagent for colorimetric ds-
torminationa of the sulphate but the method suffers from inter-
ference of ions likely to be present in soil extracts. 

Bertolacini and Barney(67)made use of the reaction be.-
tween solid barium chloranilato and sulphate ions to liberate 
the highly coloured chloranilic acid ion for determining sul- 
phates in oils. 	The test solution is passed first through a 
resin column to remove the cations which interfere with the de.- 
termination. 	Tyner(; studied the properties and reactions 
of ebloranilic acid (2,5 dichloro, 3,6 dibydroxy-p-quinone) in 
an attempt to determine calcium in plant material. He reported 
that cations interftre with the colour of the chloranilie acid 
either by forming soluble complexes as in the case of iron (when 
present in low concentrations), or by forming precipitates as 

in the awe of copper, manganese, barium, strontium thus redi- 
Ging 
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the residual concentration of the chloranilic acid without affect-
ing its basic colour or 'spectral transmission characteristics. 

In the original method, Bertelacini and Bartok pretreated 
the test sdlution by passing it through a resin column (Dowex 50 
x 80, 12 - 50 mesh), ' to remove 'the cations tha taking an aliquot 
Which contains up to 40.mgms sulphate and developing the colour 
in a 100 ml. volumetric, flask and separating the excess barium 
oblosenilate and the precipitated barium sulphate by centriftige 
or filtration. 	They reported that the maximum sensitivity of 
the reaction is at ps 4 and used 0.0511 potassium hydrogen phth- 
alate as a buffer. 	They found that the reaction is sensitive 
in 5% alcoholic medium. 

Inn trying to develop a colorimetric method for sulphate 
examination, the above method was followed substituting Zaoircarb 

225 (hydrogen-form) for Dowex 50 x 8. 
Two main points were inveatigateds- 
MA the possibility of applying this method for sulphate 

determination in the presence of Morgants reagent* 

gm the effect of interfering anions and the elimination 
c then and, at the same time, keeping the procedure 
and apparatus sufficiently simple for field use. 

The tsolution was prepared by dissolving 1.814 gas of 
potassium sulphate ,analytical. reagent, in a litre of distilled 
water, then passing it through a resin column. of Zeo-carb 225 

(1-form). 	The first 40 to 50 Ease were rejected and the next 
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lot was collected in a clean dry flit* and used for preparing the 
eta nde.rd carve. 	The detection of the change in pil using wide 
range B.H.H. pH papers, helped in observing the arrival of the 
deco. E io -A iseci 

deeezionised solution. A resin column of Zeo-carb 228 ofm 20 
cm height and 1.5 em in diameter gives over 500 mle. of this solu- 
tion before it needs regeneration. 	It was observed on the other 
hand that a column of the same resin, of the same dimensions, 
gives only 25 to 27 mis. if Morgeni  ■ reagent was passed Won* 
it. 

To each standard 1 al. of 0.05k phthalate solution was 
added. The adsorption was measured by the MUM BUXOM AB- 
80IPTIOWETWR after choosing the proper filter. 	The sere read-. 
lag was adjusted in every case with a blank determination. 

Preparation of Resin Coluams a- 
Tubes of 35 cm. length and 1.5 cm. diameter, fitted at 

one end with a tap to, control the flow of the effluent are pre- 
pared (preferably 26 al. burettes). 	The ends near the tap is 
plugged with glass wool of i.0 to 1.5 cm. in height to support 
the resin column. 	The resin is soaked in about twice its vols. 
nee of 21i hydrochloric acid(69)for half to one hour with °cosmic)n 
nal. stirring, then transferred to the prepared tubes. 	Water 
in passed upwards through the bed to wash away very fine materi- 
als and air bubbles. 	Care should be taken to see that the rate 
of flow of the water should not be so high as to carry away the 
main bulk of the resin column. 	This bac.brashing is continued 
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till the water leaving the tube is clear when the surillus water 
is drained downward through the bed to the level of the top of 
the bed. ORR bed volume (i.e. 35 ells. in this case) of 21 
hydroohloric acid is next passed through the column in 10 to 15 
minutes. 	The effluent should be strongly acid as tested by 
methyl orange or B.D.H. pH papers. 	The acid is drained to bed 
level and excess acid is washed out till 100 mis. of the effluent 
requires less than i al. of II/50 alkali to neutralise using methyl 
orange as indicator. 	Experience in this laboratory however, 
showed that if the effluent gives a negative test with silver 
nitrate, it is safe to use the resin column. 	The column is 
now ready for use. 

Regeneration of resin columns po 
Tests on the treated effluent (using B.D.H. paper) show 

that its acidity due to the exchange rises to a maxima which 
is maintained until the capacity is exhausted as indicated with 
the fall of the acidity of the treated solution. Regeneration 
is then carried out using hydrochloric acid 1.25 bed volume (i.e. 
roughly 46 al in this case) of 1.11 hydrochloric acid. 

Through this work, for each sample of Morgan attract, s 
resin column was used once and then either regenerated or repla-
ce* by a new resin column as the Morgan extractant is very ex- 

it$ 
haustive to such resin oo3xold to this high sodium content. 

Experiments :- 
It was reported()  that ammonium ions do not interfere 
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if present in solution up to the concentration ofm 250 Mel!  
This was not confirmed especially in presence of RorganP;4;.. 
treated in resin columns very high blanks were obtained. The 
adjustment of the effluent pH to 4 required higher concentrations 
than 250 qui. ammonia especially when working with as  Baited 

a volute* as 10 ala. 	It was decided therefore, to use 1 al of 
phthalate solution (0.011) with a view to raising the pi of the 
medium. 

Choice of Filter 1- 
This teat was made by running sulphate solutions contain-

ing 50, 200, 500,1.000, 2000, micrograms of 804 into centrifuge 
tubes marked at the 10 al. level. One al.. of 0.0= phthalate, 
2 al. of Rorgan's solution passed through the cola= and 5 a].. 
of alcohol (absolute) were added mixing after each addition. The 

t er 
tube was filled to the na 	

uht. rk with distilled sober and the contents 
mixed thoroughly again. 	From the -tip of a thin-bent glass 
rod (2iia in disaster), 0.03 gas of barium chlerani3.ate was added. 
The tube was shaken for 6 minutes, then centrifuged for another 
5 minutes at 2500 r.p.a. 	Readings were taken iseediately af- 

(pw3y) 
ter preparation and results are shown in Table Z, suggest clearly 
the use of the green filter On. 

Iffect of Morgan's Solution s 
To see the effect of Morgan's solution as compared with 

water solutions on pli and on the nature of the colour developed 
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two sets of standards mere=unde covering the range from 50 Wm 
to 1000 gems 8041  (i.e. 6 to 100 ppme604, ) were prepared aud.5one 
set was made with the addition of 2 ml. of Morgan solution passed 
through the column and the other set was made with water only. 
The results are shown in Table 2.e3g 

. 	, 
It is noticed that the intensity of the colour has increa- 

sed in the presence of Norgin's solution and at all concentrations 
of sulphate tested. 	iron the curves (rip I) it is evident in 
both sets of standards the reaction. follows Beer's law closely. 

Stability ef the Colour  so 

To test the stability of the colour readings of a set of 
standards in the presence of 2 a]. of Morgan passed through resin 
column were taken, immediately (after 10 minates), half an hour, 
one hour 3 hours and 15 hours after preparation. 	Results are 
shown, in Table 1S,Ny. 

It is observed that the colour is very stables  no change 
Whatsoever could be traced in at least 15 hours from the tams of 
preparation. 

Recovery s- 
The recovery of amounts of sulphate added to standard 

solutions or soil extracts of predetermined sulphate content was 
examined. 	Results are shown in Table 41,,,140 Recovery ranged 
frost MU sow 
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Meet of Interfering Anions. 

The serious interference of cations which are likely to 
be present in soil extracts with the colour of chioranilic acid 
liberated during the su&Phate determination is eliminated by 
removing these cations using ion exchange resin col a. 	It 
was decided therefore, to test the interference of anions only. 
Solutions of the desired concentrations were made and passed 
through the resin coluin rejeCting the first 40 to 50 al. and 
receiving sufficient quantities for the test in clean dried tubes. 

All these tests were made by the following procedure s- 
In a centrifuge tube marked at 10 ml. 2 ml. of Morgan's 

solution passed through the resin column were placed and mixed 
with teas required quantity of sulphate and foreign anion to be 
tseted. 	Then 1 ml. of 0.05M potassium hydrogen phthalate and 
5 al. of absolute alcohol were added and. the tube was filled to 
the 10 ml. mark with distilled water, the solution being well 
mixed attar each addition. 	0.02 grim.• of solid barium chior- 
anilate was added and the tube was shaken for 5 minutes, centri-
fuged at 2500 r.p.m. for 5 minutes and. readings were taken by 
the bioohem absorptiometer. 	Results are shown .in Tables 5, 6, 

7, 8 and 9fro-43,The quantity of barium chloranilate added is 
roughly estimated by the quantity removed on the tip of a glass 
rod (2 mai. thickness) with a slight bend at its end dipped in 
the solid reagent. 	Rxcess of barium chloranilate in moderate 

amounts does not affect the determination as it will be removed 



together with the precipitated barium.sulphate, 	 1211242*thigiag 

bast 130 I gloat an:. exiess night lead to hi,* blanks despite that 

the solubility of barite* ohlonutilate in i si ethyl *100:D1-water 

litae(71)• 
• The effeet "Of isitisatist  pkoaphatea,,lorAds•, carbon-

stag f  bilartianit4litiai xs li is is 0031441111trOiMill as hig!k, as 

1000 ,  PS* 41441•' 106 p:pgap•i 	sash ease with mientitlea of salmi
"sift s up' to 	'(niOsto. piese)* 

!ith the , higher -oonsentratiole than,  SOO ligua • eilghatie 

the anions interfejied:an5 the ,Interfesienet:beoaisi. eloie' serums 
the higher, 4.s.the.loneentration 	inaphate " , • Thus the eat,-  

of:  the  eiggeete4 atetho4 appliid. to So4  ' 
between $0 $00 pos. i.e 5, to SO.. p.p.Uh aulAati if the ' 

commended procedure, is to be Volleyed. 
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Notes oaths Method s- 

(1) To test the effect of organic matter, determinations were 

made on two samples of a. Morgan soil extract. To one of 

than the reagents were added, directly without removing the 

organic matter. 	The other sample was treated with AsOs. 

No significant effect of the destruction of organic matter 

was apparent. 

(2) No attempt was made to remove other anions as they are nom 

inally present in amounts insufficient to interfere. 

(3) For field work, ^small shaker with a capacity of 42 tubes 

and hand driven centrifuge ware designed and made in the 

College workshop. 	This apparatus designed is light 

(weight 13 - 16 pounds) and, 16 shown innate I. 

The shaker is hexagonal, carries 7 centrifuge tubes on each 

side. Each row of tubes is fixed by a long bar Which 

holds them in position while ahaking. 

The oentriftge is designed with a head to take 20 tubes and 

to be capable of 2000 r.p.m. 



?Ur& I *SHAKER AM) MITRIFUCEI DESIGITED 	rcrem wow,* 



7 '114 



The SAISELAPSAULMSOL4. 

stratus' 
Mochas, Absorptiemster (Adam itilser)• 
1 ea. cell, 
Orion filter 061. 

14Wibitei gyrator with tubas. 
Sulphate diee 5 Sd. 	range with screen. 

asarints 
ths ricin (ikikrzt) '(16 - 52 itetdi) 

I Tithe aliquot eneuip, fer the Corn rrgnir &Di SO& 
it In 	its 	of 	for '1/2 	wit t 
OcceLSicial 'starring. 	Traziafer to the 

free. 
Standard sulphate .stAiek solutions /000 p•p4af. 104 

Dissolve 1.314 gmc. of potassium sulphate .4804 .0iat) 

in one litre of distilled water. Pass Orval& a resin 
eibm of sco.carh 325 (fbra) of $0 ,ea..in height and 
1.5 onus in diameter. 	*est the first 40 50' mJ. and.  
collect the effluent in a dry elean flack. 
3- *organ rent 	DiesOlve 100 gms. of 44d:but item-

tate trihydrate (A.D.) in fop al. of dictated water. 
Transfer to ens litre flatik (volumetric) containing 30 

:ml. /glacial acetic acid (A.R.) fill to the merit with 
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water, mix thoroughly. 	Pass aliquot of this through the 
resin column and collect it for use. 
4- Barium chloranilate solid. 
5- Ethanol (absolute). 
6- 0.06 N potassium hydrogen phthalate solution $a,  
Dissolve 10.211 gas. of potassium hydrogen phthalate in Oft 
min of distilled water. 
7- B.D.R. wide range pH paper. 

Method of Procedure I- 
A- Calibration curve :14  

Run from a burette volumes of sulphate solutioh con- 
tabling from 50 800 micro-grams of sulphate into a centri- 

sciut,„„ 
fuge tube marked at 10 ml. Add 2 ml. of Morgani4assed 
through the resin column, i al. of phthalate solution, 5 al. 
of alcohol and fill to the mark with distilled water mixing 
thoroughly after each addition. Prom the tip of a thin 
glass rod, add roughly 0.03 gas barium chleranilata,stopper 
with a polythene 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 Mechem Absorp-
tionster or match with the disc. 

The relation between the absorptiameter readings and the 
amount of sulphate in microgram is then expressed graphically 
(Pig. 2). 
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11- Unknown Solutions :- 
Shake 20 gas. of soil with 40 al. of Morgan reagent and 

filter. 	Pass the extract through the resin column. Detect 
the removal of the cations by the change in the pH of the eff-
luent using wide, range pH papers (the pH of the effluent 
drops to 2) - reject the first 6 ml. and collect the next 
2 ml. in a centrifuge tube and continue as in the procedure. 

The amount of sulphate in the test solution is deter» 
mined either by referring to the calibration aerie gt by mat-
ching, using the Lovibond Comparator, and the suggested disc. 
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SUMMARY 

A colorimetric method for the determination of sulphate 
in Morgan extracts is worked out. 	The method is based on the 
highly coloured ohloranilic acid ion liberated when solid barium 
chloranilate **acts with the sulphate solutions in a 50% alco-
holic solution/  

The serious interference by the cations is eliminated 
by prior treatment of the solution with ion exchange resin. 

The anions ildsich are likely to be present in normal agri. 
cultural soils ( e .g. nitrates 'phosphates ,chlorides ... etc. ) do 
not interfere to the 1000 microgram level on the determination 
of 800 micrograms of sulphate. 

A coloured disc was made to cover the range from 50 - 
800 Wgms 004  i.e. 5 80 ppm to be used in the field. 

A combined shaker and had .driven centrifuge were da-
signed for field work, easy to transport due to its light "night 
and convenient for determinations in the field. 

The reaction is rapid, the colour produced under the ex-
perimental conditions described is stable for at least fifteen 
hours. 	The main modifications from the original method s 

1- The method suggested does not require preliminary adjust-
ment of the pH. 

2- The use of Zeo-carb 225- Hydrogen form instead of Dowex 
50 x S. 



3. Morgan extracts were used instead of water extracts. 

The method la accurate, reliatas and of special value 

fbr the fieldwork as well as laboratory investigations, 



Choice of Filter 

Micrograms SO4  

Absorptiometer Readings X 100 

Dark Blue Filter Light Blue Filter Green Filter 

60 1.0 2.0 146 

200 3.5 565 7.5 

600 8.5 17.6 28.0 

• 1000 20.6 45.b 66.0 

2000 48.0 96.0 195.0 
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TO 	2. 

Standard Curves s- 

Absorptioneter readings X 100 

Micrograms 
SO4  

With distilled water only 
(average of 4 readings) 

In the presence of 2 mi. 
of Morgan reagent pass- 
e d thrills& 	column. 
(average of 

ro  
4 re
sin

adings) 

50 3.6 84 

100 6.6 7.5 

200 8.6 124 

300 184 17.0 

400 174 21.6 

800 28.0 28.0 

600 29.0 334 

700 824 46.0 

800 38.5 44.0 

900 42.0 804 

1000 48.0 864 
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TIME 3. 

Stability of Colour  

Absorptiemeter readings J:100 

4.1.11••••••••••••••••=••••••111*.11...1•••••• •••••••141111111=••••••Pimamenlm....1.1•11•••••••••••••••••••, 	 

aerograms 10 minutes 30 minutes ON hour 3 hours 15 hours 
504" (ilaCk determination is an average of 2 readingi) 

50 5.5 5.0 5.5 5.5 5.5 

100 7.5 7.5 7.0 7.5 7.5 

200 12.5 12.5 12.0 12.0 12.0 

300 17.5 2.0 18.0 17.6 17.0 

400 21.0 21.5 21.5 21.5 21.0 

500 28.5 '28.6 28.0 28.0 28.5 

400 33.5 33.6 34.0 34.0 33.6 

700 40.6 40.6 40.0 40.6 41.0 

BOO 44.5 45.0 45.5 44.5 44.5 

1000 66.0 56.0 66.5 66.0 56.6 



Recovery of sulphates from mixtures of standard sulphate and 
Morgan extracts of soil puma through the resin colmin lade-
Pendently and then mixed prior to the determination. 

Test 3olvtien 
Microgram 8041  

Theory Found % error 

2 saanrlingtan 
soil extract. 
we 	RN 	WO 	WW 

225 rA 

+ 100 ppm SO4" 325 305 -6.1 
2 al. Buxted soil 
Morgan extract. 	sw 160 

NN 	Busted soil 
W 	+ 200 	360 375 + 4.1 

2 al. 211wood 
soil Morgan ext. 	- 120 
WI 	WO 	WO 	• 

100 pgms 3040 	220 210 4.5 

100 pgms SO4' 	100 92 2.0 

WW 	MO 	WW 

100 NW $04,' 	200 205 + 2.5 

40. 
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TOM 5. 

'Affect of ;nterferinit4ons  • 
1.-• AMA of Atrates  

Absorptioneter Readings X 100 
orop, s 

Microgrms 
Ms° 

a 
	0 100 500 SOO 1000 

0 74.6 :284 44.0 -684.6 

Irte 100 7.6 28.0 44.6' 56.6 

500  766 894.0 44.0 57.6 

1000 8.0 28.6 44.6 6866 

1500 9.0 29.6 46.6 .61.6 
11111141NIMINP.001111M1/1111111111111111111111NOIr 	  

2' Street of 7eey4teg sop 

Abeorptioneter Readings X 100 

Micrograms Mioropsne 804" 
PO4' 	0 	• 100 500 800 1000 

0 	. 7.5 28.0 43.5 56.0 
20 	4 7.6 28.0 43.5 56.0 
50 	- 8.0 28.5 44.0 56.5 

100 	.. 8.0 28.5 44.0 56.5 
200 	•• 7.5 28.0 4560 58.0 
600 	- 7.0 28.0 44.5 57.0 

1000 	1.0 8.0 29.5 44.5 58.5 
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3- NVecto of catiorior 1- 

Micrograms 

Absorptioarter Readings X 100 
NIIIIIIMMIPM111110•111•1111.111.1.1.10. 

Microgram 304" 

0 100 500 800 

0 8.0 27.5 44.0 

100 8.6 27.0 43.5 

500 8.0 28.0 43.0 

io00 8.0 28.5 43.6 

1400 2.6 9.5 29.5 45.5 

2000 4.5 14.0 31.5 47.6 

1000 

56.5 

56.0 
67.0 

57.5 
68.5 
60.6 

4- 	e,e1 of Carkwinalog tie 

Micrograms 
Ms" 

Abaorptimartar Readings x 100 

Micrograms 004" 
0 100 .500 800 , 

. 100 . 7.6. 28.0 4346 

600 . 7.6. 27.5. 441.0 

1000 . 7.6. 27.6 44.6 

1600 2.6 9.0 30.0 46.6 

1000 

67.9 

66.0 

68.6 

69.6 



800 	• 1000 

43.0 56.5 

44.0 67.0 

43.6 57.0 

45.5 69.5 
46.5 41140 

0 	100 	500 

	

0 	7.6 
	

27.6 

	

500 
	

27.0 

	

1000 
	

2.0 
	

22.0 

	

3.500 	145 	965 
	

30.0 

	

8000 	8.6 
	

11.0 
	

31.5 

43. 

IAELLA• 
5- itteal of licarbostate4 s- 

Absorptiometer Readings X 100 

Micrograms 	 Micrograms soe Carbonates .....—~auswarMirprommipmen• 	  

Comparative study of sulphate Content of Morgan soil extracts 
using gravimetrie* turbid:I-metric methods and the suggested method 
was 	ada to see how would the methods  uggested stand among the 
Other methods in force. 	Results are in 7able to. 

26161..12. 
Comparison between gravimetrie and turbidimetric techniques and 

the suggested Calorimetric method. 

ppm 8040 (oven dry basis) each gigurs-average of 8 determinations 

Morgan Soil 
extract tea- 	Gravimetric Turbidimetrio Suggested method 

ted. 	method. 	method. • 

]loaded 144 13.7 1.8.8 
Harlington 85.8 28.6 25.2 
8throod 12.0  19.5 12.5 
81040, 13.0 13.2 13.6 

A coloured disc WWI made covering the range from 60 800 Kass. 
804 "(i.e. 6 - 80 ppa. 8040 )-checked and used to compare the data 
with the Riochea Absorptiometer Table 11. 



TL 	1.1. 

MaiXistailt  of sopa deterid.ned with the Bi— =  Abs 
tigeeter and. by...14tvibeigd Couperstor. 

Coaparator Disc. 	Values obtained frost the 
Soil 	 curves using the Ueda'''. 

PPR,  ape Harlington 	20 ' 	22.2 

Silwood 	10 	11.6 

BMAted 	 16.2 

Garden 	 40 	 36.0 

B. Pakistan 	8 	 6.0 
(Paddi soil) 

eirmismaromormw siardiara. 	 

 

..4,11•00.11.0.11.1.11111 
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"Colorimetrie Determination et ligengenese 
in Soil lbctraote wing 
Leneemalaohite grime 
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Introduction s‘. 
Since the introduction of the periodate oxidation 

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

Several workers, reported the detection of minute quantity 
its of manganese using p.pl  wtetramethyldiaainodiphenyl methane 
known also as tetrabase methane base a Arnold's base. 

Harryq6) V?) was the first to use this reagent for the 
determination of manganese quarOitatively; ammonium. persulphate 
(25% solution) was medals an oxidaht. He reported that the ea,-
our obtained varies with the manganese content of the test solu-
tion from pale blue at low concentration So purple with high con- 
centration. 	licholas(78) , studying mortarless deficiency in 
plants, reported that he successfully used the tstramethyldiesdno-
diphenylmethene for detecting manganese deficiency in cereals, the 
formaldoxime method was not sensitive enough for the purpose. He 
used a saturated potassium periodate for oxidation and measured 
the blue colour initially formed with the tetrabase. The colour 
produced, however, was too bright to match and unstable. Moreover, 

Teen(79)reported that at low temperatures (below lire), 	a 
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superficial mist forms on the walls of the optical cells and 
leads to errors in absorptiometry. 

Cornfield and PoLlarleapp3.ied the methane base for deter-
mining manganese in soil extracts and mesa ured the colour ten min- 
utes after the addition of the reagent but the colour formed was 
unstable and its rapid change made it difficult otoobtain *caw-
ate 11111111LSOMIS ate. 

The use of a chemically related compound to the methane 
base, the sLeucoma3Achite green* a tetramethyl disadno triphenyls. 
methane was reported by a number of workers determining manganese 
in biological materials. 	Schwarz, Fisher and Ragemenn(81)  tumid 
this compound in determining manganese in butter. They developed 
the colour in lactic acid medium and measured the colour after ten 
minutes from the addition of the colour-forming reapnt. Gates 
and 	s(82)  determining manganese in small samples of blood 
serum and other tissues used p-pl-tetramethyldiaudnotriphenylme-
thane and reported that it is approximately ten times as sensitive 
as the diphenyl compound. 	They used potassium periodate in a 
mixture of nitric and phosphoric acids at 100•C for oxidation of 
aanganouil ions and measpred the yelloW colour produced with p-pt-
tetrenetbyldiald$Dtriphenyletethane at 80°C. 

Recently, Yuen(79), made use of the same compound for the 
determination of manganese in plant digests. 	Rs reported that 
the results obtained are in good agreement with the permanganate 
method with a precision of approximately *5% The principle 



of the method is the oxidation of manganous ions to permanganic 
acid at room temperature using potassium periodate for the pur-
pose. 	The reaction is made to proceed in acetate-acetic acid 
buffer solution at 3.35 pS and use is made of the colour produced 
as a result of the oxidation of the leucomalachite, green b, the 
permangardc acid formed to determine minute quantities of mangan- 
ese. 	The present study was undertaken with a view to using 
this reaction in the &termination of manganese in Morgan extracts 
of soils and soil solutions with a form suitable for field work. 
Three problems were investigated sM 

(1) The possibility of the use of leucomalacbite green as 
a colour-forming agent in the presence of Morgan's reagent. 

(g) The effect of the interfering ions on the colour formed 
in the presence of Morgan's solution. 

(3) The stability of the colour. 

The tests were made with manganese standards containing 

0.03 micrograms of manganeee• 	All the trials were made in 10 
tubes with a view to making a permanent coloured disc to be 

used in the field determinations. 	The linger Biochea Absorptio- 
meter was used with a red Chance filter ORa to establish the meth- 

od. 	From a prel4mirAry investigation it was found preferable 

to change the concentration of the leucomalachite green to MO 
instead of 0.4 as the latter gave very high 'blanks. 

Nflectb of Morgan reagent on the colour fgrateck- 

The following nesgents prepared as follows were used for 
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this investigation :- 

1 	Manganese Standard Stock Solution 2- 0.203 gas of Mn804. 
4401  A.R. are dissolved in water containing 2 ml. of cone. 
4804 diluted to one litre. 	This solution contains 50 
micrograms of manganessimi. 

a 	Standard SolutionW I- 2 ml. of the above solution are 
diluted with distilled water to one litre. This solution 
contains 0.1 microgram manganese/mi. 

a 	Standard Solution "3,1  so 50 ml. of Solution *V are dila- 
tad to 250 ml. with distilled water. 	This solution con-
tains 0.02 micrograms/isle 

4 	Morgan's Reagent 	100 gm! of sodium acetate trihydrete 
A.R. are dissolved in 800 ml. of distilled water, 30 ml. of 
gliAcial acetic acid A.R. are added and the volume made up 
to one litre. 

A Buffer  Solution 	50 p'ms of sodium acetate trihydrat• 
are dissolved in one litre of distilled water containing 
400 ml. of glacial acetic acid A.R. 

6 	Potassium Periodlite Solution :- 0.2% solution at 1 gra of 

1104  dissolved in 500 ml. of distilled water. 

Z Leucomalachite green I- 004% solution la 0.1 pm lescomal4 
chits green dissolved in 250 ml. of distilled water contain-
ing 145 ml. of conc. HMI. 
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,Effect of Morfan's Reagent oil the Colour developed a- 
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./ ml. Morgan reagent,tbe third 
with 0.3 al. Morgan reagent and the fourth with 0.5 al. of Morgan 
reagent. 	To each solution tested, i al. of buffer was added, 
1 al. of 0.2% potassinn periodate, mixed thoroughly after each 
addition with a thin glass rod bent at its .end to aid mixing and 
the tubes were left to stand for 10 simates at roost temperature 
(23.C) , then 0.5 al. of the leucomalachite green solution was 
added and the tubes were filled to the mark with distilled water, 
and the contents mix** thoroughly. 	Readings were taken 45 min- 
utes later. 	The absorptiosater was adjusted to give a sero 
reading with the *blanks test. 	The results aro in Table 12 and 
Fig. 3, 4, 5 and 6. 	It is observed that Morgan's reagent up 
to 0.3 al.per test does not affect the colour formation or stabil- 
ity. 	The colour developed with 0.4 and 0.5 micrograms of man- 
ganese in the absence or presence of Morgan' reagent was too fugi-
tive for satisfactory measurement when developed in the 10 al. 

tubes. 	On the other hand, the presence of 0.5 al. of Morgan's 
reagent caused an appreciable decrease in colour intensity. With 
*ors than 0.5 micrograms of manganese, the solutions developed 

a deep violet to pink colouration. 	It was decided then ti use 
only 0.1 and 0.3 al. of Morgan's reagent in the following tests 
and the quantities of manganese wore limited to 0.5 microgram in , 

test solutions. 
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affect of time of Primary and Secondary Oxidation on the stabili-

ty of the Colour formed in the presence of liergan.'s Reagents- 

Fix ing the time of the primary oxidation (i.e. the ox da-

tion of the manganous ions to permaaganic acid with the periodate) 

at 3.0 minutes, the effect of time of secondary oxidation was tes-

ted at 30, 45, 60 and 80' antes to find out the shortest time 

needed for this oxidation to ensure . the formation of a stable 

colours , In thid experiment, standards containing from. 0.03 to 

0.3 micrograms of manganese were used. 	The sensitivity of the 

method suggested the test should be made in the presence of 0.1 

ml. of Morgan's 'reagent with- a view to using 0.1 al.. of the soil 

extract. 	Results are shown in Table all•Cierl• It is observed that 

the colour formation increases considerably till the forty-five 

minutes limit and seems to settle afterwards as no appreciable 

increase took place in the last thirty five minutes of the experi... 

ment (from 45 - SO minutes). 	It was decided to take readings 

at 45 minutes after mixing with leucomalachite green. 

affect of time of primary oxidation on the stability of the colour  

formed in the presence of Morgan's Reagents- 

Nixing the time of the secondary oxidation at 45 minutes, 

the effect of time of primary oxidation was examined. The same 

experimentb 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 0.1 ml. of Morgan's reagent. 

Results are shown in Table 144).63. It is quite clear from the 
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results that no advantage could be gained by extending the time 
for the pritaary oxidation beyond ten minutes. 

Interferences :- 
1 - Tungsten 	At the earliest stages of this work, tungsten 
was thought to be the cause, of the appearance of the pale violet 
colouration. 	Sandell(83) reported that tungsten gives a very 
similar colour with leucomalachito green. 	Sodium tungstate was 
used to clarify this point and it was found that up to Mogan of 
tungstate had no effect on the colour fanned with 0.3 ppm mania: 
es*. 	Moreover, when tungstate alone was examined, it, gave no 
colour with lencomalachite green. Table 115)T64- With the progress 
of the work, it was noticed that the violet and pink colours are 
always associated with comparatively high manganese content in 
the soil. 	,Also, the standard solutions above the 0.5µgm level 
showed such colouration and with 0.8 Aga manganese the whole solu-
tion turned pink, in some cases before the addition of the leueo-
malachitefigxsen solution and in others Immediately after the addi- 
tion of the colouring reagent. 	It was concluded that the maxi- 
mum quantity to be determined in the presence of 0.t ml. of Morgan 
reagent is only 0.6 µga manganese. 

- affect of Acetates = (Morgan Reagent) tw. 
Standards containing 0.1, 0.3 and 0.5 all. of Morgan solu-

tion were examined, Table 12 , '21 ,f rid the data obtained showed clear- 
ly that only 0.1 ml. - 0.3 ml. 	effect ean:40-eseds  

on the colour of the standards as compared with the standards with 
out Morgan solution. 	The set of standards containing 0.5 
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Morgan solution showed an appreciable decrease in the colour. 
04 ml. of Morgan reagent contains 7.41 m  acetate and thus up 
to 22.2 ma acetate added would not affect the determination if 
the recommended procedure were to be followed. 

a - Ferric and Ferrous iron .:•••• 
To test whether ferric and ferrous iron interfere with 

the determinations  'two sets of standards were prepared ad.ding to • 
each 0.1 ml. of Morgantreagent and different amoun.te of iron both 
in the ferric and ferrous state, Table 1965-shows the resat... 
The results show that ferric iron interferes if it is present in 
concentrations as low as 10 p.gme. 	Ferrous iron on the other 
hand, shows more serious interference; the presence of over 6 
p•sps of ferrous iron aaliElell a considerable reduction in the colour. 

All trials to eliminate the effect of ferric iron using 
fluorides, oxalates or citrates were unsuccessful. 	Due to the 
fact that only 0.1 ml. of Morgan extract of soil is enough tor the 
determination owing to the great sensitivity of the method, this 
interference is not as serious as it appears. 	When applying 
the method to the determination of manganese in soil- extracts 
it was necessary in several cases to dilute the soil-extract 10 
times RE 50 times or sometimes 100 times. 	This greatly redu- 

ces the interference of iron or even eliminates it altogether. 

Interference of Aluminium s- 
A set of manganese standards  containing 0.03, 042 and 

0.3 pgas manganese was used, to each 0.1 ml. of Morgan's reagent 
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was added and varied quantities of aludnium as alusinius sulphate 
were used • 	The results are shown in Table 17,1:66- Aluminium 
interferes in the determination of manganese; the interference 
increases with manganese concentration. 	The presence of twenty 
micrograms of aluminium causes an 	

ncre..3e 
appreciable/in colour of the 3 

standards used and 16 pins of aluminium is taken as the msurimma 
amount to be present without introducing any measurable interfer-
ence with the precision of the suggested method in the presence 
of Morgan reagent. 	Taking into consideration that only 0.1 ml. 
of the soil extract is to be taken for analysis, such high quanti-
ties of aluminium are not likely to be present in Dorgan extracts 
of soils under normal field conditions. 

Application to Boils $- 	TWelve soils of different pH were ex- 
amined for their Morgan extractable manganese. 	The pli of the 
soils used ranged from 4.0 to 8. 	In a prelindilivey investigation 
it was noticed that the colour did not reach its maximum until 
after 80 minutes from mixing with leucomalachite green, end it was 
decided to increase the time of the primary oxidation to twenty 
111111111114 and the time of the secondary oxidation to eighty minutes, 
whereby very stable colours were obtained. 	It seems possible 

that reducing agents existing in soil extracts may cause this re-
tardation in the profanes of process of oxidation of the 11111301101111 

ions and in turn that of leucomalachite green to malachite green. 

0.1*0.3 awatesisse ml. of Morgan extracts of soil were utilised 

in the determination of extractable manganese. 	Data obtained 
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are compared, with determinations made by thou/permanganate 
method. 	Data are shown in Tables 18 and 20tThe restlts 
of the soil analysis show consistently that when 0.3 ml. of 

elair,Lex 
Morgan/ is taken for analysis, values obtained are lower than 
viten, 0.1 	of the extract is used. 	The difference was 
so clear that it was decided to use 0.1 ml. of the toil ex-
tract for analysis. 

Rim:very of addsd known amounts of Manganese to Morgan soil 
extragts and to standard solattioils  

The recovery tests were made on soil extracts with 
comparatively low manganese content to avoid the appearance 
of the pink colouration caused by higher concentration than 
0.5 pow of manganese. 0./ ml. of the extract was pipet-
tad into a 10 al. tube and diluted with distilled water to 
5 or 6 ml. 	One ml. of the buffer and i ml. of the perio,  
date were added. After 20 minutes laucemalacbite green 
was added and readings were taken 80 minutes later Using a 
1. cm. cell and Bga filter. 	The results are shown in Table 
1.9. 

At this stage it was decided to main a coloured disc 
covering a range from 0.03 - 0.3 micrograms of Mamas* man 
gausses 	The disc was checked against a set of standard 

solutions and it was approved for use. 	Due to the bright- 
ness of the colour v produced, a dulling screen is used with 

it. 
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"The Method as Finally Adapted* 

Apparatus a- 
Biochem Absorptiometer., 
One-cm. cell. 
Red filter 032. 

Lovibond Comparator. 
Manganese disc with dulling screen covering the range from 0.03 id 
0.3 micrograms manganese . 
Comparator tubes marked at 10 ml. 

Regents and Solutions 1-* 
(1) Morgan Reagent s- 	Dissolve 100 gms of sodium acetate 

trihydrate(1L.R.) in 600 ml. of distilled waters  transfer 
to a litre volumetric flask. 	Add 30 ml. of glacial 
acetic acid (A.R.) and dilute with water to the mark. 

(2) Stock Manganese Solution (if Biochem absorptiometer is to 
be usedfs- Dissolve 0.203 gas of InSO4.4.11.0 (A.R. )in one 
litre of distilled water containing 2 ml. of concentrated 
RitaDe (iteRs)• 	This solution contains 50 is/gee YA/ml. 

(3) Standard Solution "A" s- From the stock solution pipette 
2 ml. accurately into a ono-litre volumetric flask and oom- 
plate to the mark with distilled water. 	This solution 
contains 0.1 microgram 3b /ml. 

(4) Standard Solution "B" sob From solution sir" pipette 50 ml. 

into a 250 ml. volumetric flask and complete to tbs mark 
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with distilled water. 	This solution contains 0.02 micrograms 

(5) Buffer Solution :- Dissolve 50 gas sodium acetate trim 
hydrate (A.R.) in a litre of distilled water containing 
400 al. of glacial acetic acid (A.R.). 

(6) Potassium Periodate s- Prepare 0.2% periodate solution 
by dissolving i ga of Er.04  (A.R.) in SOO al. of distilled 
water. 	This solution must be prepared freshly every 
week. 

(7) Lemmalachite green Solution a- Prepare 0.04% solution 
by dissolving 0.1 ga of leucomalachite green in 250 al. of 
distilled water containing 1.25 sal. of concentrated HC1 
(A.R.) • 	This solution should be prepared freshly every 
five days. 

Procedure  
A. 	Calibration Curve a- Run from a burette volumes of the 

dilute manganese solutions (use Standard Solutions A we II 
prepared) containing from 0.03 - 0.3 Wgra into the 10 al. 
tubes. 	Add to each standard 0.1. ml. Morgan reagent. Dil- 
ute with water up to 6 al. add i al. of buffer and I ml of 
periodate solution. Mix thoroughly and leave to stand 
for 20 rinutes. 	Add 0.5 ml of latioomalachite green, com- 

plete to the nark and mix thorougbAy. Take a reading in 
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the Blochem absorptioatter using a I cm. cell and red filter ORS 
after 80 minutes. 

/for field tests use the Levibond Comparator and the sums-
ted disc. 

D. Unknown Solutions s- 
Pipotte aseurately 0.1 al. of the Morgan extract (10 gas 

of soil shaken vigorously for one minute with 20 al. of Merges 
reapnt, filtered through a No. 1 Shataen filter paper and eel-
listed in a dry flask) into a 10 al. tube, dilute with water 
to five or six al., add buffer, periodate, nix thoroughly and 
stand for 'twenty minutes, add 0.6 al. louseaalavhite greem, 
take abserptiometer readings. The mount of manganese in 
the test solution is determined by referring to the ealibra- 
tien eerie (see a Ifiii"  a47 	Alternately, mateh against the 
permanent colour standard. using the suggested dies and day-
light, • north light is preferable whenever possible. 

Notes en the Method 1- 
(1) It was noticed that if the tubes used were not rinsed with 

ehromic-sulphuric acid mixture before the determination, no 
colour would be developed. 	It seems possible that the 
cleaning mixture activates the glass surface and has smasthing 
to do with the reaction. 	The maxim= time reeorded iron 
the time of rinsing in this laboratory is d - 8 hours after 
which the colours become irregular if developed. Accordingly, 
advice is given to rinse the tubes With chromic said preferably 
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immediately before the test and not more than 6 hours before the 
test is done. 

Filettstme matter and Colour of  the Ixtract on deter-
minations 

Due to the sensitivity of the suggested method (the or. 
iginal extract is diluted at least 1.00 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 in the presence of the soil 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 reagent. 	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 
is not well established. 8wain(84)  however, attempted to 

end Hedberg, 
explain it. 	They suggest that the mechanism is similar to 
that of oxidising agents of high potentials. They obtained 
evidence that oarbinol is not the intermediate stage in the 
conversion of leucomalachite green to the dye in aqueous 
solutions at room temperature using cleric sulphate as an 
oxidising agent. Accordingly, they suggested that the 
leucomalachite green is oxidised directly to the malachite 

green. 

(2) 
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It is possible that this is also the case while oxidi- 
sing the 	4i4"1  le Ve by potassium periodate to 

rhis 
permanganate. 	 awl, in turn, oxidising 
leuaemalachite green to malachite green. 	The speed with 
which the dye is formed on the addition of the lenco-base, 
suggests the improbabi3.ity of the formation of an interme-
diate stage. 

(3) Rffact of Temyerature :- 
The reaction is affected by wide argonaut. 

in temperature but it was found that between 20.0 & 30•C 
there is no appreciable effect on the colour forst& Below 
20*C however, the colour developed comparatively slowly 
and above 30°0 the colour developed rapidly and irregularly. 
A series of tests on both standard solutions Auld soil ex-
%reeve were made at 15°C, 20°C, 25•C, 30eC and 35°C. 0.1 
al. of Morgan extracts of the soils or the required standard 
to which 0.1 ml. of Morgan reagent is added was pipetted in- 
to 10 al. tubes. 	One al. of buffer and one al. of perio-
date were added after dilution to six al. with waterlaixing 
thoroughly after each addition. 	The tubes were left in 
water baths (250 al. beakers were used) for 20 minutes and 
then leucomalachite green solution was added and readings 
were taken after 80 minutes. 	Results are shown in Tables 
21 and 22,110 



60. 

Asensitive method for the determination Of manganese 
in Morgan extracts has been adapted for use in diagnosing man!. 
ganese-daficient soils.  

The only serious interference seems to come. from ferr-
ous and ferric salts but due to the sensitivity of the method 
to manganese, iron interferon** is reduced to a great . extent 
by dilution. 	The Methods is sensitive to 0.03 - 075 iVga.lbx 
and 10 µAm. Fe+s were needed to cause interference on the re.. 
commended procedure. 	Accordingly, the concentration of the 
iron should be at least '20 times that of Mn in the extract to 
cause serious laterterenae. 

Vida variations in temperature 'affected the colour for-
mationbut standard solutions and Morgan extracts did not show 
serious error when the teaperature 'was raised from a0°C t°304C. 
Temperature seems to increase the rate of the reaction but not 
the intensity of Slue colour. 

The max  um time for the primary oxidation is 20 minutes 
and for the final oxidatiOn is 80 minutes. 1M cam was LIE-
)Lae fox. two 'tours  after the 80 minutes limit and no change could 
be traced in the colours during these two hours. After this 
time however, the colour started to fade. 

The isthod was also very useful in studying manganese 
levels in different, soils soiutions. 
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Soitit .77 
'Offset of Norgat5-4-. 

	‘OnfeNdanwimiela.11110=~101.111111•••1110111IMMEMINNOMP.... 

Absorptiometer Readings x 100 (each reading is an 
Test Solution 	 average of asap OS)• 

miorograta In. 
No Norge* 

added 
0.1 ral.liorva 

added 
0.3 mlaorgan 

added 
0.5 slaw-
gan added 

Blank (0.0) 3.0 3,0 4.0 4.5 
0.03 5.0 5.0 5.0 4.6 
0.06- li.0  10.5 9.5 9.6 
0.09 16.0 15.11 15.5 15.0 
0.18 23.0" 23.0 28.0 21.5 
0.15 28.0 28.0 27.5 26.0 
0.18 33.5 38.0 34.0 31.6 
0.81 42.5 42.6 41.5 36.0 
0.26 50.0 49.5 48.5 42.0 
0.30 57.6 67.0 54.5 48.6 
0.40 70.0 70.0 69.0 61.5 
0.50 75.0 74.0 75.0 67.0 
0.60 73..0 76.0 72.6 71.0 
0.70 71.0 71.6 69.0 68.5 
0.80 68.0 67.6 62.0 + 
0.90 66.5 65.0 • + 
1.00 64.0 62.0 + + 

s. All the samples marked + showed violet to pink colour and 

readings worenot taken. 



Test Solution 

(each with 0.1 ml. Morg 
reagent) 

Ala* 
0.03 Wks, Mn. 
0.06 NO OP 

0.09 WO WO 

0.12 ON flu 

0.15 CC no 

0.18 NO ON 

0.21. Ne NO 

0.25 NN On 

0.30 IIN  a.. 

626 
TANA 13. 

ItattatAla s_the atabilita of tM 0941.0ar 

in presence of Morgans jteagent. 

after 
tea 46 size. 60 sins 80 mine. 

2.6 3.0 3.0 3.5 
4.0 5.0 5.5 5.5 

7.5 10.6 11.0 11.5 

12.5 15.3 16.0 16.6 

16.5 23.0 23.5 23.6 

25.5 28.0 28.6 29.0 

28.0 37.6 37.6 38.0 

31.5 42.6 42.0 42.6 

38.0 50.0 60.0 61.0 

47.6 57.5 68.0 58.5 

It is observed that the colour formation increases con-

siderably till the forty-fire minutes limit and seems to settle 

afterwards as no appreciable increase took place lathe last thirty" 

five minutes of the experissmt. 	It was decided to take readings 

at forty-five minutes after mixing with leucomalachite green. 
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ftBrlC 14.

:snee't. ,of t.~.~ 1 rl- ex1c1&Uon ... the 81iab!l!tT o~ tM oolour

~orme4 in the preanee of "It_·.......t..

- •

Abaorptio_ter llQadi.n&s z 100 (eaell reac11.D8' 1& all
, . .-.erap of 4 asapl••>.

f ••t Solution' 10 !dn1i".. ~or
pr1lN7 oxidation

Blan1r. 3.1 3.6 a.1
.' ,

0.030 ta-/gm. IIQ. 6.0 S.O a.o
0.080 ... It • 11.0 10.& 11.0

0.090 ft- •• '16.0 1&.6 16.6

0.110 ... •• 23.S 24..0 26.0

0.110 I.., •• 28.0 Hi 21.0 81.0

0.180 "" •• 38.6 39.0 31.0
- -

0.110 ... ." 43.0 42.0 43.0

0.850 •• •• sc.o 11.0 10.1

0.300 "" "It 57.0 68.0 m.o
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TAM 16. 

Effect of Tungstate :- 

Using Sodium tungetate. 

Abeorptioniet•er Readings x 100 (each reading is an 
Tengstate added 	average of 2 san,p3.0e. 

Alga* 0.03 pigs. Kn. 0.12 pfga.in. 0.3 Kiga.161. 

0.0 6.0 23.0 56.0 

10.0 5.5 24.0 56.0 

20.0 5.5 23.0 57.0 

50.0 6.5 23.0 56.0 

75.0 6.0 23.5 57.5 

100.0 5.0 24.0 56.0 

150.0m 5.5 23.0 56.0 



0.03 Wigs. Mn• 0.12 Wes. WA. 0.3 p/ga. 

5.5 23.0 58.0 
5.5 23.0 57.5 
6.0 23.5 68.0 
6.6 23.0 57.0 
4.5 24.0 58.0 
4.0 22.0 56.0 
3.5 19.0 54.0 
2.6 15.0 50.0 

6.0 23.0 57.0 
6.0 23.0 58.0 
4.5 23.5 87.5 
3.6 21.5 51.0 
3.0 19.0 48.0 
2.5 17.5 45.5 

  

weC.)•&& 

  

Ferric iroin 
O pigs. 
• OW 

4 SO  
6 ws 

8 On 

10 RR 

16 se 
20 ss 

Ferrous iron s- 
• Wes. 
• ss 
4 w• 
6 OR 

20 
RR 
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TARES 16. 

Interference of Ferric and_ftrrous Iron 'la 
	......1•101010M111.1=10•••••=0.1M11.1111. 	 

Iron Added 
Absernivreteropeetignattars.ding is an 

  

1.3.s- Concentrations above 20 pvigm. of ferric iron caused 
turbidity in the solutions. 	The test is carried out 
in the presence of 0.1 ml. Morgan reagent in each man-
gamee standard solution. 
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Interforenso of Alondnina s- 

66. 

Aluninixas 
added. 

. Abeorptionster Readings x 100 (each figure is an 
vintage of two deterlitatiOnia). 	• - 	• 

0.03 Wan* Mn. 0.12 pleas. Ma. 0.3 piega. Ma. 

0. lifign.Al. 5.0 23.5 57.0 

NN 1* 5.0 23.0 57.5 

2.  NN NN 5.5 24.0 57.0 

4.  IN MN 6.0 23.5 53.0 

3.  N* 6.0 23.5 57.5 

12. "" NM 5.5 24.0 68.0 

15. NW WS 5.0 26.0 58.0 

20. .10 NR 6.5 25.5 59.5 

26. NW "" 6.0 26.0 60.0 

30. "I Nll 6.6 27.5 61.6 
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TABLE 18. 

Application of Method to analysis of Morgan Soil Extracts z 

Morgan Extractable Mn expiressed as p.p.*. oven dry 
soil (each determination is an average of 2 samples. 

Soil 	Orleans,' 	Ten times Fifty times 
Tested pa. Soil Extract. Dilation. 	Dilution. 	Average 

0.161. 0.3.M1 0.1•MI.0.3.=1..0.1111.0•3M1. 0.1161.0.31111 

   

	

midi T  5.6 	7.4 	6.6 

• a 6.0 	4.5 34 
• m 6.5 
* 177.0 

* !7.0.  

• aw le 6.0 

• = 6.5 
6  	4.0 

7.0 6.6 7.8 

4.0 2.9m 3.6 
8.3 6.8 8.0 
4.0 3.6 4.6 

8.0 6.6 07.5 
1.4 1.2 ..... 

42.0 39.2 46.0 
30.0 27,0 30.0 

5.8 7.3 6.0 

3.2 3.* 3.0 
6.6 7.9 7.0 
3.0 444 3.6 

6.0 7.7 6.3 
1•1140.4 	1 . 11 	1.2 

40.0 44.0 39.6 
24.6 30.0 26.8 

+ 
6.0 

+ 
4.2 

+ + 
1.0 1.2 

+ + 
+ + 

R 	12 $.0 
• 1 5.5 
• & 5.0 
N DI 4.5 

+ + + + 130.0 
+ + 16.6 12.0 14.0 
+ + 12.0 10.0 12.0 

2.4 -2.0 3.0 2.6 2.8 

120.0 130.0 120.0 
12.0 16.3 12.0 
11.6 12.0 10.8 
2.0 2.7 2.2 

N.B. s. Solutions narked + showed a deep violet to pink col-
ouration indicating higher concentrations of mangemose. Sash 
solutions should be diluted 10 or 50 times as required. 

DILUTION SHOULD ALWAYS Be MADE WITH 31021GANIS SOLUTION. 
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TAME 19. 

Recovery of added known amounts of •: se to Standard Sol*-
tions and to Soil Extracts. 

µAm. Manganese. 
Test 

Solution 

  

Theoretical Found 	Error % 

Soil eatracts:- 
Soil 1 	 0.38 	111101.1.11. 

	

NM "" +0.12 WsmiOan. 	0.50 	0.48 	... 4.0 
Soil TY 	........ 	0.228 	..... 

	

"" "+0.10 Afgnain. 	0.325 	0.326 	0.0 

	

MO "" +0.21 ligmeMn. 	0.535 	0.520 	- 2.8 
soil ly 	..-- 	0.250 	

apellONIMO 

MO 	is 1  +O.= potgatan. 	0.375 	0.375 	0.0 

	

MO NN +0.09 AegmAn. 	0.259 	0.256 	.., 1.1 
Soil 	 0.050 

	

MN "" 40.12 Wgmaln. 	0./70 	0.170 	0.0 	* 

	

NM "14.0.03 we:_v.Mn. 	=so 	0.078 	Eg 
ON + 1.9 

	

I" +0.21 ii/gmAn. 	0.260 	0.268 
Standard Solutions  *- 

	

0.03 wegm•Mn. 	0.130 	0.124 	- 4.6 
0.03 + 0.09 	0.120 	0.125 	+ 4.6  
0.12 w" w" 	0.220 	0.220 	0.0 

0.12 +. 0.03plga.Mn.0.123 	0.125 	+ 1.6 

0.21 " Nt 	0.310 	0.300 	... 4.6 



TABLE 20. 

Comparison between the Periodate Method and the suggestedLeucer.—

malschiteAmn  Method. 

Morgan Extractable Manganese 	( O.D. basis ). 
•••••••••=...p.1.11111 /1111110.1••••••••••••••••••••• •••••••••••••••••••=•••MINow 

Periodate Method. 	The suggested. Lauoomalachite 
green Method. 

6., 7.4 

4.0 4.5 

7.5 " 8.3 

4.5 4.0 

9.3 8.0 
_-- 1.2 

46.0 42.0 

32.0 30.0 

130.0 130.0 

15.0 16.6 

11.3 12.0 

3.1 3.0 

Soil 
used 



TABLE 21. 

Effect  of Temperature s Endings of Standard Solutions sr 

Test 
Solution 

Absorptiometer Readings x 100 
15°C 	20°C 	25°C 	30°C 	35°C 

0.03 Wgm.Mn. 2.5 3.5 4.5 6.0 8.0 

0.12 µ/gmain. 19.0 21.5 24.0 26.0 28.5 

0.30 Wget.Un. 49.0 64.6 56.0 56.0 59.5 

TAMS 22. 

Rffeet of Tempere.ture 	Determination of Mn in Soil Extracts. 

p.p.m. Mn. in Soils (Oven Dry Basis). 
Test 

Solution 
15°8 20°C 26°C 30°C 36°C 

Soil T 6.0 7.1 7.6 8.4 9.2 
Soil TX 2.9 3.2 3.6 4.0 4.6 
Soil ! 3.6 4.5 5.1 5.4 5.7 

1.0 1.2 1.4 1.4 1.6 Soil VI 



CHAPTER  

'COLORIMETRIC METHODS for DETEMN&TION of IRON in MORGAN 

EXTRACTS of SOILS' 

A : THIOCYANA►TE METHOD using an ORGANIC MiTRACTUT. 

B s THIOCYANATE =TROD using an ORGANIC STABILISER. 

C s 0-PBENARTHROLINE METHOD. 
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Introduction 2- 

The thiocyanate method for Irma+ s determination 

is the oldest and one of the most convenient techniques gener- 

ally accepted in analytical practice. 	It is very likely that 

Berzelius (86)  was the first to use the distinctive reaction be- 

tween ferric ions and thiocyanate ions. 	It was also suggested 

by Ossian.(86)  for iron analysis. 	The slain 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 

trials to stabilise the colour of the ferric thiocyanate complex 

to ensure accurate determination of the iron. 

Two principal schools of thought originated in the course 

of these studies g- 

ist t Stabilising the colour in situ by adding a lista. 

bilising reagent" e.g. Stokes and Cain (87)  suggested 

thiocyanic acid reagent stabilised with mercuric thiocy- 

anate. 	They oxidised the iron with potassium persul- 

phate. 	Other,  workers (88)usedhydnven, peroxide and 

preferred it to potassium permanganate for the same pur- 

pose. 	Bally (89) recently, used acetone-methyl ethyl 

ketone mixture to stabilise the thiocyanate complex in 

aqueous medium and was able to determine up to 0.020 mgm 

Fe in 100 ml. solution. 

2nd s The second school of thought favours the extraction 
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of ferric thiocyanate with an organic liquid imodscible 

with water, the separation of the organic layer and its 

direct use far colour comparison e.g. Bernard and Drek-

ter (0used a mixture of the monobutyl ether of ethyl- 

ene glycol and ethyl ether. 	The extracted thiocyanate 

colour was intensified and it was stable for twenty-four 

hours. 

One of the'main factors which contributes to the instep. 

bility of the ferric thiocyanste complex in water IS its abnor-. 

many high dielectric constant (80). 	In order to stabilise 

the thiocyanate complex,liquids of lower dielectric constants 

are added to the reacting medium so that the dielectric constant 

of the mixture becomes comparatively low. 	Ionization of the 

thiocyanate complex is thus minimised or even inhibited for a 

period sufficient 'to obtain an accurate measurement of the col- 

our. 	Alternatively, the thiocyanate complex is extracted in 

organic liquids of comparatively low dielectric constant, thus 

avoiding dissociation of the complex. 

The present study was undertaken to develop a reliable 

method for the determination of iron in Morgan extracts of soils. 

Two successful trials were made s- 

lets Extraction of the ferric thiocyanate complex with 

a mixture of equal volumes of amyl alcohol and amyl acetate. 

2nd $ Addition of .a mixture of methyl ethyl ketone and 

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

situ. 



73. 

The method adapted here is based on the reaction of fer-
ric iron Ivith thiooyanat,e (which should be present in excess to 
increase the colour interxity), in the presence of mineral acid 
which serves to suppress the hydrolysis of the iron complex. 
Hydrochloric acid 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 
accordingly, hydrochloric acid was used for adjustment o.‘ the pH 
to avoid hydrolysis of iron (Fe + 3140— Fe (OH)a + 3le )4, 
Nitric acid may contain traces of nitrites which form nitrosyl 
thiocyanate NO.CNS, the colour of which is very similar to that 
of iron thlocyanate and would introduce appreciable error if pre-
sent in measurable quantities. 

The stability of the resulting complex is affected by 
pH, temperature, light, and properties of the extractant or "sta-
biliser" applied as claimed by Lister and. Bivington (93). 
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s *Colorimetric Determination of Iron in Morgan Nextracta 
of Soils by the Thiocyanate Method using an Organic 

Sztraotant. 

In those studies the Mechem Absorptiometer and Tinto-
meter were used for colour measurements. 

Stock Iron Solution s 0.1 
The test solutions were iron standard solutions prepared 

in mounts such that each five al. will give s- 2, 4,41, 840,124, 
15, 20 or 25 p,gms of iron. 

.1mmonites thioo3ranate 1- 7•5 Y. Solution. 

Potassium pe  rmangsmate s 04 X Solution. 

Hydrochloric aoid s 	Approximately 5 Ire Solution.* 

Ai*yl alcohol - Amyl acetate (v/v) s was used as an extraotant,1•1 

Choice of Filter s 
To select an appropriate filter for use with 

the Biochea Absorptioaster, a set of standards was prepared as 
above. 	Five ml. aliquots were pipetted into separating fun 
nels with one ml. of hydrochloric acid and one drop 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-cmy-OPticsi.i'celli 'Three filterii wire exit:tined, the 
zero being adinated Izi'every &tie' With ii"blitink'deteration. 
Results are shown in Table 23,/31.04 

It is clear from the readings that the light blue filter 
gives rather'the widest' range- Of Colour' and thus was used ttiro gh~ 
Ott' this ' investigation' Wieneier * 'emirialeohol,./anyl acetate mixture 
was used, for extraction .,of the complex.. Readings were taken 
Inmettitteli i4'te:..separation,i.e..20 minutes, from.the time. of 

?44.4e4 ,of the **1101411a I.2490.17u*te. 

Stability ot the 'ColAtir. -1'0ft:sated s 
The sane experiment was re., 

peatid to test the stability of the colour both in the shade and 
in . ditietit. sunlight. . two 'Sets of etamdirds w s prepared, one 
of which was kept. in the  shade in the laboratory and the other 
set was put on the window sill of the laboratory. 	It was a 
bright. sung day ti3.1.1459). 	Temperatures aieraged 23•0 in 
the laboratory. and, 45.51.'0 in the Open.. Results recorded in 
Tables it and 25t'llow' slearli that the standards kept in the 
shade were stable 'for 	oNE hour While those put iii then 
Sunlight were not; attable-fer more than half an hour. Hoinver, 
a13. readings Obtained in further work were taken imetediateUr 
after separation of-the organie layer i.e.' twiszi‘ minutes from 
the tine Of . the addition. Of the thioeyanate reagent. 	it is' 
obiterved that light affected the Colours' of thioeyanate to a 
greater 'extentiron' the 1igher titiut from loner iron concentration. 
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X.rfect of Morgan"a Solution on,  the. Colour. developed 

Another two sets .  of - atandardsi Were • Prepared; •One-  with • 
Merean!'s ablitition and the -other with distilled water so that one 
ml• of sea' will `give 'the required quantity.  of 11'031.  tO be tested 
(i.i.."2•;'4;' 	 i5;  20•and 25 Oen.' iisOnfail•) . 	The • 
desired aliquot 'of iron' Was Pipe tiedtr into seParating 'funnels 
adding' the aia0Unt Of **organ's 'SeltitiOn or water to complete the 
valises' to ti is U.t. • • • : the set of 'standard's 'With.  five 	MOrgants 
wai taken fireaf the preirious 'experiment. 	The colours were pro-
duced as .above in.,.the presence, of Q.i;  3 and 5 ml. of Morgan's 
solution. 	in each case; the zero was checked against 
containing the appropriate .amotuxt of Morgan's solution. , Results, 
are recorded in Table 26,Mob•.Theso results , chow that, the, presence 
of, up to S ml. of Morgan's solution in the reaction medium did 
not introduce eny appreciable interference .1rith„ the development , 	.    
of .the colour. , Fig., 9, shows the relation. between iron, concen-
tration and ahsorptiometer readings using standards, containing 
five ml. of s Moreau's solution. 

=Teat 'Of add44 gydrechleria 'acid. on 	Coloir•• foraatiOn 1-i • • 

Morgan's solution is13uffereit at pH .  4.9 and it was necess-
ary to find the volume of hydrocbloric acid (531 approximately) 
needed to lower, the pH to 1.5.. 2.5 which is the ,favourable pH 
for the determination to prevent ionization of the Fe complex. 
It was found that 0.75 m3.. of the 5:6 hydrochloric acid are re- . 

quired 
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to change the pH of ,five nl. of .Morganis solution to 1.67. In 
praetice.however, some elasticity in, the quantity of acid added 
may be assumed without appreciable error in the determination. 
Because this method was devised for both field and laboratory 
work, the amount of hydrochloric acid needed to give maximum 
sensitivity of the test was Measured. ' The result, are shown 
in Table 27107. The colour intensity decreased with increase in 
the amount of, acid used. 	For each five ml. of Morgan's solu- 
tion it was decided to add 1.5 ral. of hydrochloric acid (530 9  
due regard being paid to the excess of acid required to prevent 
interferencies particularly of the phosphates. 

Effect of 'added,  Potassium permenfanate on the colour -of the Thio-
oyanate Complex > pa 

"The effect' of potassium permanganate on the 
colour of the Complex formed 'in Morgan's e.olution using standard 

WAS exArrIttle)) 

solution and soil extraotsr.* The soils 'chosen for *this study 
vary. Mainly in the ,organic 'tatter content , namely, Hatlington soil 
with organic matter, 2.3%, Silwood soil with 3.5% and 'Slough soil 
with a-ppirordmately 10% organic matter. 	The latter-is a water- 
logged soil and rich 'in organic matter. 	The Morgan extracts 
of these soils were observed to ,have a gradation lir colour, 
Harlington soil extract being lightest, Silwood soil extract more 
deep yelloi in colour,* Slough a deep yellow. 

The required standards made in. Morgan' solution were pip-

etted into separating funnels (5 ml. from each) and from the 



Morgan soil extracts tin al. were used in each case. To ea* 
test solution LIG ml. of hydrochloric acid, different volumes of 
Petaseitse permanganate were added. followed by five al. of %hie-
aysnate solution and ten ml. of agyl alcobol-eswl esdltats as z 
tun. 	late colour was extracted anti readings wore taken both in 
the Biocbem ebsorptiometeri  tuning a i.;.cm• oell and light blue film► 
ter tom, twenty minutes after pregarationyand in the Tintometer 
to trace any change in the nature of the colour extracted. 

The multi are shown in Tables 28, 20, 30, 31, 32 end $3, 
R, icq2.110. 

It is evident that, U.1 ml of will Xiginw4  had no effect on 
the coloury extracted either in the case of standard solutions 
or liorgen entreat of soils. 

It was also observed that, the solutione which did not 
receive say permanganate gave initially higher readings than those 
which received up to 0.3 mt. of the Amnon/de solution. These 
solutions which did not receive any perraangenete however, were 
unstable and lost their colour in loss than half an hour even 

e re when they W weer kept in the shade. 
Tint:teeter readings on the other bend*  showed that the 

yellow and red unite increasedgradually in the standard salutions 
which received permanganate while in soil extracts the red unite 
were more or less constant (when figures obtained from each soil 
are compared between themselves) and there isIse gradual. increase 
in the yellow component of the extracts. This was further in 
vestigetel by obtaining Absorptinmeter readings of the soil entree 
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using a dark blue filter OBI, and a 3. cm. cell and the thiocyanate. 
The coloured soil extracts of the previous three soils 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 
suggested two possibilities $k 

Wi t either the colouring material in soil extracts is 2a - 
y extracted by the organic layer during the extraction of 

the thiocyanate Qr 

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-apyl acetate mix-
ture decolourised the soil extracts as the organic layer gave 
practically no reading on the Biochemlbsorptiometer. 

Interferences  sa 

The most common interferences in this method are 
due to phosphates, 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 interference 

whatsoever. 	Phosphates, citrates - and nitrites were examined as 

follows:- 
Three standard solutions of iron containing 2, 10 and 

20 µgm Fe."  in Morgan's solution so that 5 	will give the 



reqiured Fe concentration, were placed in separating funnels 
with 1.5 ml. of HCl and 0.1 ml. of 0.1N IMO&  followed after 
thorough mixing by the desired quantity of the foreign anion 

to be tested. 	Five ml. of ammonium thiocyanate and 10 sel. of the 

organic extractant were added. 	The extraction of the thiocyaa- 
ate complex was carried out as usual and readings were taken after 
20 minutes from preparation. 

Results are in Tables 35, atiti andaz, 71124113 - 

Interference of Phosphates $ 
The presence of 500 µgat of phos- 

phate did not cats. any interference but there was a contiliderable 
decrease in colour in the presence of 1000µjgas of phosphate added 

as Nall1PO4. 	In Morgan extracts such quantities of phosphates 
(100 p.p.m. phosphates) would be considered extremely high and 
very unlikely to be present in Morgan extracts of soil even after 
a recent addition of phosphatic fertilisers. 	Results are shown 

in Table 35+ 

Interference of Citrates t- 
Citrates to the concentration of 

1000 p,gm, added as sodium citrate did not cause any measurable in- 

terference in the colour. 	Results are shown in Table 36. 

Nitrites s- 
20 µgm 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 poi) and almost negligible -at at the 10 and -20 µgm Fe+alevels. 
Twenty ligm/5m1 extract is equivalent to 4 , p.p.m. and such high  
concentrations of nitrites would be toxic under istial 
tural coalitions. '• Results' are sho-wn in Table 37p//3. 

Recovery tests va 

The recovery of added amounts of ferric iron 
to standard iron solutions in the presence of five ml. of Morgan 
rie)4ent and to soil extracts was examined. 	The results are 
shown in. Table 38,t/i4 • 

The results show clearly that the method as adapted aff- 
ords perfect evidence for complete recovery. 	It is seen that 
this method is extremely sensitive and very reliable.' The ex-
traction of the colour from the reacting medium immediately after 
its preparation prevents almost every interference. 	The recov- 
eries are between 99.8% and 101.0% in bilith soil extracts and 

•„'" 

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 with those of the absorptiomstar determina-
tions Table akpils= 
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The Method as finally Adapted. 

Apparatus s- 

Biochem Abs orptiome ter..  
1 cm. cell. 
Light Blue Chance Filter 0B2 gr 
Comparator and. Conwarator Tubes. 
Iron Disc (Thiooyanate Method). 

Reagents to 

1. Margarita Extraotant Solution s- 	Dissolve 100 grams sodium 
acetate trihydrate (A.R) in one litre of distilled water con-
taining 30 ml. of glacial acetic acid (A. R.). 

2. Potassium permanganate W10 solution 1- Dissolve 3.16 gas 
KMn04, (A. R.) per litre of distilled water. Keep in a dark 
bottle with glass stopper. 

3. Hydrochloric acid II solution s- Measure 423 ml. of Ra (A.R.) 
Sp. Gr. 1.18 in a litre flask and complete to the mark with 
distilled water. 

4. Ammonium thiocyanate 7.6M. solution s- Dissolve 570 gns 
(A. R) in a litre of distilled water. 

This solution is 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 laboratory showed that it keeps unchanged under 



these conditions for at least six months. 

5. Awl alcohol and Amyl acetate mixture 1:1 by volume. 

6. Standard iron Solution t- 
0.1 gm pure iron wire/1. 	Suitable 

aliquots were diluted with Morgan's solution to give standards 
containing from 2, to 25 p.ga FeAs 

Procedure I.-,  
1-''Calibration Curve :- (if absorptiometer to be used.) 

Pipette 5 ml. of each, of the standards above prepared in a se 
separatist funnel, acidify with 1.5 ml. of the hydrochloric 
acid, add 0.1 ml of the permanganate, mixing thoroughly at. 
ter, each addition. 	Add 5 nil. ammonium thiocyanata follow-
ed by 10 ml. of the amyl alcohol-amylacetate mixturelahake 
vigorously for ; 2 minutes and leave to stand for the organic 
layer to separate from the aqueous layer (7 to 10 minutes) 
required for complete separation). 	Decant the aqueous 
layer and transfer the organic layer to a lion. cell and 
take readings. 	Fig. 9 shows the calibration Curve. 

2- 	Unknown Solutions $ 
Pipette five ml. of the Morgan soil 

extract (prepared by shaking 20 gme of soil with 40 ml. of 
Morgan solution font minute vigorously and filtration 
through IVhatman filter paper (No. 1) into a separating fun- 

nel, add 1.5 ml.of hydrochloric acid, 0.1 ml. of Mink and 
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5 ml. of the thiooyanate followed by 10 ml. of amyl alcohol- 
amyl acetate mixture. 	Proceed as for the calibration 
curve. 	The amount of iron is found by referring to the 
calibration curve.' The Comparator could be exchanged 
for the absorptiometer and a me north window'used When: 
ever possible is preferred for matching with standards. - 

The standard colour disc is marked 2, 4, 6, 8, 10,124, 
and 25 , these being the actual amounts of iron producing the 
colour in the test. Accordingly, the dolour is matched against 
20 	when 5 ml. of the solution is taken for 'the tests  the amen-. 
tration' of the iron will be 4 p.p.m.. 

If the solour produced is deeper than the standardii s • the 
teat may be carried out on a smaller aliquot of the original,  ex‘e 
tract after dilution with Morgan's reagent to five ml. Alter-
natively, the thiocyauate extracted may be diluted with 'amyl al-
cohol-amyl acetate mixture to produce an appropriate colour' with. 
in the range of the 'method. 
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SUMMARY. 

♦ sensitive method for the determination of iron (total 

as ferric) in Morgan extracts of soils and in soil solutions is 

presented. 

The distinctive colour of the thiocyanate complex formed 

is extracted immediately after its formation using au amyl alco-

hol-asyl acetate (141 T/m) mixture. 

The colours produced are stable tor one hour in the shads 

(i.e. away fron direct sunlight) and for half an hour in direct 

sunlight. 

The most important modifications of.  the original method 

are so. 

1- Application to Morgan extracts of soils. 

2- The volume of 6X hydrochloric acid added was macre*. 

sed to 1.6 ml. 

3- The volume of 041 potassium permanganate added was 

increased to 0.1 ml. instead of one drop (0.009 ml.) 

This increased the stability of the colour. 

The ions which are present in soil extracts 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 higt,ranging from 97.4 to 100. 

A standard colour disc was made covering the range of 

2 20 micrograms Fe i.e. 0.4 to 4 p.p.m. Fe if five ml. are 
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taken for analysis. 	I cases in which the iron concentration 
swede the above, a convenient dilution is made before the mea- 
surement of the colour. 	The disc was used to detirmine iron 
content in Morgan extracts of Lolls and results are coMpared 
with those obtained from the absorptiomoter, Table 39. 

The method is valuable In determining iron in displaced 
soil solutions, the only precaution being the adjustment of the 
pH to 1.5 2.5 before the determination. 
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Colorimetric Method for the Determination of Iron. Thlocyanate 
Technique using an Organic Stabiliser. 

This method is basically similar to the previous method 
except that in order to simplify its operation in the fieldlthe 
possibility was examined of stabilising the thiocyanate complex 
in situ i.e. without extracting it in the organic solvent. Thus 
saving time and reduoing the amount of apparatus to be carried. 
The stabiliser here was ethyl methyl ketone 4  acetone (2s1 v/v) • 
The test solutions used were standard iron solutions of the same 
concentrations as used previously. 	Tubes of twenty ml. caper 
city were used instead of the separating funnels. 	Five ml. of 
the standard solutions were pipetted into the tubes, i.6 ml. of 
a hydrochloric acid were added, one drop of 0.12i latn04 and three 
ml. of ethyl methyl ketone mixture, shaking thoroughly after each 
addition. 	It was noticed that when the thiooyanate was added, 
the colour produced differed considerably from that extracted with 
awl alcohol-amyl acetate .'using the Biochem. Absorptiometer, the 
effectiveness of the two blue filters 0131 and 082 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- 

vestigation. 
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_Effect  of Morgan's Solution_ on,  the . Colour formed 
. 	• 

To test the effect of Morgan's solution on the colour 
formed, two sets of standards were made, one with distilled wa-, 
ter and the other in Morgan's solution so that five ml. of each 
will give' the required quantity of iron to be tested. One drop 
oflUta04, 	of HMI and after mixing thoroughly, three., ml. 
of -the' stabiliser were added.-  Finally, five ml. of the .thio-
dyenate were added and the 'solutions were mixed thoroughly and. 
left to stand-for thirty minutes after which, 'readings were ta-
ken and shown' in Table 41'. 

It is evident from the results that the .  presence of up 
to five ml. of Morgan's solution did not interfere with the col-
our formation or 

of various quantities of the stabiliser on the colours- 

Keeping the volume constant at 14.5 ml., different vol-
umes of the stabiliser were added to standard iron solutions pre-
pared so that one ml. gives the required quantities of iron to 
be tested. 	0.3 ml. of HC1 (6N) was added (to lower the pH of 
the test solution to 1.5 » 2.6) together with one drop of Kos 

ant mixed thoroughly. 	Water and varying proportions of stabill. 
ser were then added to make the volume up to 14.5 ml. taking into 
account the five ml. of the thiocyanate reagent to be added. Read-. 
Jugs were made after 30 minutes and blanks were always used to 
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adjust the zero reading before reading the standard.solution. 
Results are shown in Table 412tiAd suggest that the effect of 
the stabiliser wee 'to intensify the 'colour, the proportion be. 
ing of similar' order kor the four" levels Of -  iron tested.* " 'It 
was thought advisable uSe'seven ml. of stabiliser instead of 
the three ml. fizisit 'uded.• 

affect of time' on colour formation and stability 1- 

The test was repeated using five ml. of standard iron 
solution in Morgan's solutionloontaining the quantity of iron 
to be tested, 1.5 $1. of Hal, one drop of 110104  and 7 nil. of 
the stabiliser being added followed by 5 ml. of the thiocyanate. 
Readings were taken after 10, 30, 60, 90, 120 minutes from prep-
aration. 

Results are given in Table 437//1 
The colour of the thiocyanate complex formed in the press 

once of the stabiliser does not form instantaneously as in the 
case of amyl alcohol-anwl acetate extraction method but takes 
approximately 30 minutes to develop. 	The colour developed is 
stable in the shade for at least two hours if the suggested pro. 
cedure is followed. 

A standard 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 preparation using a 1-cm. cell and dark bine filter 



On. 	Results are given in Table 44,/'120. Fig. 3.0 shows this cali- 
bration curve. 

Interferences  

This teat was made by preparing the • standard iron solu 
tions iri Morgan's solution so that four ml. will give the requi- 
red iron standard. 	The interfering ions were diseolved in Mor-
gan's solution to provide the required quantity of the foreign 
ion' in i ml. of test solution. With this arrangement it was 
possible to examine the effect of foreign ions on the thiocyanatt 
colour formed in the presence of 6 ml. of Morgan's solution. The 
effect of phosphates, aluminium, calcium&magnesitba were examined 
and the results are shown in Tables 4E, II, a and 4,,,lili21 £122 

Effect of increasing quantities/ of IM n04 on the colour developed v. 

The affect of different volumes of 0.1.M jaino„, used was 
tested and it was clear from the results (Table 4gy24that up to 
0.3 ml. of the permanganate do not introduce any interference with 
the readings. 	This serves the purpose if totallvould be dater- 
mined in soil extracts as ferric*. 	It is presumed that such a 

volume of permanganate , is capable of oxidising the ferrous iron 
to ferric iron if 5 ml. aliquot is taken for analysis as sugges- 

ted. 	At this stage of the work a disc was made according to the 

final 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 ketone-acetone mixture as sta-
biliser was made and. results are shown in Table 50//p/24- 

&lathed Finally Adapted. 

Apparatus $- 

Biochem Absorptiometer. 
1-cm. cells 
Dark Blue Filter MI a 
Comparator and. Comparator Tubes. 
Standard Iron Disc (thiocyanate - ethyl methyl ketone-acetone 

method. 

Reagents  

1- Morgan's Solution. 
2- Kuno* 0.1N solution. 

prepared as before. 
3- HC1 (5N approximately). 
4- Ammonium thiooyanate 7.6K solution.) 
5- Ethyl methyl ketone-acetone mixture = 2/i by volume. 

6- Standard iron solution s- prepared as before. 

7- Standard iron  solutions in Morgan's solution s- a aet of 

standards prepared in /00 ml. volUmetric flasks, using Morgan's 

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

4, 6, 8, 10, 12.5, 15 or 20 µget of iron. 



Procedure 1- 
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A- StnyidAt‘d Curve ler (if Absorptiometer is to be used) Pipette 

    

5 ml. of each of the standard. solutions into a 20 ml tube ,add 
1.5 ml. of Kell  one drop of KlAn04  (up to 0.3 ml. will not af- 
fect the colour), mix thoroughly after each addition. 	Add 

etanu 
ml. of ethyl methyl ketoneac , mix thoroughly and the add 5 ml. 

of the thiocyanate. 	Stand for 30 minutes and take readings. 
maw a curve showing the relation between the iron consent's. 
tion and Absorptiometer readings. 	Fig. n. 

Unknowns 
Take 5 ml. of the Morgan extract of soil, add 1.5 

ml. of the acid, one drop of ildin04, mix thoroughly after each 
addition. 	Add 7 ml. of the ethyl methyl. ketone-acetone mix- 
ture. 	Stand for 30 minutes after which take readings using 
a 1.cm. cell and dark blue filter OBi in the Biochem Absorptio- 
meter. 	The iron concentration in the teat solution is calcu-
lated by reference to the calibration curve. 

interhatevelY 
AIternstely, fill. the Tintometer tube with the blank and 

place it in the. left-hand aide of the Cowparator, place another 
tube with the test solution in the right-hand side and match 
against the permanent colour using a north window whenever 
possible. 



SUMMARY. 

A sensitive   method is described.' for the datermination 
of iron using the th.loeyanate method. 	The colour produced 
is Stabilised in situ using ethyl methyl ketone-acetone mixture. 
The colour is Stable for at least two hours in the shade and 
over half an hour in the sunlight. 

The method quick and almost free from interference 
of other ions present in Soils under natural field conditions. 

93. 
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"Determination of/ronts0-phenanthrolinet-

Introduction $ 

Walden, Hammett and Cbapman(94)  claimed that the 
ferrous ortho-phenanthroline complex was discovered by Blau in 
1898. 

Saywell and Cunninghtua(95)  determined 'the iron colorio-
metrically in fruit juices and wines by the o..phenanthrolliva 
method after wet lashing with sulphuric-perchloric mixture and 
reduction of the ferric iron to the ferrous state using hydroxyl- 
amine hydrochloride solution. 	They observed that the method 
was superior to thioglycollic acid method having a relatively 
more intense colour for a given iron concentration and a greater 
working sensitivity. 

Memel and Willard(96) used the same reagent for deter-
mining iron in other biological materials (food and blood...etc.) 
They claimed that the ferric iron was effectively reduced to the 
ferrous state by a solution of hydx.oquinone in a sodium acetate- 
acetic acid buffer of pH 4.5. 	They also observed that the 
interference of the large quantities of calcium and phosphates 
i)resent in the metabolic materials they analysed could be obvia-

ted by making the test at pH 8.©w 4.0, at which acidity maximum 

colour is developed. 

Fortune and Mellon(97) made an extensive study of the 

factors Which may affect the formation of the o-phenantbroline 
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ferrous complex. 
In the present work a trial was made to adapt the method 

to iron analysis in Morgan extracta of soil with a view to devel-
oping a quick technique for fieIA tests. 

Bffeet of Morgan's solution on the ferrous o-phenanthroline exsaaga  • 
plex formed s- 

The test solutions in this experiment are ferrous ammon-

ium. sulphate standards containing 10, 20, 30, 40, 502.  60, 80, 100 

and i2( p,gm 	.P'rom these, four sets were prepared, one,  

without Morgans solution, the other three containing one, three 
or five ml. of•Morgenh solution: 	The desired quantity of iron 

to be tested is pipetted into a ten ml. tube (Comparator tubes 
were used), mixed thorough'ke with the desired volume of Morgan's 
solution and diluted with di9tilled water to 6 ml. if necessary. 
One ml. of 10% hydroxylamine hydrochloride is added and the tube 
left at room temperature for 10 minutes. 	Then 1 ml. of buffer 
(made by mixing equal. volumes of SN TIM and 513 anmonitun acetate) 
and 0.2 na. of 0.5% ortho-phenan.throline solution in 50% alcohol 

are added. 	The tubes are filled to the mark with distilled wa- 

ter and the contents are mixed thoroughly. 	Readings are taken 

in the Biochem Absorptiometer using a 1 ecm. cell and dark blue 

filter Oil. after twenty minutes. 	The Abaorptiometer zero read- 

ings are adjusted against distilled water in each case, then the 

readings of the blank in each case is recorded and the Absorptio- 

meter is set at zero against the blank of the appropriate series 
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before the readings are taken. 	Results in Table fi1it/25-show 
clearly that the presence of up to five nil. of Morgan's solu-
tion in the reaction IND dims did not introduce any effect on 
the colour formation. 	The calibration curve (Fig. EL) is 
prepared with standards containing 5 ml. of Morgan's solution. 

Adjustment of the Volume of vaphenanthroline solution added s- 

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

Effect 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. 	Immediately before readings, the cell was taken out, 

wiped with filter paper and used. 	Results are shown in Table 

54,,,pige, There is a slight increase in the colour with the rise 
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In temperature and the effect is greater the higher the COSiCalle. 
tration of the iron in the test solution. 

Substitution of bydrasylemine *metals for the 10Z solution  v.. 

Hydroxylamins hydrochloride solution is =Stable and it 
is always necessary to prepare it freshly before use. An attempt 
was made to use the crystals (0.2. gm. for each determination) in- 
stead ofta using the solution. 	The 0.1 gm. could be measured 
roughly on the tip of a glass spoon made in the laboratmhy tram 
a glass rod of fOur MM. in thickness. 	The readings are in 
Table 52r show two sets of standards treated similarly eamept 
in that one set received one ml. of 10% hidrovignine bidrogiblor-
ide while the other received 0.1 gals of the hydroxylnable hydro- 
chloride crystals approximately. 	There was substantially no 
difference in colour between the too aeries. The only precau 
tion however, is to ensure the complete dissolution of the solid 
reagent. 

Stab:WV* of the ferrous o-Atenanthroline complex in presence of 
Morgan's solution 1- 

To test the stability of the colour formed in presence 
of Liorgan's solution, the test was repeated in presence of 6 
of Uorgan'a solution. 	It each standard solution, 1 ml. hydroxyl* 
amine hydrochloride 10% solution was added, mixed thoroughly and 
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left to stand for ten minutes. 	One ml. 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 Biochem. Abesorptiometer after 20 minutes, 40 minutes, 
one hour, three hours and fifteen hours. II Results are shown 
in table 53 and indicate the striking stability of the colour of 
this complex for at least fifteen lunsrsp,a1- 

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 solutions in the presence of five ml. 
of Morgan's solution. 	Table 55 shows that up to 200 µgm phos. 
phate (i.e. 20 p pass PO4  in final volume) has no effect on the 
colour but larger quantities caused a reduction in the colour 
intensity,P/z'  

affect of organic matter 1,- 

Organic matter under natural conditions has no effect on 
the determination. 	However, it was found necessary to deoolor. 
ise the extracts of soils relatively rich in organic matter. De- 
colonisation using activated charcoal was found to introduce an 
error (a decrease of 7 10%) in the results, very likely partly 
due to adsorption of a pottion of the iron in the solution and. 
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partially due to that of -the yellow coloured organic matter. A 
permanent colour 'disc which could be. used for field work was then 
prepared. 	The disc covers a range of 10 i40 isgai. peg i.e., 
2 .4 23 p.p.ms Fe • in the original soil extract Si five ml. ars 
wed in the tests. 

The Method as' Finally 

Apparatus s- 

Biochem Abaorptiometer. 
One-cm. cell 
Dark Blue Filter OBI. 

or alternately 
Comparator and Comparator Tubes. 
Standard Iron Colour Disc. 

Reagents I 

(1 )  Morgans Solution. 
(2) Hydroxylamine hydrochloride 1- 10 gme of Analar Ms OH HCl 

are dissolved in 100 ml. of distilled water.mixed thoroughly. 
(3) Hydroxylamine hydrochloride crystals (for use in the field). 
(4) 0-phenanthroline Solution  s- 0.5% solution in 50% alcohol. 
(5) Buffer solution 1- Squal volumes of aN HCl and 5N ammonium 

acetate (Prepared from Analytical grade reagents) are mixed 
thoroughly'  • 
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(6) Standard Ferrous Iron Solution 

0.7023 gni of ferrous ammonium sulphate Fe(3E14)a(SO4)2  
611.0 is weighed accurately and dissolved in-water with the 

addition of 20 ml. of 0.6N HCl. 	This is transferred quan-
titatively to a litre volumetric flask which is filled with 
distilled water. 	This solution contains 100 p.p.m. Fe 
i.e. 100 micrograms iron/ml. 

Procedure  2. 

A- Calibration Curve s‘.. (Absorptiometer). 

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 are stand for 10 minutes at room temperature (20 - 30) 

Add 1 nil. of buffer and 0.2 ml. of osphenanthroline solu- 
tion, mixing thoroughly after each addition. 	Complete the 
tubes to the 10 ml. mark, mix again and take readings in the Bio-
ahem Absorptiometer after twenty minutes using a 1-cm. eel,/ and 
dark blue filter OBI. 

B- Unknowns s- 
In a 10 ml. tube, pipette five ml. of Morgan Extract of 

soil (prepared by shaking soil with Morgan' solution, Wvol.1s2 
for 1 minute and filtering), add 0.1 mi. of 10% hYdroxylamine IIC1 

solution and mix thoroughly, ox alternately, add 04 gm. of 
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hydroxyl ins hydrochloride, dissolve completely and mix thorough« 
3.y with the help of a thin glass rod (2 maw in disaster bent at 
its end to offset complete mixing). Leave to stand .for 10 sinew 
tes, add i al. of buffer, 0.2 al. of or.phenanthroline solution, 
and eoaplete to the 10 al. mark with distilled water, mixing 
thoroughly after each addition. 	Ts readings in the Abeer1,64 
telemeter after 20 minutes. 	The amount of iron in the solution 
can be obtained by referring to the Calibration Curve. 	Alter- 
nately, match the dolour against the permanent glass standard in 
the disc using north daylight whenever possible. 	A blank 
should always be prepared from all the reapatab added to the 
unknown and placed in the Left-hand compartment thus falling 
behind the permanent glass standards. 

If the colour produced from the sample is more intense 
than the highest in the disc, the test may be repeated using a 
smeller aliquot of the filtrate and diluting to five al. with 
water or Morgan's solution. 	Develop the colour as above des- 
cribed and calcUlate the iron concentration. 

Recovery Test  s 
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 accuraoy of ± 2.111,030. The 
test solutions used were five ml. of Morgan soil extracts or 
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standard solutions in the presence of five al. of Morgan' solur. 
tion. 

Determination of both ferrous  and total  iron using .the Method z- 

sight air-dry soils were examined for their ferrous and 
ferric iron contentbusing the suggested method.. 	The ferrous 
iron was determined immediately after extraction with Morgen's 
solution using the normal procedure except that no hydro:glen:Lae 
hydrochloride solution wag added. 	As soon as the extractant 
was obtained, a fin al. aliquot was placed into. a 10 al. tube, 
one al. of buttes ns added and mixed, followed by 0.2 al. of o-
phenanthroline solution and the colour was developed. 

Another five al. aliquot was taken from each soil extract 
and the total iron was determined by the reduction of the ferric 
iron to the ferrous state. 	The difference between the two val- 
ues obtained is taken as the ferric iron. 	Results are in Table 
6? and show that from 88.9 100% of the iron is present in the 
ferric state under air-dry conditions,/ /31 



SUMMARY. 

The o‘Thenanthroline method is adopted for the determin-
ation if iron (ferrous and ferric) in Morgan extracts et soil.. 
fi'he presence of up to fill* al. of Morgues dolutlon did not cause 
any interference in the development or the stability of the col.-
our and the colours are stable for 'at least fifteen hours if the 
procedure described is followed. 

Phosphates in amounts up tp 40 p.p.m. (P0:) in soil ex- 
tract did net interfere. 	Such high values of phosphates are 
unlikely to be present 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-
crease at higher iron concentrations did not exceed the experi-
mental error. 

The method was adapted to field tests and permanent 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 accuracy on a marked length of a thin glans rod. 0.aphen-
ant iron,* solution in a well-stioppered dark bottle may be kept 
=changed for at least six months. 

The method is accurate, quick, almost free from interfer-
ence and is very promising for field work. 
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Table 23. 

Choice of Filter 1.4 

111111•10~01111•11111111111•11.111L 	 

Teat 3oUrtion Abserptioneter Readings X 100 

• Light Bles,FiltAr Dark 21as Filter Green Filter 
Oat • 001 032 

.26 

2 sioropeas 

10 microgram 
nt+s 

siorogxema 
ps+s 

3.0 

144 

36.5 

3.0 

12.5 

30.6 

• 

• • 

• 

2.0 

11.6 

3044 
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Table 26. 

Set of Standarda kept in direct Sunlight s- 

Teat Solution 
Absorptioaator Readimp 1.100 

Clean of two re:4*re)  

 

  

15 idinitee 30 states 60 isbnItee 120 giantess 
wirimpormourow 	 

Iniere

Fib  
grems 

3.6 	3.5 	2.5 	1,5 

10 micrograms 

Fe 	14.5 	14.0 	12.5 	104 

25 micrograms 

re 	361.5 	36.0 	32.5 	25.©.  

Table 24. 

Sot of Standards kept in the Shads 1.- 

microseas 
Fe 	3.0 	3.5 	3.0 	24 

to micrograms 
+a vs 	14.0 	14.5 	14.6 	/2.5 

26 micrograms 

Fits 	36.0 	35.5 	35.5 	31.6 



Table 26. 

affect of Morgan!  Solution on Colour 144 

Teat Solution 

 

aPsorptionster Re 
• le 

1.100 

 

      

Steaderds with 
NO Nor 

in presence in presence in _pregame 
of L all.ifor- of 3m1.11or- of 623..Nor- 
pa eels: 	gun solls• 	gen sobs,. 

•••••kameomestass a 

2 µgo /re 3.0 3.6 3.0 
- fe 4 opt Fe * 6.0 5.5 7.0 6.6 

6 pipe Fe
+1 
 

a Pla Fs 

9.6 
1/.5 

9.0 
11.0 

9.0 
12.0 

8.0 
11.0 

10 itga re"  14.5 14.5 15.0 16.5 

124 pot Ps 18.5 1.8.0 18.5 18.0 

15.0 	pga Fe441. 22.0 22.0 22.5 21.6 

20.0 Rpm re+3 29.0 29.0 30.0 29.0 

26.0 µgm le 38.0 .38.5 38.6 38.0 
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Table 27. 

lIffect of added Vdroehlorie acid on the colour formed  s. 

Abeorptiometer Readings X 100 
Volans of coin 

added , 2 pgm Fe.  10 pga Fe+11  +s  20 pga re 

Home 4.5 16.0 31.0 

0.5 mil. 4.0 16.6 29.5 

1..0m1. 3.5 16.0 29.0 

1.6 ml. 3.6 14.6 29.0 

2.0 ml. 3.0 13.5 29.0 

3.0 ml. 2.6 12.0  28.0 

4.0 ml. 1.5 12.0 28.0 

1. 



6.6 0.9 . 	1.2 
5.5 0.8  1.0 
5.0 0.8; i:i 
6.5 .0.8 1.2 
6.0 1.0 1:6 
7.5 1.2 3.0 

0 sa. 
0.06 al. 
0.1 az.. 
0.2 a3.. 
0.8 age 
0.5 NI: 

Table 28  

Standard Solutionss- 

4 µgat of ferric iron in 5 ml. of Morgan's solution. 

AbsorPtiometer Readings Tintoaster Readings(awerage of 
6.11 um.  4 	x 10© 	 two determinations) 

Average of two deterMina-  Yellow units Red units tions.  

'2.0110.111. 

15 pgm of ferric iron in 6 ml. of Morgan's solution. 

0.11 IIao Amorptioaster Readings 
at 100 

Tintometer Readings(averme 
twodeterSthatl 

of 
__ftgal111 

0. 	iii.• 24.0 2.5 8.5 

.0.05 al. 22.0 ' 2.3 7.7 
0.1 	ml.. 22.5 2.1 7.8 
0.2 	*1. 22.5 2.2 8.0 
0.3 ale 24.5 2.4 8.2 
0.5 al. 26.0 2.7 8.8 



a 

added 
Average of two readings Yellow units 

0. 	al. 3i.5 2.9 
0.06 ALIA 30.0 2.6' 
0.1. 	al. 29.0 2.4 
0.2 al. 244 2.4 ' 
0.3 	ill. 31.0 2.8 
0.4 al. 33.0 3.0 

Red units 

10.0 
9.8 
'9.6 
' 9.4 
10.1 
10.6 
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Table 30. 

20 p of ferric iron 1st 6 al. of Morgues solution. 

Absorptiastoter Readings Tititosseter 
x1.00 	 two 

0.11 =DS 	  

PAO J00 
8141 Sztraotis s .Har 	Soil Morgan lixtract(3.12 ratio soil s 

Iitxtrao t 64  shaking for 1 imitate and filtration) 
5. "1.• were used for this tint. 	.. 

Absorptioaster Readings 
1.00  

Tintoa 	
two

eter  Ito avarage of 

o•tigagp.a. Mintage of two readings Yellow units Red units 
0. al. 	8.0 1.3 3.0 

0.06. al. 8.0 1.2 3.0,  
OA al. 8.6 1.3 
0.2 n14 8.6 1.4 
0.3 al. 9.0 1.4 3.1 
0.6 al. 9.6 1.7 3.0 
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Sibrood Boil Morigan Retreat  v. 

Abilorptionster Bonding. 
0.1ir INe04 	100 

added 
?intonate, Readings 

Average Of two deteral*. Yellow units lied unite 
talons. 

O. al. 
0.06 at. 
0.1 al.. 
0.2 11. 
0.3 al.. 
0.6 ml. 

Jo. s 
i040 
10.0 
io.o 
1046 
114a 

1.3 
1.1 
1. 
1.2 
1.3 
1.4 

3.4 
3.3 
3.4 
3.3 
3.5 
3.5 

	R. 
Slough Boil Morgan Extract a.. 

ociar mo4  
added 

4.32.orptioaeter Readings 
x 100 

Tlatoneter R•adinge 

Averege of two dote:min-, 
&tiaras. 

Yellow units Red unit. 
dmimeommilimommimmowasisOmano. 

0. ml. 62.6 6.6 184 
0.06 ml. 61.0 561 13.0 
0.1 ml. 63.5 543 19.0 
0.2 a1. 58.6 5.3 18 .1 
0.3 ml. 55.0 6.6 19.0 
0.5 la. 66.5 5.9 19.2 

	 411111111•111111111110111111 



Table 34. 

Xffoat. of added 331n04  on the Colour of Boil Txtraots  

Absorptiostetor Readies x 100. 
Test solution. 
	am& 	Sibrood 	Harlington 

Orie.nal 'roast 	64.0 	15.5 

0. al. ZiRah 	24.5 

0.05 al. 1131n04, 	23.0 

0.1 al. ?3 ?s, 	20.0 

0.2 al. 1111n04 	18.0 

0.3 al. 11312204 	16.0 

0.5 al. illsOfi 	12.5  

6.0 	colourless(no reedp- 
ing obtained) 

Colourless)no 	' IN OW  
reading obtained) 

00 RN NW 0* Olt NO 

ON NI an NI OS 00 

RN 	00 	WO 	*X 	II • ON 

OM SO MI NW NO OS 
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Table 35. 

latortereacie of Phosphates s‘. 

Plukapkato 
Absorption-ear Readthge z 100 

ad2ted 
alarogreaa 2 pga Fe +s 

10 pea Fe 

3.0 16.0 

3.6 16.0 

3-0 15.0 

75 3.0 15.5 

100 3.5 15.0 

200 3.0 16.0 

300 4.0 15.5 

500 .  3.5 15.0 

1000 2.5 13.5 

-39.0 

30.0 .  

90.0 

29.5 

29.0 

29.5 

30.0 

29.5 

26.0 
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Table 36. 

Interference  of Citrates sga 

Citrates 
Abeerptionetcr Readings x 100 

added 
micrograms 2 mat refs 10 pga Fe**  20 poe 7•44  

10 •  3.5 15.6 30.0 

20 3.0 16.0 29.5 
60 3.0 . 16.0 29.0 	. 

100 3.5 15.0 29.0 

1.50 4.0 15.5 30.0 

200 3.5 16.0 29.0 

400 34 16.0 29.5 
800 3.0 15.5 29.0 

1000 3.5 18.5 30.6 

Table 37. 

Interf'erence of Nitrites s 

Nitrites 
addd 

micrograms 

Absorptiometer Readings x 100 

re 2 µgm re 
4111 

10 mat re 20 poi PS 
-- 

2 34 16.0 29.5 

4 3.0 1440 29.0 

6 3.0 16.0 29.0 

8 3.5 18.8 30.0 

10 3.0 15.5 30.0 

15 b 4.0 15.5 30.0 
20 6.8 16.5 29.5 
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Recovery That t- 

That Solution= .1  	„ Theory 
*amosimmI..m.laimimitmommi llialstaImOnakars• 

Found 	laver % 

5 mi. ot'HerlingtOn'.801.1. • 6.0 
. 	„ 

R.  8 mpa 14.0 1.4.0 0.0 

RR P*' 	I* -4,, 124, 55 -No 18.5 18.4 N. 	0.1. 

5 al. of Silwood Soil 7.8 wooing. 

RD • ' 	sou + 	2 	55 as. 9.8 /0,0 + 2.0 

BR Ns 	wet 	UN RR 15.8 15.6 - 	1.8 

RR R*II 	RR + 12.5 II 01 19.5 20.0 + 2.6 

2 pia. of 11% 2.0 2.0 0.0 

Os OP 	ON + 	6 5. OS 8.0 7.8 

O. + 	8 •• 10.0 10.0 0.0 

10 55 	II 10.0 10.0 0.0 

10 NR 	RN 	2r so 12.0 _ 11.8 o. 	1.6 

10 RR •P t 	6 	*1 16.0 16.0 0.0 

10 55 	ow * 	a 	RR s• 18.0 18.2 + 1:1 



Test 
Solution • 

Soil X 

Sell Zr- 

Sell In 

Soil 72/ 

Soil g 
(Harlington Soil) 
Soil n 
(Silwood Soil) 
Soil ra 

Soil 

soil 72 

soil 
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Table 39. 

Cesi&Leon between values obtainsd for Iron Bete.raination as  
the R:oehen AbsO4tiosieter and the suggested disc 2 using this  

sane Soils as in tbs. Sulphate and Manganese .tests... 

P.posi• Fe.  (oven dry bus) 
• • 

noehen Absorptioneter. Dine. 

2 2 

34 4 

1.3 1.2 

1.2 1.2 

1.2 1.2 

14 2.0 

1.6 2.0 

1.7 1.6 

1.0 1.2 

3.4 3.0 

3.6 4.0 soil rig 
(was ciiluted 6 ti-8.8 nes i.e. 1 ml. of 8.0 

Soil izz Morgan soil extract with 4 al. Morgan 
Solution and concentration calculated. 
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Table 40. 

Choice  of Filter a- 

Test Solution. 
Absorptiopleter Readings 3c 100' 

eftommuseM 
,• 	 •..• 

Dark Blue Filter 
031 

Light Blue Filter 
ORR 

2 pgis Fe+3  in 5 nl. 
Morgan' s solution. 2.0 1.0 

10 pga Fe+s in 5 al. 
Morgues solution. 10.5 8.6 

25 pas It 	in 6 n11. 30.5 24.5 
Morgan's solution. 
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Table 41. 

Filpffo0f.....to utian 	on on the Thieearanate Colour I- 

Absorptioneter &lading.z, 100 
(sash figure is an average of- two.. roudinp). 

noit present 

  

(ior .PaNtirUlialin, i ml. of Morgan' sole 
iiiater)• . 	*tion Present. 

2 nierogroas To 4.5  
• ... 

'2.0'' 240'. 

00 4.5 4.5 

6 	. 01. lb* so 6.6 6.5 

8 	00 ea 011 8.0 8.5 

10 	NN 10 	• 10 	• 10.5 10.5 

124 " Ni ON 13.5 13.0 

15.0 10' Nlr aka  16.5 16.0 

20.0 !II RN es 21.5 22.0 

25.0 "4 U. NN 28,5 2900 
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Table 42. 

Effect of various quintities of Stabiliser on 'the colour formed e- 

Absox oastor Reading z 1,00(airorago' e)f 

isount of 'Stabiliser Addid. 

Es in toot solution 0 1 al. al. 5 al. 7 KU 
CL iPle•) 

2 1.5 2.0 2.5 ,p.o 2.0 

to 6.6 . 	8.0 8.5 ,9.5 10.5 

15 11.5 12.5 14.0 15.0 16.5 

14.0 16.0 18.0 .19.6 81.5 



Toot Solution 	 
/0 ablates 30 ninutoo GO minutes 90 ninutoo 120 mini 

abooiptisoseter Readings sc.100 (.soh figure is 
an averago of two & tercet atio*s.).:.  

119. 

TakLit 43. 

Moot of Tine on Colony Formation and Stabilitor s- 

2 pest nos 

	

le5 	2.0 	2.0 	2.0 	2.0 

4 

• se 00 	5.6 	7.5 	 7.5 	I -7.5 

	

10 " ** 	11.0 	12.0 	12.0 	12.0 	12.5 

	

15" OW 
	 17.5 	19.0 	19.0 	19.5 	16.411 

	

2000 II 	22.6 	26.0 	26.0 	26.6 	264 
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Table 44. 

Absorptioneter Readings (average of two readings). 
Standard 
solution 

441 
2 isga le 

4 nit es 

e int se 

• NW Olt 

iQ " " 

/2.6 	ell 

16.0 Ng 

20.0 ** 

4.0 

6.0 

8.5 

10.5 

13.5 

16.0 

21.0 

2.0 



Table 45.  

Rffect of Phosphates zA. (Na 

Phesphate added 
Alorogramma PO4. 

Absorptiomoter Readings (average of two readings) 
x 100 

2 odorogress Ire fis 10 micrograms ng 26 micrograms 
pet 

0 2.0 11.6 21.5 

100 2.0 11.0 22.0 

200 2.0 11.6 22.0 

600 296 11.0 21.0 

1000 2.0 11.0 21.6 

1600 2.0 10.6 19.0 

a " Effect of Aluminiu* (potash alma). Table 46. 

Alammindurt added Absorptlemator RoadInga(amorage of two readings) 
Microgram 	llog  

Al. 	2 micrograMs Few to micrograms Fe 20 MiCtrOgralli yea  
0 2.0 • 11.5 224 
2 2.0 11.0 21.6 
4 2.0 11.0 22.0 

10 290- 11.0 21,0 

20 2.6 12.0 02.0 
30 .2,0 12,0 22.0 



40 Agn. Fe 

200 24,  • 
400 2.0 

800 2.0 
1000 2.0 

" 
10 pgs. Fe 	20 fs pgn. 	Ft 

1/.5 •22.0 
11.0 .21.5 	- 
11.6 22.0. 
11.0 22.0 
11.0 21.0 

Table 47. 
I22 • 

   

Iffact of Calcium s- (calcium chloride.) 

	 .111101al• 
• . 	• 	. 	• . • 

Caligula added Abeorptiometer Readings x 100. 

  

Table- 48. 

R 	"Affect of Magnesium t- (I4204 7140)• 

Magnesium 
added 

micrograms 

Absorptiometer Readings x 100. 

2 pees. 	Fe."  10 paw. Fef 
o 
 go pgsa. 	?ems  

••••••••••••••••••••••••••••••••••••••••••••••+.• 

0 2.0 11.5 22.0 
50 2.0 11.0 21.0 

100 2.5 11.0 21.6 

150 2.0 11.0 22.0 

200 2.0 11.5 22.0 

400 2.0 12.9 21.5 

600 2.0 11.5 2115 
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Table 49. 

Effect  of inctreasinq quantities of Eldn04, on the colour developed 

131n04, added 	Absorptiometer Readings x 100 (average of two 
in n3s. 	 readings.) 

MIMINMOiel lIIIIIIM.I.11/••••••••••••••••••III.P.1...11.•••IMIN•P••••rwrida10111111A111401mOilamm0.11~111111••11111iIIIMM 

2  Mo. 1,441  10 µgas. Pee 	20 Itipst. re+6 

0 2.6 11.5 21.5 

0.05 3.0 11.5 22.0. 

0.1 2.5 11.0 22.5 ' 

0.2 2.0 11.5 22.0 

0.3 2.0 11.0 22.0 

At thin stage of the work a disc was made according 
to the final method adopted. 



124 

-Table 50. 

--Comparison bwtween the ThioCyanate Method involving the extras.* 
-tiOn 	the  colourlrith eal:,..olCoholiamy3. acetate mixture' 
the technique using ethyl methyl ketone acetone mixture as Sta.. 
biliser 	(Absorptiometer readinp). 

Test 	Thiocyanate gxtraotion with Thioeyanate a  Stabilistft 
Solution amyl alcobol)sayl acetate mix- the colour in situ by etb 

ture. 	yl methyl ketone/acetone/ 
mixture. 

Soil I 
III ZE 
en Ea 
ite 35! 
• N 	I 

(Harlington) 
Soil 

(Silwoifid) 
Soil In 
NOP fra 

O0 n 
Olt V 0  
O0 Z 
pm ar 

2.5 2.8 
4.0 4.2 
1.4 1.4 
1.2 1.2 

1.2 1.2 

1.6 1.6 
JAI 1.8 
140 1.4 
1.0m 1.0 
3.5 3.6 
3.3 4.1 

8.8 9.2 



100 NW' NN  " 100.0. 

120 "" " N 120.0 

1.25 • 

Table 51. 

Zffeotof 1_Lijor anis solution on the Colour of the o-phenanthroline 
 Cospli.x 

• • 	I 	. 	• 	• • • 	• • 

Absorptioaeter Readings x 100 (each figure is an average 
of two reMinv)• 

Test 
Solution 	" , , 	• - 	•• . 

..;. No Motfailii_. Al. Morgan's 3 al.Morgan's :6 islAforgeals.  
solu on. 	solutUn. 	solution. 	solution,. 

Manka 	0.0 	0.0 	0.6 

10 aitrogreas  
Po *. 	94 	. 9.0 	9.5 	10.0 . 	.,. 

ao 	u• - Aug Nil 19.5 	-.' 19.6 	19.5 	-110.0 

30 	I" UN 1" 30.0 	• : : 30.0 	30.5 	-36.0 

	

40 sir '"s me 40.5 	' 40.0 	41.0 	...40.0 

	

50 "" -*". "" 82.0 	_81.0 	61.5 	51.0 

	

60 "" "" "" 62.0 	' - 62.0 	62.0 	-43/.0 
:•-• 	 • 

	

"72.0 	73.0 	73.0 	72.0 :-. 

	

80 ftle.  • .N. "" 83.0 	;.'-' 83.6 	83.0  

• - • , /00.0 . . 	. 	100.0 . 	100.0.  

120.0 	120.0 	120.0 



Table 52. 

Bffeet of form of hyd.ioglemine hydroohlOride added  s---• 

asorptioneter Readings x 100: 
Test 

&anti= 

  

Standards with 1 ml. of 10% Standards with 0.1 gn. of 
lurdroxylanine bydrooh3sride bydroxylamins hydroolaoride 

solution. 	 orystaas. 

10 µgass 10.0 9.5 

40 µgas Fe 41.0 40.0 

80 moss Fe"  81.5 83.0 

a 120 µgas Ps 120.0 120.0  
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Table 53. 

Stability of ferrous o-aphenanthroline oonPlox in Pr000noo of 
lorpais sohution:- 

-Abeorptionst•er Readings x 100 after". sue.-  - • 

Test 
solution 3 minutes 40 Einntos One hour Tbree hours, "Fifteen 

• 10 micro ..pviss.  

	

Iles 	9.6 	9.6 

	

30 	". . • 	30.0 	30.0 

	

60 	*II " i 	61.0 	. 62.0 

	

"80 	int • a 	- 80.0 	80.5 

	

110 - 	Nil ill 	120.0 	120.0 

9.0 9.5  • 9.5 

30.6 31.0  30.6 

61.0 61.0 61.0 

81.0 80.0 81.5 

120.0 120.0 120.0 
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?able 54• 

Bffeot of Temperature v.. 

Absorptionster Readings x 100 (each reading Is an 
average of two deternations) 

Teat 
Solution 

20°C 25°C 30°C 

4 41. 
10  Agms. of Fe • 

	

50 	eit 	ao 	NM 

	

100 	on 	se 

9.0 

51..0 

1000 

9.5 

51.0 

110.0 

10.0 

52.0. 	: 

115.0 



Abeorptioneter Readings x 100(everage of 
two readings). 

Amatimilimirrow 

10 pgailI4 OW • 7 4!..  • IQ,  M 	11 
4.*  

:100'x. Fe 

11.0 

9.0 61.0 100 
• 

9.5 60.5 105 

10.0 , 61.0 100.  

9.5 • 60.0 110 

10.0 60.1 99.5 

84 49.0 96.0 

10 

so 

100 

150 

200 

250 

Phosphate added 
(F04) 

Woe 
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Table 55 

interferon*. of Phosphates 1 

. 	.... 	,`• 	•. 	• 	• 
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Table 56. 
INNO.owee.•.•••=mr. 

Recovery Test 

48.011.1.11MMININ111•1••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••ea.M.o.y..... 

, Test.  
Solution 

Microgram Fe. 

 

Theory 	Found 	Irror 

Soil 	 13.5 
*1+10 pous.lre 23.5 
• +40 00 •• 	53.5 
* +80 we OM 	93.5 

23.0 
53.5 
93.5 

4•1 

2.1 
0.0 
0.0, 

.Soil 	 8.0 	 4•1 

* * ±0  'Was  • Fe+a 	18.0 	18.0 	0.0 
▪ * 40 MM Mr 	za .0 	49.0 	+ 2.0 
* + 80 ss 	88.0 	88.5 	+ 0.5 

Soil i2 	1060 
+ 10 ogiseae 

• + 40 NW WO 	 50.0 
	 50.0 	0.0 

• go its 	ON 
	 90.0 	91.5 

	
di' 1.6 

Soil Yinr- 
▪ + 10  Rms.  •Iref* 	17.5 
• 40 •• 	47.5 
• + 80 00  
	 .4•••••••..m 

0•0 
ma .0 

+ 0.6 

  

+, 10 isigne.re 
• 20 "! ** 

*60 	R. or 
* 80 	Olt PO 

30.0 

60.0 
90.0 

30.0 

61.0 
89.0 

0.0 

+ 1.6 



Soil Total 
in5 ml.of . 

WHIa soil extract.. 

	

Soil 7 	13.5 
III 

I& 
= 8.0 

* 'II 

	

IA 	9 . 0 

• 

	

I 	5.5 

• am• 

	

za 	1.0.0 

* El 	6.5 

• DX1 	7.5 

a u 5.0 

13 I 
Table 57. 

Determination  of Ferrous and Ferric Iron  in Soils  3- 

PerrOnis .  lion' 
,µ,gat in 5 ml.of 

Ferric Iron 
µgm in 5 al. of S Perris 
soil 	extraati„ 	Iron soil. ..e*traot.. 

R•10111•1 

0.8 12.7 94,07 

0.5 7.5 93.65 

1.0 8.0 88.90 

0.25 5.25 96.56 

1.0 9.0 90.0 

04 6.0 92.3 

0.25 7.25 96.67 

...IWO 5.0 100.0 



CHAPTXR  VI.  

Adaptation of the Titan Yellow Method for determination 
of Magnesima la Morgan extracts of' Soils* 
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Introduction 3 
Mainsail= bydroiide exhibite a notable capacity 

for adsorbing certain organic dyestuffs(98)• 	With some dye.. 
stuffs, of the aso and antbraquinone series, there is a differ.. 
shoe in colour between the adsorption product and the non-adsor 
bed dyestuff. • Since the adsorption is instantaneous, the rem 
action affords an excellent test for magnesium. 

Kolthoff(") observed that aagneaiva imparts an orange 
or red colour to alkaline solutions of titan yellow sal this for-
med the basis of a calorimetric technique for mainsail= deter.. 
urination. 

In Morgan's system of quick teats for soils, two reel. 
gents for nuignesithe determination were used, namely, titan yel- 
low and p-mitrobensensso.-resorcinol. 	The titan yellow teat 
was also used by Pater and. Bruner(30) while  Gilian(100) applied 

it for magnesium determination in waters,. 
Cornfield and Pollard(57) made use of the titan yellow 

test and determined ma,gnesirm in pleat digests. 
The most important interfering ions in the test are 

calcium, manganese, aluminium, phosphate and to a smaller ce- 
tera, iron. 	The attempts to eliminate such interferences are 
summarised below 3 

1- Separation of the interfering Ion by precipitation. 
2. Complexing the interfering ion thus rendering it ineffec- 

tive. 
3- Addition of compensating solutions. 
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Eirschfelder and Sarlas(101), determining magnesium in 
blood, separated calcium by precipitation as oxalate prior to 
the determination of magnesium. 	Decka(102), on the other 
hand, carried out the determination without the removal of cal-
cium although KolthoffC99)had shown that the presence of cal-
alum alters both the intensity and nature of the colour ;rode- 
cod by magnesium. 	laver and Bruner used sucrose to obviate 
the calcium interference through complex formation. 
also made a similar trial. 

( 35) Pesch and English 	have shown that the addition of 
sucrose partly eliminated the calcium interference if the moo-
noel= conceiatration is less than 20 p.p.a. With higher con- 
centrations if magnesium, calcium decreased the colour even in 
the presence of sucrose. 	they eliminated calcium interference 
by the addition of a *compensating solution" containing outfield. 
eat calcium to produce maximum intensification of the lake. They 
used the sane procedure to prevent aluminium inter:erence. 

Marmite was used by Peech(1°3)  in preventing the inter-
ference of small amounts of manganese, chile Gillera separated 
iron and aluminium as phosphates 'but did not -attempt to remove 
manganese. 	He used a solution of hydroxylamine hydrochloride 
to prevent the colour fading of the lake which occurs by oxide- 
tion in alkaline solution. 	Peech attributes the beneficial 
effeJt of hydroxylamino hydrochloride reported by Gillam to the 
action of this reagent in preventing maiaganese interference ra-

ther than any direct ,-ffect on colour fading of the lake. 

Gillen 
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Recently, Bikeloon,. Toth and Prince(10l) separated 

Ginn and the heavy metals as insoluble tungstates.. This is 
based on the fact that only the alkali and magnesium txu2gstates 
are soluble. 	Nikkolson(105) and Toth., after studying a largo 
number of dye stuffs found that Thiazol yellow (sodium 2.2.  distal.-
phonate of methylbenselethiazole) was the best for magnesium de.-
termination., The sensitivity range of this compound (obtained 
from general milt= works) .is 0 30 p.p.m. magnesium as. repor-
ted by these two ,workers • as compared with o 15 p.p.m. magnesium 
for titan yellow (obtained from Dr. enabler and Co., Germany), 

P4463 
o 	10 p.p.m, magnesium (obtained from

5 
 Eastman Kodak and CO. 

0 Ga 8 p.p.m. magnesium (obtained from Eimer and Amend, .B 37): 
Clayton yellow 

0 0.5 p.p.m. magneaium (obtained from Bastrian Kodak and Co.,770), 
Titan yellow (oftan.known as Ilarton yellow in Britain) is the 
reagent commonly used in this country. 

The present study of the method was undertaken to adapt 
the method for magnesium determination in Morgan coil a:tracts. 
Morgan` a solution is Metered at pH '4.8 and it was necessary to 
adjust' the volume of the alkali added to give a esttiofactary col-
our which is stable for a sufficient period for measurement. 

From a prelgortnikry study of the method it was observed 
that titan yellow from different sources differed considerably 
in the production of the final colour of the lake formed.. Accord. 
ingly, in all the xorkm done in this Luvestigationf  one sample of 

titan yellow was used throughout. 
Two main poin+1 ivere investigated so. 
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tat s Street of iorgants extractssnt on the colour formed 
before and after' its neutrailization. 

2nd s ***ovary of added magnesium to steadard solution and 
to soil extracts. 

The method is initiaLly as follows :- 
Reagents s- 

(1) Oaspensating solution s 13.9 vs. calcium chloride, 
0.96 gas. potassium' dihydro-

gen phosphate and 
0.88 gals. potassium alma 

are dissolved in water with the addition of two al. of 
concentrated HO].. The solution is transferred to a 
liter flask and diluted to the mark with distilled 
water. 

(2) Mannitol s 2.5% aqueous solution. 
(3) Titan yellow s 0.05% aqueous solution. 
(4) Sodium hydroxide 3lf solution 1 /SO gas/1. 

Procedure :- 
An aliquot of Morgan soil extract containing up to 60 

pgas. magnealua (usually 1 - 2 al.) is pipetted into a 26 ml. 
tube marked at 21 al. The solution is neutralised by sodium 
hydroxide, one al. of the compensating solution and one al. of 
aannitol wore added and the solution diluted to 21 ml. with dis-
tilled waters  mixed thoroughly and left in a water-bath at 20 
214 3 for 15 minutes. Shen 2 ml. of titan yellow were added with 
mixing followed by two al. of 31 sodium hydroxide. The contents 
of the tube were mixed thoroughly and left to stand for 10 min-
utes * i minute. Readings were taken in a Biochem absorptionater 
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FIG 12 
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using a 4 cm. cell and 091 green filter. 

Bffeat of Morgan's Ifartractant :- 
Solution. containing 10, 20, 40, 60 and 80 µgas. of maga 

minium were pipetted into tubes marked at 21 ml., and one ml. of 
compOnsating solution was added followed by one sal. of Manaite 1. 
The oonteits were mixed thoroughly and diluted to 21 ml. with 
distilled voter and then mixed again and kept at 20°C for 15 minim 
'efts. 	Two ail. of titan yellow were added with shaking follow- 
ed by two ml• of sodium hydroxide and the solution was thoroughly 
mixed, left in the water4aath at 20.0 for 10 minutes, atter which 
readings were,  taken. 

Five sets of standards were examined, one was prepared 
with water only. (no Morgan solution us added), 2 sets with one 
al. of Morgan solution added and 2 sets with two ml. of Morgan 
solution added. 	The colour was developed in the presence of 
Morgan's solution without previous neutralisation with sodium 
hydroxide solution,and after neutralisation. 	The results are 
shown inn Table §1,//37 - 

It is e3.ear from the results that the acidity of Morgan's 
solution (pH 4.8) prevents the complete colour formation if it 
is not neutralised before the determination. 	When 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 one or two ails. of Morgans& solution. 	Figura 12 
shows the calibration curve..  

Recovery s- Table 59 shows that recoveries ranged from 94 103%7 
t/37. 
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21ka...ftI• 

Stfoot of Norganis Solution on Lake foriaation of Titan Yellow s. 

No 
Tea 

Soluti
t  
on Srlfron 

added 

Abserptionotor Readings x 100 

One aloof Morgan Bolas.  Two al.of Morgan So]z. 

 

Before neut After &out Before nou After nout-
ralisations tralisation tralisation realisation. 

10 kvis• - 
g. 4.0 3.6 4.0 0.5.0 4.0 

20 	•• 8.0 4.0 8.0 6.0 7.6 
40 	it*  14.0 9.6 13.5 11.6 14.5 
60 20.0 12.6 /9.5 17.0 20.0 
80 	gyp  25.0 22.6 26.0 21.6 24.0 

Table 69. 
Recovery Test  so 

Test Solution 
Morgan utmost. Theory Pound Zrror 

1 a3..Buxtod Soil 15.5 
+ 10 isgs.1111. 25.6 24.0 • 2.0 

1 al.Sar3.ington Soil 27.0 WO WI 

* 20 pgat•Ng. 47.0 47.5 + 1.0 
2 al. Silwood Soil 7.6 

+ 40 pgmarge  47.5 47.5 0.0 
2 al. Garden Soil 12.5 w. 

+ 10 µita•NS• 22.5 21.0 6.3 
2 al. R. Pakistan Soil 10.6 

+ 10 pgs. 1tg. 20.6 20.6 0.0 



=Pm El 
114. riolti Test for Potassium in Morgan Soil Actracta using 

Cobaltinitrito. 
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Introduction s 
Since the introduction of the cobalt(nitrite meth-

od for the determination of potassium by Adie and lfood(146)early 
this century, it has been extensively studied and used by a great 
Amber of workers. This is due to the fact that the method is 
rapid, economical and adaptable to semimiere techniques. 	The 
only faster and nose flexible method for potassium determination 
is by the flaw photometer. 

The cobaltinitrite method depends primarily on the differ-
swiss in solubility of cobaltinitrites of sodium and potassium 
and would haw been ideal but for the isomorphism of the sodium 
and potassium salts. 

11011EM7)  studied the effect of different concentrations 
of sodium in the precipitation medium on the &Imposition of the 
sodium potassium cobeltinitrita precipitated. Hs observed That 
the higher concentration of the precipitating reagent within oer. 
Ulu limits, 	concentration in the final solution being optimal) 
the more accurate are the results. He also observed that with 
the 10 limit the precipitate contained a lower percentage of 
potassium but was less subject to changes in °map:motion. 

Brown et a3 (348) succeeded in developing a rapid tech-
nique for the potassium determination in soil extracts by precipi-
tating it as cobaltiattrite, oxidising it with excess of eerie 
sulphate an. back titrating the excess eerie sulphate using a 
o-phenanthroline complex as an indicator.. 

tiniall(109)made an extensive study of the possibility 
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of applying the method for the determination of potassium in many 
biological and agricultural materials such as blood, milk and dif-
ferent soil extracts. • 

(110) Kramer - 	has demobstmated that sodium, calcium, =gnat.. 
iuzn, barium, strontimit, sine,. iron, sulphate, nitrate and phos-
phate ions do not interfere in the deterildnation, of. potassium by 
cobaltinitrite. 	Ammonia-  however, latroducee appreciable error 
if present in considerable quantities. 	This interference could 
be obviated by addition of formaldehyde or bypoohlorits. 

Addition of .different alcohols is very Gannon in this tech-
nique 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 litorgan- extracts of soils using. a technique 
sufficiently simplified to permit a rough estimate of fertiliser 
requirement in the field by an unexperienced worker. 	Mho test 
is sensitive enough to differentiate between low, medium and 
high levels of potassium corresponding to levels of /0, 26, and 
60 p.p.a. K in the soils. 

The method described here was first established in the 
laboratory using a Biocthem Absorptiometsr. After several trials 
the following technique was adopted and simplified for field work 
as described later.' 	• 

Reagents 
(1) Morgan Solution 2- 100 gms. of sodium acetate trihydrats 



(A. R.) are dissolved 131500 nil. of distilled water in a litre 

volumetric flask. ' 30 ml. of glacial acetic acid. are added 

and the, mixture is diluted with distilled water to the mark 

and shaken thoroughly before'use. 

(2) Sodium Cobaltdnitrite 
. • 	(A. R. 

(3) *Aiwa nitrite 

(4) Glycol 	2% aqueous solution (1/1). 

(5) iso-propyl alcohol and ethyl alcohol mixture WV:- 
mix 100 ml. of each of the alcohols and shake theronghlY 4  

before use. 

(6) Standard potassium solution I- Dissolve /.907 pm. of 

potassium chloride in a litre of Morgan's solutionailute 

aliquots with Morgan's solution to prepare solutions con-_ 

taint* 5, 12.5 and 25 pgms. 4/ml. i.e. 10,41, and 80 pgRid  

K/2  

Apparatus sw Flat bottom tubes 78 MWM6 in length and 15 'Raw 

internal diameter. 

A grid made by drawing 2 lines i f4Ms in thickness 

and VP of an inch apart with indium ink aa a 
send-transparent paper kept betweenntwo glass 

plates (photographic plates were used) or alter-

nately a plastic plate half white and half black 

(supplied by Tintometer Ltd., Salisbury. 
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Method developed in the laboratory 
In a tubs of the above dimensions, 0.12 get. of sodium 

cobaltinitrite and 0.12 gm. of sodium nitrite were weighed and 
dissolved in 3 al. of 2% glycol solution. 	Five ml. of iso-
propyl-ethyl. alcohol mixture were added and 2 ml. of Morgan soil 
extract blown in (. the soil extract is prepared by shaking 2o gam. 
of soil with 40 mi. of *organ solution and filtered through What-
man filter paper). 

The tube was shaken thoroughly for 30 seconds and left 
to stand for 40 minutes. 	The 1111101011/11111 were compared with the 
standards prepared simultaneously containing' 101  26 and 50 so. 
Y. 	The test is made as follows s«. 

Take an empty tube of the above dimensions (75 a.m. len-
gth and 15 m.m. inner diameter with a flat bottom) and place it 
on the grid, pour the solution in just enough to °bemire the lines 

	

Measure the height each time . 	By comparing the heights of 
the differelat standards slow, medium and high) with those of the 
unknowns, the status of the potassium in the soil is predicted. 

Experimental :- 
The Blochest Absorptiometer was used in all these tests 

to establish the applicability of the method to soil extracts. 
The method was 4,ne11y tested with five soils varying in content 
Of Morgan extractable potassium. 

/0 d S 	 c tability of the eeleur formed. 
The test solutions were standard potassium solutions 
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containing 5, 10, 15, 20 or 25 pgm. VII• so that when 2 a].. 
are used. give 10, 20,40, 40 or 50 pga.X i.e. 10, 20, 30, 40 or 
50 p.p.m. Iwith respect to soil if the ratio soil ,to Morgan 
solution used on extraction is 1:2 (e.g. 10 gm. of soil extrac- 
ted with 20 	of Morgan's solUtion). 

0.12 gm. of sodiuM cobaltinitrite and 0.12 gmi. of sodium 
nitrite were .weighed in, flat bottom tubes of the above dimensions, 
dissolved in 3 ml. of 2% glycol, 5 ml. of amyl alcohol mixture 
added and 2 ml. of the standardwere blown in. 	The mixture 
was then shaken for-  30 seconds. 	Reatlings were taken 5 minutes, 
20 minutes, 40 minutes and 60 minutes from the time of prepara- 
tion using the Biochem4sorptiometer and red filter 032. 	In 

order not to disturb the cloud fanned, readings were taken in 
the special tubes 	cm.diameter) which. fitted in a plastic cone 
used for such purposes. 	A blank was prepared with set of stan 
dards and was used to adjust the zero readings of the absorption 
meter before taking readings from standards. 	Results are ahowa 
in Table 60 and graphieally (those taken at 40 minutes) in Ifig.13* 

The results show that the cloud formation increases grad-

ually, reaches its maximum at 40 minutes after Which the stabil,. 

ity of the cloud declines as shown by readings taken after 60 
minuteeq/46. 

Height of Standard Solutions  at which lines of  the grid become  

invisible  
The same everiment was repeated, and the grid was used 

to measure the height of the liquid, required to obscure the lines. 
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Results are shown in Table 61,t/4- 

Application to Soil s- 
lime different soils were tested for their 'organ extract-

able potassium as follows a- Ten grams of air-dry soil were 
extracted with twenty ml. of !Origami& solution by shaking for 1 lit 
and filtering through a No. 1. "ataa a. filter paper. 

The mixture of sodium cobaljsiattrite and sodium nitrite 
(0.12 gm. each) was dissolved in 3 al. of 8% glycol, b al. of 
alcohol mixture were added and 2 al. of the soil extract were 
blown in and the whole mixture was shaken vigorously fir thirty 
seconds. 	Readings were taken after 40 minutes and are shown 
in Table 6271b/47- 

Ada...Ve of the test for field work I. 
It was agreed that the cobaltinitrite as well* the ni- 

trite sodium salts could be prepared in tablet form for field 
work. 	In the field, the soil is either weighed by a rough 
balance on a sheet of polythaue or estinated by measuring it on 
a spoon which carries a mark showing roughly the volume of soil 
required for the test (usually 5 or 10 grams) • 	The tube used 
for the tact is marked at the 3rd ml., 8 ml and 10m1.1evels. The 
above teat for potassium was simplified for field work as follows: 

Pill the tube to the 3 ml. mark with the glycol solution, 
dissolve in it one tablet of sodium cobaltinitrite and another 

of sodipm nitrite. 	When the tablets are completely dissolved, 
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5 ml. of the Oleehol idxturet  mix. theroughly end,add two 
al. of 'the coil 'extract. 	Shake vigorously ter thirty sec.!  
wands and after 40. minetes stguiding.. put. the tube :used .for' the : 
'.0stesmileation.on.-thio . grid,and look :thrown" the. :depths. ofniLthe • 
31quid 1,  It. the lines arc clear,' then the' :potassium status of 
the soil is-. 	, , On. the' other• hand, 3f the. lima are :mot- 
•visible:i take' enetbor•. tube -;and. pour in, solution. till WI lines 
are Just °boomed.-  Mastro the.  height., 

Proat 'the work done.  in the laboratery)  it Was :  found. that . 	. 
soils containing less than 	Noreanaxtraetablei " 
lum When tested, ie 	obi the lines of the grid at all 
with the see of the whole  volume of the liquid Used in the test. 
'frith soils which contain 26 .p.p.*. Morgan extractable potassium 
the lines become invisible .at 1.5 - 2.0 ma. height, while the 
soils .whieh give, higher values, than 2.5, 25 pown:.itargem extract-
able potassium the. lines are obscured at a lower height 0.6 
1.5 ca.)* 

• 

	

J 	Xt was foul that up to 60 µgm. ameonium !tided 
as ammonium'al4ridi did not affeot the rssdings When tested • , „, 	. 	.. 	• 	. 	• 	,• 	" : 	, 	 •. 	, 
in the presienci of the three levels of potassium above mentioned* 



	

20 	 6 

	

40 	 940 

	

60 	 15.5 

	

80 	 23.5 . 	, 	. 

	

100 	 29.5 

5.5 . 	6.5 5.0 
11.5 12.5 10.5 
11.0 20.5 /7.5 
28.5 3t.6 29.0 
33.5 36.0 33.0 

Table 61. 
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Table 60. 

Stability of the cloud forati 

	momenrommiersillli 

Test Solution 	Absorptioneter Readings x 100 
pot. X. 

6 abates after 20 sdautos 40 minutes $0 minutes 
preparation. 

Standard Solutions va 

	unimmiimiftiolmleaeniftw orasmommimin 	 

Test Solution Absorptioneter Readings Height of the solution just 
µgm. X. 	X 100 	 to obscure the visit- 

bill 	of the line in cm. 
rammorramosaLmossosammsostmoaxiamosawrilmffIarrisoffs Waiga 

20 6.5 3.8 
40 12.5 3.2 
60 20.5 2.3 
80 3t.6 lei 

1.00 26.5 1.2 



Table 62. 
kgplioatSon of the MethogUofttljixtracts :o 

Soil Absorptioneter Height of the liquid in the Remarks 
extract. Readings Z 100. tube just enough to obscure as to 

used. 	 the lima of the grid. 	Status. 
,MINNIPMEMIIMINMNIMMIPIOINNO011.0.0 

Harlington 
Soil. 27.0 Loss tb 	1 cm 

Silweed 
Soil. 9.6 4 	 .m  bast 

Bunted 
Soil. 19.5 2.2 

Garden 
Soil. 

g. Pakistan 

22.0 1.2 Sigh 

Soil. 6.0 4.4 Low 
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"Studiea on the Bffeet of Different Moisture Levels 
of Soils on Mineralisation and Iztraotability of 

llUtrienta." 
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INTRODUCTION 1 

Mineralisation under different moisture lona *- 
Mineralisation is the process of breakdown of complex 

compounds into simpler ones finally into simple inorganic cos-
pounds or elements which are utilised by plants or the soil 
fauna. The most important agents which play the major role 
in the mineralisation process are the micro-organisms 
ing the soil. Almost every element is subject either direct- 
ly or indirectly to the action of these organisms. 	Iron, 
manganese, aluminium, magnesia, sulphur, phosphorus, potass-
ium, walcima, zinc, cobalt, nickel, carbon, nitrogen, hydrogen 
and oxygen compounds in the organic and inorganic forms are sa- 
ted upon by bacteria, fungi, algae 	odor Isenberg of the 
soil fauna. 	The not result is the formation of inorganic 
compounds which are utilisable by the p.m/ring plants or by the 
soil inhabitants. 	Other agents which take part in the pro-
cess of mineralisation are either physical or chemical in dis-
tinction from the biochemical processes above mentioned. It 
is a well established fact that activities of the micro-organ 
isms are affected by temperature, moisture, pS of the medisual  
light, oxygen supply and in general, any factor which affects 
the activity of such organisms will affect mineralisation pro. 
ceases. 

This work was undertaken to study tiro main points s- 

1st s- The mineralisation of iron, manganese, aluminium, 



150. 

magnesium, potassium, sulOkur, and phosphorus at different mois-

ture levels. 

2nd s The effect of air-drying the soil fron different mois-

ture levels on the extractability of these elements using Nor-

Sven solution. 

• A 	Weir surwey of the forms of these elements in the 

sogreveals the fact that iron is present in the soils as the 

minerals, hornblende, biotite and chlorite. 	The iron in the 

minerals is largely in the ferrous state and on weathering, most 

of the iron is changed to the ferric state and forms different 

iron compounds. 	Denature, the kind of parent material and 

the conditions under which it is weathered influence the velem-

cy state, distribution and kinds of iron compounds formed. 

Manganese, on the other hand, occurs in some ferro-mew 

genes* minerals and other complex silicates and as the oxides 

and hydrated oxides. 	A certain amount of iron end manganese 

occurs in soils in organic forms which during mineralisation are 

converted into soluble salts. 	These salts may be utilised by 

plants or micro-organimms inhabiting the soil. 	Under normal 

agricultural conditions, these two elements are not likely to 

be lost by leaching especially if well aerated conditions prevail 

and the insoluble'higher oxides are formed. 

Aluminium is one of the most abundant elements in soils 

especially in the clay fractions where it occurs in combination 

with the silicates. 	It seems likely that mineralisation of 



almainium is not readily brought about as in the case of iron 
and manganese. 	Magnesium is introduced into the soil in cow* 
aiderable qnintities in the form of inorganic materials such as 
dolomite or rook phosphate, often used 'as fortilieers or in the 
organic natter added to the soil. 	Ames(111) reported that 
magnesium aospounds are less resistant 'than those of calcium 
to the action Of atria and sulphuric acids formed in the pro-
case of nitrifioation and sulphur oxidation. 

Sulphur is added to soils as ammonium and potasatum 
phate or sometimes in the form of elemental' sulphur to change 
the a oil p8. 	Often, other different fertiilsers contain OA 

appreciable quantity of sulphates e.g. grades of superphospha-
test  one of the most commonly used fertilisers, elm reported 
byiabring, and Lundstroa(112)  to contain as high as 8.09% sul. 
phur. 	SulPhum is also added to soils in the form of organic 
materials such as manures and plant residues. 	Moreover, rain 
contributes to the sulphur content of the soil sometimes imam. 
reciable quantities. 	The changes which organie sulphur camp. 
pounds undergo during mineralisation processes are governed 
largely by prevailing conditions of the soil e.g. moisture con-
tent, aeration and also Ibe nature of the sulphur compound. 
According toWaramlanti-13), the organic matter is first decompo-

sed by heterotrophic bacteria, fungi, actinomycetes and the sul- 
phur bearing fraction is liberated. 	In the presi3nce of suffi- 

cient air (oxygen), the sulphur is changed to sulphate(We) 
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having first been reduced by hydrogen sulphite and then oxidised. 
the sulphurous and sulphuric acids produced in the soil as a res-
ult of sulphur mineralisation exert a solvent action upon other 
minerals. 	Under anaerobic conditions however, the redaction 
processes predominate and sulphateware reduced to olemonta.145 
and H53 if such conditions prevail. 

phosphates are present in normal soils in the form of 
inorganic tAs well as organic compounds. 	The inorganic com-

pounds include phosphates of potassium, sodium, calcium, magnesw 

ivra, aluminium, iron and manganese. 	The organic. compounds in.. 

elude the phosphorus of plant and animal residues asnueleic acids)  

lecithin. and phytin. 	When organic matter is minoralised, the 
phosphorus is liberated in the form of inorganic salts Which may 
be riassimiliited by the same or other miero-.organisms and synthe- 
sised into microbial protoplasm. 	Meanwhile, insoluble organic 
plodphatas may be made soluble by the products of metabolism of 

micro-organisms, such as carbon dioxide and various organic and 

inorganic acids. 

Alone number of micro-orgamisma including various hetet* 

trophio bacteria, fungi and actinomyeetes are capable of decompo- 

sing organic phosphorus compounds. 	A part of the potassium 

supply of mineral soils comes from the minerals e.g. orthoclase, 

microoline, muscovite and biotite. 	it. certain quantity of the 

potassium exists in the *fixed" form i.e. very difficult to re. 

place. 	Another portion of the potassium may be bold as a con- 

stituent of the organic matter particularly if an appreciable 



quantity of fresh plant residue is present. 	Potassium miner-
als dittos,  considerabl$ in their degree of weathering, micro-
e3.1no being very resistant to mothering agents, thus gives up 
its potassium very slowly; orthoclase is less resistant than 
mierocline. 	The potassium of muscovito and biotite, on the 
other hand, is fairly available especially if the minerals are 
in the finely divided state as reported by Denison(114)• 

Potassium is usually added to the soil in the fora of 
soluble inorganic salts such as potassium sulphate or potassium 
nitrate or in sons localities, insoluble form such as marl or 
an insoluble form as mairare • 	The activities of bacteria may 
lead to an increase in the available potassium as by the decom-
position of organic matter and by the formation of acids which 
liberate the potassium from its minerals. Microbial activity 
may also lead to a decrease of the available potassium through 
a process of assimilation and transformation into organic motor-
lois. According to Anos(111)the liberation of potassium in 
the soil is brought about by the salts formed ratithrather than 
by the direct action of acidity on insoluble potassium compounds 
although he found that both nitrification of organic and **organics 
compounds and oxidation of sulphur in the soil increased the am- 
ount of water-soluble potassium. 	\ 

Thus, plant nutrients in general are present in either 
the inorganic or organic fora and the organic compounds are acted 
on by different micro-organisms inhabiting the soil, and the nu-
trienta are mineralised oat iwe. liberated in forms available to 



the plant. The process of mineralisation whether chemical 
or biological, requires moisture which should be present in the 
meal= which is the soil. Little attention was given to the 
effect of different moisture levels on mineralisation and mobili-
sation of plant nutrients. 

11lenses solution was used in the present study to ex-
tract the solli keeping the ratio, soil to extract isa. 

It is general practice to air dry the soil before it is 
subject to chemical analysis. 	In the field tests however, the 
soil may be used in its original fern (moist) and a sub-sample tat 
en for moisture determinations in order to express the results on 
one and the same basis. 	Unduubtedly, soils in the field vary 
considerably in their moisture content and it is of interest to 
investigate the effect of the air drying of soils on the statue 
of the nutrients and on their extractability using Morgan's solu-
tion. 

itzperistental s- 
lime soils were collected to the depth of 6", air dried, 

sieved through a 2 mem. sieve before use. A short description 
of the soils used is give below a- 

(1) Buxted Soil :- This soil is collected from a farm near 
Buxted in Sussex. 	It is greyish in colour, acidic, with 

ai of 5.289 	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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revealed by the archanical. fractionation of the mineral portion 
of. .the. 

(2) Garden $oil sia This soil was eolleoted Tres an alletaia.t is 
Kara, • Kiddleeek. 	The • soil is dark,-  brownish,, nontral,halring 
a pil of-7 .14. 	Ibis soil contain* 26% clay, 32% silt and • 31% 
sand* 	This together with the higtt pereentage of, organic 
*attar accatitai` for the kWh water holding capacity. 

• • , 

(3) Karlinigton-- 8.11 s' 	This soil 1!1141. col is s t oa a 1  plot undir 
plias tin the , gallop Yield Station. 1 The 1  soli' is lighi:-.1114inish 

colour .and 
This . soil,. is exuapi40?144 ricb,  ;31  the Me" of  the  nutrients 
studied. 

0) Silwood doll 	"Tha•soll was collected from /Inwood .Parks 	. 
itemeirch Station, from a plot which 3s ploughod.ansmallrand.le 
under grails. 	The • soil- is • very sandy (81.5%. sand) , .dark 
oOlour With 3.56% orgezdi matter. 

(6) East Pakistan Boil 	This soil was brought from Dacca Univers. 
sity..Wark to ..the' department to be used for other purposes. Its 
reddish...10min ciolotr '.auggesto: that,  it . is lateritio. 	Compared 

with oiasti:soug 'studied,- thia.soll,ls,  very poor in , plait nut* 

enta 	however,• it is. netably.  high in manganese. 	The 
soli is 'acidic, Inc 549, very poor in. organic matter -(0.31%). 

and with 17.3% GUY, 



29.2% silt 'and 6t.5% man& 
Tie rest- of-i the aaalysis of. those soils.  is given ‘in -Table A. 

_The  jgorgan:.extractable irons niengareasi altininium mignetiiineoot- 
•,assiwas  sulphate and, phosphttei .wore, determined. in eat:1i soil 'before 
the 'incubation of:the. stil'(as:desoribed Ulcer) :ant 'rating:  are 
given in the table of the 'oerrespending , eoll (Ta'bles: 64:44, 48). 

Ineabation se The effect of three different limb; of soil mois-
ture namely, Wit  60% end 70 of the moisture holding capacity on 

, 	. 	• 

the minereilsation and extractability of, nutrient" on air :drying 
of theioll were studied. 	Plastic flower pots having a total 
capacity of ZOO gets. of soil were used. 'ascii pet was aemberedt  
Weighed accurately (with a piece of glass clothprovioupytroat-
04 with telt  riliodi till it was chloride tree and dried at 40004 
to hold the soil in position. Half of the soil wasweighed into 
the pot and mixed with hal! the velues of the water required to 
bring it to the 1•11.C. rhea the other halt of the soil was added 
and Mixed with the rest of the water required to bring the soil 
to the desired water level. The potst  with the moist soil were 
then incubated at 28°C and the loss of water frost each pot was 
replaced by weighini each pot independently and adding distilled 
water till the original weight was regained. 
SamplinA and attraction '- The inculpated soil was sampled at 
three week intervals and extracted with ][organ's oolution in the 
wet condition i.e.at the moisture level at which these soils were 
maintained. 	In order to extract the soil at a moisture 
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content at which the pots had been kept, the incubated soils were 
brought to the required moisture level as usual and the soil was 
sampled by weighing out fifty grans for analysis, 

The amount of water required to dilute a Morgan solution 
of double the usual coneentration to the 1s2 ratio with respect 
to the oven-dry soil was calculated, taking into account the m-
ount of moisture present in the sampled moist soil. 

Four samples were catalysed in the twelve, weeks (at book . 
ly intervals.) After the fourth sampling, the sell remaining 
in the pots was spread on polythene sheets in the constant tem-
perature room to dry, then extracted with Morgan solution, as usual 
a sub sample was taken for air dry moisture and all the results 
were expressed as p.p.a. on ovenoddry basis. 

Results :- 
she soils under investigation were analysed in the air-

dry condition at the beginning of the experiment (i.e. before 
incubation). After twelve weeks of incubation, the remaining 
soils in the pots were air dried and the Morgan extractable nu- 
trients were again determined. 	The results are given in Tables 

The difference between Morgan extractable elements before 
and after incubation was taken as the amount mineralised in twelve 
weeks. 	The difference is expressed as rssof the original 
amount extracted from the corresponding soil before incubation. 

The results are shown in Table 69. 
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Table 70 shows the difference, per cent, in extractability of the 
elements studied when using the sane soil in the wet condition, 
and after air drying. , The figures express the increase or des. 
crease per cent in the extracted elements on the basis of the air 
dry soil. 	All the results are expressed on oven-dry basis to 
enable comparative study. 

Dismission of Results 

Mineralisation 	It is observed that in genera, the extracta- 
bility of all. element& studied is greater the higher is the amis.. 
tura content. Iron and mantanose *bowed wide variations at 
the different moisture contents of soils. An extreme example 
is met with in the Darted soil. 	The Morgan extractable manganr- 
one of the air-dry soil before incubation was 40 P•P•n• on own- 
dry basis. 	After six weeks of incubation at 75% 11.11.4., the 
Morgan extractable manganese increased to 490 p.p.m. on ovens-dry 
basis (i.e. the extractable manganese increased le 1/2  times in 
6 weeks incubation at 75% M.R.C. at 28°C. 	This is not the 
clue with the lower levela of moisture vihere changes observed 
were far below this value. 

Iron behaved similarly in this respect in general, rola-
tiviily large quantities of iron are mineralised at the higher 
water content. 	In the same soil (Butted) and at the same mole- 
tore level (75% M.H.C.) the soil which or4ssjnally gave 2.9 p.p.m. 
Morgan extractable iron when extracted in the air-dry condition, 
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gays 70 p.p.m. Morgan extractable iron after incubation. 	It 
seems possible that moisture affects the elements inn two ways a- 

ist a At higher moisture levels and a high percentage of the 
pore space is filled with water, and oxygen/  becomes less svt-
allAdrle, and thus conditions approach the anaerobic condit-
ions more than at the low moisture levels, especially when 
VII finer fractions of the soil (namely clay and silt) pre-
dominate. Under such coalitions, more of the two elements 
tend to exist in the.  lower state of valenciea, .both of which 
are mere soluble than the oxidised form. 

End , At higher moisture levels more of the soluble forms will 
mobilised and dissolved tban at lower moisture levels due to 
the abundance of moisture. 

nil fl  followed more or less the same trend as iron, more 
aluminival appearing in solution at the higher moisture levels. 
Mineralisation was more rapid at the 75% M.H•C., particularly 
in acid soils, as compared with the two lower levels of moisture. 
In the same Buxted soil, the Morgan-extractable aluminium at the 
beginning of the experiment (before incubation) was 5.24 p.p.', 
aluminivk as against 40.6 p.p.m. Morgan-extractable alumi$ium 
after six weeks of incibation at 75% M.H.A. 	The behavior of 

iron, manganese ant aluminium in this manner in ouch a soil may 
be attributed partly to the acid reaction of the soil and partly 



to the high percentage of silt which possibly contributed wit-
lor to the partially anaerobic condition when the soil was incu-
bated at 78% M.H.C. 

In neutral or alkaline soils studied (garden soil, pa 
7.14 and Harlington soil, Ai 7.56), the picture was essentially 
the same in 'the sense that conparatimely larger quantities 'of 
iron, manganese and almelniun were mineralised at higher moisture 
levels, notably at the 70 11.11.41. level. 	However, it was wry 
clear from the results that the fluctuations were relatively 
meaner and in no case reached those in acid soils at say level 
of the moisture in any of the soils studied, e.g. in the garden 
soil, Morgan extractable iron was 5.0616plo. at the beginning 
of the experiment (i.e. before incubation) and the highest value 
recorded was 18 p.p.m. at 75% M.H.C. after six weeks of incubi-
'blow Manganese in the same soil behaved in a very similar 
manner as originally it was 3.5 p.p.*. and after six weeks of in-
cubation it rose to 1i.4 p.p.*. at 78% LEA', while eleleisilee was 
2.6 p.p.m. and became 8.0 jujus. at the same moisture level after 
the same time of incubation. 	The sum picture was obtained in 
the Harlington soil which is more towards the alkalise side than 
the garden soil. Thus it is concluded that mineralisation of 
iron, manganese and aluminium is dependent on the reaction of 
the soil and their mobilisation and activity under acid condit-
ions, by far exceeds their activity under alkaline donditions. 

Magnesium  1.= Magnesium. mineralisation generally increased with 



the moisture level. Comparison of the data obtained at each 

moisture level shows that mineralisation increases with time and 

then becomes lima-  or less constant. 	The came was not the same 

however, in ailwood soil. and the B.Paldstan soil where the miner-

alisation in the first and second moisture levels (25% and 78$ 

IGLOO vas higher than at the third level. In the illwood 

soil which is a very sane 'sail (81.5% sand) with very low clay 

(5.2%) .  and silt (7.9$) the Original native magnesium was washed 

out to a great exteitt, the value of Norgen-e3rtractable magnesium 

being low compared it that of' other soils. -Thus the increase 

in magnesium obtained during incubation is presimahl: tram . ths 

Organic matter rather than from the mineral traction of the 

The mineralisation of the - organic matter in this soil was higher 

at the 25$ and SQ% 	 levels than at the 70 level* This 
iiiregulariXy in this soil was noticed not only in the case of 

magnesium bat also in the Cass of iron and phosphate especially 

towards_ the end of the experiment i.e. at the 3rd and 4th sampling 

Possibly the breakdown of organic matter which proceeds more rap-

idly in presence of sufficient oxygen is restricted at the higher 

moisture content due toy the more complete filling of the pore 

spaces with water. 
In the•II.Paldstan soil however, the case is the reverse 

as the oivanic matter content of this soil is extremely low (0.5$) 

and the contribution of the mineralised magnesium comes from the:  

mineral part of the soil mainly. 



Sulphate s- Generally there wait a gradual increase in Horgan 

extractable sulphate with the increase of moisture level. The 
Increase in the extracted sulphate became, in most cases, great- 
er with the progress, of the experiment. 	*n increase in the sul 
ghats is almost aiwso associated with a cendiderable increase 
in most of the other elements studied. the effect being great- 
er, the higher the moisture status of the soil. 	this state-
ment could be explained by the following examples from the res-
ults of thid experiment, s 

a s' In Batted soil, The morgan4extraetabis sulphate in the 
air-4W condition at the beginning of the experiment was am 
p.p.a. 54" (crvent.dry basis), while aluminium. was 5.24, magmas 

las 130, phosphate 2.5 and potassium 60 p.p.m. 	In the first 
sampling after 3 weeks incubation. at 76% K.H.C., the lailatilEhtli 
increased to 40.5, magnesium to 200 p.p.a., phosphate to 20 

and potassium to /24 p.p.*. (oven-dry basis) while the increase 
of the sulphate was to 41.26 p.p.a. 

k I- In the Garden Soil, In the second sampling (i.e. after 6 
weeks from incubation), also at the 76% 11.11.C., the Morgan-ex-
tractable- SOS" increased from 23.75p.p.m. in the air-dry eon-. 
dition, to 31.24. after 6 weeks incubation and aluminium Islamise.-

sed from 2.6 to 8.0 p•peza., sagossium from 286 to 550 p.p.m., 

phosphate from 5.0 to 17.5 p.p.m. (oven-dry basis). 

t- Harlington sigi  2. The some picture is maintained. 	It 
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is worth illintionIng however, that in most cases an increase 
in Morgan-extractable-sulphata was always associated withean 
increase in alumixdum and potassium values. 	Vier* the sul- 
phate increase was great, there was a notable increase in al- 
most all the elemearts studied. 	The explanation given to 
this phenomenon is that the final product of the sulphur min-
eralisation is sulphurous and sulphuric acids which exert a 
remarkable solubility effect on the rest of the elements,bring-
ing them into solution. as shown by analysis of Morgan extracts. 

Phosphates s- The phosphates becalm more soluble the higher the 
moisture content particularly at the 75% 111.11.C. 	In most of 
the soils however, very little increase is gained by increasing 
the moisture level from 25% to 60% M.H.O. 	It seems possible 
that the mobilisation of the phosphate is related to the pH of 
the soil; Harlington soil being slightly- LULU= (pH 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 value, i.e. from 10.6 to 44 p.p.m. *able 66.) 
In Buxted soil on the other hand, which is an acid soil (pH 5.28) 
the net gain was only one and a half times the original value. 
from 2.5 to 4.0 /upon. 	Moreover,, in the Garden Soil, which 
is almost neutral in reaction (pH 7.1), there was a net gain of 
twice the original value C 5 increased to 16 p.p.m.). 	The 

data suggest that mineralisation of phosphates is favoured more 
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by a slight4 alialine or neutral soil than an acidic one. It 
is worth Ilentioiting however, that the IferLingten soil contains 
1610014 lees criganic mistier than_the_,Ilmxte 	(2.34%)in %sr. 
lington soil ad 	late* 	whereas; the larlingten 
soil contains 14.3% Mere 	1 lira silt than the Suxted soil. 
*at  it is. riasonable to attribute the,  differenesa in, mineralised 

Maher ; 
**opiates to the. pE.of the soil than to the mineral Or organic 

looteasima-  showed groat uniformiti-in itsmineralisa-
timit  „Li all the different *ells.' There was a ..wery:steady ism 

•, crease ,in the 'alias of the iferganotable, potassium is all 
the stager  of tate. =Portant at different moisture levels. The 
inereass is .gradmal, frem go level to' the, SO% level ,to the 75 
level. 	It was observed however, in most of the eases, that the 
inorease. in mineralisation from the 50% level to the, 75% level 
is elmeat, always Meier than between the, 25%' and ,10% levels. This 
beams clearer by examination of the swivels of potassium of the 
corresponding soil. 	• 

Mineralisation Curves sa- 
Generally ape4kIng)  these curves. could be divided into 

3 different parts' 
1st s- Wetting Period 	Wetting the soil, resulted in an increase° 
of all elements ,in all' soils with .the exception ,of magnesium silo  
in a few instances iron and manganese e.g. in the case of 

traetion. 
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nazgarkese, 50% level in Stated soil and iron (255 and 50% levels) 
in the garden soil, iron and manganese in Harlington soil in the 
same two levels where a decrease In Morgan-extziactable-iroa end 
manganese was reoordsd if compared with the original, ilium; obw 
tained before incubation. 	in no ease however, was a decrease 
in Morgan extractable values recorded on wetting the soil and 
maintaining it at the ;76% M.H.C. level. 

ltagaesium on the other hand, behaved differently and was 
the only element studied wAich,on wetting, showed a decrease in 
Morgan-extractable Values in a few cases. 	The behavior of 
magnesium in such a manner 'Gould not be explained. 

This sudded increase in mineralisation on wetting of the 
soils could be explained as follows 1- 

A 2- We 	the soil stimulates the micro-organisms to act 
upon the organic matter present in soils. 

b s- On wetting, the process of slaking the minerals is 
brought about. 	This could affect the mineralisation of 
certain element particularly potassium. 

After the third week, there weealmoat always a sharp de-
crease in the values of the elements mineralised except in a few 
oases (e.g. in sulphate). 

Magnesium. in contrast, showed in most cases, am increase 
after the third week of incubation i.e. after the first sampling. 
This could be explained by the fact that magnesium minerals are 
not as soluble as some other minexiale of the soil. 
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The second part of the curves represents the next two 
aamiiongil (at 9th and 12th weeks) after incubation When the nip. 
eralictation reached a sort of 6gal:brit= and. more or less a 
steady level of the "available" fora is obtained; this level be-
ing dependent upon the chemistry of the eleatent studiedmisture 
level, pa of the soil and the mineral or organic portion of the 
soil, erg. 

Iron and manganese on the other band, showed the most 
drastic fluctuations particularly at the 76% moisture 
more especial.14.  under acid conditions than under neutral or alp. 
kale conditions, Aluminium, to a great extent, followed the 
sans trend of iron and BleiDigaltosse. 

s- The third and last part of the curve shows the fluettts- 
tion (inosesse or decrease) of the values obtained on air drying 
the soil after twelve weeks of incubation and extracting it in 
the air-dry condition. 

The net gain of the soil in elements (ise• mineralised) 
is taken as the difference between Morgan-extractable values ob-
tained at the beginning of the experiment (as air-dry soil before 
incubation) and those obtained at the and of the experiment (i.e. 
from air-driod soil after incubation). 	This difference is ex- 
pressed as peroent of the original values. 	The question re- 
mains open, to what extent these nutrients mineralised and no-

bilised at different moisture levels are utilied by plants. 

Several workers have tried to answer this Tuition and only a 
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few ezialiPles are cited here. 
Archibald, Nelson end Bennett(15), studied the chemical 

coapodition of field wows grasses under different manurial treaty 
*onto and reported a close correlation between amounts of rainfall 
and phosphorus content of the test plants, the higher the rainfall 
the higher was the uptake of the phosphatic Daniel and Harper 
(116) undertaking similar studies drew the conclusion that phos-
phate uptake increases with the increase of rainfall while cal- 
cium deoreased. 	MetwalLt and Pollard (117), made an attempt to 
study the uptake of nutrients by barley plants grown under differ,. 
eat moisture levels in a glasshouse pot experiment and pointed 
out that there was an increase in uptake of nutrients and dry mat- 
ter when the soil moisture increased. 	Very recently, Illmer(11.8) 
et al, studied the effect of different moisture levels on the con-
centration of twelve nutrient elements in fielliFigrown foliage crops 
and reported that the phosphorus content in all the plants tested 
inereased as the soil moisture increased but other elements inves-
tigated were not consistently affected. 

It should be noted however, when taking the data of such 
experiments' into consideration, the difference in conditions be.. 
tween incubated soils cited here and soils supporting plants grow- 
ing. 	The nutritional balance will be continually changing due 
to absorption of the nutrients by the plants. 

Dffect of air drying the soils on the extraqtabill.t4 of_lbejamagi 
is studied I- Despite the fact that results often obtained did 
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not furnish very conclusive evidence, except in certain cases, 
of the effect of air,.drying on the extractability of those elamenti 
studied, area,, the results obtained indicate that se in tlyo  
ease yr Son and mangonese, air-driing resulted in an increase 
in the Norgan-extraetable quantities of both of those elements. 
In the case of manganese, it was noticed that air-drying always 
resulted in higher quantities than obtained by the wet analysis 
of wet soil. It was interesting to observe that his is aly 

ways the case in soils which possess an acid reaction but not 
in neutral or (mere definitely) is alkaline soils, e.g. air-dry-
ing the soilrosulted consistently in an increase in Norgen-en-
traotable-meaganese in Bunted, 8ilwood and last Pakistan soils 
all of which are acidic in reaction. 	In contrast, Garden and 
Harlington soils, Itobgen-extraotable-manganese decreased on air- 
drying. 	It was also observed that the decrease in extractable 
manganese occurred only in the 80% and 78% levels whereas, there 
was an increase at the 26% Y.H.C. 

Amman and Harmer .("9)  in this connection, found that 
air-drying or heating the soil samples resulted in an increase 
in the exchangeable manganese by considerable amounts. 	They 
cited an example in which the exchangeable manganese increased 
from 4 p.p.a. to 80 p.p.*. on air-drying. According to Fuji-
moto and Sherman (120)  drying seems to release the divalent maw. 
ganese(ktn+f) from Wither oxides. 

V.* 	liall7aDittill extracted from any air-dried soil studied 
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• was in general, less than that extracted from the corresponding 
wet sample maintained in the wet condition: • Zxcept in a few 
eases, there was an increase in the Morgan-;extractabli aluminium 
e.g. 3n Boxted soil when the - Sample at 26%.  level.  was extracted 
it gave 6.9 p.p.m. 'slum iniomi and on air drying it yielded 9.3 ' 

• 
 

p. p.m. almminium. and this phenomenon was clearer ineztracts. of 
acid soils vise than in the neutral or alkaline sone. 

Magnesium was the element least affected by the process 
of air..drying the soil. -At the low moisture levels - studied, 
in thid work, (the 25% and $0% M.H.C. levels) no effect of air.. 
drying was apparent in any  of the soils studied. At the high-
est moisture elevl (the 75% LH:CO however, there was a difforp 
ewe which in no case exceeded ± 25% of the value obtained from 
the air-dry soil. 

Potassium  2- Airi‘dryizg the soil before extraction often ree-
l:rob.) silted in a different value lima that obtained on e3rtraeting the 

corresponding simply which was maintained at any of the moisture 
levels ate died• 	from the results may be concluded that, the ef-
fect of air drying is influenced by the pH of the soil in the 
case of potassium: 	in acid soils, air drying increased the 
Morgan-extractable-potassiun, particularly in those soils incu-
bated at the lowest moisture level. on the other hand, neu. 
tr al or slightly alkaline soils (e.g. Garden soil and Harlington 
soil) showed consistently a decrease in the Morgan-extractable-

potassium on air-drying. 



• Lawton (as cited by Black(122) , demonstrated that' more 
changeable potassium is released to the exchangeable form upon 
incubation under acid than under neutral conditions. 	Attoe 
(122)  reported that air-drying the soil decreases the content 
of exchangeable potassium in soils treated with soluble potass- 
ium salts and increases it in soils not so treated. 	The de. 
crease in the potassium added to soils is generally accepted to 
be brought about by a process of fixation in the clay lattice 
layers. 

Phosphates s- There was an increase in Horgan-extractable phos- 
phates on air-drying acid soils. 	In neutral or alkaline soils, 
the extractability of phosphates was either unaffected or de-
creased on air-drying as in the case of the Garden and Harling-
ton soils. 

Sulphates sw There was a general tendency of the sulphate IUD,  

tractabili.V to decrease with air-drying, the only exception be-
ing the Silwood. soil which is acidic in reaction, comparatively 
high in organic matter and the most sandy soil 4 the soils ex.- 
amined. 	Thie increase may be accounted for by the possibility 
of the mineralisation of an additional amount la sulphur on 
air-drying, especially the first day when. the moisture oonteht 

[here vio.s was high ands ample oxygen supply and favourable temperature 

(23°C.). 
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SOMMART s- 
rive soils differing in texture, organic matter con.-

tent and reaction, were incubated at three dtifferent moisture 
levels (nanoVI 25%, 50% and 75% of the 11.11.0.) at 28°C. The 
fluctuations in Morgan-extractable iron, manganese, aluminium, 
magnesium, potassium, phosphate, and sulphate with time, were 
studied. At the end of twelve weeks incubation at the cow-
stoat moisture levels, soils were air,dried and analysed for 
Morgan-extractable elements above mentioned. 	The changes in 
extractability of these elements as a result of air-drying were 
studied. 	It was observed that s- 

1- Iron[  Manganese and Aluminium v.. The extraltability of 
these three elements was higher at the upper moisture lev-
els, usually increased with time of incubation; aldminium 
being less affected than iron or manganese, manganese be- 
ing most active with iron being intermediate. 	The ECG* 
tractability of iron and manganese and to a certain extent, 
alumiguse, particularly mangahese, increased when when air. 
drying acid soils, but a negative effect was observed when 
soils were neutral or alkaline. 

2- Magnesium :- Magnesium was the most uniform of all the 
elements studied in its extractability. 	The drastic de-
crease which took place on wetting the soil (notably at 25% 

and BE M.H.C.) was followed by a sharp increase in Morgan= 
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extractable valves of this element after which it seemed 
deem a state of equilibrit 	have a must 

	

	attained at each of the iev. 

moisture levels studied. 	Magnesium was the element lea- 
set! affected by air-drying the soil. 	No appreciable 
change was observed in Morgan-extractable-magnesium on 
air- drying the soils studied from the 25% and 50% moisture 
holding capacity levels. 	Such changes, however, occurr-
ed on air-drying the soil from the upper level of moilitire 
(76% M.H.C.) and even then those changes were sma.11 and-
in no case exceeded * 25% of the Morgan-faxtractable-mag-
nosier,. from the corresponding air-dried sample. 

3- Potassium t- There was a steady increase in Morgan-ex- 
tractable-potassium with rising .moisture levels. 	Air- 
drying caused an increase in the Morgan-.extractable in 
acid soils; in neutral or alkaline soils, there was al-
ways a decrease. 

4- Sulphate t- The extractability of sulphates increased 
the higher the moisture level is; however, there were few 
exceptions recorded, e.g. in the 3rd sampling in Buxted 
soil, the sulphate extracted at the 50% M.11.C. was leppre-
ciably higher than. that extraced at the 75% 

increese in Morgan-extractable-sulphate was almost 
always associated with an increase in Morganwaxtract•able 

quantities of other elements studied, particularly alumin-

ium and potassium. 
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In general, a decrease in sulphate-extractability res-
ulted from air-drying, except in the case of 811wood soil, 
a very sandy soil with appreciable organic matter content 

(3.67%) 

5- Phosphate s- Mobilisktion of phosphates under acid con►. 
ditions was Treater than under alkaline or neutral condi-
tions, probably due to the soluble iron aid manganese phosv 
phates under acid conditions. 

On air-drying, Morgan--extractable-phosphates from said 
coils increased as compared with the values obtained from 
the corresponOng soil maintained at a certain moisture le- 
vel. 	This was not the case under neutral or alkaline 
conditions where the phosphate extracted was equal wawa 
lass than those obtained from analysis of wet soils. 

The results obtained from this experimeals indicate that 
air-drying introduces a variation in the extractability of 
the nutrients studied. 	A suggestion is made that analyae 
sin of the trash soil (field moisture) might lead to better 
correlation between theta extractability and uptake by 
plants* 
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Table 63. 

Physical and Chemical  properties of the Soils Studied s- 

Soil 
Moisture 
Holding 
Capacity. 

Organic 
Matter. pH 

Air-dry 
Wotan' Clay. 
0.Aasis. 

Silt. Sand. 

Bunted 86.4 2.65 5.28 1.87 8.80 40.70 47.80 

Garden 67.0 4.14 7.14 4.67 26.0 38.0 31.0 

Harlington 4804 2.34 7.86 1.65 18.8 30.2 5004 

Silwood 40.8 3.87 6.94 1.17 84 7.9 81.6 

E.Pakistan 42.7 0.51 8.89 1.27 17.5 29.8 81.8 
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inenbation.25% 
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75% M.H.0 

irWooks 
3rd itaapl.14u. 
Incubation 

25$ Y.H.C. 
50% Y.H.C. 
75% Y.H.C. 

4th  

incubation. 
25% Y.S.C. 	10.0 
50% Y.H.C. 	1.8 
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A.trktry Boil at 
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Air-dry Boil at 	711  

• 2.46 
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/0.0 
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70.0 
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Auxiskau• Table 64 173.. 

    

21.11.0 st *Diatom Holdlneltroity. (p.p.n. 0.1). 'basis) 

Nu Al IS SU` 
40.0 6.24 130 .0 8.75 

80.0 7.7 40.0 6.25 
7.2 9.7 45.0 6.25 

330.0 40.6 200.0 41.26 

21.0 8.0 172.5 6.26 
9.0 7.3 220.0 37.6 

420.0 21.5 300.0 35.0 

9.0 8.0 350.0 12.5 
6.6 8.0 225.0 40.0 

114.0 11.5 350.0 26.25 

9.0 6.9 200.0 28.75 
9.0 7.6 240.0 7/.6 

12.0 20.0 350.0 87.5 

18.0 9.3 200.0 20.25 
9.0 7 .0 240.0 20.25 

12.0 9.3 280.0 20.25 

NOG  I 
2.6 60.0 

	

to.b 	80.0 

	

15.0 	92.0 
20.0 1,24.0 

4.0 :50.0 
4.0 60.0 
8.76 82.0 

	

3.0 	62.0 

	

3.0 	60.0 

	

5.0 	72.0 

	

3.0 	46.0 

	

3.0 	64.0 
6.0 	64.0 

4.0 	52.0 
4.0 	52.0 
4.0 	56.0 



Condition of soil 
when extracted s- 
Air..dry soil at 
the beginning of 
the experiment. 

re " 
3 weeks frau 

50% M.11.C. 
incubation 75% M.M.C. 

riiift2 8416112fe r 
	 g" 

incubation. 
25% Y.H.O. 
50% M.H.C. 
75% X.H.C. 
8s- 

WS 
• inoubation.25% 

50% Y.H.C. 

75% 11.11.0 

4
S 

 weeksjarge-r 
incubation. 

25% M.H.C. 
50% M.H.C. 
75% 

Air..dry Samples 
at end of experi 
sent. 

25% LH.C. 
50% M.B.C. 
75% M.H.C. 

/76. Table 65. 
Gallen Soil.  

Fe Mn Al Mg .  SO4" P505  

6.04 3.5 2.6 286 23.75 5.0 102 

2.45 6.0 3.0 55.0 11.25 20.0 210 
1.6 3.6 3.3 175 11.25 245.0 264 
6.5 27.0 8.5 300 23.75 20.0 

6.0 8.4 4.0 500 /5.0 9.0 86.5 
6.4 4.8 7.5 460 18.75 $.0 100 

12.0 11.4 8.0 550 31.25 17.5 - 

3.2 3.6 3.6 400 26.5 9.5 90 
5.6 3.6 5.0 400 28.75 10.0 126.8 
4.0 3.0 6.5 380 • 36.25 13.75 80 

3.0 5.4 3.6 380 40.0 15.5 84.0 
3.8 3.0 5.0 400 28.76 6.6 96.0 
4.0 3.i 10.0 380 36.25 12.6 

6.4 7.8 4.6 380 40.0 12.6 84 
8.0 1.8 4.3 400 36.26 13.5 86 

4.4 1.8 4.6 410 36.25 15.0 94 
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25% 11.11.0. 
60% N.R.C. 
75% M.H.C. 

3rd SaisRliag 
9 weeks after 
incubations 

25% II.H.C.. 
60% N.M. 
75% X.H.C. 

4tb3argpinA :- 
12 weiLW-lafter 
incubation. 

25% Y.H.C .  

50% 111.11.C. 
75% M.H.C. 

ioirimdry soma's  
Bnd or experiment 
25% M.H.C. 
50% 31.H.C. 
78% K.E.C. 

Table 67. 

► gAttiusil. 
Fe is Al vig SO4  Nos  

0.89 1.5 1.7 27.5 8.75 6.0 26 

0.6 2.2 2.8 18.0 6.25 20.0 28 
0.8 2.4 3.0 12.5 6.25 20.0 30 
1.2 8.4. 7.0 17.6 6.25 20.0 18 

1.0 0.6 3.0 35.0 7.0 7.0 16 
1.8 2.0 3.0 27.5 6.25 7.5 20 
1.6 1.2 3.0 30.0 21.25 9.0 22 

0.6 0.6 2.0 42.6' 10.0 3.5 16 
1.0 1.2 2.0 57..5 10.0 7.0 16 
0.6 1.8 3.0 30.0 12.5 7.5 20 

0.8 1.2 5.25 62.6 12.5 7.0 16 
0.6 1.2 2.6 58.6 10.0 7.5 18 
6.5 1.2 6.1 50.0 19.* 8.5 22 

1.0 3.0 3.0 62.5 20.26 12.5 20 
1.2 1.8 3.3 58.5 20.25 12.5 16 
1.0 3.2 3.3 64.0 20.25 7.6 22 
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Ida Al Ng Son" Ps05  Ir 

130 2.65 76.0 3.75 trace 21.4 

24.0 3.0 20.0 1.25 2.0 40.0 
56.0 5.3 12.6 1.25 4.5 48.0 
189 15.0 29.0 6.25 7.0 48.0 

166 -4.0 8.5 3.75 1.0 18.0 
57.0 6.3 172.5 12.E 3.0 24.0 

150 15.0 57.8 22.5 6.0 30.0 

156 4.0 160.0 6.25 0.5 8.0 
81.0 5.3 105.0 10.0 0.5 18.0 

63.0 12.5 105.0 12.6 2.5 84.0 

177 4.0 95.0 10.0 0.5 16.0 
90 7.6 95.0 10.0 0.5 24.0 
99 10.0 105.0 20.25 2.0 24.0 

198 2.0 95.0 10.0 0.5 22.0 
130 6.8 95.0 10.0 0.5 20.0 

180 6.3 85.0 12.8 3.0 26.0 

Condition of soil Pia 
subject to analysis 
Air-dry soil at 
beginning of szpt. 0.3 
at 
wsekaW  r 

incubation. 
25% M.H.C. 	0.6 
50% M.H.C. 	0.8 
78% 111.11.C•• 	11.6 

2nd SapplUg s.4 
6 weeks after 
incubation. 

25% M.H.C. 	1.6 
5C% B.H.C. 	1.8 
75% M.H.C. 	11.6 

3rd SazapLisig s- 
9 weeks attar 
incubation. 

25% 11.11.0. 	0.2 
50% X.H.C.. 	1.0 
75% Y.H.C. 	130 

12 *OAS -•er 
incubation. 

25% 11.11.C. 	0.6 
50% 141.0. 	1.2. 
75% B.H.Q. 	27.5 

Aiziesa 
End -if experiment.. 

25% 11.11".e. 	0.2 
50% lit.ii•d• 	1.0 

75% Y.B.C. 	15.2 
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Mineralisation of the Blements studied. 
(Difference between 1st and last air-dry eamples(12 weeks period) 

expressed as percentage of the first.) 

5l Ng so." P105 

+ 77.5 + 53.8 +131.4 + 60 4 28 
+ 33.5 • 80.8 +131.4 + 60 25 
+ 77.5 +115.3 +131.4 + 60 50 

+ 76.9 + 33.3 + 68.8 +150 •a 17.6 
+ 69.2 + 40.4 + 52.6 +170 -15.7 
+76.9 + 43.9 + 52.6 +200 - 7.9 

+ 94.1 90.0 + 53.3 +906 -/1.8 
+ 35.3 + 85.0 + 53.3 +268 -44.5 
+ 47.0 + 90.0 + 53.3 +315 .40.6 

+ 76.4 +127.2 021.3 +150 23 
+ 94.1 +112.7 +221.3 +150 -38.5 
+ 94.1 + 96.3 +131.3 +1.50 -15.4 
.22.6 + 22.6 +166.6 + 2.8 

+1074 4` 22.6 +166.6 - 6.5 
+100.0 +.13.3 +240.0 +21.5 

Soil 	Is 	let 

2re}1.0. +10.4 .45 
50$ M.H.C. -17.1 s 77.5 
75% M.H.C. .41.0 - 70.0 

241a5;"11.M.C. +7.2 +122.9 
50% Y.H.C. '0.8 .48.6 
76% M.H.C. »12.4 - 48.6 
Halrlirston 
26% M6 • • +12.3 +54.1. 
50% Y.H.C. +12.3 -61.2 
75% M.H.C. .40.1 ... 61.2 

O 
25-L1A.c. +12.3 +100.0 
50% I.H.C. +34.8 + 20.0 
75% Y.H.C. +12.3 	20.0 

WWII  "33.3 + 
92.2 

50% MIHIC. +166.6 	--- 
75% 	+ 74.8 



Table 70. 

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

Soil FS NA a 

Dna" an 412.5 + 50.0 + 26.8 
so% H.H.C. 25,0 	8.6 
75% 111•11•Co .450.0 

pi-wan • . 	# 33.3 ... 
50% 1.H. C. ...,.. - 50.0 
75% H.H.C. + 37.6 " 25.0 ..160.0 
-ilia_Loo4 
25% 141.0. + 20.0 + 6o•©- 75.0 
50% Y.H.C. + 50.0 + 33.3 + 24.2 
75% LH.C. + 50.0 	.... -. 97.0 
E.,Paldatm  
25% it 26% 	+200.0 + 10.6 .-100 
50% Y.H.C. + 20.0 + 30.7 .. 17.0 
76% Y.H.C. + 80.9 + 48.0 .48.7 

Mg 	SO4" 405 

42.0 
.400.0 -- 

+ 28.0 
+ 25.0 
.. 50.0 

24.0 

+ 114 
3.8 

-14.3 

"0.0 

.430.2 

-- 
+ 20.7 + 51.8 11.6 

+ 7.3 + 20.0 

..a. 	... 73.9 - '17.6 .. 	1.6 
rota " 11.5 ... 22.5 

• 7.9 	. -. 19.3 .. 26.3 

..... 	* 48.1 +44.0 .+20.0 

. 	+56.6 + 40.0 .. 12.5 
+ 7.4 + 60.6 -13.3 .... 

lief. 	 ftias iiiimi + 27.3 
- 	. . - 20.0 

- 23.5 .42.0 + 33.3 + 	7.7 

+ 44.4 + 30.7 + 21.7 
• 50% Y.H.C. + 24.0 - 66.6 - 16.3 
75% 111.11.C• + 9.0 .4.00.0 
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POT COLTURE 

	

	 PERSIRIAL RI& GRAQS 
(WI= Porenne) 

1. Studies on the visual symptozes caused by magnesium, 
sulphur, iron or =against. deficiency end the possi.. 
bility of making use of such deficiencies in the 
field to examine the supporting power of soils. 

St. The eThIct of these deficiencies on the mineral com-
position and uptake of nutrients by the starved grass. 

3. Correlation between Soil Solution Content, Morgan 
extractable nutrients and uptake of plants. 



111TRODUCITON  1.. 

The relationship which exists between the mineral con-
position of plants and soils supporting them has attracted the 
activities of many workers in aviculture since 'early stoles 
of the development of scientific agriculture. 	The main ob. 
Jest of these workers was and still is to find out what is 
the level of nutrients in a particular soil at which the op' 
tin= yield of a particular crop is obtained. 	PreViovily, 
carbon, hydrogen, oxygen, nitrogen, phosphorus, calcium and 
to a certain extent, magnesium and sulphur known aelinacro.na-
trients", required by plants in relatively big quantities, 
attracted most of the efforts of thus workers. 	The problem 
increased in complexity with the establishment of the essenti-
ality of iron, manganeseseopper, sine, boron and molybdenum, 
the scomealled micrownutrients, required by plants in smaller 
quantities or traces and hence, the old terminology, trace 
elesienjo. 	Moreover, other elements were observed to have 
beneficial effects on certain crops, at least under certain 
sets of experimental conditions and were claimed by certain 
schools of thought to be essential to growing plants, e.g. 
lroyer et alC123) , claimed that chlorine is an essential ele-
ment, and were able to obtain characteristic visual symptoms 
of wilt, chlorosis, necrosis and unusual bronze discoloura. 
tion on the leaves of tomato plants grown in ohlomine deficient 

solutions. 	The symptoms disappeared on addition of chlorine 

i82 



to the nutrient.  solutions confirming their observations. 	On.  
analysing 3.eaVes of 'tomato 'plants suffering from acute chlorine 
defioiency,  they repOried that such leaves contained 250 psp.a. 
chlorine on dry matter -  baSis. Ozane(124), found that subter-
ranian clover' (Trifoliuit subterraneum L.) showed chlerine de« 
fioienay r  sYlaptimas when 'grown in nutrient aolittions deficient. in 
this *lenient -  or  in soils poor in chlorine and ;supplied with too.: 
pliate nutrient solution& 'deficient is this element. Sodium was 
observed to have beneficial:effects on a variety of drops. 
Hamar anti Benne(125)  clagausd that stadium has Ganged vigorous 
development of barley, carrot;  cotton, flax and tomato  only when 
potassium - is deficient. The same antlers fob that even in 
presence of potassiUm ii sifficieney, addition of sodium hap 
beneficial effects on the growth of celery, table and sugar beet 

and turnips. 	Recently, however, Bramwell and Wood4126), ob-

tained evidence that sodium is ann essential micronutrient for 

Atriplex veaciaaria.. 
Plait physiologists found it necessary to adopt criteria 

by which the indispensability of an element can be judged and 
ruled eat that the'essentiality of an element is established 

only if l- 
a Lack of this alement results in injury, aberrant develop-

ment and ultimately death of the plant grown in culture 
media using a technique for refining the culture and nutri, 

ants used. 



b Before a certain element can be finally accepted as essen-
tial for the life and healthy growth of green plants gener-
ally, its essentiality for a wild. variety of species repre-
senting a number of. different families of the. plant king-
dom. aust hays been desionstrated. 
Demonstration that no other element of similar, chemical pro-
perties can substitute that partiffular element is.,necessary. 

Undoubtedly, the economic importance of these nutrients will 
depend on whether or not growth in the field is limited b their 
deficiency. 	Plants differ markedly in their nutritional re. 
quirements and in tolerance to mineral deficiencies. A plant 
suffering from a 'nutrient deficiency does not necessarily show 
any visual symptoms except probably that its growth is Rot as 
good as that of other Maltby' plants. 

Apart from dileotly measurable 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 moat cheap and. quick diagnosis of the lacking "avail- 
able" element. 	The dificiency of a nutrient may occur at any 
stage 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, however, it is unlikely that the 

complete J.bsence of one or more of the essential elements above 

listed would occur. 	The element causing the trouble may be 



present in the soil but held up in an unavailable form in one 
way or another which is not readily taken bb the plant. There 
is every reason to classify such an element as deficient at 
least as far as the growing plant is concerned. 

To make us* of the visual symptoms, one should have a 
wide knowledge of the plants growing on his land. He should 
be acquainted with life history of these plants, their habitats 
and. behavior at the different stages of growth. He should 
also possess a good power of discrimination to differentiate 
bstvreen symptoms caused by different climatic conditions as rain, 
drought, temperature, wind and other factors such as insect dam-
&poi-diseases and. symptoms which result from mineral deficiency. 
Detailed description of mineral deficiency symptoms of the dif- 
ferent crops is a useful tool for diagnostic purposes. 	There 
remains an assessment of the right quantity of that element to 
to be added in a suitable form which could be utilised by the 
crop osualV as foliage spray or when added to the soil. 

Physiologically, iron and manganese seem to be involved 
in nitrogen metabolism. 	Nicholas(i27)  I "23), has shows that 
copper is essential for nitrogen reduction but there is reason 
to believe thkt iron, manganese). sine and molybdenum are involved 

at one stage or another. 	Kessler(129) , has shown that iron is 
concerned in some way with nucleic acid metabolism pile De lock 
and Morrison claim that iron is connected with metabolism of 

amino acids. 



Manganese on the. other hand;  apart from being connected with ni-
trogen reduction;  appears to have a function in photosynthesis. 
Manganese has always teen involved in oxidation..reduction phen- 
0111111is 	According to Sommers and Shiver ) s  monganes. 	is res. 
possible for the oxidation of ferrous iron to the physiologically 
inactive ferric fbrrat.. The several observations that iron is 
present in chiorotic leaves in quantities higher than green heal-
thy ones lends support to Sommers and Shivee Is theory which ex-
plains the iron deficiency as isarganose toxicity and manganese 
deficiency as iron toxicity.. The school of thought originating 
from this theory bases its consideration of ohlorolde leaves sus-
pected of either iron or manganese deficiencies on the iron/man. 
genes* ratio of solnble 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 generally accepted as essential for plant lit*. 
The chlorophyll molecule contains 2.7% magnesium. 	This element 

is known to play a role in phosphate Metabolism and thus in the 
respiratory mechanism. 

Sulphur is known to be a constituent of certain amino 
acids which build the proteins in plants e.g. cystine 
b a constituent of certain plant hormones e.g. thiamine and 

biotin and 
the ramstard oil glucosides e.g. sinigrizi. 
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MagnAlsiun and sulphur in contrast with iron and manganese are 

easily translocated to the different organs of plants. 	In the 

case of deficiency translocation of iron and ustnganesev from of 

der leaves with ample suppllii is not readily effected. 

Visual symptoms of iron, manganese, maspasiuu and sulphur pre-

viesualy described lathe members of Qraminae 

Iron deficiency symptoms s- Vallace(43), described iron deficien-

cy in young wheat plants as severe chlerosis of leaves, beginning 

at the, tips which finally results in their death. 	In cereal_ 

crape, iron deficiency shows as intoarvenal dhlorotie stripee'as 

in wheat and oat leaves. 	Hoffer described nitrogen, phosphorus, 

potassium, magnesium, calcium, boron and sine deficiencies in 

maize but no mention was found by the author in connection with 

iron deficiency in other small grains such as wheat, oats, barley 
Or rye. 

Manganese deficiency  symytoms 	Are typically ilisplayed in 

oats leaves due to the sensitivity of this plant to this defici-

ency. Wallace describes manganese deficiency symptoms in wheat 

leaves as intermittent intervenal chlorotie streaks. According 

to the same authors  manganese defigiency symptoms in eat leaves 

show as irregular greyish brown lesions which coalesce and result 

in leaf collapse. 	These symptoms are known as grey speak 

symptoms. Albert(133) in the United States observed a mangen- 

ese deficiency 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 basal ends and die slowly/. 
The tip ends remained yellowish-green and alive. 	walsh(134), 
studying the susceptibility of grasses to manganese deficiency 
found that perennial and Italian rye grasses grown on a aoil-send 
mixture developed manganese defieieney symptoms a month after priii 
urination the younger leaves developed a chlorotic appearance 
accoiepanied by severe tip withering. 	Spraying the ohiorotic 
mealganeee plants with soluble manganese salts restored the green 
colour of the leaves and the symptoms disappeared entirely. It 
is observed that iron and manganese deficiencies show first in 
the younger leaves as the supply of na these two elements become 
restricted while the older leaves were not affected. 	This is 
explained by the fact that little or no translocation of iron 
or manganese occurs in the tissues of plants. 

Magnesium 
Mangaaese deficiency a- Wallace describes magnesium deficiency 

in cereal crops I- a  Leaves are slightly pale green, older leaves 
yellowing specially near margin, alga. theme marginal and inter- 
venal brown streaks and leaves die off prematurely.. Thornton 
in the United States studied the magnesium deficiency symptoms 

in maize grown in controlled nutrient cultures and describes ma& 
wain* starved plants as stunted in growth with leaves showing 

a distinct mottling of lighter yellowish-green patches. 

Sulphur deticienqy 	According to Wallace, sulphur deficiency 



was not recorded in Ragland. 	It is possible that many factors 
contributed to the masking of sulphur deficiency or rather inade-
quacy in the different crops and retarded the research in the sul-
phur status of soils and plants, the early workers determined sul-
"sr in plant ash sae often gave values lower than the actual val-
ues, thus erroneously established that sulphur is required in quail-
titles smaller than the actual. 

dolphin is almost always present in varying amounts in artifi-
cial fertiLtsersi nitrogen, potassium and to a certain exteht 
magnesium are often applied in the form of sulphates. Organic 

n manures otter added to the soil also contain sulphur in differ-
ent organid toms. 

9, Rain contributes to the soil sulphur. 
Thus it is evident that considerable amounts of sulphur are re-
turned to the soil mainly mixed with other ameliorating agents 
which are almost always credited with the beneficial effects on 
growing crops while the sulphur contribution is ignored or over- 
looked. 	Thus ammonium sulphate contains approximately 20.5% 
nitrogen and 24% sulphur but still its beneficial effects on crops 
are attributed to nitrogen rather than sulphur. 

It is evident from the literature that *sulphur has not 
been studied as extensively as many other plant nutrients. The 
possibility of inadequate supplies of sulphur in soils, however, 
is becoming sore generally recognised. 	Methods of sulphur 

determination ill soil extracts and plant material hale been 
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improved by several workers and also the mineralisation of or- 
ganic sulphur has been investigated. 	Walker(135) , recently 
surveyed the situation in Australia and New Zealand and collected 
evidence of many instances is which responses of grass  to sulphur 
dressings occurred. 	He suggests that two sets of conditions 
under laic* sulphur response ars likely to occur s- 

a The accrestulation of organic matter particularly under high 
producing pastures where legumes are relied upon as the main 
source of nitrogen and 

Under intense cropping Where heavy dressings of nitrogen and 
other nutrients are applied. 

White(136), studied the mineralisation of sulphur and nitrogen 
in sulphur  -deficient soils and suggested that mineralisation and 
immobilisation of sulphur in a soil saw follow a pattern similar 
to that of nitrogen• 	The present work was conducted with a 
view to I 

To study the visual symptoms caused by iron, manganese, sag-
Mei= and sulphas* on perennial rye grass (Loliun perenne), 
and the possibility of using these symptoms in the field 
for diagnostic purposes. 

2 $ The effect of these deficiencies on the mineral composition 

of the grass grown on sand culture and soil mixed with sand. 

3 s To investigate the possibility of the existence of a relation 
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between soil solution content, Morgan extractable nutrients and 
plant uptake. 

fee test plant chosen was a grass for the following reasons,- 

Grasses are almost always growing on agricultural land either 
as a part of the agricultural rotation or as *intruders" thus 
furnishing an ever ready material for field observation. 

Creases either alone or often mixed with each other or 
with legumes, form the bulk of pasture cover upon Which ironing 
cattle depend mainly for their feeding. 	There is a rising 
necessity to maintain a healthy growing crop to support these 
cattle which, due to increasing population became restricted 
to a more limited area than before. 

tI : Among the members of •Graminee, grasses seem to have received 
but little attention as tar as micronutrient deficiencies. 
Until very recently, only scanty papers were published in this 
connection. 
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Exaerimential 
flour 

Rretarationsof the Alasahouse s. The soil postten of the glasshouse,for 

two main reasonsons cultivated with grass. 

1 To avoid contamination from dust as mush as possible. 

2. To maintain a humid atmosphere favoured by grasses. 

The soil used in this experiment was from the top six inches of the 

Silwood Park Station fallow plots. It was air dried and sieved through a 
rte

2 sem. sieve before use. The soil is described in Mapterval; 

Purification of the qilyer land used The sand was subjected to prolonged 

treatment to remove impurities and other nutrients particularly iron and 

manganese whose oxides are usually associated with sands of different 

sources.The teShnique used in this work vas essentially that described by 

Hewitt (137).As modified by the authorpthe purification process was 

as follows I— 

A Small portions of the sand were placed in polythene buckets 

(4 gallons capacity) and treated with 1% caustic soda solutionostirring 

at intervals. The sand was subsequently washed with tap water.The process 

was repeated with intermediate washing till all the clay and silt particles 

had disappeared. 

k The sand was then transferred to large glazed containers (1+ cwt,' 

capacity) with a tubulare near the bottom which was plugged with glass wool 

and connected to the drains. 	There the sand vas soaked in 

1 s 1 ( v./1r ) hydrochloric acid for seven days with 



occasional stirring. 	The acid was changed if it showed any 
celouration of iron oxides (reddishiabrown)• 
c The sand was then leached continuously for another seven days 
with hydrochloric acid 111 (v/v) which is 2% with respect to ox- 
alio acid. 	The leached sand was occasionally stirred to help 
in (mugging the iron concretions through the abraising action of 
the sand particles. 	Stirring is very essential at this stage. 
A Sam was then leached with distilled water till it was chloride 
free, dried in the glasshouse and then sieved through a 1 awe. 
sieve• 

nja s- Plastic pots of 1000 gins. capacity were used. 	Each 
pot was fitted with a piece of acid! washed glass cloth at the 
bottom to hold the culture used in position without hindering 
the aeration of the roots. 	the glass cloth was boiled in con- 
centrated Aydrochloric acid for half an hour and rinsed thorough-
ly with distilled water till chloride free before use. Each pot 
stood in a plastic saucer to allow alternate watering (from bete-
to* and top of the .pot) in order to ensure even distribution of 
the nutrient in the pot. 

Sowing 2- Perennial rye grass (Lolium perenne) was sown at the 
rate of 0.5 gm. in each pot i.e. in each 1000 pls. of soil. 

For analysis of the seeds see Table 71. 

Nutrient solution used I- The nutrient solution used was essen-

tially that adopted at the Long Ashton Research Station. 
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The following stock solutions were made 

Salt. Weight in gms. diss-
olved in 1 litre of 

distilled water.  

  

     

Potassium nitrate UO6 	 33.60 
Calcium 	NW 

	(anhydrous) Cat NOB  )* 	65.60 

Sodium hydrogen phosphate NaH*PO4.2140 20.80 
Maspesiva sulphate Mg:80A.7140 36.90 	gas."2304  

. for prepara- 
tion of "mime Ng 
nutrient solutioa. 

Ferric citrate 
Manganese sulphate 

NN 	NN Copper 
NW 	1111 Zino 

Boric acid 
Ammoniva molybdata 
AltusiSiun sulphate 

NW 	NW Cobalt 
NM 	,..-1111 Nickel 	&LI 

MAS04.440 

CUS04.540 

ZW0g.740 

a • 49.9 PS. WV*  
6H50 to prepare the 

"minus" 3 solution. 
2.46 
0.223 
6.024 
0.029 

0.186 

0.0036 
0.0186 
0.0028 

0.0028 

3:11130g 

Diff4)0119/024.4H20 

Als(804)s.1240 

COSO4.740 

AIS04.740 

All the salts used were A.R. grade. 
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lto actual nutrient solutions were prepared immediately before 

application, in polythene aontainara (5 litres capacity). six 

nutrient, solutions were used s- 

(1) Complete Solution pa elti 0011taina fifty gal. of each of 
the above stick solutions diluted to 5 litres with distil-

led water. 

(2) "1122-112214:EitAyEgms-. Fifty nil. of all the above stook 

solutions except ferric citrate, diluted to five litres 

with distilled water. 

(3) "Mixmis Manganese" Solution, s- Fifty ml. oI each of the 

above stock solutions except manganese, diluted to five 

litres. 

(4) "Minus Aluminium" solution 2- Fifty ml. of each of the 

above stock solutions except abmiroum sulphate, and the 

final volume being to five litres. 

(6) "Mims Lalia,02.Lat'Solwtion s Fifty ml. of each of the 

above stock solutions except. magnesium sulphate. 	In 

order to supply the same amount of sulphate without mag-

nesium, sodium sulphate anhydrous (34.8emsAl and 50 mae. 

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

(6) *Mines Sulphate"  Solatimn I- This was made by pipetting 

fifty *1. of each of the above stock solutions except 

1004.4740 and diluting to 5 litres. 	The amount of 
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sulphate added with the different micronutrients was aegv 

looted, being very small. 

In order to supply the same quantity of magnesium as in 

the other nutrient solutions, an equivalent amount of magnesium 

chloride (MgC14.6Hs0) was used to replace the sulphate. 

After preparation of the diluted nutrient solutions 

(8 litres), the pH of each was adjusted to pH 5.5 - 6.0 using 

0.0811:-WH solution. -2adh nutrient solution required 20 ml. 

of the potassium hydroxide for this purpose except the *minus 

sulphur' nutrient solution which required 30 

The.stook solutions were always prepated from the sews 

batch of Analar Reagents throughout the whole experiment. Amalyw 

ass of the dilute nutrient solutions applied to the pots is 

given in Table 72. 

s= of
Cu
irtia=ment  :- 1000 gms. of the prepared sand 

were weighed into each pot. Six treatments, each of which was 

replicated four times were sat up for studying the visual symp- 

toms. 	These pots were randomised on the bench in the glass- 

house. 	Another fallow pot experiment was set up similarly, 

but each traatment ws replicated six times.. 

A ;obi Sand Mixture Pots  I- 100 piss of $ilwood soil were 

nixed with 900 gms. of the sand in a small polythene bag. leek 

lot was prepared separately to ensure thorough  	Mach 

treatment was replicated 14 times. Fallow pots were prepared 
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To ensure equal distribution of heat and light and to 

eliminate the effect of other environmental factors in the 

glasshouse, the cropped pots were moved periodically from one 

place to another. 

Sanpling s- At the time of each cutting, duplicate fallow pots 

from each treatment were mixed thoroughly on a clean polythene 

sheet. A subsemple was immediately taken for moisture deter. 

libation, usually /0 gas. Another subsanple (usually 90 was.) 
was air dried in the constant temperature room and used for Mor- 

s 	gam extracts. 	Throughout this investigation, the extracts 

were obtained by shaking one part of soil with two parts of Mor-

gan's solution for one minute and filtering through No. 1 What-

man- filter paper. 

Soil Solution 1- Soil solution was obtained by alcohol displace- 

ment as described by Parker(52)  • 	The soil was Pawirmi tightly 

into resin cylinders especiallar used for the purpose and 76 al. 

of alcohol were carefully added to the top. Prom previous 

trials, it was found that 90 si 100 *1. of soil solution Gould 

be obtained safely without contamination. This was enough for 

Vs analysis and p8 determination* 

Plant Material 1- The tops were cut with stainless steel ecis- 

sore kept especially for the purpose. 	The tops from each pot 

were weighed separately, dried in an oven at TO is 80°0 overnight 

and weighed separately for the dry natter yield. 	Average of 



fresh and dry matter yield obtained from each treatment are 
given. 	The tops, from each individual treatment and substratum 
were mixed and crushed by hand a subsample was ground in an 
agate mortar and sieved through a 70 mesh sieve and kept in an 
air-tight container for analysis. At the time of each witting, 
a block of the soil sand mixture cropped. pots was • always taken • 
for anailjais of the soil to keep a check on the application ,  of 
nutrients. • Meazreltile,,  the extracted roots were washed thorough-
ly and dried and their dry matter yield *as recorded. 

At the time of the -third cutting, *minus magnesium" and 
sulphuriand treated pots from the sand culture series were 

taken for analysis. At the end of the experiment, roots from 
the rest of the treatments in the sand culture pots were removed, 
washed, dried and weighed and analysed. The Morgan extract 
of the soil was also analysed. 

The roots were extremely difficult to grind in the agate 
mortar and it was necessary to use the mechanical. mill for their 
grinding. 

Pre141*41"m3" Merriment 
To test the washed sand, its Morgan extract was analysed 

and. no trace of the elements to be studied for their deficiency 
level (iron, manganese, sulphur and magnesium) was found. More-
over, four pots were sown at the rate to be used (0.5gm./poe), 
two with acid washed sand and the other two with soil sand mix-\  

tun. 0ne pot of each was given distilled water while the cor-

responding two received 50 ml. of complete nutrient solution 



the plants cultivated in sand with nutrient solutions deficient 
in the element concerned. 

TM first signs of magnesium deficiency showed in the 
outer layers of leaves (immediately adjacent to the wall of the 
pot) and gradually spread into the whole plants growing in the 
centre of the pot. 	Coloured plate 5 shows magnesium deficies-
oy in the rye grass (let. stage). 

A 01086 examination of the leaf at this stage shows intra-
venal diaeresis as the veins keep their green colour. Looking 
at the pots in Plate 6, apart from the yellowish green colour 
the magnesium deficient plants acquired, it was observed that thei3 
growth at this early stage of the experiment was vigorous and 
superior to that of the plants receiving the complete nutrient 
solution. 	This observation is confirmed by the dry matter 
yield percent of green weight of these plants being higher then 
those of plants given any of the rest of the treatments, Table 
77. 	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 yield from minus mag- 
nesium" was 23.9% as compared with 21.7% far the plants recei-
ving domplete nutrient solution. 

The sulphur defeicient plants grown in sand culture 
(coloured Plate 6) ware markedly stunted in growth as compared 
with plants receiving complete nutrient solution. 	The tops 

of the sulphur-deficient grass showed a very characteristic 
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upright form of growth and alreodt formed a right angle with the 
surface of the sand partieularly towards the middle of the pot. 

In the soil-sand pots, on the other hand, the magnesium 
deficiency showed similar symptoms as in the sand cultures but 
the colour of the tops was more greenish with only a slight yel- 
low tinge. 	Slilphur, deficiency in these pots showed in the 
stunted growth of plants Which retained their green colour. Thus, 
it was decided not to take any coloured plates for these soil sand 
mixture pots till the symptoms became clearer-. 	The delay in 
appearance of clear symptoms of either magnesium or sulphur de.. 
ficiency is obviously due to extra reserve of nutrients in the 
soil mixed with the sand in these pots. 

Second Cutting 	The second cutting was taken four weeks from 
the date of the first one (26.8.1960 • 	The aciineisica deficien- 
cy on the sand cultured plants became acute. 	The colour of the 
tops was straw-yellow but still the green colour could be aeon 
in the veins as light green' streaks. 	At the fourth week (three 

days before the 3rd. cutting) the tops in two pots showed very 
severe symptoms as white spots appeared on the basal portion of 

the leaf as well as the upper third .Plate IQ. 	These white 

spots were presumably due to severe shortage of magnesia" which 

resulted in oempleta absence of chlorophyll in these white tis-

sues. The spots seemed to extend upwards from the basal portion 

and downwards from the upper portion. 	The leaves suffering 

from magnesium deficiency 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 Elate 8). 	Sulphur deficiency in the  sand 
cultures resulted in very stunted growth of tops, leaves were 
extremely short and narrow and the plants were showing their 
upright growth very clearly. 	itorsovers  the leaves developed 
cblorotic tips and chlerosis was progressing steadily towards the 
base of the leaves. 	In the soil-sand pots however, the naves-
lums.defieisnt plants did not show the white spots which appeared 
in the sand cultured pelts. plants. 	The sulphur-deficient plants 
partly retained their green colour bat still with chlorotic app- 
earance being greenish-yellow in colour. 	In general, the 
plants growing on soil-sand mixture looked stronger and made com-
paratively better progress than those grown on sand culture. 
Comparison between coloured Plates 8 and 9 illustrates this. 

Immediately after the second cutting, the cropped pots 
of the treatments *minus magnesium" 4 and *minus sulphur" were 
divided into two halves, one was kept under deficient conditions 
as before and the other received the deficient element in the 
form of a complete nutrient nutrient solution for the four weeks 
between the 2nd. and 3rd. cuttings. 

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

Third Cutting I.- The magnesium-deficient plants in the sand 
culture which were kept under deficient conditions collapsed 
and died. Sulphur-deficient plants on the other hand, became 



severely stunted in growth and leaves became needle-like, being 
short and narrow with a pointed end. 	In the pots treated after 
the 2nd. cutting (with sulphate or magnesium), pleats regained 
their green colour and in an interval of three weeks, 'all siges 
of chlorosis disappeared oompletely and made 'remarkable progress 
in growth. 	The plants treated with sulphate, the tops made 
sa extraordinary progrese;liegained their deep green colour. 
Astonishingly, the sulphur-deficient plants when treated with 
sulphate (in the form of complete nutrient solution), despite 
their remarkable progress In growth which by far, exceeded that 
ceS.e' te treatment, kept their upright form of growth. Plates,  

12, 13, 14 and 15. 	Iron and magnesium manganese deficiencies 
made their first appearance on the plants growing in the sand 
cultures at the interval between the second and third cuttings. 
Ten days after the second cutting, the newly formed tillers were 
ehlorotie while the older leaves retained their green colour. 
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 stunted growth 
of the grass While manganese deficiency did not. After approxi-
mately two weeks, iron deficiency became prominent in the leaves 
which showed chlorotic streaks throughout the length of the lea- 

this bei4t1 seal more definite in the younger leaves than in the older ones. 
Coloured Mate 16 shows the iron deficiency immediately befire 

the Third cutting 24.9.1960. 	Manganese deficiency was not 
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very clear at that stage. 	In the plants growing in soil-sand 
mixture, on the other hand, no definite signs of either iron or 
manganese deficiencies apart from chlorotie tillers scattered 
in each pot. 	However, the dry matter yield of these plants 
was lower as compared with plants receiving complete nutrient 
s olution. 

4th. Cutting sd. After the third cutting, half the remaining 
pets received a complete nutrient solution carrying the defic-
ient elements, while the other half was kept under deficient 
conditions. 

The iron deficiency in sand-cultured plants became very 
Pin'te= p 	and the plants showed remarkably stunted growth. The 

whole area of the leaf apart from the mid-rib which had a green 
tinge, developed a &ill yellowish-green colouration. 	There 
was blotching condition varying in colour from light.-green to 
yellowish-green. 	Treatment of the iron detilient pots with 
complete nutrient solution carrying ferric citrate (5.6 p.p.'s.) 
removed the iron deficiency symptom*, the plants resumed their 
growth, regained their peen healthy appearance and the charac- 
teristic blotchiness disappeared. 	Coloured Plate No. 20 shows 
the difference in growth and colour between iron-deficient grass 
and treated grass; the latter almost identical with that recei-
ving complete nutrient solution. 

Manganese deficiency, by contrast, did not appear to 
affect the growth of the grass but manganese-deficient plants 
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receivil 
gave lower dry matter yield than those gf the complete treatment.The tops of 

the manganese-deficient grass acquired aCanerp.yellow colouration except 

the mid-rib which partly retained its grem'colour. These plants on 

treatment with complete nutrient ooluttion4ecovered their green colour. 

Coloured Plate 21 dhows manganese deficiency*n tbe grass grown in 
, 

sand-culture ( .Mn pot) in contrast with pot receiving manganese after the 

3r4.cotting.and that given the complete treatment throughout. 

IN the pleat grown in the soil-sand mixturefo iron and manganese 

deficiencies shoved only in the occurence of chlorotic young tillers which 

were scattered among the plants kept deficient in these elements. Closer 

examination however, howed that the leaves were narrower and their green 

colour was not as deep as in the plants given complete nutrients. The 

deficiencies or more precisely.the inadequate supply of iron and manganese 

were Shown in the analysis of the soil solution obtained by alcohol 

displacementlin Morgan extracts of the soil and in the analysis of plant 

material,particu1ary the tops which showed notable differences in the 

levels of these elanentslespeoially the manganese when compared with the 

plants receiving complete nutrient solution. 

It is evident from the foregoing that magnesium deficiency in 

perennial rye grass was shown initially by chlorotic intravenal tissues, 

the tissues becoming light-green. 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 upwardsand downwards and resulted in the 

death of the plant.' 



Sulphur deficiency mainly resulted in very stunted growth, the 
tops developed ohierotic tips and upright form of growth. 

Can treatment with the deficient element in question, Vast 
plants made a very quick recovery and symptoms disappeared couple- 
telly in a short time (10 - 12 days). 	This confirms the findings 
that both magnesium and sulphur translocation is easily effected 
within the plant. 	Moreover, it suggests that the limit between 
the deficiency level and sufficiency level is narrow and that ob-
served deficiencies in the field, particularly that of magnesium, 
must be remedied quickly. Application of magnesium after the 
development of white patches on the leaves was not always effective 
One deficient pot was treated with 1igSO4.7140 in a complete nutri-
ent solution but did. not recover and ultimately the plants died. 
iron and magnesium deficiencies symptoms 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 deficiencies, 	it a later stage iron deficiency could 
e differentiated from that of manganesev in the perennial rye 
grass by 36. 

let a- The iron deficient grass havinS a yellowish.-green col- 
ouration with blotches differing in colour from yellowish 
green to greenish colouration apart from the mid-rib , 
while manganese deficiency showed a canary-yellow colour-
ation of the tops. 

2nd.a- The iron deficiency affected the yield more severely, 
particularly the tops while nom such effect occurred in 
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the manganese deficient plants. 	On treatment with solutions 

carrying the deficient element in question, it was observed *hat 

sulphur and magnesium moved more freely in plant tissues than did 

iron and manganese, particularly iron. 

studies on the Boil 8olltion obtained bit' alcohol displacement  

Analysis of displaced solutions obtained from fallow pots 

of the sand and soil-send mixture are shownn in Tables 0, 82, 90. 

Discussion of Results 2.* In the solution from the sand, the 

micronutrients studied were always present in traces (i.e• lass 

than 0.008 p.p.m. oven dry soil basis) except in one ease namely 

"minus iron" in the 3rd. sampling; its concentration reached otoce 
p.p.m. 	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 

film of iron oxides which extends in the grooves and cavities of 

these grains, as pointed out by Hewitt. 	In time, sons of this 

iron might pass into the soil solution. 	However, the impurities 

did not affect the object of the experiment as the iron deficien- 

cies symptoms appeared and 'became gradually more severe. 	The 

concentration of iron in the displaced solution from the other 

sand culture pots (given iron in their nutrient solution) ranged 

from 0.006ta 0.008 p.p.m./unit oven dry soil at the time of the 

first oomplingt  from 0.008 to 0.013 p.p.m. at the time of the 



2nd. sampling and from 0.008 0.011 p.p.m. soil at the 3rd. saapl 

Manganese on the other hand, was not detected in the soil 
solution obtained from *mines manganese" treatment, of the sand 
culture pots at any saatpling. 	Its eoncentration ranged from 
0.0012ra 0.009 p.p.a. of soil (avail dry basis) at the first samp-
ling, frost 0.006ta 0.009 p.p.*. at the time of the 3rd. sampling, 
thus gradually increasing in other treatments which received 
manganese in their nutrient solution. 

The concentrations of magnesium and sulphur in the dis-
placed solution from sand cultures supplied with "minus Mg" and 

"minus S" nutrient solutions deficient in these elements were 
..itith  the concentrations in the displaced solutions 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 p.p.a. as compared with 0.146 p.p.m. 
Mg (soil oven dry basis) in the complete treatment. 	Despite 
the fact the values obtained from the End. and 3rd. samplings 
werehigher than the value of Ng in the first 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 0.32ta 0.46 p.p.m. (oven dry basis) where 
the concentration of S in "minias-sulphur" treatment was 0.1 p.p.su 

At the time of the second sampling, the sulphur concentration 



ranged from 0.6 to 0.89 p.p.m. where in "minus-sulphur" 'treatment 
it was 0.13 p.p.a. 	In the 3rd. sampling the values increased 
from 0.81 to 1.44 ).p.a. emcept in the "minus-sulphur* trestrest 
it was 0.07 p.p.m. 8. 	Thus there was a gradual increase in the 
sulphur concentration in the soil solutions from the different 
sulphur-containing and a slight decrease in those from the "minus 
sulphur treatment. 

Aluminium was examined mainly to investigate its effect 
if any, at such low concentrations on the uptake of phosphate. 
it is evident however, that such differences in concentration of 
aluminium applied to the pots could hardly be expected to have 
any effect. 	The nutrient solutions (Table 72) contained from 
0.01 to 0.080 p.p4. Al. 	The concentration of aluminium in the 
displaced solution obtained from the sand-culture-fallow pots at 
the time of the first sampling ranged firma 0.003 - 0.011 p.p.a. 
while in the "minus-alum4ium" treatment it was 0.004 p.p.m. At 
the time of the 2nd. sampling the concentration of aluminium had 
increased from 0.006 to 0.010 p.p.m. while with the "minus-alumin-
ium" treatmentit was 0.003 p.p.a. At the time of the third 
sampling both values were unchanged. 

The analysis of the phosphate in the displaced solution 
from the sando.culture showed that fluctuations in phodphate con- 
centration were email and more or less uniform. 	Nearl,y always 
there was a slight increase in the phosphate concentrations in 
the solutions obtained from the "minus-irenl "minus- aluminius", 

"minus-magnesium" and to a certain extent, from the "minor-mangan- 
ese 
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trewtments. 	Its concentration of phosphate at the time of the 

second sampling showed a slight decrease as compared with that 

from the first sampling. 	The range of values at the time of the 

first sump:Wigwam 0.23 - 0.51 p.p.m. P (oven dry basis), 0.20 

0.31 p.p.m. in the second sampling and 0.1 - 0.5 p.p.m. P in the 

3rd. sampling. 

Potassium, en the contrary, showed a gradual increase in 

the values obtained from successive analyses of the displaced 

solutions from fallow pots of the sand-cultures and values for 

the "minus-iron" pots were slightly higher than from the rest of 

the treatments. • This phenomenon could not be explained. 

In the Soil Sand. mixture pots, it was eveideht that the 

displaced solution contains slightly higher quantities of iron, 

manganese and aluminium but lower quantities ofm sulphur, phosv 

Ammo, potassium and magnesium than that from the sand-culture 

pots; probably due to adsorption or fixation of the latter elements 

OA the clay and organic matter complexes present. 	it is posmi-- 

blm however, that such elementswere released in an available 

form under cropping conditionS. Thus the first symptoms of mag-

nesium and sulphur deficiencies which were prominent and clear 

in the sand-culture pots at the time of the first cutting were 

less obvious in the soilysand mixture pots indicating that the 

level of the defidient nutrients studied in the latter was high 

enough to hinder the appearance of typical symptoms but not 

enough to supply adequate nutrients to maintAnhealthy plants. 

Moreover, the slightly higher iron and manganese values in the 
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soil 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 were scattered chlorotio tillers in each iron or 
manganese deficient pots. 	The pH of the soil solutions (Tables .  
73, 81 and 89) from the soil-sand mixture pots gradually decrea-
sed in the "minus-iron", "minus manganese* and to a certain ex-
tent, "minus-aluminium" pots from the first to the third sampling 
e.g. with the "mints-iron" treatment the pH decreased from 6.43 
to 5.44 in 12 weeks while with the "minus-manganese" the pH de- 
creased from 5.94 to 5.50. 	The pH from the "mine-aluminium" 
treatmentwas 5.66, 5.74 and 5.46 in the successive samplings. 
The decrease in pH values following the "minus-iron and minas 
manganese" treatments possibly contributed to delaying the visual 

iron and manganese deficiency symptoms by releasing extra iron 
and manganese from the soil mixed with sand in these pots. 

Analysis of Morgan Extracts 2- 

A Analysis of Morgan extracts from Fallow Pots of Sand Culturesba 
Is Morgan extractable nutrients increased with the pro-

gress of the experiment, the only exception being the phosphates, 
the extractability of which decreased markedly from the first to 
the third sampling. With the *minus-sulphur" treatment however, 
the extractability of phosphates increased from the first to the 

third sampling. 
When comparing the Morgan extractable values of phosphate 
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at one and the same tiles, it is evident that extractability of p 
phosphate was slightly higher from the "minus-iron", "minus-man-
ganese" and to a certain extent "minors-aluminium" treatments than 
from the sand-cultures which received complete nutrients. 	At 
the time of ,the third.  sampling, the "minus-aluminium* 'treatment 
showed slightly higher Morgan. 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 • "minus-aluminium" treatment. 
Results of Morgan extractable nutrients are shown in Tables 75, 
83, 91 and 98. 

a Analysis of Morgan extracts from the Fallow Pots of the Soil...sand 
mixture s 

In the pots It receiving complete nutrient solution, the 
Morgan extractable iron, manganese, aluminium gradually increased 
from the first sampling to the second where it either remained 
approximately constant in the case of iron and manganese or slight 
ly increased as in the case of aluminium. 

The Morgan extractable magnesium increased from the first 
to the second sampling ilia 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 given 

the Nminus-sulphu.rotreatment were comparatively lower and decree-,  
sad 
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progressively with time. 

Morgan extractable phosphates also showed, a gradual in- 

crease with the progress of the experiment. 	At the time of 

the first sampling, the values ranged from 4.0 to 6.6 p.p.m. P, 

at the second sampling• from 6./ to 10.0 p.p.m. and at the third 

sampling from 8.9 to 19.6 p.p.m., the higher values being gener-

ally associated with "minus-iron", "minus-manganes0, "minus-

alumiliue and to some extent *minus-magnesium" treatments. 

Evidently, the Morgan extractability of phosphate increases with 

decrease of iron, manganese, aluminium or magnesium levels in 

the soil. 	This as- is also apparent from the data for the 

sand-culture experiment. 

Potassium increaaedv atepnily at successive sampling. 

Analysis of Morgan extracts from the fallow pots of both the sand-

culture and soil- sand mixture are given in Tables 74, 12, ei and 

98. 

C Morgan Extracts of Residual Soils from the Cropped Pots s- 

The main objects of the analysis of the residual soil from the 

cropped pots were *- 

(1) To ascertain whether the rate of application of 
nutrients used, was sufficient to give adequate sup-

(24 plies to the plants. 

(2) To examine the rate at which the different nutri-

ents were uptaken by the growing plant as shown by 
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Morgan teats 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 26, 84, 92, and 22) show a gradual 
increase in the level of Morgan extractable elements studied from 
the first to the fourth samplingexcept when ,a particular element 
has been omitted from the nutrient solution in which case 41 
elements except the  deficient one increased as time advanced. 
Values teem the element omitted showed a gradual decrease. The 
only exception to this statement was manganese values for which 
decreased 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 alight increase over pre- 
vious determinations. 	The concentration of manganese in the 
tops pf plants growing on soil-sand mixture and receiving com-
plete nutrient decreased from 115 p.p.m. at the time of the first 
sampling to 52.5 p.p.m. at the time of the fourth cutting. 	In 
plants grown in sand-culture and also given complete nutrient 
solution the manganese concentration in the tops ranged from 
90 p.p.m. in the first cuttings to 52.6 p.p•m• at, the time of 
the fourth samplings 	The suaganese deficient plants grown in 
sand-culture showed clear visual symptoms of manganese deficiency 
when manganese concentration in the tissues decreased to 18 p.p.m. 

(dry matter)• 

In the soil-sand mixture, the Morgan extractable aluminium 
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from the cropped pots remained more or less constant in the first 

three samplings but showed a slight increase at the fourth sampling 

Magnesium showed more or less a constant level at the. 

first and second samplings, but increased slightly at the third 

and fourth samplings. 

The levels,of sulphur, phosphorus and potassium showed 

a steady but a gradual increase in the l'rgaa extracts of these 

cropped pots from the first to the fourth sampling. . The .level 

of Morgan extractable:  potassium in the residual soil was the low-

est from *minus-magnesium" treatments indicating the i#cressied 

uptake of potassium by these magnesium.starved plants. 	This,  

was vlear in the first and second samplings but not do prominent 

in the third sampling, probably due to decreased top growth occ-

urred by magnesium deficiency. 

Yields and Mineral Composition as affected by mineral. deficiencies  

:. yield 

X : Sand Culture Plants :- &t the time of the first cutting, 

the yield of tops following the "minus-magnesium" treatment(fresh 

weight) were higher than those from the rest of the treatments 

including the complete nutrient. 	This is attributed ruFehroy to 

the beneficial effects of the extra sodium added in the form of 

sodium sulphate to replace the magnesium sulphate usually used 

in supplying the magnesium and sulphur in the rest of the treat. 

manta. 	The dry matter yield percent of the tops from the "minus 

magnesium was 23.9 as compared with 21.? for the complete nutrient 
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The dry matter yields were also highest from the "minus pegnosiumo 

treatment, those from the other treatments decreased in the order 

"complete treatment", "minus--manganese", "minus aluminium","minus 

iron", and"minus-sulphur". 
magnesium 

At the second cutting, the "minus-maaganese" and "minus- 

sulphur treatments gave the lowest fresh and dry matter yields. 

Yields from other treatments decreased in the order :- complete 

treatment, "minus-alvm4n4umm, mmanus-manganese", "minus iron), 

"minus-magnesium" and "minus-sulphur". 

M the time of the third cutting, all the magnesium de-

ficient plants collapsed and died ; no cuttings were taken. An 

attempt to save plants growing in one pot by adding complete 

nutrient solution. containing Mg504.740 tw4 weeks after the sec- 

ond cutting failed. 	The magnesium deficient plants which were 

treated with complete nutrient solution carrying magnesium sul-

phate immediately after the second cutting showed a remarked 

steady progress and recovered completely from visual symptoms 

(Plates 12, 13, 14 and 15). 	Yields from the plants were 6.267 

gins/pot (fresh weight) against 6.304 gms/pot for those given com- 

plete treatment throughout (Table 94). 	The corresponding dry 

yield = 1.753 and 1.644gme/pot respectively. 

The fresh weight of tops from the sulphur-deficient 

plants Which received sulphate after the second cutting in the 

form of Mg504.740 at the same rate as was applied to the complete 

treatment increased tremendously being 10.212 gyms/pot as compared 



217. 

with 6.304 gm/pot from the complete treatment. 	Moreover, 
pia,. Es 

the dry matter yield in the sulphur-treated vaissfres exceeded that 

obtained from the complete treatmentbeing 1.719 gas/pot in the 

former against 1.644 ggp/pot in the latter. 	However, the per- 

centage of dry matter in the fresh cutting of the sulphur-treated 

plants decreased considerably being 16.83 when compared isith com- 

plete treatment which reached 26.07%. 	The explanation of this 

phenomenon is that :- 

let s The sulphur-deficient plants subsequently treated with 

sulphur increased considerably in size and accordingly the 

rate of transpiration increased and with it 'he uptake of 

of water increased. 

2nd : Another important factor is the presence of the chloride 

ion in the sulphur-deficient pots as magnesium, was added in 

the form of chloride (MgC12.6140) to supply an equal magnes-

ium concentration in the "minus-sulphur" nutrient solution. 

Chlorides often increase succulence,. According to Black(139 

truck-crop growers in the United States observed that toma-

toes and other fruits are more firm when fertilised with pot-

assium sulphate than when with potassium chloride. AAso it 

was found that cabbage, lettuce are more succulent when treat-

ed with potassium chloride than when treated with potassium 

sulphate. 	It is suggested that this is the case with plants 

from sulphur-deficient pots which were supplied with a chiorid 

ion and showed a low percentage of dry matter (i.e.high water 



content) while in the wminns-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 yetem of Rye grass grown in Controlled 
Sand Culture a-- 

Both magnesium and sulphur deficiencies in the growing 
medium, particularly the latter exerted a considerable negative 
effect on the growth and development of the grass roots. Plate 
18 shows roots of grass deficient in magnesium and sulphur cora-
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 riots. 

It is of interest to note how quickly these deficient 
roots respond to magnesium or sulphur when supplied to the star- 

ved root in a solution. 	The magnesium deficient roots increa-
sed in weight by 46.84% when treated with Mg304.740 solution 

for four weeks and the sulphur-deficient roots gained 31.20 in 

weight when treated with the same solution for the same time, 

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 slightly lower 
yields than those given the complete nutrient when one and the 
same cuttings are compared., This lasted for the first three 
cuttings. 	At first, the iron deficiency did not exert any 
effect on the weight of the plants as it happened at the time 
of the fourth cutting when the iron deficiency resulted in a 
very serious reduction in fresh and dry matter yields, particu- 
larly sib in the plants grown in sand-culture. 	The, weight of 
the fresh yield. from "minus-iron" treatment was 2.960 gm/pot as 
liompared with 7.418 gm/pot from the complete treatment. 	At 
this time, the visual symptoms were very clear. 

Meanwhile, inmanganese-defiwient plants, visual symptoms 
were apparent as bright or canary-yellow colouration which spread 
all over the tope of the starved plants. 	It is interesting to 

note that the reduction in fresh or dry matter yields was not as 
great as in the case of iron defielency and thus the effect of 
manganese differed from that of irom. 	The fresh weight Meld 
at this time (4th. cutting, Table 100) was 6.416 gm/pot as cow- 
pared with 7.419 gas/pot from the complete treatment. 	The 

corresponding dry matter yields were 1.172 and 1.609 respectively. 

The effect of Iron and. Manganese deficiencies on the root growth. 
Although these deficiencies 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-ironyminus-manganese" and "minus-aluminium" treat.- 
meats as compared with the complete treatments. 	Table 101 
gives the weights of plants treated with Fe and Mn after the 3rd. 
cutting and those kept under deficient condition throughout. 
The treated roots received the deficient element in question as 
a complete nutrient 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 citrate in a complete 
nutrient solution, rootiof "minus-manganese plants gained 4.96% 
of their weight on treatment with MoSO4.4.11,10 and roots from 
"minus-aluminium" treatment gained 3.30% of its weight on treat-
meat. 

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 sulphate) the dry 
matter yield increased from 1.614 gam/pot to 1.719 gas/pot as 
compared with 1.609 gas/pot for the complete treatment. 

z soil Sand Mixture Plants 3- 
Yields from magnesium and sulphur-deficient plants showed 

reductions similar 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 cutting where the fresh and dry mat- 
ter yields of magnesium-deficient plants exceeded those obtained 

of the deilcie'Ar 
from the complete nutrient treatments. 	On treatment/ with the 
cpmplete nutrient solution o=the--:detierieetilleMs, carrying the 
missing nutrient, the fresh yield of "minus-magnesium" was in-
creased from 2.768 gms/pot to 7.538 gme/pot and dry matter yield 
increased correspondingly from 0.914 gas/pot to 1.613 gins/pot. 
Again, the sulphur-deficient plants on treatment with sulphate 
showed a similar barked increase in fresh weight which increased 
from 2.216 gms/pot to 9.896 gms/pot and dry weight from 0.466 
gms/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 treatments. 	This is attri-
buted, as noted previously to the effect of the chloride which 
)robably increased the suet ulence of the grass. 	The effect 
of sulphur and magnesium deficiencies on the root growth and die-
velopment were the same as in the sand culture and after the 
additiin of, the deficient element, the roots in both oases gai-
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-deficient plants showed a sliiht 
decrease in fresh and dry matter yields 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 deficiencies on the roots of the 
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plants was not as serious as under sulphur and magnesium defici- 
ency conditions. 	At the time of the fourth cuttings  the root 
yield of "minus-iron" j.lantswas 5.896 gms/pott  of"minua-manganosen  
was 5.10E3 gms/pot and "minus-aluminium" was 6.439 gins/pot against 
7.169 gins/pot from plants receiving complete nutrient solution. 
on treatment with the respective deficient element added in the 
form of complete nutrient solution at the same rate as the origin-
al complete nutrient solution for an interval of four weeks, there 
was an increase in weight of 8.13% in the treated iron roots and 
ott 2.5% in the treated manganese roots and of 6.76% after the alu-

minium treatment (Table 100. 

effectTake 	of Magnesium, Sulphur, Iron and Manganese deficiencies 

on the Mineral Composition of tops of perennial Bye Grass. 

A 	Effect of Magnesium deficienv a- 
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-stand mixtures. 	In the first cutting, the 

potassium concentration in the tops of magnesium-deficient grass 

was 5850 p.p.m. IC (dry matter basis) as compared with 3800 p.p.m. 
from the plants fed on complete nutrient solution. 

The magnesium-deficient plants also had comparatively 
low nitrogen concentration e.g. in the first cutting the minus- 

magnesuim tops from the sand-culture contained 20750 p.p.m. I as 
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compared. with 26875 	N for those tops given the complete 
nutrient . 	This condition persisted throughout the whole ex-
periment as shown by the folowing examples from the data of the 
analyses given in Tables 72, az, al 	"minus-magnesium" plants 
from the soil-sand mixture at the time of the first cutting con 
tamed 15000 p.p.m. N dry matter basis as compared with 25688 
p.p.m* for the complete treatment. 	At the time of the second 

cutting in the sand culture, the concentration of nitrogen in the 
magnesium-deficient plants was 20250 p.p.m. as compared with 23500 
p.p.m. from the complete nutrient while in the toil-sand mixture, 
"minus-magnesium" plants gave 16125 p.p.m. in the dry matter and 

ea,a4 complete nutrientrhcontained 18939 p.p.m. It is worth mentioning 
however, that the difference between concentration of nitrogen 
in the "minus-magnesium" treatment and complete treatment dommasowl 
ifammapdAmdie br tfte imeft became smaller as the experiment progress 
ed. 

However, when comparing the pptake of the tops of "magnes-
ium-deficient" plants which were kept as such and those which 
received magnesium in their nutrient solution, it is observed that 
the uptake of nutrients studied, increased considerably on treat-
ment of the deficient plant with NgSO4.7H*0 in the form of a coo- 
plots 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" gents and 9.758 mgm. I in "magnesium-treated" plants. 



Taking into consideration the big difference in the dry matter 
yield between the two treatments, it is clear that the potassium 
concentration in imagnesitun-deficient" plants is notably high. 
The detailed calculated uptake of other nutrients is in Tables 
104 - 109. 

Effect of Sulphur.deficiensz :- 
Sulphur deficiency in most cases resulted in , an increase 

in concentration in moat of the elements studied obviously due to 
low yields obtained. 	However, it is seen that the concentration 
of magnesium is almost always lower in these plants than in those 
receiving other treatments, the only exception to this generalisa-
tion being magnesium concentration in topd of the sulphur-deficient 
plants at the time of the first cutting in the sand-culture v pots. 

The nitrogen concentration was considerably higher in the 
sulphur-deficient plants than in those given the other treatments. 
Again, this was not observed at the time of the first cutting but 
showed consistently in the second and third cuttings both in sand-

cultures and soil-sand cultures. 
On treatment of sulphur-deficient plants with sulphur (in 

the form of EgSO4.740 added at the same rate as in the other 
treatments), the magnesium concentration increased considerably 
(from 4100 p.p.m. dry matter basis in the sulphur-deficient plants 
to 5400 p.p.m. in tops of treated plants from sand-culture and from 

4200 p.p.m. Mg. to 5300 p.p.m. in the soil-sand mixture pots. 

Nitrogen concentration on the other hand, decreased 
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markedly in the treated. pots e.g. nitrogen concentration decrea-
sed from 32500 p.p.m. N dry matter in sulphur-deficient tops grown 
in sand-culture to 27500 p.p.m. on treatment with sulphate and 
from 31000 p.p.m. N.  (dry matter basis) in the soil-sand mixture 
to 28625 p.p.m. on treatment Table 96. 

Considering the difference in uptake of the nutrients 
studied, on treatment of deficient plants the uptake increased 
greatly, obviously due to increased growth and considerable in-
crease in dry matter yields. Table 106. 

C : Effect of Iron deficiency on the Mineral Composition of Grass. 
Iron deficiency affected the concentration of phosphorus 

in the starved plants. 	The phosphorus concentration is higher 
in the iron-deficient plants than in those given lir the rest of 
treatments, the effect becoming clearer with the progress 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-
plate nutrient solution was 450 p.p.m. and that of P was 2048 
p.p.m. <dry matter basis) while in the "minus-iron" treatment, 
iron concentration was 80 p.p.m. and P was 2320 p.p.m. dry matter 
basis. 	At the time of the second cutting, the iron concentra- 
tion in tops receiving complete nutrient was 170 p.p.m. and P 
was 2593 against 40 p.p.m. Fe and 2740 p.p.m. P (dry matter) for 
the deficient tops. 	The same picture was maintained in the 3rd. 

and 4th cuttings, Tables ak and to. 
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Calculating the ratio of phosphorus to iron (P/Fe•fratio) 
in the tops of plants' .14  receiving complete nutrient solution 
and those fed on nutrient solution deficient in iron, it was ob-
served that P/re ratio is always considerably higher in iron-de-
ficient plants (Tab)  110), 	Showing that these plants tend 
to take up more P than do plants receiving iron. 

On treatment of iron deficient plants with iron salts 
(ferric citrate applied at the same rate as the rest of treatments 
in the form of complete nutrient solution to the_ soil for four 
weeks), a reduction was observed in the PAN ratio of the treated 
plants which recovered from their chlorosis and. regained their 
green healthy colottration in their tops. 	The P/Fe ratio in 
chlorotic plants when the visual symptoms were clear, was 14.7 
as compared with 5.46 in tops receiving the complete nutrient. 
Etter treatment of the plants with ferric citrate, the ratio of 
PAN in chiorotic plants decreased from 14.7 to 11.6 at which 

the plants regained their healthy appearance again. 	The pot- 

assium concentration of iron-deficient grass in most cases showed 

a slight increase over that in plants receiving complete nutrient. 
This phenomenon was clear in plants whether grown in sand-culture 
or soil-sand 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-defittent plants equalled 

that of the complete treatment. 	It was also observed that 
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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 concentration 
of potassium in the iron-deficient tissue increased with the se- 
verity of the deficiency symptoms. 	For example, at the time 
of the first cutting, in the tops of the sand-cultured grass, the 
concentration of X in the "minus- iron" plants was 3900 p.p.m. 
(dry matter) against 3800 p.p.m. I in those having the complete 
nutrient, at the second cutting, the corresponding concentrations 
of X. were 4950 p.p.m. X and 4550 p.p.m. IC and at the third sam-
pling when the visual symptoms were prominent the values were 
5850 p.p.m. and 5350 respectively. 

Magnesium concentrations in the iron-deficient plants 
showed no regular trend probabl$ due to a disturbance in the for- 
mation of chloroplasts. 	Possibly also the alight increase in 
the potassiummic*acentration in the iron-deficient leaves was a 
contributory factor. 	This irregularity in magnesium concentra-
tion of iron-deficient plants was more marked in the plants grow-
ing in the soil-sand mixture than in those from sand-cultures. 
The ratios of magnesium concentration 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 ferric citrate to the nutrient solution of the "minus- 

iron" plants after the third cutting. 	In the soil-sand mixture 

howeveri the ratio of magnesium in "iron-deficient" plants to 
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that in those given complete nutrient 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 from 0.9 to 1.03. 

The interrelation of iron and manganese (total) is shown 

by the calculation of the Fe/Mn ratio (Table 111). 	The Fellin 

ratio in the iron-deficient plants increased steadily in the sand- 

grown grass. 	In the soil-sand mixture the ratio re/Mn in the 

tops was irregular being 0.921.06, 0.66 and 1.77 at the time 

of the first, second, third and fourth cuttings. 	After addi- 

tion of ferric citrate, the Fe/Mn ratio rose from 1.77 to 2.66 
in the soil-sand mixture series and from 7.22 to 9.22 in the sand-
cultured. plants. 

D 	Effect of Manganese Deficiency on the Mineral  Compositio of 
the Grass :- 

Manganese-deficient plants are characterised by an ex-
tremely low manganese concentration i by contrast, chlorotic 
plants due to iron deficiency, contained as mudh as 320 p.p.m. 

Wilere&LS 
Fe (dry matter basis) *hash at the time when visual symptoms were 
definite in the manganese-deficient plants grown in sand-culture, 
the concentration of manganese in the tops was /6 p.p.m. of the 
dry matter. 

Manganese-starved plants showed a loweredconcentration of 

nitrogen. 	This statement is true for the first three cuttings 

of the -sand-cultured plants but at the time of the fourth cutting 



the reverse occurred. 	Plants grown on soil-sand mixture fol- 
lowed the same trend in the fourth as in the first three cuttings 
i.e. lower nitrogen concentration than in those receiving the com-
plete nutrient. 

Analysis of Roots * 
The roots of the magneeium-deficient plants grown in Sand- 

cultures and soil sand mixture were observed to have a lower pot- 
assium concentration than those receiving any other treatment, 
the exterme opposite of' the dondition in the tops of these plants 
which possibly drained the potassium from the roots. 	This is 
particularly so in plants grown in sand-cultures. 

The roots of plants deficient in sulphur, showed a higher 
concentration of almost all the nutrients studied. 	This is ob-
viously due to the small root yields obtained under conditions 
of sulphur deficiency. 	However, on treatment of these plants 
with sulphur (as 14504440)1  there was not only increased growth 
but also an increase in concentration of magnesium and potassium. 

The roots of iron-deficient plants again contained as 
much and often more potassium than the plants receiving the other 
treatments e.g. in the roots from the soil-sand mixture at the 
time of the fourth cutting, those receiving complete nutrient 
contained 1300 p.p.m. K (dry basis) while the roots given the 
"minus-iron" nutrient contained 1550 p.p.m. X. 	On treatment 

of these plants with. iron, the potassium concentration in the 
roots decreased to the level of those given complete nutrient 



1300 p.p.m. X (dry basis) Table /03. 
The P/Fe ratio in the roots (Table 1100 was always higher 

in iron-deficientroots than in other treatments, a similar pic-
ture to that in the'tops of these plants thus confirming the high-
er uptake of phosphates by the iron-deficient plants. 

Discussion of Results  
Xinus-Magnesium Plan  

It is evident froM the data obtained in this experiment 
that a deficiency of one of the essential nutrients results al-
most always in chaxacteristic changes in colour of tops, growth 
habit, rate of growth and yield to varying extents and also in 
changing the chemical composition of plants. 	Any unbalanced 
nutritional condition caused by the absence of any of these ele-
ments in the soil in an "available* form will invite the plant 
to increase its uptake of other elements. 	The uptake of pot. 
assium by the manganese-deficient plants is a good example of 

this. 	Lucas and Scarseth(139), studied the balance of potass-

tom, calcium and magnesium and their reciprocal relattonships 

and noted that if the uptake of one increased that of the other 

two will decrease. 	In the present work, the ratio A/Mg in 

grass given the complete nutrient was very consistent and ranged 

from 0.80 - 1.24 in those from the s oil-sand mixture. 	The 

Atlig ratio at the time of the first appearance of the magnesium. 
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deficiency symptoms ranged from 5.6 - 6.3 and increased to 19 
20 when the deficiency was serious enough to cause the death of 
the tops. 

Nitrogen is concerned with magnesium in the building of 
the chlorophyll molecule and under magnesium-deficient conditions 
it is obvious that little or oven 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 magnesium contain the highest nitrogen concentration. 

It is well established fact that the nitrogen supply fro-,  
quently controls the amount of protein formation. 	The dry mat- 
ter yield of plants from the "minus-magnesium" treatment of the 
first cutting in the sand-culture pots and the second cutting in 

nutrient 1'l is 
the soil-sand mixture series exceeded that of the complete-f and 
it is suggested that, the increased weight could be attributed 
to the formation of proteins from sulphur and phosphorus. This 
suggestion receives some support from the data for the sand-cul-
tured grass at the time of the first cutting (Table 104) When 
the uptake of sulphur from the complete nutrient = 5.708 mgm. 
8/pot and with the liminue-magnesium" treatment = 4.520 xegmhot. 
Meanwhile, the the uptake of P by these magnesium-deficient 
plants exceeded that from the complete nutrient e.g. with the 
complete nutrient the uptake of the tops was 2.398 mgm Wpot 

and with the "miens-magnesium" treatment 2.893 men/Pet. 
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Minus-Sulphur Plants :- 
Apart from the serious effect on the yields of tops and 

roots caused by sulphur deficiency, the chemical composition of 
sulphur-deficient plants was observed to change as follows s- 

I. 	The most important characteristic of these plants is the 
greater concentration of nitrogen in their tissues compared 
with that in plants given complete nutrient. 	This obser-
vation was not apparent at the time of the first cutting but 
was definite in the second and third cuttings. 	This is ,  

probably duo to the incomplete utilisation and assimilation 
of amino acids in the sulphur-deficient plants as indicated 
by the findings of Eaton ( 140) 

The concentration of P in the tops of the sulphur-deficient 
plants exceeded that in plants given other treatments. Com-
paring the P and it concentrations in the sand-culture pots, 
it is evident that there is extra accumulation of P. e.g., 
4t the time of the first cutting in the complete treatment 
of the sand-culture pots the concentration of P was 2593 p.p.m. 
(dry matter) while that of potassium was 4550 p.p.m. as cam-
pared with 4309 p.p.mf P and 4550  p.p.m.  IC in the sulPhur- 
deficient plants. 	This means that the potassium concentra- 

tion was the same in both treatments (complete and "minus-
sulphur") while the concentration of P was considerably higher 

in sulphur-deficient plants. 	In the soil-sand mixture, the 

concentration of P in the plants given the complete nutrient 
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was the same as in the corresponding plants in sand-culture 
(2593 p.p.m.) while the concentration of IC was 4775 p.p.m. 
against 4203 p.p.m. P" and 4950pi.p.m. IE in the sulphur-defi- 
cient plants. 	Generally speaking, it was observed that there 
was' extra accumulation of P in sulphur-deficient plants, a 
phenomenon which was not observed except in the iron..deficient 
plants. 

Iron and Manganese deficient plants  4 
Iron-deficient plants were characterised by their high 

phosphate concentration. 	The phosphorus/iron ratio ,(P/Fe ratio) 
was consistently higher in the iron-deficient plants than in 
those receiving an adequate iron supply. 	The importance of 
this ratio lies in the fact that it increases considerably even 
if the visual symptoms of deficiency are not clear. 

The iron content of deficient plants did not show a con-
sistent relationship with the appearance of visual symptoms i.e. 
the iron content of deficient plants was not an effective indez 
of the deficiency. 	In one cases  tops of plants given the "minus 
iron" treatment contained as much as 320 p.p.m. Fe in the dry 
matter as compared with 550 p.p.m. for the plants given complete 
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 roots. 	In this 
respect, iron differed from the rest of the elements studied 

where the deficiency symptoms are associated with the low 
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concentration 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 very 
low. 	In the sand.-dultured graa6-  the first symptoms (chlorotic 
newly-developed tillers) coincided with a manganese concentration 
in the tops of 18 p.p.m. dry matter. 	This value decreased to 
15 p.p.m. when the visual symptoms had spread all over the plant 
and caused then characteristic canary-yellow colouration of the 
tops as described previously. 

Inter-relation between Soil Solution Contents}  Morgan Extractable 

Nutrients and their uptake by Grass Tops. 
from the curves relating these quantities (Fig. 49 - 56 

for the sand-cultures receiving complete nutrients and Figs. 92 

98 for the corresponding treatment of the soil-sand mixture), 
it is evident that the Morgan extractable nutrients and soil solu- 
tion contents 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 oases disagreed with the uptake in the 
sense that when there was considerable decrease in the values of 
phosphates or iron from one sampling to another, there was a 
continual increase in the phosphate uptake by the tops. This 

is particularly so in the sand. cultures (Figs. 49 and 55). 
In the soil-sand mixture, however, it appears that the Morgan 

extractable phosphates furnished a better index of the phosphate 
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uptake than in the sand-culture Fig. 97. 

Ira z- 
/n the case of iron, the rye grass tended to absorb and 

accumulate iron from. very small ,concentrations in the medium in 
which the plants were growing. • For example, at the third cut-
ting of the grass from the sand-cultures receiving the *minus. 
iron" treatment, the concentration of iron in the soil solution 
from fallow pots was 0.002 p.p.m. iron (oven dry soil), the Mor- 
gan-extractable iron was 0.2 p.p.m. and. the concentration of iron 
'in the tops from the corresponding. cropped pots was 320 p.p.m. 
iron (dry basis). 	In the pots given the complete nutrient nu- 
trient, iron concentration in the soil solution was 0.011 p.p.m., 
the Morgan-extractable iron was 0.6 p.p.my and the concentration 

of iron in the tops from the corresponding cropped pots was 550 

p.p.m. 	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 p.p.m. 
and 0.1055 mgm Fe with the "minus-iron" treatment. 	Thus, des- 

pits the fact that the plants showed a tendency tom absorb and, 
to some extent, accumulate iron in their tops from dilute solu-
tions, the growth and total iron uptake was considerably smaller 
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 plants. 
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Magnesiumi  Sulphur and Manganese s- 
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 *- 
Differences in soil solution content and Morgan extract- 

able aluminium between the complete nutrient and the "minus-alu- 
minium" treatments were comparatively small. 	However, from 
the figures (No. 94, 115) relating soil solution content, Morgue 
extractable aluminium and the aluminium uptake of the tops in 
pots receiving complete nutrient and "minus-aluminium" treatment 
in the soil-sand mixture, it is evident that both soil solution 
and Morgan extracts could serve as good indicators of the likely 

uptake of this element by the plant. 	It is observed however, 

at the time of the 3rd. cutting in the soil-aand mixture plants 
receiving complete nutrient, the uptake by the tops had increased 
while the aluminium in both Morgan-extracts and. soil-solution 

decreased Fig. 94. 
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SUMMARY AND CONCLUSIONS :- 

Magnesium deficiency showed as an intravenal chlerosis 
which increased in severity with the progress of time and res-
ulted in the formation of white spots on the leaf surface al-
most always at the basal portion and at the upper third of the 
leaf. 	Ultimately, the plants collapsed. 	Treatment with 
magnesium at this stage did not bring recevery. 	Magnesium 
applied to the soil in a soluble form before this stage is rea-
ched produced rapid recovery. 

Magnesium-deficient 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 growth of the 

tops and greatly reduced leaf area. 	The tops acquired a char- 

acteristic upright habit of growth. 	Finally, the topS develo-
ped chlorosis at their tips which spread backwards and ultimate-. 

ly covered most of the leaf area. 
Sulphur-deficient plants are characterised by high nitro-

gen and comparatively high phosphate content in the dry matter 

of the tops. 
Sulphur and magnesium deficiencies had. a marked adverse 

effect on the growth of the roots which on close examination 
showed a hairy appearance and were considerably weak and fragile. 



and 	showed a chlorosis in new-

ly formed tillers as the first sign of these two deficiencies. 
Later, in both cases, leaves were chiorotic along the veins in 
the intravenal tissues. 	Up to this stags, it was extreme y 
difficult to differentiate between the two deficiencies (iron 
and manganese), In a later stage however, the iron-deficient 
plants acquired a dirty yellowish-green colour but still the 
veins retained a green colour while the manganese-deficient 
grass developed a canatv-yellow colouration of the tops. 

Iron deficiency lowered the Meld of the tops severely 
while the effect of manganese deficiency was much smaller. 

The most marked change in the chemical composition of 
the iron-deficient grass was the considerable increase in phos-
phorus concentration in the tops which was always higher than 
in normal healthy plants. 	The WV* ratio was a consistent 
index of ironAeficienczas awes being higher]) in the tops 
of deficient than in those of normal plants (com,lete treatment.) 

Manganese deficient plants, on the other handl  apart 

from the characteristic canary-yellow colouration are character-
ised by the increased nitrogen percentage in the dry matter of 
the tops as compared with those given complete nutrient. 
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Plate 2 s Difference in growth between grass grown in 

soil-sand mixture and. avid washed sand only. The two 

pots were sown. on the same day and received distilled. 
water only. 

Plate 3 s Difference in growth between grass grown on 

sand culture supplied with complete nutrient solution 

(complete) and that suppltid with distilled water only (S) 
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Plate 4 Difference in growth between grass grown on 
soil-sand mixture supplied with complete nutrient solu-
tion. 
(complete) and that given distilled water only (8511). 
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Plate 6 s Magnesium deficiency in Perennial Rye Grass 
grown in acid-washed sand. (ist. cutting). 
Note the yellowish-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 s Sulphur deficiency in Perennial Rye Grass grown 
in acid-washed sand (Jet. cutting). 
Note the stinted growth of "minus-S" grass tops and their 

upright habit of growth as compared with the grass tops 
from the complete treatnents 



to 
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'Plate 7 	Root yield from soil-sand mixture pots (isti. cutting). 
Note the reduced yield from '1  minus-lie and .Radnus-5" plants as 
compared with the rest of the trea'nte• 
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Plate 8 : Magnesium and Sulphur-deficient Rye Grass grown in 
sand-culture as compared with grass receiving complete nutri-

ent solution. 

"Mina-Mg" tots : note the lodging of grass tops as a result of 

the formation of White spots at the basal as well as the upper thi 

third of the leaves. 

"Minus-Smpots :- note the stunted growth of the tops, the appear., 

ance of chlorotic tips which spread backwards towards the basal 

portion of these leaves. 	The upright form of, growth became 
very prominent. 

Plate 9 .1 Magnesium and Sulphur deficient Rye Grass grown in 

soil-sand mixture as compared with grass receiving complete 

nutrient solution. 

"Minus-Mg" pots s note the vigorous growth in these as compared 

with plants receiving complete nutrients. 

0Minus-8* pots 2 are also stunted in growth and still acquire 

upright habit of growth. 
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Plate 10 s Magnesium deficiency in Perennial Rye Grass. 

White spots developed at the basal portion and the upper 

third of the leaf. 
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Plate 11 s Boot yield of Rye Grass from soil-sand mixture pots. 

(2nd sampling)• 

Note the reduced root growth of "minus-►sulphur" and "minus-Ne 

plants as compared with the rest of the treatments* 
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Plate 12 s Sulphur -deficient and magnesium-deficient Rye 
Grass as compared with plants treated with S or Mg (in the 
form of Mg304.7140 solution)(after the 2nd. cutting) and 
those which received complete nutrient solution throughout. 
(soil-sand mixture pots, 3rd. cutting) 
Note the disappearance of the visual symptoms as well as 
the vigorousr growth in the plants which received treatment. 

Plate 13 : Sulphur-deficient and magnesium-dsficient Rye 
Grass as compared with plants treated with S or Ng (in the 
form of 1%304.7140 solution after the 2nd. cutting) and those 
which received complete nutrient solutions  throughout. (Sand-

culture pots - 3rd. cutting). 
Note the vigorous growth of the plants which received sulphur 
after the 2nd. cutting and the complete disappearance of the 

cblorosiam from the tops. 
The "minus-magnesium" plants died at this stage. 
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Plate 14 s Shows Plate 13 in black and white. 

Plate 15 Shows Plate in black and white. 
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PLATE 15. 



Plate 16 : Iron-deficiency in Perennial Bye Grass grown 

in sand-culture (3rd. cutting). 

Note the stunted growth in "minus-iron" plants 

and the appearance of chlorosis on the tops of 

these plants. 

Plate 17 : Shows Plate 16 in black and white. 
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Plate LS : 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 las MgSO4.740 

after the 2nd. cutting). 

aan4-culture plants, 3rd. cutting. 
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Plate 19 : Root yield from grass grown in Soil-Sand Mixture Pots. 
(3rd. cutting). 
Note the stunted root growth of the "minus-magnesium" 
and "minus-•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. cuttift) and those which received 

complete treatment throughout. (Sand-culture pots 

4th. cutting). 

Note the stunted growth and the chiorotic appear-/ 

ance of the "minus-iron plants. 

Plate 21 : Manganese deficiency in Perennial Rye Grass 

grown in Sand-culture (4th. cuttiug). 

Note dhlorosis spreading in the tops of the 

"minus-manganese" plants. 
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Plate 22 s Root yield of ogees grown in Sand-culture at the 
time of the 4th. sampling. 
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Plate 23 s Root yield of graaa grown in Soil'-eand Mixture at 
the time of the 4th. cutting. 
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AnsaIsis of yerennial Be Grass seeds sia Results are expresso, 
Si p.p.a. 

Pe 
	Rfn 	Al 	I' 
	

P 

350 60 150 250 773 15000 2252 1200 

Table 72. 

Anaysis of Nutrient Solution used : (716411). 

Solution 	Is Al 3 P I 

Complete Lb 0.57 0.02 41.3 78 40 147 
nines Pe True* 0.64 0.03 40.0 75 41 145 

iis 	In 	5.3 0.01 0.03_i 41.3 50 41. 142 
11111 	al 	5.4 0.56 0.01 41.3 76 40 145 
$1 	Ng 5.1 0.57 0.02 5.5 80 42 142 
ii, 	8 	5.3 0.58 002 42.5 4 44 144 

Trails 80- means loss than 0.002. 

A-, 
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Table 73. 

RS of displaced soil sotution and, soil moisture * oven dry basis 

of that fallow pots (1st. sampling) 

Band Culture Soil Sand lirlare 

Sample Winter* 1111 Ioisture 

Comp1st* 4,40  12.1 1.27 12.5 

minus Ye 1.14 13.4 6.43 13.1 

.11 	In 6.43 11.1 544 14.0 

" 	Al 6.25 14.0 6.46 12.3 

"w 	Xif 5.52 13.3 6.22 12.2 

I. 	g 5.44 12.5 5.64 14.0 
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""181& .~ 80:11 SO:biUOa ire. ,..llow Pota ... (:la-t. 8amPlina>.
...]yU.oal 4at.a ft-oalevJ.a\ecl aa p.p•• ot 81Q. ..,. .oil ....

-
Ifrea....." J'e .. .. .' .p 1['

8Ia4' C81wn 1-

Co.p1et. 0.001 0.008 0.011 1M 0 ..... ,0'- 0••

Id.Du Pe ~.. 0.001, O.ed 1•• O.a 0.41 O.to
•• .. 0.001 !'rua 0.003 1..01 o.aa e.a O.M
•• A1 0.001 o.ooa 0.00& 1.GB ' 0.8. 0.46 0.10

•• lis 0.00"1 0.001 0.00& o.a OM 0.11 0.10

•• a 0.001 0.001 0.001 1M 0.10 O.M 0.-4.0

1011 8a4 JIbtve .......
Coaplew o.Ola 0.001 0.04.1 0._ Oe41 0.01 Q.40 .

at... .. tftoe 0.001 O.oa? 0." 0•• o..~ 0.40

•• .. 0.010 !ft.cIe 0.040 0•• 0.2t 0.01 0.31

•• AI. 0.012 0.001 0.010 1.01 0.81 0.01 0.40

•• .. 0.014 o~ooa O.OM 0.01 0.11 0.01 o..to

•• • O.OM 0.001 0.040 1.01 0.01 n. 0.14. 0.40-
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Table 75. 

Ammaylis of Morgan Extracts from Fallow Pots  1.4 (1st. Sampling). 

p.p.*. oven dry basis (mean of duplicates) 

Treatment Fe Mn Al Ng 8 

Sand Culture s' 
Complete 040 0.30 0.06 25 10.9 15.2 /2.0 
minus 7* Trees 0.60 0.06 20 8.4 20.7 11.0 
se Nu 0.20 True 0.05 21 11.2 17.9 15.0  

A3. 0.20 0.30 0.06 20 11.7 1/.1 22.0 
WE Ig 0.20 0.30 0.06 12.5 8.9 6.6 9'0 
we 8 0080 0.40 0.06 17.0 5.0 15.2 16.0 

Soil Band Mixture s 
Complete 0.30 0.66 0.80 29.0 6.1 6.6 22.0  
Mauls le 0.10 0.72 0.70 29.0 6.1 6.6 19.0 
es in 0.20 0.26 0.60 32.1 6.1 4.0 15.0 

Al. 0.30 0.78 0.80 35.5 6.1 4.0 22.0 
Rip Illg 0.30 0.75 0.50 22.5 6.1 6.6 20.0 
NN $ 	0.30 0.78 0,65 25.5 3.5 6.6 22.0 

* Trace Is less than 0.002 



Treatments Pe Mn 

Complete 1.2 6.0 

minus Pe 0.9 5•6 

Ms /4 6.1 

NI Al 1..1 6.8 

1111 mg 1.1 5.6 

NI  0.8 3.6 

Mg $ t X 

32.5 2.1 5.0 10.0 

32.5 2.9 5.2 9.0 

35.5 2.9 4.0 10.0 

37.5 2.9 4.9 9.0 

22.5 8.9 5.0 6•0 

32.5 1.6 5.8 9.0 

Al 

1.5 

1.4 

1.4 

1.4 

/A 

1.6 
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Table 74. 

psis of Morgan =trysletst  from Cropped Pots *413011 Sand Mixture aanxpling. 

p.p.ra. - oven dry basis ,(mean of duplicates 
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Table 78. 

Root Yield if the First Cutting s- (Soil Sand Mixture) 

Troatassit 	Ifoigist of own sky roots 

la/pot (mom* of two pots ) 

Clots 

ulnas po 

In 

en 

I" 

IS 

4.872 

3.998 

3.596 

4.188 

3.660 

2.060 



Sand Culture 1-(awragi of 4 pets) 

Complete 	8.374 	1..171 	21.7 

re 	5.034 	1.089 	81.7 

	

4.958 	1.126 	28.8 

	

4.877 	1.111 	22.7 

Mg 
	5.214 	1.247 	23.9 

	

3.034 	0.664 	21.6 

Table 77. 
	 26o 

ofm the First Cutting st- (Tope)• 

111111•11mnione.11111110010.MMIsmIMMOMOMMIONMOMIL 

Troetsont
(WO  

Green Yield Dry
(  

Natter Yield Dry liktter Yield 
as) 

Oil 8aM Mixture s- (average of 12 pots) 

Complete 5.691 1.632 

illiall• 4.018 1.121 

•• lit 4.770 1.250 

•" £3. 4.350 1.120 

ors Ng 41.430 1.120 

fie 2.910 0.709 

26.8 

27.9 

26.2 

25.7 

284 

24.0 
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Asia.14isis of Tops from First Cutting s- 

p•posi. 41137 assjItor au* of duplicates. 

Troatasszt 	p. P I 

Sand Nature * 

Complete 	450 90 325 4400 4875 26875 2047 31100 
slaw Fa 80 90 321 3000 4750 26500 2320 3900 

Is In 350 40 325 31100 4125 23750 2220 3900 
*0 Al 350 90 250 4000 4000 19750 i9 3650 
oo Ng 350 105 325 900 3626 2fR50 2320 5850 
oss 4350 135 250 4600 1.668 24600 2593 4/50 

Soil Sand Mixture s 

Complete 355 115 200 3060 6719 25688 2598 3775 
Ito Fs 125 135 /75 3740 65860 25000 2798 3774 
ow 1112 215 60 250 3370 6406 21.434 2247 3450 

ow Al 215 80 160 3200 6844 18750 2457 3576 

ow Ig260 128 160 750 6250 15000 2320 4226 

ow 8 205 /13 288 2600 1750 16565 3339 3775 
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Table 80. 

Analysis of Roots s- (Soil Sand Mixture) 	tat. Cutting. 

mean or duplicates. dry matter, p.p.ao. 

Treatment Fe Ss 111 Mg S F 	P 

Complete 385 106 325 250 1438 6126 819 550 

sinus 7e 320 /65 1075 460 1813 5250 1178 $50 

et In 953 150 1000 150 1543 6260 Sit 560 

a: Al. 385 196 1325 1250 1563 5260 819 500 

ow Kg 600 170 435 1060 1438 6635 919 450 

We  8 400 225 1500 750 1/69 5875 1172 460 
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pH of Soil Solution and Soil Moisture % oven dry 'basis of 
sampled Fallow Pots va 2nd. Sampling• 

Treatment 
pit 

8and Culture 
Moisture % 

Soil Sand Mixture 
PR 	Moisten, % 

Complete 6.22 20.0 5.62 13.0 

aims Ps 6.28 17.9 6.02 16.8 

* Mn 6.80 19.5 5.52 19.2 

* Al 6.36 20.0 5.74 1.7.4 

$ Mg 6.38 16.9 5.51. 18.6 

• 3 5.80 20.2 5.24 16.6 
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Analysis of Soil Solution from Fellow Pots s- 2nd. Sampling 
Analytieal Data rewealeulated fro as 'upon. even they soil. 

ANI 

Treatment Fs Sh Al S P 
.011•11•01111,/~1111•111. 

X 

Complete 0.010 0.003 0.806 0.30 0.74 0.22 0.70 
sinus 	Fs Tries 0.008 0.004 0.35 0.40 0.28 0.80 
• Kit 0.008 Trace 0.007 0.34 0.89 0.31 0.70 
* • 	Al 0.013 0.003 0.003 0.34 0.97 0.27 0.70 
• 1ST 0.008 0.003 0.005 0.04 0.89 0.20 0.80 
• S 	0.012 0.006 0.009 0.58 0.13 0.22 0.75 

sell sand Mixture $  

Complete 0.016 0.013 0.009 0.26 0.47 0.1.7 0.140 

minus Fa Trace 0.021. 0.006 049 04.61 0.22 0.70 

Mn 0.010 0.005 0.006 0.24 0.40 0019 0.60 

Al 0.003 0.007 0.002 0.24 0.39 0.19 0.60 

Mg 0.011 0.013 0.002 MB 046 0.13 0.60 

• S 	0.010 0.025 0.002 046 0.02 0.09 0.60 
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Table 83. 

Analysis_ of Morgan Nxtraate from /allow Pots z'. 2nd. Sampling. 

p.p.*. oven dry soil, an of duplicates. 

Treatment Ire 	m Ma Al Mg 

pond Culture a- 
Complete 	1.00 0.30 0.08 30.0 /7.5 9.8 15.0 
minas re 0.02 0.36 0.01 25.0 17.5 12.0 16.0 

In MC 0.06 Trace 25.0 15.6 1.6 16.0 
• Al 0.80 0.30 N 37.5 15.6 13./ 18.0 

Mg 0.80 0.24 0.08 12.5 15.6 16.3 15.0 
S 0.60 0.42 0.15 22.5 0.8 15.2 14.0 

Soil Sand 1V.xture 

Complete 0.80 0.36 0.40 49.0 10.3 9.0 33.0 
minus Ye 0.60 0.48 0.58 49.0 44 7.2 38.0 

Mn /.00 0.30 0.40 45.0 8.9 7.6 38.0 

Al 1.00 0.4,8 0.38 45.0 '7.5 10.0 36.0 

Mg 1.20 0.42 0.40 12.5 7.9 8.3 28.0 

1.00 0.42 0.40 45.0 2.0 6.1 24.0 
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Table 84. 

Analysis of Morgan Factracts of Cropped Pots  a. 2nd. Sampling. 

P.p.m• oven dry soil, Mall of duplicates. 
.11011.0111411111011111111■11•10. 

Trsatment Fs In 4 	 P X 

Complete 

sinus Fe 

Mn 

• Al 

Ng 

• 8 

0.3 2.4 1.3 32.6 3.3 7.9 12.0 

0.8 2.2 1.4 40.0 3.3 7.2 18.0 

0.8 1.3 1.4 32.6 2.0 7.2 12.0 

0.8 2.0 1.1 37.5 3.3 5.9 10.0 

1.0 2.3 1.2 25.0 3.3 7.2 9.0 

1.2 1.9 1.4 40.0 1.4 7.9 16.0 
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Table 86. 

Yield of the Second Cuttings s- (TOPS). 

&keen weight of dry matter yield percent dry natter 
(Vs). 	 yield. 

mippirmommsailli On• 	 

Sand Cultare4average of 4 pots)s- 

Treatment yield (gem) 

Complete 

minus 	Fe 
t 
• ,Ibt 
" 	A3. 

• mg 

5.272 

5.188 

5.837 

5.299 

1.317 

1.284 

1.219 

1.222 

1.239 

0.406 

24.35 

21.66 

22.95 

28.38 

30.38 
* 	S 	1.353 0320 23.66 

Soil Sand Mixture 4- average of 10 pots) 

Complete 4.627 1.178 26.46 

sinus---Fe - 4.683 1.189 25.38 

• la 4.437 1.116 25.15 

• Al 4m793 1.207 25.18 

* 	Ng 5.510 1.388 25.19 

• 8 2.022 0.443 21.90 
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Table 86. 

Root yield of the 2nd. Cutting s" Soil Sand Mixture. 

Tr &tele nt 

.11111.111/01•11~...01.* 

pry matter yield in gma. 
(average of two determinatione) 

   

Complete 	 5.450 

	

minas lee 	 4010 

us 	 3.940 

•• 	Al 	 4.860 

NO 	gg 	 3.945 

.r 	 2.C.5 
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Table 89: 

Analysis of Tops from 2nd. Cutting I- 

p.p.m. dry matter, Marl of duplicates. 

Treatment Fe Mu Al S N P 	I 

Sand Culture I- 

Complete 170 60 325 5700 6875 23500 2693 4560 

Wane Fe SC 76 250 am 7750 19760 2740 4950 
*0 Mn 406 46 260 6700 7500 20260 2740 6460 
oft Al 170 90 150 3760 6687 20250 2740 4860 
op Mg 260 45 160 600 9/88 20260 6468 10500 

MO3 170 /06 326 4600 930 28000 4809 4660 

Soil sand Mixture 
Complete 220 60 260 5825 6688 /9939 2583 4775 

misses Fe 80 75 260 4870 88/3 18688 2129 4876 
se Mn 130 90 150 5360 6094 18812 2646 4650 
*0 Al /70 60 75 5460 8313 18188 2466 4826 
• Mg 260 106 325 360 6938 /6126 3275 6926 

*ff 4 170 150 260 4600 2000 22437 4203 4960 
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Table 88. 

Ana3.yaie of Boots frost 2ad. Cutting  t- (Soil Band Mixture). 

p.p.m. dry matters  man of duplicates. 

2reatsn►nt Fe Al N P,. 

41.•••••••••••••• 

Complete 660 106 326 600 218B 4875 1173 660 
minus Fe 420 135 250 450 2563 4250 1023 660 

Ma 620 210 250 250 2000 312$ 1023 650 
ON Al 490 105 150 205 4750 4250 1023 850 

Mg 400 105 250 690 4876 4875 1160 650 
1438 op 3 560 160 326 750 5250 5250 1160 750 
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Table 89. 

pH of displaesd Soil Solution and Soil Moisture S trom Fallow 
Pota td. 3rd. Sampling. 

Sand Culture Soil Sand Mixture 

Treatment 	plE Moisture S PR Moisture 

Complete 	6.82 

minus 	Pe 6.92 

AM Mn 6.04 

M" 	Al 6.80 

N. 	Ng 6.90 

MM 6.48. 

19.4 

16.9 

18.8 

16.6 

19.5 

18.5 

c 

5.55 

6.44 

6.50 

5.46 

6.50 

5.57 

20.0 

18.9 

19.0 

18.6 

20.1 

19.6 



'r&b1A 80.

S011 Said IIixtu.re I-
e •

COIlpl•• 0.001 0.016 O.OOft 0.1.4 1.3S 0.07 0.6&

II1nu JI. 0.00' 0.(80 0.006 0.1.7 0.86 0.13 0.13

•• ID 0.007 0.003 0.006 -- o.a 1.16 0.17 0.&0

•• .u 0.011- 0.008 0.003 0.11 0....2 0.11 0.70

•• .. 0.001 0.013 0.0015 O.at 0.70 0.12 o.a-•• is 0.001 0.017 0.003 O.S' 0.01 0.15 0.92

272
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Table 91. 

Analysis of Morgan Zxtract from Fallow Pots I- 3rd. Sampling. 

p.p.m. Soil oven dry basis's.= of duplicates. 

Treatment Mg S 

Sand.  Cultire so 

Complete 	0.6 0.30 0.08 46 16.6 3.3 26 
minus Fe 	0.2 0.18 0.08 27.6 16.6 2.1 26 

In 	0.8 0.06 0.07 17.5 17.6 3.3 25 
Al 	0.6 0.36 Trace 20.5 14.1 8.1 18 

N' Mg 	0.8 0.24 0.08 8.0 16.9 4.4 28 
•N  a 	0.6 0.42 0.15 20.5 1.8 27.8 20 

Soil goad Mixture : 
Complete. 	0.8 0.42 0.50 45.0 10.9 8.9 41. 
*dam Fe Trace 0.48 0.50 48.5 1.0.9 10.4 66 

•• In 	0.95 0.32 0.56 69.0 12.0 14.6 66 
** Al 	0,80 0.36 0.66 60.0 12.0 17.0 65 
** Kg 	0.60 0.54 0.40 17.5 12.0 11.7 64 
011

,S 0080 0.60 0.70 69.0 1.7 19.6 66 
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Table 92. 

Analysis of Mexican. Zxtraot teitro  pod Pete x- Soil Band 
Mixture, 3rd.. Sampling. 

p.p.a. soil oven dry basis, mean of duplicates. 

at 11 Ma 3 

Complete 1.2 0.90 1.60 45 4.1 14.6 13 

minus Fe 1.0 0.73 1.40 45 4.1 1/.7 11. 

Mft 1.0 0.18 1.10 37.5 3.3 9,6 10 

Al 1.6 1.02 1.50 52.5 4.1 16.2 16 

N. ig 1.0 1.62 1.70 28.0 5.5 12.4 14 

NW 5 1.2 1.74 2.1 65.0 1.7 20.5 36 
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Table 93. 

latalmils of Morgan Extract of Treated Pots s' Fallow and Cropped. 

p.p.a. eve& dry basis, mean of duplicates. 

Treatment 	 Al 	 X 

Eland Culture s- 
minus Ji 
'entreated

g  
cropped. 
minus Jig 
treated 
cropped 
sinus 3 
untreated 
cropped 
minus 8 
treated 
cropped 

0.4 

1.0 

1.0 

0.8 

0.30 

0.18 

0.36 

0.42 

0.38 

0.50 -  

0.75 

0.65 

12.6 

17.5 

32.5 

46.0 

9.7 

10.3 

3.3 

5.8 

.15.8 

10.0 

20.7 

17.9 

18 

9 

30 

16 

Soil Sand Mixture s- 
imians Mg 
treated 
cropped 
minus Mg 
treated 
fallow 

1.4 

1.0 

1.14 

2.82 

1.83 

0.90 

37.5 

52.6 

6.6 

5.6 

17.2 

38.8 

18 

87 

Minns a 
treated 
cropped 
mime 
treated 
fallow 

1.8 

1.6 

1.26 

2.88 

1.35 

1.08 

48.5 

187.5 

5.5 

6.6 

12.9 

37.1 

1.5 

110 
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Table 94. 

Yield of Grass, 3rd. Cutting (Tope) • 

Weight of poen 
Treatment 	grass (m/Pet) 

Dry matter 
(80WPot S 

eld .  Dry matter 

Sand Culture $- 
Cosiplete 	6.304 1.444 26.07 

minus 	Fe 	5.266 1.319 25.04 
PI II 	Mn 	6.351 1.415 22.20 
o. 	Al 	6.506 1.669 23.78 

1.175 0.269 23.10 

Treated Mg* 	6.267 1.743 28.07 

OK 	10.212 1.719 16.83 

Soil Sand Mixture if. 
Cooplete 	6.703 1.612 24.04 
minus 	Fe 	6.984 1.663 23.28 

am 	MA 	6.845 1.668 b 24.40 
SO 	A3. 	7.199 1.650 22.91 
OR 	Mg 	2.768 0.914 33.02 
es 	3 	2.216 0.466 21.02 
Treated Mg 	7.538 3..6/3 21.39 
Ito 	8 	9.296 1.86$ 18.87 

*minus Mg plants grown on sand (miters died at this stags and 

no cuttings were taken. 
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Table 95. 

Root yield of the 3rd. *Ming 

Weight in gam/pot 
(mean of duplicates) 

Increase % gained by 
the roots on treatment 

Sand Culture *- 

3.437 minus 	Ng 

treated 	Mg* 5.637 46.84 

minas 	8 2.310 

treated 	S** 3.360 31.25 

Sell Sand ("altar* *- 

Complete 6.855 

minus 	Fe 4.594 
• N 	In 4.477 

5.880 
II* 	Ng 3.490 

treated 4.2 76 22.6 

minus 	S 2.366 

treated 	S** 3.936 37.2 

ft treated Ng : received magnesium immediately after 2nd.catting 

** 	• 	s 	ea 	M 	• 	A 	ft 
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Analysis of Tops 3rd. Cutting 

p.p.m. dry* matter, mean of dupLieatea. 

Ka Al Mg 

65 31.3 6000 8937 33750 2593 5350 
68 313 7750 11312 33750 2740 5850 
18 313 c 6300 9427 31250 3275 6650 
45 200 6500 8427 28760 2729 5350 
60 163 2500 9437 20600 2740 5360 
30 163 4100 960 32600 3411 7500 
60 125 5400 6500 27500 2729 6900 

40 125 6025 9624 28375 3007 5650 

60 144 4675 9906 26062 3075 5275 

60 101 6925 10312 27625 3275 5400 

60 55 4750 9500 26625 301/7 5400 

50 120 525 10224 22812 5186 10300 

75 180 4200 3054 31000 3480 6525 

75 100 3550 10469 26875 3411 6050 

85 125 5300 7565 28625 2740 7750 

Treatment Fe 

Sand Culture '-

Complete 550 

miscue Fe 320 
NW Mn 440 
1 $ Al 8C 

treated Mg 650 

minus 8 260 

treated S 170 

Soil Sand Mixture 

Complete 175 

minus Fe 40 
NR Mn 80 
NN Al 30 

II N Mg 80 
as 
	

3 290 

Treated Mg 1.70 

00 	3 21.5 
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Table 9?. 

Analysis of the Moots  from the 3rd. Cutting sl 

p.p.a. dry matter, mean of duplicates. 

Teeatment Fe tin Al Mg S A P X 

Sand Culture : - 

minus 	Mg 600 120 163 600 4750 10876 1966 1300 

treated Mg 565 53 163 1250 3876 9000 1742 1660 

minus 	S 468 46 125 2200 1563 17500 1902 1660 

treated 3 363 46 126 3100 2213 18626 1742 1800 

Soil Sand Mixture s- 
.MMIIMMIINO•r+0 •••••11 

60 126 1400 2313 13750 1366 1060 Complete 	313 

minus 	Fe 236 46 75 760 2438 12626 1419 1060 
Noma 225 80 76 1660 2600 14376 1627 1450 

Al 220 45 126 1260 2438 11876 1365 1200 

UN 	lig 666 75 200 1100 2613 7875 1419 600 

3 536 90 76 1400 1438 12500 1910 960 

treated Mg 305 46 250 1260 2435 9625 1419 1060 

" 	3 635 120 163 1750 1938 10376 1527 1050 
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Table 98. 

Analysis of Morgan Extract from Fallow Pots, soil sand Mixtures 
4th. Sam pling. 

p.p.*. oven dry soil, average of duplicates. 

Troajmant 	Fe Mn Al ;111 
4111...11.11•11.MENOMMI.11111114141111MEM.1......0.01.11111PMENINIII• 

Complete 1.00 0.60 0.58 40 19.5 12.0 47 

ndnas Fe 	0.06 0.70 0.68 46 18.9 /3.0 61 

In 0.80 0.50 0.70 49 12.5 18.0 66 

IR Al 0.80 0.60 0.40 40 16.6 17.4 63 

tflatod re 	0.40 0.60 0.60 45 16.5 14.0 66 

sa Mn. 	0.80 0.70 0.90 49 17.6 20.1 6$ 

Al 1.0 0.70 0.80 49 15.5 14.0 63 
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Table 99. 

Analysis of Morgan Drtracta frost *sopped Pots so 4th. Waspling. 

p.pas. oven dry soils  mean of duplicates. 

Treataent Pe m Al Ng a p X 

Sand Culture so 
Complete 	0.6 0.5 1.5 15 9.5 19.0 12 
slings 	re Trace 0.5 1.3 37.5 9.5 18.0 19 

In 0.6 0.2 1.3 12.5 7.5 3.9.0 14 
NI 	Al 0.6 0.5 1.8 17.5 7.5 1.4.0 11 

treated Ye 0.2 0.5 1.0 1.5.0 6.6 15.8 12 
el 	Mn 1.0 0.4 1.4 12.5 6.6 18.0 10 
its 	Al 	9.6 0.5 3.4 12.5 6.6 1.5.8 11 

Soil Sand Mixture : 
Complete 	1.4 1.2 2.5 37.5 8.9 18.0 18 
minas 	Fe 0.06 1.0 2.1. 32.5 7.5 34.0 15 

Mn 1.4 1.0 1.8 22.5 8.9 12.4 34 
Rs 	Al 	1.4 3.6 E.B.37.5 7.5 14.8 15 

treated Ire 	0.15 10.5 2.0 37.5 8.9 18.0 15 
•" 	Mn 	1.0 1.4 1.9 22.5 7.5 14.0 15 
NO 	Al 	3.4. 1.8 2.0 37.5 7.5 3.6.3 15 
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Table 100. 

!isld of the 4th. Cutting TOPS). 

Treatnent Weight ofgreen 	Dory natter yield 
Yield (VisiPot) 	(81i/pot) 

Percents. try 
matter yield. 

Sand Culture, a- (aierage of two pots) 
1.609 
Ot676 
1.172 
1.614 

21468 
23.63 
12.27 

20.50 

Complete 
nines 	Fe 
... 	In 
N ON 	Al 

7.419 
2.860 
6.416 
7.872 

treated Fe 5.991 1.202 20.06 
II III 	Mn 7.877 1.603 20.35 
• MN 	Al 6.760 1.7/9 25.43 

Soil Sand Mixture I- (average of 4 Poto) 
Complete 9.772 2.354 24.08 
minus 	Fe 9.666 2.169 22.67 

mu.. 	ma 9.629 2.176 22.67 
.111. 	Al 9.424 2.078 22.04 

treated Fe 10.177 2.303 22.63 
.11. 	Mn 10.312 2.381 23.09 
NON 	Al 10.473 2.279 21.76 
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Root yield of the 4th. Cutting s 

Treatment 

 

Weight of dry matter yield galpot 
(mean of duplicateel  

Treated pots* - Difference % gained 
on treatment. sand Culture *- 

   

Complete 	7410 

minus 	l* 	5.149 

MN lin 	4.956 
OM Al 	5.910 

Soil Sand Mixture a- 

5.573 

5.202 

6405 

6.327 

5.246 

2.875 

8.25 

4.96 

-3.30 

843 

2.50 

6.76 

Complete 	7.169 

minus 	Pe 	5.896 

Mn 	5.106 

OD Al 	6.439 

* These treated pots received the deficient element in a soluble 

fora inieediat•ely after the 3rd. cuttings.. 

minus iron pots t- received ferric citrate 
) all applied 

In 	n* manganese sulphate) at the same 
) rate as in a 

OO 	 OM 	OO al ins4 nig*r  N IN ) complete =tri- 
) ant solution. 
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Analysis of the Tope from the 4th. Cutting s- 

p.p.m. dry matter, 	average of duplicates. 

Treatment 	re Tin Al 

Sand Culture : 
A•lommir.111MS 

Complete 	660 52.5 326 10000 26875 2548 7200 

lidirail 	Fe 	325 46.0 125 12500 32500 4776 SOSO 

in 	80 15.0 75 8000 33000 4367 8950 
N 	Al 	80 45.0 163 7400 32500 3647 7760 

treated re 324 35.0 163 10000 32500 3777 8050 

•• 	In 170 45.0 250 8000 31500 4367 7900 

Al 170 85.0 376 7700 32000 3412 7500 

Soil Sand Mixture 
Complete 	170 52.5 200 6000 28500 3548 6650 

minus 	Fe 	80 46.0 125 5400 26260 3411 6400 
•• 	Ya 170 36.0 200 6000 24/25 1740 6400 
•• 	Al 	50 45.0 163 5250 24250 3411 6400 

treated Fe 120 45.0 75 6200 26250 3411 6400 

•• 	Mn 	80 46.0 163 5700 24250 2740 6100 

'I 	Al 	80 15.0 163 5700 23875 3411 6400 
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Table 103. 

Analysis of the Roots  of the 4th. Cuttinig 

p.p.m. dry matter, 	mean of duplicates. 

Treatment ii 	Fe Ms. Al leg x P. X 

Stand Culture aJ 

Complete 	465 30 260 2060 10500 1527 1450 
minus 	to 268 45 260 2600 10500 1801 1300 

ow 	396 30 200 2200 13375 1742 1300 
IN 	Al 443 45 125 2700 10260 141.9 1300 

Treated le 703 63 250 2200 17375 1902 1300 
RN 	Xn 268 46 126 2800 19750 1638 1450 
so 	Al 268 45 225 2200 21250 1364 1300 

Boil Sand Mixtrue 

Complete 	715 45 163 950 9375 983 1300 

sinus 	Ps 	515 45 125 600 8376 893 1.550 
so 	In 766 45 163 1260 11876 1092 1300 
fro 	Al 	605 53 126 600 8625 1201 1560 

treated re 635 53 163 950 6876 983 1300 
no 	Mn 355 53 163 960 10875 1201 1450 
oo 	Al 385 30 125 600 9875 1201 1450 



Table 104. 
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Uptake of Tops  lat. Cutting, spot. 

Treatment re Mg 

Band Culture z 

Complete 0.53 0.11 0.38 5.15 5.70 31.47 2.40 4.45 
minim re 0.09 0.10 0.35 3.27 5.17 28.86 2.52 4.14 

Iry Mn 0.39 0.07 0.37 3.71 4.64 27.71 2.61 4.39 
tilt Al 0.39 0.10 0.28 4.44 4.44 21.94 2.11 4.06 
Ile Mg 0.44 0.1.3 0.40 1.12 4.52 25.38 2.90 7.30 
elm S 	0.02 0.09 0.16 2.90 1.02 16.62 1.69 2.71 

Soil Sand 'fixture a- 
Complete 0.54 0.18 0.31 4.67 10.29 39.36 3.97 549 
minus 	Po 0.14 0.14 0.20 4.22 7.32 28.03 3.14 4.23 

.11 Ma 0.27 0.08 0.31 .4.31 8.00 26.75 2.81 4.56 
Al 0.24 0.09 0.17 3.69 7.67 21.00 2.75 4.00 

wit Mg 0.29 0.14 0.1.7 0.84 7.00 16.30 2.60 4.73 
1110 2 0.15 0.08 0.20 1.84 1.19 11.75 2.37 2.68 



Table 105. 
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Uptake of Topa  t- 2nd. Cutting (mgm/pot). 

• 61.1.......••••••=111.••••••••MONIMIIIMI.NI 	 

Treatment 	Pe Mn Al Ig 3 

Sand Culture 

Complete 	0.22 0.08 0.64. 7.32 8.83 06.32 
minw Fe 0.10 0.09 0,91 6.95 9.46 24.06 

1114 

uti 
Mn 0.22 

Al. 0.21 

0.06 

0.11 

0.31 

0.19 

6.97 

445 

9.17 

8.29 

24.76 

25.09 
Ku Mg: 0.11 0.02 0.10 0.02 3.73 5.44 
mu S 0.05 0.03 0.10 1.47 0.3C 8.96 

Soli sand Mixture *-- 

Complete 	0.21 0.07 0.99 6.86 10.23 23.31 

mdmma Pe 	0.10 0.09 0.30 5.55 10.48 22.22 
0. Ma 0.15 0.10 0.17 5.97 5.68 20.99 
NU a 0.21 0.07 0.09 6.5B 10.03 21.95 

"" Mg 	0.36 0.16 0.45 C.49 9.63 22.38 

0.08 0.07 0.11 1.99 0.89 9.94 

...1•11.0111•11a01 111111 

348 5.$4 

3.34 6.03 

3.38 6.66 

an 6.00 
2.12 4.26 

1.38 1.46 

5.63 5.62 

3.24 5.60 

2.95 5.17 
2.95 5.82 

4.55 9.61 

1.86 2.19 



Table 106. 

Uptake of Tope 	3rd. Cutting ('gm/pot). 

288 

41 Kg 
•Elismaisma..au...ma.asanft 

0.61 946 14.69 65.49 4.26 8.80 
0,41 1.0.22 14.92 44.52 3.61 7.71 
0.44 8.91 13.35 44.22 4.63 9.41 
0.31 10.20 13.24 46.11 4.28 8.39 
0.28 4.38 14.44 36.94 4.80 949 
0.04 1./0 0.26 8.75 0.92 2.02 

0.43 9.28 11.17 47.27 4.69 11.86 

0.20 9.71. 15.51 45.74 4.85 9.11 
0.24 7673 16.37 43.08 5.08 8.71 

0.17 9.88 17.20 46.08 5.46 9.00 

0.09 7.84 17.23 43.83 4.98n 8.91 
0.11 4.80 9.34 20.85 4.74 9.41. 
0.08 1.96 1.42 14.46 0.16 3.04 

0.16 5.712. 16.89 43.35 548 9.76 
1623 9.90 14.13 53.47 5.12 14.48 

Soil Sand Mixture :- 
Complete 0.28 0.10 

mime Fe 0.07 0.10 

	

.11 Mn 0.13 	0.10 
* * 	Al.  0.05 

	
0.10 

	

R. Mg 0.07 	0.05 
NW 
	

5 0.14 
	

0.03 

	

treated Mg 0.27 
	

0.12 

"" 	4 0.40 	0.16 

Treatment 	Fe Ma 

Sand Culture :- 
0.11 Complete 	0.25 

minus 	Fe 0.11 0.09 

** 	Ma 0.20 0.03 

" 	Al 0.1.9 0.07 

treated Mg 0.26 0.11 

minus 	g 0.07 0.01 

treated S 0.29 0.10 
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Table 107. 

Uptake of Topsi 4th. Cutting (Minipot). 

Treatment 	Fe Mn Al Mg X P X 

Sand Culture 
Complete 	0.24 
mamma 	Fe - 0.05 

0.08 
0.03 

0.52 
0.08 

16.09 
8.45 

43.24 
20.97 

3.71, 
.3.19 

• .1.1.48  

6.46 
NW 	Mu 	0.09 0.02 0.03 9.38 38.68 8.12 10.49 

4 

Al. 	0.20 0.07 0.26 11.94 62.46 • 3.79' 12.51 
treated Fe 	0.15 -0.04 1.95 18.02 39.07 4.64 9.67 

0.2? 
us 	Al 0.29 

0.07 
006 

0.40 
0.06 

12.82 
16.64 

60.49 
55.00 

7.00, 
3.72 

12.46 
12.89 

Soil Sand Mixture 
Complete 	0.40 0.12 0.47 20.12 67.09 3.35 15.65 
minus 	Is 0.17 0.09 0.27 11.71 66.94 7.40 13.88 

up 	lin 	0.37 0.07 0.44 13.05 60.82 5.96 18.92 
Al 0.10 0.09 0.34 10.91 60.39 7.09 13.30 

treated Fs 0.28 0410 0.1? 14.28 60.46 7.86 14.74 

RR 	
lin 	0.19 0.11 0.39 13.67 57.73 6.61 14.62 

so 	41 0.18 0.08 047 12.99 56.11 7.77 14.59 

289 
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Table ice. 

Root► uptake 	3rd. Cutting Ow/pot) 

Treatment 	Fe Its 
7ffia•Mpro.11.1011 •1.......•••••••.e.....11.1=011.1=1•=100,411•••••• 

P X 

Sand Culture v. 
Complete 
minus Kg , 2.00 0.40 0.64 2.00 1645 36.29 6.56 4.34 
treated Mg 3.24 0.30 0.95 1.30 2242 82.63 10.17 9.06 

S 	1.06 0.10 0.29 6.08 3.61 40.43 4.39 3.58 
treated a 1.22 0.85 0.42 10.58 7.77 62.58 5.85 6.05 

Sell Sand. Mixture 1- 
minus Kg 2.32 0.26 0.70 0.84 9442 27.48 4695 2.09 
tflated Mg 1.30 0.19 1.07 b.34. 10.42 41.1.4 6.07 4.49 
minus 	a 1.63 0.26 p.22 4,02 4.12 35.25 5.48 2.72 
treated S 2.50 0.47 0.64 6.89 7.63 40.84 6.01 4.18 
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Table 109. 

Roots uptake  z 4th. Cutting (agn/pot) 

Treatment 	Fe Mn Al Mg 

Sand Culture a 
Complete 	3.49 0.23 1.48 15.40 78.86 11.47 10.88 
MUM F• 2.36 0.23 1.29 12.87 54.06 9.27 6.69 
" 	Ilk 1.96 0.15 0.62 10.90 66.29 8.63 6.44 

0.27 1+18 is 
	

A. 	2.62 15.96 60.58 8.39 7.68 
treated Fe 3.92 0.29 1.39 12.26 96.83 10.60 7.24 

In 1.34 0.23 0.65. 14.57 70.47 8.52 7.54 
or. 	Al 1.57 0.2? 0.46 13.43 129.73 8.33 g.94 

Soil Sand Mixture a 
Complete 	5.13 0.32 1.16 6.81 67.21 7.04 9.32 
minus 	Fs 4.22 0.27 0.74 3.54 49.38 5.79 9.14 

PIP 	Mit 3.91 0.23 0.83 6.39 60.66 5.58 6.64 
Al 3.40 0.34 0.80 3.86 65.53 7.73 9.98 

treated Fe 4.02 0.33 1.03 6.01 43.50 6.22 8.23 
Mn 1.86 0.28 0.85 4.98 57.05 6.30 7.61 
Al 2.65 0.21 0.86 4.13 67.89 8.26 9.97 
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Table 110. 

Phophorus Irk ratio P4. ratio 

Sand Culture 	Soil Sand Mixture 

Complete 	Minus Fe 	Complete 	Minns Fe 

-TUNS 2,.. 

1834 Cutting 4.66 	29 7.3 22.3* 

2m.d. 	N. 	NN 16.24 	3446 11.78 34.1 

3rd. " " 4.71 	8•66 17.1 76.87 

4th. 	06 	" 6.46 	24.69 20.87 42.63 

Treated Po 11.62 28.42 

BOOTS P. 

2•12 	346 li is outting 

2nd. " " 147 	2.43 

3rd. 	N r 	" 4..36 	6.03 

4th. " " 1434 	1.78 3.28 6.96 

Treated Ye 1.64 	2.1 



Table 111. 

Fe/Ma ratio in  Tops and Roots of Grass. 

	 ammyra......141•••••••• •••••••-••••••■•••••••••••••••••••••=wrowera. 

Sand Culture Plants. 	Soil Sand Mixture Plants. 

Cutting Complete Minis Minus Complete Minus Minns 
treatment Fe Ma treatment Pe 	Mn 

TOPS a- 
ist.Cutting 6.0 0.89 	6.23 3.52 , 	0.92 3.59 
2nd. es 2.88 1.06 	9.00 3.66 1.06 2.16 
3rd. we 8.46 4.70 24.40 2.91 0.66 1.33 
4th. "" 12.38 7.22 	5.33 3.23 1.7? 4.85 ..  

Treated Pleadss- Treated Treated 
Fe 

9.22 	3.77 

410 Oa 	 lbe 	 Itelowa 

or al 	Ikea* 

6000 	 ••• 

13.38 	5.72 

Treated 
Fe 

2.66 

	

3.66 	1.94 

	

6.28 	3.10 

	

5.20 	542 

	

15.88 	11.40 

12.09 

treated 
Mn 

2.7? 

2.35 
2.96 
7.5 

17.0 

17.0 

ROOTS *'. 
tat Cutting 
2nd Cutting 
3rd 	II SO 

4th. 	II II 

Treated Plants 

293 



CHAPTER I 

General Summar,y and Conclusions. 
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1. AULYT/CAL METHODS 

The methods were developed s- 

1) To avoid or eliminate the interference from Morgan's 

extractant and 

ii) To be suitable for field use with the minimum of 

apparatus. 

A 	A colorimetric technique for the determination of sulphates 

in Morgan extract of soils was introduced• The reaction between 

solid barium chloranilate and soluble sulphate in 80% alcoholic 

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-oarb 225,H-
form) 

The method as suggested is sensitive to 5 - 80 p.p.m. sulph-
ate and in the presence of up to 100 p.p.m. of the other anions 
which are usually present in soil extracts (C1',N0j4 HCOs ', COs", 
and P041 ") no interference occurred. 

For field work, a lightly constructed shaker and centrifuge 

were designed. AL coloured standard disc was made for the purpose. 

B The determination of Manganese in Morgan  Soil extracts using  

leucomalachite green. 
The presence of very small quantities of manganese in soil solo. 

tions and Morgan extracts made it necessary to adopt an extremely 
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sensitive method for these studies. A colorimetric method using 

pip' tetramethyldiaminotriphenyl methane covering the range from 
0.03 to 0.3 pgm. Mn was sought. The manganous ions are oxidised 
to permanganic acid using potassium periodate in acetate-acetic 
buffer solution at pH 3.38. Permanganic acid oxidises the leuco-
maladhite green to malachite green, the colour of which is propor-
tional to the amount of manganese present. 

The sensitivity of the method as well as the interference of 
Morgan's solution made it necessary to take 0.1 ml. of the soil 
extract for analysis. This made the method almost free from 
interferences. The colour produced is stable for two hours at a 

temperature ranging from 2o 30°C. Temperatures above 2541 
seemed to accelerate the reaction, rather than interfere with the 

colour. 	- 
A coloured disc was made covering the range from 0.03 to 

0.3 µgm. manganese for field work. 

2 (1) Thiocyanate method originally developed for determining iron 

using an organic extractant was standardised for the examination 

of Morgan extract of soils. It was found that :- 
a Morgan's solution in reasonable proportions had no effect on 

the thiocyanate complex formed. 

b Increasing the volume of hydrochloric acid added increased the 

toleranceof the method to presence of phosphates. 

g Increasing the volume of E}1n04 added to a limited extent)  did 

not affectb the colour of the iron thiocyanate complex but in-

creased its stability and guqranteed the complete oxidation 
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of any ferrous iron present. 

si The extracted thiocyanate complex is stable for one hour in the 
shade and half an hour in the direct sunlight. 

(2) The thiocyanate method for determination of iron using a stabi-
liser. The method was further modified and simplified by stabi-
lising the thiocyanate complex in situ 'by adding a eta:A-methyl 
ketone/acetone mixture. Again the complex formed was stable for 
one hour in the shade and half an hour in the direct sunlight. 

For field work, in both cases, permanent standards were made 
covering the range 2 - 20 pip. Fe (i.e. 0.4 - 4 p.p.m. Fe.if 6 
maLhog the extract were used.) 

(3) Owphenanthroline Method :- The test was developed for field 
work by :- 

J. Increasing the volume of the reagent used, thus furnishing 
a better differentiation between the different levels of 

ii iron to be tested. 

116  The 10% hydroxyassine hydrochloride solution could be safely 
substituted for the solid reagent without interference with 
the test. The colour formed was stable for at least fifteen 
hours. Permanent standards were made covering the range 
from 10 - 140 µgm. Fe. 

2 	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 detennittation in order to obtain 

accurate results. 

E 	The test for potassium using oobaltinitrite turbidimetrically 
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was modified td suit the field work as fellows :- 

The cobaltinitrite reagent was dissolved in 2% ethylene glycol 
and mixed with iso-propyl and ethyl alcohols. 

Both solid sodium cobaltinitrite and sodium nitrite may be pre- 
pared in the tablet form to avoid weighing chemicals in the 
field. 

The test is sensitive enough to differentiate between 

10 p.p.m. (Lew), 26 p.p.m. (Medium), and 50 p.p.m. g (High) 
with respect to soil. 

Ill STUDIES on the EFFECT of DIFFERENT MOISTURE LEVELS and Am 
DRYING of SOILS on. the AVAILABILITY of NUTRIENTS as ASSESSED 
by.  M0 	S' TECHNIQUE s 

An attempt was made to stidy the fluctuations in the avail-

ability of iron, manganese, alumigium4 magnesium, sulphates, 

phosphates and potassium under different soil moisture levels in 
soils varying in teature, gH and organic matter content. 

The soils were incubated at 28°C at three moisture levels 

(25%, 50% and 75% of the corresponding moisture holding capacity)• 

The fluctuations in Morgan-extractable (or available) elements 

were studied 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-

lity of these elements as a result of air drying were studied 

and compared with a correspoming analysis of the Morgan extracts 

from the soils maintained at the same moisture level throughopt. 
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The general increase in the iron, manganese and to a certain ex-
tent, aluminium availabilities with increasing acidity of the 
soil was accentuated at the higher moisture levels. 

Magnesium availability increased progressively, with rising 
moisture level. Potassium also showed a steady increase in Mor-
gan-extractable values with increasing moisture level, the effect 
being more marked in acid soils than in neutral or alkaline soils. 

Sulphates : With a few exceptions, the Morgan-extractable sul-
phate increased with increase of soil moisture level. An increase 

in sulphates was almost always accompanied with an increase of 
the Morgan-extractable elements studied, particularly aluminium 

and potassium. 
PhosEhates s- Generally, the Morgam&extractable phosphates ink. 

creased the higher the moisture level. 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 under such acid conditions. It is probable, however, that 
transformation of organic phosphate to the available inorganic 
form is accelerated in alkaline soils considerably rich in organ. 

is matter. 
EFFECT  of AIR DRYING on the EXTRACTABILITY of the NUTRIENTS  

STUDIED 8- 
(1) Iron, Manganese and Aluminium  :- The extractability of iron, 

particularly of manganese and to a certain extent, aluminium, 

increased on air drying acid soils but decreased in the case of 

neutral or alkaline soils. 
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(2) Magnesium s- Of the plant nutrients studied, magnesium showed 

the least changes in extractability on air drying the soil irres-

pective of its reaction. Air drying the soils from 25% and 50% 

moisture holding capacity did not reedit in any appreciable change 
Air drying the soil from 75% moisture holding capacity caused cer-

tain fluctuations in the extractability which in no case exceeded 

± 24 of the value the corresponding air-dried sample. 

(3) gulphatla :- Air drying almost always resulted in a decrease 

in Morgan-extractable sulphates. The only exception to this gen-

e ralisation was in the case of a very sandy soil rich in organic 

matter 

(4) Phosphates s- Air drying of acid soils resulted in increased 
values for Morgan-extractable phodphates while in neutral or alk-

aline soils a negative effect was obtained. 
(1) Potassium :- A similar effect to that of phosphate wag obtaint 

Air drying acid soils increased the Morganvextractable potassium 

which in the case of neutral or alkaline soils, there was always 

a decrease. 
It is suggested that Morgan extracts should be made with 

made with soils while fresh (field moisture) instead of air-drying 

as a preliminary precaution. 

ILL STUDIES on the VISUAL SYMPTOMS of IRON, MANGANESE, MAGNESIUM 

and SULPHUR DEFICIENCIES in PERENNIAL RYE GRASS and the EFFECT 

OF THESE DEFICIENCIES 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 nab 

with parallel nnalyses of Morgan extracts, soil solution and plant 

material. 

A I STUDIES on the VISUAL SYMPTOMS  :- 

(1) gffe,ct of Iron deficiency :- appeared at first as newly ft-
veloped chiorotic tillers. In a later stage leaves acquired 

an intravenal chlcrosis along the midrib which retained its 

green colour. Finally, the tops acquired a dirty yellowish-

green colouration. Iron deficiency resulted in a severe reduc-

tion ingrowth of taps but affected the root growth only slight-
ly. 

(2) Manganese deficiency :- The symptoms were very similar to 

those of iron deficiency when they made their first appearance 

as chlorotic newly produced tillers. In a later stage, the 

tops had a characteristic canary-yellow colour as a result of 

the spreading of intravanal chlorosis. Manganese deficiency 

decreased the yield from tops and roots but to a much smaller 

extent than did the rest of the deficiencies studied. 

(3) Magnesium deficiency s- The first signs of deficiency showed 

as a lighter green colour of the tops as a result of intravenal 
chlorosis while midribs retained their greenish colour. The 

plants were fragile, twisted and lodged very easily. Later, 
white spots appeared 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 severer reduced as a result of magnesium defici-
ency. 
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(4) Sulphur deficiency s' Tops were severely stunted in growth 
and, as a result, acquireda very upright habit of growth. In a 
later stage, leaves showed a characteristic chlorosis starting at 
the tip and spreading towards the base of the leaf. Sulphur defi-
ciency restricted the growth of the plants (tops and roots) very 
severely. 
On treatrent with the corresponding deficient nutrient, plants 
made a quick recovery in the case of dulPhur 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 tranalocated in plant tissues. 

Iron, manganese, magnesium and sulphur deficiency symptoms were 
very definitely shown in the plants grown in sand-cultures and fed 
on a nutrient solution defidient 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 solo. 
tion were markedly lower than the corresponding values in soils 
receiving complete nutrients. The iron and manganese deficiency 
symptoms were manifested only in the appearance of scattered chlor. 

otio newly-formed tillers. In this case, soil and plant analyses 

were the only possible techniques for detecting theb deficiencies 

present. 

CHANGES in MINERAL COMPOSITION ACCOMPANYING DEFICIENCIES of 

IRON, MANGANESE, MAGNESIUM and SULF=UR in RYE GRASSa- 

Iran 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. 

Manganese-deficient plantsb apart from their considerably low 
manganese ()intent, are characterised by their high nitrogen per-
centage in the dry matter. 

Magnesium-deficient plants showed a very high potassium, low 
nitrogen and comparatively high percentage of phosphorus and sul-
phur in the tops (dry matter). Sulphur deficient pants are charms. 
terisedby high nitrogen and comparatively high phosphate pereen
tage in the dry matter. 

Q INTERRELATION between MORGAN EXTRACTABLE, SOIL SOLUTION CONTENT 
and UPTAKE of TOPS :- 

A correlation was established between these three values. It 
is concluded that Morgan-extractable nutrients and soil solution 
content are good indices of plant uptake. 

Rye grass is capable of absorbing iron from extremely dilute 
solutions and accumulating it in the tops. 

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 compositions of the plant. 
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It is suggested that in the field, such deficiencies 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 ind 

manganese. 
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