
Y OF %IANCANESE 
By C. I<. Hai.il!!?rl~ I y r  aim' !<. I ? ~ ~ ~ ( c ~ ~ u ~ u I ~ I ~ ~ .  

D ~ l r i ~ i g  rectiii yi.:rs. a xuniber or' m e t l ~ d s  lxve Iicen ~rciposed for 
the estin:aticm t , i  m;?n~:~ticsc iv ~(iils. I\~~.IC.J:?~- ;fl~e$:., tI:c yds<;nietri~ 
~ncthods a:-e q~piicahlc only tci the estimatirm of  m:mgan:.se dioxide 
mtl  do :1t)t incI~.~!le ~::angailons cvnq~iruilds i Jolmson, h ' c i r ~ v i ;  Ayx'c. 
1%-i;t. .?!i:.. 19-31. f?iili'. S ~ I .  52: Kohinsirn. Soil. Sri., 1929, 27, 335). 
Thc ~roccrlure, bcsides being highly tedicm, rareiy yields accurate 
results. The. c:ilorir:ietric nlethods are basvd on the acii. di#rslion oi 
the soil fdc~wcd  bx :i?c osidation of :I?(. m:;r;gai~ous sait:: in solutio:~ 
tci pernlang-annre ( 1'-illal-ii and Grcathouxe. .I. L-i. T. S.. 1917. 39. 2366; 
En~mert,  Sod. Sci.. 1931, 31, 17.5 ) .  Herr again. the procedure is 
tedious a1111 the method is api~licable c~n!y to s111al1 cluantitics. The 
voll~metric me:hocis have fomd the greatest iavoirr because of the 
rapidity r i r h  xhich they can be concluctetl. They are also fairiy accu- 
rate. In principle, they are similar to the colurimc-tric metiiods, but. 
more rece:~:ly. a number of modificatio:iq have bccn introduced with 
a view to eiin-kating the need for yedigesting the soil. The procechre 
cmsists in first extracting the soil ~vith suitable retlucing agents 
(ferrous sdphate, hydrogen peroxide and such like 1, followed by oxida- 
tion of the extract to perrnanganate. U~ifrrrtunately, all reducing 
agents are not cqurdly efficient in extracting nlanganese: nc~r is the 
estracted mangane:,e :!uantitatively oriiliseil to pernlanganate pre- 
s u ~ a b l y  because of the mtcrfcrence from halides ;mi  dissrilved organic 
matter. With a view to eliminating these defects and to sta~ldardising 
the conditions for the accurate estimation of manganese in all types of 
soils, the prescnt enquiry was undcrtaket~. 

EXPERIMENTAL. 
Some preliminary experiments were carried out nith known 

quantities of tnanganese dioxide in order to deteril~ine the efficiency 
of thc different extractors---ferrc,us ammoniu~n sulphate (Brewer and 
Carr. Soi! S L ~ . ,  1927. 23, 16.5 ) , hyiirogct~ peroxide (Schollenberger, 
Soil Sci., 1930, 29, 261j,  zinc and alkali sulphite i chloride-free), all 
sulphuric acid media. l l~ l~crever  possible. the extractions were carried 
out according to the specifications of the authors refcrred to. Extrac- 
tion with hydrogen peroxide was conducted on the lines of Schollen- 
berger on the water-bath for 30 minutes. In  the other cases, the 
suspe~isions of the dioxide in 100 c.c. of 4 N suly~huric acid, were boiled 
n i th  10 c.c. of the reducing agent, for 10 minutes, to complete the 



cstracti;,i~.s ;ind the11 filtered. 'The filti-ntcs were made ~1plo known 
vdun~cs  and a!iqu.zj treated ri'ith srdriiu!~~ bim~ct l~atc  in sufhcient excess 
1 ,  j r ~ i  I I r  'l'hq: n-ere then just raised to 
br,i1 2nd tiltereti. thri:u,yh Coach. inti' excess <11 siaiidard ferrous 
am-m->niuin sulphate. The .~..::ul;cii rc.age:lt n.as estitnntetl, in the usual 
n-;~!, by titration axainst s1anci:irtI pct-n:anga:~ate. 

m ,he  results (Table ! j s1;on. that f'aii-ly accurate estimate.: can be 
obtained in all the cases except that of zinc. 

The obserl-ations n-ere nest exte;ldecl to thc cstimation of manga- 
nese clioride in scme of the rel~resentati~.e specimens of soils. The 
p r~ce iu re  consisted in trcx~ing 109. of each soil with the necessary 
iiuarlilry c , i  sulphcric acid and sufficient excess of the appropriate 
reducing zgent. 'I'he results have bee1 presrnted in Table 11. 

TABLE IT. 

>Ianqancse ( in parts per mii,ion) ;itel extraction nl th 

S a i i k  I>:.--.SuL-=oi: ..I 413 1 825 413 1 525 

The above soils contained no chloride. 

It may be noted that widely divergent results were obtained b ~ -  
ac!optinp diiferent methods of extraction. 'I'he best results were 
obtained after treatment with sulphite: they were also zhe most 
consistent. 



t 5 rile lov:er results obrained in t!~e other cases may be duc to one 
or  more or' the io lhv ing  causes :--('I ) ?'he difference in behaviour 
and gererai extractability of the niartgaese ilicisic!e uf the soii from 
those of the pure, precipitated che~iiical: ! 2 /  inconlpiete estraction 
of manganese com?ountis other than the dioxide ; ( 3  J interference 
from organic matter ~vhich may be extracted ti.) greater cstent than 
in the case of sulphite. Further research on this aspect of the problem 
is needed before any definite conclusions can be drawn. 

I t  \\as not clear from the foregoing observations xvhether even 
the sulphite had estracted the entire quantity of manganese present in 
each soil: so. some esperimenis were carried out comparing the man- 
ganese contents as obtained by that method and those after 'Kjelclahl' 
digestion v i th  sulphuric acid and potassium and copper sulphates and 
subsequent estimation by oxidation with bismuthate of an aliquot after 
making the digest to a known volume. The results (Table 111') show 
that very nearly the entire quantity was estracted in each case by treat- 
ment with sulphite. 

TABLS 111. 

hianganeae ( in parts per million) after 

Deiciiption of So!: - 
i Treatment mith sulphite ! Kjeidahi digestion 

Bangalore 
Bnakapalle-Red loam 
Cuttaok-Upland . . 
Nasik . . 

339 
as!? 
228 
522 

I 

The above soils contained no chloride. 

The  procedure was next extended to the determination of manga- 
nese in some representative specimens of Indian soils. 

Willingdon Cattle Farm-Sindh 488 389 
Baramathi-Alkali soil I 800 Karl soil, Shoiapur . . 913 
Godavari Delta . . : : I  888 775 

TABLE IV. 

Soil from 

Manganese ( in  p.p m.) as estimated after 

Sulphita extraction 1 Yjeidahl digestion 

n 



1 Sail i- Soaium chloride i l  pel ccnt ) 

Soil from : Soil sionc , - 
I 
1 ______ 

Mailginrsa a- esri:natrd (in p.p.m.) 

Ean:aii.ie .. .. 351 

D!la;u-ai-Iiiqbland . . 461 

IVith a vie\\- to elirnitialing the interierencc of clilorides, x number 
oi reapelits were tried. r21nong these, mercury salts mere found to be 
the 1110st satisfactory. -A com7enient procedure \\-as fou:ld to be that 
of adding mercuric oxide (red or yellow, I g. ) to the acid extract 
prior to the addition of bismuthate. The pcrmanganate so!ution thus 
obtained was quitc free from ch!orine and yielded fairly correct esti- 
mates of manganese as may be seen from the following table 
(Table TI]. 



The mechanism c i i  thc action u i  mercuq  d t h  is stii! ol~scure. It 
is clear. h:-wevtcr. that they form certain hdide c~~mip!c.;ca n.i~ic.11 are 
highly resistrrt to the action of oxidising agciti.  As o!iserr.c< in 
a previou enquiry, even boiling chromic acici ir. fairly c011ce:itr;iti-tl 
sulphuric acid mcdia !2 : I or lilore j is not eff'ertive ill relcasin~: ch:c,rine 
from that cornpk s. ( Subrahmanyan, Narayar.a::ya ririd i-:hagvat. 
J. Ii~dioiz Imf.  Sci., 1934, 17A, 197; Karayanayya and Suin-ahmanyan, 
C l i i ~ .  Sci.. 1935. 3. 323; .T. S. C. I., 1935. 54, 106T: Proc. J r d .  /&ad. 
Sri., 193.5, 2, 213; Harihara Iyer, R. Rajagopalan and \'. Slghrah- 
manyan, Citrr. Sci., 193.5, 4, 98; Proc. Imi. .4cnd. Sci., 1936, 3, 3.:.) 

~Uaiigoiw~e coxtel~fs of S O I ~ I C  Ii~tiian soil.r.--4pplyi11 the abova 
procedure, the nlanganese contents of a tmnber of representati-,-e soils 
\rere cletermi~letl. In some cases, the acid soluble inanganese was 
separately estimated. This would include the water so!v.ble forms 
as also compounds such as the carbonate. phosphate and sulphide of 
manganese. llangariese dioxide, beng. insoluble in dilute acid. vnulti 
not be included in this estimate but the difference between the total and 
the acid solub!e manganese would be largely represented by that form. 

TABLE VII. 

Locality and Urscription of Locality aimi Description of Tot"' 

Soil Soil Msnpnese  1 in p.p.m. 
- 

Bangalore - red gravelly 
type . . . . I 313 

Dacca -Lowland ::I 250 

Xorth Bihar - Upland . . 
Nasik - Subsoil .. 
Anakayalle - Bed loam . . 

Cuttack -Upland . . 
Willingdon Cattle Farm, 

Sindh . . 

236 

389 

163 

535 

281 

Bwamathi - Bombay 
Residency . . 1 638 

Belgaum . - 
Eala?' mil - Sindh : 1 1  :: 



, - 
Locrlity and Uer~ription of i P'?.x' ' p.p.rn. 

1 Locality and Descnptlon 
Suil of Soil Acid 

Ja5w.--CeyIoo . . . . I  

(:odnrzri Ueltz-.\Ii-vi-i . . I  

Sholapn-Lhl  m i  . 8 

I 
Trilrcherp-Rau, sandy l o i n  ..; 

Xilgirii-Estate ad: .., 

Tindrmnam-Aikali soi! . . 
He&-!:in& cotio:~ .., 

I 
Dharnar- Iligh:anj . . ..I 

N. Hilrar-Calcareous . ' 
I . I . . 

Pooiw-Light, cane so!\ .. 

i t  n a y  be seen from the above that the manganese contents of 
soils show considerable variation, from under 100 to over 1300 p.p.m. 
The distribution does not follow any well-defined geographical order, 
but speaking generally, it would appear that the black cotton tracts of 
Deccan and the neighbouring areas are richer in regard to both acid 
soluble and total manganese than the others. 

In many of the soils, the major part of the manganese is present 
in acid insoluble form, n-hile in some others, the acid soluble forms 
account for a large part of the total manganese. 

The significance of manganese supply and its relation to plant 
growth and crop yield from Indian soils is still awaiting elucidation. 
I t  may be expected that the availability of manganese in soil has also 
some bearing on animal nutrition. 

Proccdrrrc to be adopted {itz prescvce of excess of solt~ble o ~ g a n i c  
ruatter.--The extracts from the commoner types of soils contain very 
little organic matter and generally offer no difficulty in the estimation. 
There are, nevertheless, some (such as those from freshly manured 
soils), which contain fairly large quantities of organic matter and take 
up considerable amounts of bismuthate before developing the pink 



colour of permanganate. Ii? s~ich. cases, it has beer! found advisable 
to take sma!ler al~quots than usual. The bismrithatc should be aritlecl 
it: small instal~nents at  a time untii the pink culour maltcs its nppear::nce. 
The misrure is then just raised to boil, allowd t;! cool t ! ~  smie extent 
and treated xith a further quantity of bisniuthatc. The resukini: sus- 
pension is cjuickly filtered into standard ferrous an~tn~~nium sulphate 
and the back titration carried out in the usual nzy.  

If the bismuthate-treated extract is aliowed tr! stanr! for same time, 
then the pink colour slo\viy fades out, owing to iiileractijin with some 
of the organic matter still present in the estract. The additbn of the 
extra quantity of the bismuthate fol1ov:ed by quicker !iltration elinii- 
nates this error and yields accurate estimates of narig::neae. 

Elaiilz for bisi~titt/zatc.--Some of thc conimercial brands of alkali 
bismuthate contain chlorides. The error due to this, as also any halide 
that may be present in the material to be esamined, can be remover! by 
treatment xith n~ercuric oxide in the manner described above. In acldi- 
tion to this, some error may be introduced by certain other soluble 
cmstituents associated with the bismuthate itself. I t  has been found 
that when a I;non~~ weight of sodium bismuthate is treated with escess 
of 4 N normal acicl and the acid suspension just raised to brd and 
then filtered. the iiltrate takes up a smal! cluantity of standard ferrous 
ammonium sulphate. This has been found tn be proportionate to the 
Lveight taken. For one brand of bismnthate used in this laboratory. 
the correction was ecjui~alent to 0.5 C.C. of N/5O ferrous ammonium 
sulphate for 1 gm. of bismuthate: for another brand, it was 1.1 C.C. 

The above correction, though sm;ill, may be quite necessary when 
dealing with materials containing very small quantities of manganese. 

Distrib~ri-ioii of 1iiaizga7zese i71 thc soil.-I: appeared probable that, 
in addition to acicl soluble forms described in an earlier section, there 
may be also water soluble ones which may be of some importance in 
plant nutrition. It is also desirable to ascertain whether varying 
quantities of manganese can be brought into solution by different 
strengths of acid. With a view to determining these and to evolving 
a general procedure for the study of the distribution of manganese in 
soils, the following experiments were carried out with representative 
specimens from different parts of India. In one series, the samples 
were extracted successirely with water, diluted ( 4  N)  acid, alone and 
as combined with sulphite. The residues left after the extractions 
were subjected to Kjefdahl digestion (as for Nitrogen estimation) and 
the manganese in the digests estimated in the usual way. In another 
series, parallel san~ples were extracted with different strengths of 
sulphuric acid and the amounts of manganese so extracted compared. 
The results have been presented in Tables IX and X. 



TABLE IX. 

Disfrib~tfbiz .:f ,li'&:zsca;ze~.s iii &me I!zdinn Soils. 

2:znpanese per teat. 

-- 
xi: 

-4  i nc bxcketed 5;ures represent the correspondmy percentages of total manganese. 

I Manganese (per cent.) as d i c d r e d  by 

It may be seen from the above that, at any rate in the air-dried 
sod, there is practically no nater soluble manganese. The acid soluble 
forms rcpresent a considerabie part 01 the total manganese. 111 some 
cases. it is less than the sulphlte-estracted manganese (mostly manga- 
xese dioxide), whereas in others it greatly exceeds the other forms. 



?'hc absence oi  any nxinganrsc- in :llt r e d u e  used for digestion sPlows 
that extraction with sodium srlphire zxl acid brings ali the iriangauese 
inio sol~tion. The re.uE.rs in Tsblc I ~:.c,ul:! s h : , ~  that the ;in?ciuat of 
n;anganese estractsd by acid dws riot dcpml i:n its coilcentraxicti: 
to any exient. However, for practical purpuses, 2 to 4 ?u' acid may 
be employed. 

Gmeral p?-ocedtci-c foi. tltc estimatiou of fotal tizmtganese iii soils.- 
The soil (dry or wet. equivalent to about 10 g.) is snspeided in dilute 
sulphuric acid ( 3  Kormai, 100 c.c.) aild treated xvith 5 to 10 g. of pure 
(chloride-free) sodium sulphite. The suspension is then boiled for 
10 minutes so as to facilitate complete dissolution of manganese m d  
to drive off the unused sulphur dioside. I t  is then iiitercd and the 
filtrate made upto a known volume. An aliquot (25 to 50 c.c. ,j is taken, 
enough sulphuric acid added to bring the normality to 3 N and the17 
treated with mercuric oxide (red or yellow, 2 g. j followed by sodium 
bismuthate (0.5 g.) and the misture shaken. If the pink colour 
develops quickly. and remains more or less permanent, then the suspen- 
sion is just raised to boil to complete the oxidation. If the pink colour 
does not develop with the first addition of bismuthate or the colour 
fades out on heating, a little more (0.5 g.) of the reagent may be added, 
and the operation repeated. IVhen the colour is finally established 
on boiling for 2 to 3 minutes, the suspension is allowed to cool somewhat 
and a small instalment (0.1 g.) of bismuthate added. I t  is then filtered 
rapidly into standard ferro~is ammonium sulphate. The unused re- 
agent is then estimated in the usual way. 

Extension of teclz~ziqt~e.-The above procedure offers possibilities 
of extension to other types of biological n~aterials, especially those of 
plant or animal origin. The present methods of digestion with sul- 
phuric and nitric acids are tedious and time-consuming. By direct 
extraction with sulphite and acid, a large part of the interfering, in- 
soluble organic matter is eliminated. Subseq:ient treatment with 
bismuthate is sufficient to osidise the interfering organic matter and 
to convert all the manganese in solution to permangallate. Further 
work is now in prog-ress with a view to standardising the conditions 
so as to make it applicable to all types of biological materials in general. 

SUMMARY. 

1. Among the various reagents that were tried, alkali sulphite 
(in acid medium) was found to be the most efficient in extracting 
manganese from soils The rewlts thus obtained agreed closely with 
tilose after digestion with concentrated sulphuric acid. 



-3. Sciiis ci,nl;iining chlr-des ?-!elti fictitiously high estimates of 
clanganesc. 'l'liis has b;-en traced :I# the formation of free chloride 
thI7~1ic.h iisicialit~l; by S;imu:ha?e. 

3. The inter-Sering chlorides can bc removed and correct estimates 
of mangzincw r,htained by ~ri-atiizg the extract with mercuric oxide 
( red or y e l h  ! prior to ndcliticm of bismiathate. 

4. Ir~ttrfcrrricr from organic rnattcr in soliltion can be eliminated 
by tal&g small quantities of the extract and adding sufficient excess 
of bismuthate to give x !~el-m;inent pink colour on boiling. A further 
quantity oi bismuthate i.5 then atldeti after cooling and the suspension 
filtered rapidly inro staadsrd ferrous ammtmium sulphate. 

5. *Ittention has been drawn to the prcsence of a water soluble, 
ccllnur!ess cons:itueat in the commoner samples of bismnthate which 
reacts with fermm ammuniunl snlpi~atc. The correction tu be applied 
ior this is crmqxwatively st~iali arid proportional to the wig-ht of the 
bismar!ia:e adrled. 

6. 1: has been shown that successive estraction with watcr, 
iiilure acid and ;ulyl?ite ma? be adopted for the study of the distrihution 
o i  nlznganese in soils. 

7. -4 generai procedure for  he estimation of total manganese 
in soils has beer, described. The technique has been applicd to the 
deter:ni~laiion of manganese in a number of representative specitnrns 
of India:? soils. Ihens ion of the method to the estimation o i  rnanga- 
new in trliler t)-pes of biologkal materials has also been indicated. 

The authors' thanks are due t o  Prof. IT. Subrahmanyan for his 
kind interest in the progress of the work and helpful criticisln. 
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