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INTRODUCTION 

THE paper deals with investigations into the jJroperties of organIc maller 
in black cotlon soils and atlempts to explain lhc factors respons ible for the 
dark colour of the spit. The dark colour was previollsly r1ttributed to the 
presence of t itaniferrous mo.gnetite ,l magnetite,2 a high c : N ratio,3 ex· 
changeable calcium:1 the clay substance itself or organic matter. 6 Organic 
carbon as the cause of the black colour was discreciited7- R as it was found 
that the colour was unalrccted by treatmcllt withf-f 20 2 or NaOH. The con· 
clusions reached were at variance with one another, and many of the results 
reported were not confIrmed by subseq'ue'1t investigations. No systematic 
analvsis was carried out before and after treatment and the colour change,. .~ 

were observed m8inly by visllal observations ~lIId hence sllbjectively . 
. t 

In the present paper an objective \ and sys tematic approach is made. 
Colour changes are estimated by a tintometcr and expressed in terms of 

M unsell l1otation. 12 T he organic carbon content was estimated before and 
after the trea tments and the DTA technique was employed to study the 
thermal characteristics of the reactions involved. It is hoped that the resu lts 
reported here afford an acceptable solution to the problem and throw some 
light, not only on the agricultural use of the soil and soil genesis, but also 
prove helpful in brick-making and similar industries where such soils are 

u sed . 

EXPERIMENT1\ L 

A typical sample of black cotton soil obtained from a brick field from 
Indore, Madhya P radesh, was taken for the investigations . T hc mechanical 
analysis of the sui 1 was carried out using sodium hexametaphosphate as the 
dispersing agent. T he soil was also chemicaliy analysed. The base exchange 

capacity was found out. These results are given in T able 1. Organic carbon 
content was estimated by the W alkley and Black method. 9 
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T ABLE I. 

COinPOSilion of hlack soil ji-om Indore 

Ca) Mechallical composition (soil) 

Clay Silt Sand 
( ·002 mm.) . ( ·02 mm.) 

53 · 3 19·8 26·9 

(b) Chemica! composition (clay fraction) 

Per cent. 

SiOz 48· 65 • 

A12?3 12·83 

FC20~ 9·35 

K 20 Traces 

Ti02 Traces 

CaO 7·87 

MgO 2·26 

InsoJubJes 1·49 

Loss on ignition 17·33 

SiOz/Alz03 6·42 

Si02/AI 20 3 -+ FeZ0 3 4·39 

Dilrercl1l treatments, SLleh as heating in air or vacuum and treatments 
wi th ditlcrcnl oxidi~ing agents and soil exLraclants were tried. The colour 
changes, observed in each of these cases, using a tintometer and expressed 
in terms of Lhe Lovibond scale and Munsell notation, arc given in Tables n 
and Ill. The value of the neutral tint tabulated is a measure of the dullness 
or the colour. 

Dill'erclltial thermal analysis was carried out semi-automatically on the 
In:alcd anJ untreated' soil samples. The temperature of the furnace was 
rai cd uniformly at a rate of J00 C./min. using a Leeds and Northrup 
'Progralllllle Controller trig.gered by a chromcl-alumcl thermocouple. placed 
llu l's iue till: specimen block . The specimen block was of' Grimshaw and 
Roberts pallern tO and was made of ceramic material. The differential 
therm couple, made of chromel-alumel was connected to a sensitive 
Galv~ nometer. The Galvanometer readings were taken manually. The 
lhermograms obtained are given in Fig. 1. 
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FIG. I. Thermograms of bl ack corton soils subjected to var ious treatmen ts 

(1) Clay fraction. (2) Vacuum heated at 400 0 C. (3) Sod ium hexametaphosphate trea ted . 
(4) H ydrogen peroxide (hot) . (5) H ydrogen peroxide (col?). (6) Sodium hydroxide. 

DISCUSSION OF RESULTS 

The sample of I ndore soil contains about 54% clay fraction . The base 
exchange capacity is 53·6 m.e./lOO gm. when referred to th e total soil and 
about 100 m .e.flOO gm. when ·referred to thc clay fraction alone. The 
Si02/AI 20~ un d SiOz/R :!03 ratios arc 6·42 and 4· 39 resp~ctively and K+ is 

I.present only in traces. Thcse results, as well as the DTA diagrams, indicate 
the presence of montmorillonite in the sample. 

The organic carbo n conlent of the so il as determined is 0'45%. This 
I S reduced to 0'16% and 0'02% when the soi l is hea ted in ai r to 3000 C. and 
4000 C. respectively with a progressive decrease, within this temperature 
range. The colour of the sample gradually changes as indicated by the of 
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reduction in the neutral tiilt to 2·7 at 3000 C. and finally to I·G a t 4000 C. 
The incre:Jsc in red observed is to he ascribed. to the sintering of Fe 20 3 . T he 
corresponJino DTA eu rve of the untreated soils with a strong exothermic 
peak at 3250 C., follow ed by ano the r at 4100 C., should represent a ste pwise 
oxidation of the organic content of the soil. The rest of the reactions indi
cated at higher temperatures represent the loss of lattice water and the b reak
clown of the lattice. The initial endothermic pea k between 100 and 
200<1 . indi ca tes loss 'Of physically lleld water only. 

Heating the soil to 400 0 C. in vaCllum on the other hand increased the 
dark colour, the ' neutr~il tinl increasing from an initial value 3 ·0 to 4 ·6 for the 
treated soil. T he carbon content was naturally not reduced and remained 
at 0·39% at 4000 C. TlIc small reduction of 0·06% carbon is probably due 
to some burning of the organic matter to elemental carbon which cannot be 

detected in the W alkley and Black method. The vacuum-heated soil when 

heated in air loses the dark colour, above 6000 c., at about which tempera

ture the elemental carbon is oxidised. The higher endothermic peaks in the 
DTA curvc of the vacuum-heated sample is reduced to a small extent. 

Treafill eJlI wifiz hydrogen peroxide.- T reatment with hydrogen peroxide 
at room temperatme failed to remove the dark colour of the sample, the 
neutral tint reduced f!'Om 3· 0-2' 7 only and the organic mattn from 
0·45- 0·39% only. T his observation is in conformity with those of other 
workers.';-s 

However, when the soil was treated with hydrogen peroxide at 80" C. 
lor 6 day$, the (;arbon content was reduced almost to 0% and the neutral 

tint fdl fro m 3·0-1·2 indicating the removal of the dark colour. Worallll 

reported that lignin humus fraction or clcty gol oxidised by H zOz treatmentreo led 
only al 80) C. T he DTA diagram of the soil so treated fa ils to show the 

exothermic pcaks whereas the diag ram for the soil' after cold treatment con

tinues to show them. 
e base 

Diclz I'VIIlO I (' !rcalmCIlI. - T reatmen t with acidifIed pota siu m dichromate
il and 

destroyed the dark colour of the sample, reducing the neutral tint from 3-1' 8. , T he 
When thc dichromate-treated sample was healed in vacuum it failed to showK+ is 
any deepening of tile colour. This ind icates the absence of organic matterldieate 
in the sample and also shows that the deepening of the dark colour in the 
soil on heating under vacuum is due to the reduction of the part of organic

This matter to clemen ta I carbon. 
C. a nd 

E.ytroctioll witiz sodium /zydl'Oxide.-Using Worall's method,12 150 gm.~rature 

of black soil was repeatedly extraqed with 500 C.c. of 10% NaO H at boilingby the 
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point. The colour was only partially transferred to the alkaline 
which on addition of Hel precipitated a small amount of humic acid. 
treated sample, on analysis, gave O' 3% carbon only. The neutral co 
of the residue changed from 3·0-2·3 only . Evidently N aOH could 
the colour only to a minor extent. Such would not be the case if the 
matter in the original soil contained free humic acid. 
supported by the fact that extraction with a hot solution of ammonia 
also reduce the colour. Negative results were recorded when lignin 
sought to be detected by the standard phloroglucinol and sodium 
chlorite and sodium sulphite tests. Only a small reduction of the 
thermic peaks is observed for the NaOH -treated sample. 

Extraction wilh sodium hexometophosphale.- This method was 
successful at Rothamsted13 for extracting soil humus matter. The 
sample when extracted with N/2S hexametaphosphate did not prove 
in the removal of dark colour. On the other hand, when the soil 
extracted with 10% boiling solution of the hexametaphosphate, the 
value was brought down to 1· 2 and the carbon conlent reduced to 
The DT A diagram of the soil so treated shows the highly reduced 
to the residual organic matter only which is not responsible for the 
colour. 

T he DTA curve of the untreated.sample shows that oxidation of 
matter occurs in two stages as shown by the two peaks, one at 325" C. 
oth,=[ at 41.0° C. Soveri14 observed double exothermic peaks in 
Fennoscandian clays. H e has shown that the peak at 3300 C. is 
water-soluble or precipitated humic complexe~; . [n some cases he 
another less pronounced peak at about 380-4700 C. Thermograms The 
sample treated with cold hydrogen peroxide exhibits a single 
peak corresponding to a temperature of 4/00 C. The treatment 
reduce the dark colour of the soil. Hot hydrogen peroxide p ractically 
nates both the peaks and also removes the dark colour. This it 
the fraction of organic matter responsible for the dark colour is 
4100 C. Phosphate treatment reduces the intensity of the clark 
well as the area of the two peaks appreciably . Removat of humic 
soil by phosphale treatment shows that a parl of the organic matter 
·complex with the clay mineral. Sodium hydroxide treatment also 
the a rea of both the peaks, but the reduction in area is much less 
obtained by the phosphate treatment. This corroborates the fa 
phosphate ions are more efficacious in removing the anions which are 
on the positive sites available on the edges of the clay crystal. All 
den0e points to the fact that part of the organic matter in black soil 
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a complex with the clay mineral and part is in the uncombined state. T he 
exi!>tence of clay complex has now been well established. The fraction which 
combines with clay mineral is naturally more resistant to the action of the 
destructive agencies and therefore requires prolonged H 20 2 treatment at a 
temperature of 80° C. for its destruction. It also oxidises at a higher tempera-·· 
tu re compared to other fraction. 

Thus, the presence of O· 45% organic carbon in the sample, the fact that 
a sensible reduction of that percentage by either methods adopted is always 
accompanied by the destruction of dark colour and the fact that whenever 
there is no reduction of carbon content, the dark colour continues to persist, 
shows that the colour of the black soil is primarily due to its organic content, 
which may, in part at least, be in combination with the clay mineral. 

SUMMARY 

Black cotton soil from lndore (Mad~ya Pradesh) which is predomi
nantly composed of montmorillonite contained 0'45% organic matter. A 
s nsible reduction of the organic content by any method was invariably 
~ lIowed by a corresponding reduction in its dark colour. Treatment with 
10% sodium hexametaphosphate at boiling point or with H20 2 at 80° C. 
or the dichromate were effective in removing the colour. NaOH does not 
remove the organic matter nor the dark colour of the soil except only slightly. 
Heating in air at 4000 C . oxidises the organic matter and hence removes the 
colour. Heating in vacuum however is obviously ineffective. DTA studies 
show that the oxidation of the organic matter, which is responsible for the 
dark colour, occurs in stages at 325° and 410°C . 
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