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It appears from the data presented that the low..percentagoes
in Cenchrus species are due Lo two couses: (1) the poor: se‘atmg of
graing in the spikelots (there are only 20 to 25% setting of well-
developed grains) and (2) some mechanical ohetruction’ cnu&ed‘ by the

involucre of bristles of the apikelets.
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Introduction: The black soils of India have repeived attention
from all soil wmkms for a long time. Probably on account of its
colour, and its importance in cotton cu[twaimn the black soil type
was one of the earliest to be subjected to intensive study. -

Objective: In this paper an attempt is made to present in a
compact, cogent form, the results of voluminous piecces of work
which bave been done by sevéral Agricultural Chemists at Madras
in succession for well over 40 years now. - The .work *has had a
marked pedological cmphasm, and is. :['undamenba.l in perapﬂctwe,
None the less, its importance as the starting’ point for the solution
of all soil problems cannot be over-em phaﬁmed

| Studies on Deccan Black Seils: (1) 'IWESTI&'AT!DN'E ox ORIGIN
or Brnack ConouR: (a) Apnett: (1910) a.ttnhuted the celunr)
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- of black soils to the presence of titaniferous magnelite in the coarse |
fraction of the soil. But his work was mainly representative of
black soils from Madya Pradesh and Bombay, and not of Madras.
Moreover his investigation was primarily confined to the laboratory.
(b) Harrison -and Sivan: (1912) on the other hand, started their
investigation with extensive tours of Dblack soil areas, within
Madras State, recording observations on the sub-soils and' the
underlying rocks. They divided the soils examined into five areas
of which” the Deccan was one. Laboratory examination revealed
that, while the black soils were similar in properties, their origin
was different -in different tracts. It was aleo observed that the
presence of titaniferous magnetite could account for black colour
only in the case of Bombay soils, and not Madras soils. Thus they
observed that the soils of Bombay and Madya Pradesh originated
from trap rock while those of Madras traced their origin to diverse
geological formations of local importance. Harrison and Bivan
deduced, moreover, that the black colour of Madras soils was EEEG-S
ciated with a colloidal complex of nrgamc matter and a double
silicate of Iron and Aluminium.

The work of Harrison and Sivan made a distinct contribution
to the then existing knowledge of the suject: It must however be
mentioned, that their work related only to a study of surface soils
with particular reference to the cause of the black colour. Although
underlying rock formations were observed during the study, detailed
correlation between the nature of the rocks and the soils arvising
therefrom had not been attempted. With the advent, two decades
later, of the Russian concept of soil science, with main emphasis
on the study of the soil ag a unit by itself, the Chemistry Section
of the Madras Agricultural Department fell in line with workers
in other parts of the world, and commenced work on soil prefiles
opened up in representative tracts of the State,

(2) Oziciy oF Brack Sorns, TUNGABHADRA SOIL SURVEY :
(a) Juxta-position of DBlack and Red Soils: The Tungabhadra
Project "area in -the Ceded Districts was one of those examined
.,labﬂ'rately by the Chemistry section. One hint that was offered
by this examivation was that a possible correlation could be worked
ont beltween the parent rock and the seil type it gave rice to. In a
published report of this soil survey, Ramiah (1937) divided
the soils of the area as black and red, deep and shallow, with and
without . gypsum, basing this division on eriteria such as colour,
deptlr and- salt content. - A striking featurc observed during the
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purvey was the oceurrence, side by side, of black" and ‘red: f'm'ﬂ;
patches, apparently as independent entilies, with clear  lines of

demarcation.

This interesting phenomenon had been explained by observers
in a number of ways. Some, probably under the -influence of the
Russian gchool of thought emphasizing the importance. of climate,
believed that topography was a determining factor; according to
them, red soils were formed first and black soils were derived later
from them by transportation. But during the Tungabhadra soil
survey, black soils were encountered at altitudes of 1,500 feet, and
vast stretches of red soils were found occurring at lower levels.
Thus the topography theory was found unsatisfactory.

(b) Conclusions from Tungabhadra Soil Survey : The survey,
with its elaborate data regarding a very considerable number (440)
of soil profiles, was admirably suitable for throwing light on the
associnted occurrence of black and red soils, and their colour. It
was deduced that, the black soil organic matter might be present
in combination with calcium silicate complex of the clay. The
country rocks in the area were mainly granites and gneisses; red
soils were observed to be formed in the vicinity of rocks of pre-
dominant potash felspar content, while black soils were associated
with other minor occurrences of hornblende  schist, trap dykes,
highly basic gabros, and also with limestones of Vindhyan age.
fThus, it was evident that bluck socils were derived from rocks rich
in calcium and magnesium, while red soils originated from rocks
’low in these elements, but high in potassium.

(3) Corour oF Brick AxD REDp Soins: Ramiah and
Raghavendrachar (1937) observed that both the black and red
soils contained almost the same amount of iron, while, ordinarily,
one would expect red soils, on account of their colour, to contain
more iron. They concluded that high silica sesquioxide ratios and
high lime contents were not by themselves causes of the black
colour, but that this composition gives clay of light grey colour,
which, in combination with even small amounts of organic matter,
develops the black colour. ' "

(4) - DEraAILED INVESTIGATION ON ORIGIN AND GEOCHEMISTRY
or Somns or  Mapras Dxocax:  Anantanarayanan — (1941)
investigated the origin ‘of Madras Deccan soils elahura.tely and
studied their geochemistry at length, Soil sampleﬁ obtained during
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the  Tungabadra soil survey were utilised for the investigation.
His work could be described under four broad heads.

M) Morphology of Deccan soils, (ii) Dynamics of soils,
(ili) Minerological composition of soils, (iv) Composition of clay
minerals.

(i) Morphology of Deccan Soils: The study included a
detailed” analysis of the soil profile and several horizons, It was
coneluded that the Madras Deccan black soils were closely similar
to the Chernozems of Russia and the Black Prairie soils of North
America. The main difference was the dissimilarity of parent
material granite for Madras soils and loess in the case of cherno-
zems. According to the scheme of classification put forward by
Sigmond at the International Congress of Soil Science, 1939, both
black and red soils of Madras Deccan are soils of mixed origin, or
‘“organic mineral soils V', the former belonging to sub-group “ Humic
giallites” under calcium soils and main type “ black soils ”, and the
latter coming under the sub-group “ Siallites”, order *‘Red earth™
and type * Red soil ”,

(ii) DPynamics of Deccan soils: The mechanism of soil
formation was sought to be followed up by a study of the chemical
and mechanical composition of soil types, and the parent rock
responsible for their formation. It was observed that black soils
had a lower free silica content and a higher combined silica content
than red soils. Black soils had a higher silica-sesquioxide content
than the red. They had a high content of calcium both as silicate
and as carbonate as also of magnesium and sodium. Moreover, black
soils had a high percentage of fine fractions, high water-holding
capacity, and a low distribution of water-soluble salts in the
top three feet,

Similarities noticed were (1) higher free silica content at
surface, (2) increasing amount of combined silica with depth
(3) constancy of silica sesquioxide ratio within the profile. Thege
similarities point to a similarity in the extent of influence of external
factors like rainfall, temperature and topography. The formation of
two soil types in eclose contiguity may, therefore, be due to
differences in the mineral composition of the parent rock, and not to
external features.

(i) Minerological Composition of soils: As was done
earlier by Harrieon and Sivan, the minerals in the couree fractions of
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the soil were separated, emp]nymg heavy liquid Eaparatwn techmque :

into 3 groups of specific gravities, (1) above 296, (2) BetWﬁan 2°'96
and 250 and (3) below 2'50, This wae combined wmh a detailed .
minerological study of the rocks underlying the soils, for gatharmg
information regarding the influence of the mineralogical composition
of parent rock on that of the soil. Minerals present in each density
group were identified by their petrological characteristics. . Fusion
analysis was performed with the different density groups.

Striking differences were observed between minerological
composition of Dblack soil high density group, which was found to
contain ﬂ.mpmbole and pyroxene groups, and that of the red soi
high density group, which contained ilmenite, biotite, epidote
and garneb. ' o

These observations lend weight to the assumption that, in the
Madras Deccan arvea, Black and Red soils have not evolved from the
same kind of rocks. Black soils appear to have beeh derived from
from rocks rich in amphiboles and pyrozenes, characterized by
presence of large amounts of hornblende and plagioclase. Red soils,
on the other hand, are derived from rocks containing mica and
orthoclase felspar.

(iv) ~Composition of clay minerals: Clay ocolloids from the
two types of soil were separated by differential sedimentation, and
examined elaborately. Chemical analysis showed that silicate
A (completely decomposed by HCI) was present in black soil colloids,
while gilicate B (resistant to HCl decomposition) was present in red
soil colloids. Moreover, the silica-sesquioxide ratio of the black soil
colloid was about 3, while the corresponding figure for the red soi]
colloid was only 2. This indicates that the predominant clay
mineral of black soils is Montmorillonite and that. of red  soils,
Kaolinite. '

Thus, it was proved unequivocally that parent rock was the
determining factor in the case of Madras Deccan soils. While
Russian pedologists emphazised the influence of climate and environ-
ment in soil formation, the mass of uséful soil data collected by
Madras Agricultural Chemists indicated that the climatalogical
theary ‘of the Russians need not be accepted without m0d1ﬁuntmns

Irrigability of Black Soils of Madras Deccan: - [1’] GEN‘L‘R&L Cmﬂ‘.
sTpERATIONS : 'The emphasis on the la,-burmur;_',r study of hlguk and
red soils outlined above should not lead one to'suppose erroneously
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that the i’}i‘ﬂﬁﬁl{:ﬁl aspect of the problem has been overlooked. The
Tungabbadra Soil Survey is a mionumental attempt at translating
fuudame‘nml studies into practical applications.

It- was the general local belief that black soils would not
re:apnnd so well and so economically to irrigation as red soils. The
object of the Tungabhadra Soil Survey was to verify this assumption,
and to forecast and prevent, if possible, any evil effects attendant
upon black soil irrigation. Fundamental work on these soils had
established  their general gimilarity to the Russian Chernozems,
which had themselves been found suitable for irrigation. But, as the
Lorizons, ‘and the distribution of calcium carbonate and gypsum
were different from those of the Chernozems, more detailed
investigations seemed to be called for.

(2) CLASSIFICATION OF PROFILES ON BASIS OF DISTRIBUTION
OF CALCIUM S8ALTS: Shiva Rau and Kasinathan (1951) paid
attention to these differences between the Madras black soils and the
chernozems and tried to determine the place of Madras Deccan black
soils in a general system of classification., The Tungabhadra Soil
Survey had revealed the existence of two obvious profiles, the
gvpseous and nun*gypae::-ua. A more detailed investigation brought
out two main types of the gypseous profile itself. In one (Type I)
gypsum was at the top, and casleium carbonate (or kankar) below,
while in type II the relative positions of these calcium salts were
reversed. This difference is indicative of a difference in the direction
of eluviation. = -

Laboratory analysis for soluble salts showed that there was
generally a higher concentration of soluble salts in layers near the
surface in' the case of type I. Moreover, it was observed that the
two types were distributed over well-defined and significant areas,
Type I, being abgent in tracts under tank irrigation, while type IL
was present in such. cases. These considerations hint at the
difference in pedogenic factors for the two types.

(3) ProBaBLE EFFECTS OF JRRIGATION ON SOILS, OF
Gyrseous Pro¥ines: It eould be reasonably inferred that the
introduction of irrigation would, in the case of type IT, aceentuate
ihe already existing natural trend, that is, of wasbhing down of salts.
On the otherhand, in type I the increased supply of water at the
gurface wounld resulf in a restoration of a typical chernozem process,
of result in the conceniration of - alkali in ‘the upper horizens,
simulating: conditions prevailing in brown steppe zoils.
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(4) Stuny or ConpitTioNs LIRELY - Pruvatn.
Inrropvorion oF Inriaariorw: The foregoing conalderﬂ.twna mdma‘i.-c
that the problem of irrigating Black soils of Madras Decosn is
complicated, and that extreme caubion is to be exercised in arriving
at conclusions or offering recommendations, Tllerefﬂm 2. ﬁetuﬁed
study of this problem was undertuken for gn.t.hauug mom exach
information, This study consisted of two aspects: fa} ﬂﬂmplf}tﬁ
analysis of soil samples drawn during soil survey (b) actual field
experiments in a locality representative of ihe area. The former
aspect is dealt with in the following pages. IImplasis was placed
on the study. of soil properties in relation to the effect of irrigation.

(a) Mechanical Composition: All four types of black soils
(deep, shallow, with and without gypsum) were similar in containing
more than 60% of fine fractions (Clay and silt) and in showing an
increase in the fine fractions with depth. Further, gypseous layers
possessed less of fine fractions. o

(b) Singlevalue Constants : Hygrosecopic coeffivient, maximum
water-holding ecapacity, pore- space and absolute specific gravity,
which represent single properties influenced by groups of other
properties, were determined. Black soils were observed to have a
moisture retaining power varying from 65-85%. Percolation and
permeability were observed to be dependent upon clay econtent and
presence of gypsum.

(¢) Total Soluble Salt Content: This determination, which
was one of the most important ones undertaken, revealed the fact
that salt concentration increased up to the 4th or 5th foot, after
which it began to decrease slightly. Ra.uges for the first threc feat
were [al 0°1% (b) 0°1-0°3 and (c) 0'3-0'5% respectively; showing t_ha.t
ab the root zone salt concentrations are well below voxic levels.

(d) Nature of Soluble Salts: It is well known that, more
than the total soluble salt content, the guality of component salts is
important in determining their effect on plants, -Hilgrade and other
American workers have set the limits of toxicity of sodium carbonate,
sodium chloride and sodium sulphate, at 0°109%, 0°25% .and 0:75%
respectively.

Analytical data indicated that the limits aat by -Hilgrade
were rarely excceded’; in the few cases where they were exceeded,
the depth was well below that. reached by roots of common crops.
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In“the" ‘gypseous profiles high concentration ‘of salts wns actually
associated with the zone of gypsum concentration, Salts present at
this zone were calcium’ and sodium sulphates, a little sodium chloride
and’ magnesmm salbs, and traces of bicarbonates, carbonates being
absent. In non- g?psenus profiles, the gypsum was found replaced by
godium chloride, which, however, was well *mt-hm toxm limite, or
cuunter-bn]anued by calcium salts. -

(e) L':r-p?mngeable Bases: The importance of exchangeable
bases will be apparent when it is stated that they govern such
diveree soil conditions as absorption and retention of moisture,
availability of plant nutrients, formation .of tilth, facility for good
cultivation ‘and range of possible crops. With the development of
existing knowledge on mechanism of surface phenomena, the
importance.of base exchange on goil properties has gained prominence;

Thus exchangeable calcium ions develop a crumb structure,
enable a soil to be cultivated over a wide moisture range to make it
possible for a number of crops to be raised. Sodium ions, on the
other hand, deflocculate the soil, render it impervious to water and
to plant-roots, and bring about soil deterioration to a degree unfit
for crop growth. '

Deep black soils with gypsum showed an average capacity of
45 to 60 milliequivalents, a figure indicating sufficiency of exchangeable
bases, those without gypsum giving 45 to 65, shallow black soils
with and “without gypsum from 25 to 35, while red soils had
capacities lower than 20. In other words, the black soils had a high
base status, while the red ones had a low one.

Among the individual bases; the sum of exchangeable Caleium
and Magnesium was fairly uniform thronghout the profile, the
exchangeable Calcium decreasing, and the exchangeable Magnesium
increasing with depth, Sodium increased with depth, the increase
being characteriatic of the soil type examined,

(f) Degree of Alkalizaiion: Puri and others, working on
Punjab soils, have fixed 25% as the tolerated limit for degree of
alkalization. The figures obtained for the project .soil samples
indicated that nearly three fourths had less than 20%, well within
tolerated limits.

(g) - pH walue: This'value is a measure of the intensity of
soil reaction, Generally it is due to hydrolysable salte present, and
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in closely associated with the degree of alkalization.:. Puri’s obser-
vations on Punjab rice soils led him to conclude that . pH values
exceeding 8'5 decrensed crop yields. In soils.under Tunguhhﬂ»ﬁr&
water irrigation, however, even at a pH of 95, the degree. of
alkalization was less than 26, and thﬂ yields were tmt affected,
The reason for this difference in behaviour lies probably in. t.hE fach.
that Madras Deccan soils have a far higher lime status, which is
responeible for increasing the pH, and, at the same, kaepmg down
the degree of alkalization.

(h) HBraminalion of Soils from areas already wnder Irii-
gation: The -rrigated soils of the tract fall under three
heads; black clays, loams, and sandy loams. The source of
irrigation is either river or tank, the rivers being Tunga-
bhabra and Pedda Hagari. More defailed information of the
irrigability at the soils of the tract was sought from the
chemical examination of soils from profile pits located in areas
under irrigation,

The average total soluble salt content of Tungdbhadra river
waters was only 15 to 16 parts per 1,00,000, while for Pedda Hagari
river and Chinna Hagari river the figures were 80 and 130 respec-
tively., Water from the tanks of this area wa.s.gilﬁn higher in salt
content than the Tungabhadra. Moreover, Tungabhadra river water
was free from carbonates, while the others and contained appreciable-
amounts of sodium and carbonates. - This accounts for the.
fact that while wetland areas under  Tungabhadra irrigation have
maintained a high fertility status during the past several centuries,
those under Hagari irrigation have already developed symptoms
of alkalinity. |

It is thus seen that the Black soils of Madras Deccan will give
a very favourable reaction to irrigation with Tungabhadra water.
The goil profile, with ibs gypseous and non-gypseous natbure, the
clayey condition .of the soil which naturally impedes upward
movement of salt solution, and above all, the bigh lime status and
the low degree coi' alkalization are all points in favour of bringing the
soils under zrngatmn The only consideration is the quality of
irrigation water, which must be free from carbonates and sodinm.
The Tungabhadra river waler, with its low content of .soluble salt,
low sodium concentration and freedom from carbonate, ‘ideally
meets the situation.
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Summary and Conclusions: A review of the work done by the
Madras Agricultural Chemist’s section on the colour, origin and
properties of black and red soils, especially those of the Madras
Deccan, is given. Enough data has been gathered and presented for
assigning these soile a distinct place in the world group of soils. It
has been pointed out that the Russian School of pedological thought
is only of limited importance in the study of soil problems of the
State. Results of elaborate analysis of different’ types of black
soils and wvarious sources of irrigation water have been presented,
and their bearing on irrigability discussed in detail.
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