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SOILS OF THE 'makrwmmshca
CHAPTER 1.
, INTRODUCTION.

The importance of soil study in connection with agriculture hag been
long recognised. In recent years this study has received a great impetus
on account of the establishment of the International Commission of Soil
Science. They are going thoroughly into the various methods and
processes used in soil study by different laboratories and are modifying
them in such a way that they may be uniformly used by soil students all
over. In the Bombay Presideney no soil survey has been done so far,
but since the establishment of the Chemical Laboratory of the Agricul-
tural Department a very large number of soil samples have been analysed.
These, however, were not necessarily fully analysed. They were generally
analysed according to requirements: some for chemical constituents,
others for the mechanical separates, and still others for the soluble salts
only and so on.

The analytical figures of various soils in the Presidency bave
accumulated in large numbers and they supply very valuable information
about the soils. Tt is, therefore, proposed to publish them in a suitable

form.
Historical.

The analytical figures of the goils from the various Government farms
and the Government agricultural schools are in many cases published
in the reports of these institutions. Besides these, however, there are
other publications which deal with the soils of the Bombay Presidency
in some form or another and these are given below :—

The Bombay Agricultural Department Bulletin No. 39 of 1910 on
* The Salt Lands of the Nira Valley ” by H. H. Mann and V. A. Tamhane
gives soluble salts from salt affected soils derived from the Deccan trap
in the Nira valley.

Bulletin No. 64 of 1914 on “Alkali or Kalar Experiments and
Completion Report of the Daulatapur Reclamation Station, Sind ”, by
G. S. Henderson gives the quantities of the varioua soluble salts in the
Kalar lands of Mirpurkhas and Daulatapur.

Bulletin No. 83 of 1917 on “ The Spice Gardens of Sirsi in Kanara *’
by D. L. Sahasrabuddhe gives detailed analyses of & large number of
goils from North Kanara District. It contains figures for the chemical
and mechanical constituents, soluble salts and also available potash and
phosphoric acid from those soils,

Bulletin No. 96 of 1920 on “ Investigations into the nature of the salt
~ lands in 8ind ” by V. A. Tamhane gives soluble salts of the Kalar lands

in Sind and also mechanical and chemical constituents of some of the
Sind soils.

M0 @ 58—1



2

" Pusa Memoir (Chemical Series) Vol. VIII No. 5, November 1925 on
“ Nitrogen Recuperation in the soils of the Bombay Deccan ” by D. L.
Sahasrabuddhe and J. A. Daji, gives the chemical analysis of the Deccan
medium black soils and the changes in its mtrogen contents under varying
conditions of temperature and moisture.

Bombay Bulletin No. 153 of 1928 on “ The Die-back Disease of Citrus
Trees and its relation to the soil of Western India ” by G. 8. Cheema and
8. 8. Bhat discusses suitability or otherwise of certain soils in the Decean
for citrus plants. . e

, Bombay Bulletin No. 157 of 1929 *“ A atudy of the Soils associated with
the deterioration of the Cardamom Crop in North Kanara " by D. L.
Sahasrabuddhe and G. M. Bapat gives details of the ammonifying and
nitrifying powers of the garden soils near about Sirsi, when kept under
varying conditions.

Besides these there are two publications of the Public Works Depart-
ment by C. E. In"hs and V. K. Gokhale. In their Technical paper No.
13 of 1926 on «Soil and Sub-soil Surveys in the Deccan Canal areas
an attempt is made to explain how to recoznise soil and sub-seil
conditions for irrigation purposes by observmu vegetation and the
different strata as found by taking borzs up to ewht or ten fees. Their
second paper (Public Works Department Technical Paper No. 24
of 1928) deals with the construction of drains and other attempts to
improve the salt lands,

Interpretation of Analytical Figures.

Methods of analysis are given in the appendix. The analytical figures
“are valueless if we are not able to understand their exact meaning. It is,
therefore, essential that we must give a general idea as to what meaning
we put on these figures in the light of our experience and it is with this
object that the interpretations of the results are given below.

Interpretation of results—The most important of the chemical
determinations are loss on ignition, lime, potash, phosphoric acid and
nitrogen.

Total constituents —The propomon of the loss on ignition indicates
the amount of organic matter and water held by the 301] which is not
driven out at 100°C. 1t should ordinarily be not less than 4 per cent.

The usual standards for nitrogen and phosphoric acid may not hold
good in the case of Indian soils, Aceording to Voelcker and others,
Indian soils, in general, ar: poor in nitrogen and phosphoric acid.  The
nitrogen in good Indian soils is consnderably below that found im the
average of Lnullsh agricultural land. For instance, 0°035 per cent. of
nitrozen may be considered as inadequate by the usual standard in
Engzl.nd but in India some of the good soils even may not contain more
than 0-05 per cent. On the other hand lime and potash are generally
in sufficient quantities in Indian soils. The presence of lime helps to a
great extent in couater-balancing the defisiencies of nitrozen and
phosphoric ac.d. The lime by its presence makes the existing nitrogen,
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potash and phosphoric acid more available to plants than they would
otherwise be, On account of these reasons the standards for Indian soils
may slightly differ from those for the English and American soils.
The following table will indicate roughly the standards that may be
taken for the soils of the B ombay Presidency with which this.Bulletin
i§ concerned. It must at the same time be borne in mind that these
are approximates :— -

-TaﬁLE No. 1.

B} ;
J— : Rich Good. Fair.

. [‘ Poor.
More than ! l Less than
Percent. | Per cont. Per cent. Per cent.
1\1trogeu 01 | 0:06t00°1 ] 00310006 - 0-03
Phosphoric acid— C \
For non-clayey soils . 0-1 | 006to0°1!003t00:06  0-03
For clayey scils .. 0-2 01 t00:2 1 0:05t00-1 0-05
Potash— ; :
For non-clayey soils . 025 | 0-15t0 025 0-05 to(-15 0-05
For clayey soils . 0-3 } 0:2 t00:3/0:07t00-2 0-07
Lime .. 20 105 to1e5l 01 to05 01
l or2:0 L 1‘

In good soils lime magnesia ratio should ordinarily show exeess of
lime over magnesia. .

Available  Polush  and Phosphoric  Acid.—Available potash and
phosphoric acid should be present to the extent of at least 0005 per
cent. to be adequate.

. Soluble Salis.—Plants take up mineral matter in the form of soluble
salts. The percentage of the soluble salts in the soils must, however,
be very small. Usually in good soils the total soluble salts do not
exceed 01 per cent. If the quantity goes higher up the plants begin to
guffer in health in proportion to the soluble salts present. There are

. certain salts which are distinetly harmful and in a good soil they should
not be present at all. These salts in the order of their harmfulness are
(1) sodium carbonate, (2) sodium bicarbonate, (3) sodium sulphate
and besides these, calcium chloride, magnesium chloride and sodium
chloride, ete. Calcium carbonate or sulphate when within the limits
of 0-1 per cent. total soluble salts are quite good.

The harmful salts are bad even in small quantities. If the soils are of
well-drained nature plants may grow in them with traces of sodium car-
bonate bab any quantity approaching 0°01 per cent. indicates bad
condition of the soil. Sodium bi-carbonate may go up to 0-01 per cent.
and sodium sulpbate up to 0°02 or in certain cases even up to 003 per
cent., These are the limits and the crops grown with these quantities
of the above salts will not be good. Naturally in well-drained soils
plants may tolerate more salts than in clayey soils. Different types of
plants differ in their power of resisting the bad effects of soluble salts.
In Sind 0'5 per cent. of total soluble salts are found to be tolerated by
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plants. In Western India experience tells us that sodium chloride is
tolerated by plants in much larger quantities than would be ordinarily
conceived. Recent experiments in Sind have shown that soils contain-
ing sodium sulphate are improved by the addition of ealcium chloride.
This must be due to the formation of calcium sulphate which improves
the phrsical condition of the soil and of sodium chloride which is not so
barmful as sodium sulphate. The following will give an idea about the
total salts tolerated by the various plants in the Bombay Decean. Some
of the salt-loving grasses and woods ag alzo the babul plant (Acacia ara-
_bica) tolerate very high quant ities—over 1 per cent. of salts.” Wild
" dates, beet root, etc., “stand up to one per cent. Sugarcane, barley, salt
rice are some of the “cultivated crops that stand salts over 0°2 or even
03 per cent.

Mecharical Constituents—In the case of mechanical analysia the
classification adopted is as follows :—

TarLE No. 2

;’ Mean diameter

Yo. . Time taken bv soil particles to settle ' Nomenclature |  of the soil
P down. { of goil separates.|  particles in
l millimeter.

!

—_—  p— ‘1
i

i

i

1 . More than 24 hours Clay . Below 0:001mm,
2 » More than 2 hours and less than 24 ho\m Finestsilt  ..| 0-001 to 0-022
! - mm.
3 i More than half an hour and less than 2 Fine silt l 0-002 to 0-01
! hours. | mm,
4  More than 10 minutes and less than half Medium ailt 1001 to 003
i an hour, | mm.
5 - More than 75 seconds and less than 10 Coarse silt ’ 0-03 to 007
minutes, , mm,
6 | Particles passimg through s sieve of 90 Finesand  ..| 0-07t0 0-2 mm,
meshes to an inch. '
7 | Particles not passing through a sieve of Coarsesand .. 0:2tol mm.

0 meshes to an inch.

The properties of some of the fractions are indicated below as they will
be of great use in interpreting the results of mechanical analyses. They
have been extracted from * Soil Condition and Plant Growth ” by E. J.
Russell (Fifth edition).

(lay has great retentive properties and is therefore of great 1mportance
to the ferti lxty of the soil, and no constituent is more necessary in pro-
per poport’ons or more harmful in excess. In general 8 to 16 per zent,
is a satisfactory proportion of clay in a soil where the rainfall is 20 to 30
inches.

In fne st the cohesiveness and power of holding water are
considerable.  Soils containing more than 13 to 20 per cent. of fine
st are often diflicult to work.

Coarse silt appears to be very valuabls. Probably gilt plays an
importart part in maintaining the even conditions of moisture s0
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desirable for plant growth. It is fine enough fo retard, but not to
prevent, percolation, and it facilitates capillary movement of water.

Fine sand particles have some power of holding water and a certain
degree of cohesiveness causing the particles to cake together. But the
holding and retentive capacity is small as compared to finer fractions.
Coarse sand excreises a great influence on soil fertility, largely through
the negative nature of its properties. As the amount of coarse sand
Increases it becomes less and less suited for cultivation.

The percentage figures of the first four separates are added together
and put under the common term *“clay ” which means particles that
have retentive power for water and manurial constituents while the’
percentage figures for the remaining when added together give us
material which is poor in retentive power.

The soils may. be classified according to the proportion between clay
and sand in the following way :—

TaBik No. 3.
R & Clay. Sand.
Per cent. ' Per cent.
Sandy soil .. . .. L4 1040 20 80 to 90
Clay soil . .. . .. 50 or more 50 or less
Sandy loam .. .. .. ... 20t025 75 to 80
Loam .. .. . ... 30to 36 66 to 70

Clay loam .. .. \ 40 to 50 ‘ 60 to 50

Mr. V. A. Tamhane, Agricultural Chemist and Soil Physicist at
Sakrand has followed this classification in his Bulletin on the Salt Lands
in Sind (Bulletin No. 96 of 1920, Bombay Department of Agriculture).

pH value interpretation.—The pH values give the reaction of the soils.
Normal soils have pH value between 7 and 8:5. pH value lower than 7
indicates acidity. Those lower than 65 distinctly show their bad effect
0L CroOps.

Arrangement of Chapters.

The general arrangement of the information with regard to the soils
of the Bombay Presidency, which ig included in this bulletin is as follows.
Chapter II is devoted to the soils of the Presidency as a whole. The
geological classification is given first and then the chemical and mechani-
«cal analyses of certain typical soils of the Presidency are dealt with, A
few other points regarding these soils are also mentioned there. In the
<chapters which follow the soils are dealt with by districts and a separate
chapter is devoted to each Division. The Sind soils, however, are men-
tioned only in Chapter II under general soils but not in details by
districts. In dealing with soils district by district the information given
in Statistical Atlas and the Gazetteers has been fully drawn upon.
Description with regard to area, physical features and rocks of the
districts are given as they throw a good deal of light on the character
of the soils,
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In the analytical tables certain expressions are used and their exact
meaning is given below to avoid confusion i —

Iron oxide . o v Ry
Alumina . . .. =ALO,
Lime .. . .o =00
Magnesia . .. .. =M0
Potash .. .. ..o =RKRO
Soda . . .= N0
Phosphoric aci! .. e o= PL()f‘
CHAPTER II.

SOILS OF THE BOMBAY PRESIDENCY AS A WHOLE.

The soil is the formation on which the superstructure of agriculture is
erected. Tt is ordinarily defined as the layer of more or less disintegrated
rock, which covers a large portion of the surface of the earth and which

" is fitted, under suitable climatic conditions, to support the growth of
plants. In addition to the mineral constituents, which usually form the
largest portion, all soils contain some quantity of organic matter
resulting from decay of previous vegetable growth. Soil also contains
varying quantities of water, gases and living organisms.

A full knowledge of the soil includes the study of the soil from several
points of view—the geological, chemical, physical or mechanical and
biological.

There is very little information available as to the details of the physi-
cal properties of the soils of the Bombay Presidency and practically there
is no information about the biological conditions of these soils. Our
information is chiefly restricted to the geological classification and the
chemical and mechanical analyses.

I.—Classification of soils according to geological formation and
geographical situation,

The soils of the Bombay Presidency can conveniently be considered
according to the divisions. Beginning from Sind which is the northern-
most division of the Bombay Presidency and which is covered with the
recent formation of the Indo-Gangetic alluvium we might proceed
southward towards the Karnatic which is the southernmost part of the
Presidency and is covered with the oldest rock formation. :

Sind Soils.—Sind consists of the valley of the lower Indus and
comprises three distinct tracts the Kohistan, or hilly country, on the
extreme west, the central alluvial plain, watered by the Indus and.the
Thar or desert, on the eastern border. The central plain is the most
" important portion. The soils of this portion are entirely alluvial. They
vary in character from drift sands to stiff clays. In some places the soil
is very rich especially where tracts are covered with silt-laden waters.

The alluvial tracts on each side of the Indus are annually submerged
in the inundation season and large areas which are covered by spilt-
water retain sufficient moisture, after the flood subsides, to grow good
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crops without irrigation. The ilt deposited by canal water on arable
ficlds is of immense value, At some places the Sind soils show formation
of galt incrustation on the soils making them unfit for cultivation. These
soils are culled Kalar. The salts are not due, in many cases to water-
Jogsing but are due to the downward and upward movement of water,
which leaves the dissolved salts behind on evaporation. This happens
on account of scanty rainfall. It is only in a few cases that the Kalar
ig developed due to water-logging,

Gujarat Soils,—Gujarat eam be divided into three tracts according
to the soils it contains, These are: (1) The Panch Mahal tract, (2) Tha
Northern Gujarat tract and (3) The Southern Gujarat tract.

The Panch Mahal tract stands by itself in the alluvial land of Gujarat,
The predominent rocks there are granites and gneisses and therefore, as
expected the soils are light coloured, shallow and poor, while in the low-
lying areas. deep, rich dark coloured loams, retentive of moisture are
common, These loamy soils can give two crops in a year. Usually
there is maize in the Kharif season and wheat in the rabi season.

In the North Gujerat tract consisting of Abmedabad and Kaira
districts the soil is alluvial of the Indo-Gangetic type and is called
Goradu sol.  (yradu soils are characterised by immense depth. They
are distinetly sandy in character, varving {rom drift sands of the
Almedabad  district to the rich loams of Kaira. They vary in colour
from light ash to rich brown. These soils do not crack. They are verv
suitable for irrigation and much of the best well-irrigation of the
Presidency i on this land, Along the rivers there are soils called
Bhatha formed from silt.

The southern Gujerat tract comprises the Broach and Surat districts.
The soils of this tract are (1) the deep black soils, (2) the bhatha s-ils,
(3) the Gorat soils and (4) the Kiart soils. Al these soils are of alluvial
character.  They are however not of the Indo-Gangetic type. The main
source of the deep black soils of Broach and Surat is trap with a Little
-grantte or gueiss.  The colour of the soils is black and they are very
deep.  Thev are the black cotton soils. They are also known as regar.
The bhatha soils are red, brown or chocolate in colour.  They are alluvium
deposited by rivers during high floods. The fertility of these soils may
he renewed every vear by fresh silt.  These soils are found in belts along
the Tapti and-Narbuda banks. The blatha soils grow excellent irrigated
crops.  Old bhatha soils are found sometimes away from the present
rivers.  They are called goraf soils.  They are alluvial in character and
are snited for irrigation.  Kiurds are rice soils in low-lving areas, receiving
drainage from the surrounding country.

The Deccan Tract Soils.—The Deccan is made up of the following
Districts :—Last and West Khandesh, Nasik, Poona, Satara, Ahmed-
nagar and Rholupur.  The soils of all these districta are entirely derived
from trap. The Klandesh soils from one group and the rest of the
Dlluau has three worth-south strips of soils parallel to the Western
Ghats. )
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The Khandesh soils are black cotton soils and hence they are generally
very deep and retentive especially those that form the flat areas along
the Tapti river. The crops taken on these soils are cotton, jowar and
wheat, ' ’ :

Black cotton soil is a term applied to deep black clayey soils found
generally below the level of the foot-hills. It is formed by the washing
of the disintegrated material from a higher level. In the third volume
of the Imperial Gazetteer the black cotton soils are described as follows :—
“ Black cotton soil oceurs within the area of tRe Deccan trap in undulating

- or slooping situatione, below the general level of the foot-hills. It varies
in depth according to position and, where very deep, has been accumulat-
ed by alluvial deposit. In placesin the valley of the Tapti, the Narbuda,
the Godavari and the Krishna, heavy black soil is often 20 feet in depth,
Owing to its dense consistence it becomes unworkable during heavy
raing, and in these places, is better adapted for rabi crops of wheat,
linseed, gram, etc., than for cultivation in the kharif season. The black
cotton soil of the Deccan trap area which grows cotton and jowar as
staple crops in the kharif season, is, as a rule, only three or four feet deep
and is mixed with nodular pieces of lime-stone and small fragments of
disintegrated trap. The sub-soil contains a good deal of lime, and being
ghaly allows free drainage to the trap rock below. Black soils vary in

. colour, consistence, and fertility, but all are highly retentive of moisture,
In the hot weather shrinkage due to evaporation causes the formation
of numerous cracks which are often several feet deep. This feature has
given origin to the common saying ‘ Black soil ploughs itself” The
deeper black cotton soils are entirely unsuitable for irrigation ; but the
mixed black soil found in the smaller valleys when it is of moderate
depth and the substratum affords good natural drainage, admits of well-

‘irrigation and produces under liberal cultivation all kinds of garden
crops. The depth to the sub-soil water in these situations is usually
25 to 30 feet. Outside the Deccan trap area the black cotton soil
predominates in Surat and Broach districts.”

The remaining portion of the Deccan districts may be divided into.
(1) the high lying strip along the western Ghats—hilly in character
with heavy rainfall and having soils of a very shallow character. On-
these soils rice and small millets are grown on terraces, (2) A strip of
country which is less hilly, and has sufficient and certain rainfall is the
second. Soil in this part is not very deep. Both kharif and rabi crops
as also irrigated crops are taken in this strip, (3) The third is the eastern-
most strip of the Deccan which has uncertain rainfall. This part has
got deep black soils which are retentive and with enough rainfall. they
give excellent crops. The wheat lands of Nasik and of Kopargaon in
Abmednagar, rabi jowar lands of Ahmednagar and Sholapur, are black
soils. The divisions of soils shown above are very rough. These soils
are all from trap. They simply indicate the stage of decomposition of
the rock and the nature of accumnulation of the soil. Even in one village
we may meet with all types of soils.

Near Ghats the proportion of the shallow soils will be great with only
8 small area, if at all, under black soils while in the eastern strip the
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proportion of the black and deep soils will bear a highproportion to the
shallow soils. ' R

There are soils found on the river banks which are suitable for garden
crops. Along the canals in-some places salt lands have developed in
recent years, The cause is invariably the rise of subsoil water which is
not drained away on account of impervious layers at depths varying
from a foot or two to scven or eight feet. The salt lands are uniit for
cultivation as the salts prove to be poisonous to plants.

In some parts of Ahmedhhr and Sholapur districts numerous round
stones of varying size are found in the fields. The soils in which these.
stones are found are fine in texture and fairly fertile. The stones are
brought up by tillage. They slowly decompose into soil and are in no
way troublesome to the crop.

“The Konkan Soils.—~Thana and Kolaba districts have trap soils,
Ratnagiri has laterite goils, On the northern side the laterite is over the
trap while on the southern side it is over the gneiss. Soils of Kanara
are derived from a variety of rocks, such as granites, gneisses, laterite,
ete. The whole Konkan is hilly and has thin and porous soils. Near
the coast we meet with some deeper soils on level land. The soils in
general are divided into, (1) Varkas soils, (2) rice soils and (3) garden
soils. '

The varkas soils occupy the uplands. They are very thin and poor,
They are allowed to waste periodically. After the rest there is a
rotation of crops. Inferior millets, niger, etc., are the usual crops.

Rice Soils which are low-lying called mals while those which are
on the uplands and slopes with terraces are of a poorer character, They
are known as Kuryal. There are some lands recovered from sea. They
are saltish and thercfore people grow salt rice on such lands. They are
called Kharvat.

Garden lands are found along the coast in the Thana district. They
have light, easily workable soils. Various kinds of garden crops are
grown on them. Practically there are no deep clayey soils along the’
<coast line and at many places garden crops can be grown if water in good
quantity is available.

North Kanara is the southernmost district of Konkan. On the top
of the Ghats and uplands, the soil is laterite. Much of the land is under
forest. Rice is grown where land has been cleaned. In the valleys
between hills there are gardens growing betelnut, cardamom and pepper,
etc. The soils of these gardens are derived from shales. Where these
valleys open out rice is the chief crop grown. The coast line is covered
with soil derived from low-level laterite or decomposing gneisses. The
soils of the North Kanara vary from yellowish to red in colour. They
are well drained and porous and in places very hungry. They are poor
in lime and phosphonic acid.

Karnatak Sorls —Three districts are included in Karnatak—Belgaum,
Dlurwar and Bijapur. The Belgaum district has granite and gueiss
formation on s southern side where it meets the boundaries of Dharwar
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or North Kanara, sandstone formation in its eastern part where it meets
Bijapur and on the northern and western side it has trap, in many places
covered with laterite. The soils of the Belgaum district naturally vary
very much. The soils derived from only laterite or only sandstone are
very porous and also poor. Where the laterite or sandstone soils are
mixed with trap soils they make a very good mixture and produce
excellent crops. Near Belgaum the soils are formed by a mixture of
material derived from both the laterite and trap. These soils are rich and
grow rice and all sorts of vegetables. They are very good for irrigated
. - [ . S .
crops. Dharwar and part of Bijapur contarn soils derived from granites
and gneisses as also from schists belonging to the transition formation.
The soils vary very much in their character. They varv from coarse,
sandy and shallow soils to clays which are several feet deep.  With good
rainfall the deep soils grow excellent crops of cotton and jowar and also
wheat.

I1.——Chemical Analyses.

The following are the chemical analyses of the typical soils of the
Bombay Presidency.

Sind Soils —The majority of Thar Parkar soils differ from the soils of
the other tracts of Sind although they are all alluvial i nature. The
Thar Parkar soils have as high a per cent. of silica and insoluble silicates
a8 88 to 90. They are low in loss on ignition and in lime. The magnesia
is higher than or nearly equal to lime in these soils. The other soils are
rich i lime, good to rich in potash, fair to good in phosphoric acid, and
fair in nitrogen—

TapLe No. 4.

Kohistan tract. Central Alluvial Thar Parkar.
plain,
Surface | o, . Surface . . Surface "
Soil. Subsoil, Soil. Subsoil. Soil. Subsoil.
- S — _._._.5
. Per cent. | Per cent. § Per vent. Per cent.| Per cent.! Per cent.
Moisture 038 03t 0)- 80 72 042 0 002
Loss on ignition..;  3-78 140 340 134 , 184 206
Stlica  and  inso., ! :
luble silicates..;  33-00 7234 74082 7628 9052 1 8840
Lime a2 (30 .. 818 - 801 336 3:92 02N 056
Magnesia as MO -5 050 040 0-30 040 051
Potashas K,0 .., 0-17 | w3l a2y . 03k 019 0-15
Phosphoric ~ acid. ! ; .
8 PO, B L N T ) uls 015 011 012
Nirrogen et | 0054 0048 0028 0043 0-043
PH value 86 | 87 36 87 86 | 84

Gujerai Sols.—The Gujerat soils which are mostly of alluvial erigin
are not all of the same nature. . Goradu seils are the most important.
They are sandy and yet fair in nitrogen, rich in linde, potash and phos-
phoric acid. The Bhatha soils are considered as an old alluvial. In
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North Gujerat they are good in nitrogen and rich in lime, potash and
phosphoric acid. The Bhatha soils of South Gujerat differ froxp.those
of North Gujerat inasmuch as they contain lower proportions of linie and
phosplioric acid. The gorat soils are on the whole poor in nitrogen and
fuir i oiler constituents. The black cotton soils are good in the plant

{ood constituents—

TasLe No. 5.
Soils from North Gujerat.

Sandy Goradu. Bhatha Soils.
\ e e e [
Village ! |
! Keliawana, Village . . Taluka
T Talcka Kelia Fatewad.. Daskioi.
Dholke. )
' surface Soil ! Suhsoil Surface Soil | Subsoil
17 to 67, T"to 127 1° to 6", 7' to 127,
] Per cent, Per cent. Per cent. Per l-enti
Moisture IV EF T 1-38 2-42 a-00
Lose on ignition P MU 3:60 674 5y
Bilica and inkoluble silicaves ..|  80-88 | 81-50 69 66 7364
Lime ax (a0 .. L 2638 3:086 420 3758
Magnesia as MgQ .. L0 0050 030 0-30
Potush ax K,0 S eepu2 1-483 0-559 0-426
Phosphonic acid as PO, P 0170 0-116 0-165 | 0-116
Nitrogen . e eus6 04043 0-0%9 0097
PH value l 82 85 9-2 92
]
\
TasLe No. 6.
Soils from South Gujerat.
Lhathe Soils. Gorat Soils. Black Cotton Boils.
, -
| ‘,1\“-:?1{.5 " Subsoil. blgj;w Subsoil. SI::TIC ® | Subsoil.
(U I , o
l Per cent. Per cent. | Per cent.| Per cent.} Per cent. ’ Per cent.
|
Muisture N 2-56 3-42 420 364 640 6-44
Loss qn iguition. : 5-68 4-84 420 5U4 760 778
Rilica and dnso-;  73-46 7362 6894 7024 60-72 6196
fuble stheates, . ,
Lime as (3} vss 026 ) o0 ose2l o008l 0734
Mugnesia as MO (250 0-80 [ (IR 0% | 130
Potash as K0 .. 0-115 u-212 [(XE 0-143 0037 ‘ 0-118
Fhorphore — acid (RS 093 0-085 0-07y 0-0%4 ) 0-133
(a8 P 0y !
Kitropen (1T S TR VU3 el OUEL| 04054
PH value ) 82 : 83 82 83 80 } 8-u
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The Deccan Trap Soils.—These soils contain a high proporiion ot loss
on igpition due to the clayey character. They are all good to rich in
lime, and vary in their potash. phosphoric acid, and nitrogen contents,
They may be said to be fairly good in plant food constituents—

TasLe No. 7.
Soils from Khandesh Districts.

Dhulia.e o : Jalgaon.
— o | Black Black
Snlx"fz:zes‘%oxh 7,5':};8?3, % cotton cotton

'
e ——

i surface soil. .  subsoil.
|
\

Per cent.  Per cent. . Per cent.  Per cent.
_ Moistore - o 776 810 | 872 914
Lowonigniton ..~ .. 918 918 ’ 920 10-00
Silica and insoluble silicates .., 64:00_ | 6264 60-14  60-34
Lime and Ca0 .. Lore 12 260 4206
Magnesia as MgO .. . 0-50 0-50 020 ; 0-40
Potash K,0 .. EPRTH 0-405 019 . 068
Phosphorc scid s 10, ! 0-080 | 0070 | 0088 | 0-los
Nitrogen . .boo-10 0-064 011 0-059
PH value e S 81 80 81
TazLe No. 8.
Deccan Trap Soils—Poona District.
i Deep Black Boil

Medinm Murmad
Black Soil. Soil.

Surface soil ¢ Subsoil
0tod. - B tols.-

P . ‘t_._.; _____ — e

. Per cent.  Per cent. | Per cent. | Per cent.
Loss ou iguition .. 192 206 | 14 | 806
Silica and insoluble silicates ..| 63-8 657 58-40 1 7996
Iron and Alumina. . ! 1840 1 ...,
Lime a8 CaQ . b 180 1-40 400 . o 80
Magnesia Mg0 .. e . 160 |
Potask K.0 . I160 080 0-40 0-93
Phosphoric acid P,0, | 023 0-42 ' 0080 | 01l
Nitrogen . : 0-06 0-05 0-05 i 0-05
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TasLE No. 9.
Laterite Soil—Belyaum District.

Surface Soil |  Subsoil
o Vb ' T4t 2%
. —— e
| Per cent. Per cent.
Moisture .. . 0 . A 8-20 680
Lows on ignition . ' 8-30 10-12
Silica and insoluble nhcutes N ‘ 98-8 5070
Lime as CaQ . 0-174 0-174
Magnesia as MgO . 0:30 0-30
Potash a8 K, 0 0-270 0-251
Phosphoric acid s P, () . 0-281 0-322
Nitrogen s 010 0-170
PH value " 78 71
TssrLr No. 10.
Gramte Sorls—Dharwar District.
. Granite Soil.

Moisture . . . .

Loss on ignition . 5-00

Silica and insoluble silicates ., 79-53

Iron and Alumina .. . 13-05

Lime as C,0 . 0-59

Magnesia M,0 055

Potash K, O 0-27

Phosphomc acid I’,O6 . 0-08

Nitrogen . 0064

PH value .

Interpretation of the analytical figures given in the previous fables.

Tasre No. 11.

i Phospho-
o Nitrogen. ric acid
‘ P0.
Sind Alluvial. ‘
Kohictan tract—
Nl . . ... Fair Good
Subseil . .. ... Do. Do.
Central alluvial glane— |
sl oof Fuir Rich
S benil .. .. ..! Poor Do.
Thar V'arhar— 1
togd . : .| Fair Rich
Subsail ‘

.. Lo. Do.

I Cood
Do.

Potash
K,0.

Good
Rich

Rich
Do.

Rich
Do.

Rich

Fair
Do.
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TABLE No. 11—contd,

PLosplo. | B
, N ) Nitrogen. | ric acid | Potasl Lime
PO, 20, Ca0.
Sind Allucial—contd. !
North Gnjerat— : i
Goradu Soil .. - ... Fair ® |*Rich ! Rich Rich
Goradu Subsoil .. ..\ Do. Do. i Do. Do.
Bharha Soil .. .. ..j Good Do. ‘ Do. Do.
Bustha Subsoil . .4 Do. Do. | Do. Deo.
8outh Gujerat— .
Bhatha Soil .. .. oo Good Good Rich Fair
Bhatha Subsoil ., ..{ Do. Do. Do. Do.
Gorat Soil .. . . Fair Do, Good Do.
Gorat Subscil . ..| Poor Do. Rich Deo.
Black cotton— X
't Boil .. PP ... Fair Fair Fair Fair
Subsoll .. .. ..} Do., Good Do. Good
Khandesh Districts—
Dhulig—
Soil - . ..| Rich Fair Fair Good
Subsoll .. - .. ..] Fair Do. Rich Do.
Jalzaon~
Soil . .. ..| Rich Fair Fair Rich
Subsail ., .. ..! Fair Good Rich Do.
Deccan Trap area— .
Deep black— . ,
Soil . .. .. Fair Rich Rich Good
Subsoll .. .. .. Do. Do. Do. Do.
Medium black— '
Seil .. .. .. Fir Good Rich " Rich
Murmad Soil .. .. Do. Do. Do. i Good
Belcaum— ; :
Laterite Soil .. .. .. Rich Rich Rich Fair
. Subsoil - .. Do. Do. Do. . Do.
Dharwar— :
Gragite Scil .. .. .. Fair Good Rich Fair

The Lime Magnesia Ratio.

In Sind soils the lime magnesia ratio is quite good except in the soils
of Thar Parkar. In Thar Park:r soil the ratio is as 3: 4 or 1: 1, while
for other soils the ratio varies from 8: 1 to 16: 1. For North Gujerat
the ratio is from 5: 1 to 14: 1. For South Gujerat however it is as
1:1'5 to 1: 2-6 which means in these soils magnesia is in excess of
the lime. For Deccan soils-the ratio s from 2: 1 to 13: 1.

Loss on Ignition.

The loss on ‘gnition indicates organic matter and also water retentive
power of the soil. In this respect the Thar Parkar soil from Sind is poor
showing about two per cent. of loss on ignition. The other soils from
Sind and the sandy soils of Gujerat have loss on ignition varying from
4 to 6 per cent. The black cotton soil of Broach contains 76 per cent.
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The Khandesh soils bave loss on ignition between 9 and 10 per cent.
while the medium black soils of the Deccan show loss on ignition up to
12 per cent, and deep black soils up to 20 per cent.

The PH Values.
The PII values of most of the soils in the Bombay Presidency are
Letween 8 and 9. The laterite soils of Belgaum have the PH value
somewhere about 7°7.

III.—Mechanical Analyses.

The following tables give the mechanical analyses of the typical soils
of the Bombay Presidency —
TasLe No. 12.

Soils from Sind.

S N

: Kohistan tract. - Central alluvial plane, Thar Parkar.

Surface, | Rubsoil. | Surface. | Subsoil. | Surface. . Subsoil.
i .

i H
Per cent. | Per cent. | Per cent. l Percent. | Percent.. Per cent.
Cluy and  tinest ! :

wlt L HeRg 784 1567 | 1543 525 1 0em
Fine silt . 150 2412 852 { 590 1 074 1
Medium silt 034 1:96 T-88 | 760 040 0
Co rsenilt .0 221 304 4893 gt 193 . 20
Vinesand .| 35715 e 1952 { 21-50 3041 25
Conrse sund .. 5168 39+ 60 018 | 020 6b-29 ' 60-23

[IEIRUG 100-00 Ho-u¢ 0 100-60 100-00 | 100-00
| i

TasLe No. 13,
' Soils from North Gujerat.
Sandy Goradu. Bhatha Soil. -
L. ‘,__" e e _
Soil I Rubeoil Soil "~ Subssil
1t 6%, el 71" to 6% | 7 to 127,
| i .
i i
Per cent. Per cent, ; Per cent. | Per cent.
. !
Clay and finest silt R S RF Y 12-96 lx 1522 1 1298
Fine xtlt .. .. 744 877 : 845 : 6 80
Meaium it .. .. 8- 34 9-42 [ CAN T : 8-01
Coare wilt .. o a2 R-80 23410 1 185
}ine rand .. . 31-65 2734 I 47-43
Course sand A PP (VR 3271 1 3-37 5-46

w0+ G0 100-00  © J00-00 l JICTR O]
!
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TasLE No. 14,

Soils from South Gy erat
S— - B —— — J
Bhatha. (,omu Black Cotton,
Soil. | Subsoil | Soil, i Subsoid | St | Subsoil
Per cent. | Per cent. | Per cent. ! Per cent.| Por cent. | Per cent.
Cl&yx and finest] 17-43 16-97 | 14'83e 1433 4436 5263
silt. i
Fine silt o 3.8T | 402 328 2-58 808 7-12
Medium silt 8-96 8:10 580 509 i 1184 968
Coarse silt 2407 22-49 11-47 12-06 @ 1465 1117
Fine sand 39-16 4433 63-85 64:92 1+ 20:70 18-36
Coarse sand 6:51 5:09 067 1-03 f 0-37 1-06
e e ,
‘100'00 100-00 100-00 10000 ' 100-00 © 100-00
TasLe No. 15,
Khamlesh Dzstmctv
Dhulia. ‘ Jalgaon.
e ! =
- Surface Soil Subsoil { Surface Soil|  Subsoil
17 to 6, 7" %0 127, , te6n. | Ttol2,
S S
Percent. | Per cent. | Per cent. | Per cent.
Clay and finest sllt 4546 47-12 | 49-15 I 5l-04
Fine silt 4-56 468 3-99 564
Medium silt 615 | 6:40 ! 6:34 746
Coarse silt 12-84 po12e1e o 10°76 087
Fine sand 26-52 25-58 | 2561 ) 24-47
Coarse sand 447 408 . 415 ¢ 183
i 1 .
| |
100:00 100-00 x 100-00 L 100-00
. TasLe No. 16.
Deccan Trap Soils—Poona District. .
Deep Black.
) o Medium Murmad
i C il Subsoil, | Black Soil. Soil.
] Per cent. Per cent. Per cent. Per cent.
tsﬂt 48 57 17-94 31
(rf]x:}; :33 Bnes 61-2 606 909 | 307
Medium silt 10-7 131 1117 4-21
Coarse silt 84 75 13-75 1135
Fine sand 8-2 77, 43-82 60-77
Coarse sand 6-7 58 423 17-48
a! 16000 100-G0 10000 100-00
|
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TaBLE No. 17.
Laterite Soils— Belgaum District.

’ Surface so1l Rab-soil
17 to 6~. ; " to 127,
Per cent. i Per cent.
Clay and finest silt e e, .. 4336 L3146
Fine silt . .. . 5+14 4-68
Medium silt .. .. .. 1066 856
Cuarse silt .. .. .. Y27 1358
Fine sand . P o 1827 | 2202
Course sand - .. 1330 i 19459

TasLE No. 18.
Granite Sotls—Dharwar District.

#Granite soil

, Per cent.
Clay and finest silt .. . 30-00
Fine silt .. .. 7-00
Silt . .. 2°00
Fine gand .. - 9:40
Cosrse gand .. .. 43-20

* Mechanical analysis by International method.
The soils whose mechanical analyses are given above can be classified
as follows :—
TasLe No, 19,

| i Maximum ; Capillary
. Clayey . Sandy | Class of water- rise of
portion. | portion. soil. holding  water in
‘ | | capacity. 7 days.
e } —
Sind. Per cent, ; Per cent. ] ‘ Per cent.
Kohirtan tracte— !
Noil . .. 10-98 89:02 | Bandy !
tub-soil .. . 11772 8838 | Do. i
Central alluvial tracte , i .
Roil .. ..o 67-93 | Bandy loam . |
Nub-soil .. .o 2893 71-07 | Do. L
Thar Parker—
Soil . - 8-37 93-63 ' Sandy .. . .
Rub-sail .. oo 12441 . 8759 Do. - .
North Gujeral. |
Nandy Goradu— . i
il .. .o 2725, 92:75 | Bandyloam.. 53:26 i
Nubesail " 3r1s T 6885 | Loam . ..
Bhatka Soil | 3635 6365 | Do. .. .. |
Sub-earl ., 249 . 72:03 | Sandylosm .. L
i . i !

M0 Q §5—~2
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TasLg No, 19—cond.

i .

|
Maximam ; Capillary

o Clayey | Sandy | Class of water- | rise of °
portion. | portion. ' soil. holding | water in
| ’ capacity. | 7 days.
— [ J— -
. : . i
South Gujerat. ;J Per cent. t Percent. | Per cont.”!
Bhatha soil .. 3026 | 6974 | Loam - .
Sub-soil .. .t 2809 | 7101 [Sebdylosm .. .
Gorat Soil .. 24001 7599 Do. . .. .
Sub-sail .. o0 22400 | 7800, Do. - .
Black cotton— :
Soil e L6428 35:72 | Claysoil .. 79-52 18"
Sub-soil .. l 6943 | 30-57 | Do, N .-
Khandesh Districts.
Dhaulia soil .. 5617 4383 Do. .. s
Sub-soil ., 58-20 41-80 Do. .. o -
Jalgaon soil . 59448 4052 Do. . . .
Sub-goil .. o 64013 35-87 Do. ..
Poona District.
Deep black soil o 767 23:3 Do. .. 8845 Iy
Sub-soil .; .. 800 2040 Do. .. . o
Medium black soil .. 38-29 6180 | Loam . " .
Murmad soil . 10-39 89:61 | Sandysoil .. 668 ¥
Karnatak. ; R
Belgaum district . ! '
Laterite soil . ' 44-70 1 55:30 | Clayloam .., .. 2y
s Subsoil .. . 53:16 4084 | Claysoil - ... . | ..
Dharwar District— ! | |
Granite soil : ‘
»  Sub-soil L i

I !

IV.—Alkali Soils. .

Alkali soils are met with here and there all over the Presidency but the
newly developed salt lands which have been badly affected are in the
Deccan.

The Deccan Salt Lands.—In the Eastern part of the Bombay Deccan
there are areas which are dry and famine-stricken but they possess
deep and black soils in many parts. In order to give relief to the
agriculturists of these parts canals were constructed. Not long after
the canals began to flow it was observed that some of the best soils
developed salt incrustation and began to be barren. The improvement
of such salt lands has become a great problem and is being tackled by
aspecial officer, A very large number of affected soils and the waters
in them were analysed in the chemical laboratory of the Agricultural
Department. The analytical figures show that the top six inch
layers of the soils contain soluble salts varying from 1'5 to 3-5 per
cent, The salts are white coloured and contain sodium sulphate
varying from 06 to 16 per cent. Sodium carbonate is found only
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in a Tew samples and that too is present in small quantities. _The
following table will give a clear idea s to the soluble total and individual
salts at different depths in the salt-affected soils in the canal aress of
the Bombay Deccan.

TasLe No. 20. ‘
Analysis of soil samples from Nira Left Bank Canal.

—— 0-6" | 6.127 112-18' :18-24' :24-30' l30-36' 36-42° E42-48'
op ‘ ‘ ‘
I ;;r’ Per l Per Per i Per | Per 'Il;ﬁer# Per
cent. | vent. | cent.’; cent. i cent. | cent. . cent. | cent.
Stones . ,.|24:6 (31'5 ‘36'5 )40‘5 ;43'2 337 ‘46'3 456
Total soluble salts .| 3050/ 0670’ 0-940 0830 0-450] 0470 6430 0-460
(‘alcium earbonate .| 0°029 0-039‘ 0'036; 0'036! 0-020 0'020‘ 0-048 0-010
Caleium aulphate. . .| 0+680] 0-013 0:040 0-035[, o | e 0030
Magnesium carbonate B o { . E()'01540'0158 . | 0:018
Sodium carbonate e jus ‘0~005‘ I
Magnesiuml sulphate .. 0'176‘: 0033, 0'02‘21 0'022! 0-011 0'011:.0'044
Sodium bicarbonate ‘ ’ ‘ : 0-018
Sodium sulphate o 1‘5701 0'680: 0-738} 0-609 0-313 0-296| 0-211' 0-266
Sodium chloride .. . 0‘439; 0'115: 0'069| 0:069, 0'057" 0-057) 0-57 1 0-080

Many of these soils are water-logged and a bore to a depth of two or
three fuet reaches the water level in the soil. The total salts in these
waters are very high and may vary from 200 to 1,200 parts of salts per
100,000 parts of water. The salts found in the water are the same a3
those found in the soils.

Sometimes the fields while covered with encrustation show black
patches.  These are moist and contain caleium chloride.

In the improving of these lands, removal of salts by surface washing,
addition of organic matter and draining of the lands have been found
to be beneficial.  The draining of the land is perhaps the most important.
The drains however must be put sufliciently deep to allow the water held
by the soil to run into the drains. This is possible only when the drains
cut through the hard pans and are below them in depth. When the soils
are fairly drained the addition of organic matter to the soil will help some
crop to grow and slowly improve the soil.

The Salt Lands sn Sind.—Investigation of these lands was carried out
by Mr. V. A. Tamhane, who as Agricultural Chemist and Soil Physiciat
at Nukrand is still working on Sind soils. The figures which he has
published in the Bombay Agricultural Department Bulletin No. 96
of 1910 show total soluble salts in the top six inches as varying
from 0°3 to 3°00 per cent. One of the samples with a sufficiently high
percentage of soluble salts contains the following proportions of the
individual salts as given on page 46 of the Bulletin mentioned above.

0 Q 55—2a
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TarLE No. 21.
Surfave 0-6"

Per cent.

Total goluble salts - .o 2:40
Containing—

(alcium carbonate 0-03

Calcium sulphate .- 062

+ Magnesium sulphate o 0-33

Sodium carbonate 001

Sodium bicarbonate * Nil.

Sodium sulphate 0-96

Sodium chloride 043

Ore surprising thing about the Sind salt lands is that the crops are
found to tolerate comparatively very high proportions of salts under
Sind conditions. Many plants grow in soils with 0'5 per cent. salts.

V.—Karl Soils of the Karnatic.

There are several areas in the Karnatic which are occupied by what
are known as karl soils. The crops on these soils are inferior to those
on good soils and with small rainfall the karl soils give but very little
outturn, All the soils are not equally bad and hence they are grouped
into classes :—(1) medium karl which is inferior to good soil but is better
than hard karl, and (2) hard karl which is practically barren.

The following figures indicate the nature of the soils. They are very
sticky with high quantities of soluble salts :—

TasLE No. 22,

i Medium Karl. : Hard Karl.

0r | vy e b
. Per cent. ‘! Per cent, ' Per cent. | Per cent.
I
Clay and finest silt 45041 4320 42:83 5082
Fine silt . .o 862 | 1064 11-87 9-62
Medium silt .. . 625 , 823 978 : 8+65
Coarse silt .. oo 12200 D 16434 16-50 i 15-39
Fine sand - . 1780 16-77 15-00 | 1176
[ | i e

Lime (Ca0) . NI T A 1-84 3-25 391
Total soluble salts ol 0-18 0-34 041
Sodium sulphate p 0-035 1 0-029 0+139 016
Water holding capacity .. 8638 . 9897 93-02 102-35

VI—Morik Soils.

In the Ratnagiri District there are some soils known locally as morik.
They are found especially in the Vengurla Taluka. If the rainfall is
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beavy the crop is nearly normal but if the rainfall is less than usual the
crop suffers here much more than on other soils. The morik material
rises to the surface in fair season. Its analysis was found to be as
follows :—

TaBLE No. 23.

Per ::ent;
Soluble material .. .. 2988

Containing— .o .
Chlorine {C1) . .. 028
Sulphuric acid (SO,) . .. 12°55
Iron oxide (Fe,0,) .. o 196
Alumina (AL,0,) . .o 284
Lime (Ca0) . .. 120
Magnesia . .. 080

The soil is distinetly acidic. Patches of the morik type are found on
-coastal villages of North Kanara District. Rice does not grow well on
these patches. The patches show a tendency to grow slowly in size.
The crop in the scedling stage grows fairly well but after some time the
plants begin to die. On these soils there is generally a slimy brownish
substance in rains but in summer there is & sort of white encrustation.
The surfice acraping of these soils gives the following analysis :—

TarLE No. 24,

Per cent.
Total soluble salts . .. 030
Contalning—

Iron and Alomina . ‘ .. 002

Line .. .. 0°039

Magnesia . .. oozl

Sulphuric acid (80,) e . 014

Chlorine (Cl) . 00031

Al such scils show Ph. value from 5 to 5'8. These are improved by
the addition of lime or bone-roeal.

VII.—Manat Soils.

In the Kolula and Thana districts in some places we meet with very
sticky clayey soils, locally called manat. These manat soils are decp
and clayey. They become nearly inaccessible during rains and crack
Leavily in the hot scason. Some of these soils were analvsed fully and
the following are the analytical figures of typical manat soils.
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Tasre No, 25,

— AN E[ 2 soil No.2. | Soil No. 3. )
'

Per cent. Por cent. Per cent. Per cent.
Loss on ignition .. . 1ess lo-12 12-88 13-82
Silica snd Insoluble silicates ..| 5660 67-86 59-88 5960
Iron oxide (Fe,0;} J 1520 18-41 13-40 12:40
Alumina (A10,) J 16400 11499 13:00 14-00
Lime (Ca0) 100 | 042 121 1-34
Potash (K,0) 0-75 r 0-59 0-67 071
Phosphoric acid {P,0,) 0-038 \ 0-042 0-048 0-008
Nitrogen 0104 0-078 el .
Organic matter .. 133 | 14 120 0 125

| !

These soils contain very large proportions of iron and alumina and it
was also found that they contain in many places rounded nodules contajn~
ing manganese. The analysis of the modules is as follows :—

Silica and Silicates
Iron oxide (Fe,0,)
Alumina (ALO,)

Tasre No. 26,

Manganese oxide (Mn,0;)

Per cent..

3
2

.

.

.. .o

8-52
412
508

15-64

The soils contain s good amount of nitrogen and potasi. They are
fairly well in lime but have low phosphoric acid. ,
The mechanical separates which are given below show that they contain
large quantities of clay and finest silt and also of fine and medium silt.

\

TasLe No. 27.

A}

— ( Top 6 soil. | Soil 8” to 12,
‘ Per cent, Per cent.
Clay and finest silt L 2396 2624
Fine silt Lo 1977 19.72
Medium silt 2295 18-84
Coarse silt ! veee vevn
Fine sand !
Coarse sand . { 10-22 11-83
t
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Naturally therefore these soils are extremey sticky and clayey. These
soils however do not contain any high proportions of soluble salts as
will be seen from the following fignres :(—

TasLeE No. 28,

— | Topsoil 6 | Soil 6° to 12

Ca . . . - " ¢-012 0012
Mg . . .. .. 0-007 0-007
Coy v .. . . 0-018 0-018
RO, .. .. L . 0-025 0+025
Cl ' 0-007 0-007

These soils may be improved by cultivation at a suitable time and by
incorporating organic matter even such as the upper coats of rice seed.

CHAPTER IIL

. SOILS GF GUJERAT.

Gujerat has five districts. The Panch Mahals, Ahmedabad and Kaira
districts form North Gujerat, while Broach and Surat form South
Gujerat. Kach of these districts is separately treated.

(A) Panch Mahals District.

Area.—The district of Panch Mahals lies between 22° 15" and 23° 11’
north latitude and 73° 22" and 74° 29’ east longitude and covers an area
of 1,608 square miles,

Plysical features and rainfall—The western part iz flat and the
easter division is rugged. The rainfall in the western part is 38 to 44
inches while in the eastern part it is about 30 inches,

Rocks.—In the Western part near Godhra the rocks are metamorphic
while in the south-west there is the trap with Pavagad as a prominent
hill. A variety of rocks are found in the Panch Mahals District. They
are trap, granite, schists, limestone, sandstone and quartzite.

Soils.—There are many varieties of soils found in this district. There
15 the light or sandy loam in the north-west of Godhra and in Kalol
Taluka ; to the north and north-east of Godhra there is medium black
soil which grows wheat and gram. In Kalol Taluka there are a few
villages with medium black soil. In the south of Halol there are stretches
of rich black soil. In the eastern part of the district both the light and
black soils are of high quality.

The chemical analysis of the three typical soils is as follows :—

TasLe No. 29.

A2

1

Medium

— ' [‘ Sandy. Black. Black.
i : i .
o | Per cent. : Per cent. Per ceut.

Loss on ignition " J as 7-30 864
Silics and Insoluble silicates L B0 B3-30 7914
l;mxe . 046 ; 56 0-34
Potash .. a0 L 0dl 1 0
Phospharic acid RV S T 1 021
Nitrogen . . 0-04 005 0-Ud

i
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Sandy loam has but a small retentive power for moisture while the
black soil retains a high percentage. The percentages for loss on ignition,
nitrogen and sand indicate the differences in the three soils. As the
insoluble silica and silicates decrease the loss on ignition and nitrogen
increase, The soils are quite good in potash and phosphoric acid and
fair in lime and nitrogen.

The mechanical analyses of the sandy and medium black soils are
given in the table below :—

Taste No. 30, *

' Medium
— Sandy. Black.
| L
Per cent. ! Per cent
Clay and finest silt . . . 673 | 975
Fine silt .. . .. L 354 | 354
Medium wilt .. .. .. .. 513 i 5-32
Coarse silt .. .. .. L 977 8:92
Fine sand - .. .. . . 6798 I 61-21
Coarse sand . . .. 6-85 { 11:26

Even the medium black soil is practically sandy or at best a sandy
loam,

(B) Ahmedabad District.

Area—The district of Ahmedabad Hes between 21° 26° and 23° 37’
north latitude and 71° 19" and 73° 27’ east longitude and covers an area
of 3,816 square miles.

Physical features and rainfull—In the extreme south and also just
beyond the northern boundary, are a few rocky hills. But between
these points the whole of the district forms » level plain gradually rising
towards the north and east. The average rainfall of the digtrict is about
twenty-nine inches.

Soils.—There are two chief kinds of soils, the black or kali and the light
or goralu. The black soil is found chiefly towards the west and the
lizLit soil in the east. The black has a subsoil of modular and stone and
gravel. Tt is many times impregnated with salts. The light soils are
well supplied with springs, which, after the early harvest has been reaped,
enable the cultivators at very little cost to have cold weather. rabi and
even hot weather crops.  With the help of manure and water the light
soil 33 very fertile. During dry weather it wears into a loose fine sand
but when the rain falls it becomes tolerably compact. Two other varieties
of soil deserve mention—an alluvial deposit of the Sabarmati river and
ared stony soil. The alluvial deposit of the Sabarmati is the most fertile
soil in the district, easily irrigated, holding water at the depth of a few
feet below the surface. The stony soil good for growing maize is found
in the north-east sub-division of Prantij.
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The following figures bring out the differences in the different clagses
of soils of the Ahmedabad District. We shall first take typical individual
soils and then have the variation as shown by each class with regard to
chemical and mechanical analyses :-—

TapLe No. 31.
Chemical Analysis.
{ i
I Goradu e
— e mee TR
e - ‘ -
: Per cent. j Per cent. Per cent.
Loss on ignition .. .. 674 4:06 2:90
. Sand and Insoluble silicates .. L6986 80+38 92-78
Lime . . . 420 | 264 073
Magnesia .. .. 0-30 : 050
Potash y . Lo 0 D 06T
Phosphoric acid o . .. u-16 E 0-17 | 008
Nitrogen . . 2 0-09 E 006 ; 007
TasLe No. 32.

Mechanicol Analysts.

Per cent. Per cent.

Clay and finest silt .. . .o 15022 11-47
Fine qilt .. .. .. 895 744
Medium silt .. .. .. 12:18 834
Coarse gilt .. .. o 24410 10-52
Fine sand . .. .. 3618 31-65
Coarse sand .. .. .. 337 30-58

The above figures hring out clearly the difference between the black
and the lighter soils. The black soil is a loara. The lighter soil is sandy
Joam and 1 less retentive than the black as shown by the loss on ignition
and the high proportion of fine and coarse sand. It also contains less
of lime but both of them are quite good in plant food constifuents.

The Sabarmati alluvial which is the richest in yielding crops in the
Ahmedabad district is not as rich as the other two soils in lime and
phosphoric acid. Its superiority over others must be due to the materials
being easily available to the plants. This kind of light soil differs much
from the light soils found on the frap and other hard rocks. There the
light soils are half disintegrated rock forming a shallow layer while the

-80il of the Sabarmati alluvial contains well disintegrated material and
the soils are deep so that the plants can spread their roots deep and draw
fully on the vast stores of plant foods present.
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Sandy loam has but a small retentive power for moisture while the
black soil retains a high percentage. The percentages for loss on ignition,
nitrogen and sand indicate the differences in the three soils. As the
insoluble silica and silicates decrease the loss on ignition and nitrogen
increase, The soils are quite good in potash and phosphoric acid and
fair in lime and nitrogen.

The mechanical analyses of the sandy and medium black soils are
given in the table below :—

Tasre No., 30, °

1

) Medium

- ] Sandy. ‘ Black.
i —

Per cent. | Per cent.
Clay and finest pilt . .. . 6-73 ] 975
Fipe silt . . .. 354 | 364
Medium eilt . - N . 5:13 ; 5-32
Coarse silt . . . i 977 ! 8-92
Fine sand - . o .. 6798 61-21
11-26

Coarse sand .. .. .. 6-85

Even the medium black soil is practically sandy or at best a sandy
loam.

_ (B) Ahmedabad District.

Area~The district of Ahmedabad lies between 21° 26" and 23° 37
north latitude and 71° 19" and 73° 27’ east longitude and covers an area
of 3,816 square miles.

Physical features end rainfall~In the extreme south and also just
beyond the northern boundary, are a few rocky hills, But between
these points the whole of the district forrs a level plain gradually rising
towards the north and east. Theaverage rainfall of the district is about
twenty-nine inches.

Soils.~There are two chief kinds of soils, the hlack or kali and the light
or goradu. The black soil is found chiefly towards the west and the
light soil in the east. The black has a subsoil of modular and stone and
gravel. It is many times impreguated with salts. The light soils are
well supplied with springs, which, after the early harvest has beenreaped,
enable the cultivators at very little cost to have cold weather, rabi and
even hot weather crops. With the help of manure and water the light
goil is very fertile. During dry weather it wears into a loose fine sand
but when the rain falls it becomes tolerably compact. Two other varieties
of soil deserve mention—an alluvial deposit of the S8abarmati river and
s red stony soil. The alluvial deposit of the Sabarmati is the most fertile
goil in the district, easily irrigated, holding water at the depth of a few
feet below the surface. The stony soil good for growing maize is found
in the north-east sub-division of Prantij.
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The following figures hring out the differences in the different classes
of soils of the Ahmedabad District, We shall first take typical individual
soils and then have the variation as shown by each class with regard to
chemical and mechanical analyses i—

TasLE No. 31.

Chemical Analysis.
; i Goradu L
L B
l: " Per cent. l Per cent. Per cent.
Loss on ignition . . o 674 ‘ 4-06 2:%0
Nand and Insoluble silicates - . 69:66 8058 92-78
Lime o T .. 4-;“0 2-64 073
Magnesia . AN . 030 0-60
Potash i e .. 056 0+ 50 : 0-67
Phosphoric acid . .. .. 016 017 ! 0-08
Nitrogen . .. 0-09 006 E 0-07

TapLe No. 32.
Mechanieal Analysis,

Per cent. Per cent.

Clay and finest ilt .. . .o 1522 11-47
Fine silt . .. .. 8-95 T-44
Medium silt .. .. .. 12°18 834
Coarse silt .. . o 24010 10-52
Fine sand .. .. .. 3618 31:65
Coarse sand . . . 3-37 30-58

The above figures bring out clearly the difference between the black
and the Lizhter soils. The black soilis a loam. The lighter soil is sandy
loam and is less retentive than the black as shown by the loss on ignition
and the high proportion of fine and coarse sand. It also contains less
of lime but both of them are quite good in plant food constituents.

The Sabarmati alluvial which is the rickest in yielding crops in the
Abmedabad district Is not as rich as the other two soils in lime and
plosphoric acid. Its superiority over others must be due to the materials
bung easily available to the plants. This kind of light soil differs much
frow the light soils found on the trap and other hard rocks. There the
Light soils are half disintegrated rock forming a shallow layer while the
soll of the Sabarmati alluvial contains well disintegrated material and
the soils are deep so that the plants can spread their roota deep and draw
fully on the vast stores of plant foods present.
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The subsoils under the black and the Lighter soils resemble the soils -

under which they lie. Their figures of chemical and mechanical acalysis
are given in the following tables :—

TarrLE No. 33.

Chemical Analysis.
; - Sub-soil under
_— ‘e Sn&:&l:ﬁlﬂer‘ Goradu lizhter
T soil,
Per cent. ; Per cent.
Losa on igrition .. . 590 ; 360
Sand and insoluble silicates . 7364 8150
ime .. 376 303
Magnesia 030 0- 51
© Potash * 043 0-48
Phoephoric acid 013 . 0-12
Nitrogen .. 0-097 | 0-043
TapLE No. 34.
 Mechanical Analysis.
Per cent.  Per cent.

Clay and finest silt .. .. 12-28 12:96

Fine silt A .. 680 817

Medium silt .. .. 891 9-42

Coarse silt .. .. 18-54 8:80

Fine sand .. .. 4798 2734

Coarse sand .. .. 546 3271

The soils are very deep and of the same nature to a great depth.
That is the reason why these soils are rict in vielding crops.

The following table gives the variation in the constituents of a large
number of soils from the Ahmedabad district :—

Tasre No. 35,

Chemical Analysis.
P8 i
— Black soils, Goradu sotls. ‘ geb;ﬁ]&t_l
' i
Per cent. - Percent. - Per cent.
Loss on ignition .. o 484t 674 3-60t0 406 . 22210 2:90

Sand and inscluble silicates ..} 67 44t0 T4-83 T2:041082:82  83-08to 95-08

Lime . Jldiro 448 T 201 10 40 0:50 0 0°33
Potash . . 040to 056 D-4Bo 0-68 [ 02010 G067
Phoephoric acid .. .. 008t 0°16  0-12to 0°17 0-03 to 0-¢Y

Nitrogen .. « 00510 0°09  Oidto 0:09 b Ou3te 007
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The three tvpes of soils show their distinctive characteristics in the
sbove firures for loss on ignition and sand and insoluble silicates. The
Sabarmati solls are low in lime but in other respecta the three types show
vy similar variation in their plant food constituents,

(C) Kaira District.

Area.—The district of Kaira lies between 22° 14’ and 23° 7' north
lutitude and 72° 30" and 73° 23’ east longitude and oocupies an area of
1.608 square miles. .

Physical festures and rainfoll.—Kaira is & lowland country situated:
between the rivers Sabarmati and Mahi, The land in the centre is &
tract of the most fertile soil. Besides the two large rivers, the country
is watered by several small streams. The rainfall of the district is about
34 inches.

Soils.—The soils of the district are of four chlef kinds, light or gorat,
medium or besar, black or kali and alluvial or bhatha. The hr'ht or gorat
is the prevailing goil varving from loose-grained yellow sand of the fields
near the Sabarmati and the Mabi to a rich light brown found in central
talukas and in the south-west corner of Matar. The rich varety is
known as goradu besar.  Under medium or besar are several soils varying
from heavy sands to light clays. Soils of this class are distributed all
over the district but nowhere are they found over large areas. As a
rule the Llack or kali soil is poor, and scarcely ever deep. Alluvial soil
or blatha is chiefly found near the Vatrak river.

As indicated above the prevailing soil of the district is the light o
gorut soil.  Chemical analysis of this type of soil is as follows :—

TasLE No. 36.
Per cent.
Loss on ignition .. .. .. 46
Sand L .. . T
Lime .. .. .. 3T
Phosphoric acid .. .. .. 015
Nitrogen . .. o 0036
Mechanical analysis of the same is 1
TaBLE No. 37.
Per cent.
Clay and finest silt ., . .. 1064
Fine silt o .. . byt
Medium silt .. < b8
Coarse silt .. o 2479
Fine sand .. . o 529

Coarse sand - .. - 0-34
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This is distinetly a sandy soil rich in plant food constituents. A large
number of samples examined show that there are two types of soils—
one finer and the other coarser. Al the soils are fairly rich in plant food
constituents and are well drained. The following table will give the
variations met with in the two types :\—

TasLE No. 38,

Chemical Analysis.

— P S 4
I
. ——— } Finer. Coarser.
Per cent. Per cent.
Loss on ignition .. *58to 5:02 1-94to 2°18
“Silica and insoluble silicate ‘4 to 854 895 to 924
Lime ‘41to 397 0:50t0 1-26
Phosphoric acid *14to 018 | 0'08to 0'18
Nitrogen 046 t0 0+081 | 0:036 to 0-044

TasLe No. 39.

Mechanical Analysis.

s Finer. Coarscr.

! Per cen't. Per cent.
Clay and finest silt Lo 10°14 to 13°55 5:93to0 9:90
Fine silt © 3 17to 544 1-28to 3°63
Medium silt L3710 381 | 09410 216
Coarse silt 10T 24079 | 500010 17755
Fine sand J bz 9610 6474 | 6607 to 83°75

Coarse sand

2:67 to 18°22

‘i 0-36to 0-8Y

(D) Broach District.

Areq.—The district of Broach lies between 21° 25" and 22° 15’ north
Iatitude and 72° 31" and 73° 10" East longitude and covers an area of
1,467 square miles,

Physical features and rainfull —The district forms an alluvial plain
fifty-four miles in length, sloping gently westwards to the shores,
Exeept a few hillocks of sand-drift on the coast the level of the plain
Is practically unbroken. The temperature varies from 46°F. in
December to 112°F. in May. The annual rainfall is slightly over
33 inches,

Soils,—The soils of the district are divided into black and light with
several sub-divisions, The different varieties of black soil cccupy about
three-fourths of the whole cultivable area. They range from the rich
alluvial deposits on the barks of the Narbada, through the regular deep
cotton soil to the shallow lands near the sea. Staple crops on the black
sol are rice, cotton, wheat, jowar and bajri. In the seaside country
of Vagra, Jambusar and Amod the conditions are similar to those of
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Almedabad tract. The light soil gorat, goradu varies from the:
comolidated sand-drift in the south of the district, to the heavier lards
merging into rich alluviel seil of bhatka. Gorat cccupies in the vorth
nearly one-third of Jambusar Taluka, It yields Lagri, jouar, pulses ard
garden crops.  Blathais a rich alluvial depoeit and raises all kirds of
products, especially tobacco and castor oil plants.

In the table below are given the analytical figures of typical
sails. These indicate the nature of the three soils. ‘

® TanLE No, 40,
Chemical Analysis.

mm'l:;;.(l’lm" Bhata Roil. J Gorat Soil.
.\‘ur{nce' , . Sur{acel . | Burface| .
Soit, 1 Bubsoil.t ¢ f Subsoil. Soil. Subsoil.
i |
) Per ('em.![’er cent.iPer cent.lPer cent.|Per cent.'Ter cent.
Moisture 8- 40 644 256 ‘ 3:42 4-20 3:84
Organie matter 760 778 568 484 4:20 5:04
Rand Q6072 | 61:06 | U3-46 | T3-62 | 68-94 1 70°24
Lime ay Cal) . 0-398 | 0734 0288 | 0-286 ¢ O-398 ! 0-342
Magnesia as MgO L, 0-9% 1-30 050 | 080 060 0+ 60
Putarh sz K,0 . 0077 | o161 0115 02121 0-097 1 0°193
Phosphorie aeid as POy 0-074 1 041331 0-085| 0043 | 0:085) 0-070
Nitragen . 0051 ; 0054 | 0-078 1 007 0038 | ¢-024
TasLE No. 41,
Mechanical Analysis.
T ¢ J !
\Per oent.‘l’er cent.Per cent. Per cent. Per cent. Fer cent.
' |
Clay and finest silt oo 44:36 l 52:63 17-43 15°97  14:93 | 34-33
Fine silt 8-08 7-12 387 402 @ 328 2-58
Vedim silt Canss |o9es | 806 810 . 588 | 509
Coarse silt o 14065 1117 ) 24007 22:49 | 1147 | 12-05
Fine sand .120°70 | 18:35.130-16  44-33 | 6385 | 6492
Conrse sand 037 | 105 | 6:51 509 | 067 ; 103

1n the chemical analysis the least amount of sand is shown by the black
cotton soll and the highest by the bhatha soil. They all contain nearly
the same percentage of lime which is small, They are all quite good in
potash and in phosphoric acid.  In nitrogen the bhatka soil though not
rich is the best of the three while the gorat is poor.

The mechanical analysis gives very high figures of clay and firest silt
fur black cotton soil while for the other soils these constituents
are cowparatively low, though they are encugh to allew the scils to ke
sutliciently retentive of water. In gorat the fire sard gees up to 64 per
cent, while in the black cotton soil it is about £0 per cent.  The follewirg
table gives the percentage of constituents which hold down water and
which allow it 1o pass,
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TaBLE No, 42.

Black
e cotton Bh?‘lth& Gorat
soil, soil. soil.

Per cent. | Per cent. | Per cent.

Constituents which tend to retain water L owel 64-28 30-26 24-01
Constituents which sllow water to pass o 85072 69+74 75-99

These soils are distinct types. The soils and the subsoils do not differ
from each other in their chemical or mechanical analyses, The large
number of soils examined show but very little variation in the analytical
figures of these typical soils. It is only the lime which goes up to 3 per
cent. in some samples, i3 & varying constituent.

(E) Surat District.

. Area.—Burat district lies between 20° 17° and 21° 28’ North latitude
and 72° 35’ and 73° 29’ East longitude and covers an area of 1,653 square
miles. Joostwesorba by

Physwal features and rainfall—The district forms an alluvial plain
stretching from north to south for about eighty miles, and with a gradual
slope from east to west. The district can be divided into three belts
running from north to south, parallel to the line of the coast. Nearest
the sea is a barren stretch of sand drift and salt marsh, behind that a
richly cultivated plain, and further east a poorer and more open land
rising gradually into a hilly tract. The rainfall is the heaviest in the
southern talukas where it averages 66 inches. In the rest of the
district the average for the coast 1s about 40 inches while inland it is
53 inches,

Soils.—The soils of the district, all more or less alluvial in character,
belong to three classes :  The black soil, the light gorot soil and the third
which unites the characteristics of the other two.

Typical samples of black cotton soils give the following figures for
three localities in Surat District ;—

TasLe No, 43, .

Surat Taluka. | Bulsar Taluka. | Olpad Taluka.

Soil. |Subsoil. Sorl.  Subsoil.| Soil Isubson.'

i 1
Per cent.|Per cent. Per cent. Per cent. Per cent, Per cent.

| %
Moisture .. ..o 4090 498 . 546 @ 592 7-86 i

Nitrogen . .. 0-04 0'035‘ 0'06‘8] 0-044 ] 0°04

778
Los on igaition .. 390 | 618 ' 7-90 § 750 | T34 | 744
Sand . .. 60°20 | 75°36  G8-16 | 68-36 | 70°18 | 6602
Lime .. 075 | 04l | 105 f 060 | 079 | 0-96
Potash . 029 | 033 | 021 | 025 | .. .
Phosphoric acid .. 1 0:033| 0120 | 004 | 0-03 | 006 | 006
0-04
|
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These represent the generality of black cotton soil in the Surat District,
T'iey differ but slightly from each other. Some samples contain lime
much higher than in the above samples and exceptionally the percentage
may be found to go up to 5 or 6 per cent, These soils are quite good
in potash and fair in phosphoric acid and nitrogen. The soils and
subsoils do not differ much from each other in the proportion of the
important constituents, The figures for the mechanical analysis of
the same soils are as follows =

oTanLE No. 44.
Surst Taluks. | Bulssr Taluks. | Olpad Taluks.
i i
— ' | !
Soil. | Bubsoil, | Soil. Subsoil.

i Subsoil. . Boil.

b l
i

1
Per cent.“Per cent..Per cent. Per cent. Per cent. Per cent,

Clay and finest silt 32:29 ) 2827 36-68 | 4819 : 37-52 1 3904
Fine silt 636 779 | 1060 | 10°20: B-06 1306
Mediom ailt 789 744 559 608 697 698
Coarae silt . L 27-420 29-22| 22-62 ) 1732 16-91} 17-77
Fine sand i .| 26:34| 2668 21-29| 14-88: 20-80§ 22-78
“Coarse gand 020 6-10; 3-42 2:43 074 '\ 037

The soils of Bulsar and Olpad are slightly more clayey than the soils
of Surat but on the whole they are similar and contain nearly an equal
proportion of constituents which increase retentivity in the soil and of
those which decrease retentivity in the soil. Taking the three typical
suils we get the following proportions :—

TasLE No, 45.

| Surat Bulsar Olpad
e i Taluka, | Taluka. | Taluka.
1 Soil, Soil. Soil.
!| Per cent, | Per cent. | Per cent.
Camstituents which increase retentivity W 46°04 62:67 - 5255
Constituents which decrease retentivity . 53-98 47-33 4745

Typical Gorat soils show the following percentages of chemical

cconstituents ;—
TasLE No. 46.

1 11

Per cent, Per cent.
Molsture . 3:46 3-50
Loss on ignition., 618 638
Rand 72-10 73:32
Line 0-51 0-24
Potash . 025 0:33°
Phoxplioric acid., . 003 0-07
Nitrogen . 0-08 0-09
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Compared to the black cotton soils of the district the gorat contairs a
large proportion of sand and insoluble matter and a low percentage of
lime, In other constituents the gorat does not differ from the black
cotton soil. The proportions of the physical constituents are as
follows :—

TasLe No, 47.

1 11
Per cent. Pergcept.

Clay and finest silt . 6-51 6-81) | Constituents
Fine silt .. 692 6:40 > 21-23  which increase
Medium silt . 786 8:02) - retentivity.
Fine sand .. 19:80 2110 Constituents
Medium sand ., 52°26 49-76 > 7877  which decrease
Coarse sand .. 665 791 retentivity.

Although these soils are well drained yet they contain enough of clay
and fine matter to retain sufficient water for crops. Such a soil with
fairly good propertions of plant food constituents as shown hy
the chemical analysis are very good for irrigated and garden crops and
“somme of the best garden crops of Surat District are grown on this kind
of soil.

As stated before, besides the two distinct soils, there are others which
unite the characteristics of the two. In the proporticn of chemical
constituents there is very little difference between the two soils on one
hand and the intermediate soils on the other except in Lmwe which ie
intermediate. This will be seen from the samples given below :—

TasLE No. 48.

Per cent;,
Motisture . .. . .. 573
Loss on ignition .. .. . N N
Lime L. .. .. .. 0-99
Potash . .. . .. 0-174
Phosphoric acid .. . .. oo . 0065
Nitrogen . . . 0044

In the proportion of mechanical constituents however the inteimediate
soils are intermediate between the black cotton and the gorat soil i

TaBLE No. 49,

Per cent. Per cent.

Clay and finest silt .. 21480 Constituents
Fine silt . .. 1216 5 38+48 which increase
Medium silt .. .o 452 retentivity,
Fine sand .. . 24°910 Constituents

Medium sand .. .. 3555 » 61'52 which decrease
Coarse sand .. .. 106 retentivity.



33

Putting the mechanical constituents side by side the difference
15 hrought out clearly.

TasLe No, 50.
Constituents Constituents
— which increase | which decresce
retentivity. retentivity.
- ® Per cent, - Per cent.
Black cotton soils . o . 52:67 47-33
Intermediate soils . ‘- .. 3848 6162
(zorat eoils . .. .. 21-23 ’ 877

The study of the analysis of the various soils in the Surat District brings
out clearly that the different characteristics exhibited by these solls
are due not quite so much to the differences in the proportions of their
chemical constituents but to the differences in the proportions of their
mechanical constituents,

CHAPTER IV.
SOILS OF THE DECCAN DISTRICTS.

The Decean Districts include East Khandesh and West Khandesh
forming one group and the remaining five districts—Nasik, Ahmednagar,
Poona, Satara and Sholapur—forming the second group. Al the districts
have got only one kind of rock underlying, namely, the Deccan Trap.
The soils, however, show a good deal of variation as can be seen from
the details which follow,

(A} East Khandesh.

Area.—The district of East Kbandesh lies between 20° 16’ and
21° 27’ North latitude and 76° 52 and 76° 24’ East longitude and covers
an area of 4,424 square miles,

Plysical features and rainfall.—East Khandesh abuts on the Deccan
upland and includes on its northern frontier an extensive tract of high
hills belonging to the Satpuras. It is intersected by the Tapti River
and drained by it and also by the Girna and the Purna, The average
rainfall of the district is about 28 inches.

Rucks.~The prevailing rock is the Decean trap with its different
varieties,

Sotls.—The banks of the Tapti form very extensive plains of the richest
soil. The Tapti valley, is on the north well-wooded and on the soutb,
except in the Bhusaval Taluka, grows many maugo trees. The Girna
valley is fringed with poor red soil and waste lands which are rugged
and stoney.  The soil near the river banks is better, though much inferior
to the Tapti valley svils, The black soils of East and West Khandesh
huve & common origin and in theircomposition they resemble each other
very much. The following table gives analysis of a typical cotton black
soil and the subsoi] underneath it and one light soil,

NU @ 55w

-
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Tarre No. 51,
Chendeal Analysis.
I |
' . - i
—_ | BlckSoil] g% | Light Soil

|

i |
.o Per cent. | Per cent. | Pex cent.

« Loss on ignition .. .. o 9020 100 Lo
Sand sud insoluble silicates .. . bognta | 6434 0 7003
Lime 2-64 4-20 .
Magnesia .. .. o 020 040 .
Potash . . L0020 060 0-29
Phosphoric avid 0-09 0-10 - 010
Nitrogen 011 0-058 004

Tapre No. 52
Mechanical Analysis.
Clay and finest silt . . .o 4915 B1-04
Fine silt .. .- o399 563
Medium silt .. . . 634 7448
Coarse silt . - .. 1076 9-87
Fine sand .. . Lo 25062 2447
Coarse sand . . .. 415 153

Variation in the figures from a large number of black soil samples are
given in the following table :—

TaBLE No, 53.
Chemical Analysis.
Per cent.
Loss enignition .. . o 92040 20000
Sand and insoluble silicates .. . 6316 t0 68°36
Lime .. e - 11210 448
Potash .. et .. 01710 073
Phosphoric acid .. . . 0-08to 0°16
Nitrogen . 0:04to 0-11

The striking feature of all the Khandesh soils is that they ate well
provided with plant food constituents and their mechanical condition
is quite good, for cotton and rabi crops of wheat, ete. They have all
been derived from trap and have been brought and deposited on the
banks of the rivers by their waters. :

(B) West Khandesh.

drea.—The district of West Khandesh lies between 20° 58 and
22° 2" North latitude and 73° 35 and 75° 17’ Fast longitude and covers
an area of 5,439 square miles, N
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Plysical features and rainfall.~~West Khandesh is hilly and rugged
except where wide black soil plains extend on either side of the Tapti
and its tributaries, The Tapti plain of Shirpur is rich but the
northern parts are hilly, The average rainfall of West Khandesh
18 24 inches. : '

Rocks.—The prevailing rocks of the district are the Deccan trap and
its varieties, .

Svils.—The soils of this diswict are essentially derived from Trap.
Along the banks of the Tapti river and its tributaries there are deep black
cotton soils, They are very deep and retentive but away from the rivers
and neat the hills the soils are shallow and of lighter type. The following
figures show the composition of two typical black cotton soils and one
subsoil of West Khandesh :—

TasLE No, 54.

Chentical dnalysis,

; ‘ .
i+ Black ' “Black Subsoil
e i cotton : cotton ander

soil I. . soil IL | No. IIL.

" Per cent. ' Per cent. | Per cent.

Loss on ignition i . .o 1166 - 9°18 918
Sand and insoluble silicates .. o B3UT0T T 64:00 62-64
Lime . o - 4+39 1-63 1-13
Magnesia .. o 527 | 050 050
Potash . . . 053 017 0:40
Phosphoric acid . .. B (25 1) 0-08 0-07
Nitrogen i . o 0054 0-11 0-064

TasLe No, 55.

Mechanioal Analysis.

Black Black Subsoil
— cotton cotton ander
soil 1 soil I1, ‘ No. 1.

' |

I
" Per cent. | Per cent. | Per cent.

Clay and finest silt .. . o 42084 4546 47-12

Yine silt .. .. . 865 . 4+56 4-68
Medium silt .. .. .. 1863 615 6-40
Coarse sl . . 1383 12-84 12-14
Fine sand . o . 14-13 2652 25-58
Conrse sand and gravel . . .. 413 447 | 408

All the three suils very closely resemble each other except in the case
of lime and magnesia which may vary from place to place. On the whole
the soils are well stocked with plant food constituents, The soils are

¥O q 93—3a
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sufficiently retentive of moisture for a crop like the cotton and
also contain enough of coarser particles to keep the soilin a good physical
condition. . ‘
(C) Nasik District. ¥

Area—The district of Nasik lies between 19° 35" and 20° 53’ north
latitude and 73° 15’ and T4° 56' east longitude and covers an area of
5,892 square miles, ‘o

Physical Jeatures and Natural divisions and rainfall—With the
exception of a few villages in the west the whole distriet is situated on a
table-land. The table-land portion is divided into three tracts
(1) Dangs, (2) Desh and (3) Transition. The general characteristic
of the Dangs is rough, hilly ground. Tt stretches east from the crest
of the Sahyadries and varies from ten to thirty miles in width. The
rainfall is generally high. The Desh includes Malegaon, Nandgaon, Yeola
Niphad and the eastern portions of Chandor and Sinnar talukas with
rainfall from 18 to 28 inches. The transition tract includes the rest ot
Siunar and Chandor and parts of Baglan, Kalwan Dindori and Nasik
talukas. This tract has a rainfall varying from 30 to 40 inches,

Rocks.—The whole district forms part of what is known as the trap
region of the Deccan.

The trap includes compact stratified basalts and also softer amygdaloi-
dal trap. A peculiar feature in the geology of the district is the absence
of the laterite, which is found capping the hills in the southern districts,
There is no tract of laterite of any large extent though there appear to
be slight traces of it at the Thal pass through which the Great Indian
Peninsula Railway enters Igatpuri. The lithological character of the
basalt varies greatly. In'some cas~s the tabular trap is of fine texture,
and takes a fair polish, in others it is coarse and nodular.

Soils.—There are four kinds of soils :—(1) black or kali (2) red mal
{3) reddish black which is a mixture of red and black and (4) light brown
called barad. Except in the uplands, where some of it is poor, black
soll 88 found mostly in the plain country near the beds of rivers, is often
deep, and very rich and yield excellent cold weather crops of wheat and
gram. Red soil which is stiffer and shallower is found chiefly on hill
slopes or plateaus and yields good rainy season crops, The reddish
black coloured soil which is a mixture of the red and the black is found
occasionally in hilly tracts, and yields gram, lentils, and other
cold weather crops. Light brown which is found on hilly lands is often
strewn with boulders and mixed with lime nodules. It never gives
more than a light crop and yields nothing at all when the rainfall i
scanty,

Black soils.—Twenty-six samples of black soils from the transition
tract and five samples from Desh tract were analysed. The sample:
from the Desh tract were analysed only for nitrogen, potash and phos-
phorie acid,
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The varistions are given below :—

TasLe No, 56,

Chemical Analysis.
— Transition Desh tract,
tract, ; -
B -~ |
!
Porcent. . Percent.
Lose on ignition o .. o 14 g4 to 2092 0
Silics and insoluble silicates . .| 52:56 t0 6576 |
Lime . .| 338t T84,
Potash . " .. 0-42t0 085 ] 0 53t00-90
|
Phosphoric acid .. . .| 015to 0°67] 0:073100°23
Nitrogen . . | 005t011:0 | "0 060014

I

Chemical analysis shows that these black soils are well provided with
the necessary plant food constituents. They are rich in lime. The Joss
on ignition shows that they have s good retentive capacity for
water and for manurial ingredients. The physical analysis given
below shows that the various separates are in good proportion with
regard to water-holding capacity and also keeping the soil with good
drainage. This is the reason why with good rainfall or with irrigation
facilities the soils yield good grain crops and also grow good crops of
vegetables and such crops as the grapes.

Tasre No. 57,

Mechanical Analysis,

Per cent.
Clays, finest silt and fine silt .. .. 1450 to 20° 56
Medium silt .. .. .. 4'31to 955
Coarse silt .. .. . 10-72 to 15- 15
Fine sand .. .. .. 29-71t0 35°32
(Coarse sand . .. oo - 2403103309

Some Jands in the Malepaon Taluka—desh tract—were left as waste
without cultivation for over twenty-five years and the black soils from
this place give comparatively lower figures for the plant food con-
stituents. The potash was found to be about 006 per cent. and
phosphoric acid about 0-03 to 0-04 per cent. and even lime though
enough in guantity is less than in the soils given above,
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Reddish black and Red soils —These are inferior in every way to the
black soils and out of the reddish black and red, the latter are poorer
than the former. The analytical figures are as follows :—

TaBLE No. 38,

¢ Iwrmcal Analysis.

Reddish -
- ol lack soils. Red sofls.

Per cent. Per cent.
Loss on ignition v - .0 8:90t0 940 5-90to 8°10
Silica and insoluble silic M(’-; Co .. 45+0 to 56-0 7090 to 50
Lime . .. Ll 9701010:20 | 1412t0 173
Potash . o .0 0'10to 0°16 | 0:06t0 0°10
Phosphoric acid . . . 0'04to 050 0:02t0 0°04
Nitengen .. o ) 0,09t 011 0-06t0 0-09

The figures fur loss on ignition and sand show that the reddish black
soils, though not quite so good in their retentive power as the black soils
are good enough to grow crops with a sufficient supply of water. The
red suils, however, are not much retentive and tend to be hungry. In
the plant food constitutents the reddish black soils are good encugh but
the red soils are comparatively poor and hence the red soils give some
ctops only when there is sufficient water hut otherwise practically very
little is expected out of them,

There are some soils which are poor in yielding crops. They
are white coloured, exceedingly dry a:d hungry and yield if at all a
poor ¢rop.

Their analvtical figures are as follows 1~

TaBLE No. 59.
Chemical Analysis,

Per cent,

Loss on ignition .. .. . 3:00to 540
Silica and insoluble silicates .. .. 7520 to 80- 40
Line - .. .. 2:90to 3-10
Potash .. .. - 0-10to 015
Phosphoric acid .. .. .. 0°07t0 0°07
Nitrogen .. .. .. 0-02t0 0°03

Lime, potash and phosphoric acid are not deficient but the poverty
aud the hungry character of the soils are shown by the high percentage
of sand and a low percentage of Joss on ignition, The last indicates that
the soil has very little water-holding capacity and unless there is a good
amount of water there will be no good crop,

(D) Ahmednagar Disirict.

drea—The district of Ahmednagar lies between 18° 20 and 19° 59’
north latitude and 73° 37" and 75° 41’ east longitude and occupies an
area of 6,629 square miles,
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Physical featwres and rainfall—The principal geographical feature
of the district is the chain of the western Ghats which extents along a
small portion of ithe western boundary and throws out three great spurs
and ridges towards the east, These spurs continue to run eastwards
into the heart of the district, the valleys between them forming
the beds of the Pravara and the Mula rivers. The district also has two
parts—the Dang or hilly country and the Desk or plain country, But
the Dunys here are only a small part. occupying western half of the
Akola taluka. Tu the Godayagi valley are the fertile alluvial plains of
Kopergaon, Rahuri, Nevasa and Shevgaon, growing wheat, millets,
cotton and oil seeds. In the south lie the alluvial, though less fertile,
tracts of Shrigonds and Karjat in the Bhima valley. Between these
vallevs there is every variety of bare hill and cultivated dale in
the Sangamner, Parner and Nagar talukas and Jamkhed mahal. The
rainfall in the Dangs 18 200 inches but the average rainfall of Desh which
forms almost the whole of the district is only 20 inches,

Rucks—The whole district forms part of the great trap region of the
Deccan. Throughout Abhmednagar the alternate beds of basalt and
amygdaloid preserve a striking parallelism to each other, In the
bacalt prismatic formation is marked in many places. Round or oval
masses of compact basalt with concentric layers, known as concre-
tionary or nodular basalt are widely diffused. Vertical basaltic dykes
are also met with here and there,  Another distinctive feature is the
occurrence of strata of red bole rock under-lying thick strata of basalt
or amygdaloid, It wvaries from friable clay to compact earthy
jasper.  There is also the oceurrence of large quantities of loose stones
of all sizes. In some places they cover fields several acres in extent,
so thickly that the black soil underneath is not seen. There are lime-
stoue outcrops at several places on the west side of Kanhur platesu,
There are lime stone cliffs worn by water,

" Soils.~The three chief kinds of soils in the district are black,
red and grev or whitish.  The soils along the river banks are deep and
rich and gradually grow poorer as they approach the hills. The
chenucal and mechanical analyses of the various soils show that they do
not differ in any way from the tvpical trap soils of such districts as
I'oona, Satara or Nasik,
TasLE No. 60,
Chemical Analysis.

: ‘ .
— i Deepblack. | Mediumblack. . Limy.

Per cent. Per cent. | Per cent,
Loms 0w ignition S 12°30t0 1720 11432 t0 1302 17-86
Rand and insoluble silicates .o 8107010 55°20 0 6692140 72452 2260
Lime Lo 644 to Bob4 14680 5601 17-4}
Potash o s 1-20 02310 0-47 063
Phospboric soid . U 17to 0-3% 0-11to0 1-23 0-14
Nitrogen .. 0-ndto U-15 0-0ite 006 007
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TasrLe No. 61,

Mechanical Analysis.

. ' . : A typical : .
R ‘ biack goil. Lighter soils.

Por cent. Per cent.
Clay and finest silt, and fine silt . ' 4657 4:37t0 931
Medium silt . . 13-89 2-27t0 5°10
Coarse silt . . 4-46 73701076
Fine sand .. .. 20-68 69-37 to 82:93
Conrse sand . o 1440 3-66to 588

The soils are tich in plant food constitutents and the black soils are
retentive of moisture. With a good supply of water these should and
do give excellent crops.

(E) Poona District.

Area.—The district of Poona lies between 17° 54’ and 19° 24’ north®
Jatitude and 70° 19 and 75° 10 east longitude and covers an area of
5,357 square miles,

Physical features.—Towards the west the country is undulating and
intersected by numerous spurs of the Western Ghats. To the east of
the rugged hilly western belt is the Transition belt and to the east of
this ia the Desh tract. The Desh tract s a plain country.

Climate and rinfall.—On the western side the rainfall is heavy and
goet up to 200 inches on some crests. In the transition tract the
average rainfall is 30 inches while in the Desh tract it is 20 inches.

Rocks.~—~The prevalent rock of the Poona District is all trap.
Protically all the varieties of trap such as the concretionary, vesicular,
amygdaloidal tract, etc., and also black, brown and reddish coloured
trap are found in the district.

Soils.—The soils of the district are lighter in the west than in the east.
They belong to three classes, black or medium black (kali), red
{tambadi) and coarse grey (barad). In many places each kind of soil
mixes with the other in various proportions and in turn is modified by
sand, gravel, lime and other ingredients. In the study of the soils of
the Poona district it will be convenient if they are considered separately
according to the tract from which they come, As has already been
mentioned above there are three separate tracts of which the Poona
district 13 composed and each of these should be dealt with separately.
The three tracts are (1) the mawal tract, (2) the Transition tract and
(3) the Desh tract.

The mawal traq.—It is mostly the western part of the disrict
extending right from the north of Junnar Taluka down to the southern-
most part of the Bhor State where it touches the Kolaba district. In
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fact it ig a belt of the topmost hills of the Sahyadri mountains. The
hilly belt comprises about a third of Junnar, Khed and Haveli Talukas
and half of Purandar Taluka and Bhor State,

The South west monsoons break up on tbe hills of the western Ghats
and heavy downpours of rain are received by the maual tract during
the months of June to Scptember. Although the tract receives
so much rain very little of it is retained. Most of it runs down
the slopes earrying with it fine particles of soil. The soils on the bill
slopes are poor and shallowsart grow ouly inferior millets. The soils
at the foot of the slopes are good enough to grow rice and with a good ,
amount of late rains a second exop of wal. Some of the best rice inthe
Presidency is grown in this tract.

TaBLE No, 62,
Chemical analysis of Typical Nachans and Rice Soils.

Nachani soils Rice soils,

Minimom,| Maximum,| Minimum.| Maximum,

|
]

\ Per cent. | Per cent. | Per cent. | Per cent.

Loss on ignition .. .. 498 791 7-29 .~ 817
Silica and Insoluble silicates Lo 62-58 7127 59-23 = 61-99
Iron and Alumina . . 16028 1 20028 20:08 1 2358
Lime - .. 0-74 078 069 ' 106
Magnesia - o 066 1-12 1 094 1-22
Potssh .. e 0008 0-15 0:09 | 011
Phosphoric acid . - 008 0 009 0-051 ‘ 0-076
Nitrogen . -l 007 i 0-07 0-052 \ 0°126

The nachani soils are from the higher portion of the hill and are
shallow while the rice soils are from the valley portion but they do
not show much difference in the proportion of total plant food consti-
tuentt, They, however, differ in their mechanical analysis as shown by
the following two typical soils :— ' )

Tasee No. 63.

—_— Nachanisoil. ~  Rice soil.
_ — - S
Per cent. Per cent.
Clay and finest silt . .. .. 16-31 26-53
Fune silt .. . .. 4-45 ' 8-49
Medium eift .. .. .. 501 635
Coare silt .. .. o 18:73 i 17-17
Fine sand .. .. . 38-43 25°18

Cuarse sand . .. .. 1707 1628
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The rice soils are more clayey and have more retentive power than
the nachani soils, But the chief difierence is that the nachant soils are
shallow while the rice soils are comparatively deep.

The transition tract.—-This tract lies between the hilly leavy rainfall
tract on the western side and the plain dry Desh tract on the eastern
side. The transition strip extends right from the northernmost part of
Junnar Taluks to the southernmost of Haveli. It includes a large
partof Junnar, Khed and Huveli Talukas and part of Purandhar Taluka.
As the tract is situated at the foot 8f the hill slopes, it has two
advantages, viz., (1) it receives sufficient rainfall (though at times it
may not be enough), and (2) it receives washings from the hills which go
to enrich the soils. Many of the soils, therefore, are fertile. The best
garden soils of the district are situated in this tract. BSugarcane is
extensively grown. Grapes, figs, oranges, plantains, etc., are also grown
with success. It is & well-known tract for vegetables. These are cul-
tivated either on canal or well irrigation,

During the village study started by Dr. H. H. Mann all the types of
the soils found at Pimpla Soudagar* (about six miles from Poona) were
analvsed.  This is a typical village of the transition tract and the soils
theré represent soils found in the transition tract all over the Bombay
Deccan and hence these are given below in detail.

The so-called murwm is a material produced by the decay of the rock
in situ, The murum laver 15 commonly, though not universally, found
hetween the rock and the actual surface soil in the Deccan and is many
times exposed at the surface and forms a poor type of soil.  The murum
layer is formed of porous material containing half decayed rock which
is usually pecetrable by plant roots. It is a poor dry soil from four to
six inches deep overlying a subsoil of hard murwm into which plant roots
hardly penetrate. Its colour varies frem whitish yellow to whitish black.
It generally forms a dry hungry soil. With careful tillage it gives, in
a favourable scason a fair erop of bajrs (Pennisetum typhoideum), tur
(Cajanus indicus) and niger (Ginzotia abysinica). A typical specimen
of such xoil gave the following figures on analysis,

TABLE No. 64.

Per cent.
Loss on ignition ., . .. .. 806
Silica and insoluble silicates . .o 79°96
Organic matter (by direet determination) oo 082
Lime (Ca0) .. .. . .. 080
Potash (K20) .. . .. o 0093
Phosphoric acid (P2Ps) - .. .. 011
Nitrogen .. .. . .. 0005

*“Lland and Labour in a8 Deccan Viilage ™ by H. H. Mann, D. L. Sahasrabudbe
and others. Bombay University Economica Series No, ) of 1917,
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The soil is poor in humus and hence in nitrogen ; in other respects it
is well furnished with plant food. Its physical character is shown by
the following figures:—

TaBLE No. 65,

Per cent.,
Clay aud finest silt ‘e .. .31
Find silt .. .. .. " 307
Medium silt .. - 421
Coarse silt Lo . .. 11'35
Fine sand . .. .. .. 60-78
Coarse sand and gravel ‘e . . 1748

These figures are enough to show the very dry character of the soil.
Its excessive dryness seems to prevent the development of organic
matter, and so such s0ils in the Deccan remain half-barren. They bave
low retentivity and hence their extreme poverty.

Yellow soil.—This soil differs little from the murmad soil and where
it lies directly on rock it is drier. Its depth does not usually exceed
four to five inches, It produces a poor crop with good rain.

The mechanical analysis of a typical specimen shows the hyngry dry
nature of the soil.

TaeLe No. 66.

, Per cent,
Clay and finest silt e .. )
Fine silt .. . . R 5
Medium silt 342
Coarse silt 811
Fine sand . 50-99
Coarse sand and gravel 30-32

The following figures show the results of chemical analysis :—

TasLE No, 67.

Per cent,
Loss on ignition .. . . .. 740
Silica and insoluble silicates .. . .. 8080
Organic matter (direct determination) .. .. 097
Lime (CaQ) .. . . .. 060
Potash (K,0) .. .. .. .. 115
Plosphorie acid (P,0,) .. . 0020
Nitrogen . .. ' 003

Black soll.—The greater part of the valley portions of the transition
tract 15 composed of black or medium black soil. This material
variowaly called black cotton soil, or regur, derived from the finer
portions of decayed trap rock as carried by water to lower levels, is not
by any means always similar. Where the finest material and clay
predominate, it forms a very clayey soil contracting enormously when
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dry and forming masses as hard as rock and consisting of a slimy jelly-
like mass when saturated with water. Where the clay is present
in lesser quantity the special characters of the soil are exhibited to a
smaller degree but they are notdissimilar in kind. The heavier and more
clayey black soils are characteristic of the eastern part of the Deccan,
for there the slopes are less steep, the water carrying allaviun has to run
a greater distance and hence the materials are ol a finer texture. As
one proceeds sto the west the soils, though black and possessing
characters above described in a measyre, are less heavy and are
usually styled ““medium black” soil or * light black  seil according to

" the amount of clay which they contain, The depth of such a soil may
vary from a foot to five or six feet. Where the soil is deep there is very -
little difference between the soil and sub-soil in texture or in colour.
The following figures bring out the characters of black soil which is
sufficiently deep and clayey :—

TasLE No. 68.
Mechanical Analysis.

Soil. Subsoil,

(071097  (9"t0 18"

Per cent. Per cent.
Clay and finest silt N . 48 5
Fine silt .. .. 612 597
Medium silt .. .. 10°7 13-6
Coarse silt 84 75
Fine sand 81 77
Coarse sand and gravel 67 5'8

TasLE N, 69,
Chemical Analysis.
7 Soil. Subsoil.
(0" to 9° deep) (9" to 18” deep)

Per cent. Per cent.
Luss on ignition . " 19-2 206
Silica and insoluble silicates .. 63'8 657
Organic matter (direct determination) .. 2-38 .
Lime (Ca?) . .. . 1-90 1-40
Potash (K,0) .. .. . 1:60 0-80
Phosphoric acid (P,05) .. . 0-23. 0-42
Nitrogen . .. .. 0-06 0°05

These figures are exceedingly striking and illustrate in a very efiective
manner the characteristics of a large part of the black soil areas of the
Deccan, There is a great similarity between the soil and the subsoil.
As regards the size of the particles the most prominent feature is the
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very small quantity of what can be claseed as clay on account of its fine-
ness, in & soil so markedly clayey. It is probable that in a soil like this
a very small amount of genuine colloidal clay is capable of giving its
character to any soil in which fairly fine particles predominate. In no
soilg is this character so erphasised as in the Deccan black soil ; the
fine eilt here must be also in a very highly hydrolised and in a semi-
colloidal condition, and if this is the case the high percentage of
combined water would be understood and also the great retentiveness
of the soil for water can befegplained.

The high percentage of loss by ignition of the dried soil is also a very.
characteristic feature of black soil and is due to the presence of much
combined water and not to a large quantity of organic matter. The
organic matter is usually very small. The origin of the black colour is
not fully known in spite of many attempts to discover it*. In part it
seems to be due to finely divided magnetic oxide of iron but this is not
the only cause. One thing is certain that the colour is not due to any
thing but to a minor extent to organic matter and in fact the black soils
of the Deccan are remarkably deficient in humus and hence in nitrogen.
The deficiency in organic matter and nitrogen is perhaps the most
strongly marked feature in the chemical analyses of Decean soils.
They are rich otherwise. The total and available phosphorie acid is
not low, though the soils often respond to phosphatic manures, They
do not much respond to potash manures. The lime is usually sufficient
and many times in excess. The soils which are, as shown above, defici-
ent in organic matter respond very quickly to nitrogenous manures,
provided the water in the soil is maintained sufficiently high in
amount. The water contents represent the limiting factor in the soils
of the Deccan. If the water can be guaranteed, it pays to manure
heavily with organic and nitrogenous manures.

A typical mediyn black soil of Pashan—a village about four miles
from Poona-—in the transition tract gave the following figures :—

TabLE No. 70,

Mechawical Analysis,

Per cent,
Clay and finest silt . .. oo 1794
Fine silt .. .. .. .. 909
Medium xilt .. .. .. o 11017
Coarse silt .. . . 137
Fine sand .. .. - o 4382
Cuarse sand aud gravel . . . 423

*Annett—Mem. Dept. Agric., Ind. Chem. Series Vol I, No. 9 (1910).
Harrison and Shivan—Mem. Dept. Agric., Ind. Chem. Eeries Vol. 1. Xo. 5 2912y,
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TaeLe No. 71,

Chemicdl Analysis.

Per cent.
Moisture .. . .. .. 660
Loss on ignition .. .. .. Lo 1140
Silica and insoluble silicates .. . .. 5840
Tron oxide {Fe,0y) o . o 1099
Alumina (Alz0,) .. - L .. 680
Lime (Ca0) o .. . .o 4000
Magnesia (Mg0) .. . . .o 1460
Potash (K,0) R . o 040
Phosphoric acid (Py0;) . . . 008
Nitrogen . . B i 4 1)

This is sufficiently retentive and yet porous enough to drain properly
and hence quite suitable for garden crops.

Silt which accumulates on the river banks yields good garden crops
for various reasons. It contains varying minerals well mixed together
and well acted upon by the disintegrating agencies and bence contains
generally sll the plant food constituents sufficiently available to the
crops. The soils formed from the silt have a good retentive power and
are also well drained, These characteristics are well brought out by
the following analytical figures i—

TarLE No. 72,

Mechanical dnalysis.

Per cent.
Clay and finest silt .. L .. 19-81
Fine silt .. .. .. * .. 579
Medium silt . .. .. . 447
Coarse silt .. . . .. 14-99
Five sand .. .. .. .. 5336
Coarse sand .. . . .. 1-58

TasLe No. 73.
Chemical Analysis.

Per cent.
Loss on ignition .. . . 912
Sand and insoluble silicates .. .. .. 6251
Iron oxide . .. .. oo 1072
Alumina .. . .. .. 10778
Lime LT . R R
Potash .. .. .. Lo 00174
Phosphoric acid . .. .. . 009

Nitrogen .. o . .. 0°086
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The variation shown by the analysis of a large number of typical
soils of the transition tract is given below :—

Murmud soilg—

TasLe Nn. 74,

Chencal Analysis.

) -
— i Minima. Maxima.
Per cent. Per cent.

Loss on ignition .. .. . 423 10-20
Stlica and insoluble silicate . .. 68-12 8246
Lime .. ve .. 0-16 383
Potash .. N . 0-52t 089
Phosphorjc acid o . . 0-13% V-39
Nitrogen . . .. . 0-009 005
$1n one care it was as low as 0-052. $In one care it was 0-056.

TasLE No. 75.

Meclantoal Analysis.

— Minima. j Maxima,
Per cent. i Per cent.
Clay and finest sikt 3:32 6-02
Fine silt. 3-05 590
Medium silt 2-82 5:92
Coarse silt 962 | 1557
Fine sand 37-22 r‘ 48-97
Coarse sand and gravel 26-27 39-61
Medium black svils—-
TasLe No, 76,
Chemical Analysis,
— I Minima. Maxima,
- ——
[
l Per cent. Per cent,
F4s on emition . .. . r 888 18-56
Silica and insolubde silic ate . 48:71 6846
Lime . 2-57 510
Potash . 0-28 078
Phosphotic acid . 005 0-22
Nitroven " 005 0-08
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Taere No. 77.

Mechanical Analysts.
Medium Bluck Sois :—

. o 3

Minima. Maxima.
Per cent. 1 Per cent
. '} » t

Tt e Coony e [
Medinm silt .. . - 670 10-33
Coarse silt .. . . 23-00 | 2857
Fine sand .. . . 24-34 39-87
Coarse sand and gravel .. . N 11-28 ‘ 2775

The Desh or the dry tract.—This fract occupies the whole of the
eastern part of the district, It includes Sirur, Bhimthadi, and Indapur
Talukas and a part of Haveli and Purandar Talukas. = The country
is mostly & plain and the soils in many places are fairly good. Some of .
the best jowar and oil-seeds are grown in this tract. Since the advent
of the Mutha and Nira-canals large portions of Bhimthadi and Indapur
as also a part of Haveli are brought under irrigation. The canal
irrigation has turned some of the soils into salt Jands.

This tract has some deep black soils but a comparatively large portion
is occupied by light black soils. There are then the Murmad soils and
here and there we meet with soils which are red in colour. Some of
these soils were studied in detail along with the village study in the
Deccan. The village *Jategaon (near Shikarpur, 24 miles from Poona
on the Poona-Ahmednagar Road) is a typical village of the dry tract in
the Poona District and many of the soils there, ar: ‘representative
of those found all over the dry tract of the Decean.

The medium black or light black soils.—Under this head may be
included all those soils which are more than ten inches deep and which
have a more or less black colour. They vary usually from ten or
twelve inches to about three feet in depth. Under the soil generally
there is 8 layer of murwm which is merely half decomposed trap. The
material drains freely and so once water sinks below the level of the soil,
1t i3 practically lost and irrecoverable for the use of all crops and plants
except large trees. These soils are of a lighter and less clayey .
trpe than the deeper black soils found in many places of the dry tract.
The deep cracking of the black soils in the hot weather is less prominent
in these soils. These soils, however, include rabs lands and what are
called the gacali or wheat lands. The soils are capable of growing
b1jri in years of good early rains and shalu jowar when the rains
are late. Wheat and gram are grown on deeper soils. These soils are
quite suitable for growing garden crops if irrigation facilities are

'Lu;l snd labour in & Decean Vji]]age No. 2b§}. H. N V. Kan
Bombay University Economics Series No. 2. T Mann, N V. Karithar,
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available. A mechanical anl chemical examination of the soil and
subsoll from two typical places gave the following figures :—

TaBLE No. 78,
Mechanical Analyses.
—— - . r —-
( No L ' No. 2.
- .0 1 ‘
Soil. Subsoil. Soil. Subsoil.
] |
Per cent. | Percent. Percent. = Per cent.
Clay and finest silt . . 16 4-0 63 ‘ 48
Fine silt . o 56 51 68 t 41
Modium silt i 30 30 68 | 41
. Coarse silt - 69 8-0 1441 76
Fine sand s 759 754 63:3 740
Course sand B T 36 | 56
- Stones ! 71 ! 83 13-3 | 17°5
T
TasLE No. 79
Chemical Anal'z/ses‘ '
XNo. L. No. 2.

e

' Soil. Subsoil. Soil. lSubsoiL
|

! i

1

l

005 006 . 0°08

Per cent. | Per cent. | Per cent. | Per cent,
Lass on lgnition . . 2000 18:90 18-50 | 17-40
Nilica and mwluble sl]ll&t(‘\ 54-20 6030 6080 } 7040
Lime .. - .. 2:90 } 310 310 030
Potash . 1 066 0-37 012 © 040
Phosphoric scid . . 003 1 010 | 005 @ 003
Nitrogen .. . ‘ 0:05

The figures indicate the close similarity of soils. In both cases the
large loss on ignition reveals the presence of much highly hydrated
substance and hence of very sticky material in the finer portion of
the zoll.

The murmad sod.~This soll does not differ in any way from the
murmad soil of other tracts in the Deccan. Tt consists of highly porous
material derived directly from the decomposition of trap. This class
of roil is capable of growing only kharif or rain crops of the type of bagri.
When the rains are scanty, the soils covered with stones are the
moxt valued, as being better able to stand drought than other shallow
rolls. Many of these lands are plougked in the hot season and
larrowed several times for the kharf crop. They are capable, when so
nrepared, of growing bajri mixture with even moderate rain ip June and
July.

MO0 Q 534
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A mechanical and chemical examination of two typical samples gave
the following figures .(—

TasLe No. 80.

Mechanical ‘4nalyses.

No. 1. No. 2.
—_ « oSurface soil. Surface soil.

. 9% deep. 9” deep.
o e e - !

! Per cent. 5 Per cent.

i N
Clay and finest silt \ 9-8 35
Fine silt . . e 817 39
Medium silt . .. .. 58 3“1%
Coarse silt o .. .. 10-2 11-6
Fine sand 416 590
Coarse sand 23-9 188
Stones 10°2 22-9

Tasie No. 81,
Chemical Analyses.
No. L. No. 2.
—— | Surface soil Surface soil
+ 9 deep. 9” deep.
Per cent. Per cent.

Loss on ignition . . 13:20° 9:30
Silica snd insoluble sxhca,tes . . 62-70 7540
Lime .. .. .. ) 180 0°-40
Potash .- .. 0-19 0+50
Phosphoric acid o . . 006 008
Nitrogen o o 004 006

It will be seen from the figures given above that the fine matter in
the soils is not sufficiently hydrated to be clayey and hence they are
pervious to water. This together with their shallowness, accounts for
their unsuitability for rabi crops, while when level enough to use
as irrigated lands, as they some times are, they are known for their very
large consumption of water.

The red coloured soils.—The red coloured soils which are found over-
lying the trap are shallow with a depth up to nine inches. Such soils
are generallv situated along elevated rocky areas,

Tke following ﬁguxes show the mechanica] and chemical characters of
such soils :—
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TaBLE No. 82.
Mechanical Analysis.
Soil 9 deep

Per cent.
Clay and finest silt . . .. 40
Fine silt o s v .. - 39
Medium silt .- .. .. .. 101
Coarse silt .. . - 31
Fine sand .. .. .- R A
Coarse sand .. o o . 76
Stones e . .. oo 1601

TasLg No. 83,
Chemical Analysis.

Per cent.
Loss on ignition . . . .. 11°50
Silica and insoluble silicates .. . . 16010
Lime . . .. .. 060
Potash o .. e .. 015
Phosphoric acid .. .. .. .o 012
Nitrogen .. . .. .. 006

The individual soils whose analytical figures are given above give a
clear idea with regard to the characters of the different types of soils.
The above figures are confirmed by the analysis of a very large number
of soils, The following figures are the minima and maxima obtdined

for 39 samples of light black soils found in the dry tract of the Poona
District,

TasLe No. 84.

!
— \ Minima. Maxima.

e i

i Per oent. Per cent.

Loss on ignition { 8-89 18-60
Nand 50-2% 65°44
Lime 1:00 503
Potash 0-35 097
Phosphoric scid 002 0-34
Nitrogen o .. .. 002 0-08
Orzanie matier (direct method) . o 0°55 1-87

]

0 Q S5—4a
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TasrE No. 85.

Mechanical analysis of some of these was done and the mininta and
the maxima figures obtained are given below :—

T \
““ !

Maxima.

b

. Clay and finest eilt .. .. . 11-0 17-86
Fine silt . . e 9-24 14-29
Medium silt . . . 1425 2435
Coarse silt .. . .. 3-30 10-33
Fine sand . . .. e 33-95 5027

7-79

T
Per cent. ‘ Per cent.
i
l
|

Coarse sand . o . 4-89

TasLE No. 86.

Mechanical analyses of the murmad soils of the dry tract are
as mder —

—— Minima. : Maxima.
- |

Fercent. | Ter cent.

Clay and finest silt . - : .,
Fine silt ..l} 671 | i
Medium silt . l 7-09 1011
Coarse silt i 16-19 25849
Fine sand o 42-21 5354
Coarse eand l 9-59 1698

The various analytical figures given so far illustrate what has always
been recognised by those who are dealing with agricultural land in the
Deccan, namely that the value of soils depends almost entirely on their
retentiveness and their depth. The black soils are the best, not
because of any essential richness, but because they retain water better
than others, The others are inferior not because they are essentially
poor, but because they are porous and water runs through them easily,
out of the range of the plant roots, Retentiveness and the depth are
therefore the miost important peints in considering the value of these
soils.

(F) Satara District.

Area —The district of Satara lies between 16° 48’ and 18° 11’ north
lstitude and 73° 35’ and 74° 58’ east longitude and covers an area of
4,910 square miles.

PFysical features and ratural Divisions.—Like other districts whick
are bounded on the west by the Sahyadris, Satara may be subdivided
into three belts, namely, a moist hilly western ard 2 dry eastem
country separated by a transition tract, The Lilly west is here called
the Dongrl or hill courtry. The east goes by the usual rame of Desk.
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the Desh tract of this distriet s more elevated and hilly and has
a poorer soll than in similarly situated porticrs of other districts. The
central or transition belt is a tract of nch, well-watered velleys, nearly
Jatalic] to each other, The richness of the soil of the transition tract
and its usual facilities for irrigation {rom wells and running streams
enhance its measure of immunity from the efiects of prolonged drought.

Clonate and rainfall—According to the heiglt above and distance
from the sea the climate varies in diffcrent parts of the district. In the
enstern parts heat is considenable in the months of April and May but
near the hills it is moderate. - Tke average rainfall in the hilly tracts
varies from 40 inches at Satara to 250 inches on the crest of the ghats.”
The transition tract enjoys a fall of about thirty inches while the Desh
tract receives 20 to 25 inches of rainfall.

Rocks.—The whole of the Satara district is situated on the Deccan
trap. In the Lills trap is capped with layers of laterite. The trap is
chicfly amygdaloidal or concretionary.,

Soils.—The soils of the district may be divided into three classes (1)
The red coloured laterite soil found on the hills as at Mahableshwar,
These soils, wien irrigation facilities are available, yield gocd garden
crops like the vegetables, ete.  (2) The black or Rali soil found 1n belts
along the streams, In the Krishna valley is found the broadest belt of
this rich soil which yields the best garden and dry crops in the district,
It is formed from the washings of the upland countries duringthe
nionsoon and washed down Ly the floods into the valleys. The soil is
naturally, therefore, very rich fertile and some of the best crops of the
Dicean are grown here. Some of the best jowar of the Presidercy is
grown on this soil,  Jowar forms the staple crop although other crops
are also grown. (3) The third soil is the lighter black soil, This kind
of suil is found on the eastward part of the district alerg the cut-skirts
of the Lills and the plains. Bejrd (in Man Taluka) and jowar form the
staple crops.

So far only a few samples of soils from the Satara district have been
analysed but they all resemble those of their class found in tlie Poona
District. Figures of analyses of typical soils are given below :—

TasLE No. 87,
_ e o
soil. s0il. subsoil soil.

Fer cent. | Fer cent. | Fer cent. | Per cent.

Loss un iznition .. . .. 11-59 . 1 . 11-36
~and and imsoluble silicates .. 4013 56-66 | 50-18 73:48
Lime . | . | . 150
Potash . 052 | 083 ' 039 | o2
Phospbioric acid .. 013 - 025 | 098 039
Nittogen 002 005 . 0:0h 016
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The red laterite soil which has given only 4013 per cent, of sand and
insoluble silicates contains a large percentage of alumina and iron which
are not shown in the above table, The high per cent. of loss on ignition
is due to alumina and iron which hold water as hydrated compounds.
The quantities of potash and phosphoric acid are quite good. The
nitrogen per cent. i3 small but as the vegetables are grown with the
aid of organic manure the deficiency of nitrogen is made up. The
remaining three soils have all & good supply of plant food constituents.
The black so0il and subsoil are very retenjive as shown by the small per
cent. of sand and insoluble silicates while the garden soil with 7348 per

" cent. of insoluble mineral matter is well drained as required for garden
crops.
(G) Sholapur District.

Area.~~The district of Sholapur lies between 17° & and 18° 33’ north
latitude and 74° 37’ and 76° 26 east longitude and occupies an area of
4,556 square miles,

Physical features and rainfell —Except some parts of Barsi, Madha,
Malsiras and Karmala where there is a good deal of hilly ground,
the district is generally flat or undulating. The annual rainfall is about
25 inches average and 1s on the whole scanty and uncertain.

Rocks.—Prevailing rock is the Deccan Trap with its varieties found
in other parts of the Decean.,

Soils.—The soils of ;the Sholapur district are of three kinds : black,
coarse gray and reddish. The black soil is chiefly found on the banks
of rivers and streams. The Barsi taluka is mostly occupied by black
soil. These deep soils with careful tillage and with seasonable rain can
vield rich crops. In Sangola and Malsiras Talukag where the soils are
light and stony they yield only early monsoon crops but generally the
whole district is used for growing 7abi crops.

Following is the variation found in the chemical composition of the
Sholapur black soils :—

TasLe No. 88, .

Chemical Analysis.
Per cent.
Loss on ignition .. .. .. 17-46 t0 18- 90
Sand and insoluble silicates .. .. 44'02t061-32
Lime . . .. 2°40to 604
Potash .. v .. 0°27t0 0-54
Phosphoric acid .. . .. 015t 031
Nitrogen . . .. 0°03t0 0°05

The figures clearly show that the soils are rich in plant food cousti-
taents except nitrogen and are also retentive and therefore with good
rainfall vield excellent crops.
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CHAPTERV,

50ILS OF THE WESTERN COAST DISTRICTS.

The Western Coast of the Bombay Presidency includes Thana,
Kolaba, Ratnagiri and North Kanara Districts and also the Goa
Territory. It extends north-south as a long strip between the crest of the
Suhyadri mountains on the east and the Arabian sea on the west. The
whole of the area is subject to heavy ranfalls during the months of Jupe
to October. The soils show variation according to the underlying rocks
and their position between %h# hills on ove hand and the sea on the
other,

(A) Thana District.

Area.—The district of Thana lies between 18° 53" and 20° 22 porth
latitude and 72° 39 and 73° 48 east longitude and covers an area of
3,576 square miles.

Physical features and climate—Thana consists of a distinct strip of
Jow land iniersccted by hilly tracts. The northern half of the district
is more flat than the southern half. The mean temperature 83° F.
ranges from 53° F. in January to 103° F. in_April. The climate is
moist. The rainfall ranges from 66 to 100 inches,

Rochs.—The prevailing rock in the Thana district is the Deccan trap
with all its varieties. In a few places on the coast line there are, here
and there alluvial rocky materials, ’ -

Soils.—There are three main types of soils. The black coloured soils
in the plains are used for rice. Lighter coloured soils which are found
on the hill tops and hill slopes, are used for inferior millets. These are
called Varkas. Along tle coast there are black coloured soils of lighter
type and they are used for garden crops.

The cliemical composition of rice soils and sub-soils is given below.
The variation shown is from twelve soils :—

TasLe No. 89.

Soils. . Sub-soils.

. Mipima, | Maxima, | Minima, - Maxima,

1

Per vent. | Per cent. | Per cent. i Per cent.

Nilics and insoluble silicates L 66:70 87-28 66-34 . 80"

lime . - .. 0-20 288 0-39 1-40
Potash .. .. .. 0-58 100 0-43 100
Phosphorie acid .. .. 012 0-59 0-07 ¢ 018
Nitrogen . . .. 003 022 0-04 017

i i

Both the soils and the sub-soils show & good deal of variation but on
the who‘le they are fairly well in lime, and good in potash and phosphoric
acid.  Sume soils are poor in nitrogen while others are rich in that



56

constitutent. This variation is due to washing of the material from
certain parts and their accumulation in other parts. In one case soil
samples were specially collected to see whether this kind of variation was
common. Twelve samples were collected from the rice breeding
portion of the Karjat Farmin Thana District and it was found that
wherever silt had accumulated the nitrogen varied from 009 to 0-12
per cent. while where there was but little silt the nitrogen varied from
004 to 0-07 per cent.

The following table gives mechanical fephrates of typical rice soils.
The figures are from 12 samples =—

Tasue No. 90.
' Minima. Maxima.
Clay finest silt and fine silt .. ..o 14°28 19-92
Medium silt - . .. 1090 16:20
Coarse silt Ve .. . 2067 32-72
Fine sand .. - ..o 22-48 27:19
Coarse sand . .. . 9-48 18- 96

The figures indicate that the soils are all alike. They are well drained
but contain enough of fine matter to make them sufficiently retentive
of moisture and plant food constituents. ‘

Garden soils in the Thana District are not all of the same nature.
Those near Kalyan or on the coast line where the garden cultivation is
well developed as at Bassein the goils are rich while the soils under garden
cultivation ip other parts of the dictrict are comparatively poor. The
following table gives the figures for a typical garden at Bassein re-
presenting the gardens on the coast line and the variation found in the
composition of garden soils near Kalyan.

Tasus No. 91,

Kalyan Gardens.
Bassein
Garden.
Minima, © Maxima.

L e | S

. Per cent, | Per cent. | Per cent.

Sand | o6 | 018 | 722
!

Lime Lore | 0w | 2

Potash } 066 | 043 | 068

Phospboric acid 043 | 040 | 068

Nitrogen . .- .. oo 0012 0 0710 018

¢
'
1
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The soils are rich in nitrogen, potash and phesphoric acid and fairly good
in lime. . The other soils in the district show the following variations :—
Taere No. 92,

— Minims. Maxima. i Remarks.
e | e
Per cent.  Per cent.

Sand .. .. . .. 45°25 6250

Lime .. . .. . 028 04

Potash .., .. " .. 046 070 i

Phoaphoric acid N .. I ML 0-12 | ’
Nitrogen .. .. .. 0-05 0:09 : One sample gave

: 003,

These soils contain less of sand than the above samples. They are

rich in potash, fair in phosphoric acid, nitrogen and lime.
(B) Koiaba District.

Areqa.—The district of Kolaba lies between 17° 51" and 19° &' north
latitude and 72° 51" and 73° 45 cast longitude. It occupies an area
of 2,167 square miles.

Physical features and clingte —Kolaba district is a rugued belt of
country from fifteen to thirty miles broad. It is situated between the
western Ghats and the sea.  There are several spurs rurning westwards
at right angles to the main range. The temperature varies from 65° F.
o Januarv to 92° F. in May, The raivfall on the coast 18 90 incles,
while in the bills it is heavier still.

Rocks.—The tock in the Kolaba District s all trap with swall caps
of laterite on some lLills.

Suils.—There are three types of soils derived from the trap in this
district.  The black coloured soil which is fairly deep and productive
is used for growiag rice. Light reddish coloured soil which is shallow
is on the sides and slopes of Lills and used for inferior millets. The
third type of soil is called “manat”. It is clayey and very deep. In
the rainy season it is inaccessible and in the dry season it is too stiff to
be cultivated.

The composition of rice soils from Alibag Farm is given in the following
talle. The figures are from four soils :—

TasLe No. 93.

Soils, I Sub-soils.

|
iMuuma ’Mﬂxunn Minima. | Maxima.

Per cent. l Per cent. l Per cent.  Per cent.

Creanic matter o ‘ 184 2-64 100 2:55
diaca and inscluble mhca(es o] 4452 l 5772 4538 55010
Liwe . .. .. 0-24 j 1-40 028 [T 1]
Potash .. .. 0-12 0-7¢ 0-12 ‘ 058
Phosphorie sid . .. 006 014 0-04 004
Nitrogen .. . 1 0-08 0-01 ! 0-04

Llese suils and sub-sous are very much Like each other, They are
poer in itrogen and phosploric acid, medivm in lime and rich in potash.
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The mechanical analysis of the above soils and sub-soils from the
Alibag Farm gave the following separates :—
TaBLE No. 94,

Soils. Sub-soils.

" Minima. Maxima. | Minima. , Maxima.

i
- Per cert. ® Per cent, | Per cent. ! Per cent.

Finest silt and clay 1) 10:03 661 | 998
Fine silt P12 385 1-79 2:16
Medium silt P19l 1 245 2-34 ‘ 769
Coarve silt .. . LT 2460 0L o 1820
Yine sand C33031 i 45-37 29:13 | 4091
Coarse sand L1422 49-39 22-91 | 4165

i |

The scils and the sub-soils are both alike in their character. The
separates which make the soils retentive are small in quantity while the
proportion of those that malke the soils porous is high. They are, how-
ever, not of the type as are described to be hungry. The proportion
of fine sand to coarse sand is good and there is enough of coarse silt.
These two factors make the soils suitable for rice growing.

The otker rice soils in the Kolaba district give the following variation
for nine soils :—

TABLE No. 95,

i
- ; Minima. | Maxima. | Remarks.

|
: Per cent. | Per cent.
I

Loss on ignition .. .. L1044 15-36 |
siliva and insoluble silicates . .. 6368 . 73:08 | One sample gave
: i 57-88.
Lime .. AN .. - 040+ 10 E One sample
I + o gave0-02,

Potash .. o . o 043 1 078

Phesphoric acid .. . o 01 046

Nitrogen .. . cop 006 0 01

These soils are fairly good in all the plant food constituents although
they contain a high percentage of sand.
The following are the only figures of two typical Varkas soils in the,
Rolaba district :—
TasLE No. 96.

Per zent. PerIf:‘ent.
Rilica and insoluble silicates .. .. B2:72 57:20
Potash.. e . . 0-31 039
Phosphoric acid .. . .. 020 0-23
Nitrogen . . - 0-02 0-07

Soil number one is poor m Nitrogen but both the soils are good in
potash and phosphoric acid.
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Tliere are some sticky clayey soils found bere and there n the district.

They are called manat. These have been considered in Chapter 1L
(C) Ratnagiri District.

Area.—Tle district of Ratnagiri lies between 15° 44" and 18° 4’ north
latitude and 737 2’ and 73” 57’ east longitude and covers an area of
very nearly four thousand square miles.

Plysical fenturis—XNear the coast, the Ratnagiri District consists of
bure elevated plateau, Intersceted by numerous creeks and rivers. Ten
miles inland the country blcdines more open but a little further it is
oceupied by spurs of the western Ghats.

Climate and rainfull—The climate is moist. Along the coast the
average annual rainfall varies from 80 to 105 inches but farther inland
1t rises to 140 inclies and in the Ghats it is still more.

ocks.—The most important rocks of thie Ratnagini District are laterite,
the Deccan Trap and the gueissic rocks. The laterite which extends
{rom tle coast to about 15 miles east of Ratnagin occupies the largest
arca. The Deccan trap 1s seen only in bigh seraps of the Sahyadri. In
the Ratnagiri District it is not exposed as it is covered in most places
by laterite. Tl gneissic rocks are exposed in the southern parts along
the coast line,

Soils.—Most of the soils of the Ratuagiri District may be considered
to be wholly derived from laterite. There are four types of soils : (1)
the rice soils varying in colour from yellowish to red brown getting darker
wland as weapproach the trap, (2) the gardensotls, (3) the varkassoils and
(1) alluvial svits met along the banks of rivers and along the coast line.

According to tlie classification given in the Statistical Atlas the rice .
soils are divided into mali, panthal, kuryat, pulanvat and kharvat. Tley
are mostly of the same type and kuryat 15 perhaps the general type of
well drained rice soils on slopes or at the foot of the hills, Mali soil is
tound on Jevel Jands, it is able to retain moisture while panthal is a low-
lyingland. Pulunvat is sandy and is found only on the coast. Kharvat
sull as its name indicates contains salt and grows only a coarse red rice.

Following are the analyses of two typical rice soils; one from

latnagiri and the other from Dabhol i—

TaBLE No. 97.

—_— Ratusgiri ricesoil. | Dabhol Plee acil.

Per cent.  Per cent.

Loss on iguition .. 13-%0 17-06

Silica and insoluble uhcates .. 7222 63-68
Lxme .. .. 078 0-04
Potash . . . 046 1 043
Phosphoric acid . . 0-10 0-37
Nitrogen . .. . 011 0-14

fLe Dabhol soil 1 deficient in lime but contains less sand and more
phosploric acid and nitrogen tLan the Ratnagini soil.  Both the soils,
Lowever, are rich i potssh, phosplorie acid aud nitrogen,
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The mechanieal analysis of the above soils and sub-soils from the

Alibag Farm gave the following separates :—

TasLe No. 94,

—— e e ey

| Soils. Sub-soils.

- N R

. Minima. Maxima, | Minima. I‘ Maxima.

| Per cendt. fPer cent, | Per cent. [I Per cent.
Finstsil and lay .. o6 10008 | 66l 9-96
Fine silt . ., P 152 3:85 1-79 2:16
Medinm silt .. . . 1:91 245 2:34 7:69
Coarse silt .. .. ' 774 2460 11:01 18:20
¥ine sand . . " 33-31 45-37 29:13 4091
Coarse sand .. - .. 14-22 4939 22-91 i 4165

The souls and the sub-soils are both alike in their character. The
separates which make the soils retentive are small in quantity while the
proportion of those that make the soils porous is high. They are, how-
ever, not of the type as are described to be hungry. The proportion
of fine sand to coarse sand is good and there is enough of coarse silt.

These two factors make the soils suitable for rice

growing.

The other rice soils in the Kolaba district give the following variation

for nine soils
TABLE No. 95.

J— l Minima. | Maxima. ( Remarks.
A o Fury
’ | Per cent, | Per cent. ‘
Loss onignition . N ‘ 1044 | 1536
silica sand insoluble 'nlw&te . .. 6368 ;, 73:08 | One sample gave
57-88.
Lime .. .. .. . 0-40 | 10 One sample
N i gave 002,

Potash .. .. . 043 1 078

Phosphoric acid .. } 0-10 | 0:46

Nitrogen | 006 ‘\ 011 ‘

These soils are fairly good in all the plent food constituents although

they contain a high percentage of sand.

The following are the only figures of two typical Varkas soils in the.

Kolaba district -
TasLE No. 96,

Per fent.
Silica and insoluble silicates .. .. 5272
Potash.. . .. 0-31
Phosphoric acid . . .. 020
Nitrogen - .. .. 0-02

11,
Per cent.

57-20
0-39
0-23
0-07

Soil number one is poor in Nitrogen but both the soils are good In

potash and phosphoric acid.
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There are some sticky clayey soils found bere and there in the district.

They are called manat. These have been considered in Chapter IL
(C) Ratnagiri District.

Areg.—The district of Ratnagiri lies between 15° 44’ and 18° 4’ north
latitude and 73° 2 and 73° 57" east longitude and covers an area of
very nearly four thousand square muiles,

I‘hyszcal features—Near the coast, the Ratnagin Dlstnct consists of
hare elevated plateau, intersccted by numerous creeks and rivers. Ten
miles inland the country bedlnes more open but a Little further it is
occapied by spurs of the western Ghats.

Climate and rainfull—The climate is moist. Along the coast the
average annual rainfall varies from 80 to 105 inches but farther inland
1t rises to 140 inclies and in the Ghats it is still more,

Rocks.—The most important rocks of the Ratnagiri District are laterite,
the Deccan Trap and the gneissic rocks. The laterite which extends
from the coast to about 15 miles east of Ratnagiri occupies the largest
arca, The Deccan trap 1o seen only in high scraps of the Sahiyadri. In
the Ratnagiri District it is not exposed as it 18 covered in most places
by laterite. The gneissic rocks are exposed in the southern parts along
the coast lme.

Soils.—Most of the soils of the Ratnagiri District may be considered
to be wholly derived from laterite. There are four types of soils: (1)
the rice soils varying in colour from yellowish to red brown getting darker
iuland as we approach the trap, (2) the garden soils, (3) the varkas soils and
(1) alluvial soils met along the bunks of rivers and along the coast line.

According to the classification given in the Statistical Atlas the rice .
soils are divided into mals, panthal, kuryat, pulanvat end kharvat. They
are mostly of the same type and kuryat is perhaps the general type of
well drained rice soils on slopes or at the foot of the hills. Mali soil is
found on level lands, it is able to retain moisture while panthal is a low-
lyingland. Pulanout is sandy and is found only on the coast. Kharvut
soil as its name indicates contains salt and grows only & coarse red rice.

Following are the analyses of two typical rice soils; one from
Ratnagiri and the other from Dabhol :—

TasLE No. 97.
— Ratnagiriricesoil. | Dabhol Tie soil.
Per cent. 1 Per cent.
Loss on ignition .. 13-90 ‘ 17-06
Silica and insoluble sdlcat/es . 72-22 6568
Lime . .. 0-78 004
Potash . . .. 0-46 0-43
Phosphorie acid . . G410 0-37
Nitrogen .. .. - 011 014

fle Dabho) soll 1s deficient in lime but contains less sand and more
phosphorie acid and nitrogen than the Ratnagiri soil. Both the soils,
Lowever, ure rich In potmh phosphoric acid and nitrogen,
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Leaving out Dabhol, if we take the other rice soils ot the Ratnagini
District thev give the following variation in fourteen soils :—

TasLE No. 98.

—_ Minima. = Maxima.

Per cent. | Per cent.

Loss on ignition . . . 12462 ! 17-16
Sand .. .. o Lo Te30 0 7732

. e 1

Lime oo . - .. 078 ¢+ 2:80
Potash .. .. . R | - N 05
Phosphoric acid .. . L0010 | 046
Nitrogen .. . " P VA Al

The rice soils of Ratnagiri district are rich in plant food constituents
except perhaps lime, although the percentage of sand in those soils
i3 high.

The mecbanical analysis which is given below shows that although
coarse material is present in large quantities still there is enough of very
fine clayey material to retain plant food constituents :—

TasLz No. 99.

U 1 Minima, ’ Maxima.

, i
" Per cent. i Per cent,

(lay and finest silt .. .. .. 6-60 | 6-90
Fine silt .. .. .. .. 2:10 . 245
Medium siit .. .. .. .. 170 ; 300
Coarse silt .. .. .. . 224 9-14
Fine sand .. .. . . 936 | 11-51
Coarse sand .. .. .. .o 6700 7800

The tul soils which are considered to be better type of rice soils give
the following analysis of four soils :—
~ Tasie No. 100.

Maxxm&

- | Minima,
i

! Per cent. | Per cent.

Loss on ignition .. . 16°96 1 21408
Silica and insoluble Sl]lC&tP‘! .. ... BT-80  69-48
Lime .. .. " L0030 1 0750
Potash .. . .. .o 016 1 043
Phosphoric acid .. . . 001 1 004
Nitrogen .. . . . 010 0-10

These contain less of sand but in other ways they are not better than
the other rice souls,
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The garden soils do not differ from each other in their composition.
The following is the variation shown by six typical soils :—

TasLe No. 101.

—_ ‘ Minima. f Maxims.

. . ‘ Per cent, | Per cent.

Loss on ignition . .. . .| 15-62 ’ 19-74
Sand .. .. . .. B372 | 6366
Lime .. .. .. .. Traces | ' 004
Potash .. .. . L 023 0-58
Phosphoric acid .. .. - 0-32 0-52
Nitrogen .. . .. .01 0-22

These soils have less of sand than the rice soils. TlLey are poor or
deficient in lime but rick in other plant food constituents, On the
garden soils the chief crops grown are the cocoanut and the betel
palm. '

Varkas solls on the uplands are described as light and poor. Coarse
grains like nachant, and vari are grown on these. A three or four year
rotation of erop is taken on these lands after which they lie fallow for
some years. From the description usually given it seems that the soils
contain but very little of plant food comstituents but the analytical
fizures show just tie reverse. The variations shown by 8 typical samples
of varkas are given m the table below - —

\
Tanre No. 102.
— I Minima, | Maxima. Remarks,
- . ‘ R —
Percent. | Per cent.
Loss opignition .. . Lo 150 1744
I
Sund . . L6942 7806
t
Lime o . o 1-0 ;. 3:30 {One sam ple
' . gave 008 per
, ; . cent,
Patash . e 019 089
Phosphoric seid .. .. 01T 0ds
Nitrogen . .. . 008 022 ;

Thiese figures go to prove that the varkas soils contain enough of plant
food constituents but perhaps they are not in an available condition or
it may be that the washing action of the heavy rain is so strong as to
remove the plant food materials when they become available and thus
Jeave the crops to feed on unavailable material.
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(D) Kanara District.

Area.—The District of Kanara lies between 13° 53’ and 15° 32’ north
latitude and 74° 4" and 75° 5’ east longitude and has an area of 3,945
square miles.

Physical features.—The distriet consists of two widely differing tracts
one above and the other below the Ghats. The below-ghat portion is
a fairly level plain along the coast from five to ten miles in breadth.
Near the Ghats it breaks up into hills' ahd valleys. In the up-ghat
country the northern part is forest, while the southern part is covered
with spice gardens,

Climate and rainfall.—The temperature varies from 59° F. in Novem-
ber to 91° F. in May. On the coast the rainfall varies from 125 to 150
inches. On some crests of the Ghats it is 300 inches, but generally in
the up-ghat country it is about 100 inches.

Rocks—The rock found in abundance in this district is laterite or
some kind of iron clay. The tops of hills are capped with laterite.
Shales of various colours are found underneath the laterite and these
are exposed in valleys. Clay schist is common. This crumbles into a
shaly material. There are various types of schists or schistose slates.
Granite is found especially along the coast line.

Soils.—Soils of the forests and the betia forests. The term bettn
forest is used to indicate that portion of the forest which is attached to
gardens for the purpose of supplying leal manure. The soils of the
forests and the betta forests are derived either from laterite or from a
mixture of laterite and shale. They are gritty and usually of a dry
and hungry character quite unsnited for gardens. The analysis of two
typical soils and the minimum and the maximum quantities of the
varions constituents in such soils as found from a large number of

analyses are given below. These soils were taken from the neigh-
bourhood of Sirsi,

TasLe No. 103.

— F:;ieft fgﬁ" Minima. [ Maxims.
e . i

|

! Per cent. | Percent. ; Percent, | Per cent.
Loss on ignition . 128 76 62 | 12:8
Sand and insoluble silicates. . .. 897 733 697 | 80°9
Oxide of Iron .. . L 478 53 2-7 656
Alumina .. 127 | 140 88 | 140
Lime 011 | 0:06 0-03 011
Potash T 058 0-29 | 021 0-58
Phosphoric acid 0-035 0052 0035 0056
Nitrvgen 014 009 0-06 014
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The mechanical analysis of these gave the following percentages of
the various separates :—

TasLe No. 104,

— ‘ Forest soil.  Betfa soil.

‘ . Per cent. Per cent.
(lay, finest and fine silt. . . .3 3
Medium silt .. o . .. 38 i 35
Coarse silt .. . . L 39 | 45
Finesand .. .. . .. 87 1 135
Coarse sand .. 79-3 748

|

These soils may differ from each other but as the figures indicate they
are all coarse, hungry soils, poor in lime and phosphoric acid but Laving
a suflicient quantity of organic matter, nitrogen and potash. These
soils are unsuited to any system of cultivation and would only be suitable
for forest or large tree growth.

In the neighbourhood of the hill forests are the deep moist valleys
containing the garden lands on which spice cultivation is carried on.
These gardens lie between hills covered with evergreen forests. These
valleys gradually widen out into flat areas on which the food crops of
the people are produced. The garden soils are derived from shales
overlying schistose slates. The soils are slowly washed away but they
are then replaced by the decomposed shale dug out from the sides of the
* gardens. The following table includes two typical garden soils with
one sub-soil and also the maxima and minima percentages of
constituents from 8 soils ;—

TasLe No. 105.

1 ‘ Agarden"
A 1d Sba . s0il 6 |
garden| Sub-soil| miles .. . .
: soil at | under | morth- ;Mmlmn.Maxxma.
Birsi. 1 east of |
! Sirsi. |

!
‘Per oent. Per cent. Per cent. Per cent. Per cent.

Loss on ignition .
~and snd insoluble gilicates (]
Oxide of Iron . o4
Alumipa .. . o1
Lime . .. oo 0
0
0
0

-y
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The mechanical analysis of the above are :—

TasLe No. 108.

A garden

- Asg?lrg: D1 Sub-scil [s0il 6 miles

' Sirsi. under 1. |north-east
’ of Sirsi,

Per cont. | Per cent. | Per cent.

Clay, finest and fine silt .. .. . 19-3 26-1 153
Medium silt .. o v 58 87 6*

Coarse silt R 7-4 89 81
Fine sand . . Lt oo 1908 19-2 158
Coarse sand .. " - L. 479 391 550

There is very little difference in the chemical composition of the forest
lands and the garden lands. The garden lands are poor in lime and
phosphoric acid and contain sufficient potash and nitrogen but the great
difference is exhibited by the mechanical analysis. In the forest soils
the proportion of separates which tend to increase porosity to separate
which tend to increase retentiveness is as 75 to 25 while the proportion
of these two in the garden lands is 50 to 50. All the figures clearly in-
dicate the characters of the typical porous though retentive. The
sub-soils of these are very similar to soils.

As indicated above, owing to heavy rainfall, it is necessary to fill up
the beds of the gardens with new earth. The material used for this pur-
pose is obtained from the cuttings in the hills at the sides of the gardens.
The material is locally known as  Kagaduli. It varies incolour from
yellow, to brown to red. The following are the minima and mwaxima
of the constituents as determined in four samples :—

TasLe No. 107.

i
Jo— ¢ Minima, Maxima.
I

‘]Per'cent. Per cent.

Loss on irnition .

Sand and insohible silicat: .
Oxide of Tren .. . .
Alumina ‘
Lime .

Potash .

Phosphoric acid - ..
Nitrogen .. .- . y

=2

oocovwia
o0

—
cocohoile

|
|

[V

Tt

OO OO O
[ ]

SO LR - D

|
|
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ThLe mechanical analyses of these are :—
TaBLe No. 108.
i Kagdali,

1 2

- Soils.

3 4

Per cent. | Per cent.

i
f
]
Per cent. | Per cent. [’

Clay, finest and fine ailt 116 44 1 256 1 172
Medimwile .. ¢ .. . 67 80 | T4 ., 174
Coarse silt . - e 130 126 ' 98 | T4
Fine sand .. .. - 30-7 17-3 177 16+7
Cosrse sand .. .. 1 380 21-8 495 414

It i clear from the figures that the constituents in the kagadali are
very much like those in the garden soils but the kugadali contains
a hugher proportion of those separates which tend to increase the reten-
tiveness than the garden soils. The kagaduli when spread on garden
lands seems to change into a more porous material.

At the mouth of the valleys and down in the plains rice is a very
prominent crop yet there are certain portions of land which are put
under gardens, but these do not differ from the rice lands in their
chemical analysis. The following are a few typical soils of the ]Lams
of the North Kapara District :—

TanLE Xo. 109.

—_— . Karwar, Ankola,

Per cent. | Per cent.

Loss on ignition .. ' 6-74 ' 5-56
Sand and insoluble sxhcates .. 8512 | 83:22
Lime . . . } 067 « 006
Potash . 037 1 0739
Phosphoric acid 1 012 | 013
Nitrogen ] 0-13 008

As many as 18 samples of soils were analysed from Kumta. The
minima and maxima of constituents are given below :—

TABLE No. 110

| Per cent. | Per cent.
Loss on ignition .. oo BT 8-22
Sand and insoluble silicates .. a8 14 | 6419
Lime .. .. . i 015 025
Potash .. .. . . 1 0-32 064
Posploric acid . - . 011 0-14
Nitrogen . .. .. . 0-10 l 016

|

Tl ese soils are good in nitrogen and phosphoric acid, rich in potash
and fair in line.

M0 Q H—3
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(E) Goa Territory.

Laterite is the principal rock from which the Goa soils are derived.
There are other rocks also found here and there. They are granite,
gneiss trap and shale. Alluvial deposits of recent origin are met with
along the sea coast and also on the borders of rivers and streams. The
whole territory may be divided into two sections, one forming the hilly
tract and the other comprising the flat area on the coast. Several
samples of soils were received under these lables. The following tables
give the analyses of the soils of these t+o typical tracts :—

TasLE No. 111,

Soils of hilly tract. - Sub-soils of hilly tract.

!
! - ' ;
v | i
' Minima. b Maxima. ! Minima, | Maxima.
| H

'

‘ S —

1 ) :
| Per cent. | Per cent. . Per cent. : Per cent.
i i : i

| ‘
[ 508

Organic matter ® 2-61 287 | 385
Sand and insoluble silicates .o 64072 79-28 65°22 74-46
Lime . . 0080 1 0-60 1-00
Potash . 05 0-85 0-54 0-82
Phoephoric soid . 0-32 0-45 021+ 071
Nitrogen .. 0-14 0-16 0-12 1 0-22

®In these determinations organic matter was determined and not the Loss on
ignition.

8ever soils and sub-soils under them from the flat tract of Goa territory
were analysed. These figures are given below 1—

Tasre No. 112,

|
! Seven soils from Seven sub-soils from
! flat tract. ; flat tract.

Minima, Maxima. }M.im’ma. Maxima,

Per cent.  Per cent. ,“ Per cent, - Per cent.

Loes on ignition * 9-48 - 1340 . 9-68 11-06

Sand and’ msoluble m.haws .. 85396 772 . 6418 73-30
Potash . . 034 08 | 035 097
Phosphoncacxd . o 0020 061 | 011 0-62
Nitrogen . .. . 0-16 0-26 I 0-12 0-19

* Loes on ignition was determined ¢n f.ve samples only.

In the case of these soils the lime showed a great variation and hence
the lime percentages are tabulated separately to avoid misunder-
standing,
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Lime percentage in the various soils and the sub-0ils under them were
found to be as follows :—
TasLe No. 113.

S i : i
—_ i 12 o3t 4 5 8 7
' I

! i R !
[Per cent. Per cent.!Per cent. Per cent. Per cent. Per cent. Per cent,
. [ i i
Soil .- .., 0:80 | 6-80 6:40 0:02 0:01 | 0-01 0-02
Sub-soil .. 000 1 360 300 00 | 002 | 001 | 004 .
! |

All these figures show that the soils and the sub-soils of both the hilly
tract and the flat tract have sufficiently large quantities of potash, phos-
phoric acid and nitrogen and they contain enough of organic matter.
In the hilly tract soils, the lime is not quite deficient but in the flat tract
soils, the lime shows & tendency to concentrate in certain partsand hence
some soils contaln as much as 6°90 per cent. of lime, while there are
others which contain but only 0-01 per cent. of lime. Many soils in this
tract may be found to be defective in their lime contents.

Rao Bahadur G. K. Kelkar, who was once Professor of Agriculture
at the Poona Agricultural College worked for a period of three years in
the Goa territory as an agricultural expert. During the period he was
there he sent some typical samples of Varkas soils (from lands where
Nachani is grown), cocoanut soils and rice soils.

The Varkas sub-soils gave nearly the same figures a8 the soils. The
following table gives the minima and the maxima of figures of six
samples.

Tapie No. 114,

Chemacal Composition of Varkas Soils.

— i Minims. | Maxima.

Per cent. | Per cent.

Moisture - . .. .. 088 406
Loss on ignition .. . .. 2:96 9-80
Sand .. . - .. 3470 48-94
Lime Cs0 .. .. . o 009 1 039
Potash . . . . 002 0-52
Plosphoric acid . . 002 | 027
Nitrogen . . . o 003 0-09

The samyles do not contain much of sand but they are poor in lime,
They contain medium quantities of nitrogen. Some of the soils are
poot in phosphoric acid and potash, while others are rich in these
constituents.  There is & good deal of variatior in the soils.

0 @ 53-ba
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Tagre No. 115.

Mechanical Anaylss.

_Stones .

Finest and fine silt
Medium silt ..
Coarse silt

Fine sand

Coarse sand

‘; linima. | Maxima.
| N
! Per cent. | Per cent,
ie ; '
o 10°0 | 180
One fine | matter
L 11046 27-69
. 614 10-0
I 1360 20°73
o 40T 65-07
- T 11-76

The coarse material‘is more than the fine material,

There are many cocoanut plantations in the Goa territory and hence
six samples of soils from typical gardens were analysf-d and the variation

18 shown below :—

Tasre No. 116,

Chemical Analysis.

Moisture
Loss on ignition

n
Lime Ca0

Potash
Phosphoric acid

Nitrogen

.~ Minima. Maxima. 1 Remarks,
| Percent. Per cent. |
i |
0:12 324
0-68 3:80 |
90-76 914 |
. o117 0-30 | One sample gave
i i 005 per cent.
! | and * another
| i 1-01 per cent.
L 002, 008 l One sample gave
0-12 per cent.
002 0-06 ' Qne sample gave
0+11 per cent.
0-02 0-09

These cocoanut soils are poor to moderately rich in pitrogen.

are all poor in potash, phosphorie acid and Lime.

They

Rice i& an important crop in the Goa Territory. Soils and sub-soils
from seven different places were collected for analysis.

“There are two tvpes amongst these soils.
than the other and hence the soilr of the two groups differ from each
other while within the group they are similar.

Ore type is more sandy
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TaBLE No. 117.

Chenical Composition.

Coarser type of soils.  Finer type of soils.

'
—— |
|
i

. | Minima., ' Maxima. Minima. i Maxima.
L . e I S
'i Per cent. )‘ Percent.  Percent. | Per cent.
Moisture .. . Joem 2o 20 36
Lows on ignition 0012 1 205 607 | 840
Sand . LT ) 6302 37-77 | 6331
Lime . - s 010 0-33 022 0°35
Potash . .. . 0-03 007 018 | 0-52
Phosphorie acid o o 002 004 011 037
Nitragen . o - 003 004 0-08 011
TaBLe No. 118
Mechanical Analysis,
{ Coaser type of soils. ! Finer type of soils.

[

Minime. | Maxima. | Minims. | Maxima.

U R

|

Per cent. | Per cent. | Por vent. | Per cent.

l

. On fine m atter

Finest and tine silt N .. 3:55 | 6:50 | 1549 . 45°'14
Medium silt . . .. 2:21 0 309 ' 646 1589
Conrse silt . .. w208 | 13909 ¢ 1751 3024
Fine sand . .. . 6736 75°94 1 1464 | 4842
Coarse sgand .. . . 2:08 ¢ 2065 t 680 ¢ 1773

1 i

It will be seen from the above figures that the coarser soils contain
staller proportions of those separates which tend to increase the reten-
tive power of the soil while the finer type soils naturally contain more
of the scparates which tend to increase the retentive power. Both the
types of soils contain small quantities of lime. The coarser type
suiby are poor in nitrogen and phosphoric acid and nearly poor in potash,
Lut the finer type of soils are fairly rich in nitrogen, potash and phos-
{ iuric acid,
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CHAPTER VI
THE KARNATAX DISTRICTS.
The Karnatak includes Belgaum, Dbarwar and Bijapur districts.
Many of the most important rock formations, from the oldest granites
to the laterite and the newest alluvium are met with in this division.

(A) Belgaum District.

drea—The district of Belgaum lies between 13° 22' and 16° 58
north latitude and 74° 2’ and 75° 25’ east longitude and covers an area
of 4,614 square miles. .

Physical features and rainfall.—The country forms a large plain
studded with solitary hills. The most elevated portion of the district
lies to the west and the surface of the plain slopes towards the east.
The rainfall at Belgaum itself is about 50 inches. In the east it goes
down to twenty-five inches while in the extreme west it goes up to about
100 inches.

Rocks.—There are three prominent systems of rocks in the Belgaum
District. The northern and the north-western part is occupied by trap
which is in many places covered with laterite. The eastern part is occu-
pied by the Kaladgi rocks consisting chiefly of sandstones and limestones
over lying schistose rocks. The southermnmost part of the district is

- occupied by the granite and gneissic rocks.

Sotls.—The soils of the district are derived from the trap, laterite,
granite and the sandstone and many of them are mixtures of soils derived
from the rocks mentioned. The red soils are the result of the decomposi-
tion of laterite and they are generally found along the western border.
These soils are generally poor but with heavy rainfall of the westérn
ghats grow kharif crops. Where the red soils, as at Belgaum, are formed
from the mixture of decomposed materials from both the trap and the
laterite, they grow excellent garden crops under well irrigation. The
trap soils are black orlight as in other districts which have trap soils.
The soils formed from the mixture of decomposed materials from trap
and sandstone are found to be very good for garden crops.

Red coloured soils growing garden crops under irrigation are derived

mainly from laterite but they have generslly some mixture of material

. derived from trap. The analysis of & representative sample of laterite
from Belgaum is as follows ;—

Taste No. 119.
Laterite Laterite
- Soil. Sub-soil.
B
.~ Per cent.{ Per cent.
Moistare .. .. .. .62 58

Loss on ignition .. . S 830 ‘ 1012
Sand and insoluble silicates .. .. 49-88 . 5070

f (
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TasLe No. 119—contd.

Laterite ‘ Laterite
Soil. i Sub-soil.

Per ceﬁt.? Per cent.

Lime .. . .- R U V| l 0-17
Magnesia .. . o ... 050 1 0-30
Potash . e e Lo 0027 0-25
Phosphboric acid . .. - 028 © 032
Nitrogen .. . . . 0-11 0-11

Although poor in lime the soil is quite good in potash, phosphoric
acid and nitrogen,

The meclianical condition of the soile shows that they are well drained
and hence can with advantage be irrigated.

TasrLe No. 120.

Laterite,

Soil. l Sub-soil.

Per cent. ‘ Per cent.

(Clay and finest silt .. . .| 43:36 3146
Fiesilt .. .. . o ses
Medium silt .. .. .. .. 10-68 8-86
Coarse silt .. .. . IR T 13-53
Fine sand .. .. .. 18091 b 2202
Coarse sand .. .. . .0 13°30 | 19°45

! !

In these soils the constituents which increase the retentivity are
balanced by the constituents which decrease the retentivity and are
therefore in the best condition for garden crops. ‘

The black soils of the Belgaum District are derived from the trap.
In the Athani Taluka they yield excellent crops both irrigated and
non-irrigated. Their analysis is given below :—

TasLe No. 121.

Black Garden Soil.
Per cont.
Organic matter .. .. . .- 1-67
Sand . . .. .. .. 48400
Lime .. .. .. . .. 549
Potash .. . . O (X (1}
Phosplorie acid . .. .. o - 0°25

Nitrogen .. . . . oo 008
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The soils is quite good in the various plant food constituents.
A typical sandstone soil in the Belgaum district is as follows :~

Tasre No. 122,

Chemical Analysis.

Randstone Joil.

. Per cent.
Loss on ignition - .. R o33
Sand .. .. .. .. 8854
Lime Ve .. e .. 0°23
Potash .. .. .. .. 056
Phosphoric acid o . .. S 006

Nitrogen . . . o 0005

TasnLe No. 123.
Mechanical Analysis.
Sandstone Soil.

Per cent.
Clay and finest silt . . . . 2024
Fine silt .. .. .. o 2°46
Medium silt .. o .. .. 344
Coarse silt . .. . N 2:15
Fine sand .. .. .. .. 3057
(oarse sand . .. .. 5914

These soils have very little retentive power and are very poor in
nitrogen, poor in lime, fair in phosphoric acid and good in potash.

(B) Dharwar District.

Area—The district of Dbarwar lies between 14° 17" and 15° 53’
north Jatitude and 74° 43 east longitude and covers un area of 4,602
square miles,

Physical features and rainfall—The district is composed of three
regions—the sallad, Desh and the transition which lies between the other
two. Mallad is the hilly country forming the western part. It has &
heavy rainfall and grows rice and rayi as the staple crops. The Desh
tract includss Ron, Navalgund and Gadag talukas and is an open plane
country. It is liable to droaght. In normal years it produces good
crops of jowas, cotton, wheat and oil-seeds. The transition tract is
between the Desh and the Mallad, about twelve hundred square miles
in extent. Where the rainfall is abundant, rice is grown ; where it is
scanty dry crops are raised. The rainy season for Dharwar lasts from
June to December. It gets the henefit of both the south-west and the
north-east monsoons.

Rocks—Dharwar District possesses rocks of more formations than
one. Granite, rocks of the travsition series, sandstone. diorite, etc., are
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found i snallor larue strips.  Thé north-sast portiorn. of the Dharwar
District is ocenpied clicfly by granite. Transition rocks occupy a large
portion of the district. They stretch from the east and south, where
they succeed the granite to tie foot of the Sahyadries, being broken in
places by the granite which protrades from beneath them. In the
northern part transition rocks are found at the bottom of sandstone
valleys. The chiief rocks of this formation are the clay slate, chlorite
schist, tale schist'h'mmatiticquartzite, ete.

The rocks composing tht 1hlls round Dharwar are schists passing into
slates and shales. Chlorite slates and chlorite schists are widely
distributed throughout the central and routhern part of the district. The
rocks which form the Kappatgudd bills and the neizhibouring country
belong to the goeissic formation, They hiave been subjected to immense
disturbances. The diorite does.not occur in great abundance. Dykes
of this rock sometimes stand from the surface in long ridges, which
appear like lines of rocks. Lateritic material is also found in different
parts, chiefly in the west. It is found resting on granite, transition
rocks, sandstone, etc.  Sandstone occupies the north-east corner of the
Dharwar District.

Sovils.—The soils of the district are derived from mixtures of decom-

" posed rocks of all sorts found distributed over the district. They cannot

therefore be classified according to rock formations. They are generally
classified into (1) red soil, (2) black soil and (3) brown soil.

The red soil is comparatively shallow and gravelly. The black soil
14 chiefly found in the Desh portion and grows cotton. The brown soil
i5 chicfly found in the western part of the district.

The following figures show the analysis of red soils :(—

TanLe No. 124,

‘i Raneben.

{ Hubli . Dharwar
- * nur Soils. { Soil. Soil.
—_— — . .. b -
. Per cent, i Per ceut.  Per cent,
Loss on ignition . .. . . | 7166 o
Sand and insoluble silicates. .. N2 | s Si-43
Lime .. . .. . Uuh 160 073
Yotash . - - 036 062 031
Fhosphoric acid . .. .. Q036 i [V Ur [T TN

Nurogen - .- .. R UtV VU A (R

The soils contain high preceatage of saud and insoluble silicates and
therelore are quickly drained. They are rich in potash and fair in
pliosploric acid and lime,

‘ he following table gives the composition of typical cotton soils of
Diarwar—deep black and medium Llack and also of brown coloured
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rice soils &t Mugad which is situated in the western part of the

Dharwar district :—
TasLE No. 125.
Chemical dnalysis.

'

v Deep Medium Brown
_— i black black coloured
icotton soil.lcotton soil. { rice soil.
S B —_
rI’e.r cent. | Percent. | Der cent.
Loss on ignition. . .. E 9-68 7-60 ! 5356
Silica and insoluable sﬂxcates .. . ’ 6526 6666 7454
Iron and Alumina . 1 15-90 18:10 . 16:90
Lime .. ; 1-20 068 0-39
Magnesia - .. L0ed 064 104
Potash . .. L 0-37 0-39 043
Phosphoric acid .. o 0004 005 | 013
Nitrogen - .. .. | 0-06 0-09 | 011
TasLe No. 126,
*Mechanical Analysis.
! Medinm ‘5 Brown
i black cotton! coloured
soil. i rice soil.
e e e e | D——
' |
Clay and finest silt .. . . f 4500 9506
Fine silt 126700 2400
Silt . . . 1300 | 1700
Fine sand .. .| 67T 15743
Coarse sand ' b-67 14-95

The deep black soil is good in its retentive power as shown by the loss

on ignitior,
acid and vitrogen.
and vitrogen and fair in phosphoric acid.

with the plant food constituents except lime.

It is also good in lime and potosh but fair in phosphoric
The medium black soil is low in lime, good in potssh
The rice soil is well stocked

Variation in four typical black soils from Dharwar was found as

follows 1~
TasLe No. 127,

Losa on ignition

Sand and mgoluble silicates
Lime

Potash

Phosphoric acid

Nitrogen

..

Per cent.
79 to 97
. 607 toT0°8
45 to 62
0'13 to 019
0°023to 0033
0°042to 0°G53

The soils bave a good retentive power and are rich in lime, good in

potash and fair in phosphoric acid and nitrogen.

* International method.
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Two typical soils from Gadag gate the following figures :—
TanLe No. 128.
Chemical Analysis.

_— ! PRedsoil. ' Black soil.

' Per cent. | Per cent.

Loss on ignition Lt .o 500 [ 608
Silica and insoluble silicates . .l 19083 0 T
Iron and Alumina .. bo13+05 | 12°55
Lime : . ‘ 059 261
Magnesia .. .. .0 085 1 04D
Potash . - .. L 027 ‘ 0-42
Phosphoric acid . i 008 | 0°08
Nitrogen 0°064 ; 0022
Tapre No. 129.
*Mechanical Analysis.
J— Red s0i .
- Per ﬁeﬂt.ﬂ
Clay and finest silt .- . . .| 3000
Fine silt . .. o . . 7700
Silg . .. . . 2:00
Fine sand .. . . . . 9-40
Coarse sand .. . - . . 4320

(C) Bijapur District.

Area.~The district of Bijapur Les between 15° 49’ and 17° 29’ north
latitude and 75° 19’ and 76° 32’ east longitude and covers an area of
5,669 square miles, .

Physical features and rainfall.—The district is mostly & plane with
valleys indicated by the five important rivers which cross the district.
These rivers are the Bhima, The Don, the Krishna, the Ghataprabha
and the Malaprabha. The southern part of the country is crossed by the
low ranges of hills. The rainfall is extremely irregular both ip amcunt
and distribution. The district gets rain from both the monsoons.

Rocks.—The northern part of the district is occupied by trap. In
the southern part the gneissic rock occupies the south-east, Bhima

sandstones and limestone are in the east and the Kaladgi sandstones,
etc., are in the south-west.

Sods.—RBy fur the greatest part of the open country whether occupied
by trap or gneiss is covered with black soil. It has a great moisture

. intérmtioml method
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holding capacity and in the rainy season, in certain parts is impassable,
It is verv deep and heavy. Inthe don valley the soils are very rich. On
the banks of the Bhima and the Krishna also rich soils are found. Some
of the black soils show presence of soluble salts and there are some which
yield crops only with good and heavy rainfall. The red sandy soils
found near the hills of Badami, etc., are generally poor. They yvield only
the rain crops and cannot hold moisture ta allow any crop to grow after
the rains. ’

In the Bagalkot taluka sre found (1) dep black soils as at Govankop
or Hungund (2) light soils as at Simikeri and Kamatgi and (3) sandy
solls s at Badami and Guledgud. They are three distinct types as

shown by the following figures. The variation is as shown by 4 to
6 samplss of each group of soils:—

TaeLe No. 130.

Chemical dnalysis.

v

. Deepblack | .., .

—— soils. Light soils, ! Sandy soils.
Per cent. Per cent. Per cent.

Laosa on ignition . 6°00to T'85 | 4-76t0 6:10 | 4:05t0 5-20
silica and ingoluble slhcates L6876 10 759 779 to 78°44 |80 T4 to $4+46
Iron and Alumina .. .. 8:30t010-20 (10°50 to 1450 | 7-40 to 950
Lime Ve .. L2970 5°59 | 04510 1:85|0-18t0 1-23
Potash . .. o0 12t0 0:2310°25t0 042 ) 0:31to 039
Phosphoric acid . .. 003to 0°06]009t0o 0:18]0:05t0 0:06
009 0-08

Nirrogen . . .. 003t 0°04 to 0°120:05to

TapLk No. 13L

Jlechuniml Analysis.

. ] i

— \ Deep black | 1ight soils. | Nandy soils.
1 |
_ I
Per cent. ! Per cent. Per cent.,

Clay and finest silt 330 to40-0' 100 t016:01 13-0t013°0
Fine siit 70 told0 1000 to280: 12:0to 190
sile 20 to 60 T-0 to20:0, 30tol)0
Finesand . .. ..o 31 tol0-3 ' 158 10230 T8t0 227
Lo arse sand .. .. .. 18°9 t028:2' 199 t030°2, 24910523

| .

The distinctive characters of the three types are well shown by the
above fizures. The deep black soils are rich in lime fair to zood in potash
but ymcmcadv poor in nitrogen and phosphoric acid. The light soils
are fair to good in Lime, rich in potash and good to rich in phosphonc
acid and eitrogen. The sandy solls are fair to good in lime rich in potash
and fair in nitrogen and phosphorie acid.



1
Some other typical goils of the District are givea below :—
TasLe No. 132
Chenical Analysis.

N Bagewadi Soil from Mudde.

Bagewadi 2 Alluvial A
—_ garden | D0 Gilgrom | Mardl T Ty
. ) valley . ! (Light :
R 80il. i woil. Almari. ey 80il.
o e
— e S —
Per cent. * Per cent. ' Per cent.  Per cent.  Per cent.
Tws on ignition. . L 0ss 80 742 | 654 2-84
Rilica and insnluble silicates . 60-29 6321 64-87 . 6761 8957
Iron and Alumina . 1505 © 1025 18:45 | 1335 8-40
Lime o oW T 260 580 0-35
Porash . .. 023 0-23 013 014 0-21
Phorphoric acid . 019 018 012 ;019 009
Nitrogen . - 0-08 0-06 064 | 005 0-033
]
TasLe No. 133.
*Mechanical dralysis.
" B ’ T Ty o | , -
Bagewadi BMEWI L yppypig) | SO ITOm yroge,
—_ © garden \a?I: teoil from 3 bihal
soil. soil ¥ ' Almari. i, il
| P o
Per cent.  Fer cent. | Per cent. Per cent. . Per cent.
Cluy and finest ailt %0 30 25 130 146
Fine silt . .. a2-0 17:0 190 | 240 356
Jile .. 1o 13-0 25:0 | 31-0 3-0
Fine sand - .o 1000 11-6 23-8 | 260 12-9
Coarse sand .. o 1-2 0-3 22 i 3-26 . 62:1

The Bagewadi soils are very retentive and well stocked with plant
food constituents, They are rich in lime and good in potash, phosplioric
acid and nitrogen. The lighter soils are poor in ritrogen and well
drained and contain good proportions of plart foods. The Muddebikal
soil is coarse and hungry.

* Done according 10 the Tnternatianal method.
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APPENDIX.

Methods of Analysis.

Methods of analysis are modified from time to time and it is,
therefore, necessary to indicate the processes which have been followed
in obtaining the figures discussed in this bulletin.

Soils are analysed to determine chemical constituents, mechanical
constituents and physical properties of the soils. The chemical analysis
includes the percentage composition of the tetal quantities of the various.
constituents, percentage of available potash and phosphoric acid and
soluble salts. - The mechanical analysis gives the percentage composition
of the particles of different sizes in the soil. The physical properties of
the soils refer chiefly to the water-holding capacity, movement of water,
ete., in the soils.

The methods adopted in analysing the soils discussed in this Bulletin
are given below. Details are given only where short description of
methods may not give a clear idea of the process followed. The soil
which is received in the laboratory for analysis is spread out to dry
and then pounded in a wooden mortar by & wooden pestle and passed
through one millimeter sieve. The stones which remain ubove the
sieve are weighed separately and the fine soil which passes through is
taken for analysis.

1. (4) Chemical Analysis—

(1) Moisture.—About 5 grammes of the soil are put In a dish and
dried in water oven. The temperature of the oven is at the boiling point
of water. The soil is cooled and weighed. This is repeated till the
weight becomes constant.

(2) Loss on Ignition.—The soil from which moisture has been deter-"
mined is taken and heated first on a low flame and then ignited. Tt is
then cooled and welghed The loss in weight includes water not driven
out at 100°C., organic matter and carbon dioxide from the carbonates,
For preliminary “examination the loss on ignition is taken to indicate
roughly the proportion of organic matter in the soil.

- (3) Organic Matter.—For accurate determination of organic matter
ten grammes of soil are weighed in a conical flask and heated with dilute
sulphuric acid to drive off carbon dioxide from the carbonates in the soil,
The treated soil is then subjected to the oxidation process of potaseinm
dichromate six grammes and 50 cc. sulphuric acid made up by mixing
30 cc. of strong sulphuric acid with 20 ce. of water. The mixture 13
heated in a paraffin bath kept on a low flame. The air which is drawn
into the flask is deprived of its carbon dioxide by making it pass through
a tube containing soda lime. The air from the flask, which is elowly
drawn out by means of an aspirator, is passed first through a reversed
condenser and calcium chloride tube to remove moisture, then through
weighed caustic potash bulb where the carbon dioxide is retained und
lastly through a weighed calcium chloride tube which retains any moisture
that may be driven out from the caustic potash bulb by the bubbling
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of the air. Tle increase in the total weight of the potash bulb and the
last caleium chloride tube gives the weight of carbon dioside produced
by the oxidation of organic matter. An aspirator ic attached at the 2nd
of tie calcium clloride tube to draw air through the apparatus. The
weinht of carbon dioxide in grammes multiplied by 0-2727 gives carbon,
but as catbon to the extent of }th is not driven out it is further multiplied
by 1:23. When the quaatity of CQ, is multiplied by 0-5877 it gives
organic matter in the soil. .

(1) Total nitroged (excludipg nitrite and nitrate nitrogen).—This is
determined by the Kjeldahl’s method. 10 grammes of soil are put ir a
Kjeldal flask, wetted with water and then heated with 20 to 25 cc. o0i
strong enlphuric acid. When the first fumes subside about 5 grammes
of anhydrous potassium sulphate are added. The heating is cortinued
till all the carbon is oxidised. The flask is then cooled. Water is added
to it and the contents aretransferred to a distilling flask (about 2,500 to
3,000 ce. capacity). Strong caustic soda solution is added to make the
liquid in the distilling flask strongly alkaline. The ammonia evolved

is driven out by passing steam and absorbed in a known quantity of !l%

sulphuric acid. The amount of sulphuric acid neutralised gives the
amount of nitrogen in the soil.

(0) Stlica and Insoluble Silicates.—For the determination of the
inorganic constituents the ignited soil is heated in a dish with strong
hydrochloricacid to dryness. This is done twice over and then extracted
with dilute hydrochloric acid, filtered and the insoluble portion washed
free of acid with hot water, The filtrate is collected in 250 ce.
measuring flask. The insoluble portion is ignited and weighed as silica
ard insoluble silicates.

(6) Iron and Alumina (FeyOq and Aly05): The filtrate from the sbove
experimert is made up to 250 cc. Out of this 100 cc. are taken in a
beaker and strong ammonia is added to make the solotion alkaline.
The irep and alumina and possibly some of the phosphates sre
precipitated. All these are collected together, ignited and weighed,
The weight gives the amount of iron and alumina together (the
phosphates form a negligible quantity). If iron is to be separately
determined the iron alumina precipitate is dissolved in hvdrochloric
avrid and the ferric iron is reduced by zine to ferrous and titrated against

N . .
1o Dotassium permanganate solution.

(v) Lime (Ca0).—The filtrate which remains after the removal of
iron and alumina is heated with dilute acetic acid and ammonium
ox.late. The precipitate is ignited, treated with ammonium caybonate
and the excess of ammonium carbonate is driven away by heatfng the
precipitate, 1t is then cooled and weighed as calcium carbonate and
caleulated to Ca0.

(%) Magnesia (Mg0).—The filtrate from the above experiment is
evaporsted to dryness and ignited strongly to decompose all ammoniacal
salts. Tue remaining portion is weighed and treated with Lot water
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and filtered. Magnesium remainseon the filter paper as oxide while
the chlorides of potassium and sodium go down into the filtrate. The
total weight before hot water treatment contains magnesium oxide,
potassium chloride and sodium chloride. The magnesia on the filter
paper is ignited and weighed and the percentage calculated.

(9) Potash (K,0).—The filtrate is evaporated down to a small volume.
A little hydrochlonc acid and enough platinum chloride aze added to it
and heated on a water bath. It is taken with 80 per cent. alcohol and
filtered through weighed or counterpoised fijter papbr. It is weighed as
potassium platinum chloride and calevlated as potash (potassium oxide)-
per cent. on the soil.

(10) Soda (Na,0).—This can be calculated from the weight of sodium
chloride obtained by deducting the weight of magnesia and potassium
chloride from the total weight of all the three.

(11) Phosphoric Acid (Py0,).—100 ce. from the stock solutionobtained
by treating the soil with strong hydrochloric acid is taken for the
determination of phosphoric acid. It is precipitated by ammonium
molybdate in the presence of ammonium nitrate and vitric acid. From
the ammonium phosphomolybdate obtained phosphoric acid is
caletlated.

I (B) dvailuble Potash and Fhosphoric acid.—Besides de‘celmuunf7
the total potash and phosphoric acid in the soil it is sometimes necessary
to determine the percentage of available potash and phosphorie acid.
This is done by what is known as Dyre’s method. In this method 200
arammes of soil are shaken with 2,000 cc. of one per cent. citric acid solu-
tion for a week. It is then allowed to settle down and filtered. 1,00¢ cc.
of the filtrate are evaporated to dryness and ignited to burn away all
organic matter and the remaining portion extracted with hydrochloric
acid, filtered and made up to a known volume. Half of thisis used fo:
the determination of potash and the remaining Lalf for phosphoric acid
by the methods already described. The results are caleulated to
percentage of available potash and phosphoric acid.

1. (C) Soluble Salts.—1In the determination of soluble salts are
included total soluble salts, sodium carbonate, total carbopates, total
chlorides, sulphates, calcium and magnesium,

(1) Total salts —100 grammes of soil arc shaken with 500 cc. of water
for quarter of an hour and filtered through a.big Buckner funnel.
50 cc. of this are evaporated to dryness in & weighed dish ons water
bath and then finally in a water oven. The dish is weighed till
constant and salts calculated on 100 grammes. -

(2) Sodium carbonate. -Thls is determined by titrating a smtab]e
quanmy of extract aframst KHbO4 using phenolphthalein as the

indicator. From the number of ceg. required the quantity of sodium
carbonate is calculated.

(3) Total carbonate —A suitable quantity of the soil extract is
titrated aaamst io H280, with methyl erange as the indicator.
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(4) Total cklorides—~Suitable quantity of the soil extract is titrated
against :2‘0 AgNO, with potassium chromate as the indicator,

(5) Sulphates.—50 cc. of the extract are taken for sulphate deter-
mination and precipitated with barium chloride or pitrate, The
precipitate is weighed a8 barium sulphate from which sulphates are
caleulated. , ‘

(6) Calcium.—50 cc. of ¥he soil extract are taken. Ammonium
cbloride and ammonia are added to precipitate iron and alumina. To
the filtrate a few cc. of acetic acid and then ammonium oxalate solu-
tion are added to precipitate calium oxalate. This is strorgly heated,
cooled and treated with ammonium carbonate and weighed as calcivm
carbonate. TlLe calcium carbonate is then' culeulated to ealcium
oxide,

() Magnesium.—The filtrate from the above experiment. is cooled.
Ammonis and disodium hydrogen plospliate are added to precipitate
magnesium a3 magnesiun ammoninm  phosphate. This 18 then
caleulated to maguesium oxide.

There are two ways of expressing the results obtained from the deter-
mination of soluble salts. The results may be expressed in terms of
ions such as (0%, 807, Cl, Ci, Mg*-, Na* &c. or may be expressed
by the comhination of the jons. When the latter mathod is adopted
the procedure is as follows. The C0"g necessary for sodium carbouate
88 determined by titration with potassium Lydrogen sulphate with
phenolplithalein as the indicator is deducted from the total (0" and
18 then combined with (4. If CO”g remains after combining with all
the Cid it is given to Mg-*. If it still remains in excess it is combined
with NaH- to be calculated as sodium bicarbonate. CO"; is many
times not enough to combine with all Ci in which case excess of (3
ie combined with S0"¢ and then with CI'.  If 8O°, after combining with
all the available Ci remains it is combined with Mg** and then with
Na*. Cl' also is made first to combine with Cé if any is available
after combination with €O’ and 80°, and then with Mg-- and
finally al! the remaining 1" is calculated as Na(l.

IL. Mechanical Analysis.—Interuational method of meclLanical,
snalysis is the one now-a-days followed in the Poona laboratory bit
formerly the old “ Sedimentation method " of settling particles of soil
in beakers was followed and that was the method used in determining
fizures in this Bulletin,

ITL. Physical Properties.—Physical properties of the scils are many
and they are also very important in the study of the soils, but these
were determined ouly in a few cases and hLence these are not
prominently menticned in this Bulletin,

IV, Bio-chemical Properties.—In this presidency the bio-cLemical
study har pot vet been taken up.  In the case of the Kanara Cardamom
cultnvation, the soils were studied from & bio-chemical point of view

0 Q 53—4
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and the results have been published in a separate Bulletin (Bom. Ag.
Dept. No. Bull. 157 of 1929). The methods used in that study are
described in that Bulletin. ' : '

V. The pH value.—~The pH value is determined by the colourimetric
method or potentiometer. In the case of the soils given in this bulletin
1t was done by the colonrimetric methcd. The results agree with those

obtsined with the potentiometer. .
[ 3]
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Yeola - . 38

BOM8AY : PHINTED 4T TRE GOVERNMENT CENTRAL PRESS.
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