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Morphological, mineralogical, physical and chemical propertics of somo soils
growing Virginia tobacco in Guntur district, Andhra Pradesh, have been
studied. The soils are dark grey brown in colour, hard, sticky and contain
lime nodules, The soils are characterized by high water holding capacities,
low permeability, massive structure and lack of clear horizon differentiation.
The goils contain resistant minerals with traces of easy weatherable minerals
in the fine sand fraction., The mineralogical evidence shows that the soils are
sedentary and not tramsported. The soils are clayey, alkaline in reaction,
low in organic matter, high in cation exchange capacities and are rich in
calcium and magnesium, The soils are classified under the group medium
black soils and according to the new U.S.D.A. system of soil classification
under the order Vertisol, suborder Ustert and great soil group Mazustert.

The present investigation was carried out to study the morphological,
mineralogical, physical and chemical properties of some Indian black soils
growing Virginia tobacco. The soil samples were collected from Guntur
district of Andhra Pradesh where Virginia tobacco is grown. The average
annual rainfall in this area is about 34 inches. The average rainfall at Lam
farm for the past 24 years is 33-6 inches, distributed over 76 days. The
rainfall is well distributed and favours the production of good crops without
supplementary irrigation, combined with the fact that the soils are rich, deep
and retentive and crop production under dry conditions is fairly assured.
The weather is rather hot during summer, the maximum temperature recorded
at the Lam farm being 120° F. The weather is cool and pleasant from
November to February and nights are heavy dewy. The minimum tempera-
ture recorded during the cold weather is 48° F.

Seven soil profiles have been collected in the present investigation from
seven different villages in Guntur district of Andhra Pradesh. The profile
descriptions are given below:

ProriLE 1.

Area: Agricultural Research Farm, Lam, District Guntur, Andhra Pradesh;
relief—level land ; slope—0-6 per cent ; erosion—slight; drainage—some-
what poorly drained.
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DEscrpTION

Depth:

0-3" Dark grey brown (2-5 y 4/2 DM), clayey, subangular blocky struc-
ture, slightly hard, slight effervescence with HCl, permeability very
slow, roots are present, white due to lime kdnkars, pulverized
layer. 3" thick.

3-12" Dark grey brown (2-5 y 4/2 DM), clayey, angular blocky structure,

white due to lime kankars, very hard, slight effervescence to acid,
permeability very slow, roots present up to 8” and very few.

9” thick.

12-53" Very dark grey brown (10 y R 3/2 M), moist, clayey, massive struc-

ture, white due to lime kankars, very firm, sticky, very plastic,

slight to strong effervescence, permeability very slow to slow,

moisture increases with depth. 39” thick.

53-68" Very dark grey brown (10 y R 3/2 M), clayey, moist, plenty of
lime pockets (white), massive structure, firm, very sticky, very
plastic, violent reaction to acid, permeability slow, boundary gradual
to smooth. 17" thick.

ProriLe 2.

Area: Central Tobacco Research Farm, Guntur, District Guntur, Andhra
Pradesh; relief—level land ; slope—less than 1 per cent; erosion—none
to slight; drainage—somewhat poorly drained.

DEescrrerIoN

Depth:

0-3" Dark grey to very dark grey (10 y R 3:5/1 DM), dry, clayey. pul-
verized, subangular blocky structure, slightly hard, sticky, plastic,
roots present, slight effervescence to acid, permeability moderately
slow. 3” thick.

3-21" Dark grey to very dark grey (10 y R 3:5/1 M), moist, clayey, mas-
sive structure, firm in place, friable in hand, slight effervescence to
acid, roots present, permeability slow. 18" thick.

21-38" Dark grey to very dark grey (10 y R 3-5/1 M), moist, clayey, mas-
sive structure, firm, sticky, plastic, effervescence slight, permea-
bility slow, roots present up to 38", diffuse boundary. 17" thick.

38-54" Very dark grey (10 y R 3/1 M), moist, clayey, massive structure,
very firm and friable, strong reaction to acid, permeability slf>w,
boundary diffuse. 16" thick.
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54-67" Very dark grey (10 y R 3/2 M), moist, clayey, massive structure,
firm, sticky and plastic, strong to violent effervescence to acid,
permeability moderately slow, boundary gradual to smooth.

Special features: Lime nodules, very fine pale brown to white in colour, seen
throughout the profile, the number and size increasing with depth, mois-
ture percentage increasing with depth indicating poor permeability and

drainage.
ProFILE 3.

Area: Motadeka, District Guntur, Andhra Pradesh, Survey No. 101 ; relief—
gentle ; slope—1 per cent ; erosion—slight.

DEscrRIPTION
Depth:
0-1" Very dark grey brown (10 y R 3/2 DM), dry, clayey, pulverized layer,
slightly hard, slight effervescence to acid, few roots, permeability
moderately slow. 1”7 thick.

1-14" Very dark grey brown (10 y R 3/2 DM), dry, clayey, cloddy struc-
ture, extremely hard, slight effervescence, moistens easily, per-
meability slow, few roots up to 9”. 13" thick.

14-37}" Very dark grey brown (10 y R 3/2 DM), moist, clayey, massive
structure, firm, sticky, plastic, does not get wet easily, slight
effervescence, permeability slow, very few roots up to 22", bound-
ary diffuse. 234" thick.

373-60"  Very dark grey brown (10 y R 3/2), clayey, moist, firm, sticky and

plastic, effervescence strong to violent, permeability moderately
slow, boundary gradual to smooth.

Special features : Fine white and black lime kankars from 1” onwards.

ProriLE 4.

Area: Karlapudi, District Guntur, Andhra Pradesh, Survey No. 68; relief—

gentle ; slope—1 per cent; erosion—slight ; drainage—somewhat poorly
drained.

_ DErsorreTION

Depth:

0-12" Very dark grey brown (10 y R 3/2 DM), dry, clayey, cloddy struc-
ture, very hard, slight effervescence, permeability very slow, few
roots present, white feldspar grains and lime nodules of medium

size in layers one and two. 12" thick.
6B



12-51"

51-65"

65-73"

ProFILE b.

STUDIES ON SOME INDIAN BLACK SOILS 679

Very dark brown (10 y R 2/2 M), moist, clayey, massive structure,
very firm, slight effervescence with HCl, permeability slow, bound-
ary diffuse. 39” thick.

Very dark grey brown (10 y R 3/2 M), moist, clayey, massive
structure, firm, lime pockets pale brown and white—many, strong
to violent reaction to acid, permeability slow, boundary diffuse.

14" thick.

Dark yellowish brown (10 y R 4/4 M), moist, clayey, massive
structure, firm, violent reaction to acid, lime pockets pale brown
and white—many, permeability moderately slow, boundary gradual.

Area : Nidumukkala, District Guntur, Andhra Pradesh ; relief—normal ; slope
—Iless than 0-5 per cent ; drasnage—poor ; stoniness—nil.

Present land use: 1dle land—Hariyali and babul shrubs. Dark yellowish
brown powdery mass of salt, impregnated on the surface in patches
nearly 40-45 ft from the pit position. A nala is flowing (SW. to NE.)
nearly 3 furlongs to the east of the pit position. For the last 5-6 years
the area is lying idle as it has developed salinity. Previous to that it
was under tobacco crop.

Depth :
0-51"

DsescrrrTiON

Brown to dark brown (10 y R 4/3 D), moderately dry, clayey, slightly
hard, concretions small and many, strong reaction to acid, perme-
ability slow, roots are few. 54" thick.

Dark brown (10 y R'3/3 D), moist, clayey, massive structure, firm,
concretions small and few, slight effervescence to acid, perme-
ability slow, few roots present, boundary diffuse. 13" thick.

Special features: Gypsum crystals present—very small and few in 2 and 3
layers.

18}-45}"

453573

Dark grey brown (10 y R 4/2 D), moist, clayey, massive structure,
firm, concretions small and many, strong effervescence to acid,
permeability slow, gypsum crystals present, roots are absent,
boundary diffuse. 27" thick.
Brown to dark brown (10 y R 4/3 D), moist, clayey, massive struc-
ture, friable, pocket bands and streaks (25 y 5/4 D), violent
effervescence, permeability slow, lime concretions pale white and
black and lime diffused with soil, boundary diffuse. 12" thick.
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57}-64" Olive brown (25 y R 4/4 D), moist, clayey, massive structure,
friable, violent effervescence to acid, permeability slow, lime concre-
tions pale white and black and lime diffused with soil, boundary
diffuse to gradual.

Pro¥mLE 6.

Area : Tadikonda village, District Guntur, Andhra Pradesh ; drainage—mod-
erate ; relief-—normal ; slope—level land ; erosion—slight ; stoniness—nil.

Present land use: Very good crop of Virginia tobacco (flue-cured).

DEescrIpTION
Depth :

0-83" Very dark grey brown (10 y R 3/2 D), dry, clayey, very hard,
concretions small about 1-2 mm size, slight effervescence to acid,
permeability slow, roots are many. 81" thick.

81-21" Very dark grey. brown (10 y R 3/2 D), dry, clayey, concretions
small and few about 2 mm size, slight effervescence to acid,
permeability slow, very fine and many roots are present, boundary
diffuse. ' ' 1247 thick.

21-451" Dark grey (10 y R 4/1 D), dry, clayey, structure medium, moder-
ately blocky and diagonal plates, hard, concretions many about 4
mm gize, sttong effervescence, permeability slow, very fine and
many roots are present, boundary diffuse. 24}” thick.

454-60" Dark grey (10 y R 4/1 D), moist, medium moderately blocky
structure, clayey, firm, concretions few and less than 5 mm size,
permeability slow, few roots are present, boundary diffuse.

Pror¥iLE 7.

Area: Neemkonda, District Guntur, Andbra Pradesh, Survey No. 14/146;
stoniness—nil.

Present land use: Tobacco is grown every year. It has been learnt that the
leaf obtained does not possess the required colour and aroma.

DEscripTION
Depth : .
0-97 Dark grey brown (10 y R 4/2 D), clayey, medium moderately
blocky, moist, firm, very sticky and plastic, slight effervescence.
9-18" Very dark grey brown (10 y R 3/2 D), clayey, medium moderately

blocky structure, moist, firm, very sticky and very plastic, slight
effervescence.
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18-36" Very dark grey brown (10 y R 3/2 D), clayey, medium moderately
blocky, moist, firm, very sticky and plastic, negligible effervescence
to acid.

36--54" Very -dark grey (10 y R 3/2 D), clayey, moist, firm, sticky and
plastic, negligible effervescence.

54-72" Very dark grey brown (10 y R 3/2 D), clayey, structure medium
moderately blocky, moist, firm, very sticky and plastic, slight
effervescence.

72-90" Very dark grey brown (10 y R 3/2 D), clayey, structure coarse,
strongly blocky, moist, firm, very sticky and plastic, slightly
diffused effervescence.

90-108" Very dark grey brown (10 y R 3/2 D), clayey, structure coarse,
strongly blocky, moist, firm, very plastic and very sticky, slight
diffused effervescence to acid.

Special features : Few concretions of lime are encountered in the last soil layer

(90-108").

The, morphological studies of the soil profiles indicate that these soils
are generally dark grey brown in colour, clayey, hard, sticky and plastic.
The permeability of these soils is low, the structure varies from massive to
medium moderately blocky. There is effervescence to acid and lime kankars
are encountered in the soils. The moisture content of these soils generally
increased with depth. The horizon differentiation is not clear in these soils,

METHODS OF ANALYSIS

Moisture content was determined by drying the soil sample in an
oven at 105° C up to constant weight and determining the loss in weight
(A.0.A.C. 1950). Loss on ignition was done by igniting the sample after mois-
ture determination in a muffle furnace at 700° C for half an hour. Maximum
water holding capacity was determined with the help of Keen-Reczkwoski box
(Keen and Reczkwoski 1921). Mechanical composition of the soils was done
using pipette technique (Piper 1950). Soil reaction was determined using
Beckman pH meter in 1:2-5 soil : water suspension (Piper 1950); organic
carbon by following the Walkley and Black’s (1934) rapid titration method as
modified by Walkley (1935); calcium carbonate by using Collin’s. calcimeter
(Wright 1939). Total soluble salts—the conductivity measurement was done
in 1: 5 soil : water suspension after shaking for one hour (Piper 1950). Calcium
and magnesium were determined by Versenate method and sodium by flame
photometer.

Fusion analysis of soils.—A weighed quantity of soil after ignition was
mixed with five times its weight of anhydrous sodium carbonate in a platinum
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orucible and fused (Bear 1955). Silica and calcium were determined by the
method of Piper (1950); magnesium by the method of A.0.A.C. /(1950);
potassium by flame photometer.

Total cation exchange capacity was determined by  Schollenberger’s
(1930) method by leaching with neutral normal ammonium acetate. Ex-
changeable calcium and magnesium were estimated by Versenate method
(Richards et al. 1954) after leaching with normal sodium chloride (Piper 1950);
potassium and sodium by flame photometer.

Mineralogical examination of fine sand fraction.—Fine sand fraction (0-2 to
0-02 mm) was separated into light and heavy fractions using bromoform (sp.
gr. 2-9). The minerals were identified with the help of a Panphot petrographic

microscope (Leitz) after preparing slides using Canada balsam as a mounting
medium.

RESULTS AND DISCUSSION

The soils contain high clay percentages and low gravel material (Table 1).
The gravel material mostly consists of lime nodules. The observations
closely agree with Simonson (1954) who stated that regur soils are high in
clay which is especially active both chemically and physically. The increase
of clay fraction with depth vary within the range of 10 per cent. Tadikonda
profile shows no variation of clay content with depth. The work of Desai (1942),
Basu and Sirur (1938), Raychaudhuri ef al. (1943) and Roy and Das (1952)
indicate that the amounts of clay tend to be uniform in the solum in regur,
except where there is evidence of stratification. The high clay content, which
shows increasing trend with depth although to a small extent, indicates that
these soils are weathered and mature. The soils show no clear horizon differ-
entiation as many other zonal soils. According to Simonson the lack of horizon
differentiation in regur soils seems to be partly a reflection of the slowness
with-which horizon differentiation proceeds in fine textured materials, and it
also seems to be due to the mixing of horizons which accompanies the alternate
wetting and drying of the soils because of the seasonal distribution of rainfall.
dt is possible to imagine regur soils as churning slowly but steadily, a
process certain to retard and perhaps even offset horizon differentiation.
Deep cracks are formed during the summer months in these soils which extend
several inches in depth and which helps this process of churning.

"Flue-cured tobacco is grown on these soils during the rabi season when
practically no rains are received. The crop depends mainly on the moisture
retained due to rains received in the south-west monsoon period. Since, the
crop is grown under rakrfed conditions during a period when practically no
rains are received, the problem of drainage does not arise which is rather an
important factor in tobacco production. The rocks of this area are basic
granites.
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The mineralogical studies of the fine sand fraction of Tadikonda and
Guntur soils indicate that these soils are sedentary and not transported.
The soils are highly weathered as the fine sand fraction consists of tour-
maline, zircon and garnets which are resistant minerals with low weather-
ability (Mohr and Van Baren 1954). The easily weatherable minerals like
plagioclase and hornblende are not present or present in traces (Table 2).

TABLE 2

Mineralogical com position of fine sand fraction

. Percentage Percentage Main non. Accessory
. Depth in . opaque
Locality . of light of heavy non-opaque
inches . . heavy .
minerals minerals R heavy minerals
minerals
C.T.R. Farm,

Guntur .. 0-3 89-7 10-3 TZG HCR
Tadikonda .. 0-8 92.2 7-8 TZGM RO

C = chlorite; G = garnet; H = hornblende; M = monazite; O = olivine; R = rutile;
T = tourmaline ; Z = Zircon.

The soils have high water holding capacities which increase with depth.
The high water holding capacities can be expected in clayey soils with ex-
panding lattice minerals like montmorillonite. The organic carbon content of
these soils varies between 0-34 and 0-63 per cent. The low values of organic
carbon in these soils can be explained due to very high temperatures that
prevail in summer months. The soils are alkaline in reaction and in general
the pH values increase with depth. A similar trend has been reported by
Desai (1942), Hosking (1935) and Mukherjee and Agarwal (1943) for black
goils. The increase in alkalinity can be due to increase of sodium in the ex-
change complex of the soils. However, there is no significant change in pH
values in Tadikonda and Neemkonda soils and this observation is consistent
with low exchangeable sodium percentages and low sodium adsorption ratios.
In spite of high exchangeable sodium the pH values of Nidumukkala profile
vary only between 7-45 and 8:45 which may be due to excess salts in this
profile when compared to other soils.

Tamhane (1950), Desai (1942) and Basu and Sirur (1938) have reported a
range of 0-5 to 8-0 per cent calcium carbonate in regur soils. The calcium
carbonate content of these soils also falls in this range. The soils have high
cation exchange capacities which are consistent with the identification of
the montmorillonite clay mineral (Table 3). Montmorillonite clays are to
be expected in soils with high cation exchange capacities and low organic
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matter contents common to regur soils (Simonson 1954). The studies of
Anjaneyulu et al. (in press) indicate that the clay minerals are predominantly
montmorillonite, with some illite. These soils are fairly base saturated,
calcium being the most outstanding. Exchangeable sodium comes next to
magnesium and it increases with depth. Exchangeable calcium decreases with
depth in general. The increase of sodium with depth is also associated with
increase of sodium adsorption ratios and pH values. This shows that some
leaching of most soluble cations took place. The exchangeable sodium per-
centages are below 10 which shows that sodium may not interfere with struc-
ture of soil and crop growth. The exchangeable potassium percentages vary
between 1 and 1-5 in these soils rarely going up to 3 as in the case of Tadikonda
soil where best quality Virginia tobacco is grown. The exchangeable potas-
sium percentage of Neemkonda soil is very low in the surface soil. The quality
of Virginia tobacco grown on this land is also not very good. Therefore,
available potassium in the soil appears to be closely associated with quality
of tobacco, a fact which requires further studies. '

The soils under investigation are rich in calcium and magnesium (Table 4).
The abundance of calcium in the weathering zone appears to be the sine qua

TABLE 4

Chemical composition of soils (percentage expressed on oven-dry basis)

Locality Dizfc’:gs‘“ Si0, a0 MgO K0

0-3 6334 3.16 2-59 1-23

ARF., Lam { 3-12 62-61 3-94 2-92 1-37
C.T.R. Farm,

Guntur .. 0-3 5192 4:50 2-53 1-51

3-12 } 60-26 5-00 2-53 1-51

Motadeka .. 0-1 57:11 7-79 1-61 1-35

1-14 } 54-54 6-84 3-02 109

Karlapudi .. 0-12 60-71 5-34 2-94 1-23

Nidumukkala .. 0-53 50-81 4.93 2.03 1-04

Tadikonda . 0-8 52-90 1-94 2:45 0-95

Neemkonda .. 0-9 49-06 3:69 345 0-54

non for the formation of black soils as pointed out by Tamhane and Namjoshi
(1959) as calcium performs very important functions like maintaining a high
concentration of bases and an alkaline reaction in the weathering environment,
blocking the formation wf kaolinite and possibly aiding the formation of
montmorillonite. Moderate quantities of magnesium are also essential as
they are taken up in the clay complex of black soils imr non-exchangeable and
exchangeable forms. The dominance of calcium followed by magnesium in
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the exchange complex also acts as a favourable environment for the
synthesis of montmorillonite. The formation of montmorillonite in these soils
can be explained as due to basic nature of parent material rich in calcium and
magnesium which on weathering provides calcium and magnesium. The in-
sufficient rainfall which prevails further assists in retaining these cations in
the weathering zone.

The soluble salt content of these soils increases with depth. Except in
Nidumukkala soil, in all soils the soluble salts appear to be under the critical
level to interfere with crop growth. The soil samples have been collected in
summer months and we can expect the salt content to be still lower when
tobacco is grown in this area when moisture content also will be high. Nidu-
mukkala soil is, however, definitely saline with high salt content which inter-
feres with crop growth. Among soluble cations sodium is outstanding followed
by calcium and magnesium. The sodium increases with depth (Table 5).

The soils under investigation have been classified under the group medium
black soils according to the new Soil Map of India (Raychaudhuri et al. in

TABLE 5

Water soluble cations (m./[litre)
(1 : 5 soil : water)

Depth i Conductivity
.ep n milli, mhos/cm Ca Mg Na SAR.
inches o
at 25° C

Agricultural Research Farm, Lo, District Guniur, Andhra Pradesh

0-3 0-18 0-28 0-09 0-64 1-50
3-12 0-20 0-30 0:10 1-14 2-53
12-30 0-26 0-19 0-72 1-83 273
30-47 0-35 0-19 0-12 261 652
47-53 0-50 0-14 0-11 3-40 9-44
53-68 0-58 0-14 0-09 3-83 11-00

Centrul Tobacco Research Farm, Guniur, District Guntur, Andhra Pradesh

0-3 0-30 070 0-20 0-54 0-89
3-12 0-15 0-24 0-04 0-92 2-50
12-21 0-20 0-28 0-21 1-26 2.52
21-38 0-26 0-21 0-08 1-92 5-19
38-54 038 0-19 0-04 278 8-42
54-67 0-40 0-14 0-07 3-05 9-55

Motadeka, District Guniur, Andhra Pradesh

-1 0-21 0-41 0-17 0-87 1-61
1-14 1-05 2-84 1-20 2-65 1-86
14-26 0-35 0-52 0-27 1-69 2:60
26-373 0-40 0-51 0-20 2-36 420

374-60 0-63 0-14 0-02 418 470
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TABLE 5-—concld.

Denth in Conductivity
op milli. mhosfem Ca Mg Na SAR.
inches
at 25° C
Koarlapudi, District Guntur, Andhra Pradesh
0-12 0-18 0-13 0-02 1-04 3-85
12-24 0-30 0-25 0-12 1-82 4-13
24-36 0-33 0-15 . 010 2:26 6-46
36-51 0-40 0-36 0-22 2-44 4-52
51-65 0-50 0-49 0-10 2-78 5-08
Nidumukkalae, District Guntur, Andhra Pradesh
0-5% 1-40 4-24 1-82 3:65 2-10
53183 1-70 0-84 1-53 6-09 5-58
18345} 1-80 0-60 0-86 5-36 6-30
453-574 0-90 0-27 0-18 4-61 9-80
574643 0-95 0-34 0-17 514 10-28
Tadikonda, District Guntur, Andhra Pradesh
0-8 0-10 0-43 0-02 0-62 1-28
8-21 0-05 1-25 0-10 0-84 1-02
21-454 0-20 1-25 0-10 1-04 1-27
45464 0-65 0-20 0-82 1-24 1-74
Neemkonda, District Guntur, Andhra Pradesh
0-9 0-21 0-63 0-28 0-78 1-16
9-18 0-30 0-82 0-41 1-08 1-37
18-36 0-25 0-44 0-20 1-12 1-97
3654 0-33 0-38 0-18 1-54 2-90
54-72 0-40 0-48 0-28 2-00 3-23
72-90 0-52 1-04 0-52 218 2-45
90-108 0-40 0-46 0-32 1-82 2-88

press). ~ According to the new system of classification presented by the U.S.D.A.
(Soil classification: A comprehensive system, 7th Approximation, U.S.D.A.,
August 1960, Raychaudhuri 1961), these soils can be placed under the order
Vertisol, suborder Ustert and great soil group Mazustert.
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