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ABSTRACT

Cenesis of alluvial soils in the Ganga River Plain of Central Uttar Pradesh comprising the
districts of Budaun, Shahajahanpur, Sitapur and Hardoi under varying rainfall and physio-
graphic conditions has been reported. The factors affecting soil development and the limitations
brought forth by impeded drainage conditions, leaching and high water table have been specified,
Soils have been classified under the suborder Azonal with minimal, medial and maximal with
respect to the degree of soil development. An attempt has been made to classify the soils
according to the new system of soil classification—7th Approximation proposed by the Soil
Survey Staff of the Soil Conservation Service, U.S. Department of Agriculture—in which profiles
1, 3 and 4 fall under the Great Soil Group Haplaquent and order Entisols and profile 2 under the
Great Soil Group Haplaquol!l and order Mollisols.

INTRODUCTION

Due recognition has been given to the development and classification of
transported soils in other countries but they have however attracted less
attention of the soil scientists in this country. Unlike residual soils, which
respond well to the interactions of soil forming factors, alluvial soils fail to
show marked profile development. It may be that no specific pedogenic
characters are assigned to young alluvial formations, specially so if they are
subjected to floods. On the other hand in old alluvial soils, influence of soil
forming factors are felt and horizon differentiations are brought forth.

In India, quite a large area is classified under alluvial soils and nearly 30
per cent of the soils comprise of grey and brown soils of the Indus, Yamuna
and Ganges, alluvial soils undifferentiated, Gangetic alluvium (calcareous) and
coagtal alluvium (Soil Map of India—1954). The investigations described in
this paper refer to the genesis and clasgification of some alluvial soils in the
Ganga River Plain of Central Uttar Pradesh, the chief objective being to give a
genetic approach to the study of these soils and suggest a suitable system of
clagsification based on the field and laboratory data.

Among some of the contributions made in the field of alluvial soils in
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this tountry, mention may be made of” Mukherjee (1957), Mukherjee and
Agarwal (1946), Mukherji, Datta and Mukherjee (1950), Agarwal (1956),
Agarwal and Mehoratra (1951, 1952 and 1954), Agarwal and Mukherjee (1946),

Mukherji (1956 and 1958), Murbhy and Ravi Kumar (1958) and Murthy and
Deshmukh (1959).

EXPERIMENTAL

1. Description of the Area :

The area lying between north latitudes 26° 53’ and 28° 29’ and east longi-
tudes 78° 16’ and 81° 24’ is a part of Central Uttar Pradesh comprising the
districts of Budaun, Shahajahanpur, Sitapur and Hardoi (Fig. 1). It is
bounded on the north by districts Moradabad and Bareilly, on the east by the
river Gogra, on the gouth by the districts Lucknow and Unnao and on the
west by the river Ganges.

It is a level plane with small differences in elevation and depression crossed
by the numerous streams and tributaries; the eastern portion is a low damp
tract, much of which is under water during rains. The most important river
bordering on the west is the river Ganges.

The climate is cool and moist except in the south-eastern portion where it
is cooler but comparatively dry. The mean annual temperature is 25-39° C.
and the mean annual rainfall varies from 33 to 40 inches.

2. Description of Profiles:

Profile 1.—10 miles from Budaun, east of village Basai, about 350 yards
to the right of Budaun-Dataganj road. It is a plane and moderately well
drained; depth of the water table is 48 inches.

Depth Horizon Morphological Features
(inches)
0-4-2 Sandy loam, pale olive colour (5 Y 6/3), single
T , grain, hard and dry; few faint, scattered
r A yellowish mottlings; boundary wavy.
4-2-17 }

Sandy loam, dark grey brown (2:5 Y 3/2),
blocky, firm; yellowish and brownish iron
concretions; moist,

17-24 B Loam, olive brown colour (2:5 Y 4/4), weakly

blocky, slightly sticky; small pockets of
sand; few scattered iron concretions.
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Depth Horizon Morphological Features

(Fnches)

24-34 ' Loamy sand, light olive brown colour (2-5
Y 5/4), single grain; few scattered, dark

C brown iron concretions.

34-48 ’ Coarsely sandy, light yellowish brown colour
(2-5 Y 6/4), single grain; water table
below.

Profile 2.—8 miles from Shahajahanpur, west of village Piprola, about
500 yards to the right of Shahajahanpur-Jalalabad road; low-lying land;
poorly drained; depth of water table is 45 inches.

Depth Horizon Morphological Features
(¢nches)
0-5 Clay loam, light olive brown colour (2-5 Y
5/4), columnar, sticky; many fine distinct
A yellowish brown mottlings; superficial cracks
on the surface.
5-14-5 Loam, olive grey colour (2:5 Y 4/2), angular

blocky; firm and compact; few, faint,
yellowish mottlings persist; vigorous effer-
vescence with dilute HCI.

14-5-28 B Clay, pale olive colour (5 Y 6/4), angular
blocky; very sticky; many distinct fine
yellowish brown mottlings; occurrence of
big iron and lime concretions; vigorous
effervescence with dilute HCI.

28-45 Clay loam, pale olive colour (5 Y 6/4), massive
and sticky; few faint ferruginous mott-
C lings and many iron concretions; efferves-

cence with dilute HC] persists.

45 and below ‘ Sandy loam, pale olive colour (5 Y 6/4),
single grain, friable; few lime concretions
of irregular shape and whitish grey colour;
vigorous effervescence with dilute HCI;
water table below 45 inches.

Profile 3.—20 miles from Sitapur in Nilgaon Mechanized Farm; low-lying
land, poorly drained. Water table is below 50 inches.
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Depth Horizon Morphological Features
(inches) '
0-5 Loam, greyish brown colour (2:5 Y 5/2),
A granular, slightly sticky.
5-14-2 Loém, light olive brown colour (2:5 Y 5/4),

columnar, firm; yellowish brown mott-
lings; few dark brown, hard iron concre-
tions.

14-2-32 B Clay loam, olive colour (5 Y 5/3), blocky
very sticky; dark brown iron concretions,
and faint mottlings.

32-46 Cea Clay loam of the same colour as above,
massive; hard lime pan comprising of
many irregular lime concretions; vigorous
effervescence with dilute HCI.

46 and below C Loamy sand, olive colour (5 Y 5/3), single
grain; ground water at 50 inches.

Profile 4.—20 miles from Hardoi to west of Hardoi-Lucknow road; plain,
well drained; depth of water table 72 inches.

Depth Horizon Morphological Features
(¢nches)
0-6 Loamy sand, light olive brown colour (2-5 Y
A 5/4), single grain, loose and dry.
6-12 Sandy loam, same colour as above, single

grain, compact.

1248 B Loam, same colour as above, granular, less
compact; very few, faint and fine mott-

lings.

48-62-5 Sandy loam, light olive brown colour (25 Y
- 5/4), granular; many distinet mottlings;
5 few friable rounded brown concretions of

iron; slight effervescence with dilute HCI.

62:5 to 72 [ Sandy loam, same colour as above and
' Imassive,
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3. Methods of Analysis:

pH wae determined by glass electrode with Beckman pH meter (Piper
1960) and electrical conductivity of 1: 2 soil water extract by Solubridge.
CaCO; was determined by Colling calcimeter (Wright 1939). Mechanical
composition by the International Method using the pipette technique (Piper
1950); HCl extract of the soil was prepared by A.E.A. provisional method
quoted by Piper (1950); Fe,O3 by Scott (1941); clay separation by the segre-
gation method of Jackson ef al. (1949); total cation exchange capacity by
Schollenberger and Dreiselbis (1930); exchangeable Na and K by Perkin
Elmer flame photometer and total cation exchange capacity of clay by
Mackenzie (1951). Minerals in the fine sand fraction were identified under a
petrological microscope.

REsuLTS

1. Soil Morphology :

Horizon differentiations may not be so markedly seen in alluvial soils but
still, in the field, horizons have heen demarcated depending upon factors like
(i) differences in colour, texture, structure and degree of compactness,
(ii) depth of dry and moist zones, (iii) nature of drainage, (iv:) presence of
ferruginous mottlings and concretions of iron and lime, and (v) degree of
effervescence with dilute HCl. Genetic designations of horizons have been
confirmed by laboratory analysis.

Soils are of light olive brown to pale olive colour. The colour of mottlings
and concretions also contributes to colour pattern. Such mottlings and con-
cretions give a clue to the drainage pattern. The high water table has a

_ marked influence on the soil development.

2. Soil Reaction, Electrical Conductivity and Mechanical Composition :

- pH, electrical conductivity, calcium carbonate and mechanical com-
position of soils are given in Table 1.

‘ Soil pH ranges between 7-15 in the surface and 9-15 in the last horizon of
profile 1. There is a gradual increase with depth. The high pH in the last
horizon shows that the soil is alkaline. pH in the surface soil of profile 2 is
normal but in the intermediate horizons highly alkaline. In profiles 3 and
4, pH shows a gradual increase with depth up to the fourth horizon.

Electrical conductivity of water extracts is low and ranges between 0-01
and 0-78 mmhos/cm. Profile 2, although it contains comparatively higher
soluble salt content, remains within the limits.

Distribution of clay does not remain uniform throughout the depth of
profiles. It gradually increases with depth, reaches its maximum in the-
third horizon and decreases further below. The zone of accumulation, in
other words the zone of illuviation, ranges between 12 and 48 inches,
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Profile 1 at Budaun contains the highest clay content of 26-55 per cent in
17 to 24 inches horizon. In profile 2 at Shahajahanpur, clay content increases
from 2865 per cent in the surface soil to 427 per cent in the third
horizon. This is the highest clay percentage come across among the four
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Summation curves.

profiles. Clay in the third horizon of profiles at Sitapur and Hardoi is 31-5
and 26-6 per cent respectively.

Distribution of silt in the profiles is slightly different from that of elay.
Silt remains highest in the second horizon of profile 1 (22-25 per cent). The
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~

total silt - clay content is less than the sand content alone. In profile 2,
silt content is maximum among the four profiles ranging between 39-75 in the
surface and 10-6 per cent in the last. In the third profile, silt is more than that
of the first and fourth but less than the second. .

The increase in silt and clay contents with depth brings about a decrease
in the fine sand fraction up to the third horizon in all the profiles after which
there is a decrease in silt and clay but an increase in the fine sand fraction.
The coarse sand fraction is almost negligible in all the profiles except profile 1
which has coarse sand content of 68-08 per cent in the last horizon.

TABLE 2

Physical constants of the soil (on oven dry basis)

Cla Sticky point Moisture equi- Moisture holding
Depth (inches) pvid moisture valent capacity
° % % ! %
Profile 1
0-4.2 10-20 18.2 18.29 24.8
4.2-17 ! 21.80 18.6 20-50 30-5
17-24 | 26-55 20-4 21.51 33.0
24-34 [ 14.55 i 20.0 16-65 27-8
.34-48 ‘ 7.15 | 8.03 23.5
Profile 2
05 28.65 28.4 38-4 48-0
* 5~14-5 22.65 20.9 359 36-0
14-5-28 42.70 34.6 49-28 51-0
28-45 23-25 19.9 35-11 37.9
45 and below 14.60 I 13-1 24.27 32.9
Profile 3
0--5 17.05 [ 21-8 25.29 31-1
5-14-2 26-20 ! 21.00 24.06 36-7
14.2-32 31.50 23.3 25.46 374
3246 27.00 23.3 24-91 33-2
46 and below 10-60 .. 14-80 30-4
Praofile 4
0-6 8.35 26.5 15.24 35.4
6-12 16-75 28.9 24.78 36.9
12-48 26-65 31.7 27-25 39.4
48-62-5 17.40 214 24.05 35-4
62.5 and below |  12.7 18.8 20.10 331

The summation curves for profiles 1, 2 (except one and two from left), 3
and 4 are smooth and as illustrated in Fig. 2 are of sigmoid form. Over a
greater part of the range, the curves approximate to linear form.

Considering the curves in detail, they appear to be composite in character.
This is clear in profiles 1 and 2 whose form suggests that the soils are made up
of 2 classes of material, namely fine and coarse, with cugves of the sigmoid



AND CLASSIFICATION OF SOME ALLUVIAL SOILS 557

type given by mechanically comminuted material. The former may be
regarded as clay complex formed as products of chemical weathering and the
latter as undecomposed mineral and rock fragments. Curve 2 of profile 2
relates to soils consisting almost entirely of clay material, the presence of
coarser material being evident only at the upper end of the range.

Free calcium carbonate takes the form of concretions. Carbonates are
absent in profile 1, while in profile 2 it is present in all the layers except the
surface and varies from 1-48 to 2:34 per cent. Calcium carbonate in profiles
3 and 4 is restricted to the fourth horizon only but it is comparatively more in
the former.

3. Physical Constants:

It is seen from Table 2 that single value constants like moisture equi-
valent, moisture holding capacity and sticky point moisture bear a close
relation to clay. With increase in clay content, moisture equivalent percentage
shows a tendency to increase except in profile 3 where it remains constant
throughout the profile. Clay content being highest in profile 2, the moisture
equivalent percentage is also high. While the clay percentage manifests a
wide range of 17 to 31 in the first four horizons of profile 3, the moisture equi-
valent fails to show any variation.

Moisture holding capacity of soils shows the same trends as that of
moisture equivalent. '

Sticky point moisture percentage ranges between 18:2 and 20-4 in profile
1. As the fifth horizon is predominantly sandy, the sticky point cannot be
determined. -

4. Total Cation Exchange Capacity and Exchangeable Cations :

Results of the total cation exchange capacity and exchangeable cations
presented in Table 3 reveal that the total cation exchange capacity of the soils
is low and ranges between 3-0 and 12-6 m.e./100 g soil. It generally follows
the clay content. \

The total cation exchange capacity varies from 2-26 to 10-81 m.e./100 g
soil in profile 1, highest being in the third horizon. In profile 2, it reaches its
maximum, i.e. 12-64 m.e./100 g. Since sand happens to be the major fraction
in profile 4, the exchange capacity remains comparatively low.

- With respect to the individual cations, calcium forms the predominant
cation in the exchange complex of profile 1, taking the calcium saturation to
83-26 per cent. Next to calcium is exchangeable magnesium. In the last
horizon, sodium saturation is about 13 per cent. Exchange capacity remains
low,

Two-thirds of the exchange complex of the surface soil in profile 2 com-
prises of exchangeable calcium. Magnesium comes next. In the second and’
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third layers the exchange complex is fully saturated with sodium. Exchange-
able calcium contributes a major share in profile 3. Third layer of profile 4
contains the maximum exchangeable calcium. Exchangeable sodium assumes
greater importance because of the high sodium saturation in the last three
layers.

5. Chemical Composition of the Soil (HCl Euxtract) :

It is seen from Table 4 that insoluble silica is generally high, the lower and
upper limits being 77 and 95 per cent. Profile 1 contains the highest and
profile 2 the lowest. Third layer in all the profiles shows the lowest silica
content due to accumulation of clay at that depth. Profiles 3 and 4 show the
highest silica in the surface soil.

Corresponding to the increase or decrease in clay content, the sesquioxides
too show a similar behaviour. Alumina content is higher than the oxides of
iron. Profile 2 shows comparatively higher values for R,0; varying from 7-7
to 15-29 per cent. The tendency of even the individual oxides to increase
with depth up to the third layer and then decrease is very clearly seen in all
the profiles. Both titanium and manganese are present in small amounts and
there is no definite trend in their distribution.

The total P;O; content remains comparatively high in the surface hori-
zons. This is highest in the first layer of profile 1. Profile 4 shows a down-
ward decreage of P,0; in the last two horizons.

Calcium is generally less when compared to magnesium except in the last
two horizons of profile 2, second horizon of profile 3 and first layer of profile 4.
The first three horizons of profile 3 have sufficient calcium. The highest
calcium percentage is seen in profile 2 ranging between 1-2 and 1-9.

Soils are quite rich in potash ranging between 0-19 and 1-0 per cent. It
shows a tendency to increase with depth, up to the third horizon.

Sodium gains importance in profile 2. In rest of the profiles it remains
below 0-11 per cent.

6. Chemical Anralysis of Clay Fraction :

Data in Table 5 reveal that the loss on ignition figures do not differ much
between horizons of the same profile and horizons of profiles 1 to 4. The
range is between 7 and 9 per cent.

The first 2 horizons of profiles 1 and 2 contain comparatively higher
amounts of silica than the remaining horizons. It decreases with depth in the
Jagt three horizons of profile 1 and shows a gradual increase with depth in the
last 4 horizons of profile 3. It is almost uniformly distributed in profile 4.

Third layer of profiles 1 and 2 contains the maximum amount of R,03
and decreases with depth. A similar trend is noticed in profile 4. But in
profile 3, last layer contains the maximum Ry03. Coming to individual
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gesquioxides, alumina is almost uniform with depth in profile 1. Fe;O3 shows
a gradual increase in the first three horizons.. In profile 2 iron remains lowest
in the third horizon. Profile 3 shows an irregular distribution of both alumina
and iron. :

Titanium and manganese are low. (a0 is low in profiles 1 and 3, slightly
high in the second and third horizons of profile 3 and very low in profile 4.
MgO content is higher than CaO. Profile 2 contains MgO ranging between
2-9 and 4-3 per cent. )

Potash is uniformly high in all the profiles varying from 4-2 to 6-0 per cent.

Coming to molar ratios, SiO;/R203 ratio in profile 1 varies from 2-58 to
2-84. The ratio decreases with depth up to third horizon and then shows a
slight increase. So is the case in profiles 2, 3 and 4. The ratio in profile 2
ranges between 2-09 and 2-77, 2-25 and 2-64 in profile 3, and 2-26 and 2-69 in
profile 4.

Si0z/Fe,03 ratio is very high in all the profiles. There is not much varia-
tion in Si0y/Al,03 ratio along the depth in profiles 1 to 4. Al;03/Fe05 ratio
varies from profile to profile.

The cation exchange capacity of clay fraction ranges between 30 and 39
m.e./100 g clay. The exceptions are the fourth layer of profiles 2 and 4 where
it is 45-19 and 27-45 m.e./100 g clay respectively.

7. Minerals in the Fine Sand: Fraction :

The most common minerals occurring in light fraction are quartz, mica and
feldspar: Generally the quartz grains are clear and exhibit undulose extinc-
tion. There are hair-like inclusions of rutile. Feldspars are plating and have
undergone alteration along their cleavage lines to some turbid minerals. There
are flakes of biotite and muscovite mica showing cleavages and deep absorp-
tion colours. They exhibit pleochroism from yellow to reddish brown and
contain black grains of magnetite inclusions.

The heavy minerals constitute a small percentage and comprise of amphi-
bolites and pyroxenes such as hornblende, hypersthene, augite and garnets of
the garnet group. Traces of limonite, apatite and rutile are also found.
Hornblende is present in all the profiles. They have altered giving a dirty
green colour and thick, elongated and prismatic crystals. The biotite mica is
secondary in origin and occurs fringing to hornblende.

DiscussioN

Soils of the Ganga alluvium in the four districts of Central Uttar Pradesh
have been described for their morphological characters as well as physical,
chemical and mineralogical properties. From the trend of results obtained it
is clear that both climate and topography have played an important part in
soil formation. The mean annual rainfall in the river plain ranges between
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33-01 and 39-71 inches and Meyer’s N.S. Quotient between 96-6 at Budaun and
116-3 at Shahajahanpur. The variations in rainfall are also accompanied by
changes in topography from almost level plains to low-lying depressions.

- Soils in the plains of Budaun and Hardoi are moderately to well drained
while those at Shahajahanpur and Sitapur are poorly drained due to their
low-lying situation and high water table. Such conditions favour the rain-
water to stand for sufficiently long periods and percolate downwards. Al-
though the internal drainage of the soil is not very satisfactory, percolation of
water in the soil is sufficient enough to bring about certain changes in the
profile morphology like leaching of salts, clay and silt, sesquioxides, calcium,
magnesium, etc. Clay and silt fraction in profiles 2 and 3 indicate that a fair
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£
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Water Tobie (inches),
Fra. 3.
Depth of illuviation in relation to water table,

amount of mechanical weathering has taken place over the entire profile with a
general translocation of finer materials from the surface downwards. Com-
paratively low figures of silt and clay in profiles 1 at Budaun and 4 at Hardoi
reveal a lesser degree of mechanical weathering but illuviation is quite evident.
The high moisture content within profiles 2 and 3 resulting from impeded
drainage favours the chemical weathering of minerals ¢n sifu and formation
of silt and clay. -

The highest clay content in the third horizon of all the profiles shows that
it is the zone of illuviation. This zone ranges between 14-2 and 32 inches at
Shahajahanpur and Sitapur and 12 to 48 inches at Budaun and Hardoi.
In gpite of the differences in rainfall, the zone of illuviation in the profiles

4
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remains nearly the same. This is because of the high water table. This, to a
major extent, has been responsible to limit the zone of illuviation. At Sitapur
and Hardoi the water table remains comparatively low with the result that
leaching has advanced to greater depths, 32 to 48 inches. The relation of
water table to the depth of illuviation is illustrated in Fig. 3.

It is also interesting to observe from the mechanical composition of the
soils that, with a gradual increase in rainfall, there is a tendency on the part of
soils to show more leaching of clay and silt. Thus the texture of the B horizon
in the four profiles varies from loam to clay loam and clay. Clay in the B
horizon and its relation to rainfall is given in Fig. 4. It is supported by
the findings of Agarwal and Mehoratra (1952) and Coffe (1912).
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Rainfall in relation to clay in B horizon.

Presence of nodular caleium carbonate forms one of the important factors
while demarcating the horizons in the field. These concretions have been
reported in profiles 2 and 3. Different views have been put forth from time to
time regarding the origin and development of such concretions in the soil.
Agarwal and Mehoratra (1954) are of the opinion that presence of CaCOjz at
lower depths is due to leaching. Livingstone (1906), Ramann (1911) and
others have supported the view that lime concretions are formed as a result of
capillary rise of water from deeper soil layers carrying soluble sodium car-
bonate. This view holds good here also.

The low values for the cation exchange capacity of clay indicates the
absence of montmorillonite type of clay minerals. That the predominant

4B
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mineral of clay fraction is illite is shown by its cation exchange capacity
ranging between 27 and 45 m.e./100 g clay and the high percentage of potash.
Grim (1953) has suggested that usually a potash content of 6 per cent is
characteristic of illite. ~Ocecurrence of illite in alluvial soils has been reported by
a number of workers like Favejee and Edelman (1939), Coleman and Jackson
(1949), Driskell (1954), etc. .

Quartz, feldspar and mica are among the minerals in the light fraction
and amphiboles, pyroxenes, garnet and traces of rutile and apatite inclusion
among the heavies. Feldspars have undergone different degrees of alteration.
In the lower depth of profiles where they have undergone kaolinization, they
are liable to get disturbed due to the high water table. The high percentage of
sand in the last horizon of profile 1 may be due to kaolinization of feldspar
leaving behind quartz. Similarly the high percentage of clay in the B horizon
of profile 2 may also be looked upon as a process of kaolinization through the
action of ground water. This needs further confirmation by X-ray analysis.

Classification :

Alluvial soils have been classified differently in different countries.
Stephen’s (1953) classification is based on the principle of differentiation of
Solum; Aandahl (1940) has classified the alluvial soils with reference to
topography; Hai (1952) on the basis of the nature of parent material and
Agarwal according to the Catena Concept. Workers like Mukherji (1956) and
Jha ef al. (1956) have placed alluvial soils in the lower categories of soil classi-
fication.

In the light of the above classification is there any scope to suggest a
suitable system of classification for the Indo-Gangetic alluvial soils and if so
what should be the broad principles guiding such a classification? From the
data gathered on soil genesis studies during previous years and from the
present investigations on soils of Central Uttar Pradesh, it appears possible
to fix up certain important profile characters and the factors that are res-
ponsible to bring about soil development with their limitations. This can be
shown as follows :

Physioruaphy (Relief) Climate (Rainfall)
Drainage Leaching
I l l I
External Internal Degree of Depth of

{ . leaching illuviation

Water table
(Depth, composition of ground
water and fluctuations)
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The Indo-Gangetic alluvium is in different stages of development ranging
from immature young sediments with no profile development to those with
conspicuous textural differentiation between A and B horizons. On the basis
of these differences soils can be classified into minimal, medial and maximal
and placed under azonal soils. ‘

Minima! alluvial soils are the recent deposits; soils remain young due to
lack of sufficient time. Deposition of fresh sediment is sufficient to obliterate
any slight weathering during the inter-flooded period. _

Maximal alluvial soils may be looked upon as mature soils. These are old
alluvial soils which have been subjected to pedogenic processes for a longer
period.

Medial soils are in the transitional stage between 1 and 3 where soil
development has started.

The alluvial soils of Central Uttar Pradesh may be classified as follows :

Azonal
|
}
Minimal Medial Mauximal
(Immature Soils) (Mature Soils)
Profile 1 (Budaun)
: I l
Soils developed Soils developed
under impeded under free drainage
drainage Profile 4 (Hardoi)
|
!
Non-saline alkali Non-saline non-alka-
soils Profile 2 line soils Profile 3
(Shahajashanpur) (Sitapur)

They can be further subdivided on the basis of the nature of parent material
when sufficient information is available on the geological sources and rock
minerals. :

Just at the time when this paper was being written up, the Soil Survey
Staff of the Soil Conservation Service, U.S. Department of Agriculture, put
out a publication on ‘Spil Classification—a Comprehensive System, 7th
Approximation’. In this classification, ten orders are recognized. Each order
has been subdivided into suborders primarily on the basis of the characteristics
that seemed to produce classes with the greatest genetic homogeneity.

According to the new classification, profiles 1, 3 ‘'and 4 from Budaun,
Sitapur and Hardoi respectively can be placed under the great soil group
Haplaquent and under the order Entisols, i.e. soils of recent alluvium with-
out natural genetic horizons and mottled with grey and brown colours. Pro-
file 3 in particular is preferred under the suborder Aquent since the soils are
wet and from a low-lying area. Profile 2 from Shahajahanpur fits in under

the great soil group Haplaquoll and under the order Mollisols which are hydro-
morphic alluvial soils.



MAP SHOWING THE GANGA RIVER PLAIN
OF
CENTRAL UTTAR PRADESH
SCALE

3 INCH = 4 MILES

FURLONGS o ~ 8 12 MILE'S

S
CANAL, —
en
OISTRICT BOUNDARY. E
PROFILE SAMPLING SITE. D:]
Pr.1. Pr.2
a2 e . Pr.3. Pr.4.
2o RANFAL3001) o (RANALCIN) o (RAINFALE3BIS)  pu  (RAINFALL353)
. 5:- . “ 3 :_
scL A 7.0 L A ° " 06 = AL
o s wo o L A g2 . sL 77
TRT7R° 80 7 w2 *
24 : /c // B 1025 7
. LS g.60 28 /. 4 ct / g 83 8
34 C 9.5 A ¢ 10:05 37" /A (4 g ¥
48" S ; 45" e sL Cca 86 /
: SL 985 85 48"
L WATER TABLE~—] ﬁ SL C St 3
| — ] — — — s N
. e T " " SL B

Fre, 1,



AND CLASSIFICATION OF SOME ALLUVIAL SOILS 567

ACENOWLEDGEMENTS

The authors are grateful to Dr. R. V. Tamhane, Head of the Division of
Chemistry, for providing necessary laboratory facilities and Shri A. E. Vagu-
deva Rao, Assistant Professor, Geology, for identification of minerals in the
fine sand fraction.

REFERENCES

Aandahl, A, R. (1940). U.S. Dep. Agric. Bur. Chem. & Joils, Series 1.

Agarwal, R. R. (1956). J. Indian Soc. Soil Sci., 4, 233.

Agarwal, R. R., and Mehoratra, C. L. (1951, 1952 and 1954), Soil Survey and Soil Work in
Uttar Pradesh; 1, 2, 3, Government Press, Allahabad.

Agarwal, R. R., and Mukherjee, B. K. (1946). Indian J. agric. Sci., 16, 263.

Coffe, G. N. (1912). U.8. Dep. Agric. Bur. Soil Bull., 85.

Coleman, N. T., and Jackson, M. L. (1949). Proc. Soil Sci. Soc. Amer., 10, 381,

Driskell, B. N, (1954). Ibid., 18, 140,

Favejee, J. C. L., and Edelman, C. H. (1939). From Advanc. Agron., 1953, 5, 221.

Grim, R. E, (1953). Clay Mineralogy, McGraw-Hill Publ. Co. Ltd., London.

Hai, L. T. (1952). Soils and Fertilizer in Taiwan.

Jackson, M, L., Whittig, L. D., and Pennigton, R. P, (1949). Proc. Soil Sci. Soc. Amer., 14, 77.

Jha, P. P,, Mandal, S. C., and Mukherji, H. N. (1956). Proc. Indian Sci. Congr. Ass., Part ITI,
Abstracts.

Livingstone, B. E. (1906). Publ. Carneg. Instn., 50.

Mackenzie, R. C. (1951). J. Colloid. Sci., 6, 3.

Mukherjee, B. K. (1957). J. Indian Soc. Soil Sei., 5, 1.

Mukherjee, B. K., and Agarwal, R, R. (1946). Indian J. agric. Sci., 16, 263.

Mukherji, S. K. (1966). Proc. Indian Sci. Congr. Ass., Part IT1, Abstracts.

(1958). Proc. nat. acad. Scr. India, 27, 3.

Mukherji, S. K., Datta, N. P., and Mukherjee, J. N. (1950). Indian J. agric. Sci., 20, 1.

Murthy, R. 8., and Deshmukh, P, L. (1959). Proc. Indian Sci. Congr. Ass., Part I1I, Abstracts,

Murthy, R. 8., and Ravi Kumar, V. (1958). Seci. Cult., 24, 281.

Piper, C. S. (1950). Soil and Plant Analysis, Univ. of Adelaide.

Ramann, E. (1911). Boden Kunde, Julius Springer, Berlin, 3rd Ed.

Schollenberger, C. J., and Dreiselbis, F. R, {1930). So:l Sci., 30, 161.

Scott, R. O. (1941). Analyst, 66, 142,

Stephens, C. G. (1953). A Manual of Australian Soils. Commonwealth Scientifie and Industrial
Research Organization, Melbourne, Australia.

Wright, C. H. (1939). Soil Analysis, Physical and Chemical Methods. Thomas Murby and Co.
Ltd., 2nd Ed.



