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CHARACTERIZATION OF SOILS OF AGRO-CLIMATIC zZONE OF SEMI-ARID
EASTERN FLAIN OF RAJASTHAN

Kamalesh Kumar sharma*
% %
ABSTRACT

Twenty-one soil samples from five profiles representing
agro-climatic zone III-A of Rajasthan were collected and analysed
for textural separates, physico-chemical properties, water soluble
salts, cation exchange capacity and exchangeable cations. In
addition, morphological studies of these soils were done to
ascertain cause of development of these soils. The physical and
chemical studies of soils were carried out to evaluate fertility
status and to classify soils according to soil taxonomy, 1973.

The important findings of the present study are summarized
as follows :

1. Soils of profile no. 1 are yellowish brown, loamy sand, very
deep and well drained,

2. Soils of profile no. 2 are dark yellowish brown, loamy sand,
non-calcareous, non-sodic, deep to very deep and moderately
drained.

3. Soils of profile no. 3 are light yellowish brown to dark
brown, loamy fine sand, deep to very deep and excessively
drained.

4. Soils of profile no. 4 are yellowish brown to dark brown,
sandy loam and moderately drained.

5. Soils of profile no. 5 are dark brown, fine sand and
moderately drained.

6. Organic matter and available nitrogen content in most of the
soil samplgbare low, whereas available phosphorus is medium
to high and available potassium is medium.

* Post-graduate student, Department of soil science and Agricultur
chemistry (Rajasthan Agricultural University,Bikaner),Campus -
Jobner = 303329.

#*Thesls submitted in partial fulfilment of the requirement for
M.Sc.(Ag.) degree in soil science and Agricultural Chemistry
under the supervision of Dr. K.K. Vyas.




7. cCalcium carbonate content of these soils show a trend of
increase with depth in most of the profiles.

8. sSoils under study are rich in water soluble ions. The

dominating anions are chloride,

followed by bicarbonate

and sulphate whereas, sodium is predominating cation
followed by calcium plus magnesium and potassium.

9. These s0ils are low in cation exchange camcity. Among
the exchangeable cations, calcium predominates over
magnesium, sodium and potassium.

On the basis of field observations and laboratory
determinations, soils have been classified according to soil
taxonomy, 1973 into following great groups

Profile Location Order Sub-order Creat Sub-group
NO. group
1 Jobner College Entisol Esamment Ustipssa- Typic
farm mment Ustipssa-
mment
2 Asalpur farm 0 " W W
3 A .R ls LK ft G o L
Durgapura
4 AeReS oS e¢ Alfisol Ustalfs Raleustalf Typic
Diggi Faleustal
5 Roopangarh, Entisol Psamment Ustiflu- Typic
Ajmer vent Ustiflu-

vents
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INTRODUCT ICN

Soil is one of the most important basic natural
heritage of any country and it is indispensable for our
existance. It nourishes the entire plant kingdom and

supports human life.

Total area of the Rajasthan state is approximately
34.28 million hectares out of which approximately 16.77
million hectares are under cultivation. Agro-climatic
zone III-A lies in the centre of eastern corner of Rajasthan.
The area comprises of Jaipur, ajmer and Tonk districts. Thig
zOne stretches over an area of 2.94 million hectares, which
is 8.67 percent of the total geographical area of Rajasthan.
The total cultivated area of this zone is 54.52 percent of

the total area.

The area under study lies in the semi-arid region of
Rajasthan and situated between 25.67° to 27.81° north
latitude and 74.12° to 76.38° east longitude. The altitude
ranges between 400 to 447 meters above mean sea level. The
rainfall is seasonal, erratic and highly variable with
respect to space and time and ranges between 500 to 600 mm

annually.

The optimum plant growth and crop yield depends not
only on the total amount of nutrients present in the soil at
a particular time but also on their availability, which in
turn is controlled by physical and chemical Properties of the
soils. The physical properties of soil influence plant growth

through their effect on soil moisture, soil aeration, soil
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temperature, texture, structure, consistency and mechanical

impedance to root development and shoot emergence.

The chemical properties like electrical conductivity,
PH, soluble cations and anions, SAR, SSP, exchangeable
cations and exchangeable sodium percentage also affect the
Plant growth. If salts are present in toxic amounts in the
soil then proper plant growth will not take place. Thus, soil
productivity is mainly governed by physico-chemical properties
of the soil.

Systematic survey of solls of gone III-A has not been
attempted. It is, therefore, important to describe and
characterise the soils of this area. In order to suggest
suitable management practices and remedial measures to tackle
soil problems, both field and laboratory studies of the soils

of the area are essential.
The objects of the study undertaken are :

1% To study the morphological, physical and chemical

characteristics of the soils.
Py To determine fertility status of the soils.

3. To classify solls according to soil taxonomy.



REVIEW OF LITERATURE

The relevant literature pertaining to the research

problem is reviewed under the following heads ;

2.1 Morphological properties of soils
2.2 Fhysical characteristics
2.2.1 Texture and structure
2.2.2 Apparent density
2.2.3 Prosity
2.2.4 water holding capacity
2.2.5 Hydraulic conductivity
2.3 chemical characteristics
2.3.1 so0il reaction, EC, ESP and SAR
2.3.2 cCalcium carbonate
2.3.3 wWater soluble salts and ESP
2¢3.4 Organic carbon and CEC
2.4 Soils of Rajasthan
2.5 Classification of Rajasthan soils

2.6 Fertility status

2.1 Morphological properties of soils

Morphology of soll reflects some inherent Properties
Oof solls. Boul (1965) reported that in arid and semi-arid
region the development of horizons are not clear since the
pProcess of translocations of fine material is restricted. The
development of profile is influenced by parent material and
counteracted by the physiography of the area and bio-climatic

forces.



The prominent land forming features are wind and
water action. The soils in general are deep with light
textured surface layer, moderately fine to fine textured
and surface horizons mixed with coarse fragments (Rajan
et al., 1968) with in same climatic sub-division physio-

grary.

80ils of sub-humid region generally showed a
higher degree of weathering and formation of secondary
products as observed by saxena and singh (1982). vhile,
working on soils of sarda river plain (U.P.) singh et al.
(1982) reported that development of calcareous loamy
sendiments and morphology of soils is characterized by
loamy fine sand texture, moderately well to imperfect
profiles.

Bhatia et al. (1984) studies on soil morphology
related to erodibility under different types Oof land use.
They reported that erosiveness of the soil can be evaluat- °
ed by the measurement of its loss in run off plots. soils
itself being an important factor in influencing erosion.

It is a matter of particular interest in obtaining an

index of erodibility by measuring some soil properties.
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Singh et al. (1989) reported thatlthe variation in

soil colour have been attributed to differential characters

of parent material. Grey coloured s0ils of the area exhibited
brown, greyish brown to brownish grey colour. Roorly drained
soils have a hue value Of 2.5 YR with chroma around 2, micro
morphologically medium to coarse structure in argillic horizons
reflects in varying degree of Plasm segregation. The impact of
biogenic activity on soil structure is also evident by them.

singh et al. (1991) studied the morphology and genesis
of some soils of north-west Himalayas region. The soils have
developed on simla group of rocks overlain by infra-karol
and karol series of the carboniferous lower mesozoic period
under wonscoon climate will have the undulating topography and
peculiar natural drainage system. The soils have been classi-

fied in the orders alfisol, Inceptisol and Entisol.

2.2 Fhysicgl characteristics
2.2.1 Texture and gtructure

Soil texture is concerned with the sige of
mineral particles. Speclally it refers to the relative
broportion of the various size-groups in a given soil. But,
the structure of a soil implies an arrangement of sand, silt
and clay and of secondary particles (aggregates or structural
elements) into a particular structural pattern.

Shukla et al. (1965) studied the pProfiles of
foot hills of Himalayas for their morphological, physical
chemical and mineralogical Properties and found that the soils



are brown loam, loam to clay and clay loam in texture.
Viddappa and Venkatarao (1973) also observed elevation to

have great influence on Physical properties of soil.

Govind Rajan and Biswas (1968) revealed that the
solls of the sub-tropical zone in south-eastern part of
India are deep with light textured surface layer grading
to moderately fine to fine textured sub-surface horizon

mixed with coarse fragments.

Surface horizons of Kerala soils generally contained
the maximum amount of clay which decreased with depth of the
profile (Chandrashekharan and Koshy, 1970). vyas (1973)
evaluated that solls of Bilara tract (Rajasthan) were light
in texture varying from sandy to sandy clay loam. Vyas et al.
(1974) showed that the soils of Jaipur district (Rajasthan)
were fairly good in physica;l condition as the texture of the
s0lls varied from sandy to sandy loam. Soils of Pali district
(Rajasthan) had been reported to range widely in their tex‘éure
and most of these are loam to clayey in texture (Dhir and
Bhatia, 1975).

5011 structure of the first horizon was highly
correlated with the water intake, structure of the second
horizon was next in order of importance followed by the

nature of the boundary of first horizon (Rauzi and Fly, 1968).

As reported by Krishnamurty and Govind Rajan (1977)
the solls of Udaipur valley are sandy loam to clay loam in
texture and the soils are generally calcareous (Khangarot and

Mehra, 1977). Similarly, soils of sarda river flood plains
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©of U.P., are characterized by loamy fine sand textures, sub-
soils are moderately well to imperfect drainage (singh et al.,
1982).

2.2.2 apparent density (BD)
Bulk density refers to the mass (weight) of a
unit volume of dry soil. This volume would, of course, include

both solids and pores.

Higher bulk density figures for cultivated and pasture
solls than forest soils were observed by Yamamoto (1963),
According to him the average available moisture was higher
in forest soil as compared to the Pastured soils. Ghildyal
and satyanarayana (1965) reported that over burden pressure
increased micro-pores and hydraulic conductivity decreased

that results as increase in bulk density.

Gradwell (1973) found that the bulk densities of lower
top solls during the growing seasons were Positively
correlated with the dry bulk densities of aggregates.

Clay accumulation and high sodium saturation in sub-
s0ils are correlated with increase in apparent density
(Pandey and Pathak, 1975). Vyas et al. (1974) on the other
hand concluded that apparent density of the soils of Jaipur
district (Rajasthan) followed a trend of increase with depth.
Mechanized cultivation and irrigation under paddy, wheat
rotation increalsed the bulk density as reported by sharma
et al. (1974).
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Kar et al. (1986) found an increase in bulk density
of the 10-20 cm and 20-30 ecm layers and consequent reduction
in hydraulic conductivity of the soil, could be attributed
due to burden of overlying strata. Furthermore, the increase
in bulk density in lower layers could be caused due to burden

of overlying strata.

2.2.3 Rorosity

The pore space of a soil is that portion occupied
by air and water. The amount of this Pore srace is determined
largely by the arrangement of the soll particles. Vyas et al.
(1974) investigated that pore space percenta‘ge of the soils
of Jaipur district (Rajasthan) showed a trend of decrease with
depth. In general these soils have fairly good pore space.
Williams (1975) concluded that porosity (amount, distribution
and continuity) is the most important single physical Property
of soil. rorosity affects the extent and Patterns of root
growth and therefore, the uptake of N, P and K.

Bullock et al. (1985) reported that the macro-
porosity of soils was decreases with depth, Ledvina (1987)
observed that changes in pore system of a secondarily
hardened brown soil as a result of compaction, the pore
system in the compacted layer is being degraded. They
observed that the volume of non-capillary pores decreased
as the capillary pores volume increased due to over burden
pressure, thus, the soil air capacity decreased below the
critical level.



2.2.4 water holding Cafpacity

Soils differ considerably in their moisture
retention capacity. Fine textured soils retain much more
water than coarse textured soils. The greater the aggregation,
the larger is the amount of water held. Vyas et al. (1974)
found that water holding capacity of soils of Jalpur district
showed a definite trend of decrease with depth and they have
fairly good water holding capacity in general. Talati et al.
(1975) studied that the available moisture content was maximum
in medium black soils followed by flood plain, desert plain,
gypsiferrous and seirozem soils. a significant positive
correlation was oObtained individually between soil moisture

content and silt and clay content.

Singh and sharma (1984) found that water holding
capacity of sand dunes of Jodhpur district varies' from 20,0
to 26.3 percent. They also reported the rphysical aspects of
two types of sand dunes viz. Longitudinal and parabolic and
revealed that these dunes constitute more than 80 Percent
fine sand followed by coarse sand (2.2 to 10 percent) and
3.2 to 6.9 and 1.8 to 5.8 percent clay and silt,respectively.

2.2.5 Hydraulic conductivity

Hydraulic conductivity of soil was closely
related to the physical characteristics of soil and it was
very low due to presence of large amount of exchangeable
sodium on exchange complex (Lole et al., 1970). Dixit and
Lal (1972) investigated that an increase in exchangeable
sodium percentage was accompa:qied by a marked decreas.e in
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hydraulic conductivity. The hydraulic conductivity of
leached cinnamonic forest soil increases with increasing
moisture content and with increasing compaction. The
hysteresis effect on conductivity was greater when the
s0il was damp than when it was dry as reported by Koleva
(1974). It has been observed by sharma et al. (1974) that
mechanical cultivation and irrigation under raddy-wheat

rotation decreased hydraulic conductivity of the soils.

2.3 chemical characteristics

2.3.1 gsoil reaction, EC, ESP and SAR

A significant regression for electrical
conductivity of saturation extract (ECe) of soils on the
conductance of irrigation water in the profile at all depths
was Observed by Thorne and Thorne (1954) and they concluded
that salt content of the soil was found to be closely related

with salt content of irrigation water.

Lal (1970); Lal and singh (1974) and Lal and Lal
(1977). reported that the EC of saturation extract of
sandy and loamy sand soills was less than EC of irrigation
water. However, the extent of salt accumulation depends upon
the degree of leaching. similar results were also reported
by Lal and shax:u;a (1975). The accumulation of salts was
found to increase with increase in clay or clay + silt
fraction in soil. There was positive correlation between
soluble sodium percentage (ssP) of soils and RSC of irricat-
ion water (singh and Narain, 1979).
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Richards (1950) concluded that increase in soil pH
with an increase in ESP seemed to be fairly well establi-
shed. whereas, Fireman and wedleigh (1951) indicated that
the precision of prediction varies markedly depending on the
geographical location of samples even of a single soil type.
Richards (1950) had been of the view that local caliberation
is necessary before fH can be used as an index of ES P.
Positive correlation between pH values of irrigation water
and soil suspension was observed by Paliwal and Gandhi (1973).
Lal and singh (1974) observed a decrease in pH values of the
soll with an increase in the soluble salts concentration and
an increase of pH with an increase in Sar of soil extract.
Salt affected soils of Khaira district (Gujarat) were
studied by Pathak and Patel (1980) and they found that salt
accumulation is more in surface layer. The yH and ESP were
comparatively higher in low layers, calcium carbonate content

was noted to be more in salt affected areas.

2.3.2 calcium carbonate
ROy et al. (1967) reported that calcium
carbonate content in soils of chotan block in Barmer district,
Rajasthan was high, soluble salts were also very high, pH was
in the range of 7 to 9 which increases with depth.

The calcium content was ﬁighest in surface soils of
Kerala and it decreased down the profile while magnesium
contenﬁ of soll was inversely proporticnal to the rainfall
(Chandrasekharan and Koshy, 1970). soils of Etah and Mainpuri
districts of U.P. have been worstly affected by both
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exchangeable sodium as well as excessive amounts of salt
accumulation, as reported by singh (1971). He further
observed that the proportion of sodium salts was increasing

gradually with the salt deposition.

The other important features of soils were hich pH,
low organic matter and varying hydraulic conductivity at the
different layers in these soils. The Caco; was also invariably
present throughout profiles. Dhir et al. (1979) reported that
25 percent of the total geograprhical area of Fali block
(Rajasthan) is having salinity and ranges from exclusively
sodium chloride type to sodium=-calcium chloride type. Distri-
bution of salt affected lands appear to the down slope nature
of the sites and poor surface drainage. In the irrigated soils
chloride and sulphate salts usually predominate, sulphate ig
much more highly hydrated in water than either chloride or

nitrate.

Bhargava and sharma (1982) reported that the soils of
Indogangatic alluvial plain (North Bihar) are saline and wide
spread strip of calcareous alluvial solls. The dominant salts
occurring are the chloride and sulphate of sodium, magnesium
and calcium and are deposited by continental geochemical

cycles.

2.3.3 water soluble salts and exchangeable sodium
percentage

Vyas et al. (1973) noticed that soils of Jaipur

district (Rajasthan) were rich in water soluble salts. The
dominating anions are chlorides, sulrhates and bicarbonates.
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In some of the profiles or horizons the carbonate was
totally absent. water soluble sodium was predominating
cation and next dominating cations were calcium plus

magnesium followed by potassium.

Abrol et al. (1978) studied the effect of exchangeable
sodium on some physical properties of sandy loam soil and
observed that with an increase in ESP, the moisture retention
increased at soil water suction greater .than about 0.2
atmosphere. Infiltration rate, soil water storage and soil
water diffusivity underwent a sharp decrease when ESP was

higher than 15.

2.3+4 Organic carbon and CEC

A rositive correlation between organic carbon
and CEC of the soils of Rajasthan was found by Singh and Lal
(1968). According to them, 1 percent change in organic carkon
of these soils was eguivalent to 4.7 meq CEC per 100 gm of
soil. Lavati et al. (1969) also observed that the CEC of soils
of Rajasthan was significantly correlated with clay, silt and
organic matter content. Vyas et al. (1974) recognised that
s0ils of Jaipur district (Rajasthan) were low to medium in
CEC. Among the exchangeable cations sodium predominates. No
definite trend was noticed regarding CEC and exchangeable
cations with depth.

Biddapa and Rao (1973) reported increase in nitrogen
content and CEC with simultaneous decrease in pH and soluble
silica with increase in rainfall and elevation. A comparative
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study of soil development on the Gangetic alluvium of U.P.
under cultivation was carried out by Ghildyal et al. (1962)
and they revealed that there had been translocation of

iron, Mg and their accumulation in the lower horizon under
continuous cropping. Calcium leached from upper horigzons

and accumulated in lower horigzons as semi-indurated large
calcareous nodules. While studying the Ajmer soil, Tamhane
et al. (1953) reported upward leaching of silica as shown by
the decrease of silica alumina ratio of the clay fraction
with depth. '

Vyas et al. (1982) studied on six representative
sites irrigated with saline waters in Bilara tract (a south-
eastern part of Jodhpur district of Rajasthan) were chosen
for pedon sampling alongwith their irrigation water and
analysed for different constituents. The soils have high EC
and ESP and are saline alkali and alkali in character. The
irrigation waters are sodic and possess high SarR and ssP
values. Irrigation waters are the source of soluble salts in
these soills. EC of the waters is significantly related to the
EC of saturation extract of soils as also the SAR of waters

and soll extracts.

2.4 solls of Rajasthan

Till the year (1952) not much informations was
available on soils of Rajasthan. First attempt to group the
solls of the state was made in 1958 by complling the available
information. This was modified from time to time as the
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knowledge akout soils of the state developed.

The soils of Western Rajasthan are described as very
sandy, but not inert and infertile (Gupta, 1958). However,
some of the soils contain high percentage of soluble salts,
possess high pH, low loss of ignition, varying percentage
of calcium carbonate and are Poor in organic matter
(Raychoudhary, 1952). Scarcity of water is the main limdt-
ation in these regions. The soils are highly susceptible
to wind. Rajasthan state has all types of saline and alkali
problems constituting roughly 15 percent of cultivated area
and the saline water problem is more intensive in Wes tern

Rajasthan (Mehta, 1962; Mathur, 1968; Mehta, 1971).

Soils are poor in nitrogen, medium in phosphorus and
medium to high in potash. Soils are coarse textured and
less productive (sharmg'z\'1968). The most common character-
istics of the soils of Indian desert is their poor fertility
status with a zone of lime precipitation in the sub-goil.
They are deep, structure-less and porous. The soils are,
further, characterised by incomplete leaching of soluble
salts, ill defined profile development and very poor in
humus content (Jain, 1968).

Choudhary and Dhir (1982) studied the dunes and
associated sandy plain soils of eastermn plain and western
Rajasthan and reported the characters of dunes at different
depths of 0 to 50 cm, 50-100 cm and 100-150 cm. The PH of
soils were 8.4, 8.35 and 8.35; the coarse clay percent were
0.62, 0.87 and 0.90, the fine clay percent were 1.33, 1.0
and 1.29 respectively.
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Development of profiles of two aridosols on two
distinct rock formation regions on degraded alluvial Plain
was studied by Choudhary (1988) and observed that morphology
of both the profiles showed well aggregated dark brown B-
horizon with appreciably more clay with well formed lime

segregation.

2.5 classification of Rajasthan soils

The land assessment classification of Revenue
Department mainly based on irrigation facilities and socio-
economic considerations was the one followed for soils of
Rajasthan. Few categories were as follows : ngr_atLi (Rainfed
soils), c@i(&vell irrigated soils), Rahri (Canal irrigated
soils), $§i]fbi (Moistened by river seepage), Oran (General
grazing lands) etc. The systematic soil classification work
was taken up after the formation of the state. since than
few attempts were made to classify these soils as presented

here.

Raychoudhary/ (1964) divided soils of Rajasthan based
on their occurrence, chief characteristics and suitability
for cultivation into the following seven groups : 1. Desert
soils, 2. Grey and brown (desert) soils, 3. Red and yellow
soils, 4. Ferruginous red soils, 5. Mixed red and black
s0ils, 6. Medium black soils, and 7. alluvial soils.

Satyanarayana (1964) classified Rajasthan canal area
into six classes as follows : :
Class I 3 Flat area presently under cultivation
class II .4 Flat area with high pH and excessive salts



Class III :
Class IV H
Class Vv :
Class VI 3
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Areas intercepted by sand dunes
Sand dunes area
Flat area with gypsum pan after 3-4n©

Kankar area

Roy and sen (1968) classified soils of Rajasthan

according to 1938 system and pPresented soil map of the state

showing occurrence and distribution of various soil types.

The schematic classification and grouping of Rajasthan soils

into old system of soil classification is given below :

Table 1 :

The position of soils of Rajasthan in the whole

system of soil classification.

Order Sub-order Great soil group Great group
which occurs in
Rajasthan
l. zonal 1) soils of Tundra -

the cold
zone

2) Light Fodzol soils, brown -
coloured podzolic soils, crey
podzolised brown podzolic soils
soils of red-yellow podzolic
timbered soils, grey-podzolic
regions or grey wooded soils

3) soils for- A variety of latosols -
ested warm are recognised. They
temperate await detailed class-
and tropi- ification
cal region

4) soils of Degraded chernozem -
forest soils, non-calcic
grassland brown or shantung
transition brown soils.

5) Dark colo- Prairic soils, reddish -
ured soils prairic soils,chernozem
of gemi- soils, chestnut soils,
arid,sub- reddish chestnut soils
humid and
humid gra-

ssland.
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6) Light coloured Brown soils, Brown soils,
soils of arid Sierozeme soils, saline rhase.
regions. Red desert soils Sierozem red

desertic soils
2. Intra- 1) Hydromorphic Humic-glay seils, -
zonal soils of marsh- Alpine meadow soi-

es swamps flats ls,Bog soils,Half

and seepage ar- bog soils, Plano-

eas. sole, Ground water
podzols, Ground
water latosols.

2) Halmorphic solanchake(saline Saline soils of
(saline and soils). solonetz depression.
alkali) soils soils (alkali
of imperfactly soils) soloth
drained arid soils.
regions,Litoral
deposits.

3) Calcic imprphic Brown forest Red loam
soils. scils, Rendzina

soils.

3. Azonal No suborders Lithosols Red and yellow
soils,Yellowist!
brown soils of
foot hills.

Regosols(includes Desert soils,
dry sands) sand dunes.
Alluvial 0ld alluvium

not recent
alluvium black
soils.

Mathur et al. (1968) classified soils of Rajasthan based
on a broad reconnaissance survey into following eight groups 3
1. Desert soils, 2. Grey brown soils, 3. Grey brown soils of
river basin, 4. Undifferentiated alluvial soils, 5. Mixed red and
black soils, 6. Red loam (shollow soils), 7. Medium black soils,
and 8. Red and yellow soils.

soils of Rajasthan have been grouped into 12 associations

based on a broad reconnaissance survey by Mehta et al. (1970) :
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1. Desert soil
a) cCalcic brown soil

b) Non-calcic brown soil
c) sand dunesg
2. Desert riverine soil
3. Alluvial sierogems
4. Grey brown soil gypsiferous or calcareous
5. Non-calcic brown soil
6. Brown soil saline phase
7. Aalluvial soil of recent origin
8. Grey brown alluvial soils
9. Yellowish brown soils
10. Red loam
11. Medium black soils

12. Hilly soils

Soil survey organisation of Rajasthan (Mathur et al.,
1974) classified soils of Rajasthan according to soil
taxonomy under 5 orders viz., Aridisols, Alfisols, Entisols,
InceptisOls and Vertisols. soils have been grouped at sub-
order and great group level under these orders. This classi=-
fication upto great group level has been shown on the map.
Approximation equivalents of old and new system of soil

classification is given below :

Table 2. Classification of Rajasthan soils according to
soil taxonomy.

S.No. oOrder Sub-order Great group Approximate
(New comprehensive system) equivalent in
the old system
(1949)
1. Aridisols Orthids Camborthids Seirozems,
Calciorthidg Desert soils,
Salorthids Saline soils of

Paleorthids depression
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(2X2)

2. Alfisols Ustalfa
3. Entisols Psamments
Fluvents

4. Inceptisols Orchrepts

5. Vertisols Us terts

Haplustalfs

Torripsamments
Quartzipsamm-
ents

Torrifluvents
Ustifluvents

Us tochrepts

Chromus terts
Pellusterts

Red loam, black soils.
brown soils, yellow-
ish brown soils of
foot hills, alluvial
sodls

Desert soils and sand
dunes

Alluvial soils (old
and recent)

Brown soils, red and
yellow solls of foot
hills

Black soils

Karan (1975) classified soils of western and central

pPlain of Rajasthan according to soil taxonomy. He has recognized

following important nine groups :

Normal soils

Problematic soils

= Typic Haplargids
= Typic Camborthids

- PFluventic cCamborthids

- FPsammentic camborthids

= Typic Torripsamments

- Fluventic Torripsamments

= Typic Natrargids

- Natric salorthids

= Torrifluventic salorthids

choudhary et al. (1989) also classify the soils on the

basis of erodibility indices and concluded that surface samples

of benchmark soils are sandy loam texture, without any problems
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of salinity and/or alkalinity. The high erosion ratio
indicate the erodible nature of the soils. water holding
capacity and moisture eguivalent are correlated positively,
and dispersion ratio and ercsion ratio negatively with

finer fraction of soils.

2.6 Fertility status

Sstorie (1950) devised one of the earliest methods
of productivity ratings. The system rated lands on the basis

of ten soil characteristics as signified by four factors vig.,

(A) soil profile characteristics (depth and permeability)

(B) Texture (surface texture and structure)

(c) slope of land

(D) Miscellaneous characteristics that may be modified
by management (drainage, toxic conditions, fertility,

erosion and micro-relief).

The index was calculated by multiplying the evaluated
values for each factor and was expressed in percentage.
according to the index calculated, various soils were grouped
into six grades.

shome and Rayclfudhury (1960) selected three factors
for evaluating the productivity rating index.

1. Factor A - Permeability, degree of weathering and
natural fertility.

2. Factor B - Topography, texture and structure.

3. Factor ¢ - Degree of climatic sultability, salinity,

alkalinity, stoniness and tendency to erode.
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Sanghi et al. (1976) analysed the 4922 soil samples
of desert soils of Rajasthan. Data indicates that the soils
are very low, tending towards medium in organic carbon,
available phosphorus and potassium contents respectively.
Choudhary and Jain (1979) studied the distribution of
different forms of K and K-fixing capacity in the soils
different agro-climatic regions of Rajasthan. water soluble
and exchangeable K were highest in soils of arid and transit-

ional regions.

Joshi and chonsikar (1981) enunciated 8 profiles
representing different soil group in Rajasthan and reported
that total phosphorus content varies from 80 to 540 ppm.
Desert soils of medium to coarse textures are low in organic
matter content but contained higher amount of total phosphorus.

Organic phosphorus was found in range from 76 to 340 ppm.

Joshi et al. (1982) studied the 32 surface soil samples
from major soil groups of arid and semi-arid regions of
Rajasthan and reported that mean values of HCl soluble
(N/HNO; soluble), fixed and available K forms in dune and
interdunal sand., light brown sandy and brown light were low
than the grey brown soils. The dune and interdunal soils

showed negative K fixation because o0f very low clay content.

Lateron, Joshi and bDhir (1983) analysed 118 soil samples
from 37 soil profiles representing recognised soils series/
groups in the Jaisalwer, Jodhpur, Jaipur, Ajwer and Nagaur
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districts and reported that the soils are very low in
organic carbon 0.03 to 0.45 percent and neutral to
alkaline in reaction (pH 7.0 to 9.2). About 50 percent
so0il samples showed sand to loamy sand texture having
less than 16 percent silt + clay. ca003 was less than 1
Percent in 50 percent of soil sample and only 25 percent

sauples contained more than 4 percent cac03.

Vinod Kumar and S.P., Seth (1983) studied on soil
fertility status of Rajasthan State were undertaken at soil
testing laboratory, sri Ganganagar (Rajasthan). It was
observed that on and average soils were not problematic
with respect to salinity and alkalinity. goils were low in
organic carbon and medium to high in available rhos phorus
and available potash. The nutrient status with respect to
N, P and K has been distinguished on panchayat samiti basis
and fertilizer recommendations for various fertility groups

have been given.

Direct rating from soil test data
Muhr et al. (1965) reported the procedure used for the

fertility rating of soils by soil testing laboratories in
India. The rating system is presented below :

Table 3. Interpretation of classes by Muhr et al. (1965)

Nutrient Low Medium High

I. Organic carbon «0.5 % 0.5-0.75% Z0.75%
(as a measure of
available N)

II. Available P <-11.2 kg/ha  11.2-25.0 kg/ha =25 ka/ha

III. available K 4 120 kg/ha  120-280 kg/ha 280 kg/ha
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The rating system is widely used for the purpose of
grouping soils according to fertility status all over
India.

Fertility status of soils of Rajasthan

On the basis of general fertility survey soils of
Rajasthan have been grouped into five groups according to

Department of Agriculture, Rajasthan.

Group A;?_ ilable Available _Available
trogen Phosphorus Fotash
I Low Medium Medium
II Low High Medium
III Medium Medium Medium
Iv Medium High Medium
v Medium Medium High

According to Department of Agricultur;, Rajasthan,
the solls of Rajasthan have been classified into seven
fertility groups based on the analytical data. The name
Oof the district alongwith the fertility group are given

below :
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Table A- gg:i::g.ility grouping of Rajasthan soils based on:.analytical

S .No. Name of the district Fertility group

Available available Available
N

P

K

l. ajmer, alwar, Bikaner, Kota, Low Medium
Fali, Bharatpur, Jaipur,
Jodhpur, Jhunjhunu, Nagaur,
sirohi, churu

2. Tonk, Banswara, Bhilwara, Medium Medium
and Chittorgarh

3. Bundi and Jaisalmer Low Low

4. Barmer, Sriganganagar, Low Medium
Jalore and Jhalawar

5. Udaipur Medium Medium

6. Dungarpur and sikar Low High

7. sawai Madhopur Low High

Medium

Medium

Medium

High

High
Medium

Medium

On the basis of analysis, the fertility map of Rajasthan

has been prepared. The fertility map indicates that out of 29

districts in Rajasthan, the soils in 21 districts are deficient

in nitrogen while rhosphorus is low only in two districts namely

Bundi and Jaisalmer. The potash status ranges from medium to

high in Rajasthan.
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MATERIALS aND METHODS

Five soil profiles were dug and samples according to
the method described in the soil survey manual (Soil survey
Staff, 1966) to characterize the soils of Agro-climatic
zone III-A in Rajasthan. A general description of the area
and brief account of the profiles studied is given in the

succeeding pages.

Description of the study area

3.1 Location

The most significant physical property of an area
is its location. The area studied lies in the semi-arid
region of Rajasthan. It is situated between 25.67° to 27.81°
of north latitude and 74.12° to 76.38° of east longitude,
having a total area of 2.94 million hectares. The altitude of
the zone III-A ranges between 400 to 447 meters above mean sea
level. The agro-climatic zone III-A is located (surrounded)
by district sikar in north, Bhilwara and Bundi in south,

Alwar and Dausa in east and Nagaur district in west.

3.2 Geology
The soils have developed from recent and sub-recent

local alluvium of metamorphic and igneous origin soils from
aravallis. But at few localities of the agro-climatic zone
III-A includes coastal and littoral alluvium and aeclian sand.
The geology of this area have developedﬁin aeolian alluvial
materizls on nearly level to gently sloping lands at an
elevation of 400 to 447 meters above mean sea level.
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Table 5 : Distrioution of mean monthly rainfall, temperature
(maximum znd minimum), wind speed (km/hr), ran
evaporation (mm), average humidity and sunshine of
Jobner college Farm, Jaipur (January 1991 to December,

1992).

Month Rain- Temperature °C wind Pan Average sunshing

fall Maxi- MIni-~ spr- evapo- humidity (hrs/day

(rmm ) mum mum ead ration (%)

(km/hr) (mm)

January - 21.5 4.0 3.0 2.6 85 08.7
February 018.2 23.9 7.8 4.6 3.4 83 08.8
March 001.1 29.4 11.9 5.3 6.0 70 08.3
April 004.3 34.3 17.6 5.6 8.3 54 09.9
May 002.3 39.1 24 .7 7.6 12.0 49 09.5
June 045.4 40.5 26.8 8.1 12.0 62 09.6
July 071.8 36.2 26 .5 8.4 8.0 74 06.3
August 152.9 31.8 24 .9 6.0 4.7 85 05.4
September 137.5 32.2 21.6 4.6 4.8 80 08.9
October 013.5 33.5 14 .6 3.3 5.2 73 09.4
November 001.1 28.7 9.9 2.6 3.7 73 08.8

December 014.4 24 .9 6.5 2.3 2.7 84 07.9




Table 6 : Distribution of mean wonthly rainfall, temperature
(maximum and minimum), wind speed (km/hr), pan
evaporation (mm), average humidity, and sunshine of
A«R.S., Durgapura (Jaipur) (January, 1991 to December,

1992)

Rain- Temperature °c wind Fan Aver- suns}.'xine
Months fall Haxi-  Mini- speed evapo- age (hrs/day)

(mm) mum mum  (km/hr) ration humidity

(m ) (%)

January 013.8 21.0 7.8 2.8 2.7 64 07.3
February 002.1 24.7 9.8 3.8 3.7 70 08.5
March 005.2 27.8 13.8 4.0 5.2 48 07.5
aApril 001.2 34.7 19.1 5.7 5.7 41 09.4
May 000.4 40,2 25.5 Ted 11.3 46 09.1
June 021.4 36.2 24.7 8.4 11.3 49 07.7
July 258.8 36.0 25.9 8.8 7.9 73 05.7
August 260.0 29.9 22.3 5.8 3.2 77 03.5
September 147.0 31.5 20,3 5.6 4.3 68 07.1
Cctober 002.0 32.4 17.5 4.6 3.4 58 08.1
November 002.0 27.6 12.5 3.8 2.8 68 07.8

December 018.0 24.4 10.1 3.7 2.4 74 08.0
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3.3 climate

Rainfall and temperature are the two main elements
of the climate. The climate of this region is typically
semi-arid which is characterized by extremes of the temper-
ature both during summer and winter. In summer maximum
temperature ranges between 36°C to 48°C whereas in winter
the temperature falls down to as low as -5°C in the month of
January. The rainfall is seasonal, erratic and highly variable
with respect to place and time and it ranges between 457 +o
600 mm annually which is mostly received during the monsoon
lasting from July to September. Rainy season begins from
middle of June and starts retreating around the end of Sept-
ember and it is characterized by hot and wet periods when
maximum weathering of soils is expected to take place in the

areae.

3.4 Natural vegetation

Natural vegetation affects profile differentiation by
furnishing organic matter, by adsorbing and recycling plant
nutrients by producing roots and supplying a cover to the
surface (Barshad, 1964). The nature of organic matter with
respect to its organic and inorganic composition, as affected
by plant species and environment is a important factor for
profile differentiation. It is, therefore, desirable to add

information on natural vegetation of the study area.

Most of the study area is under cultivation and the
information about natural vegetation of the area is collected
from uncultivated tract in the near vicinity of the profiles
and from total zone III-A.
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. The most common trees growing in the study area are :
Babool (acacia arabica), vilayati Babool (Prosopis
juliflora), Khejri (Prosopis cineraria), Khair (Acacia

catechu), Neem (azadirachta indica).

Be. Common shurbs and bushes of the area are

Aak (calotropis procera), Dhatura (Dhatura metel),

Khemp (Leptadenia pyrotechnica), Munja (gaccharum munja),
Dhamasa (Tephrosia sarphonlea)Jawasa (alhagicome-lorum)
and Ber (gziziphus jujuba).

Ce. Common grasses of the area are : Cenchrus setigerus,

avena fatua, cynodon dactylon, Fhalaris minor, Panicum

antidotale.

D. Main crops of the area are ; Bajra (Fennisetum typhoideum),

Maize (zea mays), Jowar (gorghum vulgare), Cowpea (vigna

sinensis), Guar(Cyamopsis SPP.) Moong (Vigna radiatal),in
Kharif and wheat (Triticum aestivum), Barley (Hordeum

vulgare), Mustard (Brassica juncea), Raya (Brassica nigra)

etc. in Rabi.

3.5 soils 5 -

The soils of agro-climatic zone III-A (Rajasthan) shows
some variations. It is primarily alluvial and calcareous and
also contain gravels. The texture is loamy sand to loamy fine
sand. In this area various soil classes, like coarse vl:l.ght
soils, dark medium heavy soils, yellow_ish brown soils and brown

medium solils have been okserved.
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MOst of the solls of this area are well washed and
shows low to medium fertility status. pH of the soils is
more than 7.4. In the vicinity of the study area saline and
saline-sodic soils were observed and most of the area is

suffered from salinity and sodicity hazards.

3.6 survey and sampling

The area was first surveyed to prepare a reconniass-
ance map of the farm. The boundaries were delineated and

mapped .

80ils were examined by taking systematic auger bore
samples at five profile sites. Auger bore samples were examined
upto a depth of one meter and were examined for colour, texture

and calcium carbonate.

surface features like slope, erosion and field conditions
were recorded during traverses. On the basis of recorded inform-
ations representative soil profile site were selected and pits
were dug to a depth of over 170 cm or upto ‘c! horizon, whichever
was shallower. Five representative profiles were examined as

described above.

Morphological description including identi fication and
nomenclature of horizons recorded in the fields are according to
the procedure given by UsDA soil survey manual (Hand book No.60)

and soil survey manual of India.

From each horizon approximately four kg soil was
collected in cloth bags and properly labelled. So0il samples were
alr dried, grinded with a wooden roller and Fassed through a
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2 mm sieve and then soil material ( < 2 mm) was stored in
cloth bags for the laboratory analysis. coarse gkeleton
(2 2 mm) was also collected, washed, dried and weighed to

calculate its percentage.

For fertility evaluation of soils every profile site
was considered as an individual unit and composite samples
were collected from 15 cm layer (plouch layer) using the
techniques recommended by soil testing in India (Muhr et al.,
1965). These samples were air dried, crushed and sieved through
0.5 mm sieve and used for analysis of available nutrients.
The methods followed for various physical, chemical and physico-

chemical determinations are given in Table 8.

Table ™} Methods of soil analysis.

S .No. Properties Methods References

1. khysical properties

A. Particle size International Pipette Piper (1950)
analysis method
B. Apparent density Core sampler method UsDA Hand
(Bulk density) book No .60
(Richards,
1954)
C. True density R.D. Bottle USDA Hand
(Particle density) book No,.60
(RiChards.
1954)
D, Total porosity Calculated by using USDA Hand
the formula book No.60
(Richards,
1954)

Fercent True _ Apparent

densit densit
pore = ———Ja___r_Lx 100
space - True dens ty

E. Water holding Keen-Reczowasky box Plper(1950)
capacity method
F. Colour By Munsell soil colour -

chart
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2. chemical properties
A. Organic carbon

B. Calcium carbonate

walkley and Black's
wet digestion method

Acid neutralization
method i

Water scluble cations and anions

C. soluble Nat and xt

2+

g2t

D. soluble Ca
E. Chloride

F. Ccarbonate and
bi~-carbonate

G. Sulphate

Flame photometer
Versenate titration
silver nitrate

Acid titration

Precipitation by
Barium chloride EDTA
method

3. Fhysico-chemical analysis

A. pH

B. Cation exchange
capacity

C. Electrical
conductivity

D. Exchangeable ca?t

E. Exchangeable Mg+2

F. Exchangeable Na™t
and Kt

G. Exchangeable
sodium percentage

Beckman pH meter

schollenburger's
ammonium acetate method

Using standard preci-
sion solubridge

Versenate titration
method

Versen.ate titration
method

By neutral normal
ammonium acetate
extract method

Calculated by using
the formula :

ESP =

Piper (1950)

Allison and
Moddie (1965)

Richards(1954)
Richards (1954)
Richards (1954)
Richards (1954)

Richards (1954)

UsDa Hand book
No -60(Richards )
1954)

Richards (1954 )
Richards(1954)

USDA Hand book
No .GO(Richards ’
1954)

UsDA Hand book
No.60(Richards,
1954)

USDA Hand book
No .60 (Richards,
1954) :

USDA Hand book
No.60(Richards,
1954)

h ble Na'(g. ~1
Exchangea e ggii? Mol kg

CEC(C.Mol kg-l of soil)

X 100
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H. sodium adsorption
ratio

I. soluble sodium
bpercentage

4. PFertility status

A. Available
nitrogen

B. Available
rhosphorus

Ce. Aavaillable
potassium

Calculated by using
the formula :

USDA Hand bock
No.60(Richards,
1954)

Nat

SAR =
V/ catt 4 mgtt
2

Calculated by using
the formula :

USDA Hand book
N0 .60(Richards,
1954)

_Soluble Na (meg/l) X 100
Total soluble cation
( meg/litre)

SSP =

aAlkaline permanganate subbish and
method asija (1956)

Colour of sncl2
measurement by
colorimeter method

Normal neutral ammo- Honeway and
nium acetate extract- Heidal(1952)
ion method

Olsen (1954)

3.7 statistical analysis

To find out the relationship between the different

characteristics of soil properties horizon-wise, the coefficient

of correlation was determined by using the formula

r =

sP ( X.Y )

V// ss (x), ss (Y)
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RESULTS AND DISCUssICN

In the present investigation soils of agro-climatic
zone III-a of semi-arid eastern plain in Rajasthan were
studied with the object of characterization of soils. More
emphasis has been given on morphological features of the

soils, according to soil taxonomy and soil fertilitye.

Field and laboratory studies have been carried out
and the results obtained are discussed under the following

heads 3

4.1 Morphological characteristics of soil
4.2 Laboratory studies
4.2.1 rhysical characteristics of soil
4.2.2 analysis of saturation extract
4.2.3 cation exchange capacity and exchangeable cations
4.2.4 PFertility status of soil
4.3 Classification of soils according to soil taxonomy, 1973

4.4 correlation between various properties of soils.

4.1 Morphological characteristics of soil

According to field observations soils vary in colour,
texture, structure, consistency and other important mworpholo-
gical features. Colour varies from 1ight. yellowish brown to
brown and strong brown and texture varies from loamy sand to
fine sand.

A clear distinct ochric epipedon was observed in almost
all profiles. Cambic and argillic horizons were identified in
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sub-surface. soils are shallow to deep and moderately drained.

Soils are deep and moderately developed with distinct hori-

zonation (Frofile No. 1,3,4,5) except the soil profile number

2, where profile development is poor.

Details of morphological features of profiles under

study are given below

Morphology of the profiles

Location

Fresent land use
Agro-climatic zone
Cclimate

Slope

Drainage

Order

Sub-order

Great group

soil series

Thermo-regime

Horizon Depth (cm)

Ap 0-53

FPROFILE NO. 1

= Well No.l10, aAgronomy Farm,
SKN college of Agriculture,Jobner

- Cultivated

- III-2

- Semi-arid

- 2 percent

- wWell drained
- Entisol

- Dsamment
= Ustipssamment
- chomu series (Tentative)

= Hyperthermic

Description of the Eroﬂ.;e

Brownish-yellow colour (10 YR 6/6) when
dry and Yellowish-brown (10 YR 5/6)

when moist, loamy sand, single grain,
loose and friable when dry, sub-andular
blocky, structure, granular, non-
sticky and non-plastic, abundent roots,
no effervescence with dilute HCl,regular
boundary, -pH 8.2,




54-80

80-127

127-160

160-200.

28

Yellowish-brown (10 YR 5/6) when dry
and dry yellow (10 YR 4/4) when moist,
loamy sand, loose and friable, granular,
sub-angular blocky structure, very few
fine roots, no effervescences with

dilute Hcl, regular boundary, pH 7.8.

Yellowish-brown (10 YR 5/6) when dry
and moist, loamy sand, loose and :
friable when dry, granular and sub-
angular blocky, structure, no con-
cretion, few fine rcots, pH 8.1,
slight effervescences with diluté

HCl, regular boundary.

Dry yellow (10 YR 4/4) when dry and
moist, loamy sand, no concreation,
loose and frigble when dry, sub-
angular blocky structure, few fine
roots, pH 7.8, sligntly sticky, no
effervescences with dilute HCl,

regular boundary.

Dry yellowish brown (10 YR 4/4) when
dry and moist, loamy sand, no calcium
carbonate deposites, granular, sticky
congistancy when moist, loose and
friable when dry, sub-angular blocky
structure, no concretion, roots absent
PH 8.1, slightly hard and firm when
dry, no effervescence with dilute Hcl,
regular boundary.



Vegetation :

Location

Present land use

Agro-climatic zone

Climate
Slope
Drainage
Order
sub-order
Great group
soil seri\es

Thermo-regime

Horizon Depth (cm)

A

0-38

Khejri - Prosopis cineraria
Neem = azadirachta indica
Ber - gziziphus jujuba
Dhanasa - Tephrusia sarphonlea
Aak - Calotropis procera
Babul - acacia arabica

Doob - cynondon dactylon

PROFILE NO. 2

Asalpur (Jobner)
Asalpur Farm

omegranate cultivation
III-A

Semi-arid

3 percent

Moderate

Entisol

Psamment

Ustipssamment

chomu series (Tentative)
Hyperthermic

Description of the profile

moist, loamy sand, no mdttling, single
grain, lcose and friable when dry sub-
angular blocky structure, granular, non-
sticky and non-plastic, few roots, pH
8.1, slight effervescences with dilute
HCl, regular boundary.

Yellowish brown (10 ¥R 5/4) when dry and



By 38-64

B, 64-142

Vegetation :

o

Yellowish-brown (10 YR 5/4) when dry and
dark yellowish-brown (10 YR 4/4) when
moist, loamy sand, sub-angular blocky
structure, single grain, loose and friable,
no mottling, granular, fine roots but very
few, PH 7.8, non-sticky and non-plastic,
no effervescences with dilute HCl, regular

boundary .

Yellowish brown (10 YR 5/4) when dry and
dark yellowish brown (10 YR 4/4) when
moist, loamy sand, no mottlings, granular,
loose and friable when dry, sub-angular
blocky structure, absence of hard Kankar
ban, non-sticky and non-plastic, few roots,
P 7.9, slight effervescences with dilute
HCl, regular boundary.

Fomegranate - Punica granatum

Ber - gziziphus jujuba
Dhamasa = Tephrusia sarrhonlea
aak = Calotropis procera
Babul = Acacia arabica
Khejri - Prosopis cineraria
Neem = Azadirachta indica
Doob = Cynondon dactylon




Location

Present land use

PROFILE NO. 3

Agricultural Research Station,

Durgapura (Jaipur)

41

Cultivated
Agro-climatic zone III-A
Climate Semi-arid
Slope 1 percent
Drainage Excessively drained
Order Entisol
Sub-order Psamment
Great group - Ustipssamment
soil series - Chomu series (Tentative)
Thermo-regime - Hyperﬂ)émic
Horizon Depth (cm) Description of the profile
Ap 0-12 Light yellowish brown (10 YR 6/4) when
dry and yellowish brown (10 YR 5/6)
when moist, fine sand, single grain
structure, loose and very friable, many
fine and very fine fibrous roots, pH 8.3.‘
clear smooth boundary, no effervescences |
with dilute Hcl :
s 12-25 Light yellowish brown (10 YR 6/4) when

dry and moist, loamy fine sand, weak
very fine granular structure, very fri-
able, very few 0.5 mm size soft, iron-
manganese concretions, common fine ang
very fine fibrous roots, pH 8.1, gradual
smooth boundary, no effervescences with
dilute Hcl.
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22

25-56

56-88

88-119

119-172-
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Brown to dark brown (7.5 YR 4/4) when dry
and moist res pectively, loamy fine sand,
weak fine sub-angular blocky and granular
structure, friable, very few 0.5 iron-
Manganese concretions, common fine and
very fine fibrous roots, many fine verti-
cal tabular pores, pH 7.8, diffuse smooth
boundary, slight effervescences with

dilute HcCl.

Brown to dark brown (7.5 YR 4/4) when dry
and moist respectively, loamy fine sand,
very weak fine sub-angular blocky and
granular siructure. friable, few 0.5 mm
size very soft iron-manganese concretions,
few fine and very fine fibrous roots, many
fine vertical tubelar pores, pH 7.7,
diffused smooth boundary. Very slight

effervescences with dilute HcCl.

Light brown (7.5 YR 6/4) when dry and
moist loamy fine sand, single grain
structure, few 0.5 mm size very soft iron-
manganese concretions, few very fine
fibrous roots, PH 7.7, no effervescences
with dilute HCl. Diffuse smooth boundary.
strong brown (7.5 YR 5/6) when dry and
moist, loamy fine sand, single grain
structure, very friable, few very fine
fibrous roots, pH 7.8, no effervescences

with dilute HCl, gradual smooth boundary.




Vegetation ;: Neem
Khejri =
Babul =
Ber -
Dhamasa -
Aak -

Doob =

43

Azadirachta indica

Prosopis cineraria

Acacia arabica
Ziziphus jujuba
Tephrusia sarphonlea

Calotropis procera

cgynondon dactylon

wheat, barley and vegétables are grown under irrigation and

pearlmillet, groundnut, sesamum etc. are grown under rainfed

condition.
PROFILE NO. 4
Location - Agricultural Research Sub-station,
Diggi (Tonk)
Present land use - cultivated
Agro-climatic zone - III-A
Climate = semi-arid
slope = 1 percent
Drainage - Moderately slow
Order - Alfisol
sub-order - Ustalf
Great group - Pajeustals
- Not known

soil series

-  Hyperthermmic

Thermo-regime
Horizon Depth (cm) Description of the profile
= T 0-24 Dark brown (10 YR 4/3) when dry and
P

moist, (10 YR 3/3), sandy loam, sub~
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Ck

24-53

53-81

81-152
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angular blocky structure, compact/hard,
friable when dry and plastic when moist and
wet, slight effervescences with dilute HcCl,
neutral soil reaction (pH 7.5), small calcium

concretions, few pores, irregular boundary.

Dark brown (10 ¥R 4/3) when dry and very dark
greyish-brown (10 YR 3/2) when moist, sandy

loam, sub-angular blocky structure, compact/
hard, friable when dry and plastic when moist
and wet, slight effervescences with dilute

HCl, soil reaction towards -~ Saline (pH 7.6),
small calcium concretions, many pores, irre-

gular boundary.

Yellowish brown (10 YR 5/8) when dry and dark
yellowish brown (10 YR 5/4) when moist, sandy
loam, sub-angular blocky structure, compact/
hard, massive when dry and sticky when moist
and wet, very high effervescences with dilute
Hcl, . 8sline soll reaction (pH 7.9), pores

absent, irregular boundary.

creyish brown (10 YR 5/2) when dry and light
brownish grey (10 YR 6/2) when woist, sub-

angular blocky structure, compact/hard, massive !

when dry and sticky when moist and wet, vigour- |
ous effervescences with dilute Hcl, pores ‘
absent, big calcium concretions, irregular

boundary, PH 8.3




Vegetation

Location

Present land use
Agro-climatic zone
Climate

Slope

Drainage

Order

sub-order

Great group

goil series

Thermo-regime

Horizon Depth (cm)

a 0-30

P

45

Babul = &Acacia arabica
Jhari = g2iziphus pummularia
Neem = Azadirachta indica
Kikar - 2cacia arabica
Doob = Cynondon cactylon

PROFILE NO. 5

Roopangarh (aAjmer)
A Farmer's Field

Cultivated
III-A
Semi-arid

3 per cent
Moderate
Entisol
Psamment
Ustifluvents
Not available

Hyperthermic

Description of the profile

Dark brown (10 YR 3/3) when dry and

very dark greyish brown (10 YR 3/2)
when moist, fine sand, sub-anqular
blocky structure, compact/hard,
friable when dry, sticky when moist,|
and plastic when wet, slight effer-
vescences with dilute HCl, ‘Baline
soil reaction, small murrum concre-
tions, regular boundary.
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2 3 0ach Yellowish brown (10 YR 5/6) when dry and

dark brown (7.5 YR 4/4) when moist, fine
sand, sub-angular blocky structure, loose,
friable when dry and moist, sticky when
moist and slightly plastic when wet, slight
effervescences with dilute Hcl, Plenty
pores, swall calcium carbonate concretion

Laline soil reaction, regular boundary.

C 60-90 Light grey (10 YR 7/1) when dry and
rale brown (10 YR 6/3) when moist, fine
sand loose, friable when dry and moist,
sticky when wet, highly . ®aline soil
reaction, layer of calcium carbonate
conceetions present, vigorous efferves-

cences with dilute HCl, regular boundary.

Vegetation : Khejri - Prosopis cineraria

L]

Kikar - acacia arabica

Neem - azadirachta indica

Doob Ccynondon dactylon

4.2 Laboratory studies

Laboratory studlies greatly help not only in providing

suitable interpretation of field observations but also aid in

predicting soil behaviour under different set of conditions.

The findings of laboratory study are presented and discussed

in the succeeding pages-
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4.2.1 Fhysical characteristics of soils

Particle size distribution, apparent density,
true density, total porosity, maximam water holding capacity
and hydraulic conductivity are some of the commonly used
physical properties of soils in investigations of soil
characterization and in soil development studies. These
Parameters of the soils of the agro-climatic zone III-A are

Presented below.

4+2.1.1 Mechanical analysis
. Mechanical analysis gives the percentage
of sand, silt and clay fraction distribution in soils and
points to their textural classification. The distribution of
these fractions, in turn, govern the rhysico-chemical character
of soils. The determination of soil texture is, therefore,
a very important aspect for the adoption of management

practices for the soils in question.

profile No. 1

Textural class of the soils of this profile is loamy
sand through out the profile and coarse skeleton are few in
number. Data presented in Table 8 reveals that coarse sand
content varies from 10.2 to 12.1 percent, Ap horizon contains

maximum coarse sand while B; horizon contains minimum. Fine

sand content varies from 71.9 to 73.0 percent. A, and B,
horigons contains minimum fine sand, while B, horizon contains

maximum. The silt content ranges between 8.3 to 10.0 percent

4 it was minimum in surface and sub-surface horizons
an ;
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Mechanical analysis (Percent particle size distribution)

r. Hori- Mechanic
go. zof; ?fnﬁ"fh S S R T Textural
Coarse Fine silt Clay class
sand (%) sand(%) (%) (%)
2-0.2mm 0.2-0.02 0,02- 0.002mm
mm 0.002mm
Frofile No. 1 Jobner well No. 10 o
1 Ap 0-53 12.10 72,30 8.30 7.30 Loamy sand
2 Ay 53-80 11.50 72.00 92.10 7.40 Loamy sand
3 A, 80-127 10.8 71.90 9.30 7.90 Loamy sand
4 By 127-160 10.2 73.00 8.90 7.90 Loamy sand
5 B, 160-200 11.1 71.90 10,00 7.00 Loamy sand
Profile No. 2 asalpur Farm
6 A 0-38 18450 64.00 7.00 6.75 Loamy sand
7 Bl 38-64 18.60 63.30 10.30 7.80 Loamy sand
8 BZ 64-142 15.40 66.40 10.90 730 Loamy sand
Profile No. 3 A.R.S., Durgapura
9 a, 0-12 39.40 49.00 6.90 4,70 Fine sand
10 Aqq 12-25 35,70 51,20 5.60 7.40 Loamy fine
sand
11 B,y 25-56 32.40 54.70 5.70 7.20 Loamy fine
2 sand
12 B 56-88 33.00 53.60 5.40 7.90 Loamy fine
22 sand
13 B 88-119 33.40 53.60 5.20 7.80 Loamy fine
3 sand
-170 34.10 52.70 6.10 7.10 Loamy fine
14 Cy 119-1 e
Profile No. 4 A.R.S.S., Diggi
15 AP 0-24 3.20 67 .60 14 .40 14.80 sandy loam
16 Ay 24-53 3.53 62.93 17.83 15.70 sandy loam
17 Cy 53-81 3.03 62.33 16.40 18.23 sandy loam
18 o 81-152 5.87 65.10 18.73 10.23 sandy loam
Profile No. 5 ROO rh, A Farmer's field '
19 4 7N 0-30 6.40 76.50 8.80 8.30 Fine sand
20 B 30"'60 5.30 73060 11.30 9,80 Fine sand

e
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(Ap and B, ), whereas it was found maximum in B, horizoa,

clay contributes 7.0 to 7.9 percent. A, horizon contains

maximum clay while, B, horizon contains minimum. Higher
concentration of clay in the horizong A, and By shows

illuviation in thesge horizons.

Profile No. 2

Textural class of the soil located at Asalpur farm
is loamy sand throughout the profile. Coarse sand content
varies from 15.4 to 18.6 percent B, horizon contains maximum
coarse sand, while 52 horizon contains minimum. Fine sand
content ranges between 63.3 to 66.4 percent. In this profile
the minimum fine sand content was found in B horizon whereas
maximum fine sand content was Observed in case of B, horizon.
silt content in this profile varies from 7.0 to 10.9 percent.
A, horizon contains minimum silt percent, while B, horizon
s.hQWS maximum. Clay content in different horizons ranges from
6.75 to 7.8 percent. Maximum clay content is noticed in By
horizon and minimum in surface (1% J) horizon. A distinct clay

accurulation is observed in By horizon,

Profile No. 3

Textural class of the soils of this profile wvaries
from fine sand to loamy fime sand. coarse sand content
varies from 32.4 to 39.4 percent. Data reveals that a,
maximum coarse sand whereas, 821 horizon

horizon contains
contains minimum. Pine sand content ranges from 49.0 to 54.7
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percent. In this profile minimum fine sand content was

found in Ap horizon. on the other hand, maximum £ine sand
content was observed in case of By, horizon. silt content
varies from 5.2 to 6.9 Percent. Ay horizon contains maximum
silt percent, while By horizon shows minimum. clay content
varies from 4.7 to 7.9 percent and data presented in Table 8
indicates that it was maximum in Byy horizon and minimum in

the upper most horizon (AP) of the profile.

Profile No. 4

Textural class of the soils located at Agricultural
Regearch Sub-Station, Diggl is sandy loam throughout the
profile. Recently deposited alluvium of profile shows greater
variation in coarse skeleton. Coarse sand content varies
from 3.03 to 5.87 percent, Ck-horizon contains maximum amount
of coarse sand (5.87 percent), whereas, Cy-horizon contains
minimum. Fine sand content ranges between 62.33 to 67.60
percent. In this profile minimum fine sand content (62.33
percent) was found in C, horizon, while, maximum fine sand
content was observed in case of AP horizon (67.60 percent).
silt content increases with depth in this profile and varies
from 14.40 to 18.73 percent. Clay content also increases
with depth upto Cy horizon but in ¢ horizon it shows a
decreasing trend and its content was minimum (10.30 percent).
clay contributes 10.30 to 18.23 percent. CY horizon contains

maximum amount of clay, while, G horizon contains minimum.

Profile No. 5

rexture of the solls of this profile is fine sand

th hout the profile. Data presented in Table 8 reveals
roug
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that coarse sand content decrease with the depth and it
ranges between 4.3 to 6.4 Percent. Ap horizon contains
maximum coarse sand while, ¢ horizon contains minimum.

Fine sand content does not show any specific pattern and
varies from 73.6 to 80.2 percent. Silt content of this
profile varies from 8.03 to 11.3 percent. B horizon contains
maximum silt percent, whereas, C horizon shows minimum. clay
content varies from 7.5 to 9.8 percent. Maximum clay content
is noticed in B horizon, whereas, C horizon contains minimum

clay percentage.

4e2.102 Bulk densitg

In general apparent density (B.D.)
increases with increase in amount of illuviated clay. Besides
this the increase in bulk density with depth was apparently
associated with the decrease in organic carbon, less aggre-
gation, root penetration and the compaction caused by the
weight of overlying mass. Secondary accumulation or orient-
ation of clay in pore space has increased the bulk density

of sub-surface B horizon in all profiles under study area.

Data presented in Table 9 indicates that the apparent
density of soils of the profiles 1, 2, 3, 4 and S varies from
1.51 to 1.58, 1.54 to 1.56, 1.50 to 1.62, 1.32 to 1.39 and

1.42 to 1.49 gn/cc, respectively. An increasing trend of the

pulk density with depth was observed in all the profiles
u

bulk density values of surface
file No.5. The bulk £Y va
except Pro = =
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Table 9 Fhysical constants.
No. son  (om) Aomeicy’ din“s‘ity poro-  holding Z‘Eﬁéﬁ‘étﬁm
g(;r?ll.cné ) é‘fl/-ch S@.‘ i):y ca @c;i ty (cm/hr)
Profile No, 1 Jobner cCollege Well No,10
1 Ay 0-53 1.51 2.60 41.92 27.11 6.72
2 Ay 53-80 1.52 2.60 41.53 29.04 6.26
3 A, 80-127 1.53 2.61 41,37 29.86 5.19
4 By 127-160 1.55 2.55 39.21 33.60 4.83
5 B, 160-200 1.58 2.51 37.05 31.99 4,00
Profile No. 2 Asalpur Farm
6 A 0-38 1.54 2.60 40,76 26.68 5.44
7 By 38-64 1.55 2.58 39.92 28.03 4.53
8 B, 64-142 1.56 2.55 38.82 28.88 3.71
Profile No. 3 A.R.,S. Durgapura
9 Ap 0-12 1.50 2.71 44.64 26.96 7.03
10 A9 12-25 1.52 2.68 43.28 29.18 6.53
11 Byg 25-56 1.54 2.63 41.44 29.84 5.57
12 Byo 56-88 1.57 2.62 40.07 30.62 5.00
13 By - 88-119 1.60 2.60 38.46 33.98 4.85
14 C1 119-172 1.62 2.58 37.20 35.50 4.72
15 Ag 0-24 1.32 2.70 51.11 35,03 1.92
16 Aq 24-53 1.33 2.75 51.63 37.01 1.71
17 Cy 53-81 1.35 2.82 52.60 39.82 1.48
8 ¢ 81-152 1.39 2.75 49.45 26.28 3.42
Profile No. 5 Roopancarh, A Faﬁg__gii_elg
19 a, 0-30  1.45 2.73 46.88 33.06 4 .68
208 R 30-60 1.42 2,71 47.60  33.31 4.58
21 ¢ 60-90 " 1.49 2.69 44.61 31.27 7.02
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horizons had comparatively been low because of presence oOf
organic matter in the upper horizons. An increase in the

value of apparent density with depth, though slight, showed
that there had been elluviation of finer materials leaving

behind heavy un-weathered materials.

Furthermore, the increase in bulk density in lower
layers could be attributed to burden of overlying strata.
These results are in conformity with those obtained by .
vyas et al. (1974), Northrup and Boyle (1975) and Pathak

and Patel (1980).

4.2.1¢3 Particle density
farticle density of soils of the profiles

noe 1,2,3,4 and 5 varies from 2.51 to 2.61, 2.55 to 2.60,
2.58 to 2.71, 2.70 to 2.82 and 2.69 to 2.73 gw/cc, respect-
ively. Thus, all profiles shows more or less same values of
true density including similar mineralogy. Particle densi ty
showed in general a decreasing trend with the depth of the
profiles., except profile No.4, where it increases with depth
upto 81 cm depth. Increase in true density with depth in this

profile indicates that the content of minerals may increase

in lower horizons.

4.2.1.4 Total porosity
Nature of packing and degree of compact-
ness of soils determine total porosity. On compacting sodls,

total porosity decreases. Properties of the soll like water

holding capacity and air capacity depend on porosity.




Data presented in Table 9 reveals that the porosity
of soils of the profiles 1,2,3,4 and 5 ranges from 37.05
to 41.92, 38.82 to 40.76, 37.20 to 44.64, 49.45 to 52.60
and 44.61 to 47.60 percent, respectively. The results of
the total porosity revealed that these vary between 37.05
to 52.12 percent. Relatively higher values of total porosity
had been observed in surface horizons as compared with
lower layers of the profiles. Iorosity decreased with depth
in pedon 1,2 and 3 and it varied from 37.05 to 44.64 percent.
But slight increase in porosity had been observed in the

profile No. 4 and 5 at the lower horizons.

The soils of this agro-climatic zcne have low values
of the porosity because of low content of the organic matter
and clay. Porosity of the soils decreases with depth due to

increase in compactness of the sub-surface soils.

4.2.1.5 Maximum water holding capacity (%)

Maximum water holding capacity ranges
from 27.11 to 33.60, 26.68 to 28.88, 29.96 to 35.50, 26.28 to
39.82 and 31.27 to 33.31 percent for profile No. 1,2,3,4 and

5 respectively and it increases with depth due to increase in

finner fractions at lower depths.

4,2.1.6 Hydraulic conductivity (cw/hr)

Hydraulic conductivity of profile No.

(ol 3y A%sna 5l varies Frowtd.00 €0T6 2. 300 B9 sate 4.72 to
e

7.03, 1.48 to 3.42 and 4.58 ®0 7.02 cw/hr respectively.



Hydraulic conductivity showed a regular decreasing trend with
depth of the profiles except lowest horizons of the profiles
4 and 5, where it was found to increase. Decrease in hydraulic
conductivity with the depth was due to the compactness.
structureless conditions, low porosity and high water holding

capacity of the sub-so0il horizons.

4.2.1.7 Ehysico-chemical and chemical characteristics
of soills e T

(a) o

soil reaction is one of the most

important property of soils because it controls availability
of nutrients, microbial activity and physical conditions of

soils upto a great extent.

It is apparent from Table 10 that pH of 1:2 soil water
suspension varies from 7.6 to 8.2, 7.8 to 8.1, 7.6 to 8.3,
7.5 to 8.3 and 7.6 to 7.9 in profile no. 1,2,3,4 and S,
respectively. Thus different horizons of all the profiles
were normal in soil reaction. These profiles were also rich
in soluble sodium which was responsible for higher pH. The
pH values showed a definite trend of decrease with depth

except profile no.4 in which an increasing trend is observed.

(B) calcium carbonate
Free carbonates own their origin from

parent material as well as product of weathering, with

development of soil, carbonate tend to leach down. In arid

and semi-arid climates such movement generally leads t the

formation of calcic horizon as seen in case of profile no.4.




On the basis of results presented in Table 10 it
appears that the amount of calcium carbonate varies from
0.11 to 0.91, 1.35 to 1.39, 2.20 to 51.32 and 0.54 to 4.78
percent in profile no. 1,2,4 and 5 respectively. whereas.

in profile no.3 it was found almost nil.

An increasing trend of Ca.CO3 content was observed
in all the profiles except profile no. 3 and 4. In profile
no. 3 calcium carbonate content was found alwost nil, while,
no definite trend of CaCO; content was observed in profile
no.4. Increase in the CaCO4 content in the lower depths
indicates that the leaching of the calcium from surface
solls takes place to the sub-surface solls and it was
accumulated at sub-surface soils in the form of calcium
carbonate as secondary caribonates. similar results were

also observed for soils of arid and semi-arid regions by

sidhu et al. (1971).

4.2.2 Analysis of saturation extract

Electrical conductivity, water soluble cation:
and anions determined in the saturation extract of different
soil profile samples and calculated values like SaR and SSP

are presented in Table 10 and are discussed as follows.

de2e2e1 Electrical conductivity

The electrical conductivity of soils

is the measure of the concentration of soluble salts. Elect-

rical conductivity of saturation extract of soils at 25°C
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varies from 1.17 to 1.50, 1.10 to 1.40, 0.98 to 1.39, 1.84
to 2.10 and 1.38 to 1.77 dsm * in profile no. 1,2,3,4 and 5
respectively. The maximum electrical conductivity was .noted
in the surface horizons in 1,2,4 and 5 profiles, whereas in
profile no.3, it was maximum in fifth horizon (88-119 cm
depth). Profile no. 1,2,4 and 5 showed a definite decreasing
trend in electrical conductivity with depth, whereas no

definite trend was observed in profile no.3.

The higher electrical conductivity in surface
horizons of the most of soil profiles was due to accumulation
of soluble salts, as a result of high temperature during the
most of the part of the year encouraging high evapo-
transpiration, that leads to an accumulation of salts on
the surface. Restricted internal drainage also lead to the
accumulation of soluble salts in the profiles. similar result
were observed by Thorne and Thorne (1954), sindhu et al.,

(1976) and Vyas et al. (1982).

4.2.2.2 soluble cations

various cations like calcium, magnesium
sodium and potassium are present in soils and excess of
sodium plays an important role in influencing salinity and
alkalinity in the solls, whereas, excess of calcium makes
the soils calcareous affecting thereby the physico-chemical
character of soils.

(A) Calcium + Magnesiun
calcium plus magnesium content v;r:l.ed s

from 2.20 to 3.30, 2.50 to 3.24. 1.25 to 225, 2.61 to 3.10
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and 1.40 to 1.78 meq/litre in profile number one to five
respectively. It showed a regular increasing trend with
soil depth in profile no. 2,3 and 5, whereas, in profile
no.l and 4 calcium plus magnesium content showed an
irregular trend of distribution with depth. The content of
Ca++ + Mg++ was low because in the presence of bicarbonate

ions and high pH values, the calcium plus magnesium gets

precipitated and its content goes on decreasing.

(B) godium
A perusal of the data in Table 10
indicates that sodium had been the dominant cation whose
distribution varies from 8.5 to 12.30, 8.55 to 11.30, 8.4
to 11.6, 15.4 to 18.20 and 12.0 to 16.0 meg/litre in the
soil pedons no. 1,2,3,4 and 5 respectively. The content of
soluble sodium showed a definite trend of decrease with depth
in profiles no. 1,2,4 and 5. However, an irregular trend was
observed in profile no.3. where soluble sodium content had
been maximum in the fifth layer of the pedon. similar result:
were reported by singh and sharma (1970}.
(c) rotassium
Fotassium content was 0.42, 0.20, 0.30,
0.38 and 0.30 meq/litre in the surface horizons of profile
no. 1 to 5 respectively. rotassium content showed a decreas-
ing order with the depth in all the soil profiles. The
reason of its low content and its decreasing order with

depth was due to fixation of soluble potassium with soil

clays.



&0

Thus, it may concluded that increasing accumulation
of calcium and magnesium in lower strata and their subse-
quent precipitation reflects the depth of leaching in
soils leaving behind a relatively higher concentration of
soluble sodium and potassium in the surface soils. These
findings are similar to those reported by Mishra (1980)
and Vyas et al. (1973) has also observed the similar
results, while working on the content of cations in soils

of Jalpur district indicating a similar trend.

4.2.2.3 godium adsorption ratio and soluble sodium
percentage

(a) sodium adsorption ratio

Its variation in the surface horizons
in profile .no. 1 to 5 was 11.60, 10.18, 12.53, 15.60 and
19 .27 respectively. an irregular trend was observed in
profile no.3. But in soil profile no. 1,2,4 and 5 it showed
a decreasing trend with depth. The sodium adsorption ratioc
depends upon the amount of soluble sodium percentage and
calcium plus magnesium content of the soil.

(B) soluble sodium percentage

Its content in surface horizons in

soil profiles from served numbers 1 to 5 was 83.63, 80.71,

86.46, 85.48 and 89+90 percent respectively. soluble sodium

percentage showed a regular decreasing trend with depth in
the profile no. 1,2,4 and 5 whereas it showed an irregular
distribution with depth in pedon no. 3. The variation in the
soluble sodium percentage was related to the amount of sodit

content as well as total soluble cations and anions.
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4.2+2.4 Soluble anions
The role of anions particularly that of
carbonates and bicarlkonates in determining the salinity hagzard
has been emrhasized by several workers (Richards, 1954;
Northcoke and skene, 1972; Agarwal et gl., 1979). The distri-

bution of soluble anions in soils is presented in Table 10.

(a) carlonate
Carbonate was totally absent in the soil
profile no. 3. However, carbonate was present in very minute

guantity in profile no. 1,2,4 and 5.

(B) Bicarbonate
The content of bicarbonate varied from
3,90, 3.30, 2.60, 4.20 and 3.00 meg/litre in the surface
horizons of 1 to 5 soil profiles respectively. It showed an
irregular trend of distribution with depth in profile no.3,
whereas the bicarbonate distribution in pedons 1,2,4 and 5
was decreased with depth (except in second horizon of the

profile no.4) and their amounts in these profiles ranged from
2.01 to 4.29 meq/litre.
(c) sulphate

Its content varied in the surface horizon:
of the soil profiles (1 to 5) and it was found to be 1.99,
1.80, 1.90, 3.90 and 3.51 mea/litre respectively. Data presen
ed in Table 10 reveals that soluble sulphate content increase
with depth in the profile no. 1,2,3 and 5. However, an
irregular distribution was noted in profile no.4 and this may
be due to the poor drainage condition.
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(D) chloride !

Amongst anions, chloride ions were dominant
in all the pedons studied and in general it decreased with
depth. soluble chloride content varies from 6.20 to 8.91,
7.07 to 8,90, 6.15 to 9.80, 9.66 to 12.73 and 7.74 to 10.98
meq/litre in profiles 1,2,3,4 and 5 respectively. In profile
no. 1,2,4 and 5, the chloride content was found to decrease
with depth. But an irregular trend was observed in the
profile no.3. Hence, the surface soils contain more chloride
as compared to sub-surface soils. A dominance of chloride
ions over other anions had also been reported by Longeficker

and Lyerly (1959) and Bhargava and sharma (1982).

From the results obtained it can be said that these
solls are high in water soluble cations as well as anions,
due to the compactness of the sub-horizons. Pre-dominating
cations and anions were sodium, chloride and sulphate ions.
Except profiles no.4 and 5, the carbonate was present in
traces. In all the soil profiles the electrical conductivity
was higher in the surface horizons due to the accumulation
of soluble salts as a result of evaporation and prevalance
of high temperature during the most of the part of the year.
These f£indings are similar to those reported by sindhu et al.

(1976) and Vyas et al. (1982).

4.2.3 cation exchange capacity and exchangeable cations

cation exchange capacity is a function of

soil colloidal complexes and organic colloids. The soils of

the region under study are low in organic matter and,
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therefore, cation exchange capacity primarily depends on

the amount of clay present and type of clay minerals.

Cation exchange capacity and various cations were

determined and results are given in Table 11.

profile No. 1

The cation exchange capacity in this pedon varied

from 4.98 to 5.60 C. Mol kgt

of soil. soils of this profile
are normal having exchangeable sodium percentage between
5.80 to 12.14 percent. Dominating cations on exchange complex
are calcium and magnesium. Exchangeable calcium dominated
over most of the other exchanggable cations and it varied
from 3.66 to 3.80 C.m0l kg & Of soil and it showed an
increasing trend with depth except fourth layer (127-160 cm).
Exchangeable magnesium is the next dominant cation in the
profile and its content ranged from 0.81 to 0.90 c.mol kg"l
of soil. similar to the exchangeable calcium it also showed

an increasing trend with depth.

The exchangeable sodium lies in the range of 0.28 to
0.68 C.mol kg"l of soil. There has been slight variation in
the distribution of exchangeable potassium which occupies

the smallest portion of exchange complex. It ranged between

0.10 to 0.43 C. 1 kg™ of soil. But unlike the exchangeable

calcium and magnesium cations, its content decreased with

the depth of the profile. gimilar trend was also shown by

exchangeable sodium throughout all the depths of the profile.

The exchangeable sodium percentage varied from 5.80 to 12.14.

A regular decreasing trend with respect to ESP in general o




Table 11 : Exchangeable cations,

profile in agro-climat

CEC and ESP of various soil
ic zone III-A of Rajasthan

64

sr. Hori- Depth Exchangeable cations c.mol kg"l C.E.C. Exchan-
Sl 2oL (cm) (P*) of sodl c.mol geable
Ca'H' MgH' Nat xt kgfl ;:f'icg:-
ol
Profile No. 1 Jobner wWell No. 10
1 Ap 0-53 3.66 0,81 0.68 0.43 5.60 12.14
2 Ay 53-80 3.74 0.84 0.57 0.25 5.40 10,55
3 A2 80-127 3.78 0.86 0,51 0.20 5.30 10.17
4 B, 127-160 3.71 0.89 0,32 0.16 5.01 6.27
5 B, 160-200 3.80 0.90 0.28 0.10 4,98 5.80
Profile No, Asalpur Farm
6 A - 0-38 3.76 0.92 0.57 0.15 5.40 11.17
7 Bl 38-64 3.85 0.96 0.39 0.11 5.30 7.35
8 B, 64-142 3.64 0,97 0.21 0.11 4.92 4.37
Profile No, A.R.S., Durgapura
9 AP 0-12 3.00 1.20 0.76 0.63 5.60 13.57
10 Ay, 12-25 3.10 1.22 0.72 0.46 5.50 13.09
11 B21 25-56 3.50 1.68 0.70 0.55 6,44 10.29
12 522 56-88 2.96 1.79 0.55 0.32 5.63 9.61
13 BB 88-119 3.05 1.81 0.65 0.29 5.80 11,20
14 Cc; 119-172 3.09 1.82 0.60 0.15 5.65 10,90
Profile NO. 4 A.R.S.5., Diggi
15 Ap 0-24 3.47 2.50 1.43 1.60 9.05 =
16 Ag 24-53 3.79 2.21 1.16 1.14 8.217 -
17 cy 53-81 3.82 2.01 0.99 1.01 7.83 e
18 G 81-152 4,10 1.20 0.85 0.38 6.52 =
Profile No. 5 Roopangarh, A Farmer's field
19 Ap 0-30 3.88 2.01 1.65 0.77 8.01 7
20 B 30-60 3.90 1.59 1.09 0.62 8.30 = .
21 G 60-90 3.91 0.82 0.72 0.29 5.75 5,
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was observed with depth of the profile.

Profile No. 2

Cation exchange capacity of the soils of this profile
varies from 4.92 to 5.40 c. mol kg—l of soil. Exchange
complexes are dominated by calcium and magnesium. The
exchangeable calcium content varied from 3.64 to 3.85
c. mol kg'l of soil and no definite trend was shown with
depth. Likewise, exchangeable magnesium being the next
dominant exchangeable cation and its content increased with
the soil depth. But its distribution ranged from 0.92 to

1

0.97 C. mol kg =~ ©f soil. The exchangeable sodium and

potassium contents ranged from 0.21 to 0.57 and 0.11 to

b of soil, respectively. Both exchangeable

0.15 c. mol kg
sodium and potassium showed a regular decreasing trend with
depth.

Exchangeable sodium percentage varies from 4.37 to

11.17 percent and it decrease with depth of the profile.

Profile No. 3
Cation exchange capacity ranges from 5.5 to 6.44

Cc. mol kg':l of soil and it showed an irregular trend with
depth. Exchangeable calcium cation is dominating cation over
magnesium, sodium and potassium in the soils of the different
horizons of this profile and its content ranged from 2.96 to
3.50 C. mol kg~ of soil. It increased upto the depth of 56 cm
and then in the lower layers it shows no definite trend. The

exchangeable magnesium content ranges between 1.20 to 1.82
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C. mol kg'l of soil. It showed a increasing trend with depth.
The exchangeable sodium and potassium contents ranged between
0.55 to 0.76 and 0.15 to 0.63 C. mol kg * of soll respectively
and both showed a decreasing trend with depth.

Profile No. 4

The cation exchange capacity in this pedon varied
from 6.52 to 9.05 C. mol kg * of soil. calcium is predominating
exchangeable cation over other exchangeable cations in the
soils under study and itivariedfrom'3.47ftolas10ic mcltkans
of soil. It showed an increasing trend with depth. Exchangeable
magnesium is the next dominant cation in the soils of this
profile and its content ranged from 1.20 to 2.50 C. mol kg'l

of soil and showed a reverse trend when compared with content

of the exchangeable calcium.

on the other hand, exchangeable sodium and potassium
ranged between 0.85 to 1.43 and 0.38 to 1.60 c. mol kg—l of
soil respectively and both showed a regular decreasing

trend with depth.

Profile No. 5
soils are developed on younger coastal and littoral
alluvium and aeolian sand and cation exchange capacity of

-1
these soils ranges from 5.75 to 8.30 ¢c. mol kg =~ of soil.
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Dominating cations on exchange complex are calcium
and magnesium and their content varied from 3.88 to 3.91
and 0.82 to 2.01 c. mol kg'l of so0il respectively. Exchang-
eable calcium content showed a regqular increasing trend with
depth of the profile, whereas, the exchangeable magnesium
content showed a reverse trend. The exchangeable sodium lies
in the range of 0.72 to 1.65 c. mol kg~ ! of soil. There has
been slight variation in the distribution of exchangeable
potassium which occupies the smallest portion, i.e., its
content ranged between 0.29 to 0.77 C. mol kg'l of soil.
Both exXchangeable sodium and potassium showed similar

increasing trend with depth of the profile.

In general soils under study are quite low in CEC
and in most of the profiles it showed a decreasing trend with
depth. This was due to low organic matter content and low
finer fractions in these soils. The predominating exche_mge—
able cations were Ca + Mge While, exchangeable sodium and

potassium were present in small quantities.

4.2.4 Fertility status of soils

In all twenty one soill samples were collected
from the different sites of the area under study and these
were analysed for organic carbon (3s a measure of available
nitrogen), available phosphorus and available potassium.
Fertility classes were assigned according to standard of
soil testing in India. Data on organic matter, available N,
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F and K are given in Table 12 and summarised below.

In all profiles organic carbon, available phosphorus
and available potash ranges between 0.051 to 0.657 percent,
9.10 to 38.7 and 119.0 to 253.2 kg ha © respectively.

4de244.1 Organic matter

The organic matter content of soil not
only plays an important role in increasing CEC of soils but
also contributes a great deal both directly and indirectly
by influencing many physico-chemical properties of the
soils. It is, thus, very important from soil fertility

point of view.

The organic matter content of these soils had
generally been very low and it varied from 0.051 to 0.657
percent. Its content regularly decreases with depth of the
profiles. Diggi soil (Profile no.4) had the highest organic
matter content among all the soils under study. The cause of
low organic matter content in all these soils had been
because of the absence of natural vegetation, low precipi-
tation and prevailing hich temperature leading to extremely
high oxidising conditions. Results of the present investi-
gationchave been in confirmation with those reported by Dave

(1974) and Joshi and Ghosinkar (1979).

4.2.4.2 Available nitrogen
A perusal of data in Table 12 revealed

that available nitrogen varied from 108.8 to 134.5, 121.6 to

=3
136.5, 113.0 to 131.2, 108 to 188 and 94.0 to 193.0 kg ha”
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in the individual pedon 1,2,3,4 and 5 respectively.
However, available nitrogen content in surface horizons
of profile no. 1 to 5 was 134.5, 136.5, 131.2, 188.0 and
193.0 kg ha_l respectively.

In all the profiles the soils of surface horizon
contain maximum available nitrogen, while minimum nitrogen
was present in the bottom layer of each profile. It showed
a regular trend of decrease with depth in all the profiles
under study. These soils are rated as low in available

nitrogen content.

4.2.4.3 Available phosphorus

Available phosphorus content of the
soils of surface horizons was 17.6, 12.44, 35.7, 38.7 and
22.0 kg ha-l

Available phosphorus content showed a decreasing trend with

in the profile no. 1,2,3,4 and 5 respectively.

the depth of the profiles. soils of profile no. 1,2 and 5
were found to be medium to low in available phosphorus

content, but soils of profile 3 and 4 were high to medium

in available phosphorus.

4.2.4.4 Available potassium
Most of the available potassium (more than
95 percent) is present in the crystal lattices of silicate
minerals. The micas (Muscovite and bilotite) and. feldspar
(orthoclase and microcline etc.) are the major potash

bearing minerals which on weathering slowly release potash

to soil.



A perusal of data in Table 12 revealed that available

potassium of the soils under study varied from 119.0 to

91

166.7, 132.5 to 161¢2, 121.0 to 170.0, 192.7 to 253.2 and

187.0 to 234.0 kg ha-l in the individual pedon no. 1,2,3.,4

and 5 respectively:. Surface horizons of the soil profiles

(1 to 5) the available potassium content were observed as

166.7, 161.2, 170.0, 253.2 and 234.0 kg ha ' respectively-

Available potassium content decreases with the depth of the

profile and was associated with the decrease in organic

matter, available nitrogen and available phosphorus contents

with the depth. Soils under study were found medium in

available potassium.

Table 13 : Fertility status of the study area.

s ite available Available available
nitrogen Thosphorus Potassium
Jobner College, Low Low to Medium
Agronomy farm Medium
Asalpur Agriculture Farm Low Low to Medium
Medium
A.R.5., Durgapura(Jaipur) Low gggiz_r;um to Medium
ARSS, Diggi (Malpura) Low Medium to Medium

Roopangarh, A Farmer's Field Low to
(A_'Irner?a very low

High
Medium’ Medium

From the foregoing results of the study area, it is

evident that available nitrogen and organic matter content of

most of thé samples are low, whereas. available phosphorus
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content is medium to high (except sub-soils of the
profile 1,2) and available potassium content is almost
medium (Table 13). These results are in conformity with
findings of Chandrashekharan et al. (1970), Gorantiwar

et al. (1374), singh and sahani (1975) and sanghi et al.
(1976).

Classification according to soil taxonomy, 1973

On the basis of the profile features, detailed
field observations and laboratory determinations, soils of
agro-climatic zone III-A of semi-arid eastern plain in
Rajasthan have been classified according to soil taxonomy,
1973.

Extreme climatic conditions prevail in the area
studied due to high temperatures during most part of the
year. The annual rainfall of 550 mm is recelved during
monsoon iasting from July to last week of September. The

evaporation exceeds the rainfall thus causing the arid

conditions . The soils are, thus, grouped under the order Enti-

alfisol
sol and/according to U.s.D.A. comprehensive taxonomical

classification of 7th approximation and all the pro'files
were grouped under the category of normal so0ll according to
the classification suggested by the U.S.D.A. Salinity
Laboratory, based on soil characteristics‘ like pH, EC of
saturation extract and exchangeable sodium percentage (Table

14). : ~



Profile No.l

=

EC of saturation extract was recorded 1.50 dsm - at the {

surface. Lowest value Of EC, 1.17 dsm + is observed in £ifth
horizon (160-200 cm). pH ranges from 7.6 to 8.2 and increased
with the increase of exchangeable sodium percenﬁage in all

horizons. ESP is less than 15 per cent and ranges between

5.87 to 12.14 Per cent.

Diagnostic criteria

Order - Entisol

sub-order - PFsamment

Great group -
Ustipssamment

sub-group - Typic
Ustipssamment

Profile No. 2
soils are developed

Recently developed soil, little
pfofile development, presence Of
ochric epipedon ahd no any diagnostic

horizon.

Psamment have textures of loamy fine
sand or coarse and are well drained.

Us ti pssamments /w:},t_h Ustic

. soil moisture regime. soils are yellow-

—

ish brov}n in colour, do not have

natric horizon, duripan or plinthite.

soils having ustig:_ moisture r:ggime
i.e. dry climate and usually hot in
summer and an argillic horizon and
are commonly found occurring around

mineral grains and in packing voids.

under very low water table conditions.

-1
The EC of saturation extract being 1.40 dsm ~ at the surface and
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to 1.40 dsm Y. ESP and pH ranges from
4.37 to 11.17 per cent and 7.8 to 8.1, respectively.

ranges from 1.10 dsm +

Diagnos tic criteria

Order - Entisol Little or no evidence of profile
develomment. Absence of marks of
any major pedogenic process is the
differentiating features of this

group Of soils.

Sub-order - Fsamment Soils of semi~arid regions having

sand textures.

Great group - Ustic soil moisture regime. sSoils
Ustipssamment
are yellowish brown in colour, do
not have natric horizon, duripan

or plinthite.

sub-group - Typic soils having ustic moisture regime
Us tipssamment
i.e. dry climate and usually hot in
summer and an argillic horizon which
comprises by accumulation of clay.
Profile No. 3

soils of this profile has pH less than 8.3. Electrical
conductivity ranges from 0.98 to 1.39 dsm * and exchangeable

sodium percentage ranges from 9.61 per cent to 13.57 per cente.

Diagnostic criteria
Order - Entisol Recently developed soil, ochric

epipedon present, no any other
diagnostic horizon.




Sub-order - Psamment

Great group = Ustipssamment

Sub ~ group

Profile No. 4

Typic
Ustipssa-
mment

%

Psamment have textures of loamy
fine sand or coarse and are

excessively drained.

They are defined largely on the
Presence or absence of diagnostic
horizons and the arrangement of
these horizons. Usti pssamment
with Ustolls. Ustic soil moisture
regime present. soils are light
yellowish brown to dark-brown in
colour and do not have natric

horizon.

Soils having ustic molsture regime
i.e. dry climate and usually hot
in summer and an argillic horizon |
are commonly found occurring aroundj
mineral grains and in packing

voids .

The electrical conductivity decreases with depth and ranges from

1.84 dsm'l at the bottom to 2.10 dsm_l at the surface. pH ranges

from 7.5 to 8.3.

Dlagnostic criteria

Order - Alfisol

rresence of an ochric epipedon and
argillic diagnostic horizon.
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Table 14 : Nomenclature and classifi i
: cation of soils accordi
to USDA salinity laboratory. 23

S.No. Depth PH of soil EC dsm - ESD Class
(cm) Paste

Profile No. 1 Jobner college well No.10

1 0-53 8.2 1.50 12.14 Normal

2 53-80 8.1 1.41 10,55 u

3 80-127 7.9 1.27 10,17 u

4 127-160 7.8 1.22 6.27 u

5 160-200 7.6 1.17 5.80 u
Profile No. 2 Asalpur Farm

6 0-38 8.1 1.40 11.17 Normal

7 38-64 7.9 1.22 7.35 u

8 64-142 7.8 1.10 SR u
Frofile No. 3 A.R.S., Durgapura

9 0-12 8.3 1.13 13,57 Normal

10 . 12-25 8.1 1.06 13.09 u

11 25-56 7.8 0.98 10.29 u

12 56-88 7.7 1.13 9.61 u

13 88-119 7.7 1.39 11.20 u

14 119-172 7.6 1.29 10.90 n
profile No. 4, A.R.S.85., Diggi

15 0-24 7.5 2.10 = =

16 24-53 7.6 1.99 - -

17 53=-81 7.9 1.89 - -

18 81-152 8.3 1.84 - -
Profile No. 5, Roopangarh !a Farmers Field®

19 0-30 7.9 1.77 - -

20 30-60 7.8 1.74 - =

21 60-90 7-6 1.38 s =




Sub-order - Ustalfs

Great group - Paleustalf

Sub-group - Typic
Paleustal f

Profile No. 5

an ustic moisture regime.

soils are yellowish brown to dark

brown in colour. Presence of the

calcic horizon.

No lithic contact within 50 cm.
Presence of more than 20 cm thick

argillic.

Electrical conductivity of saturation extract being 1.77 dsm *

at the surface and lowest value oflEC 1238 domiswvesobseryealin

third horizon. pH ranges from 7.6 to 8.2.

Diagnostic criteria

Order - Entisol

sub-order - Psamments

Great group = U?vtifluvents

o —

sub-group - Typic
Ustifluvents

Recently developed soil. Presence
of ochric epipedon ard no any
other diagnostic horizon.

solls of semi-arid regions having
sand textures. Psamment have
texture of loamy fine sand.

soils having ustic moisture regime
i.e. dry clifate and usually hot
in summer.

Hyper—thermic temperature regime.




4.4 cCorrelation between various properties of soils

Association between the few properties of soil
have been studied with the help of correlation coefficient.
These correlation coefficients indicate the extent to which
the properties of soil in various horigzons of the profile

are related with the other properties of soils (Table 15).

correlation coefficients were worked out between

the following soil properties :

pH and electrical conductivity, exchangeable sodium
percentage and hydraulic conductivity, exchangeable sodium
percentage and total porosity, electrical conductivity and
hydraulic conductivity, electrical conductivity and exchange-
able sodium percentage and sodium adsorption ratio and
exchangeable sodium percentage. From the data presented in
Table {5 it is evident that the pH of the soils has shown a
negative non-significant correlation with electrical conduct-
ivity of soil. In all the profiles the correlation is negative
and non-significant at 1 percent level of significance. The
graphical representation of the correlation between pH and EC
have been presented in Figure 2.

similar to the pH and electrical conductivity of the
soils the exchangeable sodium percentage and hydraulic
conductivity also have a negative and non-significant
correlation in all ﬁme profiles. These results are confirmity
with results obtained Sy Dixit and Ial (1972) and Lole et al.
(1970). But exchangeable sodium percentage and total porosity
of the soils have positive and significant correlations with
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each other. It shows that as the exchangeable sodium

percentage decreases the total porosity also decrease.
This positive significant correlation is shown in
grarhical representation no. 4 with the regression equation

between ESP and total Porosity.

Electrical conductivity and exchangeable sodium

. bPercentage, sodium adsorption ratio and exchangeable sodium
percentage also have positive and significant correlations

at 1 percent level of significance in all the soils. The
graphical representation of -the correlation between these
Properties have been presented in Figure 5-.and 6 respectively

with their respective regression equations.

The data presented 1n Tablel5 shows that the
electrical conductivity and hydraulic conductivity have a
negative and significant correlations at 1 percent level of
significance. It indicates that with increase in electrical

conductivity of the soil the hydraulic conductivity decreases

significantly.
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SULMARY AKND CONCLUS ICN

Twenty-one soil samples from five profiles representing
agro-climatic gzone III-z of Rajasthan were collected and
analysed for textural separates, physico-chemical properties,
water soluble salts, cation exchange capacity and exchange-
able cations. In addition, morphological studies of these
solls were done to ascertain cause of development of these
s0ils. The physical and chemical studies of soils were .
carried out to evaluate fertility status and to classify

solls according to soil taxonomy, 1973.

The important findings of the present study are
summarized as follows :

1% soils of profile no.l are yellowish brown, loamy sand,
very deep and well drained. Organic matter varies from
0.189 to 0.310 per cent and available phosphorus and
potassium varies from 9.10 to 18.1 and 119.0 to 166.7

_kg/ha, respectively.

2% soils of profile no.2 are yellowish brown to dark
yellowish brown, loamy sand, non-calcareous, non-sodic,
deep to very deep and moderately drained. Organic wmatter
varies from 0.206 to 0.238 per cent and available
phosphords and potassium varies from 11.2 to 12.4 and
132.0 to 161.2 kg/ha, respectively.

3 soils of profile no.3 are light yellowish brown to dark

brown, loamy fine sand,
organic matter content varies from 0.051 o 0.:

deep to very deep and excessivel

drained.

per cent and available phosphorus and available potassit
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ranges from 11.0 to 35.7 and 121.0 to 170.0 kg/ha,
IGSPECtiVely.

Soils of profile no.4 are Yellowish brown to dark brown,
sandy loam and moderately drained. Organic matter content
ranges between 0.293 to 0.657 per cent, available rhospho-
rus and available potassium varies from 19.5 o 38.5

and 192.7 to 253.2 kg/ha, respectively.

5. Soils of profile no.5 are dark brown, fine sand and
moderately drained. Organic matter content ranges between
0.103 to 0.603 per cent. Available rhosphorus and available
potassium ranges from 11.1 to 22.0 and 187.0 to 234.0
kg/ha, respectively. :

Available nitrogen of most of the soil samples are low,
whereas, available phosphorus is medium to high and available

potassium is medium. Profile-wise fertility status is presented

below :

Profile Fertility status
No.

N P K

1 Low Medium Medium
2 Low Low to medium Medium
3 LOowW Medium to high Medium
4 LOwW Medium to high Medium
5 Very low Medium Medium

All the soils under study appear to be fairly good in

physical conditions as the texture of these soils varied from

dy to loamy sand. The organic matter content of these soils
sandy

is low.



86

Apparent density and water holding capacity of these
soils follow a trend of increase with depth, whereas, opposite

trend is noticed in case of total porosity and true densities
of these soils.

Calcium carbonate content of these soils show a trend
of increase with depth in most of the profiles. These soils

are normal.

Soils under study are rich in water soluble ions. The
dominating anions are chloride, followed by bicarbonate and
sulphate. In some of the profiles or horizons the carbonate
content is totally absent. water soluble sodium is the
predominant cation. The next dominant cations are calcium
pPlus magnesium followed by potassium which is present in

decreasing order with depth.

These soils are low in cation exchange capacity,
because of their light textural character having low
colloidal content. Among the exchangeable cations, calcium
predominates over magnesium, sodium and potassium. A definite

decreasing trend is noticed regarding cation exchange capacity
with depth of the profiles.

on the basis of field cbservations and laboratory
rminations, soils have been classified according to

dete

soil taxonomy, 1973 into following great groups.
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Profile No. ]
Order sub-order Great Sub-
group group
Profile no, 1 Enti. s
(Jobner College =% piphen 15t pasammen LERTYR IS
Fare) L
Frofile no. 2 Entisol i
R Py Psamment Us tipssamment 'Irgztsim;s AL
mrent
Profile no. 3 Entisol Bsamment Usti
(A.R.S.,Durgapura) ot Ttgﬁ;ssa-
mment
Profile no. 4 Alfisol Ustalfs Paleustalf T
ypic
(A.R.S.S.,Diggi) faleustalf
Profile no. 5 ; Entisol Bsamment Ustifluvents Typic
(Roopangarh,ajmer) Usti flu-
vents

High temperatures prevail during mo"st part of the year
and evaporation exceeds the rainfall in the area of study. The

soils are grouped under order “Entisol" and "alfisol" according

to soil taxonomy,® 1973.

correlation between soil properties

significant correlation coefficients were worked out
between the folléwing properties of soil :

1. Exchangeable sodium percentage and total porosity of the

soil have positive and significant correlations with each

other.

2. The electrical conductivity has a positive significant

correlation with exchangeable sodium percentage.

3. sodium adsorption ratio and exchangeable sodium percentage

have a positive significant correlation.
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