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Abstract

MAHAJAN, A., S. K. SHARMA, R. D. GUPTA and R. SHARMA, 2007. Morpho-
logical, physical and chemical properties of soils from North West Himalayas. Bulg. J.
Agric. Sci., 13: 607-618

Six representative soil profiles (two each from vegetables, paddy and maize growing areas)
from Balh Valley District Mandi, Himachal Pradesh (India) lying in North West Himalayas were
studied for their morphological, physical and chemical properties. The results show that soils are
deep, well drained, silty loam to silty clay loam with dark brown to brownish yellow in colour. No
gravels were noticed upto 0.6 m depth and the soil consistency was firm to loose. Few to many
black brown concretions were observed only in rice growing soils. Silty loam was the dominant
texture of the soils irrespective of soil depth. Coarse sand fraction was more in all soil profiles. In
none of the soils except Dhangu, illuviation of clay had been observed. The values of bulk
density, particle density and porosity were variable depending upon organic carbon and other
soil characteristics. The soils were slightly acidic to neutral in reaction, medium to high in
organic carbon with high contents of exchangeable bases (Ca?* and Mg*") and moderate in
available N, P and K status. The DTPA-extractable Fe, Zn, Cu and Mn were also high in these
soils. Similarity in the colour and texture in most of the soils indicated the dominant influence of
parent material as reported by Robinson in 1949.

Key words.: Morphological and physico-chemical properties; Available nutrients; Balh
Valley, North West Himalayas; India
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Introduction

Man is dependent on soil because he
obtains all the basic necessities of life like
food, fibre, shelter from it, but good soils
are also dependent on human civilization.
Due to the intimate relationship of man’s
prosperity with soil, it is very essential that
unwise exploitation and misuse of soils be
avoided. The knowledge of the soils in
respect of its origin and formation, nature
and properties and distribution becomes
imperative in this connection. Such infor-
mation’s are not only useful in agriculture
but are equally important for foresters,
geologists and engineers for land use plan-
ning and soil management etc.

Some piece meal work has been done
on the characterization of the soils of Kullu,
Kinnaur, Solan and Shimla districts, but in-
formation in this respect of Mandi district
is still lacking. Keeping in view the impor-
tance of such area and inadequate infor-
mation available, a present study on the
characterization of the soils of Balh Val-
ley in Mandi district (Himachal Pradesh),
lying in North West Himalayas was un-
dertaken which is second largest in popu-
lation after Kangra and is major grain pro-
ducing district of Himachal Pradesh. This
study will help to realize the full potential
of the soil resources of Mandi district,
there is a need to characterize the Balh
Valley soils lying in North Western Hima-
layan Region.

Materials and Methods

The study area in the Mandi district of
Himachal Pradesh in the North Western
Himalayas is located between 31°43'19' N
latitudes and 76°58'31”* E longitudes. The
elevation of Balh Valley varies from 880
to 950 m above mean sea level, covering

an area of about 3500 hectare. The mid
hill of Mandi district is comprised of rocks
mainly of thickly bedded sandstones, boul-
ders, conglomerates and sedimentary
rocks. The region as a whole is flat and
divided by Suketi River into two parts i.e.
eastern and western part. The climate of
Balh Valley is sub-humid to sub-tropical
with mean annual rainfall of 1112 to 2001
mm and means annual air temperature
varies from 5°C to 33°C.

The study area is rain fed; however,
ground water table varies from 8 to 28 m.
The eastern part of the Valley is having
irrigation facility from the water of Beas
River. The main crops grown in the area
are maize, paddy and wheat. But now due
to the availability of irrigation water, more
and more area is coming under vegetables
production. Keeping in view the important
crops grown in Balh Valley, the whole
studied area has been divided into three
subgroups i.e. maize, paddy and vegetable
growing areas. Finally, six typical soil pro-
files representing two each vegetable
growing (Gaggal and Kummi), paddy
growing (Dhangu and Chhattar) and maize
growing areas (Naulakha and Behna)
were selected. The morphological char-
acteristics of soil profiles were recorded
in the field by following Standard Tech-
niques as given in the Soil Survey Manual
of USDA (Soil Survey Staff, 1995).

After collecting soil samples, these
were air dried and analyzed for physical
and chemical properties. Particle size dis-
tribution was carried out by International
Pipette method as described by Piper
(1966). Bulk density and particle density
of'the soils were determined by Core Sam-
pler method and Pycnometer method as
described by Singh (1980) and Black
(1965). The physico-chemical properties
of the studied soils like pH, organic car-
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bon cation exchange capacity (CEC) and
exchangeable bases (Ca?" and Mg*") were
determined by standard procedures. Avail-
able N was determined by alkaline potas-
sium permanganate method (Subbiah and
Asija, 1956); available P by Olsen’s method
(Olsen et al., 1954); available K by 1IN
NH,OAc (Hanway and Heidal, 1952) and
available DTPA-extractable micronutrient
cations like Fe, Zn, Cu and Mn by Lind-
say and Norvell (1978) on atomic absorp-
tion spectrophotometer. The simple cor-
relation co-efficient at 1 per cent of sig-
nificance were worked out by standard sta-
tistical procedures as given in Table 3.

Results and Discussion

Morphological characteristics

It is discerned from the data regarding
morphological characteristics (Table 1) that
in general all the soils were characterized
by brown colour mixed with shades of grey
and yellow. Majority of the soils either have
silty loam (Gaggal, Naulakha and Behna)
or silty clay loam (Kummi, Dhangu and
Chhattar) texture. The variations in the
texture of soils obtained here in the present
study evinced the general statement of
Robinson (1949) that in case the parent
material is the dominant factor in soil for-
mation, the most obvious way in which it
affects the soils is through similarity in
colour and texture. Similar results had al-
ready been obtained by Kaistha and Gupta
(1992) while studying the soil genesis in
Himalayas. However, very dark brown
colour (10YR 2/2) in the surface (0.0-0.15
m depth) soils of vegetable growing areas
could be attributed to the presence of more
content of organic carbon in these soils
(Table 2). It is point to mention that most
of the farmers of vegetable growing area
add lot of FYM, sometimes more than 10

t ha!, which is amenable to impart more
organic carbon in these soils.

The soil consistency exhibited varying
behavior i.e. firm, friable, very friable to
loose. In vegetable soils, it was, however,
ranged from firm to loose, whereas, in pad-
dy and maize soils it varied from firm to
friable. This might be due to the presence
of more organic matter content in veg-
etable growing soils. Similar results have
been reported by Sidhu et al. (1994). An-
other important morphological character-
istic of these soils is the presence of grav-
els in the lower layers of these soils (Table
1) which might be explained due to the
prevailing alluvial conditions earlier in the
area as the river Suketi still flows into its
eastern and western parts. Black brown
concretions were noticed in few of the
horizons of paddy growing soils only (Table
1). The presence of very dark brown to
dark reddish brown mottles (mostly 10YR
5/6 to 7.5 YR 5/8) was the common phe-
nomenon in the rice growing soils (Tab-
le 1).

Physical properties

Silty loam was the dominant texture of
the soils irrespective of soil depth. Gener-
ally silt was the dominant fraction (25.7 to
49.2%) followed by that of sand (coarse
and fine sand). The content of coarse sand
fraction was in the range of 12.1 to 48.1
per cent (Table 1). More content of coarse
sand in all the soils under study could be
explained due to presence of sandy type
ofrocks viz., sandstones, silt stones, gran-
ites etc. prevailed in the area. In none of
the profiles except Dhangu, illuviation of
clay had been observed indicating, thereby,
less development of soil profiles. However,
in Dhangu profile, there was an accumu-
lation of clay at 0.60 to 0.75 and 0.75-0.90
m depth. The bulk density in surface soils
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Table 2
Chemical and physico-chemical properties of Balh Valley soils
Soil depth, pH 0C, | CEC] Ca2+]| Mg2+ |  Available nutrients, DTPA-extractable
m (1:2.5) | % N ke ha! micro-nutrients, ppm
(Cmol[p+] kg™) N ] P | K Fe | Zn | Cu | Mn

A. Soils of Vegetable Growing Areas

Profile 1 (Gaggal)

0.00-0.15 7.1 098 124 502 2.09 4724 227 289.1 993 353 276 8.13
0.15-0.30 7.0 093 10.7 430 2.06 4052 203 240.8 887 273 2.68 6.40
0.30-0.45 6.8 090 102 4.10 2.01 3650 182 2380 821 241 235 7.01
0.45-0.60 6.9 0.87 10.0 342 1.79 3482 164 2049 726 239 236 520
0.60-0.75 7.0 0.79 9.8 321 1.76 3127 149 1704 656 2.04 220 3.90
0.75-0.90 7.0 071 95 298 1.75 2999 132 1595 61.7 201 2.01 3.10
0.90-0.105 7.1 0.86 9.3 216 1.32 289.1 11.7 1485 572 199 198 294
0.105-0.120 7.2 0.62 9.0 207 128 2715 102 1413 492 1.84 191 285
Profile 2 (Kummi)

0.00-0.15 6.8 1.10 129 512 237 4942 219 2946 910 263 2.67 832
0.15-0.30 6.8 097 12.0 4.82 211 4657 19.1 2634 742 2.63 212 8.04
0.30-0.45 6.9 093 11.2 3.67 290 4221 179 2225 70.1 236 2.04 7.12
0.45-0.60 7.2 0.85 10.6 431 1.98 387.0 155 180.0 56.2 250 2.09 6.0l
0.60-0.75 7.1 0.74 10.1 3.17 1.89 3349 123 1409 392 196 2.00 532
0.75-0.90 7.1 0.70 9.9 2.73 .73 289.6 109 1334 30.1 191 197 4.12
0.90-0.105 7.0 064 9.1 224 1.69 2682 105 1292 282 192 1.87 3.02

B. Soils of Paddy Growing Areas

Profile 3 (Dhangu)

0.00-0.15 7.0 0.72 11.8 4.03 1.79  391.2 17.4  246.5 1284 1.18 1.71 6.00
0.15-0.30 7.0 0.68 11.6 3.72 1.89  351.7 143 210.6 110.5 1.07 141 5.10
0.30-0.45 7.1 0.64 109 3.55 1.74 3228 13.7 1742 1193 1.10 149 5.77
0.45-0.60 6.8 0.60 10.1 2.85 1.71  282.6 11.1 148.0 107.1 098 1.52 3.11
0.60-0.75 6.9 0.55 9.5 243 1.64 271.0 10.5 117.2 101.5 092 132 4.28
0.75-0.90 7.0 0.51 93 213 1.43 2246 9.8 1123 99.7 086 1.12 5.00
0.90-0.105 7.2 049 89 172 1.16  218.9 8.8 98.7 98.9 0.61 091 1.02
Profile 4 (Chhattar)

0.00-0.15 6.9 0.70 11.7 3.93 1.73 3843 16.9  230.7 124.1 1.26 1.61 4.21
0.15-0.30 6.9 0.66 11.2 2.85 1.67 361.7 13.2 192.0 117.3 1.09 1.03 3.71
0.30-0.45 7.0 0.64 10.7 2.17 1.57  304.6 12.8 167.3 1045 098 122 3091
0.45-0.60 7.0 0.60 10.2 2.09 1.53  299.9 12.1 128.5 101.0 0.82 0.92 4.0l
0.60-0.75 6.8 0.57 9.8 193 1.37  279.6 10.7 109.2 992 0.79 093 4.09
0.75-0.90 6.7 0.54 92 187 1.19  261.1 9.6 92.6 98.1 0.72 0.87 222
0.90-0.105 6.7 0.50 8.8 1.82 .11 256.2 8.8 90.2 97.2 0.52 0.81 1.73
0.105-0.120 7.0 047 85 167 099 220.0 8.6 84.0 970 042 0.70 1.68

C. Soils of Maize Growing Areas

Profile 5 (Naulakha)

0.00-0.15 6.7 0.77 12.1 4.62 212 4426 202 2605 101.7 125 196 6.71
0.15-0.30 6.8 072 11.8 453 2.01 4127 195 2432 992 1.09 172 6.0l
0.30-0.45 6.9 0.67 114 389 1.83 3840 173 197.6 100.1 1.01 149 423
0.45-0.60 7.1 0.64 109 3.76 1.74 357.0 159 146.1 926 0.82 154 524
0.60-0.75 7.1 0.60 104 2.75 1.81  312.6 14.1 1327 80.7 099 141 398
0.75-0.90 7.2 0.55 9.7 217 147 293.1 10.3 1240 875 0.76 127 3.02
0.90-0.105 7.0 0.51 9.2 207 1.10 2827 9.9 1079 762 0.72 125 298
Profile 6 (Behna)

0.00-0.15 6.9 0.75 122 4.04 229 4530 193 2712 997 152 187 551
0.15-0.30 6.8 0.70 11.5 3.67 2.15 4227 16.4 2273 89.2 1.12 1.53 4.04
0.30-0.45 7.0 0.67 109 322 1.79 3669 15.1 172.7  81.5 1.32 132 4.01
0.45-0.60 7.0 0.63 102 2.73 1.89 3499 12.1 165.0 79.1 099 1.17 3.22
0.60-0.75 7.0 059 9.8 264 1.63 3160 11.7 1471 736 082 1.07 272
0.75-0.90 7.1 0.54 92 257 1.87 2976 9.7 121.7  69.1 0.87 098 2.12

0.90-0.105 7.0 0.50 9.0 222 1.93  279.1 9.2 1120 622 0.69 082 1.80
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of vegetable growing areas was lower
than those of paddy and maize growing
soils (Table 1). This could be attributed to
higher content of organic carbon in these
soils which had resulted in bringing about
low bulk density from the average value
(1.33 mg m*). Moreover, the bulk density
values had significantly negative relation-
ship with organic carbon (r = -0.723) as
shown in Table 3. The value of this physi-
cal constant generally increased with
depths which were obvious because of
decreasing trend of organic carbon (Shar-
ma et al., 1997). It seems from Table 1
that particle density increased with depth
of'the soil in almost all the profiles. Its value
in vegetable growing soils was higher in
comparison to paddy and maize growing
soils. However, this increased trend was
not significant which might be due to the
dominance of light minerals in these soils
as reported by Gupta (1992) for the soils
of Jammu and Kashmir Himalayas. The
per cent soil porosity in vegetable soils was
higher in comparison to paddy and maize
soils, which could be due to the presence
of higher organic matter in the former
groups of soils (Table 1). In general, the
per cent soil porosity decreased with the
depth (Singh et al., 2000).

Chemical and physico-chemical prop-
erties

The overall pH values of the studied
soils ranged from 6.7 to 7.2, indicating
slightly acidic to neutral in reaction (Table
2). Kaistha and Gupta (1993) also found
that soils of Central Himalayas of
Himachal Pradesh had pH of 6.7-7.7.
There is no specific trend in pH values of
different crop growing areas except
Naulakha paddy soils where pH values
were found to increase with depth possi-
bly due to leaching of bases. The organic

carbon content in vegetable growing soils
was higher in comparison to paddy and
maize growing soils, which was due to the
addition of FYM in vegetable soils (Table
2). The maximum accumulation of organic
carbon was at the surfaces and then de-
creased with depth. The greater accumu-
lation of organic carbon in the surface is
due to the incorporation of leaf litter and
addition of decayed roots to the upper lay-
ers. Similar distribution pattern of organic
carbon with depth had been reported by
Minhas et al. (1997). A significant posi-
tive relationship of organic carbon was
found with available N, P and K (r=0.796,
0.834 and 0.823), exchangeable Ca and
Mg (r = 0.804 and 0.705) and DTPA ex-
tractable Zn, Cu and Mn (r = 0.900, 0.901
and 0.824).

The CEC of the soils of different pro-
files showed consistence trend and de-
creased with the increase in depth (Table
2). The CEC values of the surface layers
in vegetable growing soils were higher as
compared to paddy and maize growing
soils. The higher CEC values might be due
to the higher organic matter and clay con-
tents at the surface of vegetable soils. The
results were in conformity with the find-
ings of Minhas et al. (1997). Available N,
P and K, exchangeable Ca and Mg and
DTPA-extractable Mn were found to have
significant positive correlation with CEC
(r=0.924,0.888, 0.903, 0.877,0.719 and
0.745). The exchangeable Ca content in
vegetable growing soils was higher in sur-
face horizons in comparison to paddy and
maize growing soils (Table 2). This indi-
cated that vegetable crops were richer in
available Ca than soils of other crops
which might be due to regular use of or-
ganic manures through addition of mixed
fertilizers. A significant positive relation-
ship of exchangeable Ca was found with
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organic carbon (r = 0.804), CEC (r
0.877), exchangeable Mg (r
Mn (r=0.629, 0.734 and 0.872). The ex-

able N, P and K (r = 0.930, 0.948 and
0.925) and DTPA-extractable Zn, Cu and
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able Mg content of Balh Valley soils de-
creased with soil depth due to mild leach-
ing of magnesium from upper most to
lower most horizons. In Behna maize soils,
exchangeable Mg content showed irregu-
lar distribution in the profile which may be
attributed to stratification of the soil. The
exchangeable Mg content was signifi-
cantly positive relationship with organic
carbon (r=0.705), CEC (r=0.719), avail-
able N, P and K (r = 0.816, 0.760 and
0.765) and DTPA-extractable Mn (r =
0.728).

The surface horizons of vegetable
growing soils had more available N in
comparison to paddy and maize growing
soils, and their contents decreased with the
increase in depth (Table 2). As discussed
earlier, the organic carbon content of the
soil profile samples also showed a similar
distribution. Higher amount of organic car-
bon in the surface layer of vegetable grow-
ing soils was responsible for higher amount
of available N. The available N bore a
close positive relationship with organic
carbon (r = 0.796) and CEC (r = 0.924)
which was also reported by Ramesh et al.
(1994). The available P content in veg-
etable growing soils was higher in com-
parison to paddy and maize growing soils
and decreased with increase in depth
(Table 2). Among soil properties, organic
carbon, CEC and DTPA-extractable mi-
cronutrients possessed significant positive
related with available P. The similar rela-
tionship of available P with organic car-
bon (r = 0.834) and CEC (r = 0.903) had
also been reported by Ghosh and
Kothandaraman (1996). The available K
content was higher in vegetable growing
soils than paddy and maize growing soils
(Table 2). The available K content de-
creased with the depth in all the soils. The
higher available K content in vegetable

soils which could be ascribed to more or-
ganic matter in these soils. However, ad-
dition of potassic fertilizers by the farm-
ers while cultivating vegetables which
eventually increased K content in these
soils could not be ruled out. The available
K content was found to have significant
positive relationship with organic carbon
(r = 0.823) and CEC (r = 0.888).
Basumatary and Bordoloi (1992) had also
reported positive relationship of available
K with organic carbon and CEC.

The soils of paddy growing area were
high in DTPA-extractable Fe content as
compared to vegetable and maize grow-
ing areas (Table 2) which might be due to
suitable moisture regimes that accelerate
the reduction process causing more avail-
ability of Fe. DTPA-extractable Fe con-
tent decreased with increased depth might
be due to regular addition of Fe through
plant residues on the surface. These re-
sults were in conformity with the findings
of Jalali et al. (1998). Among soil proper-
ties, DTPA-extractable Fe were found to
be significantly and positively correlated
with CEC (r=0.412). The DTPA-extract-
able Zn content in vegetable growing soils
was slightly more in comparison to paddy
and maize growing soils and it also de-
creased with the depth (Table 2). The
higher available Zn content in vegetable
soils might be due to the release of or-
ganic acids from added FYM and thus
converting insoluble Zn into chelating or
soluble Zn. The DTPA-extractable Zn
bore significant and positive relationship
with organic carbon (r = 0.900) and
DTPA-extractable Cu (r = 0.927). Simi-
lar results had been reported by Jalali et
al. (1998).

The DTPA-extractable Cu content was
found to decrease with the increase in
depth, but in the soils of paddy growing
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area, it did not follow any definite trend
which might be due to stratification of soils
(Table 2). Similar results were by Vadivelu
and Bandyopadhyay (1995). The DTPA-
extractable Cu showed a significantly posi-
tive relationship with organic carbon (r =
0.901) and CEC (r = 0.497) which was in
conformity with the findings of Singh et
al. (1990). Like Cu, the DTPA-extractable
Mn did not follow any depth-wise distri-
bution pattern in paddy growing area
(Table 2). The DTPA-extractable Mn had
a significant positive relationship with or-
ganic carbon (r = 0.824), CEC (r=0.745)
and available N, P and K (r=0.821, 0.868
and 0.828).

Taking into consideration the rating lim-
its fixed and given in Soil Manual issued
by Department of Soil Science, CSK
Himachal Pradesh Krishi Vishvavidyalaya,
Palampur, none of the soils had deficiency
of Zn, Cu, Fe and Mn has been noticed in
the surface horizons. It is because of the
application of organic manures by the
farmers in these soils. However, in view
of intensive cultivation of these soils, the
deficiency of micro-nutrient like Zn and
Cu is likely to be occurred in the near fu-
ture.

Conclusion

Thus, the present study clearly showed
that Balh Valley soils are deep, having
good drainage and put under intensive cul-
tivation without deteriorating its health for
growing different cereals and vegetable
crops by using recommended doses of
balanced use of N, P and K fertilizers.

References

Basumatary, A. and P. K. Bordoloi, 1992. Forms
of potassium in some soils of Assam in re-

lation to soil properties. Journal of Indian
Society of Soil Science, 40: 433-446.

Black, C. A., 1965. Method of Soil Analysis,
Part II. American Society of Agronomy,
Maidson, Wisconsin, USA.

Ghosh, T. J. and Kothandaraman, 1996. Or-
ganic phosphorous fractions in some soils
of Tamil Nadu in relation to organic carbon
status of soil. Journal of Indian Society of
Soil Science, 44: 324-325.

Gupta, R. D., 1992. Soil genesis in the Jammu
and Kashmir Himalayas. In: J.L.. Raina (Edi-
tor), Himalayan Environment and the Eco-
nomic Activities. Pointer Publishers, Jaipur
(Rajasthan), India.

Hanway, J. and H. S. Heidal, 1952. Soil testing
laboratory procedure, lowa Agriculture,
57:1-31.

Jalali, V. K., A. R. Talib and P. N. Takkar, 1998.
Distribution of micronutrients in some
benchmark soils of Kashmir at different al-
titudes, Journal of Indian Society of Soil
Science, 37: 465-469.

Kaistha, B. P. and R. D. Gupta, 1992. Soil gen-
esis in the Himachal Himalayas and their
agricultural significance. In: J.L. Raina (Edi-
tor), Himalayan - Man and the economic
activities. Pointer Publishers, Jaipur
(Rajasthan), India.

Kaistha, B. P. and R. D. Gupta, 1993. Mor-
phology, mineralogy, genesis and classifi-
cation of soils of the sub-humid temperate
highlands of the central Himalayas. Jour-
nal of Indian Society of Soil Science, 41:
120-124.

Lindsay, W. L. and W. A. Norvell, 1978. Devel-
opment of DTPA soil test for zinc, copper,
iron and manganese. Soil Science Society
of America Journal, 42: 421-428.

Minhas, R. S., H. Minhas and S. D. Verma,
1997. Soil characterization in relation to for-
est vegetation in the wet temperate zone
of Himachal Pradesh. Journal of Indian So-
ciety of Soil Science, 45: 146-151.



618

A. Mahajan, S. K. Sharma, R. D. Gupta and R. Sharma

Olsen, S.R., C. V. Cole, F. S. Watanabe and L.
A. Dean, 1954. Estimation of available phos-
phorous by extraction with sodium bicar-
bonate. United State Department of Agri-
culture Circular 939, pp.19-23.

Piper, C. S., 1966. Soil and Plant Analysis.
Hans Publisher, Bombay, pp. 223-227(In-
dia).

Ramesh, V., K.. Hariparasada Rao, R. N. Pillai,
T. G. Ramakrishna Reddy and D. Appa Rao,
1994. Correlation between soil chemical
properties and available soil nutrients in
relation to their fertility status. Journal of
Indian Society of Soil Science, 42: 322-
323.

Robinson, G. W., 1949. Soils, their origin, con-
stitution and classification. London
Murby and Company.

Sharma, P. K., P. K. Bordoloi, T. C. Baruah,
K. N. Das and N. Borah, 1997. Physical
characterization of soils in two command
areas of Assam. Journal of Indian Society
of Soil Science, 45: 709-712.

Sidhu, P. S., R. Kumar and B. D. Sharma,
1994. Characterization and classification of
Entisols in different soil moisture regimes

of Punjab. Journal of Indian Society of Soil
Science, 42: 633-640.

Singh, K., V. P. Goyal and M. Singh, 1990. Dis-
tribution of micronutrient cation in semi-
arid alluvial soil profiles. Journal of Indian
Society of Soil Science, 38: 736-737.

Singh, R. A., 1980. Soil Physical Analysis.
Kalayani Publishers, New Delhi, pp. 165 (In-
dia).

Singh, R. N., R. N. P. Singh and D. P. S.
Diwakar, 2000. Characterization of old al-
luvial soils of Sone Basin. Journal of In-
dian Society of Soil Science, 48: 352-357.

Soil Survey Staff, 1995. Soil Taxonomy. Hand-
book of United State, Departmnt of Agri-
culture 436, Government Printing Office,
Washington, USA.

Subbiah, B. W. and G. L. Asija, 1956. A rapid
procedure for the estimation of available
nitrogen in soils. Current Science, 25: 259-
260.

Vadivelu, S. and A. K. Bandopadhayay, 1995.
Distribution of DTPA-extractable Fe, Mn,
Cu and Zn in the soils of Minicoy Island,
Lakashdeep. Journal of Indian Society of
Soil Science, 43: 133-134.

Received May, 12, 2007, accepted September, 12, 2007.



