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INTRODUCTION

AvailableMacro nutrients are important constituents in soil that promote plant
growth. Concentrations of these macronutrients in the soil are generally
determined before the site is disturbed in order to complete a site reclamation
plan. Macronutrient are important for growth because it is major part of amino
acid, which are the building block of all proteins, including the enzymes, which
control virtually all biological processes. A good supply of macronutrients
stimulates root growth and development, as well as the uptake of the other nutrients.
Spiti region is a separate geographical unit separated from Lahaul by Kunzum
pass (4551m amsl), a typical cold arid mountain much more difficult with a
lowest point at 3050 m amsl. The major area is under barren and uncultivated
land (77%) and pastures (22%). Major crops of the valley are Pea, Barley, Potato,
Wheat, Rajmash, and Apple. Soil micro flora population is sparse due to poor soil
structure, texture, very high sand and clay, low biological activity and freezing
during long winter period in this region (Campbell and Claridge, 1987). The
extremely high altitude of Himalaya probably provides a unique glacial climate
on earth. In this area, sub zero temperature during maximum periods are
responsible for different texture, mineralogy and very low soil development
process indicating more advance stage of weathering. Altitude profoundly affects
the soil’s inherent fertility and runoff-erosion behavior (Bowman et al., 2002).
Level of rainfall, snowfall, and temperature variation affects organic matter
decomposition that affect accumulation of organic matter with elevation (Walker
et al., 2000). These changes in microenvironment may affect physico-chemical
characteristics of soil in this region hence there is need to study the physico-
chemical characteristics of soil in this area.

MATERIALS AND METHODS

This study was designed with the objective to determine the altitude effect on
available macronutrients and micronutrients properties of cold arid soils of Spiti
Valley in Himachal Pradesh. The study area falls in extending between the latitudes
32º05/008// N to 32º26/732// N and longitudes of 077º45/744// E to 078º06/636/

/ E. The surface (0-15 cm) and subsurface (15-30) soil samples were analyzed for
the properties i.e. soil texture was determined by rapid titration methods and
water holding capacity as suggested by (Piper, 1950). Calcium carbonate was
determined by Keen’s box method as suggested by (Puri, 1930). Soil reaction by
pH meter, electric conductivity (EC) by EC meter, organic carbon in soil was
determined by Walkley and Black’s rapid titration methods as suggested by Piper,
1966). Available N was estimated by using alkaline KMnO4 method as suggested
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by (Subbiah and Asija, 1956). Available P content of the soil
was extracted with sodium bicarbonate by (Olsen et al., 1954).
Cation exchange capacity, Exchangeable cations (Ca, Mg and
Na) and available potassium by Neutral normal ammonium
acetate extraction method suggested by (Jackson, 1967). Bulk
density by Weighing bottle method suggested by (Lutz, J.F.,
1947). Anion exchange capacity by 1N ammonium
phosphatemethod suggested by (Sadana, 2007). Available
Sulphur by Turbidimetric method as suggested by (Chesinand
Yien, 1950). Available micronutrients (Zn, Fe, Cu, Mn, Ni, Pb)
by DTPA Extraction as suggested by (Lindsay and Norvell,
1978). Mo by Ammonium Oxalate Extraction (pH 3.3)
suggested by (Grigg,1953).  Available Boron by Carmine
method sa suggested by (Hatcher and Wilcox, 1950).

RESULTS AND DISCUSSION

Available nitrogen
The surface soils were having comparatively higher nitrogen
content than the subsurface soils and the cultivated land (apple
plantation) have more available nitrogen in comparison to
cultivated lands (annual crops) and pasture lands which might
be due to continuous addition of organic matter and frequent
applications of nitrogenous fertilizers in orchards. The values
of available nitrogen decreased with the increase in profile
depth (Table 1). Decreasing clay and organic matter might
have contributed to the decreased available N content with

depth.These results authenticated the earlier findings of
(Rajeshwar et al., 2009; Nayak et al., 2014 and Singh, 2012).
who have also reported higher available N content at the
surface and a decreasing trend with depth.

Available phosphorus
Data (Table 1) showed that available P content decreased
with depth. Higher P content in the surface horizons of
cultivated soils might be due to the confinement of crop roots
to this layer and supplementation of the depleted phosphorus
through additional phosphatic fertilizers. Similar results have
also been reported by Rajeshwar et al., 2009; Sharma, 2011
and Chandravanshi et al., 2012. In general, surface soils are
categorized as medium and sub surface soils as low to medium
in available P content.

Available potassium
Available potassium was found decreasing with increase in
soil depth in all the land uses under study (Table 1). High
potassium in the pasture lands is due to the presence of yellow
to brown coloured cretaceous age sand stone containing
glauconite which is a potash rich mineral. These results are in
line with the findings of Venkatesh and Satyanarayana, 1994;
and Sharma, 2011.

Available Sulphur
Sulphur content increased with increase in soil depth (Table
1) certainly because of deposits of gypsum in the area
associated with Lipak limestone in thick bands (Sharma and

Location Depth (cm) Available nutrients  (kg ha-1) Exchangeble nutrients
{cmol (p+) kg-1 }

N P K S Ca Mg
1 2 3 4 5 6 7 8
Cultivated lands (annual crops )
Dankhar 0-10 156 42 153 11 15.3 2.8

Mean* (10-124) 116.5 40.5 125.5 26.5 11.15 1.95
Geu 0-20 225 37 281 11 15.5 2.5

Mean*(20-120) 197.5 24.5 204.7 16.5 12.8 1.8
Kaza 0-5 199 49 132 14 16.0 3.2

Mean*(5-55) 189.7 42.7 111.7 19.2 13.42 2.7
Lalung 0-20 219 48 185 16 14.8 3.7

Mean*(20-136) 149.6 27.8 128.1 48.5 10.8 2.4
Lari 0-15 285 53 143 36 14.4 2.8

Mean*(15-120) 229.5 39.7 124.2 47.2 11.2 2.1
Pangmo 0-10 250 26 133 44 9.2 3.4

Mean*(10-98) 220.2 42 108.6 54.8 8.8 2.0
pasture land
Chicham   0-17 191 80 225 81                    15.2                      2.9

Mean*(17-120) 186.4 66.4 165.0 37.8                 13.1                      2.0
 Hull 0-5 194 42 261 36                    16.1                      2.4

Mean*(5-95) 164.2 43.2 191.8 48.1                 12.5                      2.0
Kakti 0-10  344 24 201 56                    13.7                      2.5

Mean*(10-58)  225.5 28.2 137.7 59.0                 10.7                      2.1
 Kibber 0-17 203 53 214 11                    14.8 3.3

Mean*(17-90) 147.8 56 161.4 27.4                 11.1 2.1
 Lidang 0-7 194 17 158 33                    12.3 2.8

Mean*(7-95) 186.0 27.2 130.0 44.0                 10.2 2.3
 Lingti  0-30 174 27 148 48                    11.5 3.2

 Mean*(30-128) 165.8 26.8 130.1 32.3                  8.2  2.2
 Shego  0-12 250 62 147 25                    15.5 3.3

Mean*(12-120) 204.8 40.6 121.4 39.4                 12.3  2.4

Table 1: Available macronutrients distribution in different profile soils of Spiti valley

Mean*= Average of below surface values
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Singh, 1991). Comparatively lower content in the surface
horizons may be due to the over exploitation by crops and
grasses.

Exchangeable calcium
The contents of exchangeable Ca in all the soil profiles under
all land uses were found to decrease in the subsurface which
kept on decreasing with increase in soil depth (Table 1). Higher
exchangeable Ca in the surface soils may be due to higher
organic carbon, CaCO3 and clay in the surface layer. (Nair
and Chamuah, 1988 have also reported higher exchangeable
Ca in surface horizons in soils of Meghalaya.

Exchangeable magnesium
Exchangeable Mg content in the surface soils was found high
which might be due to the higher organic matter and decrease
with depth owing to decrease in OC and clay with increase in
depth. (Singh and Raman, 1982) reported a decreasing order
of exchangeable Mg in sub surface soils.

Mechanical separates
Sand content decreased or increased or remained unchanged
with soil depth but under pasture lands it tended to accumulate
in the surface i.e.  it decreased with increase in soil depth.The
silt content in cultivated lands increased with increase in soil
depth but under pasture lands it tended to accumulate in
surface layers. Clay content in cultivated soils showed
accumulation in surface layers whereas in pasture lands it
tended to increase up to certain depth but the content were
lowest at the lowermost depths i.e. mostly beyond one meter
depth. The increasing tendency of clay with depth in pasture
lands may be due to leaching during snowmelt. Pastures are

generally located at mountain tops or comparatively at higher
elevation as compared to cultivated landsand hence receive
enough and regular snowfall whereas, it is very occasional in
cultivated lands which are generally at lower valleys. The results
are in close conformity with the earlier reports by Verma, 1979;
and Sharma and Kanwar.,2010.

Water holding capacity (WHC)
The data on WHC under different land uses have been given
in tables 2 data revealed that WHC decreased with increase in
soil depth. It may be due to decrease in finer fraction (clay) of
soils with depth as WHC of soils is influenced greatly with the
amount of clay contents. These results are in line with the
findings of Babhulkar et al., 2000. Pasture lands were found to
have comparatively lower WHC as compared to cultivated
lands (annual crops) because of higher clay and organic matter
content in cultivated lands (annual crops).

Bulk density
Bulk density decreased with increase in soil depth in all the
soil profiles under study (Table2). This may be attributed to
the decrease in fraction with depth. Parmar et al., 1999 and
Sharma and Kanwar., 2010 have also reported similar results
for Spiti soils of HP.

Soil pH
The pH of cultivated lands (annual crops) was observed
declining towards neutrality and comparatively low as

compared to pasture lands because of amelioration effect due
to regular addition of FYM to annual crops. Similar findings
have also been reported by Singh et al., 2014 for the soils of
cold desert area in district Lahaul and Spiti of Himachal Pradesh.

VERTICAL DISTRIBUTION OF AVAILABLE MACRONUTRIENTS

Table 2: Physico-chemical properties of different profile soils of Spiti valley
Location Depth (cm) Mechanical separates (%) Texture Bulk WHC pH EC OC CEC AEC Ca

Sand Silt Clay density (%) (dS m-1) (g kg-1) [cmol [cmol CO3
(Mg m-3) (p+) kg-1] (p-) kg-1] (%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Cultivated  lands (annual crops)
Dankhar 0-10 57 37 16 S L 1.22 31.22 8 0.19 26.8 19.3 0.44 8.8

Mean*(10-124) 58 32 8 1.27 27 8.1 0.19 21.7 15.0 0.31 5.5
Geu 0-20 56 21 21 S C L 1.22 24.0 7.8 0.32 18 14.1 0.43 6.5

Mean*(20-120) 56 29 11 1.24 23.3 7.9 0.29 15.8 8.8 0.43 4.9
Kaza 0-5 63 14 20 S  C L 1.33 28 8 0.49 20.7 23.7 0.56 12.3

Mean*(5-55) 55 29 12 1.24 26.0 7.8 0.31 23.0 19.5 0.32 7.5
Lalung 0-20 58 24 16 S L 1.26 28 8 0.47 22.9 21 0.58 11.2

Mean*(20-136) 56 28 13 1.21 21.0 7.8 0.21 13.0 17.3 0.33 6.4
Lari 0-15 49 31 16 L 1.17 33.33 8.0 0.52 24.7 21 0.53 9.2

Mean*(20-136) 57 29 12 1.21 21.0 7.8 0.43 13.0 17.3 0.33 6.4
Pangmo 0-10 48 30 18 S C L 1.37 24 7.8 0.51 21.5 24.5 0.51 11

Mean*(10-98) 51 35 11 1.22 22.9 7.8 0.30 20.3 19.7 0.33 7.7
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Pasture lands
Chicham 0-17 58 35 5 L 1.50 28 7.8 0.18 11.2 23 0.46 7.9

Mean*(17-120) 55 33 11 1.48 27.4 7.9 0.20 6.2 18.6 0.30 4.9
Hull 0-5 55 32 11 S L 1.31 32 8 0.27 18.4 21.3 0.42 12

Mean*(5-95) 55 33 9 1.23 29.9 7.9 0.15 14.4 17.9 0.30 9.9
Kakti 0-10 56 31 10 S L 1.27 25 7.9 0.25 15.0 19.3 0.33 10.3

Mean*(10-58) 48 36 14 1.20 23 8.0 0.18 13.7 16.6 0.29 8.1
Kibber 0-17 58 31 10 S L 1.29 24 8 0.15 16.9 19.8 0.32 12

Mean*(17-90) 56 29 14 1.32 21 7.8 0.27 8.8 16.8 0.27 7.8
Lidang 0-7 60 31 6 S L 1.49 24 7.8 0.17 27.4 21 0.32 7.1

Mean*(7-40) 54 30 13 1.29 21 7.8 0.19 23.2 19.3 0.26 4.5
Lingti 0-30 56 24 18 SC L 1.37 20 8 0.14 27.4 20.5 0.61 9.6

Mean*(30-128) 55 32 10 1.30 22.1 8.0 0.15 23.2 16.3 0.40 5.3
Shego 0-12 61 31 5 S L 1.39 31 7.9 0.29 7.6 22.1 0.47 7.8

Mean*(12-120) 56 27 13 1.38 28.1 7.8 0.20 4.17 17.3 0.29 5.4

Mean* Average of below surface value
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Electrical conductivity
Electrical conductivity values decreased with increase in soil
depth (Table 2) in all the soil profiles under study. Similar
results were reported by Dharkanath et al., 1995 for arid region
in Maharashtra state. EC values in the study area are in safe
limits (<0.8 dS m-1) without any salinity/ alkalinity hazards.
Similar results were reported by Sharma and Singh, 1991. for
Spiti catchment soils in Himachal Pradesh.

Organic carbon
Organic carbon content decreased with increase in soil depth
in all the soil profiles (Table 2) under study. Incorporation of
leaf litter and addition of decayed roots in the upper layers
and their further decomposition might have resulted in
accumulation of organic carbon in the surface layers. Similar
vertical distribution pattern of organic carbon have been
reported by (Parmar et al., 1999).(Krishnan et al., 2004) in HP
soils.

Cation exchange capacity (CEC)
CEC of the soils of different profiles decreased with depth (Table
2). Relatively low CEC values might be due to dominance of
clay minerals with low CEC and low clay contents in the lower

*Significant at 5% level of significance

Table 3:Correlation between physico-chemical properties and macronutrients in different land uses in Spiti valley

Physico-chemical properties                                Available Macronutrients
    N     P     K      S  Ca  Mg

                   Cultivated lands (annual crops)
Sand  0.113 0.134 0.166 -0.016 0.092 0.002
Silt 0.137 0.166 0.149 0.128 -0.128 -0.030
Clay 0.089 0.020 0.020 0.036 0.036 0.050
Bulk density -0.105 -0.140 0.068 -0.005 0.001 0.129
WHC 0.106 -0.092 0.063 -0.107   0.197* 0.142
pH 0.097 -0.161 0.157 -0.059 0.197* 0.018
EC 0.063 0.142 0.136 0.030 0.110 0.077
OC 0.018 0.187 0.182 0.137 0.137 0.116
CEC 0.106 0.142 0.206* -0.144 0.244* 0.210*
AEC 0.097 0.052 -0.066 0.066 -0.137 -0.041
CaCO3 0.164 0.051 0.054 0.307 0.026 0.117
Cultivated  lands (apple plantation)
Sand -0.223 0.189 0.199 -0.201 0.099 0.158
Silt -0.671 -0.122 0.804* 0.410 0.011 0.814*
Clay 0.158 0.439 0.774* 0.153 0.535* 0.866*
Bulk density -0.471 -0.122 0.304 -0.410 0.011 0.214
WHC 0.142 0.686* 0.927* -0.440 0.762* 0.874*
pH -0.307 -0.399 -0.377 -0.585* 0.860* 0.096
EC -0.307 -0.189 0.977* 0.585* 0.869* 0.696*
OC 0.998* 0.782* 0.451 0.931* 0.708* 0.988*
CEC -0.625* -0.062 0.660* -0.355 0.649* 0.778*
AEC 0.634* 0.650* 0.262 0.648* 0.160 0.403
CaCO3 0.272 0.197 0.938* 0.330 0.999* 0.618*
Pasture lands
Sand -0.248 0.067 0.248 0.214 0.214 -0.274
Silt -0.223 0.353 0.724* -0.160 0.334 0.783*
Clay 0.166 0.820* 0.014 0.643* 0.591* 0.687*
Bulk density -0.160 -0.009 0.204 -0.338 0.311 0.373
WHC 0.297 0.238 0.275 -0.117 0.513* 0.511*
pH 0.007 -0.712 0.202 0.336 0.606* 0.621*
EC -0.065 0.230 0.645* 0.024 0.665* 0.710*
OC 0.327 0.802* 0.649* 0.315 0.661* 0.094
CEC 0.202 -0.378 0.583* 0.004 0.656* 0.772*
AEC 0.549* 0.579* -0.331 0.616* -0.313 -0.177
CaCO3 0.594 0.181 0.089 0.278 0.670* 0.622*

horizons. The higher CEC values at surface might be due to
higher organic matter at the surface of the profiles. These
results are in conformity with the findings of (Minhas et al.,
1997).

Anion exchange capacity (AEC)
The AEC decreased with the increasing profile depth under
all the land uses of Spiti valley because of decrease in clay
and organic matter content with depth (Table 2). The similar
findings were reported by (Toner et al., 1989).

Calcium carbonate
Data in Table 2, indicated a decrease in CaCO3 content with
increase in soil depth certainly due to the arid conditions
where no rains and no downward movements of salts. Findings
corroborates with that of (Bassirani et al., 2011) who have
also reported the higher content of CaCO3 in the surface and
decreasing content with the depth.

Correlation
Correlation of sand, silt, clay and WHC was worked out with
available macronutrients (Table 3). In cultivated lands (annual
crops), correlation of sand with sulphur was found negative
and non significant, whereas, it was positive and non

RAVINDER KUMAR* AND S.S. PALIYAL1
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significant with N, P, K, Ca and Mg. Silt showed negative and
non significant relationship with Ca and Mg. Clay did not
show any relationship with N, P, K, S, Ca and Mg. Similar were
the findings of (Gupta and Dabas, 1980. pH showed positive
and significant relationship with Ca only.In cultivated lands
(apple plantation), correlation of sand was found negative but
non significant with N and S, whereas, silt and clay showed
the significant positive with K and Mg. The negative and non
significant correlation of bulk density was found with N, P and
S. WHC was found to have positive and significant relationship
with P, K, Ca and Mg. A positive and significant correlation of
pH was found with Ca only and significantly negative with S
only. In pasture lands, a positive but non- significant
correlation was observed between sand and P, K, S and Ca
only.  Silt showed positive and significant relationship with K
and Mg only. Clay showed positive relationship with all
macronutrients but significant with P, S, Ca and Mg only,
whereas bulk density did not show any significant relationship
with macro and secondary nutrients but showed negative non
significant with N, P and S. CaCO3 was found to have positive
and significant relationship with Ca and Mg only.

Hence it is concluded that the soils of Spiti valley were found
low in available N, low to medium in available K, medium to
high in available P and high in available sulphur. Available
sulphur increased with increase in soil depth certainly because
of deposits of gypsum in the   area associated with Lipak
limestone in thick bands. The soils were moderately alkaline
in reaction, medium to high in organic carbon and have high
values of CEC. Bulk density was highly variable ranging from
1.2 to 1.67 Mgm-3. EC, CEC, AEC and calcium carbonate
contents were in safe and required limits. Sand did not show
significant relation with any of the physico-chemical properties
studied in all the three land uses, whereas silt showed positive
and significant relationship with WHC and EC.

REFERENCES

Babhulkar, P. S., Wandile, R. M., Badole, W. P. and Balpande, S. S.
2000. Residual effect of long-term application of FYM and fertilizers
on soil properties (Vertisols) and yield of soybean. J. the Indian Society
of Soil Science. 48(1): 89-92Research 44(1): 32-37

Bowman, W. D., Cairns, D. M., Baron, J. S., Seastedt, T. R. 2002.
Islands in the sky: Alpine and treeline ecosystems of the Rockies.
Baron, J.S., ed. Rocky Mountain Futures: An Ecological Perspective.
Washington (DC): Island Press. pp. 183-202.

Campbell, I. B., Claridge, G. G. C. 1987. Antarctica. Soils, weathering
processes and environment. Elsevier, Amsterdam, New York, p.368.

Chandravanshi ,P., Vhandrappa, H., Hugar, Y. A., Danaraddi V. S.,
Kumar Naveen, B. T. and Pasha, A. 2012. Effect of Integrated Nutrient
Management on Soil Fertility and Productivity for Sustainable
Production In Rice Wheat Cropping System Under Cold Area of
Kashmir. The Ecoscan. 6: 383-388.

Chesnin, L. and Yien, C. H. 1950.Turbidimetric determination of
available sulphate. Soil ScienceSocietyof America Proceedings. 15:
149-151

Gupta, V. K., and Dabas, D. S. 1980. Distribution of molybdenum in
some saline-sodic soils from Haryana. J. the Indian Society of Soil
Science. 28(1): 28-30

Jackson, M. L. 1967. Soil chemical analysis. Prentice Hall, India Pvt.
Ltd., New Delhi. pp 219-221.

Krishnan, P., Nair, K. M., Naidu, L. G. K., Seinivas, S., Arti, Koyal,
Nasre, R. A., Ramesh, M., and Gajbhiye, K. S. 2004. Land, soils and
land use of Lakshdeep coral islands. J. theIndian Society of Soil Science
52(2): 226-231

Lutz, J. F. 1947. Apparatus for collecting disturbed soil samples. Soil
Science. 64: 399-401

Minhas, R. S., Minhas, H. K. and Verma, S. D. 1997.  Soil
characterization in relation to forest vegetation in the wet temperate
zone of Himachal Pradesh. J. the Indian Society of Soil Science. 45(2):
146-151

Nair, K. M. and Chamuah, G. S. 1988. Characteristics and classification
of some pine forest soils of Meghalaya. J. the Indian Society of Soil
Science. 36(2): 142-145

Nayak, Tripti,T. and Bajpai, R. K 2014. Influence of organic and
inorganic fertilization on soil physical properties in arid soils under
wheat. The Ecoscan .9 (1&2): 71-74

Olsen, S. R., Cole, C. V., Watanave, F. S and Dean, L. A. 1954.
Estimation of available phosphorus by

Parmar, D. K., Sharma, Vinod, Sharma., K. D and Sharma, T. R.
1999. Micronutrient status of vegetable growing pocket in cold desert
areas of Himachal Pradesh.J. the Indian Society of Soil Science 47(2):
280-283

Piper, C. D. 1950. Soil and Plant Analysis. Inc. Sci. Pub. INC, New
York. pp. 58-59.

Puri, A. N and Ashgar, A. G. 1938. Influence of salts and soil water
ratio on Ph value of soils. Soil Science. 46: 249-257

Rajeshwar, M., Rao, S., Balaguraviash, D. and Khan, AMA. 2009.
Distribution of availablemicronutrients in soils of Garikapadu of
Krishna district of Andhra Pradesh. J. the Indian Society of Soil
Science.57(2): 210-213

Sadana, U. S. 2007. Practical Manual. Department of Soils, College
of Agriculture, Punjab Agricultural UniversityPP. 12-16

Sharma, P. D and Singh, K. 1991. Status report on Kinnaur and Spiti
Catchments of Satluj river in Himachal Pradesh. Department of Soil
Science, HPKV, Palampur submitted to Governoment of Himachal
Pradesh PP. 7-29

Sharma, V. and Kanwar, B. B. 2010. Copper status and its relation
with soil properties in pea growing soils of high hills dry temprate
zone of Himachal Pradesh. Indian J. Agricultural Research. 44(1): 32-
37

Singh, B. and Raman, S. S. 1982. Distribution of nutrients in soil
profile under pines of North East Himalaya. J. the Indian Society of
Soil Science .30(3): 320-325

Singh, N.  J., Athokpam, H. S., Devi, K. N., Chongtham, N., Singh,
N. B., Sharma, P. T. and Patel, K. P. 2014. Effect of maize-wheat
cropping sequence on soil properties and fertility status. The Bioscan
9(2): 1587-1591

Singh, S. 2012.  Delineation of secondary and micronutrients in
arable lands of Sirmour District in HP. M.Sc Thesis. Department of
Soil Science, CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
India

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

Toner, C.V., Sparks, D. L and Carski, T. H. 1989. Anion exchange
chemistry of Middle Atlantic soils: Charge properties and nitrate
retention kinetics. Soil Science American J.53: 1061-1067

Venkatesh, M. S and Satyanarayana, T. 1994. Status and distribution
of potassium in vertisols of north Karnataka. J. the Indian Society of
Soil Science. 42(2): 229-233

Verma, S. D. 1979. Characteristics and genesis of soils of Himachal
Pradesh. Ph.D Thesis, Department of Soil Science, CSK Himachal

VERTICAL DISTRIBUTION OF AVAILABLE MACRONUTRIENTS



584

Pradesh Krishi Vishvavidyalaya, Palampur, India. p.128

Walkely, A and Black, C. A. 1934. An estimation of the method for
determination of soil organic matter and a proposed modification of
the chromic acid titration method. Soil Science. 37:29-39

Walker, D. A., Molenaar, J. G. and Billings, W. D. 2000. Snow-
vegetation interaction in tundra environments. In: Snow Ecology(ed.
By jones, HG, Pomeroy, J Walker, DA, Wharton, R.), Cambridge
University Press, Cambridge, UK. Pp. 264-322

RAVINDER KUMAR* AND S.S. PALIYAL1


