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Abstract The present study was undertaken in moist

temperate forest of Mandal-Chopta area in the Garhwal

region of Uttarakhand, India. The aim of the present study

was to assess the chemical properties of soils in relation to

the forest structure and composition. Twelve forest types

according to the altitude, slope aspect, and species com-

position were selected for the study. Chemical properties of

the soil, i.e., total nitrogen (N), available phosphorus (P),

available potassium (K), organic carbon (C), soil organic

matter (SOM), pH and C:N ratios were analyzed for three

different depths viz., (i) ‘Upper’ (0–10 cm), (ii) ‘Middle’

(11–30 cm), and (iii) ‘Lower’ (31–60 cm) in all the selected

forest types. Phytosociological and diversity parameters

viz. total basal cover (Gha-1), stem density (Nha-1), tree

species richness (SR), Simpson concentration of dominance

and Shannon–Wiener diversity index (H) were also calcu-

lated for each forest type. Values of N, P, K, C, SOM, C:N

ratio and pH ranged from 0.17 to 0.45 %, 2.73 to

20.17 ppm, 40.67 to 261.17 ppm, 2.29 to 4.31 %, 3.95 to

7.43 %, 8.12 to 14.49 and 5.47 to 6.67, respectively.

N showed a positive relationship with C and K. P was

positively correlated with C and negatively correlated with

altitude. P was higher in the soil of lower horizons of all the

forest types. K was found to be positively correlated with

altitude, C and N. pH of all the forest types was slightly

acidic. C was comparatively higher in mixed broad-leaved

forest types. No relationship between altitude and C was

observed, which may be due to different composition of

forest types along the altitudinal gradient and their differ-

ential decomposition rates. C content decreased with the

depth of the soil. C showed positive correlation with N, P,

and K. N showed a positive correlation with Gha-1.

K showed a negative correlation with SR and H. P showed

no relationship with the phytosociological parameters. This

study also provides the comparisons between the results of

chemical analysis of the present study with numerous other

previous studies in the temperate Himalayan region of the

Uttarakhand. The values of soil chemical properties of the

present study in most of the forest types are on the higher

end than the values previously recorded for the other similar

forests of the region. The possible reason being luxuriant

vegetation and undisturbed nature of these forest types,

which is evident from higher values of diversity and other

phytosociological parameters.

Keywords Carbon � Nitrogen � Phosphorus � Potassium �
Tree density � Tree diversity

1 Introduction

The growth and reproduction of forest cannot be under-

stood without the knowledge of soil. The soil and vegeta-

tion have a complex interrelation because they develop

together over a long period of time. The vegetation influ-

ences the chemical properties of soil to a great extent. The

selective absorption of nutrient elements by different tree

species and their capacity to return them to the soil brings

about changes in soil properties (Singh et al. 1986). Con-

centration of elements in the soils is a good indicator of

their availability to plants. Their presence in soil would
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give good information towards the knowledge of nutrient

cycling and bio-chemical cycle in the soil–plant ecosystem

(Pandit and Thampan 1988). Forests in general have a

greater influence on soil conditions than most other plant

ecosystem types, due to a well-developed ‘‘O’’ horizon,

moderating temperature, and humidity at the soil surface,

input of litter with high lignin content, high total net pri-

mary production, and high water and nutrient demand

(Binkley and Giardina 1998). Moreover, different tree

species can differ significantly in their influence on soil

properties as well as soil fertility (Augusto et al. 2002). The

properties of the soil are the important factor for the growth

of the plants. Among them, the most important factor is soil

fertility, i.e., the essential nutrients available in the soil, for

the growth of plants. The adequate theoretical and practical

knowledge of various forest soils and the complex rela-

tionship between the life of various trees and other plants

of the forest is therefore necessary to study.

Himalayan forests play an important role in tempering the

inclemency of the climate, in cooling and purifying the

atmosphere, in protecting the soil, in holding the hill slopes in

position, and in buffering up huge reserves of soil nutrients.

The Garhwal Himalaya has vast variations in the climate,

topography, and soil conditions, which form a very complex

ecosystem. The knowledge of chemical properties of soils of

different forest types of temperate region of Garhwal

Himalaya is meager. In our earlier studies on forests of

Garhwal region relationships between forest dependency and

socio-economic status of rural people (Sharma et al. 2009),

the role of physiographic factors (Sharma et al. 2010a), tree

diversity and C stocks (Sharma et al. 2010b, 2011; Gairola

et al. 2011a), regeneration status (Gairola et al. 2012), effects

of slope aspects (Sharma et al. 2010c), physical properties of

the soils (Sharma et al. 2010d), and structure and composi-

tion (Gairola et al. 2011b) were worked out. However, the

present study was undertaken with the aim of assessing the

chemical properties of soils in relation to the forest structure

and composition in different forest types of moist temperate

Mandal-Chopta forest of Garhwal Himalaya.

2 Materials and methods

2.1 Study area

The present study was conducted in Mandal-Chopta forest

area, which forms a large (nearly 1,100 ha), prestigious, and

botanically valuable reserve complex (Trishula Reserve forest

of Kedarnath forest division) in the Garhwal region (western

Himalaya) of Chamoli district of Uttarakhand state, India

(Fig. 1). It occurs at 30�27.5600N latitude and 79�15.2340E
longitude along an altitudinal gradient of 1,500–2,900 m a.s.l.

It is a rich moist temperate forest situated 12 km away from the

district headquarters, Gopeshwar. Recently, Gairola et al.

(2010) have recorded 338 species of vascular plants (334

angiosperms and four gymnosperms) belonging to 93 families

(91 angiosperms and two gymnosperms) and 249 genera (246

angiosperms and three gymnosperms) from the study area. The

study area is characterized by undulating topography with

gentle slopes on the northern, northeastern, and northwestern

faces, and somewhat steep slopes on southern and southwest-

ern directions. The soil types found in the region are brown and

black forest soils and podzolic soils. Soils are generally grav-

elly and large boulders are common in the area. Numerous high

ridges, deep gorges and precipitous cliffs, rocky crags and

narrow valleys are part of the topography of the region. The

topography of the area has also been influenced by landslides,

which are common during the rainy season. Meteorological

details (1998–2007) of the study area are given in Fig. 2. Mean

annual maximum and minimum temperature were recorded as

16.41 ± 3.60 and 6.14 ± 1.98 �C, respectively. Mean annual

rainfall was recorded as 2,044.47 ± 476.01 mm. Mean rela-

tive humidity throughout the year ranged from 15 to 86 %.

2.2 Sampling and data analysis

During the reconnaissance survey of the study area, 12 forest

types according to altitude, slope aspect, and species com-

positions were selected for the study (Table 1). Each forest

type was named according to the composition of dominant

tree species as per Prakash (1986), viz., C75 % as pure forest;

50–75 % as mainly single species dominant forest; 25–50 %

as mixed forest, and \25 % miscellaneous forest. Physio-

graphic factors (i.e., altitude) and aspect across different forest

types were measured by GPS (Garmin, Rino-130).

2.2.1 Vegetation analysis

The composition of the forest types was analyzed by using

nested quadrat method as per Kent and Coker (1992). Trees

(C10 cm dbh) were analyzed by 10 9 10 m-sized quadrats

as proposed by Curtis and McIntosh (1950) and Phillips

(1959). The basal cover was calculated by dividing the

square of Cbh (circumference at breast height, i.e., 1.37 m)

by 4p. The basal cover was multiplied with respective

densities of the species to obtain total basal cover (Gha-1).

For each species, values of frequency, density, and abun-

dance were calculated following Curtis and McIntosh

(1950). The importance value index (IVI) was calculated

by summing up relative density, relative frequency, and

relative dominance, following Phillips (1959). Species

richness (SR) was simply taken as a count of total number

of species in that particular forest type. Shannon–Wiener

diversity index was calculated as per Shannon and Weaver

(1963) and concentration of dominance (Cd) was calcu-

lated as per Simpson (1949):
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where, H is Shannon–Wiener diversity index, Ni is IVI of a

species, N is total IVI of all the species, Cd is the con-

centration of dominance.

2.2.2 Soil sampling and analysis

Composite soil samples were collected from three different

depths viz., (i) ‘‘upper’’ (0–10 cm), (ii) ‘‘middle’’

(11–30 cm) and (iii) ‘‘lower’’ (31–60 cm) for assessing the

chemical properties of the soil in all the selected forest

types. The soil tests were conducted at Central Soil and

Water Conservation Research and Training Institute

(CSWCRTI), Dehradun, India. The pH of soil was deter-

mined directly with the help of control dynamics digital pH

meter (model Ap ? 175E/C). Walkley and Black’s rapid

titration method as modified by Walkley (1947) was

adopted for organic carbon estimation. The factor of 1.724

was used to convert the organic carbon (%) into soil

organic matter (%). Available phosphorus was determined

in the soil by Olsen et al. (1954) method. Potassium was

extracted by neutral normal ammonium acetate method

(Morwin and Peach 1951) and was determined by the flame

photometer (Evans Electro Selenium Ltd; Holsted Essex,

England). Total nitrogen was measured by using the stan-

dard Kjeldhal procedure (Bremner and Mulvaney 1982).

Total carbon (%) was divided by total nitrogen (%) to get

values of C:N ratio. A single-tailed Pearson correlation

coefficient was calculated between various phytosociolog-

ical and soil chemical parameters using SPSS-16 software

(SPSS Inc., Chicago, IL, USA).

Fig. 1 Map of the study area

Fig. 2 Meteorological data of the study area (1998–2007) (Source
Uttarakhand Forest Department)
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3 Results and discussion

The information about dominant and associated tree spe-

cies in different forest types is shown in Table 1. Results of

forest composition and diversity analysis are given in

Table 2. The values of total nitrogen (N), available phos-

phorus (P), and available potassium (K) at various depths

in the different forest types are given in Table 3 and of

organic carbon (C), soil organic matter and C:N ratios are

given in Table 4. The results of Pearson correlation coef-

ficients between different vegetation and soil parameters

are given in Table 5. Comparisons between chemical

properties of soils at different altitudes and forest types in

different parts of the Uttarakhand Himalaya (earlier

reported values) with the study area have been shown in

Table 6. The results of the present findings are within the

Table 1 Details of the forest types studied

FT Forest type* (as per

Ram Prakash 1986)

SA

(facing)

Altitude

(m a.s.l.)

Tree species#

FT1 Mainly Quercus
semecarpifolia

E 2,850–2,650 Quercus semecarpifolia,Abies pindrow, Lyonia ovalifolia, Rhododendron arboreum,
Sorbus cuspidata

FT2 Mainly Quercus
floribunda

NE 2,650–2,550 Quercus floribunda,A. pindrow, L. ovalifolia, Persea duthiei, R. arboreum

FT3 Pure Acer acuminatum S 2,650–2,550 Acer acuminatum,A. pindrow, Aesculus indica, Diospyros montana, L. ovalifolia,
Neolitsea pallens, P. duthiei, Quercus floribunda, R. arboreum

FT4 Mainly Abies pindrow NE 2,600–2,500 A. pindrow,A. acuminatum, P. duthiei, Q. floribunda, R. arboreum

FT5 Conifer mixed broad–

leaved

NE 2,600–2,450 A. pindrow, A. acuminatum, A. indica,Corylus jacquemontii, L. ovalifolia,
P. duthiei, R. arboreum, Taxus baccata

FT6 Mainly Aesculus indica NE 2,500–2,400 A. indica,A. pindrow, Betula alnoides, P. duthiei, Q. floribunda

FT7 Mixed Abies pindrow S 2,500–2,100 A. pindrow,A. indica, B. alnoides, Carpinus viminea, Daphniphyllum himalense,
Dodecademia grandiflora, Euonymus tingens, L. ovalifolia, N. pallens, P. duthiei,
Q. floribunda, R. arboreum

FT8 Mixed broad-leaved NE 2,400–2,150 P. duthiei, Q. floribunda,A. pindrow, Abies spectabilis, A. indica, B. alnoides, Buxus
wallichiana, C. viminea, D. himalense, Diospyros montana, Fraxinus micrantha,
Juglans regia, L. ovalifolia, N. pallens, Quercus leucotrichophora, R. arboreum

FT9 Mixed broad-leaved NE 2,150–1,900 P. duthiei, D. himalense, Q. leucotrichophora,A. nepalensis, B. alnoides,
C. viminea, D. montana, L. ovalifolia, N. pallens, Pyrus pashia, R. arboreum,
Symplocos paniculata, Ulmus wallichiana

FT10 Mixed broad-leaved N 1,900–1,600 D. himalense, Q. leucotrichophora, B. alnoides,C. viminea, Cupressus torulosa,
D. montana, Fraxinus micrantha, L. ovalifolia, Persea odoratissima, P. pashia,
R. arboreum, U. wallichiana

FT11 Mainly Alnus
nepalensis

NE 1,650–1,550 A. nepalensis,Ficus roxburghii, P. odoratissima, Pinus roxburghii, P. pashia,
R. arboreum

FT12 Mixed Quercus
leucotrichophora

NE 1,650–1,500 Q. leucotrichophora,A. nepalensis, F. roxburghii, L. ovalifolia, Myrica esculenta,
P. pashia, R. arboreum, Toona cilata, U. wallichiana

SA slope aspect, E east, NE north-east, S south, N north

* Forest types used as FT1 to FT12 in the successive tables
# Species in bold are dominant tree species

Table 2 Values of forest composition and diversity parameters in Mandal-Chopta forest

FT FT1 FT2 FT3 FT4 FT5 FT6 FT7 FT8 FT9 FT10 FT11 FT12

Gha-1 58.25 72.51 62.41 41.25 46.39 86.56 84.03 76.83 37.37 84.25 32.77 35.08

Nha-1 600 493 1,180 380 627 580 1,390 1,200 1,007 1,470 520 990

SR 5 5 9 5 8 5 12 16 13 13 7 10

Cd 0.413 0.33 0.467 0.461 0.175 0.399 0.144 0.129 0.135 0.139 0.458 0.253

H 1.6 1.95 1.74 1.45 2.7 1.72 3.19 3.33 3.14 3.09 1.69 2.43

Nha-1 trees per hectare, Gha-1 basal area per hectare (m2 ha-1), SR species richness, H Shannon-Wiener diversity index, Cd Simpson

concentration of dominance
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reported range of values for chemical properties of soils in

similar forest types at same altitudes elsewhere in the

Uttarakhand Himalaya (Table 6).

3.1 Nitrogen

Nitrogen is an essential element for all growth processes in

plants, especially in cold regions. If it is not available, the

plant remains stunted and comparatively undeveloped.

Ecologists have long considered temperate forests systems

to be limited by N availability (Mitchell and Chandler

1939). Soil N is supposed to be the most limiting nutrient in

a majority of ecosystems (Fenn et al. 1998). The values of

total N varied significantly in different forest types. Values

of total N in the study area ranged between 0.17 % (FT12)

and 0.45 % (FT6) (Table 3). The values of total N in the

present study are higher than the values recorded by Khera

et al. (2001), Srivastava et al. (2005), and Semwal (2006)

and lower than the values recorded by Pande et al. (2001)

and Sharma et al. (2010a), but similar to the values recorded

by Thadani and Ashton (1995), Kumar et al. (2004), Nazir

(2009), and Sharma et al. (2010c) in other parts of Utta-

rakhand Himalaya (Table 6). Although N is mostly present

in the form of nitrates in the soil, which is very mobile and

get moved freely with moisture (Gupta and Sharma 2008),

the values of total N in the study area were higher in upper

layers as compared to lower layers. This could be attributed

to higher water holding capacity and the presence of heavy

litter and humus contents in the upper layers of the studied

forest types. The availability of N depends to a large extent

on the amount and properties of organic matter (de Hann

1977). Therefore the high amount of organic matter in the

forest types in the upper layers may also be the reason for

richness of N in the upper layers as compared to lower

layers. As C and N are intimately linked and primary source

of C and N is found in the soil as an organic matter, in the

form of plants and animal’s debris (Aber and Melillo 1991),

total N showed a significantly positive relationship with

organic C (0.840). Total N also showed a significantly

positive relationship with available K (0.569) (Table 5).

Gupta and Sharma (2008) also showed that N and K were

positively correlated chiefly because all these attributes are

intimately linked with soil humus.

3.2 Phosphorus

Available P is inevitable for the vital growth processes in

plants. It is observed that P is found in all terrestrial sys-

tems in the form of organic and inorganic matter, while

organic P forms are the major available source of phos-

phorus. Soil organic matter has the inorganic form of P

transformed into insoluble form in many soils. The rates of

weathering also control phosphorus availability to plants.T
a
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Phosphorus in turn controls the input levels of plant resi-

dues (Brown et al. 1994). The carbon–phosphorus and

nitrogen–phosphorus ratios vary according to the parent

material, which depends upon degree of weathering and by

other means (Paul and Clark 1996). The amount of P

indicates the character of soil to allow specific plants to

grow at a particular site, which is also useful to identify the

vegetation type of the area. It has been reported that a large

proportion of P is stored in the forms that are unavailable to

plants (Murphy 1958), for example, H2PO4, which

becomes available at low pH values and suffers from fix-

ation by hydrous oxides and silicate minerals (Soromessa

et al. 2004). Values of available P in the study area varied

between 2.73 ppm in Conifer mixed broad-leaved (FT5)

and 20.17 ppm in mixed broad-leaved (FT9) forest type

(Table 3). The values of available P in the present study are

similar to those recorded by some other investigators in

other parts of the Uttarakhand Himalaya, but in general

varied considerably (Table 6). Available P was positively

correlated with organic C (0.520). Gupta and Sharma

(2008) also showed that organic C and P were positively

correlated chiefly because all these attributes were inti-

mately linked with soil humus. Available P showed a

negative correlation with altitude (-0.407) (Table 5). The

Table 4 Organic carbon, soil organic matter, and C:N ratios at various depths in the soils of different forest types

Forest Organic carbon (%) Soil organic matter (%) Carbon:nitrogen ratio

Depth (cm) Average ± SD Depth (cm) Average ± SD Depth (cm) Average ± SD

Type 0–10 11–30 31–60 0–10 11–30 31–60 0–10 11–30 31–60

FT1 3.38 3.96 3.35 3.56 ± 0.34 5.83 6.83 5.78 6.15 ± 0.59 7.70 11.89 13.90 11.16 ± 3.16

FT2 4.47 2.35 1.27 2.70 ± 1.63 7.71 4.05 2.19 4.65 ± 2.81 11.64 9.90 8.29 9.94 ± 1.68

FT3 3.06 2.25 2.19 2.50 ± 0.48 5.28 3.88 3.79 4.32 ± 0.84 7.18 6.13 11.04 8.12 ± 2.59

FT4 4.35 2.22 1.55 2.71 ± 1.46 7.50 3.83 2.67 4.67 ± 2.52 13.85 7.47 7.49 9.60 ± 3.68

FT5 3.09 2.97 2.27 2.78 ± 0.44 5.33 5.12 3.91 4.79 ± 0.77 8.83 12.69 11.64 11.05 ± 2.00

FT6 7.11 2.91 2.91 4.31 ± 2.42 12.26 5.02 5.02 7.43 ± 4.18 9.77 8.69 9.90 9.45 ± 0.66

FT7 3.98 1.63 1.26 2.29 ± 1.48 6.86 2.81 2.17 3.95 ± 2.54 12.59 11.64 10.86 11.70 ± 0.87

FT8 5.36 2.95 1.67 3.33 ± 1.87 9.24 5.09 2.88 5.74 ± 3.23 17.40 12.88 10.37 13.55 ± 3.56

FT9 7.74 1.56 2.43 3.91 ± 3.35 13.34 2.69 4.19 6.74 ± 5.76 12.56 8.57 8.62 9.92 ± 2.29

FT10 5.02 3.18 2.64 3.61 ± 1.25 8.65 5.48 4.55 6.23 ± 2.15 9.69 9.27 9.67 9.54 ± 0.24

FT11 2.05 2.55 2.59 2.40 ± 0.30 3.53 4.40 4.48 4.14 ± 0.53 9.45 14.25 19.68 14.46 ± 5.12

FT12 3.62 2.12 1.58 2.44 ± 1.06 6.24 3.66 2.73 4.21 ± 1.82 15.02 11.28 17.18 14.49 ± 2.99

Table 5 Pearson correlation coefficients between different vegetation and soil parameters

MAL N P K pH OC C:N Nha-1 Gha-1
H Cd SR

MAL 1.000 – – – – – – – – – – –

N 0.329 1.000 – – – – – – – – – –

P -0.407 0.336 1.000 – – – – – –– – –– –

K 0.538 0.569 0.096 1.000 – – – – – – – –

pH 0.499 0.374 0.110 0.782** 1.000 – – – – –– –– –

OC 0.113 0.840** 0.520 0.520 0.331 1.000 – – – – – –

C:N -0.583* -0.753** -0.046 -0.311 -0.278 -0.349 1.000 – – – – –

Nha-1 -0.336 -0.009 0.127 – 0.075 -0.001 -0.003 1.000 – – – –

Gha-1 0.312 0.391 -0.248 0.243 0.487 0.329 -0.353 0.431 1.000 – – –

H -0.346 -0.147 0.280 -0.556 -0.123 0.117 0.210 0.749** 0.261 1.000 – –

Cd 0.297 0.112 -0.277 0.492 0.103 -0.167 -0.189 -0.643* -0.246 -0.975** 1.000 –

SR -0.439 -0.160 0.270 -0.594* -0.154 0.071 0.247 0.852** 0.190 0.903** -0.802** 1.000

* Correlation is significant at the 0.05 level

** Correlation is significant at the 0.01 level

MAL average altitude, N total nitrogen, P available phosphorus, K available potassium, OC organic carbon, C:N carbon: nitrogen ratio, Nha-1

trees per hectare, Gha-1 basal area per hectare, SR species richness, H Shannon-Wiener diversity index, Cd Simpson concentration of dominance
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P was also found higher in the lower horizons of all the

forest types, which may be due to the leaching properties of

the soils.

3.3 Potassium

The mineral potassium (exchangeable K) is found in sol-

uble form in all parts of plants, and is responsible for the

carbohydrate and protein formations. Potassium activates

the enzymes of the plants, which in turn help in the

metabolism of the plants, starch synthesis, nitrate reduc-

tion, and also plays a role in sugar degradation. Potassium

performs very vital processes like regulating transpiration

and respiration, influencing enzyme action, and synthesis

of carbohydrates and proteins, etc. (Brady 1996). The

decrease of K is caused by leaching and drainage, which

results in the destruction of vegetation (Basumatary and

Bordoloi 1992). Values of available K in the study area

varied between 40.67 ppm in mixed Quercus leucotricho-

phora (FT12) and 261.17 ppm in mainly Quercus seme-

carpifolia (FT1) forest type (Table 3). The values of

available K in the present study are similar to those

recorded by some other investigators in other parts of the

Uttarakhand Himalaya, but in general varied considerably

(Table 6). Since exchangeable K in soil largely depends on

the composition of parent rock material, no specific reason

can be assigned to its differential quantities at different

altitudes and sites in various parts of Uttarakhand Hima-

laya. Available K was found to be significantly and posi-

tively correlated with altitude (0.538). Total soil K varied

on different altitudes and the higher content of available K

was found in surface soil in the form of exchangeable K,

which may later convert into the soil solution (Dimri et al.

2006). Although Gupta and Sharma (2008) argued that the

K is not much influenced by soil organic matter because it

is not the direct supplier of K, in our study area, available

K showed a significant positive correlation with organic

matter (0.520) (Table 5). This was supported by the find-

ings of Basumatary and Bordoloi (1992) and Boruah and

Nath (1992), who reasoned that a layer of organic matter

significantly improves the retention of K in the soils.

Available K showed a positive correlation with total N

(0.569). Gupta and Sharma (2008) also showed that N and

organic C were positively correlated chiefly because all

these attributes are intimately linked with soil humus.

3.4 pH

It has been reported that forest soils should be slightly

acidic for nutrient supply to be balanced (Leskiw 1998). A

fertile soil generally has a pH range between 5.5 and 7.2,

which makes the essential elements and nutrients available

to the flora. Values of pH in the study area varied between

5.47 (FT5) and 6.67 (FT1) (Table 3). Most of the forest

types had soils with pH below 6.0, except Quercus seme-

carpifolia, Quercus floribunda, and Aesculus indica forest

types. This may be due to high organic matter content and

the undisturbed nature of the soils in the study area. Rob-

ertson and Vitousek (1981) and Adams and Sidle (1987)

have also recorded low pH in undisturbed natural forests as

compared to disturbed ecosystems. The reduction in pH

can be attributed to accumulation and subsequent slow

decomposition of organic matter, which releases acids

(de Hann 1977). The values of pH in present study are

lower than the values of pH recorded by Khera et al. (2001)

for Kumaun Himalaya and are similar to most other studies

in the Uttarakhand Himalaya (Table 6).

3.5 Organic C and soil organic matter (SOM)

SOM can absorb and hold substantial quantities of water,

up to 20 times its mass (Stevenson 1994). SOM in the form

of surface residues can also influence water retention

directly by reducing evaporation rates and increasing the

infiltration of water. Its impact on soil biology is even more

enormous. Most soil organisms are heterotrophic and gain

their energy from the decomposing SOM. The quality and

quantity of SOM therefore determine the production

potential of the soil. The values of organic C (Table 4) in

the study area ranged between 2.29 % in mixed Abies

pindrow (FT7) and 4.31 % in mainly Aesculus indica

(FT6) forest type, which were more or less similar to the

values recorded by other workers in similar forest types at

similar altitudes in other parts of the Uttarakhand Himalaya

(Table 6). Organic C was also comparatively higher in

mixed broad-leaved forest types (FT8, FT9, and FT10).

SOM is responsible for building a major portion of the soil

organic C pool, which regulates the soil properties viz.,

physical, chemical, and biological properties (Woomer

et al. 1994). In fine-textured soils, the content of SOM

usually varies from 3 to nearly 10 % by weight (Wilde

1946). In the present study, values of SOM varied between

3.95 (FT7) and 7.43 % (FT6) (Table 4). These values are

also within the range of earlier recorded values by different

investigators in different parts of Uttarakhand Himalaya

(Table 6). The soil C concentration varies across the

landscape but more soil C variability is found at varying

elevations (Powers and Schlessinger 2002). Generally, the

increase in SOM with increasing altitude is due to the

addition of leaf litter annually and slow decomposition

rates of organic residues under low temperature (Dimri

et al. 1997). However, no relationship between altitude and

organic C concentration was observed in this study, which

may be due to different composition of forest types along

the altitudinal gradient and their differential decomposition

rates. The organic C content decreased with the depth of
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the soil in all the forest types, which may be due to the fact

that humus formation and decomposition of organic matter

takes place in the upper layers. Organic C showed a posi-

tive correlation with total N (0.840), available P (0.520),

and available K (0.520) (Table 5). This finding was also

supported by Gupta and Sharma (2008), who also recorded

that these parameters were positively correlated and rea-

soned that all these attributes were intimately linked with

soil humus. According to Jha et al. (1984), if the soil is rich

in SOM contents, it is definitely rich in total N contents

also.

3.6 C:N ratio

The carbon:nitrogen ratio indicates the availability of car-

bon and nitrogen (C/N) in the soil (Miller 2001). When

fresh organic material undergoes decomposition in soil, the

rate of decomposition and the amount of humus formed are

related to the C:N ratio of the residue. When the propor-

tions are equal, the rate of decomposition increases as the

C:N ratio narrows in the soil. The C and N cycles in the soil

are linked through processes of N assimilation, N miner-

alization, denitrification, and organic matter decomposition

(Yano et al. 2000). Apart from the importance of C and N,

separately, the relation between them is interesting in

ecological terms. The C:N ratio is widely used, when

researching on the ecology of the forest. This ratio indi-

cates the availability of N in floor material, rate of decay of

the forest floor (Fisher and Binkley 2000), and the quality

of the organic matter under the canopy (Cote et al. 2000),

which can also be linked to the soil microbial biomass

(Hogberg 2004). Johnson and Ball (1996) considered the

ratio as a key variable through which all ecosystem per-

turbations act. The C:N ratio reflects the release of N in the

soil through organic matter decomposition and therefore

indicates the degree of decomposition of organic matter in

the forest soils (Ulrich 1971). The vegetation influences the

C:N ratio and the C:N ratio determines the stand compo-

sition (Fisher and Binkley 2000).

Values of the C:N ratio in the study area ranged between

8.12 (FT3) and 14.49 (FT12) (Table 4). The values of C:N

ratio in the present study were more or less similar to the

values recorded by other workers in similar forest types at

similar altitudes in other parts of the Uttarakhand Himalaya,

except those recorded by Khera et al. (2001) for Kumaun

Himalaya (Table 6). As all the forest types were mature in

nature and were undisturbed and established, C:N ratios

were near or above 10. Kawahara and Tsutsuni (1972) have

reported that generally the soil of a forest stand attains the

steady state when the C:N ratio reaches 10 and at that level

the release of nutrients is rapid due to mineralization. The

C:N ratio was found to be significantly and negatively

correlated with total N (-0.753) (Table 5), which is

obvious as increasing N content will automatically decrease

C:N ratio. There is considerable evidence that temperate

broad-leaved and conifer tree species growing in a single

species dominant stands alter soil C and N dynamics

(Binkely 1995). A study by Cote et al. (2000) concluded

that both organic C and N were significantly affected by

factors such as stand type, stand age, and the interaction

between age, species composition, and soil properties.

3.7 Relationship between chemical properties of soils

and phytosociological parameters

The highest total basal cover (Gha-1) was recorded in FT6

(mainly Aesculus indica: 86.56 m2 ha-1) followed by

FT10 (mixed broad-leaved: 84.25 m2 ha-1) and FT7

(mixed Abies pindrow: 84.03 m2 ha-1), whereas the lowest

Gha-1 was recorded in FT11 (mainly Alnus nepalensis:

32.77 m2 ha-1). The highest stem density was observed in

FT10 (mixed broad-leaved: 1,470 Nha-1) and the lowest in

FT4 (mainly Abies pindrow: 380 Nha-1). Species richness

ranged between 5 (mainly Quercus semecarpifolia: FT1,

mainly Quercus floribunda: FT2, mainly Abies pindrow:

FT4 and mainly Aesculus indica: FT6) and 16 (mixed

broad-leaved: FT8). Shannon-Wiener diversity index (H)

was recorded to be the highest in FT8 (mixed broad-leaved:

3.33), followed by FT7 (mixed Abies pindrow: 3.19), and

FT9 (mixed broad-leaved: 3.14), whereas the lowest H was

recorded in FT4 (mainly Abies pindrow: 1.45). Values of

concentration of dominance (Cd) ranged between 0.129

(mixed broad-leaved: FT8) and 0.467 (pure Acer acumin-

atum: FT3). Nitrogen showed a positive correlation with

total basal cover (0.391). The total N (0.45 %) and organic

C (4.31 %) were highest in mainly Aesculus indica forest

type (FT6), where Gha-1, was also highest. A higher

concentration of total N and organic C in soil may have

given rise to higher productivity (Gha-1) of trees in this

forest type. The lowest value of total N (0.17 %) was

recorded for mixed Quercus leucotrichophora forest type

(FT12), where the value of total basal cover was also very

low (35.08 m2 ha-1). Potassium showed a negative corre-

lation with species richness (-0.594) and H (-0.556).

Phosphorus showed no correlation with the phytosocio-

logical parameters. The variation in values of phosphorus

in different forest types may be attributed to the variation

in composition of parent rock material of the particular site.

pH had a positive correlation with total basal cover. High

values of stem density and species diversity were recorded

in mixed broad-leaved forest types growing at middle

elevations (1,600–2,400 m a.s.l.), whereas forest types

growing at higher altitudes ([2,400 m a.s.l.) had low

species richness and stem density. Tree density showed a

positive relationship with species richness and H, and a
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negative relationship with Cd. The high K contents were

reported under mainly Quercus semecarpifolia and mainly

Quercus floribunda forest types between 2,550 and

2,850 m a.s.l. Tomlinson and Tomlinson (1990), Sharpe

et al. (1992), and Srivastava et al. (2005) are of the view

that the oak individuals are related with higher K release,

which may be the main reason for the higher content of K

in the soils of these forest types. High values of phytoso-

ciological parameters and chemical properties of the soils

complement each other and show that these forest types are

very fertile. The values of soil chemical properties of the

present study in most of the forest types are on the higher

end than the values previously recorded for the other

similar forests of the region. The possible reason for this is

the luxuriant vegetation and undisturbed nature of these

forest types, which is evident from the higher values of

diversity and other phytosociological parameters.
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