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Abstract: This study was conducted to quantify the Soil Organic Carbon (SOC), Total Nitrogen (TN) and
Above Ground Tree Biomass (AGTB) in five prominent land uses - land cover of a village landscape in Garhwal
Himalaya for two seasons. The forest land in Himalaya has been converted into various land uses like Pine
Forest (PF), Oak Plantation (OP), Irrigated Agriculture (IA), Rainfed Agriculture (RA) and Abandoned
Agriculture land (AA). In autumn, SOC (Mg ha ) for 1m soil depth, varied from (37.99±6.96) in PF to1

(51.53±4.16) in RA. In spring, the SOC content of complete profile (1m) varied from (20± 6.3) in PF to (36.38±6.9
Mg/ha) in OP. In autumn, TN content (Mg ha ) up to 1 m varied from 1.082± 0.35 (PF) to 2.30±0.18 (AA). In,1

spring the TN in complete profile varied from (2.19±0.4) PF to (3.5± 0.23) RA. The highest value of tree density
was found in PF (913.33±145.7) and it was significantly higher (P > 0.05) as compared to other land uses and
land cover type. The AA (11.87±2.12) had basal area (BA) much lower than PF (115.68 ± 30.4) and OP (35.04 ±
8.71). The AGTB (kg ha ) was found in PF (6426.8± 506.8) and minimum for IA (91.25±11.72).1
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INTRODUCTION carbon balance between the atmosphere and pedosphere.

The Garhwal Himalaya is characterized by sparse particularly in forest ecosystems, have emerged as
population, undulating terrain, far-flung small villages important fields of research since global warming become
difficult to approach, scattered land holdings, shallow and a recognized problem in recent years [3]. Future carbon
gravelly soil, agro-pastoral economy, scanty irrigation and offset markets may mean that nations and land owners
lack of technological advancements [1]. The land use can receive payment for carbon protection and
diversity in Garhwal Himalaya can broadly be categorized preservation. To asses the magnitude of carbon stored in
into forest and agricultural land uses. Forests are further land uses we should have proper estimation in land uses
classified as pine forest (PF), oak forest etc. In terms of i.e. forest and agriculture [4]. Many studies have
spatial extent, agriculture is a minor land use (Net sown indicated that if forested land is converted into cultivated
area accounts for only 10% of total area of Himalaya) areas, it leads to changes in soil properties, including loss
distributed as the ‘patches’ in the ‘matrix’ of forest [2]. of organic matter, increase in bulk density (BD) and
Agriculture land uses are divided into rain  fed  agriculture decrease in soil pH. Land cover conversion and land
(RA),  irrigated agriculture (IA) and abandoned agriculture management  interact  with nutrient fluxes and soil
land (AA). RA and IA land use systems are important in nutrient status. The disturbance to the forest open the
this region in which the former is the predominant form way to the loss of its biotic potential gradually resulting
and covers almost 89% of the total agricultural land of the in the degradation of soil properties. Monitoring of soil
area. Land use conversion and its differential use is an physico-chemical and biological properties assumes
important factor in global change phenomena. Different importance from the point of assessing the impact of
use of land has significant influence on the mechanism of different land use land cover changes and its use [5].

Carbon dynamics in terrestrial ecosystems and
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Protecting and enhancing stocks of SOC is a global It is representative of major land use types in Garhwal
challenge before environmental scientists, socio- Himalaya. Out of total geographical area of village, 75.77
economists and policy makers for the next decade and ha was forest cover and 9.64 ha was AA. PF has an area
beyond. Estimates of carbon stocks in ecosystems are of of 14 ha. It is a major forest type in the Garhwal Himalayas.
high relevance for understanding the nature and Pine leaves are unpalatable and pine wood is of inferior
properties of global carbon cycle. It will also give the quality fuel wood. However, economic benefits from PF
status of carbon stock in different land use system. The such as resin and minor timbers are considerable. The PF
finding will help us to increase our understanding gives better ground forage, but it accused for promotion
regarding distribution of nutrient stocks at local level, of forest fire, depletion of soil moisture and degradation
which can be useful for future prediction of the behavior of soil quality. Pine is the stress tolerant, fast growing
and status of our land use and soil. The information about conifer and survives in poor soil moisture and fertility
distribution of SOC and TN are important for defining soil condition. It was present on the top of village and was
quality. SOC has been used in the majority of recent managed by forest department. The OP was 30 year old
monitoring programs to assess soil resource condition patch, managed by villagers covered an area of 2.5 ha and
and trends [6]. Climate change during the last decades has was situated on the opposite hill of PF. It is socially
increased the need of information on amount of biomass valued and faces high biotic pressure due to their quality
in different land uses for climate policy definition. fuel wood, availability of green fodder round the year,
Biomass density is also a useful variable for comparing leaves used as a component of farmyard manure and
structural and functional attributes of land uses across a minor forest products. Oak plants are considered best for
wide range of environmental conditions. While Carbon soil and water conservation and soil fertility enhancement,
stored in vegetation and soil, 89% of Carbon loses are due but it fails to survive in soils with poor moisture and
to loss of living biomass [7]. Our objective was (1) to nutrient. RA constituted 62.71 ha. It comprises the most
estimate SOC and TN in different land uses at different important area of agriculture. This is of large area present
depth interval up to 1m and (2) defining the ecosystem on the upper slope of village and villagers never use
properties of village landscape in Garhwal Himalaya. We fertilizers in it. The farmers grow paddy during the Kharif
hypothesized that difference in land uses and seasons season (June-July) and wheat and mustered during Rabi
have significant difference in terms of SOC and TN. (November-December) under this Landuse in low latitude.

MATERIALS AND METHODS includes 10-15 varieties of pulse crops grown with other

Study Area: The study was conducted in Dhaulagi problem associated with RA is maintaining the moisture
village, Tehri Gahrwal, Uttarakhand, India having slope of content of soil and retaining its fertility. It is common in
an average about 50 to 60 degree per yard. It is situated at Garhwal Himalayas and maintenance of soil fertility and
about 30 km far from Srinagar town on the way to Tehri soil moisture is a challenging task. Out of total area, 6.34
city. The village lies between latitude 30°20 02’’ to 30°20 ha land was IA. This land use was practiced over an1 1

51’’N and longitude 78° 37 29  to 78° 39 06  E and its extremely small area, located in route to RA agro’ ’’ ’ ’’

altitude is between 900 to 1650 meters. Fairly long and ecosystem on lower slopes. Two crops, purely paddy in
severe winter season is the chief climate feature of the Kharif and wheat and mustered in Rabi are cultivated in
area. Over 70 % of the rain occurs during the monsoon IA. Very few trees were present in these fields. All
months (June to September). July is the rainiest month, irrigated field belonged to different households. Three
which alone receives 25 to 30 % of the total precipitation. water tanks were constructed to collect run off flow.
The area is hilly with deep valleys and temperature varies Fields were irrigated through 10 -15cm wide and 10cm
considerably with elevation and from place to place. June deep corrected water channels. AA land was abandoned
is the warmest month with mean maximum temperature due to lack of labour and economic input by villagers.
about 37°C in the region with elevation less than 1069 m. This  land  use  was  not  easily accessible to villagers.
The driest part of the year is summer (April and May) Due to undisturbed for five years grasses were there,
when  the  relative  humidity towards afternoon may be used as fodder by villagers. Rest of the forest was in the
less than 25 % in the valleys and 35-40 % over high lands. form of mixed forest and scrub land. Agriculture is the
The total geographical area of village is 240.45 ha and it principal activity in the region, which depends on the
has  93  households with a total population of 465(2001). natural   forest   vegetation   cover   for   its  sustainability.

Mixed cropping is very common in this land use, which

crops. It helps in maintaining the fertility of soil. The



Global J. Environ. Res., 9 (3): 27-42, 2015

29

Fig. 1: Study area showing position of different land uses, settlements and roads in the village landscape- Pine Forest
OP- Oak Plantation RA- Rain fed Agriculture. IA- Irrigated Agriculture land and AA- Abandoned Agriculture
Land. (Map not to scale)

The main crops grown in the agricultural land uses were Methods: Five major land uses of the village landscape are
amaranth (Amaranthus paniculatus L.), finger millet PF,  OP,  RA, IA and AA. In all land uses, 65 sites within
(Eleusine coracana (L.) Gaertner), rice (Oryza sativa L.), 5  transects  were  selected  for  collecting soil samples.
barnyard millet (Echinochloa frumentacea Link), horse Soil sampling was done for two seasons autumn (October)
gram (Macrotyloma uniflorum (Lam.) Verdc.) and potato 2006 and spring (March) 2007. The study of SOC and TN
(Solanum tuberosum L.). Among rainy season crops, contents of soil were done on unit area basis, for specific
buckwheat (two species: Fagopyrum esculentum (L.) depth  interval.  Stratified  randomized sampling was and
Moench and Fagopyrum tataricum (L.) Gaertner), hog 10 soil cores were taken at the upper, middle and lower
millet  (Panicum  milaceum  L.)   and   foxtail  millet slope positions (1-5 cores at each position) of each land
(Setaria italica L.) are important. use on the landscape. Soil cores were divided into four
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depth profiles of 0-10, 10-30, 30-50 and 50-100 and land uses. In 10-30 cm value ranges from OP (0.12±0.03) to
composite samples were prepared, air-dried, ground and RA (0.06±0.02) and for 30-50 and 50-100 cm all land uses
passed through 2 mm sieve. For 0-100 cm composite soils had approximately equal amount of TN. In complete
samples were homogenized and for each depth five profile maximum value was found for OP (0.10±0.01) to RA
replicates of each composite were analyzed for each (0.06±0.006). In spring for 0-10 cm soil depth the pattern
depth. The SOC was estimated by wet oxidation method was similar to autumn and approximately same value was
[8] and  TN  was  estimated  by  micro-Kjeldal  method. found for IA and OP. In 20-30, 30-50 and complete profile
Dry soil BD at 105°C was estimated by the core method. all land use had almost equal amount (Table 1).
The total stock (Mg ha ) was calculated by following1

standard method [9]. Soil pH was measured in double Effect of  Land  Use  and  Soil   Depth   on   SOC  Stock:
distilled  water  (DDW)  and 1M KCl suspension of In autumn,  for  0-10 cm soil horizon the value of SOC
1:5(Soil: liquid) using a pen type digital pH meter. The (Mg C ha ) ranged from 35.05±1.08 (IA) to 19.67±0.5
AGTB was estimated by carefully measuring (To the (RA). In 10-30 cm soil depth the range of value was found
nearest  1  mm)  the  diameters of trees at breast height between 49.98±0.78 (AA) to 38.57±0.29 (PF) and the
(dbh at 1.37 m above the ground). Boles  20 cm in percentage contribution in all land uses were almost same.
diameter  were  measured with a fabric diameter tape. In 30-50 cm the maximum value found in RA (46.01±0.34)
AGTB present in OP and PF were estimated with the help and minimum in PF (24.46 ± 1.41). In 50-100 cm soil depth
of published allometric equation for region [10]. For the value ranges maximum value found for RA
agroforestry trees in RA, IA and AA, allometric equations (96.16±1.48) and minimum for PF (62.49±1.18). RA, IA, PF
were developed on the basis of model for the region [11]. and  AA  land had 38 - 47 % of their SOC content in the
Trees were named with the help of standard literature for 50-100 cm horizon. For 1m soil depth, value varied from
the region [12].The stock and biomass values obtained (37.99±6.96) in PF to (51.53±4.16) in RA followed by IA
were presented in S.I. unit (Mg ha  or Kg ha ). The LSD (49±4.19), AA(44.45±2.25) and OP (41.87±2.67). In spring,1 1

and t-test were done to compare the means of different the maximum value of SOC content was found in IA
between five land uses two seasons respectively. (34.41± 0.37) and minimum in AA (19.96 ± 0.26). In 10-30

RESULTS in  AA  (39.32  ±  0.87)  and minimum in IA (25.24 ± 0.62).

Effect of Land Use and Soil Depth on % SOC and % TN: by 0-10 cm soil horizon, which was highest among all
In autumn, for 0-10 cm soil depth, the value ranges from other  land  use  type.  In  30-50  cm OP (30.39 ± 0.49) had
3.31±0.34 (PF) to 1.57±0.22 (RA). For 10-30 cm soil depth the maximum  value, minimum value was found in PF
maximum value found in PF (1.98±0.26) and minimum in IA (14.90 ± 0.91). In 50-100 cm soil depth value ranges from
(1.41±0.22) and in 30-50 cm soil depths the trend was 57.69 ± 0.61 (OP) to 27.56 ± 1.03 (PF). In RA land
similar, maximum value found in PF (1.46±0.27) and percentage  contribution of  SOC  for  10-30,  30-50  and
minimum for IA (1.03±0.14). In IA very few agroforestry 50-100 cm soil depth were 24%, 21% and 41% respectively
tree were present but value was comparatively high and were highest among all land uses. In complete profile,
(3.24±0.13). In 50-100 cm soil depth the value ranges from SOC varied from 20 ± 6.3(PF) to 36.38 ± 6.9(OP) followed
PF (1.15±0.19) to OP (0.92±0.03) and in complete profile by 35.69 ± 3.25 (RA), 33.63 ± 2.39 (IA) and 32.19 ± 3.71
maximum value was found in PF (1.98±0.17) to minimum in (AA) (Table 1). 
RA (1.44±0.09). In spring, for 0-10 cm maximum value was
found in IA (2.87±0.06) and minimum in RA (1.56±0.24). Effect of Land Use and Soil Depth on TN Stock: In
For 10-30 cm value ranges from AA (1.39±0.30) to IA autumn, in 0-10 cm soil depth the value ranges from
(0.89±16) and in 30-50 cm soil depth IA (0.83±0.16) to PF 2.37±0.03 (IA) to 0.61±0.02 (PF). Of TN present in PF, 8%
(0.43±0.10). In complete profile maximum value was found was contributed by 0-10 cm horizon and the
in OP (1.45±0.08) to PF (1.08±0.15). In PF from autumn to corresponding  value  was  low  for  all  other  land  uses.
spring 46% lower value was found. The maximum change In 10-30 cm soil depth maximum value found in OP
in  SOC  found in 0-10 cm of all land use land cover type. (3.19±0.13) and minimum in PF (1.82± 0.03). Of total stock,
In autumn for 0-10 cm soil depth, the value of TN in OP 10-30 cm horizon had the highest (35%) contribution in
(0.18±0.04) and IA (0.19±0.02) was high compared to other OP.  In  30-50  cm  soil depth maximum value was found for

1

cm soil depth the result was inverse with maximum value

Of total SOC content present in IA, 26 % was contributed
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Table 1: Showing value (Mean ± SD) of different parameters in major land uses-cover of village landscape in autumn and spring season
Autumn Spring
------------------------------------------------------------------------------ -----------------------------------------------------------------------------

Soil depth (cm) PF OP RA IA AA PF OP RA IA AA

SOC % 0-10 3.31(0.34) 2.46 (0.06) 1.57(0.22) 3.24(0.13) 1.85 (0.32) 1.96(0.19) 2.43(0.07) 1.56(0.24) 2.87(0.06) 1.71(0.20)
10-30 1.98(0.26) 1.69(0.07) 1.47(0.03) 1.41(0.22) 1.77(0.25) 1.04(0.28) 1.27(0.18) 1.10(0.13) 0.89(0.16) 1.39(0.30)
30-50 1.46(0.27) 1.22(0.15) 1.44(0.11) 1.03(0.14) 1.34(0.05) 0.86(0.14) 1.23(0.03) 0.94(0.26) 0.83(0.16) 0.95(0.21)
50-100 1.15(0.19) 0.92(0.03) 1.28(0.06) 1.01(0.04) 1.08(0.13) 0.43(0.10) 0.86(0.29) 0.79(0.04) 0.64(0.15) 0.68(0.05)
0-100 1.98(0.17) 1.58(0.06) 1.44(0.09) 1.68(0.07) 1.51(0.10) 1.08(0.15) 1.45(0.08) 1.10(0.16) 1.31(0.08) 1.19(0.13)

SOC Stock (Mg C ha ) 0-10 26.44(0.42) 26.52(0.19) 19.67(0.50) 34.05(1.08) 21.46(0.31) 15.58(0.20) 25.970.16) 20.93(0.39) 34.41(0.37) 19.96(0.26)1

10-30 38.57(0.29) 45.80(0.47) 44.28(0.22) 47.41(1.75) 49.98(0.78) 21.98(0.88) 31.97(0.52) 33.57(0.46) 25.24(0.62) 39.32(0.87)
30-50 24.46(1.41) 31.31(0.25) 46.01(0.34) 34.91(0.84) 36.01(0.36) 14.90(0.91) 30.39(0.49) 30.15(0.81) 26.05(0.53) 25.60(0.57)
50-100 62.49(1.18) 63.85(0.60) 96.16(1.48) 79.64(1.11) 70.37(1.18) 27.56(1.03) 57.17(2.29) 57.69(0.60) 48.81(1.15) 43.88(0.51)
0-100 37.99(6.96) 41.87(2.67) 51.53(4.16) 49.00(4.19) 44.45(2.25) 20.00(6.30) 36.38(6.90) 35.59(3.25) 33.63(2.39) 32.19(3.71)

TN % 0-10 0.07(0.01) 0.18(0.04) 0.08(0.023) 0.19(0.01) 0.11(0.03) 0.12(0.006) 0.20(0.005) 0.16(0.005) 0.20(0.012) 0.16(0.01)
10-30 0.08(0.006) 0.12(0.03) 0.06(0.02) 0.08(0.006) 0.08(0.002) 0.09(0.008) 0.13(0.005) 0.12(0.002) 0.12(0.004) 0.10(0.003)
30-50 0.07(0.02) 0.06(0.007) 0.04(0.009) 0.06(0.004) 0.07(0.006) 0.09(0.003) 0.10(0.003) 0.101(0.004) 0.09(0.006) 0.09(0.007)
50-100 0.06(0.01) 0.04(0.005) 0.04(0.011) 0.03(0.01) 0.05(0.005) 0.06(0.003) 0.06(0.005) 0.06(0.004) 0.06(0.005) 0.06(0.003)
0-100 0.07(0.01) 0.10(0.019) 0.06(0.006) 0.09(0.004) 0.08(0.008) 0.09(0.002) 0.125(0.002) 0.11(0.003) 0.12(0.002) 0.10(0.005)

TN Stock (Mg C ha ) 0-10 0.61(0.02) 1.96(0.05) 1.19(0.03) 2.37(0.03) 1.33(0.03) 0.95(0.01) 2.17(0.008) 2.13(0.01) 2.47(0.02) 1.89(0.03)1

10-30 1.82(0.03) 3.19(0.13) 2.11(0.06) 2.27(0.03) 2.38(0.02) 2.01(0.02) 3.27(0.04) 3.74(0.02) 3.44(0.04) 3.01(0.02)
30-50 1.27(0.09) 1.54(0.04) 1.30(0.03) 1.87(0.01) 2.07(0.01) 1.62(0.09) 2.50(0.03) 3.22(0.02) 2.86(0.02) 2.43(0.03)
50-100 3.61(0.05) 2.52(0.02) 3.50(0.10) 2.29(0.03) 3.45(0.06) 4.17(0.07) 4.17(0.03) 4.92(0.06) 4.61(0.08) 4.04(0.05)
0-100 1.82(0.35) 2.30(0.45) 2.02(0.38) 2.20(0.1) 2.30(0.18) 2.19(0.40) 3.03(0.24) 3.50(0.23) 3.34(0.18) 2.84(0.23)

C: N Ratio 0-10 44.6(7.84)  13.9(2.65) 18.1(2.36) 16.5(1.52) 16.3(3.97) 16.3(1.53)  11.9(0.64) 9.8(1.54) 13.9(0.81) 10.6(0.94)
10-30 22.5(2.64)  14.7(23.5) 23.5(9.57) 17.5(1.99) 20.9(2.90) 10.9(3.85)  9.8(1.18) 9.0(1.01) 7.3(1.31) 13.1(2.97)
30-50 21.2(3.96) 20.0(2.82) 37.3(11.76) 17.3(1.84) 18.0(1.41) 9.2(1.51)  12.1(0.42) 9.3(2.53) 9.1(1.45) 10.7(2.92)
50-100 19.8(3.94) 23.5(2.75) 28.5(10.05) 33.4(5.06) 20.6(2.94) 6.4(1.54)  13.4(4.97) 11.8(0.75) 10.8(3.36) 10.9(1.23)
0-100 27.02(11.75) 18.02(4.54) 26.84(8.16) 21.16(8.17) 18.95(2.22) 10.7(4.13)  11.81(1.49) 9.96(1.25) 10.27(2.81) 11.32(1.20)

pH (DDW) 0-10 7.54(0.23) 5.68(0.08) 7.28(0.08) 7.30(0.24) 7.48(0.54) 6.70(0.10) 6.74(0.18) 7.00(0.16) 7.34(0.09) 6.64(0.21)
10-30 7.60(0.33) 5.58(0.08) 7.24(0.05) 7.64(0.50) 7.62(0.58) 6.84(0.210 6.48(0.23) 7.10(0.12) 7.30(0.23) 7.24(0.11)
30-50 7.88(0.42) 5.78(0.24) 7.42(0.13) 7.94(0.47) 7.74(0.47) 7.00(0.19) 6.44(0.36) 7.04(0.05) 7.54(0.17) 7.40(0.12)
50-100 8.10(0.22) 6.30(0.21) 7.56(0.18) 7.86(0.26) 7.96(0.46) (7.26(0.18) 6.74(0.18) 7.10(0.23) 7.88(0.15) 7.34(0.11)
0-100 7.78(0.26) 5.84(0.10) 7.38(0.10) 7.69(0.22) 7.70(0.48) 6.95(0.04) 6.60(0.20) 7.06(0.10) 7.52(0.09) 7.16(0.08)

pH (KCl) 0-10 6.54(0.44) 4.88(0.38) 6.24(0.17) 6.66(0.15) 6.40(0.74) 5.38(0.08) 4.92(0.53) 5.70(0.21) 6.26(0.15) 5.52(0.19)
10-30 6.78(0.65) 4.52(0.16) 6.22(0.11) 6.72(0.33) 6.56(0.64) 5.14(0.44) 4.60(0.60) 5.62(0.29) 6.38(0.08) 5.56(0.15)
30-50 6.62(0.64) 4.64(0.32) 6.24(0.13) 6.82(0.44) 6.54(0.54) 5.68(0.15) 4.76(0.30) 5.94(0.21) 6.44(0.23) 5.66(0.11)
50-100 7.34(0.47) 4.98(0.04) 6.38(0.19) 6.34(0.21) 6.52(0.45) 6.26(0.11) 5.40(0.41) 5.52(0.25) 5.94(0.30) 5.76(0.22)
0-100 6.82(0.51) 4.76(0.16) 6.27(0.08) 6.64(0.22) 6.51(0.53) 5.62(0.09) 4.92(0.16) 5.70(0.07) 6.26(0.08) 5.63(0.12)

PF- Pine Forest; OP- Oak Plantation; RA- Rainfed Agriculture ; IA-Irrigated Agriculture; AA- Abandoned Agriculture land

AA  (2.07±0.01)  and  minimum  in  PF (1.27±0.09), but in almost similar. In 30-50 cm soil depth trend was like
50-100 cm soil depth PF (3.61±0.05) had maximum value previous soil depth and the maximum value was found for
and minimum value was found IA (2.29±0.03). In AA RA (3.22±0.02) and minimum for PF (1.62±0.09). In 50-100
percent  contribution to total stock was highest (22%) cm RA (4.92±0.06) had the maximum value and AA
from the 30-50 cm soil depth in comparison to other land (4.04±0.05) had minimum. PF and OP had similar value. 
use-land cover type. PF had maximum contribution (49%)
for 50-100 cm soil depth where as other land uses had C: N Ratio: The C: N ratio of the forest floor is considered
very less value for same horizon. In autumn TN content to be a strong indicator of the degree of nitrogen
varied from 1.82±0.35 (PF) to 2.30±0.18 (AA) followed by limitation or saturation in forested systems and often
OP (2.30±0.45). In complete profile TN contents of soil did correlated with nitrogen mineralization rates and nitrate
not differ significantly (P < 0.05) between any land uses. export [13]. In autumn the C: N ratio up to 1m soil depth
In spring the trend in 0-10 cm was similar to autumn and was found to be maximum for PF (27.02±11.75) and
maximum value was found for IA (2.47±0.02) and minimum minimum for AA (18.95±2.22). For 0-10 cm the value of C:
for PF (0.95±0.01). Of TN (Up to 1m) present in PF only N ratio was exceptionally high for PF (44.6±7.86). For 0-10
11% was contributed by 0-10 cm soil horizon, cm the maximum value was found for PF (16.3±1.53) and
corresponding value was much lower than other land minimum for RA (9.8±1.54). For complete profile the
uses. In 10-30 cm soil depth value ranges from 3.74±0.02 maximum value was for OP (11.81±1.49) and minimum for
(RA) to 2.01±0.02 (PF). In 10-30 cm soil depth the RA (9.96±1.25). Across the soil depth there was no
contribution of TN to total value of all land uses was definite pattern for C: N ratio and higher values in forest
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land uses compared to agriculture is contrary to the and minimum in OP (5.58± 0.08) for 50-100 cm soil depth
finding by Lemenih et al. [13] i.e. lower C: N ratio in and 10-30 cm soil depth respectively. In all land uses the
natural forest than agriculture land uses. No significance value of pH was generally increasing from upper to lower
difference (P < 0.05) in terms of C: N ration was found soil  depth.  The  all land uses were significance different
between different soil depths and seasons. (P < 0.05) from each other except IA when pH was

Soil pH: Many chemical reactions that influence nutrient KCl. In spring the value ranges from 7.88 ± 0.15 (IA) to
availability (e.g. chemical form, adsorption, precipitation) 6.44±0.36 (OP) for 50-100 cm and 30-50 cm soil depth
are influenced by the soil pH. It influences many respectively. In spring season the pH value of PF, RA and
biological and chemical relationships and provides little or AA showed lesser value than autumn. On contrary to it,
direct information regarding the process by which soil the pH value for OP increased from autumn to spring.
process is critically affected by it and in turn critically Normally the hill soils have been noted for severe acidity
affects the productive capacity of a soil. In autumn, the problems, but in our study the value of pH was within the
maximum  soil  pH  (DDW)  was  recorded  in PF (8.1±0.22) prescribed range for soil health.

measured with DDW and OP when it measured by using

Fig. 2: Organic Carbon (%) in different land uses at respective soil depths for autumn

Fig. 3: Organic Carbon (%) in different land uses at respective soil depths for spring

Fig. 4: Total Nitrogen (%) in different land uses at respective soil depths for autumn
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Fig. 5: Total Nitrogen (%) in different land uses at respective soil depths for spring

Fig. 6: C:N ratio in different land uses at respective soil depths for autumn

Fig. 7: C:N ratio in different land uses at respective soil depths for autumn

Fig. 8: SOC stock in different land use at respective soil depths for autumn
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Fig. 9: SOC stock in different land use at respective soil depths for spring

Fig. 10: TN stock in different land use at respective soil depths for autumn

Fig. 11: TN stock in different land use at respective soil depths for autumn

Fig. 12: pH (DDW) in different land use at respective soil depths for autumn



Global J. Environ. Res., 9 (3): 27-42, 2015

35

Fig. 13: pH (KCL) in different land use at respective soil depths for autumn

Fig. 14: pH (DDW) in different land use at respective soil depths for spring

Fig. 15: pH (KCL) in different land use at respective soil depths for spring
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Fig. 16: Bulk density (g cm ) in different land use at respective soil depths for spring3

Soil Texture and Bulk Density: The soil of the area Another study [19] from Meghalaya reported that BA was
varied from loam to sandy loam texture (Table 3). PF had greater  in  plantation  forest  (89.92)  than the natural
the least value for sand than other land use types, but silt forest (73.41). Forest biomass changes as a result of
and clay were more. The value of sand ranges between succession, direct human activities such as harvesting
76.9±0.05  (OP)  to  53.2±1.15  (PF) in 30-50 cm soil layer. and clearing for conversion to non forest use; natural
Silt was maximum in PF (24.0±2.00) for 30-50 cm soil depth disturbances like wild fire etc. The higher BA in PF
and minimum in IA (10.3±1.15) for 50-100 cm soil depth. reflects the AGTB accumulation capacity and carbon
Clay  content  was  again  maximum in PF (22.8±1.15) for sequestration potentials of the land use. The BA of OP is
30-50  cm  soil  depth  and minimum in IA (11.5±0.57) for comparable to other study. Study [20] of Banj oak
10-30  cm  soil depth. There was no significant difference (Quercus leucotrichophora) in forests of Central
(P < 0.05) between the soil layers for sand, silt and clay Himalaya reported similar value of BA (36). Mean AGTB
content in land uses. The maximum value for BD (g cm ) was calculated for all land uses on kg ha  basis. PF had3

was found in RA (1.60±0.06) for 30-50 cm soil depth and maximum value (6426.5±506.82) and minimum in IA
minimum  value  of  BD  was  found in  PF (0.79±0.05) for (91.25±37.1). In our study the reported value is very low
0-10 cm soil depth. Along the soil depth, no definite trend as compared to different forest types of the region. The
in BD was found and forest land use had low value than reason may be these land uses are intensified for biomass
agricultural land uses. The trend is similar to other study harvesting (lopping and firewood) and other agricultural
[14] where the value of BD was significantly higher in the purposes. Only PF shows the value of AGTB near to the
agriculture sites than regenerating and old forests. forest types of Garhwal Himalaya. AGTB was significantly

Ecological Properties of Land Uses: The details of the AA. Highest amount of AGTB was found in PF but this
result are given in Table 2. The tree density (TD) was result is contrary to the study [21] for resembling
calculated on individual per hectare basis. The TD was vegetation types under different ecological conditions,
highest in PF (913.33 ± 145.7) and it was significantly high the highest amount of AGTB was present in oak forest,
(P > 0.05) as compared to the other land-use- land cover where it was climax species. One possible reason for this
types. The lowest value of TD was found in IA (224.44± may  be  that  in  this  study  oak  is  plantation  which  is
44.22). The tree density of OP was significantly higher 30 year old and considered as secondary forest. However,
than IA, RA and AA. There was no significant difference AGTB that was stored in tree over longer time was higher
between the tree density in PF and OP and between RA in RA and AA compared to IA because of higher density
and  AA  (P  >  0.05) found. The other values of mean and low intensity of lopping of agroforestry trees in
stem TD for the region are 294-559 [15] and 315-494 [16]. former. Trees were heavily lopped in IA (Personal
Significant difference in terms of mean basal area (BA m observation) compared to RA and AA. Plant community2

ha ) among all land uses was found except between RA in different land use system varied in terms of TD, BA and1

and AA. The AA had BA (11.87 ± 2.1) much lower than of species richness. No species was common in all land use
PF (115.69±30.4) and OP (35.04±8.71). Higher value in PF types. Seven species viz. Neolitsea pollens, Osmanthus
is comparable to other study [17] from wet evergreen frahrans, Ougeinia oujecinensis, Pinus roxburghii,
forest of Namdapha National Park, India. Other higher Salmalia  malabarica,  Toona  hexandra  and
values of BA from Himalayas are in Deomali Reserve Woodfordia fruticosa were confined to AA. One species
Forest in Arunachal Pradesh recorded over 100 [18]. Quercus    leucotrichophora   to   OP.   Albizia  chinensis,

1

different (P <0.05) in land uses except between RA and
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Table 2: Value (Mean ± SD) of different ecological characteristics of land use-land cover of village landscape in Garhwal Himalaya
BA (m ha ) TD (N ha ) AGTB (Kg ha )2 1 1 1

-------------------------------------------------------- ---------------------------------------------------------- -------------------------------------------------------------
PF OP RA IA AA PF OP RA IA AA PF OP RA IA AA

Tree Species (n=15) (n=15) (n=15) (n=10) (n=10) (n=15) (n=15) (n=15) (n=10) (n=10) (n=15) (n=15) (n=15) (n=10) (n=10)
Albizia chinensis 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00 30.0 0.00 0.00 0.00 0.00 6.10

(0.15) (15.27) (3.86)
Bauhinia perpurea 0.00 0.00 6.13 1.5 0.18 0.00 0.00 233.33 50.0 10.00 0.00 0.00 121.79 26.42 4.11

(1.06) (0.58) (0.07) (31.17) (16.67) (1.33) (18.7) (11.3) (1.16)
Celtis australis 0.00 0.00 0.98 0.43 1.12 0.00 0.00 57.14 20.00 50.0 0.00 0.00 21.14 9.57 23.21

(0.32) (0.29) (0.61) (16.68) (13.33) (26.87) (7.15) (6.38) (12.25)
Ficus auriculata 0.00 0.00 0.00 0.00 1.18 0.00 0.00 0.00 0.00 10.0 0.00 0.00 0.00 0.00 4.19

(0.8) (1.33) (1.79)
Ficus subincisa 0.00 0.00 0.07 0.00 0.00 0.00 0.00 13.33 0.00 0.00 0.00 0.00 2.15 0.00 0.00

(0.05) (2.15) (1.54)
Grewia optiva 0.00 0.00 0.86 0.2 0.00 0.00 0.00 46.33 20.0 0.00 0.00 0.00 18.95 3.72 0.00

(0.32) (0.15) (16.52) (13.33) (6.67) (1.71)
Neolitsia pollens 0.34 0.00 0.00 0.00 0.00 13.33 0.00 0.00 0.00 0.00 6.98 0.00 0.00 0.00 0.00

(0.26) (9.08) (5.14)
Osmanthus frahrans 0.45 0.00 0.00 0.00 0.00 13.33 0.00 0.00 0.00 0.00 8.82 0.00 0.00 0.00 0.00

(0.30) (9.08) (6.03)
Ougeinia oujecinensis 0.95 0.00 0.06 0.2 0.28 40.00 0.00 13.33 10.0 30.0 19.38 0.00 1.80 0.91 7.22

(0.42) (0.05) (0.02) (0.18) (13.09) (9.08) (3.33) (21.38) (.60) (1.13) (0.13) (4.82)
Pinus roxburghii 108.18 0.00 0.77 0.00 2.32 713.33 0.00 13.33 0.00 40.0 6290.57 0.00 19.72 0.00 84.77

(8.15) (0.5) (1.12) (44.57) (9.08) (16.32) (512.88) (14.01) (50.82)
Prunus cerasides 0.00 0.00 1.35 2.68 0.93 0.00 0.00 13.33 10.0 40.0 0.00 0.00 18.42 11.13 22.16

(0.34) (0.35) (0.39) (9.08) (3.33) (16.32) 15.08) (7.43) (8.47)
Pyrus pashia 0.00 0.00 0.33 1.83 0.80 0.00 0.00 6.66 20.0 30.0 0.00 0.00 6.37 11.80 16.72

(0.09) (0.24) (0.44) (1.21) (13.33) (15.27) (6.14) (6.04) (8.6)
Quercus leucotrichophora 0.00 35.03 0.09 0.00 2.63 0.00 873.33 6.66 0.00 120.0 0.00 851.12 3.53 0.00 80.49

(2.25) (0.01) (0.95) (74.62) (1.21) (35.9) (53.71) (1.23) (26.87)
Shorea robusta 0.00 0.00 0.00 0.00 0.93 0.00 0.00 0.00 0.00 20.0 0.00 0.00 0.00 0.00 16.60

(0.67) (13.33) (11.63)
Salmalia malabarica 1.94 0.00 0.00 0.58 0.87 46.66 0.00 0.00 30.00 88.88 34.75 0.00 0.00 8.54 19.91

(0.72) (0.12) (0.49) (16.52) (8.54) (29.34) (12.53) (3.39) (8.82)
Toona hexandra 2.98 0.00 0.44 3.06 0.00 53.33 0.00 20.00 50.0 0.00 48.59 0.00 9.54 6.16 0.00

(0.85) (0.25) (0.31) (13.33) (10.69) (16.67) (13.36) (5.23) (1.16)
Woodfordia fruticosa 0.84 0.00 0.00 0.00 0.00 26.66 0.00 0.00 0.00 0.00 17.41 0.00 0.00 0.00 0.00

(0.39) (11.81) (7.95)
Unknown1 0.00 0.00 0.20 0.40 0.00 0.00 0.00 15.38 10.0 0.00 0.00 0.00 4.87 4.07 0.00

(0.13) (0.17) (9.69) (3.33) (3.34) (1.07)
Unknown2 0.00 0.00 1.20 0.00 0.00 0.00 0.00 33.33 0.00 0.00 0.00 0.00 21.06 0.00 0.00

(0.57) (15.93) (9.95)
Unknown3 0.00 0.00 0.00 4.01 0.40 0.00 0.00 0.00 20.0 10.0 0.00 0.00 0.00 8.89 8.23

(0.4) (0.12) (13.33) (1.33) (1.39) (1.1)
Total 115.68 35.03 12.82 19.83 11.87 906.64 873.33 472.48 240.0 478.88 6426.5 851.23 249.34 91.21 231.7

(7.85) (2.25) (1.02) (0.67) (1.81) (90.2) (74.62) (67.13) (15.27) (76.12) (506.82) (53.71) (41.05) (11.72) (23.22)
PF- Pine Forest; OP- Oak Plantation; RA- Rainfed Agriculture ; IA-Irrigated Agriculture; AA- Abandoned Agriculture land

Table 3: Mean particle size distribution and bulk density (Mean ± SD) of the upper 100 cm soils under different land uses of Dhaulagi village landscape of
Garhwal Himalaya

Soil fraction (%) Soil depth PF OP RA IA AA
Sand 0-10cm 53.9 (1) 70.5 (0.57) 70.5 (0.57) 74.5(0.57) 69.2 (1.15)

10-30 cm 56.2 (1.52) 72.5 (2.51) 68.5 (0.57) 73.5(0.57) 68.5 (1.15)
30-50cm 53.2 (1.15) 76.9 (0.05) 70.5 (0.57) 72.5(0.57) 68.9 (1.0)
50-100cm 55.5 (1.15) 76.5 (0.57) 72.2 (1.52) 73.2(0.57) 70.5 (0.57)
0-100 cm 54.7 (15.4) 73.05(3.2) 70.45 (1.51) 73.4 (0.83) 55.1 (27.4)

Silt 0-10cm 17.7 (1.15) 18.0 (1.0) 13.4.0 (1.7) 13.7 (0.57) 15.3 (0.57)
10-30 cm 21.7 (1.52) 15.3 (2.51) 16.0 (0.57) 15.0 (1.00) 16.3 (1.52)
30-50cm 24.0 (2.00) 11.7 (0.57) 12.7(1.73) 13.0 (0.35) 15.7 (0.57)
50-100cm 23.7 (1.52) 13.0 (1.00) 11.0(1.73) 10.3 (1.15) 14.0 (0.70)
0-100 cm  23.2 (1.0) 14.5 (2.7) 13.6 (2.5) 13.0 (1.9) 15.3 (0.9)

Clay 0-10cm 22.5 (0.57) 11.5 (1.15) 13.5 (1.52) 11.8 (0.57) 15.5 (0.57)
10-30 cm 22.1 (0.08) 12.1 (0.05) 18.1 (1.52) 12.1(0.57) 15.1 (1.00)
30-50cm 22.8 (1.15) 11.5 0.57) 16.8 (0.57) 14.5(0.57) 15.5 (0.57)
50-100cm 20.8 (0.57) 10.5 (1.52) 16.8 (0.57) 16.5(0.57) 15.5 (0.57)
0-100 cm  22.03 (0.8) 11.37 (0.68) 15.95 (1.66) 13.45 (2.4) 15.37 (0.16)

BD (g cm ) 0-10cm 0.79 (0.05) 1.07 (0.05) 1.33 (0.07) 1.20 (0.11) 1.17 (0.15)3

10-30 cm 1.03 (0.16) 1.26 (0.17) 1.52 (0.08) 1.41 (0.14) 1.41 (0.09)
30-50cm 0.88 (0.49) 1.23 (0.18) 1.60 (0.06) 1.57 (0.07) 1.34 (0.09)
50-100cm 1.24 (0.26) 1.28 (0.15) 1.45 (0.18) 1.53 (0.19) 1.29 (0.13)
0-100cm 0.99 (0.18) 1.21 (0.10) 1.48 (0.06) 1.42 (0.05) 1.30 (0.07)

PF- Pine Forest; OP- Oak Plantation; RA- Rainfed Agriculture ; IA-Irrigated Agriculture; AA- Abandoned Agriculture land
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Bauhinia perpurea, Celtis australis, Ficus auriculata, from high temperature and oxidation, cause eventually
Ougeinia oujecinensis, Pinus roxburghii, Prunus increase in soil organic carbon contents. Study on soil
cerasides, Pyrus pashia, Quercus leucotrichophora, [27] reported that the abandonment of agriculture and the
Salmalia malabarica, Shorea robusta, Toona hexandra subsequent regeneration of forest may return carbon
and one unknown species were present in AA. RA had storage to pre-agricultural amounts and the rate of
large number of species viz. Bauhinia perpurea Celtis recovery depends on the time frame. Other finding [28]
australis, Ficus subincisa, Grewia optiva, Ougeinia also reported that shrub could store more soil carbon at
oujecinensis, Pinus roxburghii, Prunus cerasides, Pyrus the deep soil horizon. Shrub may allocate more biomass to
pashia, Quercus leucotrichophora, Toona hexandra, roots through waxes and lignin which contains more
unknown sps2 and unknown sps3. IA had Bauhinia cellulose to synthesize and more roots, especially fine
perpurea, Celtis australis, Grewia optiva, Ougeinia roots, can fix more carbon. Of total SOC present in PF, 17
oujecinensis, Prunus cerasides, Pyrus pashia, Salmalia % was contributed by 0-10 cm horizon and the
malabarica, Toona hexandra, Unknown sps1 and corresponding value was approximately same for IA. The
Unknown sps2. AA had the highest species richness (13) comparatively higher percentage of SOC in 0-10 cm soil
followed by RA (12), IA (10), PF (7) and OP (1). In total 20 horizon in PF and OP was due to addition of organic
different tree species found in the village landscape. No materials such as leaf litter and maintenance of soil
single species was common in any land use under the moisture reduce oxidation of organic matter. In RA the
study. percentage contribution from the 30-50 cm horizon was

DISCUSSION Roots in agroforestry system comprise up to 30% of total

The present study shows that SOC decrease with role in increasing below ground carbon pool [29]. This
depth in all land use types but pattern of change was not may be possible reason for maximum amount of SOC in 30-
definite. The range of value for SOC in 0-10 cm soil depth 50 and 50-100 cm soil horizon found in RA having
was found in the study is between 33.1 ± 3.4 g kg (PF) considerable of agroforestry trees. In PF the %value for1

in autumn to 15.6 ± 2.4 g kg  (RA), is comparable to the SOC was high but stock value was low, this is due to the1

value reported in other study [22], (18-25 g/kg) in a lower value of BD. Another study of soil BD [30]
radically different climate, soil and management system of observed the similar trend, decline in soil organic matter
Amazonia. But the values are substantially higher than but increase in BD following conversion of forest to
the values reported value [22] of (2.5- 2.9 g kg ) in a agriculture land use in Brazil. Many studies have reported1

similar climate but different soil management system in that BD affects comparison of SOC stock between land
Oregon, USA. Another study [23] also reported lower uses by influencing the amount of soil that are sampled
value and SOC value was 4.91 g kg  in RA and 6.53 g from a fixed soil depth [31]. Lowest contribution from PF1

kg  in  IA  system. RA had the least value of % SOC may be due to fact that planting coniferous trees1

since  continuous  cultivation  in  conjunction  with significantly reduce SOC stock by 15% [9]. There was no
residue removal and tillage are known to induce a more significance difference (P < 0.05), between different land
rapid  mineralization  of  soil  organic  by  disrupting uses and two seasons under the study. This result is
macro-aggregates and lead to the mineralization of soil contrary to numerous studies in the tropics where it is
organic matter within physically protected aggregates demonstrated that loss of SOM takes place during the
[24]. In this study average SOC concentration for 1m soil conversion of forest or savanna ecosystems either annual
horizon in forest and agriculture land uses was below 2%, or perennial cropping systems [32]. Reviewed research [9]
considered to be critical level of organic carbon required on SOC stocks and land use change and indicated that it
for maintenance of satisfactory soil aggregate stability decline after land use change from pasture to plantation,
[25]. The value was more in IA than RA, may be due to, in native forest to plantation, native forest to crop and
general crops grown under irrigated condition of the pasture to crop; but increased if land use change from
region receive higher (25-40 Mg ha ) amount of farmyard native forest to pasture crop to pasture, crop to plantation1

manure than those grown under RF (15- 35) [26]. The and crop to secondary forests. Other study showed [33]
higher value of carbon stock in AA (21.46±0.31) than RA the decline in SOC in surface soils (0-10 cm soil horizon)
(19.67±0.5) was may be due to fact that it was left of cultivated area compared with virgin soils, as a result of
uncultivated for five years and had thick layer of grass exposure to tillage and subsequent mineralization of
and shrubs leading to protection of soil organic matter organic  compounds.  Study  from south east Queensland,

higher (22%) in comparison to other land-use types.

tree biomass and therefore they could play a significant
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Australia [34] reported a marked decline in SOC as land China [23] reported TN (0.52-1.05 g Kg ) found over a
use shifts from forest to other uses. Similarly a significant period of about 20 years the SOC increased approximately
reduction in SOC after conversion of humid tropical forest 41 % and TN increased about 102 % when natural forest
to maize cultivation in the south Eastern Ethiopia, with converted to cultivated land. The high value shows acidic
SOC stock ranges from 58.3 to 63.9 Mg ha  in forest soil soil and slow decomposition rate of organic matter1

and 33.9 to 39.7 Mg ha  in cultivated soil and soil carbon present as pine litter. Typically C: N varies from 9-12. C: N1

was significantly lower in cropland soil than soil under the ratio above 12- 14 often is considered indicative for a
natural vegetation [35]. In our study for all land use types, shortage of nitrogen in the soil. In spring the value of C:
the value of SOC (Up to 1m) was more than 1%. So, it may N ratio was lower for all land uses in all soil depth than
be stated that the value of SOC is adequate for autumn. Effect of soil depth or land use type on soil pH
maintaining the soil health. The other possible reason for was not marked as like SOC. Soil of OP was more acidic
improvement of SOC of in IA may be addition animal than other land use types. The comparatively higher pH
manure combined with large quantities of forest products in PF is also reported elsewhere [39] may be due to slow
collected for animal bedding and fodder account for a decomposition of pine litter, leads to production of
considerable proportion of nutrient supply. In autumn the organic acids and also delay in return of base cation to
percentage carbon and carbon stock was more in RA and soil. Low pH value in OP is perhaps due to higher decay
IA than spring, the reason may be Rabi (Winter) season rate of oak litter, leads to speedy return of base cation.
crops receive higher quantity of farmyard manure than The percentage contribution to biomass by each species
kharif (Summer) season crops in IA as well as RA [26]. In varied across the different land uses. In PF, Pinus
0-10 cm soil horizon the minimum value for SOC was roxburghii contributed about 97.88% of total biomass
found in RA. The reason for this may include comparably followed by Toona hexandra (0.75%) and Salmalia
less organic inputs (Litter , crop residue, manure) and malabarica (0.54%). In OP, Quercus leucotrichophora
increased mineralization rates of soil organic matter cause contributed to all tree biomass. RA had diverse
by tillage, increased in temperature due to direct exposure contribution by different species and maximum
of soil surface to sunlight and increased wetting and contribution was made by Bauhinia perpurea (48.9),
drying cycles etc. Up to 1m soil depth, PF had maximum followed by Celtis australis (8.6%). In IA maximum
contribution (48%) from 50-100 cm soil horizon. The value contribution was made by Bauhinia perpurea (28.9%),
in complete profile varied from 3.5±0.23 (RA) to 2.19±0.4 followed by Salmalia malabarica (9.35%) and Toona
(PF). The possible reason may be due to fact that was full hexandra (6.75%). AA had highest contribution by Pinus
of agroforestry trees and many study supports that roxburghii (30.2%), followed by Quercus
agroforestry have potential for increasing soil nitrogen leucotrichophora (28.6%) and Celtis australis (8.27%).
through biological nitrogen fixation and nutrient retrieval
from the deeper soils [36]. The maximum mean value of TN CONCLUSION
in 0-10 cm was found in IA, may be due to fact that
nitrogenous fertilizers were being used by farmers. In Conversion of forest to other changed and
general our study is contrary with other studies [37] intensified land uses is a huge concern for carbon
where  the  soil  nutrients  decreased  with  intensification emission and biodiversity conservation. The estimation of
of  land  uses.  The  minimum  value  was found in PF stock value for different soil depth interval shows that
(0.61± 0.02) which is lower than other study. Study from maximum fluctuation takes place in 0-10 cm depth i.e.
Korean PF [28] showed 1.91 (0-10cm), 0.14 (10-30cm) and plough depth in agriculture land uses and zone of
0.12 (30-100 cm) gram nitrogen per 100 gram of soil in microbial activity in agriculture as well as forest land use.
primary forest. The reason for this may be that high C: N However, if stock value up to 1m soil depth is compared,
ratio and pH may cause rapid mineralization of nitrogen there is no significance difference between the land uses.
and nitrate leaching in upper soil layer. The higher value Agroforestry trees have considerable impact in
in OP than PF can be understands by the fact that higher maintaining stock particularly in deeper layer. So, the
nitrogen content found in oak litter than pine litter [38] sustainability and improvement in the quality of
and hence it retrieve in the soil of OP. The AA had higher agriculture and forest land uses can be maintained by
TN than PF in 0-100 cm soil horizon; this may be due to practices like fallowing, agroforestry and use of farmyard
fact that this land used was full with deciduous manure. Fallowing shows improved the stock value in
agroforestry trees. Another study from Guzhou, north AA. The lower value of pH in OP didn’t have any impact

1
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on total stock value of SOC and TN. Our study shows 2. Semwal,  R.L.,   S.  Nautiyal,  K.K.  Sen,  U.   Rana,
that change in stock may be a long term process and
seasonal variation is negligible. The BD and texture didn’t
fluctuate much in forest and agriculture land uses. PF had
very high value of TD and BA, similar to natural forests of
other part of Himalaya, but having least amount of SOC
and TN. So it may be concluded that AGTB may or may
not  control  the  amount  of  stocks  present  in  the soil.
In spite of having highest anthropogenic activities and
lowest AGTB, the stock of IA was high and well managed
by the villagers. In general OP had high value of carbon
and nitrogen stock than PF. It can be concluded that OP
have more carbon sequestration potential than PF, but
exact sequestration potential capacity would be only
emerge when carbon pools are estimated with fluxes.
Growing trees in association with agriculture crops is
more efficient in terms of conservation of carbon and
nitrogen as compared to single crop/ plantation system.
IA is the most intensively used among all land use/ land
cover type, despite that SOC and TN is more. This shows
that land use management like application of farmyard
manure increases the SOC and TN, especially in 0-10 cm
soil horizon. Variation in SOC and TN was more
pronounced in upper soil horizon, however in lower soil
horizon it was not significant, this shows that land
management practices have great role in maintenance of
SOC and TN. SOC stock do not influence by irrigation
practices, since in this study RA land shows maximum
value. This study does not cover the other land use type
of Garhwal Himalaya i.e. Home Garden, Oak forest, Scrub
land etc. Mere estimation of stock at village landscape
level is small effort to understanding the carbon
deposition in soil. The more comprehensive effort is
required to estimate emission of carbon from land use and
future studies should include carbon actually stored in
other component of soil like microbial biomass, carbon in
herbs and shrubs layer, humus etc.

Author’s Contributions: Mr. Bal Krishan Choudhary
(Assistant Professor) carried out the experiments,
performed the calculations and prepared the manuscripts
and Dr. K.G. Saxena (Professor,) Research supervisor had
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REFERENCES

1. Rao, K.S. and K.G. Saxena, 1994. Sustainable
development and rehabilitation of degraded village
lands in Himalaya. Himavikas publication No. 8.
Dehradun.

R.K. Maikhuri, K.S. Rao and K.G. Saxena, 2004.
Patterns and ecological implications of agricultural
land-use changes: a case study from Central
Himalaya, India. Agriculture Ecosystem and
Environment, 102: 81-92.

3. IPCC, 2000.Land use, Land use change and Forestry.
A special report of IPCC. Cambridge University
Press, Cambridge, pp: 377.

4. Parker, C., A. Mitchell, M. Trivedi and N. Madras,
2008. The little REDD book: a guide to governmental
and non-governmental proposal for reducing
emissions from deforestation and degradation. Global
Canopy Programme, Oxford.

5. Henrot, J. and G. Robertson, 1994. Vegetation
removal in two soils of the humid tropics: effect on
microbial  biomass.  Soil  Biology  and  Biochemistry,
1: pp 111-116.

6. Karlen, D.L., S.S. Andrews and J.W. Doran, 2001. Soil
quality: current concepts and applications. Advance
Agronomy, 74: 1-40.

7. Houghton, R.A., 2005. Aboveground forest biomass
and the global carbon balance. Global Change
Biology, 11: 945-958.

8. Walkley, A. and A. Black, 1934. An examination of
method for determining soil organic matter and a
proposed modification of the chromic acid titration
method. Soil Science, 37: 29-37.

9. Guo, L.B. and R.M. Gifford, 2002. Soil carbon stocks
and land use change: a meta analysis. Global change
Biology, 8: 345-360.

10. Tiwari, A.K. and J.S. Singh, 1984. Mapping forest
biomass in India through aerial photographs and
nondestructive field sampling. Applied Geography,
4: 151-165.

11. Semwal, R.L., R.K. Maikhuri, K.S., Rao, K.K. Sen and
K.G. Saxena, 2003. Leaf litter decomposition and
nutrient release pattern of six multipurpose tree
species of Central Himalaya, India. Biomass and
Bioenergy, 24(1): 3-11.

12. Gaur,  R.D.,  1999.  Flora  of  the District Garhwal.
North-West Himalaya. Transmedia, Srinagar,
Garhwal.

13. Lemenih, M., E. Karltum and M. Olsson, 2005.
Assessing soil chemical and physical property
responses to deforestation and subsequent
cultivation in smallholders farming system in
Ethiopia. Agriculture Ecosystem and Environment,
105: 373-386.



Global J. Environ. Res., 9 (3): 27-42, 2015

41

14. Hagen-Thorn,   A.,  I.  Callesen,  K.  Armolaitis  and 25. Greenland, D.J., D. Rimmer and D. Payne, 1975.
B. Nihlgard, 2004. The impact of six European tree
species on the Chemistry of mineral top soil in forest
plantations on farmer agriculture land. Forest
Ecology and Management, 195: 373-384.

15. Jha, C.S. and J.S. Singh, 1990. Composition and
dynamics of dry tropical forest in relation to soil
texture. Journal of Vegetation Science, 1: 609-614.

16. Pandey, S.K. and R.P. Shukla, 2001. Regeneration
strategy and plant diversity status in degraded sal
forests. Current Science, 81: 95-102.

 17. Nath, P.C., A. Arunachalam, M.L. Khan, K.
Arunachalam and A.R. Barbhuiya, 2005. Vegetation
analysis and tree population structure of tropical wet
evergreen forests in and around Namdapha National
Park, northeast India. Biodiversity and Conservation,
14: 2109-2136.

18. Bhuiyan, P., M.L. Khan and R.S. Tripathi, 2003. Tree
diversity and population structure in undisturbed
and human-impacted stands of tropical wet evergreen
forests of Arunachal Pradesh, eastern Himalaya,
India. Biodiversity and Conservation, 12: 1753-1773.

19. Baishya, R., S.K. Barik and K. Upadhaya, 2009.
Distribution pattern of aboveground biomass in
natural and plantation forests of humid tropics in
northeast India. Tropical Ecology, 50(2): 295-304.

20. Thadani, R. and P.M.S. Ashton, 1995. Regeneration
of banj oak (Quercus leucotrichophora, A. Camus) in
the Central Himalaya. Forest Ecology and
Management, 78: 217-224.

21. De Jong,    B.H.,    M.A.    Cairns,    P.K.  Haggerty,
N. Ramirez-Marcial, S. Ochoagaona, J. Medozavega,
Gonzalez-Espinosa and M. March-Mifset, 1999. Land
use change and carbon flux between 1970s and 1990s
in central Highlands of Chiapas, Mexico.
Environment Management, 23: 373-385.

22. Janssen,   B.H.    and   Willigen   Peter   De,  2006.
Ideal and saturated soil fertility as bench marks in
nutrient management II. Interpretation of chemical
soil  test  in  relation to ideal and saturated soil
fertility. Agriculture Ecosystem and Environment,
116: 147-155.

23. Sharrow, S.H. and S. Ismail, 2004. Carbon and
nitrogen storage in agroforestry, tree plantation and
pastures in western Oregon, U.S.A. Agroforestry
Systems, 60: 123-130.

24. Follett, R.F. and D.S. Schimel, 1989. Effect of tillage
practices on microbial biomass dynamics- American
Journal of Soil Science, 53: 1091-1096.

Determination of the structural stability class of
English and Welsh Soils, using water coherence test.
Journal Soil Science, 26: 294-303.

26. Maikhuri, R.K., K.S. Rao and R.L. Semwal, 2001.
Changing scenario of Himalayan agroecosystems:
loss of agrobiodiversity, an indicator of
environmental change in Central Himalaya, India. The
Environmentalists, 21: 23-29.

27. Post, W.M. and K.C Kwon, 2000. Soil Carbon
sequestration and land use change: Process and
Potential. Global Change Biology, 6(3): 317-327.

28. Chen, X., Li and Bai-Lian, 2003. Changes in Soil
Carbon and nutrient storage after human disturbance
of primary Korean pine forest in northeast China.
Forest Ecology and Management, 186: 197-206.

29. Young, A., 1997. Agroforestry for Soil Management.
CAB International, Wallingford, UK.

30. Pando-Moreno, E. Jurado, M Mazano and E. Estrada,
2004. The influence of land use on desertification
process. Journal of Range Management, 57: 320-324.

31. Solomon, D., F. Fritzche, J. Lehmann, M. Tekalign
and W.  Zech,  2002.  Soil  organic  matter dynamics
in sub-humid agroecosystems of Ethiopian
highlands: evidence from natural C abundance and13

particle size fractions.  Soil  Science  Society.
American Journal, 66: 969-978.

32. Islam, K.R. and R.R. Weil, 2000. Land use effects on
soil quality in a tropical forest ecosystem of
Bangladesh.  Agriculture  Ecosystem  Environment,
79: 9-16.

33. Dalal, R.C., B. Harms, E. Krill and W. Wang, 2005.
Total organic matter and its labile pools following
mulga (Acacia aneura) Clearing for pasture
development and cropping . Total and labile carbon.
Australian Journal of Soil Research, 43: 13-20.

34. Collard, S.J. and C. Zammit, 2006. Effects of land use
intensification on soil carbon and ecosystem
services in Briglaw (Acacia harpophylla) landscapes
of Southeast Queensland, Australia. Agriculture
Ecosystems and Environment, 117: 185-194.

35. Solomon, D., J. Lehmann and W. Zech, 2000. Land
use effect on soil organic matter properties of chronic
luvisols in Semi- arid northern Tanzania: carbon,
nitrogen, lignin and carbohydrates. Agriculture
Ecosystem and Environment, 78: 203-213.

36. Shephered,  K.D.,  E.  Ohlsson,  J.R.   Okalebo  and
J.K. Ndufa, 1996. Potential impact of agroforestry on
soil nutrient balances at the farm scale in the east
African highlands. Fertility Research, 44(2): 87-99.



Global J. Environ. Res., 9 (3): 27-42, 2015

42

37. Zeilder, J., S. Hanrahan and M. Scholes, 2002. 39. Sanborn, P., 2001. Influence of broad leaf trees on
Landuse intensity affects range condition in arid to soil chemical  properties:  a  retrospective study in
semi  arid  Namibia.  Journal  of   Arid  Environment, the sub-boreal spruce zone, British Colombia,
52: 389-403. Canada, Plant Soil, 236(1): 75-82.

38. Upadhyaya, U.P., J.S. Singh and V. Meentemeyer,
1989. Dynamics and weight loss of leaf litter in
central Himalayan forests: Abiotic versus litter
quality influences. Journal of Ecology, 77: 147-161.


