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Abstracts: The present study was undertaken in different deodar temperate forest of Uttrakhand in Garhwal Himalaya, 
India. The aim of the study was to evaluate the changes in the physico-chemical properties of soils in different deodar forest 
of Garhwal Himalaya after 15 years as previous study was carried out in 2000 in the same studied sites by Bhatt et al. The 

changes in physico-chemical properties of soil were assessed by laying out five 0.1 ha sample plots by recognizing GPS 
location of the earlier study on each location. The composite soil samples were collected from each sample plot at three 
different soil depths (0-10 cm, 11-20 cm and 21-30 cm). The standard method was used to analyze the soil sample. To study 
the Physico-chemical properties of soil various parameter viz. Soil organic carbon %, available phosphorus, available 
potassium, pH and moisture content % was analyzed. The outcome of the study revealed that the values of soil organic 
carbon %, available phosphorus, available potassium, pH and moisture content % ranged between 0.24% to 0.68 %, 7.76 to 
64.21 kg/ha, 63.5 kg/ha to 406.6 kg/ha, 5.07 to 5.87, 14.72 % to 41.99 % respectively. In the present re-visitation study, the 
huge changes was seen in the physico-chemical properties of soil mainly in Organic Carbon %, soil pH and moisture content 

%  as they all decreases due steep topographic condition, slow decomposition rate whereas there was increase in the 
available Phosphorus. These changes are more likely attributable to the combined effect of growth and use of soil nutrients 
by the trees in respective sites. 
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INTRODUCTION 

 

oil is a complex system wherein living soil 

organisms belonging to different taxonomic 

groups interact at different levels within the 

community and plays a significant role in the 

maintenance of soil properties (Garbeva et al., 2004, 
Van et al., 2002). Soil microorganisms constitute a 

source and sink for nutrients and are involved in 

decomposition of wood, litter, organic matter, 

generating organic C, N and energy from these 

organic substrates (Ganjegunte et al., 2004, Lindahl 

et al., 2007). 

Soils in the Himalayan region are very well suited for 

high productivity and sustainability. But due to 

increased anthropogenic activities like rapid 

urbanization and infrastructure development in the 

naturally delicate ecosystem with unstable geology, 

steep slopes and heavy rains had hastened the 
degradation process of fertile soil in the Himalayan 

region. Many studies confined to agricultural soils 

have been performed to determine the ecological and 

environmental factors regulating microbial 

community structure (Baek and Kim, 2009, Grayston 

et al., 2001, Hogberg et al., 2007). Besides, the soil 

and vegetation have a complex interrelation because 

they develop together over a long period. Soil 

analysis shows the forest types and plant density of 

any area because the different species of plants need 

different types of soils. The selective absorption of 
nutrient elements by different plant species and their 

capacity to return them to the soil brings about 

changes in soil properties (Singh et al., 1986).The 

properties of the soil are an important factor for the 

growth of the plants. Some of these properties 

including the percentage of nitrogen, phosphorus, 

potassium, soil acidity, soil salinity, and pH affect 

vegetation cover in an ecosystem (Zarinkafsh, 1987). 
Bhatt in 2000 studied five different forests of deodar 

at five sites namely Ghimtoli, Dhanolti, Dewarkhal, 

Devidhar and Jhandidhar of Garhwal Himalaya to 

study the physico-chemical properties of soil. The 

present study was also conducted on the same sites 

mentioned above by recognizing the GPS location of 

the earlier study as the re-visitation study, which was 

aimed to understand the changes in the various 

physico-chemical characteristics of soil of Cedrus 

deodara forests of Garhwal Himalayas over 15 years. 

 

MATERIALS AND METHODS 
 

Five forest stands of Cedrusdeodara in different 

parts of Garhwal Himalayas (Lat.290 26‟ to 310 28‟ N 

and Longi.770 49‟ to 800 06‟ E) were recognized with 

the help of GPS coordinates for identifying the 

changes in the physico-chemical properties of soil in 

a re-visitation study over 15 years (Fig.1). The earlier 

study was made by Bhatt et al. (2000) at these 

studied sites. The same sites in the present study 

were located with the help of geographic information 

as presented in Table 1. 

S 
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Table 1. The geographic information of different studied sites 

S.No Locality /District Alt (m) Longitude Latitude 

1 Ghimtoli / Rudraprayag 2300 780 15‟ 300 „23 

2 Dhanolti / TehriGarhwal 2200 780 52‟ 300 23‟ 

3 Dewarkhal / Uttarkashi 2300 780 26‟ 390 44‟ 

4 Devidhar / Rudraprayag 1900 780 15 290 25‟ 

5 Jhandidhar / Pauri 2000 780 46‟ 300 8‟ 

 

METHODOLOGY 

 

To investigate the changes in the physico-chemical 

properties of soil in Cedrus deodara forests, five 

sample plots of 0.1 ha were laid out on each location. 

Thus a total of 25 sample plots were laid out in all 

the five locations.  

Soil Analysis 

Composite soil samples (four samples from four 

corners and one from the center of the sample plot) 

were taken and later on were mixed-depth-wise like 
0-10 cm soil of one corner of sample plot mixed with 

0-10 cm soil of other four corners  of  the same 

sample plot and like that other soil samples were 

mixed depth-wise). The samples were collected from 

three different depths viz., (i) upper (0–10 cm), (ii) 

middle (11–20 cm) and (iii) lower (21–30 cm) for 

assessing the physical and chemical properties of soil 

in all the five selected forest of deodar. The total 

number of composite soil samples from the single 

site was 15 and total composite soil samples among 

all the five sites were 75. 

The samples were brought to the laboratory in tightly 

closed polythene bags and fresh weight of each 

composite sample was recorded. The samples were 

air-dried, grinned and passed through 2 mm sieve for 

pH, soil moisture content %, organic carbon content, 
available phosphorus, and exchangeable potassium 

by technique shown in Table 2. The soil analysis was 

done in the soil science laboratory of New Tehri, 

Tehri Garhwal, Uttrakhand. 

 

Table 2. Physico-chemical properties 

S. 

No. 
Component Method adopted References 

1 Soil pH Standard  paste technique using Ec and 

pH meters 

Rhoades,1982 

2 Organic Carbon % Potassium dichromate reduction of 

organic carbon and spectrophotometric 

measurements 

Walkey and Black, 1982 

3 Available 

phosphorus 

Olsen‟s method, Colorimetry Olsen et al. (1954) 

4 Available 

potassium 

Neutral normal NH4OAc, Flame 

photometry 

Stanford and English (1949) 

5 Moisture Content 

% 

(Fresh weight-Dry Weight) ×100 

Dry weight 

Misra, 1968. 

 

 

Calculation of Correlation coefficient 
Correlation coefficient between Growing stock 

versus Organic carbon, Available phosphorus and 
Available potassium were calculated as per Freese 

(1967). 

 

RESULTS AND DISCUSSION 

 

Changes in Physico-chemical properties of soils 

under different C. deodara forests of Garhwal 

Himalaya: 

Changes in Soil Organic Carbonpercentage: 
The comparison of present soil organic percentage 

reported by Bhatt, reveals that over these 15 years, 
organic carbon percentage decreased in all the 

studied sites because of poor understory vegetation 

among all the sites which leads to the slow 

decomposition of organic matter. A decrease in 

organic carbon percentage may also due to slower 

microbial activities among all the sites. According to 

Bhatt, the average organic carbon % was 1.64 % 

(Ghimtoli), 1.47% (Dhanolti), 1.56% (Dewarkhal), 
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2.07 % (Devidhar) and 1.18 % (Jhandidhar), whereas 

after 15 years in the same studied sites it was 0.57 % 

(Ghimtoli),0.62% (Dhanolti), 0.24% (Dewarkhal), 

0.68% (Devidhar) and 0.58% (Jhandidhar).(Table 

no.3 and Fig.1).Sharma et al., (2012) while working 

on the soil chemical properties in relation to forest 
composition in moist temperate valley slopes of 

Garhwal Himalaya observed 2.29 % organic carbon 

in mixed Abiespindrow forest and 4.31 %organic 

carbon in Aesculus indica forest typessimilarly. 

Digvijay et al., (2015) has worked on biomass and 

carbon stocks in different deodar forests of Garhwal 

Himalaya. In this study they ranged soil organic 

carbon percent in all the sites from 1.42 to 1.70 %, 
1.29 to 1.67 % and 1.41 to 1.61 % for 0-15 cm, 16-30 

cm and 31- 45 cm soil depth respectively.

 

 
Fig. 1. Changes in soil organic carbon percentage over 15 years 

 

The highest soil organic carbon % was obtained 

under Devidhar forest and lowest under Dewarkhal 

forest. The soil enrichment with soil organic carbon 

content in Devidhar could be due to the addition of 

litter, thick humus layer and minimum soil organic 

carbon % were recorded in Dewarkhal due to poor 

understory vegetation and heavy rainfalls recorded in 

Uttarkashi region as compared to Rudraprayag 

district. This might have a key factor contributing to 

decreasing soil organic carbon content, which may 

erode the soil surface and removed organic matter- 

rich fine sediments from the soil surface. 

 

Table 3. Changes in the soil organic carbon percentage 

S.NO LOCALITY SOIL ORGANIC CARBON % IN 

2000 

SOIL ORGANIC CARBON % IN 

2016 

RANGE X* SE* RANGE X* SE* 

1 GHIMTOLI 

A 

B 

C 

 

1.01-
2.25 

0.91-

1.86 

1.35-

2.10 

 

1.81 
1.39 

1.73 

 

0.21 
0.61 

1.73 

 

0.03-1.40 
0.03-1.17 

0.02-1.31 

 

0.66 
0.35 

0.71 

 

0.29 
0.31 

0.28 

Average   1.64 0.13  0.57 0.26 

2 DHANOLTI 

A 

B 

C 

 
0.62-

2.27 

0.49-

2.21 

0.41-

2.69 

 
1.35 

1.32 

1.81 

 
0.31 

0.31 

0.48 

 
0.27-1.05 

0.33-0.90 

0.30-1.05 

 
0.21 

0.26 

0.25 

 
0.06 

0.01 

0.07 

Average   1.47 0.18  0.62 0.12 
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3 DEWARKHAL 

A 

B 

C 

 

1.07-

2.02 

0.61-
2.02 

1.07-

2.21 

 

1.61 

1.35 

1.73 

 

0.22 

0.25 

0.22 

 

0.12-0.44 

0.21-0.32 

0.05-0.45 

 

0.21 

0.26 

0.25 

 

0.06 

0.01 

0.07 

Average   1.56 0.18  0.24 0.04 

4 DEVIDHAR 

A 

B 

C 

 

0.76-

6.70 
0.33-

6.21 

0.25-

1.28 

 

3.42 

0.66 
0.76 

 

1.35 

0.20 
0.18 

 

0.02-1.44 

0.08-1.32 
0.02-1.35 

 

0.83 

0.43 
0.78 

 

0.32 

0.23 
0.30 

Average   2.07 0.90  0.68 0.28 

5. JHANDIDHAR 

A 

B 

C 

 

0.49-
2.05 

0.58-

1.61 

0.61-

1.54 

 

1.16 
1.09 

0.85 

 

0.25 
0.19 

0.18 

 

0.03-1.35 
0.06-1.35 

0.20-1.35 

 

0.58 
0.80 

0.37 

 

0.20 
0.29 

0.25 

Average   1.18 0.22  0.58 0.24 

*X=MEAN,SE= STANDARD ERROR 

 

Changes in Soil pH 

The present study results showed in Fig.2 , according 

to Bhatt, the average soil pH of the same studied sites 

was 6.37 (Ghimtoli), 6.43 (Dhanolti), 6.45 

(Dewarkhal), 6.16 (Devidhar), and 6.12 (Jhandidhar). 

However, after 15 years the soil pH decreased and in 

the present study, it was 5.82 (Ghimtoli), 5.07 

(Dhanolti), 5.87 (Dewarkhal), 5.64 (Devidhar) and 

5.55 (Jhandidhar). The decrease in soil pH over a 

period of 15 years clearly depicting that the nature of 

conifer forests became acidic in due course of time as 
a result of podzolozation. (Table no. 4). Gairola et 

al., (2012) studied the Conifer mixed broadleaf forest 

and Abiespindrow forest in Mandal – chopta, 

Chamoli Garhwal region and Khera et al. (2001) for 

Quercusleucotrichophora and Q. floribunda forest in 

Uttarkashi Garhwal region have also reported acidic 

pH values i.e. 5.47 and 5.20.  This may be due to 

higher organic matter content and protected nature of 

forest. Tiwari et al., (2013) studied the Physico-

chemical properties of soils in cool-temperate forests 

of the “Nanda Devi Biosphere Reserve” in 

Uttarakhand (India). Their study revealed that the 

parent material of the study area represents 

crystalline rocks and comprises of garnetiferous 
mica, schists, garnet mica and mica quartzite. The 

soil was found acidic in nature, which ranged from 

5.09 ± 0.06 to 6.46 ± 0.05 for 0 to 45 cm depth.
 

 
Fig. 2. Changes in soil ph over 15 years 
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Table 4. Changes in the soil ph 

S.NO LOCALITY SOIL pH IN 2000 SOIL pH IN 2016 

RANGE X* SE* RANGE X* SE* 

1 GHIMTOLI 

A 

B 

C 

 

6.2-6.6 

6.3-6.5 
6.2-6.6 

 

6.38 

6.38 
6.36 

 

0.07 

0.04 
0.07 

 

5.30-6.50 

5.30-6.80 
5.10-5.80 

 

5.88 

6.14 
5.44 

 

0.19 

0.31 
0.15 

Average   6.37 0.01  5.82 0.21 

2 DHANOLTI 

A 

B 

C 

 

6.4-6.5 

6.3-6.5 

6.4-6.6 

 

6.42 

6.42 

6.46 

 

0.02 

0.02 

0.04 

 

4.60-5.30 

4.70-5.50 

4.60-5.50 

 

4.96 

5.14 

5.12 

 

0.13 

0.16 

0.18 

Average   6.43 0.01  5.07 0.15 

3 DEWARKHAL 

A 

B 

C 

 

6.4-6.5 

6.3-6.5 

6.4-6.6 

 

6.44 

6.44 

6.48 

 

0.02 

0.04 

0.05 

 

5.90-6.62 

5.50-6.62 

4.90-6.30 

 

6.04 

5.80 

5.78 

 

0.05 

0.15 

0.24 

Average   6.45 0.01  5.87 0.14 

4 DEVIDHAR 

A 

B 

C 

 

5.9-6.2 
6.0-6.3 

6.1-6.4 

 

6.12 
6.12 

6.24 

 

0.06 
0.06 

0.05 

 

4.80-7.30 
5.30-6.10 

5.50-6.00 

 

5.68 
5.50 

5.74 

 

0.42 
0.15 

0.09 

Average   6.16 0.04  5.64 0.22 

5. JHANDIDHAR 

A 

B 

C 

 

6.0-6.2 

5.9-6.1 

6.0-6.5 

 

6.12 

6.02 

6.22 

 

0.04 

0.04 

0.09 

 

5.30-6.80 

4.90-5.80 

5.20-5.80 

 

5.92 

5.28 

5.24 

 

0.27 

0.15 

0.06 

Average   6.12 0.06  5.55 0.16 

* X= MEAN, SE= STANDARD ERROR 

 

Table 5. Changes in the soil available phosphorus 

S.NO LOCALITY AVAILABLE PHOSPHORUS 

(kg/ha) IN 2000 

AVAILABLE PHOSPHORUS 

(kg/ha) IN 2016 

RANGE X* SE* RANGE X* SE* 

1 GHIMTOLI 

A 

B 

C 

 

3.95-14.78 

3.25-7.88 

3.45-11.23 

 

6.59 

6.34 

7.17 

 

2.07 

0.90 

2.24 

 

8.96-22.4 

8.96-26.88 

8.93-17.92 

 

15.23 

15.23 

15.23 

 

2.28 

3.35 

1.79 

Average   6.70 0.25  15.23 4.49 

2 DHANOLTI 

A 

B 

C 

 

13.34-

22.65 

13.74-
22.65 

16.75-

31.52 

 

17.84 

19.08 

22.43 

 

1.52 

1.78 

3.18 

 

31.36-

62.72 

31.36-67.2 
40.32-

76.12 

 

51.07 

51.96 

49.27 

 

6.43 

5.94 

6.78 

Average   19.75 1.34  50.77 6.38 

3 DEWARKHAL 

A 

B 

C 

 
10.44-

13.99 

9.46-13.99 

4.21-13.99 

 
12.33 

10.95 

9.86 

 
0.63 

0.79 

1.59 

 
44.8-85.12 

67.2-76.12 

49.28-

53.12 

 
71.68 

68.18 

52.86 

 
7.88 

2.60 

0.89 

Average   11.05 0.71  64.21 3.79 
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4 DEVIDHAR 

A 

B 

C 

 

4.83-10.84 

6.00-14.78 

7.09-9.26 

 

7.78 

9.96 

8.36 

 

1.12 

9.96 

8.36 

 

4.28-22.4 

4.48-26.28 

4.48-22.04 

 

14.19 

18.91 

9.85 

 

2.93 

4.10 

3.29 

Average   8.70 0.65  14.28 3.44 

5. JHANDIDHAR 

A 

B 

C 

 

6.59-9.85 

7.49-11.23 

4.83-8.07 

 

8.40 

9.30 

6.54 

 

0.63 

0.69 

0.61 

 

4.48-17.92 

4.48-13.44 

4.48-8.96 

 

9.85 

8.06 

5.37 

 

2.61 

1.67 

0.89 

Average   8.08 0.81  7.76 1.72 

*X= MEAN, SE= STANDARD ERROR 

 

Table 6. Changes in the soil available potassium 

S.NO LOCALITY AVAILABLE POTASSIUM 

(kg/ha) IN 2000 

AVAILABLE POTASSIUM (kg/ha) 

IN 2016 

RANGE X* SE* RANGE X* SE* 

1 GHIMTOLI 

A 

B 

C 

 
116-224 

128-172 

120-148 

 
167.20 

164.40 

133.20 

 
22.07 

10.48 

4.72 

 
54-117 

5-135 

45.5-153 

 
84.8 

78.2 

93.7 

 
11.11 

26.99 

18.72 

Average   154.33 10.90  85.57 18.04 

2 DHANOLTI 

A 

B 

C 

 

200-320 

160-320 
148-324 

 

251.20 

237.80 
230.40 

 

23.81 

28.07 
30.58 

 

315-396 

342-423 
333-405 

 

360.8 

370.8 
354.6 

 

 

13.16 

13.76 
13.52 

Average   239.80 6.08  362.4 13.48 

3 DEWARKHAL 

A 

B 

C 

 

312-452 

312-440 

312-440 

 

369.60 

363.20 

384.00 

 

26 

25.12 

29.26 

 

356-466 

324-432 

356-423 

 

430.4 

392.4 

397 

 

20.09 

19.42 

11.50 

Average   372.27 6.15  406.6 17 

4 DEVIDHAR 

A 

B 

C 

 

136-288 

168-300 

132-352 

 

204 

215.20 

177.80 

 

29.23 

24.18 

19.87 

 

41-144 

27-72 

27-90 

 

73.2 

48.8 

68.5 

 

18.42 

8.32 

11.53 

Average   199 11.08  63.5 12.85 

5. JHANDIDHAR 

A 

B 

C 

 

112-342 

192-312 

124-428 

 

220.40 

201.60 

276.00 

 

43.21 

31.84 

64.50 

 

99-153 

41-113 

41-153 

 

118 

77 

92 

 

8.96 

12.40 

18.60 

Average   232.67 22.34  95.67 13.66 

* X= MEAN, SE= STANDARD ERROR 

 
Table 7. Changes in the moisture content percentage 

S.NO LOCALITY MOISTURE %  IN 2000 MOISTURE % IN 2016 

RANGE X* SE* RANGE X* SE* 

1 GHIMTOLI 

A 

B 

C 

 

10.0-
31.25 

10.0-

31.25 

7.96-

27.78 

 

19.25 
20.59 

15.33 

 

3.68 
3.87 

3.41 

 

18.68-
42.2 

20.62-

57.92 

23.51-

42.4 

 

33.18 
34.08 

39.9 

 

4.13 
6.15 

7.96 

Average   18.39 1.58  35.69 6.08 
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2 DHANOLTI 

A 

B 

C 

 

42.86-

83.33 

33.33-

75.00 

25.00-

66.67 

 

62..86 

62.18 

43.67 

 

7.32 

16.17 

8.24 

 

12.94-

84.97 

24.71-

44.52 

37.47-

54.08 

 

44.59 

36.14 

45.15 

 

11.52 

3.64 

3.34 

Average   56.24 6.28  41.99 6.16 

3 DEWARKHAL 

A 

B 

C 

 

15.00-

56.25 

20.00-

71.42 

7.14-

33.33 

 

28.25 

32.17 

18.84 

 

7.24 

9.84 

4.72 

 

12.94-

21.5 

9.91-

57.92 

16.41-

42.16 

 

16.83 

29.40 

27.29 

 

1.54 

7.87 

4.50 

Average   26.42 3.95  24.48 4.63 

4 DEVIDHAR 

A 

B 

C 

 

7.96-

40.00 

9.09-

25.00 

11.11-
27.27 

 

17.86 

15.68 

19.18 

 

5.91 

3.03 

3.24 

 

8.95-

25.25 

4.73-

23.82 

5.06-
14.07 

 

16.55 

16.36 

11.25 

 

3.34 

7.75 

2.07 

Average   17.57 1.02  14.72 4.38 

5. JHANDIDHAR 

A 

B 

C 

 

10.00-

33.33 

9.09-

28.83 

8.33-

16.67 

 

24.11 

17.14 

12.28 

 

4.26 

3.51 

1.67 

 

7.36-23.3 

2.56-

51.56 

6.95-

18.39 

 

16.71 

21.68 

13.85 

 

2.74 

8.33 

2.25 

Average   18.01 3.30  17.41 4.44 

*X= MEAN, SE= STANDARD ERROR 

 

Present study reveals that soils were slightly acidic to 

buffer in nature on all the 5 sites and the pH values 

of these soils ranged from 5.07 to 5.87. It has been 

reported that forest soils should be slightly acidic for 

nutrient supply to be balanced (Leskiw 1998). 

Changes in Available Phosphorus 

Bhatt revealed that the maximum average 

phosphorus (19.75±1.34 kg/ha) was recorded in the 

soils of site-2 (Dhanolti), followed by Dewarkhal 

(11.05 kg/ha), Devidhar (8.70 kg/ha), Jhandidhar 

(8.08 kg/ha) and minimum average (6.70 kg/h) was 

recorded in site-1 (Ghimtoli). After 15 years in a re-

visitation study results showed in figure. 3, the 

available average phosphorus was increased in four 

similar sites as 15.23 kg/ha in Ghimtoli, followed by 

50.77 kg/ha in Dhanolti, 64.21 kg/ha in Dewarkhal, 

14.28 kg/ha in Devidhar. However, in the Jhandidhar 

site, it declined (7.76 kg/ha) as compared to that of 

the previous study of Bhatt in 2000. (Table no. 5). 

Bhatt et al. (2014) have studied the physico-chemical 

properties of the soil in Central Himalaya and 

observed that the available phosphorus is varied 

between 16.12 kg/ha in the Oak-mixed conifer forest 

and 35.15 Kg/ ha in Pine-Oak forest. 

 

 

 



202 GAURAV CHAND RAMOLA, DIGVIJAY RATHOD, YOGESH KUMAR, PRAJAPATI DHAVAL, AKSHIT 

KUKRETI AND V.P. KHANDURI 

 
 

Fig. 3. Changes in phosphorus (kg/ha.) over 15 years 

 

Shrestha (1979) has reported the available 

Phosphorus range from 1.03 to 71.15 kg/ha in the 

specified part of the Godavari hill forest area, 
Kathmandu. However, Baral (1983) have reported 

the available Phosphorus range 44.66 to 90.66 kg/ha 

from the same sites. 

In the present study, the minimum average 

phosphorus (7.76 kg/ha) was recorded in the soils of 

site-5 (Jhandidhar) whereas the maximum average 

phosphorus (64.21 kg/ha) was recorded in the soils of 

site-3 (Dewarkhal). The values of available 

Phosphorus in the present study are much higher than 

those recorded by some other investigators in similar 

and other parts of the Garhwal region of Central 
Himalaya (Bhatt et al., 2000, Digvijay et al., 2015). 

It may be because in low pH, the Phosphorus reacts 

with Iron, Aluminium, Calcium and other minerals to 

form Iron phosphate, Aluminium phosphate and 

Calcium phosphate, which is unavailable to the 

plants in higher amount. The Phosphorus was also 

found higher in the lower horizons of all the forest 

types, which may be due to the leaching properties of 

the soils. 

Changes in Available Potassium 

According to Bhatt, the mean maximum (372.27 

kg/ha) potassium was recorded in the soils of site-3 

(Dewarkhal) followed by (239.80 kg/ha) Dhanolti, 

(232.67 kg/ha) Jhandidhar, (199.00 kg/ha) Devidhar 

and (154.93 kg/ha) in Ghimtoli. After 15 years in a 
re-visitation studyindicated by figure. 4, it is evident 

that average potassium increased in Dhanolti (362.4 

kg/ha) and Dewarkhal site (406.6 kg/ha), whereas it 

decreases in Ghimtoli (85.57 kg/ha), Devidhar (63.5 

kg/ha) and Jhandidhar site (95.67 kg/ha).These 

changes are more likely attributable to the combined 

effect of growth and the use of soil nutrients by the 

trees in respective sites. (Table no. 6). Digvijay et 

al.,(2015) has worked on biomass and carbon stocks 

in different deodar forests of Garhwal Himalaya. In 

this study, they ranged soil potassium in all the sites 
from 84.56 kg/ha to 243.4/ha. 

Kaushal et al., (1997) have observed the available K 

status of the dry temperate zone of Cedrus deodara 

in surface soil from 188.4 - 860.0 kg ha-1 and sub-

surface soils from 67.2 - 710.0 kg ha-1 respectively. 

In the present study, the mean maximum (406 kg/ha) 

potassium was recorded at site-3 (Dewarkhal) and 

mean minimum (63.5 kg/ha) was recorded at site-4 

(Devidhar).The reduction in availability of potassium 

is due to leaching and drainage, which results in the 

destruction of vegetation (Basumatary and Bordoloi, 

1992).
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Fig. 4. Changes in available potassium (kg/ha) over 15 year 

 

Changes in Moisture content 
Bhatt has also recorded the average moisture content 

percentage on same sites i.e. Ghimtoli (18.39±1.58 

%), Dhanolti (56.24±6.28), Dewarkhal (26.42±3.95 

%), Devidhar (17.57±1.02 %) and Jhandidhar 

(18.01±3.30 %) which was within the moderate 

range of its availability. 

After 15 years, the average moisture content 

percentage showed in figure 5. at Ghimtoli 

(35.69±6.08) increased, whereas it decreased in other 
sites like Dhanolti (41.99±6.16), Dewarkhal 

(24.48±4.63), Devidhar (14.72±4.48) and Jhandidhar 

(17.41±4.44) which may be due to less utilization of 

water by plants or may be due to less transpiration 

rate. The highest average moisture content (41.99 %) 

was recorded on site-2 (Dhanolti) because of more 

atmospheric precipitation on this site (Table-no.10).

 

 
Fig. 5. Changes in moisture content of soil (%) over 15 years 

 

Bhatt et al., (2014) studied the Analysis of the 

physico-chemical properties of the soil and climatic 

attribute on vegetation in Central Himalaya in which 

forest types were Pine- Oak forest, mixed oak-

conifer forest, mixed broadleaved conifer forest, 

conifer forest. According to him the average 

moisture content in these forests were 18.8% in pine- 

oak forest, 24.66 % in mixed oak-conifer forest, 
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26.33 % in mixed broadleaved conifer forest and 

20.5 % in a conifer forest. 

The average moisture contents on three study sites 
i.e., Dewarkhal (24.48 %), Devidhar (14.72 %) and 

Jhandidhar (17.41 %) although found within the 

moderate range of its availability which was 

significantly higher (average 35.59 % and 41.99 %) 

on site-1 (Ghimtoli) and site-2 (Dhanolti). An 

increase in the retention of soil moisture through the 

incorporation of humus has been reported by Biswas 

and Ali (1969). 

 

CONCLUSION 

 
The present study revealed important results over a 

long period in changesof physicochemical properties. 

It will help all the scientific community, researches 

and forester to understand the changes in soil over a 

long period.  The present study will be a key factor to 

manage and maintain for the deteriorating plant 

growing media to improving its fertility and 

productivity per hectare.   

 

REFERENCES 

 
Baek, K. and Kim, H.S. (2009).Microbial 

community structure in hexadecane- and 

naphthalene-enriched gas station soil. Journal of 

microbiology and biotechnology, 19(7):651–657. 

Basumatary, A. and Bordoloi, P.K. (1992).Forms 

of potassium in some soils of Assam in relation to 

soil properties. J Indian Soc Soil Sci. 40 (3) :443–446 

Beer, C.,Lucht, W., Schmullius, C. and 

Shvidenko, A.(2006).Small Net Carbon Dioxide 

Uptake by Russian Forests during 1981- 

1999.Geophysical Research Letters, 33, Article ID: 

L15403 
Beral, S. R. (1983).Soil nutrients under different 

trees of Phulchoki hill. M.Sc. Thesis. 

CentralDepartment of Botany, Tribhu.Uni. 

Kathmandu, Nepal. 

Bhatt, A., Sharma, C.M. and Khanduri, V.P. 

(2000).Growing stock variation in different 

Cedrusdeodara forests of Garhwal, Himalaya. Indian 

forester.218 (8): 903 – 916. 

Bhatt, P.V., Mehta, P.J. and 

Shresthamaniz(2014).Analysis of the physico-

chemical properties of the soil and climatic attribute 
on   vegetation in Central Himalay.J Nature and 

Science.12:11. 

Biswas, T.D. and Ali, M.H. (1969). Review of soil 

research in India. Indian J. agric. Sci. 39: 618. 

Cain, S.A. (1950).Life forms and phtoclimate.Bot. Rev., 

16: 1-032. 

Carvalhais, N., Reichstein, M.,Ciais, P.,Collatz, G. 

J., Mahecha, M. D. andMontagnani, L. 

(2010).Identification of Vegetation and Soil Carbon 

Pools Out of Equilibrium in a Process Model via 

Eddy Covariance and Biometric Constraints. Global 

Change Biology: 16:2813-2829 

Digvijay, R.,Dhanai, C.S. and Khanduri, V.P. 

(2015).Variation in volume, biomass and carbon 

stocks in different deodar forests of Garhwal 
Himalaya. M.Sc. Thesis. 

Gairola, S., Sharma, C.M.,Ghildiyal, S.K. and 

Suryal, S. (2012).Chemical properties of soils in 

relation to forest composition in moist temperate 

valley slopes of Garhwal Himalaya, 

India.Environmentalist.DOI 10.1007/s10669-012-

9420-7. 

Ganjegunte, G.K., Condron, L.M., Clinton, P.W., 

Davis, M.R. andMahieu, N. (2004).Decomposition 

and nutrient release from radiatapine(Pinusradiata) 

coarse woody debris. Forest Ecology and 
Management, 187:197–211 

Garbeva, P., Van Veen, J.A. and Van Elsas, J.D. 

(2004). Microbial diversity in soil:selection 

microbial populations by plant and soil type and 

implications for disease suppressiveness. Annual 

review of phytopathology, 42:243–270. 

Grayston, S.J., Griffith, G.S., Mawdsley, J.L., 

Campbell, C.D. and Bardgett, R.D. 

(2001).Accounting for variability in soil microbial 

communities of temperate upland grassland 

ecosystems.Soil Biology and Biochemistry, 33(4-
5):533–551. 

Häme, T.,Salli, A. and Lahti, K. (1992).Estimation 

of Carbon Storage in Boreal Forests Using Remote 

Sensing Data. In M.Kanninen, & P. Anttila (Eds.), 

Pilot Study (pp. 250-255). The Finnish Research 

Program on Climate Change, Progress Report. 

Helsinki, Finland: Academy of Finland 

Houghton, R.A. (1999). The U.S. Carbon Budget: 

Contributions from Land-Use Change. Science, 

285(5427):574–578. 

Kaushal, R.,Bhandhari, A.R., Sharma, J.C. and 

Tripathi, D. (1997).Soil fertility status under natural 
deodar (Cedrusdeodara) forest ecosystem of North- 

West Himalayas.Indian J. Forestry.20(2): 105-111. 

Khera,N., Kumar, A., Ram, J. and Tewari, A. 

(2001).Plant biodiversity assessment in relation to 

disturbances in mid-elevational forest of Central 

Himalaya, India. Trop Ecol. 42(1):83–95. 

Leskiw, L.A. (1998). Land capability classification 

for forest ecosystem in the soil stands region. Algeria 

Environmental Protection, Edmonton. Alberta. 

Report ESD/ LM/ 98-1. 

Lindahl, B.D., Ihrmark, K., Boberg, J., 

Trumbore, S.E., Högberg, P., Stenlid, J. and 

Finlay, R.D. (2007).Spatial separation of litter 

decomposition and mycorrhizal nitrogen uptake in a 

boreal forest.The New phytologist, 173(3):611–620. 

Misra, R. R. (1968).Ecology work book. Oxford and 

I.B.H. publication.NewDelhi.pp 224. 

Olsen, S.R., Cole, C.V., Watanabe, F.S. and Dean, 

L.A. (1954).Estimation of available phosphorus in 

soils by extraction with Sodium bicarbonate. 

Department of Agriculture Circular, US. p 939. 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 12(4) 205  

Rhoades, J.D. (1982). Soluble Salts.In A.L. Page et 

al. (ed.) Methods of soil analysis. Part 2. Agronomy 

9: 167-l78. 

Sharma, C.M.,Gairola, S.,Baduni, N.P.,Ghildiyal, 

S.K. and Suyal, S. (2011). Variation in carbon 

stocks on different slope aspects in seven major 
forest types of temperate region of Garhwal 

Himalaya, India. J.Biosci. 36 (4): 701-708. 

Shrestha, P. (1979).The Vegetational analysis of a 

specified part of Godavari hill forest          

area,Kathmandu.M.Sc. Thesis, Central Department 

of Botany, Tribhu.Uni. Kathmandu, Nepal. 

Singh, A.K., Parsad, A, Singh, B. 

(1986).Availability of phosphorus and potassium and 

its relationship with physico-chemical properties of 

some forest soils of Pali-range (Shahodol, M.P.). 

Indian For,112(12):1094–1104. 

Somogyi, Z.,Teobaldelli, M.,Federici, 

S.,Matteucci, G.,Pagliar, V. and Grassi, G. 

(2008).Allometric biomass and carbon factors 

database.iForest. 1: 107-113. 

Stanford, S. and L. English(1949).Use of flame 

photometer in rapid soil tests of K and Ca. Agron. J. 

4: 446-447. 

Tiwari, S.D., Joshi, R. and Rawat, A. 

(2013).Physico-chemical properties of soils in cool -

temperate forests of the “Nanda Devi Biosphere 
Reserve” in Uttarakhand (India).J. Ecol. Nat. 

Environ. 5(6): 109-118. 

Van Elsas, J. D., Garbeva, P. and Salles, J. 

(2002).Effects of agronomical measures on the 

microbial diversity of soils as related to the 

suppression of soil-borne plant pathogens. 

Biodegradation,13(1):29–40. 

Walkley, A. and Black,T.A. (1982).An examination 

of the wet acid method for determining soil organic 

matter and proposed modification of the chromic 

acid titration method.Soil Sci. 37: 29-38. 

Williams, M., Schwarz, P.A., Law, B.E., Irvine, J. 
and Kurpius, M. R. (2005).An Improved Analysis 

of Forest Carbon Dynamics Using Data 

Assimilation.Global Change Biology.11:89-105. 

Zarinkafsh, M. (1987).Applied Pedology.Tehran 

University.

  



206 GAURAV CHAND RAMOLA, DIGVIJAY RATHOD, YOGESH KUMAR, PRAJAPATI DHAVAL, AKSHIT 

KUKRETI AND V.P. KHANDURI 

 


