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Abstract
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 The study aimed to evaluate the variation in soil fertility along a gradient in Nambar Doigrung Reserve forest in Golaghat district of Assam and a rice 
field adjoining the forest.  

 Five composite samples from three depths viz., 0-20, 20-40 and 40-60 cm were collected from three locations of the forest and in a rice 
field adjoining the forest. Physical, chemical, biological parameters were assessed and soil organic matter fractionation was done to see its inter 
relationship with different parameters with the hypothesis that agricultural fields are usually enriched by the nutrients flown from forests and that 
phenomenon is more profuse in hilly terrains.

 The soils of forests recorded higher amounts of soil 
organic matter and their four fractions compared to 
cultivated soil. Humic acid to fulvic acid ratio was found to be 
lower than unity in all the locations. Degree of humification 
increased significantly from 0.66% in the surface layer of the 
highest elevation to 0.84% in the subsurface layer. Similar 
increase was also found in the other elevations. However, 
degree of humification increased significantly from 0.50% on 
the surface to 1.04% on the subsurface of adjoining 
cultivated soil. Negative correlation of humus carbon with pH 
(r= -0.327*) indicated that soil acidity retarded the process of 
humification. 

 The increase in concentration of nutrients 
through decomposition of litter in the forest is capable of 
enriching the adjoining agro ecosystems to harness the 
silent role of forests in agriculture and food security. 

 Fulvic acid, Humic acid, Rice field, Soil organic 
matter
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Introduction

The relation between forests and agriculture is quite 
intrinsic. In addition to maintain ecosystem balance, forests 
uphold the mechanism of building up of soil health for agricultural 
use. The dynamics of litter production and decomposition are the 
processes that replenish soil nutrient pools, maintain soil life and, 
thus, endow sustainability to agro-forests (Isaac and Nair 2006).
Plant litter decomposition based on its physical and chemical 
composition (quality) and environmental factors play a key role in 
determining the productivity of natural ecosystems (Seneviratne, 
2000).

Recent studies have reported that the content and quality 
of soil organic matter and biochemical activity change when 
natural ecosystems such as forest are replaced by different land 
uses such as pasture and annual crops (Cardelli et al., 2012). In 
the degradation process of soil organic matter, the organic carbon 
is the main component to be studied, with two main fractions: non-
humic substances (proteins, carbohydrates, resins and lignins) 
that correspond to 10–15% of total carbon, and humic substances 
(humic acids, fulvic acids and humin) (Wolf et al., 2005).Many 
forest areas have been converted into agricultural areas to attend 
the growing demand for foods by the population. Soil organic 
matter (SOM) in any agro-ecosystem is regulated by interaction 
of factors that determine their formation and promote 
decomposition, with a relative importance as: management > 
climate > biota > topography = parent material > time.

It is believed that humic substances are the main indices 
of soil fertility influencing crop productivity (Ufimtseva and 
Kalganov, 2011). Consequently, it is expected that the content of 
humic acid will change during the conversion of ecosystems. 
Therefore, it is important to know the soil organic matter 
mineralization, especially when the natural ecosystem is altered. 
The humified SOM (HA, FA and HU) represents the most 
microbially recalcitrant and thus stable reservoir of organic 
carbon in soil and an important component of soil fertility. 
Differences in the content of organic matter tend to vary according 
to use of soil. Land use and management practices highly affect 
the direction and degree of soil quality changes in time and space.

Agricultural fields are usually enriched by the nutrient 
flown from forests and the phenomenon is more profuse in hilly 
terrains. In this context, the present investigation was undertaken 
to assess the fertility status of forest ecosystem and its 
contribution towards enrichment of soil fertility of the adjoining 
cultivated soil.

Materials and Methods

Site description : Nambar Doigrung Reserve Forest is located in 
0 0the Golaghat district of Assam and lies between 27  30' N to 27  

0 045' N latitude and 95  10' E to 95  45' E longitude at an average 

 

 

altitude of 118 m. This wild life sanctuary covers a geographical 
2area of 97.15 km . The forest type is tropical semi evergreen with 

pockets of pure evergreen, interspersed with small forest 
marshes and receive annual rainfall of around 2500 mm.

Soil sample collection : Geo-referenced soil samples were 
collected from Nambar Doigrung Reserve Forest of Golaghat 
district along with adjoining paddy field. Five composite samples 
from three elevation of forest and from each of three depths viz., 
D : 0-20, D : 20-40 and D : 40-60 cm were collected from the 1 2 3

forest and paddy field adjoining the forest. The soil sample was 
processed (shade dried and passed through 2 mm sieve) and 
stored in polythene bag to study various physico-chemical 
properties. Separate samples were collected by core sampler to 
determine the bulk density by core method. 

Methodology : Rapid titration procedure of (Walkley and Black 
(1934) was followed for estimating the organic carbon content of 
the soil. Water soluble organic carbon in soil was determined as 
per the procedure outlined by McGill et al. (1986).Total carbon in 
soil was determined by Tube digestion method (Modified Walkley 
and Black method) as described by Nelson and Sommers (1975). 
Humic acids and fulvic acids were estimated by separation 
method after extracting the soil with freshly prepared 0.5 N NaOH 
at pH 13.0 and washed with 0.1 N HCl as per extraction procedure 
given by Stevenson and Elliot (1989). The microbial biomass 
carbon was determined by fumigation-extraction (Vance et al., 
1987). Soil dehydrogenase activity was determined by 
triphenyltetrazolium chloride method described by Klein et al 
(1971). The humification rate (HR) and degree of humification 
(DH) was calculated as HR (%) = 100 × (C  + C )/TOC and DH HA FA

(%) = 100 × (C  + C )/SC respectively (Ciavatta et al. 1990). Bulk HA FA

density, water holding capacity, texture, pH, EC, CEC available 
nutrients, microbial biomass carbon and dehydrogenase were 
analysed by standard procedures (Jackson, 1973).

Statistical analysis: Simple correlation and two way Factorial 
RBD taking three replicates were carried out with Statistical 
package SPSS Version-16. 

Results and Discussion

Physical characteristics : The results of physical properties of 
soils are presented in Table 2. Bulk density increased with 
decrease in elevation, and was found to be highest in L  4

(cultivated soil).These findings are in corroboration with Seyoum 
(2016), Debnath et al. (2012) who reported higher bulk density in 
paddy soil as compared to forest soil. The bulk density of the soil 
in all the locations increased with respect to depth. Similar results 
were also reported by Nayak et al. (2001) and Marathe et al. 
(2003), which might be due to higher compaction in the sub-
surface horizons associated with decrease in the concentration of 
organic matter down the profile. Higher bulk density in lower 
horizon may be attributed to the accumulation of finer fraction and 
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heavy minerals eluviated from the surface horizons.

The increase in water holding capacity in the upper 
elevations was probably due to increase in the concentration of 
organic carbon, which provides higher surface area to hold 
moisture. Linear correlation between moisture retention and 
organic carbon has been reported by Debnath et al. (2012). Water 
holding capacity was highest in depth D (20-40 cm) in all the 2 

location. An increase in water holding capacity with increasing 
depth of the profile may be probably due to increased level of clay 
content (Shukla et al., 1966).

Most samples belonged to finer texture at lower elevation 
and reverse at higher elevation. Clay content gradually increased 
from higher elevation to lower elevation which might be due to the 
movement of finer particles along the gradient and their 
deposition at lower elevation (Tahboub et al., 2008).

Clay content was higher in cultivated soil as compared to 
the forest soils (Seyoum, 2016). The highest clay content was 
observed in the soils of cultivated land which might be due to the 
additional effect of deposition of finer particles from higher altitude 
(Raju et al., 2005). 

Chemical characteristics : The pH improved gradually and 
reached a maximum mean value of 5.2 in the adjoining paddy 
field (Table 3). The result indicated that soil acidity was more at 
higher altitudes as compared to lower altitude probably due to 
removal of bases from higher altitude by leaching (Debnath et al., 
2012).

The organic carbon content of the soils decreased 
significantly from higher elevation to lower elevation and reached 

-1 a minimum value of 6.06 g kg at 0-20 cm depth of adjoining paddy 
field. This may be attributed to the fact that under the cultivated 
land use system, losses of soil organic carbon were not fully 
compensated by organic matter inputs from the crop residues. 
These effects in such tropical soils could also be due to the effects 
of frequent tillage practices coupled with reduced soil organic 
matter inputs and almost complete removal of crop residues from 
the cultivated fields for various reasons. On the other hand, less 
soil disturbance in the forest land might have apparently led to the 
observed increase in organic carbon content as compared to the 
soils under cultivated land (Seyoum, 2016).

Further, a general trend of decreasing organic carbon 
content with soil depth (Table 3) might be due to the accumulation 

of plant residues on the soil surface and very little opportunity for 
downward movement as a result of rapid rate of mineralization at 
higher temperature and adequate soil moisture level (Sarkar et 
al., 2001)

Available nutrients : Significantly lower available nitrogen in 
paddy field (Table 4) could be due to low amount of organic 
carbon in the soil (Srinivasan et al., 2013; Somasundaram et al., 
2013). Further, the loss of applied or native nitrogen through 
leaching and denitrification under continuous rice cultivation may 
also be the reason for low status of nitrogen in the soils.

Significant positive correlation of available nitrogen with 
humus carbon ®= 0.850**), humic acid (r= 0.844**), fulvic acid (r= 
0.828**) and humin carbon (r= 0.835**) (Table 5) indicates that 
soil organic matter fractions are good indicator of available 
nitrogen in soil. The overall mean of available nitrogen in surface 
samples was higher as compared to subsurface samples, which 
might possibly be due to much accumulation of crop residues, 
debris and root exudates at surface than beneath which on 
continuous mineralization release nitrogen. 

The available P O content of the soil was higher in higher 2 5 

and middle elevation compared to paddy field. Similar results of 
lower available P O in cultivable soil compared to forest soil were 2 5 

reported by Bezabih et al. (2014). Significant positive correlation 
of available P O  with humus carbon (r= 0.638**), humic acid (r= 2 5

0.671**), fulvic acid (r= 0.603**) and humin carbon (r= 0.649**) 
suggest contribution of soil organic matter fractions to available 
form of P O . The available K Ocontent of the soil was also higher 2 5 2  

in higher, middle and lower elevation of forest soils compared to 
paddy field. This result is in corroboration with the findings of 
Somasundaram et al. (2013) who also revealed that land use 
changes from forest to agriculture resulted in significant decrease 
in N, P, K and organic matter and with this bulk density and pH 
increased significantly.

Exchangeable cations : The exchangeable calcium was found 
to be the most dominant cation on exchange complex (Table 6). 
The exchangeable magnesium was the second dominant cation 
on the exchangeable complex. This may be due to the fact that 

2+ 2+Mg  ions are more susceptible to leaching than Ca  ions. The 
base saturation increased at lower elevations compared to higher 
elevation. Earlier studies have found that base saturation values 
of soils of lower slope of topo sequence comparatively higher than 
those of upper slopes due to increase in clay content (Sarkar et 

 

 

 

Table 1 : Details of sampling sites 

Location Longitude (E) Latitude (N) Elevation (m) Land use

Higher elevation (L ) 93°52’15.92" 26°23’32.46" 135.15 Forest1

Middle elevation (L ) 93°54’8.17" 26°23’54.6" 114.24 Forest2

Lower elevation (L ) 93°54’8.17" 26°26’14.28" 102.42 Forest3

Paddy field (L ) 93°54’21.13" 26°26’15.90" 99.39 Cultivated land4
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al., 2001). CEC decreased with decreasing elevation and depth. 
The base saturation was highest on the surface soil in all the 
locations, which gradually decreased with increasing depth. High 
base saturation on the surface horizon may be due to continuous 
addition of bases from leaf litter in forest soils and due to 
application of high amount of fertilizer in cultivated soils (Sarkar et 
al., 2002). 

Biological properties : Variations in soil microbial biomass 
carbon among different locations may be attributed to organic 
matter turnovers (Table 7). Organic matter in the form of litter, 
compost or any other form serves as a source of energy for soil 
microbes (Woomer et al, 1994). Thus, the forests receiving high 
litter biomass are likely to maintain higher soil microbial biomass. 
Similar results of higher microbial biomass in the forests were 

Table 2 : Physical parameters of soils at different elevations and soil depth

Location Depth (cm)                        Physical parameters

Bulk density WHC Sand (%) Silt (%) Clay (%)
-3(g cm ) (2-0.05) (0.05-0.002) (< 0.002)

Higher elevation 0-20 1.213 35.36 56.83 14.38 28.80
20-40 1.303 38.83 52.30 15.94 31.75
40-60 1.347 30.77 51.45 25.06 23.48

Middle elevation 0-20 1.253 36.19 51.79 18.01 30.19
20-40 1.307 37.08 51.02 14.77 34.20
40-60 1.377 33.56 50.62 21.75 27.62

Lower elevation 0-20 1.373 34.28 64.08 9.88 27.74
20-40 1.473 38.82 62.07 11.89 30.24
40-60 1.547 30.82 58.60 15.36 26.03

Paddy field 0-20 1.387 30.44 52.13 9.69 38.18
20-40 1.470 34.81 51.71 9.61 38.67
40-60 1.530 28.64 53.28 15.40 31.31

CD (5%) Location 0.015 0.634 2.86 3.74 2.77
Depth 0.013 0.549 NS 3.23 2.40
Location x depth 0.012 1.099 NS NS NS

(%)

Table 3 : Chemical parameters of soils at different elevations and soil depth

Location Depth pH EC CECcmol Organic  carbon Total organic  Soluble 
-1 -1 -1 -1 -1(cm) (1:2.5 H O) (dSm ) (p+)kg (g kg ) carbon (g kg ) carbon(g kg )2

Higher elevation 0-20 4.53 0.42 11.10 10.84 21.41 16.43
20-40 4.23 0.23 10.90 7.20 12.30 7.53
40-60 4.72 0.30 10.06 6.27 10.60 5.06

Middle elevation 0-20 4.67 0.41 8.70 11.21 23.37 18.04
20-40 4.39 0.40 10.56 7.32 12.60 7.18
40-60 4.57 0.46 9.40 6.51 10.52 5.57

Lower elevation 0-20 4.77 0.40 9.30 7.55 15.33 10.88
20-40 4.76 0.46 8.53 5.65 11.44 5.77
40-60 4.70 0.33 5.93 4.27 8.31 3.38

Paddy field 0-20 5.20 0.25 6.63 6.06 11.74 5.94
20-40 5.02 0.35 5.46 5.09 7.66 3.86
40-60 4.83 0.40 6.03 4.36 5.34 1.61
Location 0.19 NS 1.26 0.33 0.61 0.57

CD (5%) Depth NS NS NS 0.29 0.52 0.49
Location x depth 0.33 NS NS 0.58 1.05 0.99
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Table 4 : Available nutrients in soil at different elevations and soil depth 

-1 -1 -1Location Depth (cm) N (kg ha ) P O  (kg ha ) K O (kg ha )2 5 2

Higher elevation 0-20 322.39 19.46 208.50
20-40 230.88 12.21 167.11
40-60 177.68 9.54 93.25

Middle elevation 0-20 342.86 16.03 90.25
20-40 206.70 6.87 166.72
40-60 176.56 8.78 125.80

Lower elevation 0-20 187.59 8.40 194.70
20-40 184.66 12.21 123.35
40-60 125.13 10.69 94.64

Paddy field 0-20 190.56 6.49 191.56
20-40 183.98 8.40 144.39
40-60 192.34 5.72 90.16
Location 15.71 NS 5.70

CD (5%) Depth 13.60 NS 4.93
Location x depth 27.21 NS 9.87

Table 5 : Correlation coefficient (r) among humus carbon (C ), humin (C ) humic acid (C ) anf fulvic acid (C ) carbon with available nutrientsH Hn HA FA

Humus carbon (C ) Humic acid carbon(C ) Fulvic acid carbon(C ) Humin carbon (C )H HA FA Hn

N 0.850** 0.844** 0.828** 0.835**
P O 0.638** 0.671** 0.603** 0.649**2 5

K O 0.608** 0.637** 0.576** 0.781**2
+2Ca 0.627** 0.616** 0.613** 0.398**
+2Mg 0.684** 0.677** 0.667** 0.541**

S 0.472** 0.352** 0.519** 0.164

Table 6 : Exchangeable bases, CEC and base saturation at different elevations and soil depth 

-1Locations Depth                   Exchangeable bases cmol (p+) kg CECcmol Base 
-1(cm)

++ ++ + + (p+) kg saturation (%)Ca Mg Na K

Higher elevation 0-20 2.66 1.94 0.84 0.52 11.10 53.69
20-40 2.38 2.14 0.83 0.41 10.90 52.84
40-60 2.26 1.80 0.94 0.24 10.06 52.08

Middle elevation 0-20 1.12 1.34 0.90 0.23 5.93 60.53
20-40 2.91 1.83 0.91 0.41 10.56 57.38
40-60 1.94 1.69 0.91 0.32 9.40 51.70

Lower elevation 0-20 1.68 1.51 0.91 0.50 9.30 49.46
20-40 1.69 1.50 0.91 0.32 8.53 51.81
40-60 1.01 1.89 0.90 0.70 8.70 51.72

Paddy field 0-20 1.34 1.24 0.74 0.50 6.63 57.61
20-40 0.90 1.32 0.45 0.35 5.46 55.31
40-60 1.56 1.12 0.42 0.22 6.03 55.05
Location 0.41 0.18 0.03 0.01 1.26 NS

CD (5%) Depth NS 0.15 0.02 0.01 NS NS
Location x depth 0.70 NS 0.05 0.02 NS NS
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Table 7 : Soil microbial properties at different elevations and soil depth 

-1 -1Location Depth (cm) MBC (ug C g ) Dehydrogenase (ug TPF g  soil 24 hr)

Higher elevation 0-20 419.97 131.56
20-40 327.77 65.61
40-60 215.70 36.51

Middle elevation 0-20 431.15 136.26
20-40 331.65 68.30
40-60 198.77 37.51

Lower elevation 0-20 320.77 98.93
20-40 193.41 49.63
40-60 164.88 27.48

Paddy field 0-20 308.15 67.50
20-40 212.44 37.43
40-60 149.50 27.03
Location 15.71 NS

CD (5%) Depth 13.60 NS
Location x depth 27.21 NS

Table 8 : Correlation coefficient (r) among humus carbon (C ), humin (C ) humic acid (C ) anf fulvic acid (C ) carbon with organic matter, total organic H Hn HA FA

carbon (TOC) and soluble organic carbon (SC) with microbial biomass carbon (MBC) and dehydrogenase activity

Organic Total organic Soluble organic Humus Humic acid Fulvic acid Humin 
carbon carbon (TOC) carbon (SC) carbon (C ) carbon (C ) carbon (C ) carbon (C )H HA FA Hn

MBC 0.916** 0.895** 0.886** 0.833** 0.876** 0.786** 0.828**
Dehydrogenase 0.943** 0.959** 0.966** 0.714** 0.762** 0.668** 0.942**
activity
r-value d.f P P0.05 0.01

58 0.248 0.320

Table 9 : Different fractions of soil organic matter at different elevations and soil depth

Location Depth Humus  Humin carbon Humic acid Fulvic acid C /C 100x(C +C )/ 100x HA FA HA FA
-1(cm) carbon (C ) (gkg ) carbon(C ) carbon TOC(%) (C +C )/Hn HA H A F A

-1 -1 -1(C ) (g kg ) (gkg ) (C ) (gkg ) SC(%)H FA

Higher elevation 0-20 4.98 6.35 4.42 6.55 0.67 0.51 0.66
20-40 4.61 2.93 2.54 3.81 0.66 0.52 0.84
40-60 3.43 3.00 2.11 3.23 0.65 0.50 1.05

Middle elevation 0-20 4.99 6.31 4.63 7.22 0.64 0.51 0.65
20-40 4.55 2.90 2.59 3.84 0.67 0.51 0.89
40-60 3.37 3.02 2.08 3.22 0.64 0.50 0.95

Lower elevation 0-20 2.98 4.87 3.03 4.69 0.64 0.50 0.71
20-40 2.53 3.32 2.30 3.50 0.65 0.51 1.00
40-60 2.34 1.92 1.64 2.88 0.57 0.54 1.33

Paddy field 0-20 3.01 3.00 1.60 3.17 0.50 0.41 0.80
20-40 2.90 2.14 1.37 2.66 0.51 0.53 1.04
40-60 2.91 1.87 0.39 2.52 0.16 0.54 1.80
Location 0.09 0.21 0.16 0.18 0.03 0.02 0.02

CD (5%) Depth 0.07 0.18 0.14 0.15 0.03 0.02 0.03
Location x depth 0.15 0.36 0.28 0.31 0.06 0.04 0.06
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reported by Panwar et al. (2011) and Pal et al. (2013). Significant 
and positive correlation between humic and fulvic acids contents 
with MBC suggests microbial influence on differential formation of 
humic substances at different locations (Table 8).

Dehydrogenase enzyme activity was highest in middle 
elevation, while its activity was found less in paddy field (Table 8). 
Similar observations of higher dehydrogenase activity in forest 
soils (Panwar et al. 2011) and lesser activity in cultivated soils (Pal 
et al., 2013) has been documented. 

Soil organic matter fractions : Distribution of soil organic matter 
and its fractions among different location of forest and adjoining 
rice field are depicted in Table 9. The soils of forests recorded 
higher amount of soil organic matter and their four fractions. 
Among the forest soils, higher elevation and middle elevation 
almost, had a similar mean value of soil organic matter and its 
fraction. Addition of large quantities of litter biomass in forest 
based systems might have enhanced their contents. In contrast to 
the forest systems, lesser amount of soil organic matter and its 
fractions were observed in associated paddy field. This may be 
attributed to addition of lesser amount of organic matter in 
agricultural systems in different land use systems (Tavares et al., 
2014). 

Significant positive correlation of humus carbon with 
2+organic carbon ®= 0.846**), Ca  (r= 0.627**) suggest that the 

degree of humus formation depends on the amount of soil organic 
2+carbon and exchangeable Ca . On the other hand, soil acidity 

reduced the process of humification as indicated by negative 
correlation of humus carbon with pH (r= -0.327*) (Table 10)

Humic acid to fulvic acid ratio was lower than unity all the 
location (Table 9). This indicates that fulvic acid constitutes major 
portion of the humus. Excessive rainfall and acidic reactions in the 
studied area are conducive for the formation of fulvic acid over 
humic acid (Banerjee and Chakravarty,1977; Karmakar and Rao, 
1999). Degree of humification increased from the surface layer to 

other soil layers in all the location (Table 9) confirming the findings 
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