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Abstract

This study was conducted to evaluate the effect of land uses and soil management
practices on the soil organic carbon (SOC) and soil total nitrogen (STN) in different
agricultural soils of Mymensigh district located in northern Bangladesh 24°45'14"N
90°24'11"E. The land use types considered were cultivated (single, double and triple
cropped), agroforestry, fallow land and grass land. 32 soil samples were collected
covering above land use types. SOC and STN were significantly varied in different land
use pattern and soil management practices. Among all land use pattern the highest SOC
and STN were found under agroforestry and the lowest was found under fallow land.
Cropping pattern also influenced the SOC accumulation in soil where rice-fallow-rice
cropping pattern had highest SOC accumulation and lowest was found in rice-rice-rice
cropping pattern. Organic carbon dynamics highly regulated by organic fertilizer
application and tillage operation. The carbon to nitrogen (C: N) ratio was affected by
land use systems and the ranges obtained 4.9 to 11.6. The C: N ratio was narrows in
different agricultural land use pattern and higher in agroforestry system. The contents of
total nitrogen was strongly associated (R> = 0.98) with total organic carbon and
decreased consistently with increasing soil depth under all land use systems. The result
of this study will help to develop future plan about land use and soil management
regarding soil carbon and nitrogen dynamics for better economic returns with
environmental protection.

1. Introduction

Soil plays an important role in global carbon (C) cycle as it contains around three
times more C than in atmosphere and 3.8 times more C than in biotic pool [1]. It can be a
source or a sink of atmospheric C depending upon land use and management [2]. Land
use and vegetation cover type influence soil erosion and C dynamics in soil [3]. Land
management with less soil disturbance increased higher SOC accumulation, while
intensive disturbance decreased SOC accumulation. As a demand of food increased
farmers practiced intensifying crop production. According to FAO [4] 89.8% of the total
arable lands are used for rice cultivation throughout the year either single, double or
triple cropping pattern in Bangladesh. Land intensification and land use change from
native ecosystem to cultivated ecosystem causes loss of soil C. On the other hand,
vegetation development on abandoned agricultural land enhances the C sequestration.
Thus study of land use changes in field level is needed to determine the fate of C in the
system.
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SOC is greatly influence on soil properties and takes
important role in agronomic production and environmental
quality. C sequestrations help to mitigated global warming
alleviated soil degradation and ensure sustainable agriculture
production [3]. Land use change (LUC) has contributed to
soil degradation and changes in both quantity and quality of
SOC which enhanced C emissions to atmosphere [5-6].
Rotations and intercropping systems and improved cultural
system like minimum tillage, improved crop residue
management and organic farming contribute to conservation
and elevation of SOC.

The store of nitrogen (N) found in the atmosphere, organic
matter in soil and the oceans. Although atmosphere stored
huge amount of N but it is considered the most important
growth-limiting factor in crops for growth and development
[7]. Prior to field application the soil available N level and
crop requirement information is essential for improving
fertilizer use efficiency and minimizing the adverse impacts
on the environment. Over-application of nitrogenous
fertilizer can result in N losses that affect surface and
groundwater resources by leaching and runoff of nitrates [§]
and also contribute to increasing threats of GHGs. Thus N
management optimization is highly required for better
agronomic performance as well as environmental protection.

SOC and soil total nitrogen (STN) dynamics varied with
different agronomic practices like crop rotation, type and
length of tillage operations and fertilizer application [9-10] and
environmental factors, such as soil properties, topography, and
climate [11]. The study of inter-relationship of land use and
soil management with SOC and STN dynamics is quite
important in recommending sound land management practices
for better economic returns and to mitigate the impact of the
climate change at the local to regional level. The
interrelationship study can be utilized for prediction tools for
SOC and STN management. Therefore, an understanding of
possible differential effects of management practices on SOC
and STN dynamics of different soil types and under different
production areas is essential. Globally it was reported that the
SOC content of arable land increased substantially resulting
from proper irrigation, optimal fertilization, and an increase in
crop productivity [12-13]. The land use change dynamics and
its effect on C and N pool in ecosystem level are limited in this
area. Therefore, a study was conducted in Mymensingh to
evaluate soil organic carbon and soil total nitrogen in different
agricultural field with various land uses and soil management
practices.

2. Materials and Methods
2.1. Study Area

The location experiences a tropical monsoon-type climate,
with a hot and rainy summer, and dry winter. Annual mean
air temperature was 25.4°C and the highest mean temperature
is reached in the month of April. Annual rainfall was 2055
mm where 70% of the annual rainfall is received during

monsoon season (May to August) [14]. The relative humidity
varies from 60-98% with some diurnal fluctuations in the
various seasons with annual average of 56.8. The area lies
within latitude 24°45'14"N and longitude 90°24'11"E of
Bangladesh. The soil is darkgray non-calcareous floodplain)
with a sandy loam and loam texture [15].

2.2. Soil Sampling and Analysis

Thirty-six soil samples were collected from twelve
different lands covering cropped land, agroforestry, fallow
land and grassland. Cropping pattern means the proportion of
area under various crops at a point of time in a unit area. We
found eight different cropping patterns namely Rice-
sunhemp-rice; Rice-fallow-fallow; Rice-Jute-rice; Rice-rice-
rice; Rice-aroid-fallow; Rice-fallow-rice; Rice-mustard-rice
and Rice-vegetables. In Bangladesh there is three crops
growing seasons in a year namely Rabi, pre-kharif and
Kharif. In a unit crop land the number of cropping season
observed is known as unit cropped land as for example in
triple cropped land crop grown all three seasons in a year.

The soil sample was taken from the center of each
quadrate by driving a core sampler up to 30 cm depth. Soil
cores were sectioned into 0-10, 10-20 and 20-30 cm
increments for 30 cm samples, then the soil was categorized
as top soil (up to 10 cm) and sub soil (up to 30 cm). The soils
were collected by an augur and kept in polythene bags so that
they remain in field moist condition. Before collecting
sample from particular field relevant information regarding
fertilizer application and tillage practices was collected from
the concern farmer of that field. After completion of
collecting soil samples, the unwanted materials like stones,
granules, plant parts, leaves, roots etc. were discarded from
sample. The samples were dried at room temperature,
crushed, mixed thoroughly and sieved with a 2 mm sieve.
Composite samples were prepared by mixing the sieved soils
and preserved in polythene.

Walkley and Black method as modified by Allison [16]
was used to determine SOC. The procedure involved the
oxidation of the soil organic matter with potassium
dichromate (K,Cr,0;) using concentrated sulphuric acid
(H,SO,) and the percentage OC found by titrating with IN
ferrous ammonium sulphate solution. The Kjeldahl method
of Bremner [17] using CuSO4-Na, SO, catalyst mixture was
used to determine TN. All data were analyzed using SPSS
statistical software version 16.0. Analysis of variance
(ANOVA) was carried out using two-factor randomized
complete plot design. Significant F-values were obtained;
differences between individual means were tested using the
LSD (Least Significant Difference) test.

3. Results and Discussion

3.1. Soil Carbon Dynamics in Different Land
Use Pattern

There was significant difference in SOC in different land
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use pattern. In our study the highest SOC was found under
agroforestry system (1.438%) and the lowest SOC was found
under fallowland (0.124% for 20-30 cm). Cropland and
grassland organic carbon were found respectively 0.63% and
0.39% for top soil respectively [Fig. 1]. It is well known that
tree species strongly influence the forest floor in terms of C
stock and chemistry, it also regulates annual C turn over. It
was reported that the highest SOC stock found under
forestland and the lowest under grassland [18]. Greater OM
inputs in agroforestry systems contribute to the long-term
storage of C in the soil [19]. Land use were all strong
explanatory variables for differences in SOC, soil carbon
stock, and total nitrogen [20]. It was observed that OC
decreased when depth increased. Highest SOC was found for

0-10 cm depth in all land use types. It was reported that SOC
contents decreased usually with increasing soil depth, with
significant differences in different horizon [21]. Differences
of SOC also found under different agricultural land use
pattern where crop intensification showed lower SOC
accumulation and higher SOC depletion. In case of
agricultural cropped land single and double cropped land
found significant similar SOC in the top soil but lower in
other depth. Higher SOC was found in double cropped land
and lower in triple cropped land [Fig. 2]. When soil used
frequently for cultivation then more nutrient of soil used by
the crop; intensify crop cultivation from cropland accelerate
higher C loss than other ecosystem [22].
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Fig. 1. Amount of organic carbon in different land use pattern.
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Fig. 2. Amount of organic carbon in different agricultural land use pattern.
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3.2. Soil Carbon Dynamics in Different
Cropping Pattern

The amount of OC stored in soil results from the net
balance between the rate of SOC inputs and rate of
mineralization in each of the OC pools. Cropping pattern has
great impacts on SOC in soil. As soil management practices
and crops morphology have differed in different cropping
pattern it helps to develop or depleted SOC in various
cropping pattern. In our study we found that rice-fallow-rice
cropping pattern had highest SOC accumulation followed by
rice —aroid-fallow and lowest was found in rice-rice-rice
cropping pattern [Fig. 3]. Results revealed that crop intensify
with same crop lead to SOC depletion where less intensify
and different cropping scheme help to accumulated SOC in
agricultural field. Although duration of cropping pattern is
another factors, if farmers frequently change their cropping
pattern then effect will be negligible.

[7~77120-30 cm
10-20 cm
I 0-10 cm

Cropping Pattern

Fig. 3. Soil organic carbon at different agricultural cropping pattern. (CP1:
Rice-sunhemp-rice; CP2: Rice-fallow-fallow; CP3: Rice-Jute-rice; CP4:
Rice-rice-rice; CP5: Rice-aroid-fallow; CP6.: Rice-fallow-rice; CP7: Rice-
mustard-rice and CP8: Rice-vegetables).

3.3. Soil Carbon Dynamics with Soil
Management Practices

The soil SOC accumulation was dependent on the use of
various fertilizers. The highest SOC concentration was
obtained where maximum organic fertilizer (mainly compost
and cowdung) was used for crop production. From the figure
4 it was observed that accumulation of SOC was less when
field provided less than 50% nutrient from inorganic
fertilization and it was a linear increasing SOC up to 80% of
organic fertilization. It was reported that sole application of
inorganic fertilizer can cause decline in soil organic carbon
[23]. The agricultural management practices had greater
effects on SOC; a 30% increase in SOC with green manure
cultivation [24]. Fertilizer application has the greatest role for
determining soil organic carbon among the factors affecting
soil carbon dynamics. Because any of other factors fertilizer
application is the most direct factors which regulate carbon
pool. Organic matter amendments have been proposed as a
means to increase C storage in soils [25]; this can occur
directly from the C inputs in the amendment and indirectly
from increased plant production [26]. There was a distinct
difference observed in SOC accumulation in different tillage
system. When country plough used the amount of organic
carbon for single cropping, double cropping and triple
cropping were respectively 0.604%, 0.727%, and 0.340% on
the other hand when power tiller used it was 0.477%, 0.560%,
and 0.269% respectively. From the study it was observed that
the highest amount of organic carbon was found when
country plough used and the lowest amount of organic
carbon was found when power tiller used (Table 1). Tillage,
in addition to mixing and stirring of soil, breaks up
aggregates and exposes organo-mineral surfaces otherwise
inaccessible to decomposers. The greater C sequestration was
observed for minimum tillage because of fewer disturbances
of soil and slow decomposition of organic carbon. It was
reported that a greater C sequestration was observed for
minimum tillage because of fewer disturbances of soil and
slow decomposition of organic carbon [27-29].
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Fig. 4. Soil organic carbon in relation to percent of organic fertilization. Bar represent standard errors.
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3.4. Soil Nitrogen Dynamics in Different Land
Use Pattern

Similar to organic carbon, there were significant variations
in total nitrogen among different land use. Total nitrogen
increased in order of fallow land < grassland < cropped land
< forestland at Mymensingh district. In our study the highest
total nitrogen was found under forestland (0.17%) and the
lowest organic carbon was found under fallowland (0.03%
for 20-30 cm). Cropland and grassland Total-N were found
0.12% and 0.06% for top soil respectively [Fig. 5]. Cotching
et al. [20] also found the variation of soil N with different
land use pattern. It was observed that total nitrogen decreased
when depth increased. Highest total nitrogen found for 0-10
cm depth in all land use types. Generally, cultivated soils had
significantly lower total N at all depths when compared to

forestlands, indicating that continuous cultivation ultimately
reduces the total nitrogen contents in the soil. Differences of
total nitrogen were also found under different agricultural
land use pattern where crop intensification showed lower
total nitrogen accumulation and higher total nitrogen
depletion. In case of agricultural cropped land higher total
nitrogen was found in double cropped land and lower in
triple cropped land [Fig. 6]. Here also highest total nitrogen
content found for top soil in all land use types. The decrease
in total nitrogen with increasing depth was due to declining
humus with depth. As per fertility ranking, nitrogen status in
the top soils were low, while the average status in 0-30 cm
soil depths were very low [30]. However, all the soil
associations showed an increasing trend in both SOC and TN
contents with no-tillage compared with chisel plowing at the
0-15 cm soil depth. [31].
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Fig. 5. Amount of total nitrogen in different land use pattern.
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Table 1. Difference of organic carbon for using country plough and power tiller.

Amount of organic C (%) for using country plough

Amount of organic C (%) for using power tiller

land use pattern

Depth (cm) Organic C (%) Depth (cm) Organic C (%)
0-10 0.733b 0-10 0.675a
Single cropping 10-20 0.617c 10-20 0.463c
20-30 0.463d 20-30 0.293d
0-10 0.849a 0-10 0.579b
Double cropping 10-20 0.830a 10-20 0.560b
20-30 0.501d 20-30 0.540b
0-10 0.405¢ 0-10 0.498¢
Triple cropping 10-20 0.366f 10-20 0.193e
20-30 0.250g 20-30 0.115¢

Letters indicate statistically significant differences in SOC affected by the different tillage in different crop intensities (p=0.05).

3.5. The Relationship Between SOC and STN

In this study the carbon to nitrogen (C: N) ratio was
affected by land use systems (Table 2). Moreover, the ratio
was narrower in soils of cultivated lands as compared to
agroforestry indicating that mineralization and oxidation of
organic matter is higher in cultivated soils. C: N ratio was
narrows in different agricultural land use pattern as the loss
of N is high than the loss of C due to cultivation, the Such
differences in C: N ratios among land use systems may also
reflect variations in qualities of organic residues entering the
soil organic matter pool and could be attributed to contrasting

vegetation covers. Brady and Weil [32] showed that C: N
ratios varied between 8:1 and 15:1, with an average of 12:1.
Farming techniques and agricultural management affected C:
N ratios [33].

Table 2. C: N ratio at different land use and cropping intensity.

Land use type C-N ratio
Single cropped 9.1
Double cropped 9.0

Triple cropped 6.14
Agroforestry 11.6
Grassland 6.80
Fallow land 4.88
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Fig. 7. Relationship between SOC and STN at different soil depth.

The contents of total nitrogen was strongly associated (R*
= 0.98) with total organic carbon and decreased consistently
with increasing soil depth under all land use systems [Fig. 7].

Pools of SOC and total nitrogen were strongly correlated
with each other at 0-10, 10-20 and 20-30 cm depths. The
equations for the regression at the three depths were STN=
0.089 * (SOC) -0.002, R* = 0.97, P = 0.0001; STN = 0.091 *

(SOC) -0.001, R* = 0.974, P = 0.0001 and STN = 0.083 *
(SOC) -0.000, R* = 0.985, P = 0.0001 for at 0-10, 10-20 and
20-30 cm depths respectively. STN pools were positively
correlated with SOC pools. It was concluded that losses of
STN and SOC were concomitant and losses were in
proportional.

Liu [34] stated that the soil carbon and nitrogen circulation
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and the atmospheric greenhouse gas concentrations in
terrestrial ecosystems are closely related to carbon, and
nitrogen fixation, and their accumulation in terrestrial
ecosystems reduces the concentration of greenhouse gases. In
forest ecosystems, soil nitrogen availability influences SOC
storage through plant growth and litter quantity by the
process of soil carbon decomposition [35].

4. Conclusions

Changes in SOC stocks are directly related to atmospheric
C concentration. Agricultural management practices that
increase SOC stocks thus may have profound effects on
climate mitigation. Most agricultural soils in the study area
contain below their potential level of SOC where triple
cropped area contained extremely lower level. The highest
organic carbon was found under agroforestry and the lowest
organic carbon was found under fallow land. Organic carbon
dynamics highly regulated by organic fertilizer application.
Soil organic matter contents in farmlands have influenced by
changes in land use intensity and soil management effects.
Conventional tillage leads to significant increase of the soil
organic matter content. Soil total nitrogen followed the
similar results of soil organic carbon found higher in
agroforestry system and lower in fallow land. Soil organic
carbon contents decreased usually with increasing soil depth.
Highest organic carbon found for 0-10 cm depth and lowest
organic carbon found for 20-30 cm depth. C: N ratio found
ranged from 4.9 to 11.6 and total nitrogen was strongly
associated (R* = 0.98) with total organic carbon. This study
showed clearly that land use change and land management
have direct influence SOC and STN accumulation in soil.
Therefore understanding and implementation of carbon and
nitrogen balance in agriculture will help to maintain climate
change mitigation and environmental protection from
agriculture.
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