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Abstract

Effects of cropping pattern on soil carbon sequestration and their aggregate stability in long term
agricultural fields was investigated in 2018. Four cropping patterns were selected that have been cultivated
for last ten years. Results showed that Soil organic carbon (SOC) value was improved for vegetable field
from 4.06 to 9.11 g/kg and carbon stock (20.14 Mg C ha/yr) as well as soil carbon sequestration rate was the
highest in vegetable field (1.12 Mg C ha/yr). The logarithmic relationship between the C input and C
sequestration rate showed the strong correlation (r = 0.72, p < 0.05). In terms of aggregate stability, vegetable
field put the best result (0.41 mm) (p > 0.05). The straight-line relation between aggregate stability and C-
stock established that they are strongly correlated (r = 0.81, p < 0.05). Finally, results indicated that
Vegetable-Vegetable-Vegetable cropping pattern was the best soil carbon sequester along with the best
aggregate stability.

Introduction

Bangladesh is a land of agriculture. Due to lower income capacity of farmers (per capita GDP
$1610, fy 2016-17 by BBS) as well as higher illiteracy rate, agricultural soils are treated
indiscriminately through intensive tillage and nonscientific cropping pattern thus accelerated loss
of soil organic matter. The global temperature has already increased 1.3°C over past decade and is
projected to enhance 3.2 to 7.2°C over the 21% century (IPCC 2007). Agriculture has a potential
role in global climate change. The incremental C sequestration not only increases soil fertility but
also mitigates atmospheric CO, (Blanco-Canqui and Lal 2004). The C input of crop land is
estimated from the incorporation of crop residues along with crop yield or aboveground biomass
(Li et al. 2010, Zhang et al. 2012). Normally, high C input leads high C sequestration and the
relationship is linear (Kong et al. 2005, Li et al. 2010, Ghosh et al. 2012), whereas  other
researchers found a logarithmic correlation (West and Six 2007). Soil organic matter (SOM)
controls the buffering capacity along with microbial biodiversity water retention and structural
stabilization of soils that regulates soil properties (Gaida et al. 2013). Determination of soil
aggregate stability has an important effect on C supplies, and soil organic carbon (SOC) (Blanco-
Canqui and Lal 2004). Khulna is situated at south western part of the Bangladesh. Most of the
lands are being cultivated with conventional farming. Intensive cropping patterns are being
practiced year after year due to ignorance of adopting modern tillage technology. Hence, the
present study was conducted to determine (i) the response of SOC stock to C input under different
cropping pattern, (ii) C sequestration efficiency in different cropping pattern and (iii) the response
of aggregate stability with increasing SOC stock in different cropping pattern. The findings will be
helpful to understand about the role of carbon sequestration in agriculture towards climate change.
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Materials and Methods

A field experiment was conducted in 2018 at four different cropping pattern long term fields in
3 different villages of Dumuria Upazila (sub-district), Khulna, Bangladesh. The Dumuria Upazila
is located at 22°39" and 22°56  north altitude and 89°15° and 89°32" east longitude, surrounded by
Jashore and Satkhira districts (SRDI 2008). Traditionally, rice, wheat and vegetables are the main
crops that are being cultivated by the farmers. In this experiment, 4 types of cropping patterns
were followed which have a monotonous soil texture (Table 1). The soil samples were taken by
shovel from the plough horizon (0-15 cm) from different parts of the respective cropping pattern
field at early and end of the each cropping seasons and replicated 3 times. All core samples were
randomly taken from individual cropping pattern field to determine the soil bulk density. After
preparing soil samples, aggregate stability was measured by wet sieving method as proposed by
Le Bissonnais (1996). Soil texture was determined by pipette method. SOC was determined by
oxidation with potassium dichromate. Initial SOC data were taken from Fertilizer recommendation
guide of Dumuria Upazila (SRDI 2008). So, the duration between the cropping field conditions
was 10 years.

Table 1.Location, cropping patterns, coding and soil textural class in the studied area.

Sampling . Cropping pattern Cropping pattern .

area Location (GPS) (Rabi - Kharif 1 - Kharif 2) Code Soil Texture
Chechuria  89° 29'E, 22° 47'N Rice-Fallow-Rice R-F-R

Chechuria  89° 27'E, 22° 46'N Rice-Rice-Vegetable R-R-V

Boruna 89° 21'E, 22° 39N Rice-Wheat-Fallow R-W-F Silty clay loam

Vegetable-Vegetable-

Vegetable V-V

Chingra 89° 17'E, 22° 52'N

Annual organic C input (Cinpwe, Mg ha-1yr-1) was estimated from stubble and below ground
roots which were incorporated into the topsoil (Ceubbie+roots), @nd from organic manure (Chanure)
using the following equation (Yan et al. 2013):

C input= C subble + roots T C manur (1
C stubble + roots = ¥ X Yield X OCsuupble + roots (2)
manure= BIOMaSSmanure X OCrmanure (3)

Where y is the ratio of stubble plus roots to yield. OCgynpie + roots IS the organic C concentration
of stubble and roots. OCanure IS the organic C concentration of manure, which is the dry biomass
of organic amendments applied (Mg hayr™).

The C stock (Mgha™) in the plough horizon was calculated by the following equation (Yan et
al. 2013):

Cstock =SOC x px Hx 10 4)

Where p is the soil bulk density (gcm™), and H is the depth of the plough horizon which is
0.15 m for sampling soils. The stubble and roots after harvest were measured from an area of 0.2
m x 0.2 m to a depth of 0.3 m with three replications. The roots were collected, oven-dried at
65°C, and weighed.

The C sequestration rate (Mg ha/yr) in the plough horizon during the period of the experiment
was calculated using the following equation (Yan et al. 2013):

C sequestration rate = (SOCcyrent - SOCinitiat) X p X H x % (5)

Where SOCyrrent and SOCinisiar are the SOC in the current year and the initial year (g/kg). The
collected data were analyzed by using Microsoft Excell-07 and analysis of variance technique
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(ANOVA) was determined with the help of computer package programmed SPSS-16.0 and the
least significant difference (LSD at p < 0.05) test was applied to assess the differences among the
means.

Results and Discussion

The initial soil organic carbon (SOC) varied from 4.06 to 8.70 g/kg and significantly differed
from each other (p < 0.05) (Fig. 1). SOC was higher in R-W-F cropping pattern and lowest in V-
V-V field. The current SOC varied from 3.31 to 9.11 g/kg. Except R-W-F, other cropping patterns
revealed significant difference in SOC from each other (p < 0.05). The values of SOC, Carbon
input, Bulk Density, Carbon stock and Carbon sequestration are presented in Table 2. C-input rate
was higher in V-V-V field where as lowest was found in R-F-R field and they were significantly
differed with each other except R-W-F (p < 0.05). Bulk density was higher in R-W-F and
significant with each other (p > 0.05). Due to higher C-input, V-V-V cropping pattern also stocked
the higher amount of carbon. Except R-F-R, all other soil carbon indicators were significant (p <
0.05). Fig. 2 displays a logarithmic relationship between the C input rate and the C
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Fig. 1.Soil organic carbon (SOC) in different cropping pattern (p < 0.05).

Table 2.SOC, C-input and C-sequestration status in soils of different cropping pattern.

Cropping Current Initial C-input BD C-stock C-sequestration

Pattern SOC SOC (Mg C halyr) (g/cm3) (Mg C halyr) (Mg C halyr)
(g/kg) (g/kg)

R-F-R 3.65° 6.90° 1.6° 1.49° 8.16° 0.73¢

R-R-V 3.31° 7.54° 5.2° 1.42° 7.03¢ -0.90%

R-W-F 3.60° 8.70° 2.3 1.69% 9.11° -1.29°

V-V-V 9.11% 4.06° 8.3 1.47° 20.14° 1.12°

sequestration rate in four cropping patterns. The logarithmic relation showed that C sequestration
rate increased with increase of C input and they were strongly correlated (r = 0.72, p < 0.05). Ata
given amount of C input, the C sequestration rate was much higher in V-V-V field than other
cropping pattern. Mean weight diameter varied between 0.41 to 0.31 mm (Fig. 3). V-V-V field
showed the best aggregate stability and significant with other cropping fields (p < 0.05). R-W-F
and R-R-F cropping pattern were insignificant with each other (p > 0.05) but significant with other
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cropping pattern (p < 0.05). Aggregate stability had a very significant positive correlation with the
C-stock of soil (r = 0.81, p < 0.05) (Fig. 4). Results showed that SOC was lower in all cropping
patterns except in vegetable field. This may happen due to intensive cropping as well as no use of
organic fertilizer during crop period. In the view of agriculture sustainability, the combined
chemical and organic fertilization is a promising practice to obtain a high and stable crop yield
irrespective of climate change. The result is in agreement with other studies that application of
organic manure increased yield as compared to chemical fertilizer alone (Li et al. 2010, Zhang et
al. 2012). Vegetable field (V-V-V) having only organic manure showed the higher
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Fig. 2.Relationship between C-input rate and C-Sequestration rate (p < 0.05).
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Fig. 3.Aggregate stability status in different cropping pattern (p < 0.05).

SOC content, giving better performance under the climate change threat. C-input rate in vegetable
field (V-V-V) was almost 5.19 times greater than that of R-F-R cropping pattern. The source of C
input in the field was stubble and roots incorporation along with direct application of organic
manure. Due to higher rate of C-input in vegetable field (V-V-V); C-stock rate was almost two
times greater than that of other cropping system. The logarithmic relationship between C input rate
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and C sequestration rate was negative than the R-F-R, R-R-V, and R-W-R cropping patterns due
to loss of SOC over the last 10 years. The vegetable field showed the strong positive relationship
(r = 0.72, p < 0.05) that supports the study of many previous studies (Li et al. 2010). In the
experiment, vegetable field (V-V-V) showed the best aggregate stability than other cropping
patterns (Fig. 3). This may be due to vegetable field which received higher amount of organic
fertilizer and organic residues where as other cropping system completely depends on chemical
fertilizers. Application of chemical fertilizers did not improve or even decreased aggregate
stability (Fig. 3), although it also decreased SOC stock (Fig. 2). Haynes and Naidu (1998) reported
an adverse effect of application of chemical fertilizers on soil aggregation. They explained that the
monovalent NH** and K* favored the dispersion of soil colloids and subsequently reduced
infiltration and hydraulic conductivity. R-W-F and R-R-F showed the insignificant difference (p >
0.05) between them in terms of aggregate stability. This might be due to presence of fallow period
for both cropping pattern. R-R-V showed the poorest aggregate stability because of intensive
agriculture round the year. Soares et. al. (2005) found that intensive agriculture degrades the soil
physical properties like aggregate stability, porosity, density, water infiltration rate and so on. The
straight-line relation between aggregate stability and C-stock (Fig. 4) showed that they are
strongly correlated (r = 0.81, p < 0.05) that supports the study of Kong et. al. (2005).
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Fig. 4.Relationship between aggregate stability and C-stock (p < 0.05).

In Southwestern Bangladesh, intensive rice cultivation is widely practiced and culturally well
accepted. Results showed that intensive long-term cultivation deteriorated soil organic carbon
(SOC) and decline C-stock due to poor C-input thus reduced the rate of C-sequestration over the
last ten years. Exception was happening in vegetable field (V-V-V) where SOC rate is higher due
to addition of C externally thus improving resistance to climate change. Organic fertilization
improved the C input and the quantity of SOC. The C sequestration rate was logarithmically
related to the C input rate in all cropping pattern. Aggregate stability was higher in vegetable field
due to higher organic carbon input and the relation between C-stock and aggregate stability
showed that they were strongly correlated. It can be recapitulated that V-VV-V cropping pattern
(vegetable field) sequesters more SOC with higher efficiency than other cropping pattern. Results
indicate that securing agricultural sustainability will require organic fertilization and proper soil
management practice.
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