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Abstract 
Incubation experiments were conducted at the Department of Environmental 
Sciences, Tamil Nadu Agricultural University, Coimbatore, to study the influence of 
moisture regime and nitrogen doses on soil carbon dynamics. The soils were 
subjected to two different moisture regime viz., i) alternate wetting and drying and ii) 
submerged (flooded) conditions in combination with two levels of nitrogen viz., 
control and nitrogen @ 0.025% (w/w basis). Alternate wetting and drying with 
nitrogen significantly decreased the soil organic carbon (SOC) during the incubation 
period and recorded the lowest SOC (6.08 per cent) at the end of incubation. During 
the 63 days of incubation, the mean values of CO2 evolution are 391, 268, 234 and 
199 mg kg-1 in alternate wetting and drying with nitrogen, alternate wetting and 
drying without nitrogen, submergence with nitrogen and submergence without 
nitrogen. Overall, the investigation revealed that alternate wetting and drying style of 
water management along with nitrogen application negatively influences the soil 
carbon storage in rice soils. 
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INTRODUCTION 
Global soil carbon is 3.3 times the size of the atmospheric pool and 4.5 times the size of the biotic 
pool [1]. Every kilogram of SOC represents 3.7 kilograms of CO2 removed from the atmosphere [2]. 
In such context, the soil carbon sequestration may be of great importance for mitigating the increase 
in atmospheric CO2 concentration [3]. To promote better carbon sequestration in agricultural soils in 
general and rice soils in particular, key factors that strongly influence in the soil carbon dynamics 
need to be identified. Several field studies have reported that moisture regime and nitrogen levels 
greatly contribute for changes in SOC [4,5]. However, those investigations showed varied levels of 
influence as a result of interference from several factors that exist in field conditions. With this 
background, laboratory experiments were conducted to study the influence of moisture regime and 
nitrogen doses on soil carbon dynamics under controlled conditions. 

MATERIALS AND METHODS 
The bulk soil samples were collected from wetlands of Tamil Nadu Agricultural University, 
Coimbatore. Soils were shade dried, sieved (2 mm) and analyzed for initial soil characteristics. Jars 
loaded with seven hundred grams of soil were used for the incubation study to assess the organic 
carbon dynamics and CO2 evolution. The treatment comprised of two levels of nitrogen viz., control 
and nitrogen @ 0.025% (w/w basis) in combination with two different moisture regimes (alternate 
wetting and drying and submerged conditions). The experimental design adopted was factorial 
completely randomized design with five replications. The soil textural class was sandy clay, 
taxonomically classified as Typic Ustochrept and belongs to Noyyal series. The initial 
characterization results revealed that the soils were slightly alkaline (pH =8.29) with low soluble salts 
(EC = 0.38 dS m-1). The soils were high in organic carbon content, low in available nitrogen, medium 
in available phosphorus and potassium. Soil samples were collected at every seven days interval and 
analysed for soil organic carbon content besides estimating the CO2 evolution. The statistical analysis 
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was performed using the AgRes statistical software (Pascal Intel Software Solutions). Wherever the 
treatment differences were found significant, critical difference (CD) were worked out at the 5 per 
cent level of significance with mean separation by least significant difference and denoted by symbol 
* (** for 1%). Treatment differences that were not significant were denoted as ‘NS’. 
Soil Organic Carbon 
Soil organic carbon (SOC) was estimated by modified Walkley and Black method [6] as described by 
Mebius [7]. Soil weighing 0.5 g (100 mesh sieved) was taken in a 500 ml conical flask and added 10 
ml of 1 N K2Cr2 O7 and 20 ml of conc. H2SO4. The contents were digested with external heat of 140o 
C for 30 minutes. Then distilled water (200 ml), H3PO4 (10 ml) and diphenylamine (1 ml) indicator 
were added. This was titrated against 0.5 N Fe (NH4)2 (SO4). 6 H2O towards the end point of a bright 
green colour. 
Carbon dioxide liberation 
CO2 liberated was estimated using alkali trap method as described by Stotzky [8]. The CO2 trapped in 
0.5 M NaOH was determined by titration with 0.1M HCl after adding excess of 3 M BaCl2 as per the 
following equation and CO2 evolved was expressed as mg kg-1 of soil.  

Milligrams of C (or) CO2 = (B-V) NE 
Where, B is the volume (ml) of acid needed to titrate the NaOH in the vials from control flasks, V is 
the volume (ml) of acid needed to titrate the NaOH in the vials from flasks of different treatments, N 
and E refers to the normality of acid and equivalent weight, respectively. E is 22 when expressed in 
terms of CO2. 

RESULTS 
Soil Organic Carbon (SOC) 
The moisture regime and nitrogen levels significantly influenced the soil organic carbon (SOC) 
dynamics (Table 1). Alternate wetting and drying with nitrogen significantly decreased the SOC 
during the incubation period and recorded the lowest SOC (6.08 per cent) at the end of incubation (63 
days after incubation). Alternate wetting and drying with nitrogen decreased the SOC by 12.3 per cent 
over the initial SOC content followed by alternate wetting and drying without nitrogen (8.9 per cent), 
submergence with nitrogen (8.7 per cent) and submergence without nitrogen (7.7 per cent). The 
interaction effect between the treatments and days of incubation was found to be non-significant. 
CO2 evolution 
Among the treatments, alternate wetting and drying with nitrogen recorded significantly highest CO2 
evolution throughout the incubation period (Table 2). The lowest CO2 evolution was observed in 
submergence without nitrogen. During the 63 days of incubation, the mean values of CO2 evolution 
are 391, 268, 234 and 199 mg kg-1 in alternate wetting and drying with nitrogen, alternate wetting and 
drying without nitrogen, submergence with nitrogen and submergence without nitrogen. The 
interaction effect between the treatments and days of incubation was significant. 

DISCUSSION 
In order to ascertain that relationship between moisture regime and SOC accumulation, we conducted 
incubation study with two levels of moisture regimes under controlled conditions. Our data have 
corroborated with the information that SOC retained higher when the soil was kept under continuous 
submergence in comparison to alternate wetting and drying conditions. These data strongly support 
that submergence assist in accumulation of SOC under field conditions. The rate of soil organic 
matter decomposition is lessened in submerged rice soils, apparently due to excessively reduced 
conditions [9]. Because of the lack of oxygen under submerged conditions even a modest oxygen 
demand for microbial activity cannot be met if large pores are filled with water, resulting in a 
decreased rate of decomposition [10]. Therefore, there is incomplete decomposition of organic 
materials and decreased humification of organic matter under submerged conditions, resulting in net 
accumulation of organic matter in soils [11]. Bronson [12] indicated an increase in C stocks in soil 
due to the relatively slow rate of soil C mineralization under anaerobic conditions.  
Our data have corroborated with the information that the soil when kept under alternate wetting and 
drying conditions emitted higher CO2 in comparison to continuous submergence. Under intermittent 
wetting and drying conditions, the decomposition of SOM is accomplished by a large group of 
microorganisms. Owing to the high energy release associated with aerobic respiration of these 
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organisms, decomposition of SOM and synthesis of cell substances proceed rapidly resulting in the 
production of large amounts of CO2. In the case of submerged conditions, the decomposition of SOM 
is carried out by facultative and obligate anaerobes. Since anaerobic bacteria operate at a much lower 
energy level than aerobic, both decomposition and assimilation are slower in soil under submergence 
[13, 4]. These findings strongly support our explanation that the alternate wetting and drying water 
regime contributed for higher CO2 emission. Several studies [14, 15] have reported that the 
intermittent wetting and drying of soil has a pronounced influence on CO2 evolution. When the soil is 
rewetted, the activity of the microbes increases accompanied by release of air trapped in the soil pores 
contributing to an increase in CO2 emission.  
The addition of nitrogen caused a net decline in the SOC regardless of the moisture regime. It is 
obvious that application of nitrogen might have promoted decomposition of SOC as a result of 
stimulated microbial growth. This is in accordance with various studies [16, 17] which reported that N 
fertilization significantly increased the CO2 flux. 

Table 1. Effect of moisture regime and nitrogen levels on the soil organic carbon dynamics (g 
kg-1) 

Treatments 
Incubation (days) 

0th  7th 14th 21st 28th 35th 42nd 49th 56th 63rd Mean 
T1 6.94 6.87 6.76 6.67 6.60 6.53 6.44 6.40 6.35 6.32 6.59 
T2 6.94 6.85 6.67 6.51 6.41 6.30 6.21 6.16 6.10 6.08 6.42 
T3 6.94 6.89 6.80 6.71 6.66 6.59 6.53 6.48 6.44 6.40 6.64 
T4 6.94 6.90 6.79 6.73 6.65 6.56 6.48 6.42 6.37 6.33 6.62 

Mean 6.94 6.88 6.76 6.66 6.58 6.50 6.42 6.37 6.31 6.28 6.57 
 SEd CD  

T 0.021 0.041** 
D 0.033 0.065** 

T x D 0.066 NS 
T1- Alternate Wetting & Drying without nitrogen 
T2- Alternate Wetting & Drying with nitrogen                                                                                                              
T3- Submergence without nitrogen                                                                                                                                
T4- Submergence with nitrogen 
*P ≤ 0.05, ** P ≤ 0.01, NS - Non significant 

Table 2. Effect of moisture regime and nitrogen levels on soil CO2 evolution (mg kg-1) 

Treatments 
Incubation (days) 

7th 14th 21st 28th 35th 42nd 49th 56th 63rd Mean 
T1 257 403 330 311 298 292 197 183 140 268 
T2 330 660 587 486 403 383 254 221 195 391 
T3 183 331 257 228 220 198 129 137 110 199 
T4 147 394 317 293 276 242 164 148 126 234 

Mean 229 447 373 330 299 279 186 172 143 273 
 SEd CD 

T 1.0 1.9** 
D 1.5 2.9** 

T x D 3.0 5.9** 
T1- Alternate Wetting & Drying without nitrogen 
T2- Alternate Wetting & Drying with nitrogen                                                                                                              
T3- Submergence without nitrogen                                                                                                                                
T4- Submergence with nitrogen 
*P ≤ 0.05, ** P ≤ 0.01, NS - Non significant 
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CONCLUSION 
The results of incubation experiments vividly demonstrated the significance of the two factors namely 
moisture regime and nitrogen levels in affecting the soil carbon dynamics. This laboratory study under 
controlled conditions facilitated to focus on important factors while eliminating the interference of 
other variables that usually exist in field situation. Overall, our observations confirm that moisture and 
nitrogen are two governing factors that need to be manipulated for improving the organic carbon 
accumulation especially in rice soils. 
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