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Soil Carbon and Nitrogen Ratio in Different Land Use
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Abstract. Carbon and nitrogen ratio is important factor for both soil capability and carbon storage. This
study aims to analyse the relationships of soil properties and the carbon and nitrogen ratio in different land
use. Ninety-six soil samples in different land use, including paddy field, horticulture, field crop and
mangrove forest soils in the central plain of Thailand are sampling. The results were found that total carbon
and nitrogen ratios were significantly correlated with bulk density in crop fields and with pH for horticulture
and mangrove soils. Whereas the ratios of organic carbon and nitrogen contents showed statistical
significance with clay separate content and moisture for horticulture soils, with clay separate content and pH
for mangrove forest soils. The findings of this study support appropriate soil management in agricultural land
use, together with the sustainability in mangrove forest.
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1. Introduction
Carbon (C) and nitrogen (N) in soils are the main component of organic content which known as soil
fertility. However, the biogeochemical cycles of C and N also play an important role in global warming [1],
[2]. Both C and N status associated with C:N ratio may play a key role in regulating soil organic matter
mineralization. The ratio of C:N indicates the rate of decomposition of organic matter and this results in the
release (mineralization) or immobilization of soil nitrogen. [3] pointed out that the greatest SOM
mineralization would occur at substrate C:N ration of 25. If the ratio is less than 20, mineral N is released in
the early of decomposition process. The dividing line between immobilization and release of N is about 20:1.
The change of soil C:N could lead to significant declines in carbon storage [4]. Many factors, including are
land use, climate, topography and some basic soil properties [5], influence the biogeochemical cycle in soil
which further the change of C and N storage. Significantly, land use is the most importance among those
factors [1].
The ratio of carbon and nitrogen shows the degradation rate of organic matter which is the main source
of carbon in soil. Soil organic carbon reservoir in tropical ecosystem is an important component of global
terrestrial ecosystem [6] since climate factors affect the rate and magnitude of change of soil mechanism [7].
The objective of this study was to assess the relationship of the C and N ratio with related to their basic
soil properties in different land use. Agricultural land use was our interested. Within the agricultural areas
themselves, cropping practices have been different depending on agricultural types. Those are divided into
three main crops, including horticulture, field crops and paddy fields. The dissimilar patterns of each
agricultural crop bring to the alterations of land cover, soil properties and further effect to biogeochemical
cycle in soils. Mangrove forest nearby agricultural areas was another land use selected. The reasons were
that (1) the difference of soil parent materials could be controlled and (2) the basic of land use is similar, as
the natural areas.
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2. Materials and Methods
2.1.

Study Area

The study was conducted in three provinces, including Nakorn Pathom, Samut Sakorn and Samut
Songkram. These locations are known as one of the main agricultural area in the central part of Thailand.
The agricultural types are mixed and covered all main agricultural products, mentioned above. Within these
areas, mangrove areas are also significant. Hence, four soil types according to their land uses, including
paddy field, horticulture, field crop and mangrove forest, were selected to sampling. The soils in the depth of
20 cm were taken, according to soil sampling methods [8]. Total samples were ninety-six.

2.2.

Soil Sampling and Analysis

Soil samples were sieved through 212 µm and the selected soil properties were analyzed. These are
included total carbon (TC) by Total Organic Carbon Analyzer of Teckmar-Dohrmann series Phoenix 8000,
organic carbon content (OC) by Walkley-Black wet combustion, total nitrogen (TN) by Macro Kjeldahl
digestion, Cation Exchange Capacity (CEC) by compulsive exchange method, soil texture by hydrometer
methods, moisture by alternative method and pH by pH meter [8].
The soil OC:N and TC:N ratio was calculated by dividing the SOC and TC concentration, respectively,
by the TN concentration. Statistical analysis was performed with the software SPSS 18.0 for Windows to
access the variability of the C:N ratio due to five soil factors.

3. Results and Discussion
3.1.

Soil Properties

Soil properties in Table I illustrate some different. Physical properties were influenced by their raw
materials whereas chemical properties were affected by conventional tillage. Clay material is dominant in all
soil types. These are depending on their soil series which appropriate for the specific cropping types. The
values of pH, bulk density and CEC were also analyzed to further consider their relations to the ratio of
carbon and nitrogen. The pH values of three agricultural crop types and, surprisingly, mangrove soils were
less than 7. According to [9], the efficiency of nitrogen storage of soils which pH less than 5 is increased
since they affect the reduction of denitrification process. The CEC levels of agricultural crops were
significantly varied and these are not happen for mangrove soils.
The values of C and N were also showed in Table I. C and N contents in mangrove soils presented the
highest value. For agricultural land use, both C and N contents in field crop soils were the least and the most
values were in paddy field soils. The main reason is the characteristics of soil management which is different
in each cropping system. Usually, harvest together with land opening for field crops have been taken the
most frequencies, comparing with horticulture and paddy fields.
Table I: Soil properties of different land use
Soil properties
Soil textures(%)
-clay
-silt
-sand

3.2.

Horticulture

paddy field

field crop

Mangrove

61.21-84.99
22.93-43.55
Nd-24.59

35.22-87.20
20.16-41.71
Nd-44.60

38.49-78.35
11.42-42.36
Nd-51.57

42.53-73.04
16.40-38.76
Nd-43.50

Bulk density(g/cc)

1.03-1.36

1.00-1.28

1.19-1.45

0.45-1.18

Moisture (%)

15.40-47.86

3.79-89.20

9.30-33.01

63.47-136.30

pH

4.10-8.22

4.51-6.98

5.81-6.96

3.54-6.78

CEC (meq/100g)

13.98-46.11

4.03-37.34

5.86-30.70

12.56-35.17

Total carbon (%)

0.89-3.01

1.37-4.20

0.94-1.85

2.01-6.33

Organic carbon (%)

0.63-4.20

0.90-3.69

0.49-2.01

1.34-6.64

Total nitrogen (%)

0.08-0.25

0.08-0.32

0.05-0.14

0.13-0.32

The Ratio of Carbon and Nitrogen

The ratio of C and N illustrates the appropriateness of soil to supply the nutrients and the capability of
carbon storage. For agricultural soil, low C:N ratio (20:1 or less) is sufficient. The higher C:N ratio in
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mangrove forest affect the decreasing of N pool [10]. The ratio of OC:N and TC:N in Table II were found
that horticulture and paddy field soils were not different whereas field crop soils were slightly higher. For
mangrove soil, the ratio of C:N showed the degradation rate of soil which affect C storage influencing by
vegetation types. The ratio of C:N in mangrove soils was slightly higher than in agricultural soils. However,
the result of mangrove C:N ratio in this study was lower than the study of [5] in similar ecosystem which
illustrated the range of ratio from 24.96 to 32.40.
Table II: The ratio of OC:N and TC:N
Soil properties
OC/N
Minimum
Maximum
Mean
STDEV
TC/N
Minimum
Maximum
Mean
STDEV

3.3.

Horticulture

paddy field

field crop

Mangrove

7.60
21.71
10.90
2.88

6.77
18.01
10.65
2.04

7.22
25.65
11.32
4.02

9.03
20.65
14.22
3.41

9.68
18.08
13.08
2.08

6.88
29.50
13.57
3.66

12.27
17.78
14.10
1.70

11.01
19.70
14.86
2.86

Statistical Association of Soil Properties and the Ratio of Carbon and Nitrogen

Table III showed the results of multiple linear regression equations for the OC:N and TC:N to five soil
factors of four soil groups. For horticulture soil, regression models explain the variation of five soil factors to
the OC:N and TC:N with 30.2% and 30.6% accounted in Equations 1 and 2, respectively. Only clay content
and moisture showed statistical significance (P < 0.10) for OC:N. As to TC:N, only pH can explain the
variability with significance value (P < 0.10).
For paddy field, soil properties have negligible effect on OC:N and TC:N. There are no any statistical
associations and only small account to OC:N and TC:N as presented in Equations 3 and 4, respectively.
As to field crop soil, five soil factors can explain OC:N variation at 27.9%, with no statistical
significance. The association of TC:N (78.3%) was dramatically higher than OC:N (27.9%). Bulk density
was only soil property that was significantly correlated. Equations 5 and 6 explained the relations of OC:N
and TC:N with their basic soil properties.
Regression model explaining the greatest variation in the OC:N ratio for mangrove soils with clay
accounted for 56.5%. The values of pH of mangrove soil were significant correlated (P < 0.10) with both
OC:N and TC:N, respectively, however, the relations presented in negative direction. Equations 7 and 8
explained 93.5 % and 76.0% of the variation accounted for OC:N and TC:N, respectively.
Table III: Equation models of OC:N and TC:N
Soil types
Horticulture
Paddy field
Field crop
Mangrove forest

R2

Equation models
1.OC:N=18.323-0.605bulk-0.232clay+0.089CEC+0.117moist+0.613pH
2.TC:N= 12.385-3.037bulk-0.083clay+0.075CEC+0.060moist+0.948pH
3.OC:N=6.731+2.351bulk-0.021clay+0.044CEC+0.000moist+0.29pH
4.TC:N= 8.624+6.835bulk-0.149clay-0.009CEC+0.036moist+1.026pH
5.OC:N=53.41-7.786bulk-0.203clay+0.174CEC-0.196moist-2.934pH
6.TC:N= -5.072+17.048bulk-0.057clay-0.044CEC+0.075moist-0.04pH
7.OC:N=18.279-3.185bulk+0.565clay-0.531CEC-0.011moist-3.249pH
8.TC:N= 29.836-4.577bulk+0.539clay-0.612CEC-0.065moist-3.314pH

0.302
0.306
0.024
0.259
0.279
0.783
0.935
0.760

4. Conclusion
The results of statistical association can conclude in which factors of soil properties that affect OC/N and
TC/N in Table IV.
Table IV: Soil properties correlated to the ratio of OC:N and TC:N
Soil types
Horticulture soil
Paddy field soil
Field crop soil
Mangrove soil

OC/N
Clay contents, moisture
None
None
pH, clay contents
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TC/N
pH
None
Bulk density
pH

This study can illustrate overall pictures for both soil management and environmental sustainability. For
soil management, bulk density, one of soil physical properties, affects TC:N for field crop soils. Hence,
appropriate tillage practice should improve soil polarity. Many agricultural soils have lost 30-50% of their
original SOC pool. However, management practice could recapture those SOC lost, like the study of [11] in
pastures at the Northeast USA. In contrast, OC:N in horticulture soil is influenced by their clay and moisture
contents. According to [12], finer-textured soils, like clay, had greater SOC. This is positive related to SOC
at both global and landscape scale [13]. Usually, clay is the soil properties affected by their soil parent
materials. The way to enhance should focus on water maintained in soil. These should consider the pH factor
for cropping system since it also affects TC:N. However, the values of C:N ratio in each cropping system is
important for practical farming by adding organic materials to decrease (immobilization) or an increase
(release) soil nitrogen [14]. Soil management, itself, also affects carbon and nitrogen distribution in soil and
further soil resource sustainability [15], [16].
For global warming, the attention is on mangrove soil since carbon stores in them could decrease carbon
and further greenhouse gas in the environment [17]. Clay texture in mangrove soil influenced by their parent
raw materials has an effect on the ratio of C and N.
Soil sustainability should balance between agricultural products and global carbon cycle in ecosystem.
The linear relationship presented here could predict the effect of factors influencing on C:N ratio in different
land use.
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