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Soil Carbon and Microbial Activity Influenced by Pasture and
Rice Paddy Management
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This study investigated soil carbon storage and microbial activities influenced by different management
practices in rice paddies and pastures. Soils under a single-crop farming of rice (CON) and rice-Italian ryegrass
rotation farming (IRG) were compared in Jangheung, Jeollanam-do, Seocheon and Cheonan, Chungcheongnam-do.
Soils from pastures were analyzed to investigate the effect of duration period (P1, P2, P3) in Namwon,
Jeollabuk-do and Seosan, Chungcheongnam-do. In rice paddy, total and particulate carbon (PC) concentrations
in the IRG soils were significantly higher than those in the CON soils both in Jangheung and Seocheon where
the IRG has been established for three years, whereas carbon concentrations were not significantly different in
Cheonan where IRG planting history is only one year. In rice paddy soils, PC was suggested as an eady
indicator to monitor changes in soil carbon storage followed by adopting different management practices. In
pasture, total and PC concentrations increased with duration period especially in the 0-5 c¢m soils. Contrary to
the rice paddy soils, the magnitude of change in PC concentration is not as great as that in total carbon
concentration, implying that there is a need to develop a new eady indicator other than PC using different
fractionation scheme. The soil carbon storage in pasture also increased with years since establishment and the
increasing rate was significantly greater in the early stage (0-5 yrs) than the later one (> S yrs). Microbial
activities measured from fluorescein diacetate (FDA) hydrolysis analysis were significantly lower in the IRG
soils than CON soils, whereas no difference was observed in the pastures of different ages. This shows that
FDA activity is not a sensitive indicator to differentiate soil qualities influenced by management practices if it
is used by itself.
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Table 1. Physico-chemical characteristics of the soils from rice paddy and grassland.

Site Sand Clay Silt TC' TN
Y e e R )| —

Rice paddy Seocheon 65 15 20 29.09 2.32

” Jangheung 20 30 50 12.22 1.19

” Cheonan 55 3 42 6.83 0.58

Grassland Namwon 55 15 30 30.32 3.21

" Seosan 5 30 65 41.26 3.43

"TC: Total Carbon, 'TN: Total Nitrogen.
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Table 2. Variance analysis of TC concentration, PC concentration, equivalent volume SOC storage (0-15 cm), equivalent
mass SOC storage (0-5 cm), and equivalent mass SOC storage (0-15 cm) of the soils from rice paddy and grassland.
Trt means effects of Italian ryegrass planting in rice paddy and duration period in grassland.

Concentration
Grassland Rice paddy
TC pC’ TC PC
g C kg soil
Site 0.0336" <0001 <0001 <0001
Trt <0001 0.3139 <0001 <0001
Depth <0001 <0001 0.1461 0.0022"
Site*trt 0.0013" 0.0857 <0001 <0001
Site*depth 0.0020" 0.0023" 0.6235 0.0079"
Depth*trt <0001 0.0233" 0.5627 0.1770
Site*trt*depth <0001 0.0780 0.0385" 0.0006""
soc? storage
Grassland Rice paddy
Equivalent Equivalent Equivalent Equivalent Equivalent Equivalent
volume mass mass volume mass mass
(0-15 cm) (0-5 cm) (0-15 cm) (0-15 cm) (0-5 cm) (0-15 cm)
gC m’
Site 0.0018" 0.6952 0.0035" <.0001™" <.0001™" <.0001™"
Trt <.0001™" <.0001™" <.0001™" 0.0003"" <.0001™" <.0001™"
Site*trt 0.0032™ 0.0015™ 0.0209” 0.0310" <0001 0.0037"

'PC, Particulate Carbon. ‘SOC, Soil Organic Carbon.
e Significant at 0.05, 0.01, 0.001 probability level, respectively.
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Fig. 1. Changes in total® and particulate” carbon concentrations in Seocheon, Jangheung, and Cheonan, Korea. Different
letters with above data from each location mean significant difference at P<(.05.
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Table 3. Changes in soil carbon storage calculated based on

and equivalent mass (0~15 cm).
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equivalent volume(0~15 cm), equivalent mass (0~5 cm),

Site Equivalent Equivalent Equivalent
volume mass mass
(0-15 cm) (0-5 cm) (0-15 cm)
g C m”
CON' IRG CON IRG CON IRG
Seocheon 2096.1 a" 27074 b 929.2 a 1698.5 b 21694 a 26959 b
Jangheung 1573.7 a 2094.6 b 966.9 a 1543.6 b 1575.6 a 2091.1 b
Cheonan 10432 a 11879 a 340.3 a 401.0 a 1028.6 a 11788 b
TCON, Single-crop farming of rice; IRG, Rice-Italian ryegrass rotation farming.
"Different letters with data mean significant difference at P<0.05.
a) TC b) PC
0.00 25.00 50.00 75.00 100.00 0.00 500 1000 15.00 20.00
| 1 | - (2C k' soil) | Nanwon B B, S Namwon P1
T s Namwon P2 3, a Namwon P2
g =NamwonP3 5 = Namwon P3

c Seosan P1
= Seosan P2

B Seosan P3

wd G~

Fig. 2. Changes in total” and particulate”

wod G~

Seosan P1
® Seosan P2

H Seosan P3

organic carbon concentrations in Namwon and Seosan influenced by years

since establishment (P1, P2, P3). Different letters with above data from each location mean significant difference at

P<0.05.
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Table 4. Changes in soil carbon storage calculated based on equivalent volume (0~15 cm), equivalent mass (0~5 cm),
and equivalent mass (0~15 cm) influenced by years since pasture establishment.

Site Equivalent Equivalent Equivalent
volume mass mass
(0-15 cm) (0-5cm) (0-15 cm)
g C m”

Namwon P1 2654.10 a’ 225449 a 3847.40 a
” P2 552330 b 3106.44 b 583134 b
” P3 5679.85 b 358547 b 7652.32 b
Seosan P1 2399.79 a 791.74 a 3172.76 a
” P2 7803.13 b 2677.67 b 9419.38 b
” P3 9626.29 ¢ 4542.75 ¢ 9567.77 b

"Different letters with data mean significant difference at P<0.05.
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a) e b) e Pl
FDA activities CON FDA activities "p2
120.00 - (0~15cm) = IRG 120.00 4 (0~15cm) up3
b
a
a
90.00 1 - a 90.00 | a a
b
%i00, 60.00 -
a
30.00 30.00 1
0.00

0.00 ; ; ;

CON IRG CON IRG Pl P2 P3 Pl P2 P3

Seocheon Jangheung Namwon Seosan

Fig. 3. Changes in FDA activities influenced by IRG plantation in rice paddy soils”, and by years since pasture
establishment in grassland soils”. Different letters with above data from each location mean significant difference at
P<0.05.

Table 5. Pearson correlation coefficients among physico-chemical characteristics of the each treatment.

FDA' TC TN PC PN
1.000 -0.078 -0.363 -0.17 -0.367
FDA
27 27 27 27 27
TC 1.000 0.853" 0.454" 0.435"
(32) (32) (32) (32)
, 1.000 0.605"" 0.504"
Rice paddy ™N
(32) (32) (32)
1.000 0.887"
PC
(36) (36)
1.000
PN
(36)
FDA TC N PC PN
1.000 0.07 0.202 -0.091 -0.064
FDA
(40) (36) (40) (40) (40)
TC 1.000 1.000 0.411" 0.381"
(36) (36) (36) (36)
0.397" 0.897" 0.876"
Grassland TN
(40) (40) (40)
1.000 0.993"
PC
(40) (40)
1.000
PN
(40)

'FDA, Fluorescein Dehydrogenase Activity; PN. Particulate Nitrogen.
""" Significant at 0.05, 0.01, 0.001 probability level, respectively.
Numbers in parentheses are observation numbers used to calculate coefficients.

olulzA]
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