"m Check for updates

Journal of Climate Change Research 2021, Vol. 12, No. 6, pp. 701~712
DOI: https://doi.org/10.15531/KSCCR.2021.12.6.701

SYEy BN D2y 5 EYSA NY 53

s O - o [ = o o
HEII" - ZART - HAMT - AT - RAETT
*ZB|HShn UPITHSIR BESEIIS} SAY, »slety URithsiel BAHSEIfSl ¢TY,
X 7:

otRSHESA HEPUAN LOHYR ARY, ***Fsiifetu atdst I atdEshl us

Quantifying the Effects of Agricultural Management Practices on Soil Carbon Storage
in an Agricultural Environment Conservation Program

sk

Hyun, Junge® - Kim, Si Jin"™" - Jung, Wan Seop” - Kim, Jae-Ok™~ - Yoo, Ga Young

"Ph.D Student, Dept. of Applied Environmental Science, Graduate School, Kyung Hee University, Gyeonggi, Korea
“Research Assistant, Dept. of Applied Environmental Science, Graduate School, Kyung Hee University, Gyeonggi, Korea

sk

Ph.D, Fishing Village & Fisheries Office Fishery & Coastal Development Department, Korea Rural Community
Corporation, Jeollanam-do, Korea
" Professor, Dept. of Environmental Science and Engineering, Kyung Hee University, Gyeonggi, Korea

ABSTRACT

Soil carbon storage is considered an important climate change mitigation strategy as it represents a major carbon storage
reservoir in the global carbon cycle. Ministry for Food, Agriculture, Forestry and Fisheries (MIFAFF) set up the Agricultural
Environment Conservation Program and agricultural practices to promote soil carbon storage are included as important
activities. However, there is no established methodology to quantify the performance of agricultural practices that can enhance
soil carbon storage. In this study, a methodology and tool were developed to quantify changes in soil carbon storage related
to conservation actions. First, cropland was divided into rice paddies, agricultural fields, and perennial/tree crops, and
agricultural activities were systematized considering domestic agricultural circumstances. No-till farming, cultivation of green
manure, crop residue return, compost application, and biochar input were considered. Next, default factors of IPCC
(Intergovernmental Panel on Climate Change) guideline and domestic research papers were reviewed to find the relevant
effects of different activities on soil carbon storage. Finally, a spreadsheet for calculating changes in soil organic carbon stock
was built using Microsoft Excel. The developed method was applied to Sangju-si and Boryeong-si, which joined the
Agricultural Environment Conservation program, and the total increase in soil carbon storage in 20 years was calculated as
255.0 ton C and 356.8 ton C, respectively. The methodology and soil carbon stock calculator established in this study will

be able to more accurately reflect the domestic situation if country-specific emission factors are incorporated in the future.
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Table 1. Agricultural activities with the potential to increase soil carbon storage by projects related to
greenhouse gas emission reduction in the domestic agricultural sector

Projects

Agricultural activities

* Compliance with the standards for using compost and liquid manure

* Crop residue retention

Agricultural environment conservation

program

* Cultivation of fallow green manure crops and soil return

* Cover crop residues on the sloped field

* Minimize tillage (No-tillage or conservation tillage)

Low-carbon agricultural and livestock

products certification agent

* No-tillage and conservation tillage

Agricultural/Rural voluntary greenhouse gas * Conservation tillage

reduction project * Biochar application

Direct payment system for public interest

* Livestock manure compostingand compliance with manure spreading standards

2.2. IPCC 27t 2M7tA QMIER] Xty X|2lo| B
AR MEY UE

SAehd B Zeadeld Ay Uk JuE

59 Borta A% 37 G How B 9

i 7bg Beigoz BEHI Y IPCC Jto|=etale]

S ZAWBFS AP U A0 F AR £
e AR AolS B A7t S71EE AFSHE Alojrt

(IPCC 2019a; Greenhouse Gas Inventory and Research
Center of Korea 2021).

ACMineral = (SOCO'SOC(O.T))'A /T (1)

A CMineral : "'__1"7 ]@ Eoc;bﬂ}\—k)/] ‘ﬁﬂ' %ﬁ\— %th&ﬂ(ton C/year)
SOC, : HiE?] tdydAd=e] B 17184 5% (ton Cha)
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A 78 8 EX HH(ha)
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715t A A Fop)= Y59 T GE Yol o]
AR, EF £ T 1009 o4} HEEL= blo] A} g
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ABCuinerar © HIO|QA} TR0 W F BT AV S71tt O

BCrorp, : HFO] @2} A4 BFQ] po] EQF FU=F (t biochar)
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Fromy + 510193 A1AL EFS) po] EF %91 1004 7 3
L& (t TEC/ t O

http://www.ekscc.re.kr



704

2N

—

Xl . XM

or—d

- AW - |7

Table 2. Relative carbon stock change factors (FLy, Fume, and Fy) (over 20 years) for management activities on

cropland (IPCC 2019a)

Factor value

. Level Temperature regime Moisture regime IPCC defaults
ype
Dry 0.76
Long-term cultivated Warm Temperate -
Land use Moist 0.69
(FLu) Paddy rice All Dry and Moist/Wet 1.35
Perennial/Tree Crop Temperate/Boreal Dry and Moist 0.72
Full All Dry and Moist/Wet 1.00
) Dry 0.99
Tillage Reduced Warm Temperate -
Moist 1.05
(Fmo)
Dry 1.04
No-till Warm Temperate
Moist 1.10
Dry 0.95
Low Temperate/Boreal Moist 0.92
Moist/Wet 0.92
Input Medium All Dry and Moist/Wet 1.00
(F) o , Dry 1.04
High without manure Temperate/Boreal and Tropical -
Moist/Wet 1.11
) ) ) Dry 1.37
High with manure Temperate/Boreal and Tropical -
Moist/Wet 1.44

Table 3. Values for organic C content factor of
biochar by production type (Fcp)

Table 4. Values for Fuermp (Fraction of biochar C
remaining after 100 years)

Pyrolysis Production Value for Fpemp
. Values for
Production Feedstock F High temperature pyrolysis and gasification o
Process P > 600C) 0.89 +13%
Animal manure 0.38 £49% Medium temperature pyrolysis (450 ~600T) 0.80+11%
Wood 0.77 + 42% .
Low (350 ~450C) 0.65 + 15%
Herbaceous (grasses, forbs, leaves) 0.65 +45% -
Pyrolysis Source: IPCC 2019 refinement volume 4 AFOLU Appendix 4
Rice husks and rice straw 0.49+£41%
Nut shells, pits, and stones 0.74 £39%
LH AIX Qﬂaél- o I-Ax-] i AO E_I:.I-A-]
Biosolids (paper sludge, sewage sludge) 0.35+40% 2.3. = =o= 2t EEs S5E Hils2] I‘
HE 9l H=siE iﬂ]ﬂ Xzl
Animal manure 0.09 +53% = = °o=e c=
Wood 0522 52% IPCC 7hol=a}elo] AAIE APIAS 5187 v =
Herbaceous 0.28 + 50% 2O EGea A% S J5gdso] BF HrgEo]
Gasification 017 o b |-__‘:—' Z2FA O w7ls}7] 95t 8F
Rice husks and rice straw 0.13 + 50% 1 mi2ef ol & g4 oz it ] iy
o= sttty ARt SAE 4540 FLE A
Nut shells, pits, and stones 0.40 £ 52% -
7F S-=lvete] Aol gh=A 5#‘41 AT AHEE S 4
Biosolids (paper sludge, sewage sludge) 0.07 +50% Zo0] " gsltty "oiEo] B3 RAE S35+t ot
Source: IPCC 2019 refinement volume 4 AFOLU Appendix 4 A ZF FEE5(AHL, SHEAE A §) HE2 EYEA
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Land use |

Perennial Yes _| Perennial/ Tree crop:
art g "l Fu = 1.00
crop? w =1
No

Long term
rice paddy?

Yes _| Rice Paddy:
™ F = 1.21

Fig. 1. Classification scheme for agricultural activities by land use

| Crop field (tillage) |

Compost
Application?

Crop field x till x NM x Compost
=1.00 x 1.00 x 1.00 x 1.30

Crop field x till x NM
= 1.00 x 1.00 x 1.00

Nominally

Yes

Compost
Application?

Crop field x till x NM x Green manure x Compost
= 1.00 x 1.00 x 1.00 x 1.10 x 1.30

No Crop field x till x NM x Green manure
* - 1.00x 1.00x 1.00 x 1.10

Compost
Application?

Crop field x till x degraded x Green manure x Compost
= 1.00 x 1.00 x 0.95 x 1.10 x 1.30

Crop field x fill x Degraded x Green manure
= 1.00 x 100 x 0,95 x 1.30

Yes

Compost
Application?

Crop field x till x Degraded Crop field x till x Degraded x Compost
[Crop field (CT) = 1.00 x 1.00 x 0.95 = 1.00 x 1.00 x 0.95 x 1.30

C field (No till * For no-till and conservation tillage, follow the same flowchart as above,
; fop e (No il but use the tillage factors(Fyg) of 1.10 and 1.05, respectively.

Fig. 2. Classification scheme for management activities on crop field with tillage

Journal of Climate Change Research 2021, Vol. 12, No. 6
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Compost
Application?

Rice paddy x till x NM x Compost
=121 x1.00x 1.00 x 1.30

Rice paddy x till x NM
=1.21 x 1.00 x 1.00

Nominally
anaged (NM)

Compost
Application?

Rice paddy x till x NM x Green manure x Compost
= 1.21 x 1.00 x 1.00 x 1.10 x 1.30

Manure?

No Rice paddy x till x NM x Green manure
»| =121 x 1.00 x 1.00 x 1.10

Compost

mpo Rice paddy x till x degraded x Green manure x Compost
Application?

=1.21 x 1.00 x 0.95 x 1.10 x 1.30

Rice paddy x till x Degraded x Green manure
= 1.21 x 1.00 x 095 x 1.30

Compost
Application?

Rice paddy x till x Degraded x Compost
= 1.21 x 1.00 x 0.95 x 1.30

Rice paddy (CT)-

- - * For no-till and conservation tillage, follow the same flowchart as above,
“—» | Rice paddy (No till) but use the tillage factors(Fug) of 1.21 and 1.05, respectively.

Rice paddy x till x Degraded
=1.21 x 1.00 x 0,95

Fig. 3. Classification scheme for management activities on rice paddy with tillage

 Perennial/ Tree crop (PC) (tillage)| No

Compost
Application?

Perennial/ Tree crop x till x NM x Compost
=1.00 x 1.00 x 1.00 x 1.30

Perennial/ Tree crop x till x NM
= 1.00 x 1.00 x 1.00

Nominally

Compost
Application?

Perennial/ Tree crop x till x NM x Green manure x Compost
= 1.00 x 1.00 x 1.00 x 1.10 x 1.30

No Perennial/ Tree crop x till x NM x Green manure

#| = 1.00 x 1.00 x 1.00 x 1.10

Yes

Compost Perennial/ Tree crop x till x degraded x Green manure x Compost

Application? = 1.00 x 1.00 x 0.95 x 1.10 x 1.30
No Perennial/ Tree crop x till x Degraded » Green manure
= 1.00 x 1.00 x 0.95 x 1.30
Compost
Conservation Application?
No
Perennial/ Tree crop x till x Degraded Perennial/ Tree crop x till x Degraded x Compost
| PC (CT) ‘ = 1.00 x 1.00 x 0.35 = 1.00 x 1.00 x 0.95 x 1.30
PC (No till * For no-till and conservation tillage, follow the same flowchart as above,
i (No il but use the tillage factors(Fyg) of 1.10 and 1.05, respectively.

Fig. 4. Classification scheme for management activities on perennial/ tree crop with tillage

http://www.ekscc.re.kr
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o] B2]E 98] High with manure #|4=(1.44)0]4] High
without manure A|5(1.11)E U&= 9 1302 EH] A|&
of ot A2 ARESIAH. olE TET Ay sALT
HAx2 O tid 53849 EY #7184 A% 53 &
= APEsH7] 919t A7t Table 59F Zo] A= A
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=
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Table 5. Relative carbon stock change factors for
management activities on cropland applied

in this study
Management activities on cropland Factors
Rice paddy 1.21
Land use Crop field 1.00
Perennial / Tree crop 1.00
Conventional tillage 1.00
Tillage Conservation- tillage 1.05
No tillace Rice paddy 1.30
& Crop field 1.10
Oreanic Degraded 0.95
Ban Crop residue Nominally
matter input 1.00
managed
Green manure 1.11
Compost application 1.30
FURY BANRIRY] 7 5AA0] L B
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5]t ERke 27 WsASE A
AAE AR EHSIH(Fig. 1~4). $4,
< IPCCO| ERAAE wehA = &, 994
Aot JUAISE FRSACHFig. 1)

=2 B2 oo wet FEI olF fUE FY =
of wz}t degraded?} nominally managed= U} th. o]%
=) 22 A ojRo} Hl) £ oi=g Meslo] 7t
SEE 23] 42 Eehs %4 WEASES Fig 29}
2ol Yepolt Budes R4ee] 49E ook vzt
TR fp7lE FY £5, =1 ZE A off, FHH| &
A o%g AEGlo] AGE £E0IT, AL Sl G2
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Cropland soil organic carbon storage calculator

1. Select the soil texture, land use, tillage level, and organic matter input level (existing activity/new activity) and enter the cropland area.

2. For cropland with known soil organic carbon storage, directly enter the value.

3. After calculating the total carbon storage when maintaining the existing agricultural activities and the total carbon storage after 20 years when the agricultural environment is changed, the annual increase in carbon storage is calculated.

4. For cropland with biochar, the increase in soil carbon storage from biochar input by inputting the biochar input and selecting feedstock of biochar, pyrolysis method (P=pyrolysis, G=gasification), and pyrolysis temperature could be calculated

Soil texture(IPCC defaults) Cropland area Annual change in SOC stocks Biochar carbon stocks Gasoline vehicle travel tance |Petrol vehicle travel distance (conversion of biochar inpu
-t C ha™", soil depth 0-30cm-- -ha-- ~-ton Cyr'-- --ton C-- km y km
Lac g 1076 7.21 500.50 4,946.73 43

<Existing management activities on cropland>

Land use(Fy) nic matter input level(F)) - cropping sys Green manure” Compost'vv Tillage level(Fme) Total carbon storage
rrrrrr unitless------ —ton C--
tice paddy | Nominally managed ﬂ no input v |linput | tillage | 930.90
121 1 1 13 1
<New management activities on cropland>
Land use(FLy) nic matter input level(F) - cropping sys Green manure” Compost™ Tillage level(Fua) Total carbon storage
------ unitless------ --ton C--
Tice paddy [ [Nominally managed | [input v |linput ][ consenvation tillage ~] 107515
121 1 11 13 1.05 o

= : Degraded, Nominally managed means the soil input level of organic matter, and the classification is as follows.

Degraded : Occurs when there is removal of residues (via collection or burning), frequent bare-fallowing, production of crops yielding low residues (e.g., vegetables, tobacco, cotton), no mineral fertilization or N-fixing crops.

Nominally managed : Representative for annual cropping with cereals where all crop residues are returned to the field. If residues are removed then supplemental organic matter (e.g., manure) is added. Also requires mineral fertilization or N-fixing crop
in rotation
** : The soil carbon stock change factor of green manure is the IPCC Tier 1 default value.
=== : Degraded, Nominally managed refers to the soil input level of organic matter. The amount of increase in soil carbon storage by compost application in Degraded and Nominally managed cropland is replaced as 1.3, which is the value of high with
manure factor divided by the high without manure factor in 2019 IPCC Guidelines because there is no factor for them.

<Biochar input>

Biochar input Pyrolysis production process Biochar production temperature Carbon storage increase
--kg-- --kg C--
. P-wood [Low (350~4500 =l 5005
077 0.65

% This calculation method applies only to cropland maintained as cropland for more than 20 years.
Fig. 5. Cropland soil organic carbon storage calculator
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Table 6. Area of cropland where carbon storage enhancement agricultural activities are applied in Sangju-si
and Boryeong-si (ha). Separated by activity, and the area where two or more agricultural activities
were applied was also calculated separately

(@) Sangju: Total area 49.0 ha

Land use
Rice paddy Crop Field Perennial/ Tree crop
Management activities on cropland
Crop residue retention 0.18 7.39 0.67
Green manure - - -
Conservation tillage 27.4 1.26 1.2
Crop residue retention & conservation tillage 1.84 9.38 0.22
Crop residue retention & conservation tillage & 171

green manure

http://www.ekscc.re.kr
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(b) Boryeong: Total area 63.5 ha
Land use
Rice paddy Crop Field Perennial/ Tree crop
Management activities on cropland

Crop residue retention 46.0 2.7

Green manure -

Crop residue retention & green manure 4.10 0.27

Table 7. Expected amount of enhanced soil organic
carbon storage by land use when the same
agricultural activities are maintained for 20
years in Sangju-si and Boryeong-si

Sangju Boryeong
Land use
----- ton C -----
Rice paddy 96.2 338.6
Crop field 150.2 18.2
Perennial/ Tree crop 8.6
Total 255.0 356.8
4. 4E

& AT Haks ALY
e YHES AndE=
A7F &4 BAE uEE Hetl
HolE AT 4 A ole L&, v SOl 54
EgHa Ty o] vty V&, B 5 0t
sl e HekE AL A= AR Al
A B Higt 7|24 2AtmE dHste] 44 AN
D 5 vk Aol o vk & o)A ARE A
G50 HiF-E IPCCY 7| BAs2hs IS 7L 32
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