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ABSTRACT
Received: January 31, 2024 Rice (Oryza sativa L.) fields are major sources of methane (CHy) which is the second most important
Revised: February 15, 2024 greenhouse gas after carbon dioxide. Methane is known to be released mainly through aerenchyma tissues of

rice plants; however, CHy is also released from soil surface through ebullition and diffusion. However, little
information is available for CH, emission directly from soil surface (MDFS). In this study, in order to enlarge
our understanding of CH, emission from rice paddy fields, we investigated MDFS under different rice growth
. conditions such as temperature, fertilization, and rice straw input. Rice was cultivated using pots with
Edited by different fertilization regime (chemical fertilizer vs. organic fertilizer + manure compost) with or without rice
2 g p
Seok-In Yun, straw input under ambient or elevated (+3°C) temperature. Methane emissions from rice plants (including
Wonkwang University, Korea MDFS) and MDFS alone without rice plants were measured three times before mid-season drainage (MSD),
in the course of MSD, and after MSD. The MDFS flux and its contribution to the total CH4 emissions was not
affected by temperature, fertilization, and rice straw inputs across the rice growing season. The mean total
ORCID CH, flux and MDFS flux were 20.7 mg m™ hr' and 0.22 mg m™ hr”', respectively, and thus the portion of
Shin ES MDFS to total CH4 emission was about 1%. However, MDFS flux in the early rice season increased by rice
htps://orcid.org/0000-0001-8073-4765  straw input and MDFS accounted for 5% of total CH, emission, probably due to increased CH, production by
rice straw inputs at higher levels than the capacity of aerenchyma tissue to intake and transport the CHy
produced in the early rice season with low tiller number. Our result indicate that MDFS may substantially
contribute to the total CH4 emission in the early season of rice cultivation with organic inputs.
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CH, (99%)

= CH, (1%) — 5% in the early rice
"% season with rice straw inputs

Direct emission of methane from soil surface is less than 1% of the total emission but
increases up to 5% with rice straw application.

Introduction

&Y 2ok 20201 2A7IA MiERRR =7 5 HiETEe] 3.2%°] siEehs 2,105% Eo=, AdHEn o £
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Materials and Methods

H I AE 2 A= 33l 88wl YRR A iehe A T (35°10126.6"N, 126°53'53.9"E)°l|
“42]% Temperature Gradient Chambers (TGCs)E- ©]-8-51] =35It TGCs 2] 2 Ao] HiHAl-2 A8l Ao &
o] A E]o] It (Kim et al., 2011; Nam et al., 2013; Park et al., 2020). H+= 413 A7 (Kim et al., 2011; Nam et
al., 2013)2} 5L HHAl 0 2 L E (2]5 30 cm, Z°] 38 cm, EYF 20 kg) AHSHATE 215, AJH] 22, 514 £ o
FE Gt 127119 22|75 36kasto] 36710] LER W A A ¢°§°}M‘:‘r.

2l 7] RS 2% (+3°0) 271 0 & A5 oW, AlH| A7l= 542, sto| g, #7174 Hl& + EH]
i 78 Tk, SlI2, 8714 B2} Hule ] 159 ol £3 5 cmst EdekAT stsh|R Alj ol
CO(NH,),, KH,POy, KCIE N-P,0s-K,02 9.0-4.5-5.7 ¢ m? E¢Jslgl.0m, §7)4 H|2 + EJH] Al Foll= g}
(332.52Cke!, 603 gNke'!, 5.4 g Pke, 13.1 g K k)2 B5HH| 2 A6} 2] A Alu]eka} E61] LE & 10.6
g (AZ71%) TSI, =|H] (2244 g Ckg',22.5 gNkg', 108 g Pkg™, 13.2 gK kg )= ¢zl dibzlo
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+=Z¥7439.0 gm”126.2 gm0 F7FFEEITE BA Aeltellis i ol dgeh H22] 90% (50 - 141 g pot ™)
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Sepa] Fole Big o] e gieh B (fhA T 9F400 g C k') A =]l ©Jal ©F20 - 56 g©] BT F% HH,
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omyE oF2ER ARRFelct ¥ g et 2L APHQ W 0 2 ek 0 M (Minamikawa et al., 2015), EF
A v SRt 2 AElT LE WA WS Tk Ghs £ EHCA 5 om ZHo|2 AW A5k
B71E 91ll Septa’s Folgal 4417F oV B AM3HE AIAFGIL (Fig. 1). 7F2E Septa s 3L 102 47 5 5
A1 (5 mL)Z 12} AFEIACH, 602737 #2212 AFste] 25kl (4 mL)ol &4

Fig. 1. Methods for gas samplings: (a) for whole rice plants and (b) for soil surface only.
ZFdto|doef Z-E 7EA Al| 1 mL & 7T 20HE 121 7]7] (Agilent 7890A GC, Agilent, CA, USA)E ©]
Lol E4519. 0, vt vjESke th2-2] Eq. 12 AKX (Jeong et al., 2018).

F=pXV/AXAc/Atx273/ T (Eq. 1)

F: CH, flux (mg m™ hr'")

p : gas density (mg m™)

I : volume of chamber (m’)

A : surface area of chamber (m”)

Ac/ At : rate of increase of gas concentration (mg m™ hr™")

T : absolute temperature (273 + mean temperature in chamber) (°C)

7 84 A% 4718 25, AH], W F9lol i EYAEE ve Eeis bste] 544 gl IBM
SPSS Statistics 27 (IBM Corp., Amonk, New York, USA) &2 7385 o]-85}0o] G014 959% =0 7 BARE A5}
o] HEsIN, B4 o] 72 79 Duncan’s multiple range test2 AR 2-A5}19]T.

Results and Discussion

B ASAP R R SRt et

S Aol sl 25, AlR] A2, B T}l of Fof| whE BlE el T AT
HEh St EQFAAYE vE S84 B A7 gI3MTh (Table 1). G2 0 = veh /g2 v o] AAEre]
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BolA|8l S7FSRe Zafol7] el Rl E e Bl 71 4 9le (Sass etal,, 1990). TebAl, 4% £
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o} EPAEE Heh BYAE F74E 4 QLT £ oA o]e} 2 ANE SilskA] Rck. ol v ARl

o] SoIAE LU o] Z7F5H| it 0] 57] 22]o] wjgte] W& FERE 7|55k ¢kt 9] Ak (0)

o skt AR 2 Bg 7| uhel @714 2ol AR igto] 27 ) 5714 ol Atshlo] et Sl
o

Aofle et gl = 922 2u|?itt (Denier van der Gon et al., 1996; Kim et al., 2017; Bhattacharyya et al.,
2019; Wang et al., 2019). $HH, EFA W= tgh 224 0] 749 Tokida et al. (2007)0] L33 HE} o] Eofof|A]

—
BE s S HE UE2 B oM
=

Table 1. Probability (P> F) values for the analysis of variance on methane flux per unit area including rice (total flux)
and direct methane flux from soil (soil flux).

Probability > F'
Treatments - -
Total (rice + soil) flux Soil flux

Temperate 0.860 0.363
Fertilizer 0.278 0.486
Straw 0.018 0.514
Time 0.150 0.521
Temperate x Fertilizer 0.425 0.102
Temperate x Straw 0.181 0.330
Temperate x Time 0.385 0.143
Fertilizer x Straw 0.228 0.283
Fertilizer x Time 0.132 0.793
Straw x Time 0.000 0.446
Temperate x Fertilizer x Straw 0.796 0.124
Temperate x Fertilizer x Time 0.313 0.306
Temperate x Straw x Time 0.359 0.216
Fertilizer x Straw x Time 0.804 0.584
Temperate x Fertilizer x Straw x Time 0.342 0.368

i

0|

oh, v A3 A7 | ot BYAS ulwsiE, v A 270l sigshs 31 110 BT E et YA
L7 E9lo]| oJ5]| Z7151Tt (Table 2). WS Z5leh tho]wizgt et 2 £

T2 217420.7 mg m? b €40.22 mg m? e B EFA S et BY AL S 23R oo vjek S 40
9F 1% 50| 21Tt (Figs. 2 and 3). 1 G0l A EF2HE HEro] ¥]-80] Tokida et al. (2013)2] A2 7}o] H]5

- 228, ©]= Tokida et al. (2013)9] AollA= B A=A ZAVFRE A7t & EFAEE veks S7d51o]
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Table 2. Probability values for the analysis of variance on direct methane flux from soil in different season.

Time' Treatments Probability > F
Temperate 0.247
Fertilizer 0.142
Straw 0.001
T1 Temperate x Fertilizer 0.119
Temperate x Straw 0.587
Fertilizer x Straw 0.071
Temperate x Fertilizer x Straw 0.088
Temperate 0.421
Fertilizer 0.418
Straw 0.744
T2 Temperate x Fertilizer 0.178
Temperate x Straw 0.518
Fertilizer x Straw 0.666
Temperate x Fertilizer x Straw 0.859
Temperate 0.210
Fertilizer 0.640
Straw 0.851
T3 Temperate x Fertilizer 0.222
Temperate x Straw 0.240
Fertilizer x Straw 0.448
Temperate x Fertilizer x Straw 0.259

IT1, before mid-season drainage (MSD); T2, in the course of MSD; T3, after MSD.
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Fig. 2. Total methane emission from both rice plants and soils through rice growing season across different temperature
and fertilization treatments: (a) without straw input and (b) with straw input. AT and ET indicates ambient and elevated
temperature, respectively, and NI, CF, and OC imply no fertilizer input, chemical fertilization, and organic fertilization
with manure compost, respectively. Methane fluxes were before mid-season drainage (MSD) (T1), in the course of MSD
(T2), and after MSD (T3). Values are the means of triplicate, and standard errors are depicted with the vertical bars.
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Fig. 3. Methane emission directly from soil surface through rice growing season across different temperature and
fertilization treatments: (a) without straw input and (b) with straw input. AT and ET indicates ambient and elevated
temperature, respectively, and NI, CF, and OC imply no fertilizer input, chemical fertilization, and organic fertilization
with manure compost, respectively. Methane fluxes were before mid-season drainage (MSD) (T1), in the course of MSD
(T2), and after MSD (T3). Values are the means of triplicate, and standard errors are depicted with the vertical bars.
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Fig. 4. Portion of methane directly emitted from soil surface (MDS) to total methane emission from both rice plants
and soils (MDPS) before mid-season drainage (MSD) (T1), in the course of MSD (T2), and after MSD (T3). The values are
calculated using the mean MDS and MDPS across temperature and fertilization treatments, and thus further statistical
analysis including standard error was not possible.

Table 3. Probability values for the analysis of variance on the portion of soil direct methane emission to the total
methane flux including rice and soil.

Treatments Probability > F
Temperate 0.774
Fertilizer 0.477
Straw 0.149
Time 0.501
Temperate x Fertilizer 0.853
Temperate x Straw 0.695
Temperate x Time 0.560
Fertilizer x Straw 0.580
Fertilizer x Time 0.535
Straw x Time 0.554
Temperate x Fertilizer x Straw 0.567
Temperate x Fertilizer x Time 0.889
Temperate x Straw x Time 0.790
Fertilizer x Straw x Time 0.610
Temperate x Fertilizer x Straw x Time 0.864
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(Lim and Choi, 2014). 91, EJZHYE et 22|20 S0 & Bl B9+ 5 V“iE 7\74011 A 71 ]
=+ EPEA2lE 2004 50 gha BT (Fig. 3), ©le @714 vE Al 7hsAd o= ket Eokel v

HU
r_>d

gt AFglato] wiehS Atslsh= v oA Aok= 2R A8 |0} AR G=8A7T SLE=T (Fan et
al., 2022; Yoon et al., 2022), TF=2 2|7} &a] Ax4=84 (e.g., Fe*', Mn*E A3t 4714 vl& + 1] 2|2+
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oA o]} T2 7] Hek A5kt doftS 710 2 F=H T} (Lim and Choi, 2014; Fan et al., 2021). Kong et al.
(2019)2] A+ Aitlo]| oJohH, BfetH| & A 2]+to]| H|ol = A 2+ollA @714 et Aketof| oloff wet ‘i Agefo] 2.5]
2] ZAsko). wbA, et B8] Ae]of oJgt |714 wgt Akslo]| thet S=7FA Q1 A7t H asiet

Conclusions

= AolME ¥ A7 54t 3]0l =Rtste] EFAARE vEs SAste] A W Asagel thet vl aAde
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e AR 2 Hoks R Bl oJs| EEAY= HlE vleo] S71%l=Hl, 591 B F71
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