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Effect of rising air temperature and CO, concentration on greenhouse gases

emissions from Suphanburi 1 rice variety
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Abstract

This study investigated effect of rising temperature and CO, concentration on
greenhouse gases emissions from The Suphanburi 1 rice variety was planted in pot experiment
by using Kampheang Sean soil series (Typic Haplustalfs). The experiment design by Completely
Randomized Design (CRD) with three treatments of cultivation condition included 1) rice
cultivation in ambient air temperature condition (C or Control), 2) rice cultivation in rising
temperature condition (HT), and 3) rice cultivation in rising temperature and elevated CO,
concentration (HCT). Rice cultivation under rising temperature and elevated CO, concentration
emitted higher CO, and CH, emissions higher than normal condition. HT treatment induced
95.42 and 57.93% of CO, and CH4 emissions over control treatment, respectively. While, HTC
treatment enhanced 3 times of CO, emission and 64.90% of CH,; emission over control
treatment. It was found that HT and HTC soil properties presented higher total carbon content,
total nitrogen, and the ratio of carbon to nitrogen than that control. In addition, rice cultivation

under rising temperature and elevated CO, concentration reduce rice grain yield.
Keywords: Rising air temperature, greenhouse gases, rice cultivation, global warming
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whiu 1,305.22 Alansumsueusisuanuasrenisimizdgn uagluan1iz C dansudesineiiinuios
flgawiniu 826.43 Alan3uasususieusnunirenisimizugn (il 1) Wesluaning HTC Ui

Aundufitgasusulaeenlyfuyuyilitinsduasziwamazasyiulalan nssdulifudin

a

fn13nasansdunid wu Wnnatugunsndunidiazatels wasnsneziilusenuuin Jaanswa1ings

2ONNIAINUSIVTINT1S8NN root exudates tHuarsasdulunsiiafeiiny (Lindau et al,, 1991;

v
= 1

Wang et al., 1997; Murakami et al., 1990) uena1ntiun1suaeefigdiinuainuidnuansiaiuliuediv
yipvashunarlademeaninuindey Ao Ysunaluuidn gaumgll a1sduniduazansetunid uay
WwNsUTuU TR Judu (Parashar et al, 1991; Minami and Neue, 1994; Wang et al., 1997;

Towprayoon et al., 2005; Smakgahn et al., 2009)

139



aninermansuazinalulad Veridian E-Journal, Science and Technology Silpakorn University

UM 4 adun 5 Wwiou fugneu - Ra1Ay 2560 Volume 4 Number 5 September — October 2017 ISSN 2408 - 1248
500
-B-C

400 oo
B
o —A—HTC
® 300 A
<
\tr
T
O
T 200
e
o

100

0
28 42 56 70 84 98 105 112 119
Day after planting(day)

a

A9 1 YSnaieiinunudesesninludisggniamizugnaindifunaasanizdgn C Ao
an1zoaUn@ HT Ae an1leiguuiliings¥u 2 ssmiwaldea, HTC fie dn1ieiiniuaugumngiiiiy

330U 2 esmwadvanuiuanudinduresfiwaniveulaeanlediiugu 700 A

1 6V -3 <
nsudesfingasuaulasanlen
nsiiivgavuresinvaniveulneenlenuar g iniinansuaesinesounseanainnisan

FnadsinuinBmuimaiveulneenlefainmstgniviluanmeiindeunsimsUgniuanetiusia
3 @y fie an1iz C, HT wag HTC finadsnisudesfeaisueulaeanledunndnsiuesiadivedfay
Beveadia (P < 0.01) Ingluannz HTC f8asnsUdesieasusulasenlusunniigawitiy 904.13
AlansumsususiousnuassiongniazUgn sesasnAean1iz HT Fsfimsudesiwaniuevlasenlesd
wiriu 432.13 AlanfuAsueudauanuaideganiamizdan wazluaniie C  dAnisudesing
mfveulnoenlusiiesiianuintu 221.27 Alan3uasususeusnunirensggniaimizugn
TngAnsUdesfinsmiuaulaeenladmeiudauandunmd 2 Fduaniay HTC Sanududy
vosfemiveulnsenledlussnmaiifivgidunseduliAnnsdunmeiuamosdinigegean 4128
nMsuannounarsndainssaiulalds duwaldiinniswds Root exudates 1MnTu &1 Root

exudates Huasdunidulaniafidlognuiinuazdesaarelnegdunidudviliminieiinu (Cheng et

LY

'
a a

al., 2005) wenntiluaneigamiionaiuguunAuIIiuauTuRgITuTIdNa AN

Y

nsudesiinganiveulaeenlenunainduluudnluguneseina

140



Veridian E-Journal, Science and Technology Silpakorn University gunInenransuazinalulad
Volume 4 Number 5 September — October 2017  ISSN 2408 - 1248 Uil 4 atuil 5 1ieu fuensu - ganau 2560

1000
-e-C

800 |
\ o} HT
600
\ —A—HTC
400

200

CO,{keCO,/ha/day)

28 42 56 70 84 98 105 112 119

Day after planting (day)

a2 YsinuiwesusulaeenlenfivdeseaninlutnggniamizaindiSuneaesnisugnii C fie

'
a a

anzomaun@ HT Ao angaungiliiuesdu 2 esrwaided, HTC Ao annigfimunugumngiui

Y

330U 2 esmwaduanuiuanudinduresfiwaiveulaeenlediiugsu 700 Ay

GEIL

nsdaesfingiseunsgananuitianuinngldaniie ¢, HT wag HTC dn1suaseiing
msuaulneanled Wiy 221.27, 432.42 uay 904.13 Alansuansususiauianuaisengniainizugn
Uasefeilinuingu 826.43, 1,305.22 wag 1,362.82 fAlansuaiuvausiauanuaisengniainizugn
Tnefianney HT Ysesieansuoulaeenleduasmedimuiinu 95.42 uar 57.93 Wosifud audiy
dauan1ay HTC  Udesfeansuoulaeenleduasfadmuiiniy 30860 uay 64.90 Wesidus
puEFU anag HT wag HTC vhlfnuaudfvesiudildimeugniidnuinuemiveuiomn Yinu
lulpsiauitavin Samdrumsveusolulnsiauganhaniizund fafudeanmundeunsmizugndmn

£ 4

Tuggnssays 1 WasuwlasndnAsguugiionniauazanududuresingaisueulaeenlediivgedu

AN sUaesmesounsean Ae T way Arsusulaeenleniiiugedu nvivdanadonnaudfves

fukazyin linaNdnt1Ianas

141



aninermansuazinalulad Veridian E-Journal, Science and Technology Silpakorn University

Ul 4 atuil 5 Wou fueneu - naAY 2560 Volume 4 Number 5 September — October 2017 ISSN 2408 - 1248

LaNE1581989

My

algna Uaduns uay wieune aflingnis. (2556). “BVENar0IN13INNITAURDNSASRULALAZHANES
Y81 INUSENTIUYS 1.” Veridian E-Journal 6, 3 (fugneu-Suieau): 924-934.

Y (% o 4 [ -7 4

virdd dnmetiumi ey 233Ny Funsiadyau. (2548). wuunAnuazalaUfURN1INITAATIZRAY

v
[

WAy, AUASIN 7. NN WIneIdeinyasmans.

anysy vz inm. (2548). Iy, nann: drlinAuiangslusang.

N6 a

quvisd 8914, (2536). UNUGUANISUFNINGIYAFIU. NUNATIN 4. NN~ A1AUgIne

AMELNEAT NRINGISULNYATAERS. NN

AMYA1UITINA
Alan, W. (1994). Air pollution and climate change: The biological impact. 2" ed.

Oakleigh: Cambridge press University.

Baker, J. T. (2004). “Yield responses of southern us rice cultivars to CO, and temperature.”
Agricultural and forest Meteorology 122: 129-137.

Baker, J.T., and Allen, Jr., L.H. (1993). “Effects of CO, and temperature on rice: A summary
of five growing seasons.” Journal of agricultural meteorology 48: 575-582.

Cai, Z.C., Tsuruta, H., and Minami, K. (2000). “Methane emission from rice fields in China:
measurements and influencing factors.” J. Geophys. Res. 17, 231-242.

Cheng, F., Zhong, L., Zhao, N,, Liu, Y., and Zhang, G. (2005). “Temperature induced changes
in the starch components and biosynthetic enzymes of two rice varieties.”
Plant growth regul. 46: 87-95.

Cheng, W., Sakai. H., Yagi. K., and Hasegawa. T. (2009). “Interaction of elevated (CO,) and night
temperature on rice growth and yield.” Agricultural and Forest Meteorology 149(1):
51-58.

Denier van der Gon, HA.C. (1996). “Methane emission from wetland rice fields.” Doctoral
Thesis, Wageningen Agriculture University.

Hanson, R., and Hanson, T. (1996). “Methane Bacteria”. American Society for Microbiology
60(2): 439-471.

Intergovernmental Panel on Climate Change. (2016). “Anthropogenic and Natural Radiative
Forcing.” IPCC assessment report, Chapter 8: 73-79.

Kim, H.Y., Horie. T., Nakagawa, H., and Wada, K. (1996). “Effect of elevated CO, concentration
and high temperature on growth and yield of rice Il. The effect on yield and its

components of Akihikari rice.” Japanese Journal Crop Science 65: 644-651.

142



Veridian E-Journal, Science and Technology Silpakorn University gunInenransuazinalulad
Volume 4 Number 5 September — October 2017  ISSN 2408 - 1248 U7 4 avudl 5 Wou fueneu - AanAu 2560

Kirk, G.J.D. (2004). The biogeochemistry of submerged soils. John Wiley & Sons, Ltd. West
Sussex.

Lindau, C.W., Delaune, R.D., Patrick, W.H. Jr., Bollich, P.K,, and Law, V.J. (1991). “Effect of urea
fertilizer and environmental factors on methane emission from a Louisiana USA rice
fields.” Plant and Soil 136: 195-203.

Minami, K. and Neue, H.U. (1994). “Rice paddies as methane source.” Climate Change 27:
65-73.

Murakami, H., Kimura, M., and Wada, H. (1990). “Microbial colonization and decomposition
processes in rice rhizoplane. Il. Decomposition of young and old roots.” Soil Science
Plant Nutrition 36: 441-450.

Matsui, T., Ofelia S.N., Ziska L.H., and Horie T. (1997). “Effects of high temperature and CO,
concentration on spikelet sterility in indica rice.” Field Crops Research 51: 213-219.

Olszyk, D.M., Centeno, H.G.S., Ziska, L.H., Kern, J.S., and Matthews, R.B. (1999). “Global climate
change rice productivity and methane emission: comparison of simulated and
experimental results.” Agricultural and forest meteorology 97: 87-101.

Parashar, D.C.,, Rai, J., Gupta, P.K,, and Singh, N. (1991). “Parameters affecting methane emission
from paddy fields.” Ind. J. Radio Space Phys 20: 12-17.

Robert, L. (1995). Soil Microbiology. John Wiley and Sons, Inc. New York.

Smakgahn, K., Fumoto, T., and Yagi, K. (2009). “Validation of revised DNDC model for methane
emissions from irrigated rice fields in Thailand and sensitivity analysis of key factors.”
Journal of Geophysical Research, 114: G02017, doi:10.1029/2008JG000775, 2009

Topp, G.C. (1993). Soil Water Content. In M.R. Carter. Soil sampling and method of analysis.
Part 3. Canadian Society of Soil Science. Lewis Publishers. Boca Raton.

Towprayoon, S., Smakgahn, K. and Poonkaew, S. (2005). “Mitigation of methane and nitrous
oxide emissions from drained irrigated rice field.” Chemosphere 59: 1547-1556.

Walkley, A., and Black. .A. (1934) “An examination of the degtjareff method for determining
soil organic matter and a proposed modification of the chromi acid titration
method.” Soil Science 37: 29-38.

Wang, B., Neue, H.U., and Smonte, H.P. (1997) “Effect of cultivar difference (‘IR72’, IR65598’
and ‘Dular’) on methane emission. Agriculture, Ecosystem, and Environment

62:31-40.

143



