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ABSTRACT

Increasing soil organic carbon in agricultural fields through carbon sequestration is one
of the strategies for mitigating climate change and improving soil fertility. Field experimental studies
were carried out in a long-term field in Lopburi Seed Research and Development Center from
2017 to 2020 to clarify the effects of soil and fertilizer management on soil organic carbon
change (SOC) and CO2 emissions in maize cultivation. Eight treatments with the combination
of rice straw mulch (RS), no organic matter application (NoOM), tillage (Till), no-tillage (No-till),
chemical fertilizer application (Chem) and no chemical fertilizer application (No-chem) were
conducted in RCB with 3 replications. Results showed that CO2 emissions from soil
surface in RS, Till, and Chem did not differ with an average of 3.3 t COZ/rai /year. RS
increased SOC stock by 3.0 t C/rai which was greater than NoOM (2.5 t C/rai), but the
rate of organic carbon accumulation in soil was lower. Whereas SOC stock change in Till
did not differ from No-till. Similarly, SOC accumulation in Chem was not different from that
of No-chem. C balance analysis showed RS, Till, and Chem decreased SOC stock by
39-65 kg C/rai /year, despite C input to the soil by returning maize-mung bean residues
was high (649-719 kg C/rai /year). This might be caused by no increase in conversion
rate of total organic C input to SOC stock change, resulting in decreased SOC storage.
The results of this study could clarify SOC stock changes in upland fields under tropical
conditons. However, further studies of C dynamics in different site conditions and soil properties

should be undertaken.
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Table 1 Field experiment treatments

Treatment no. Treatment abb.

Treatment detail

1 No-chem, NoOM, Till No chemical fertilizer application, No organic matter input, Tillage

2 No-chem, NoOM, No-till No chemical fertilizer application, No organic matter input,
No-tillage

3 No-chem, RS, Till No chemical fertilizer application, Rice straw mulch, Tillage

4 No-chem, RS, No-till  No chemical fertilizer application, Rice straw mulch, No-tillage

5 Chem, NoOM, Till Chemical fertilizer application, No organic matter input, Tillage

6 Chem, NoOM, No-till  Chemical fertilizer application, No organic matter input, No-tillage

7 Chem, RS, Till Chemical fertilizer application, Rice straw mulch, Tilaage

8 Chem, RS, No-till Chemical fertilizer application, Rice straw mulch, No-tillage

Note: 1) Chemical fertilizer was applied based on soil test at the rate of 15-5-5 kg N—P205—K20 / rai

2) Rice straw mulch was carried out before maize sowing

3) Tillage and no-tillage were carried out under maize cultivation and not under mung bean cultivation
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Table 2 Maize yield at Lopburi Plant Seed Research and Development Center during 2017-2020

Maize yield (kg /rai), 15% moisture

Treatments 2017 2018 2019 2020 Average
No-chem, NoOM, Till 332 cd 3484 ¢ 504.2 ¢ 564.3 b 4374 ¢
No-chem, NoOM, No-till 659 e 951 d 946 d 168.8 ¢ 106.1 d
No-chem, RS, Till 501.3 bc 608.9 ab 660.8 ab 615.6 b 596.7 ab
No-chem, RS, No-till 219.2 de 2755 ¢ 1282 d 2349 ¢ 2145 d
Chem, NoOM, Till 7132 a 5157 b 7115 ab 8435 a 7111 a
Chem, NoOM, No-till 476.4 bc 5271 b 602.3 ba 586.4 b 548.0 bc
Chem, RS, Till 569.4 ab 637.6 ab 835 a 899.7 a 7225 a
Chem, RS, No-till 628.1 ab 682.9 a 601.1 bc 733.6 ab 661.4 ab
CV (%) 24.8 171 13.6 16.2 14.2
NoOM 396.9 371.6 493.3 540.7 450.6
RS 479.5 ns 551.3 ** 543.4 ns 6209 * 556.4 *
No-till 347.7 370.2 356.5 430.9 382.5
Till 529.1 ** 5276 * 680.2 ** 730.8 ** 616.2 **
No-chem 279.7 331.9 346.9 395.9 338.6
Chem 596.8 ** 590.8 ** 689.8 ** 765.8 ** 660.8 **

Means in the same column, followed by a common letter are not significantly different at the 5% level by DMRT

ns: non-significant, **: significant at 1% level, *: significant at 5% level

Table 3 Mung bean yield at Lopburi Plant Seed Research and Development Center during 2017-2020

Mung bean yield (kg /rai), 11% moisture

Treatments 2017 2018 2019 Average
No-chem, NoOM, Till 110.2 bc 923 b 81.8 978 ¢
No-chem, NoOM, No-till 1043 ¢ 118.7 ab 55.0 92.7 ¢
No-chem, RS, Till 1859 a 1471 ab 64.0 1324 ab
No-chem, RS, No-till 180.1 ab 149.2 ab 67.5 132.3 ab
Chem, NoOM, Till 177.3 ab 1322 ab 68.0 1259 b
Chem, NoOM, No-till 1979 a 1279 ab 82.3 136.1 ab
Chem, RS, Till 1833 a 1552 a 71.9 136.8 ab
Chem, RS, No-till 221.7 a 1518 a 110.9 1615 a
CV (%) 225 22.0 243 13.9
NoOM 147.4 117.8 71.8 112.3
Rs 192.8 * 150.8 * 78.6 ns 140.7 **
No-till 176.1 136.8 78.9 130.6
Till 164.2 ns 131.7 ns 714 ns 1225 ns
No-chem 145.2 126.8 67.1 113.0
Chem 1951 * 1418 ns 83.3 ns 140.0 **

Means in the same column, followed by a common letter are not significantly different at the 5% level by DMRT

ns: non-significant, **: significant at 1% level, *: significant at 5% level
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Figure 1 Amount of CO2 emission from the soil surface (A), soil moisture (B), and soil temperature

(C) from May 2017 to February 2020 at Lopburi Plant Seed Research and Development Center

210

1MIFATINTNEAT 9 41 atufl 2 wounan - Rimen 2566



Table 4 Amount of CO2 emission from the soil surface in maize-mung bean cultivation from

May 2017 to February 2020 at Lopburi Plant Seed Research and Development Center

CO2 emission

CO2 emission from the soil surface

Treatments ( CO_/m/ tc 02 Jrail year) Average C loss from soil *
dazy) (t CO2 /railyear) (kg C-COzlrai/year)
2017-18 2018-19 2019-20

1. No-chem, NoOM, Till 636 + 297 372+ 138 3.01+1.08 346+067 339+ 0.61 925.9 + 0.61
2. No-chem, NoOM, No-till 639 + 302 374+ 064 296+045 384+150 351083 958.4 + 0.83
3. No-chem, RS, Till 659+ 281 374+100 325+070 367+088 356+ 045 969.8 + 0.45
4. No-chem, RS, No-till 668 +281 381+075 319+136 373+116 358+ 057 975.7 + 0.57
5. Chem, NoOM, Till 578+253 335+1.01 291+100 314+066 3.14+ 037 855.4 + 0.37
6. Chem, NoOM, No-till 580 +254 349+ 084 278+053 316110 3.14 = 061 857.6 + 0.61
7. Chem, RS, Till 610+ 298 348+209 266+028 371+045 328+ 094 894.7 + 0.94
8. Chem, RS No-till 585+234 341+125 281164 318+119  3.13 =051 854.4 + 0.51
NoOM 6.08+ 034 358+0.19 292+010 340+033  3.30+0.19 899.3 + 51.2
RS 630+ 040 361+0.19 298+029 357+026 339022 923.7 + 59.1
No-till 617 + 043 361 +019 294+019 348+036 334+ 024 911.5 + 645
Till 6.21+£035 357019 296+024 350+026 3.34+0.18 911.5 + 484
NO-chem 650+ 015 375+004 310+014 368+016 351+ 0.09 957.5 + 222
Chem 588+ 014 343+007 279+010 330+028 317+ 0.07 865.5 + 19.5

Note: * C loss from decomposes SOC by soil fauna and root respiration (CO2 emission from the soil surface)

4. waraImsIanisiuuacziudanisiniiv
arsuaulufu
NNN3RAAINNIS A DU LY avDDY
msusudunidluiuiivgninlnedoednd
Aousd) w.a. 2560 Fv 2563 wudn mMslduhe
dmeguAuiUTINUmIUBUAUNIENNLAEIN
F1lwa wEsnduden dwsn wazanng
dmdunduaslufiuniy 7195, 432.8; 69.2 uay
217.5 nn.C/[3/A) muddu annninTnas
Tildandun3die 2 wh Jedewaliisnisld
WdnaauAuidinnuasuaudunidaan
Tufiuge 0.49 du c/13 usddnmainiiy
Asuaulufy WU anaumas 53 nn.C/3A)
(Table 5) tilpsnmsiiniandundsivadhly
Tudu azlisedanmatiosamedunse Tngluiu

(Nottingham et al, 2015) uanﬁmﬁ Shirato
et al. (2005) sawuh Auluwndeuiifumin
WussAvsznaus Adnsnsazanasuau
Baus -0.64 B +0.64 ¢ C/l5 Tnsinaaczan
YpvPsuaudunidluau 1.6-29 fiu C/[5 uay
ApudefinuudsUTiu Sedaudeiy Sugino
et al. (2013) fisenn mInasuuasmey
mfuaudunddlufuzieszeziia 25 U aanms
Twhsinaauauluiuiigninlwaidodng
YavUsznalng wumsaLaNasASUauBuNIE
Tususmegluzne 16-32 nn.C/I3A) wazfuly
Tufiemaifient Matsumoto et al. (2021) i
evwh nalivheineaniulussezing 51
Winnstnifuadusulufutssnu 62 nn.c/5A)
oResanielBinueiusudundsinvani

Thai Agricultural Research Journal Vol. 41 No. 2 May - August 2023 211



Table 5 Carbon balance on a maize-mung bean field at Lopburi Plant Seed Research and Development

Center from 2017 to 2020

Average Average  Change C input to soil (kg C /railyear)  Conversion rate Average of C
Treatments of SOC of SOC of SOC Stems Rice of 1/total C input loss from soil
content  stock stock and Root Total to SOC (kg C- CO2/
(g C /kg) (t C /rai) (kg C /railyear) leaves straw stock change rai/year)
No-chem, NoOM, Till 6.92 bc 253 cd -49 3320d 515d 00 3722d -0.135 925.9 + 0.61
No-chem, NoOM, No-till 6.67 ¢ 240d -53 1389e 222e 00 1611e -0.338 958.4 + 0.83
No-chem, RS, Till 843 a 323 a 29 458.7 bc 734 bc 2175 7495Db 0.042 969.8 + 0.45
No-chem, RS, No-till 768 abc 2.79 a-d -58 2042e 327e 2175 4544d -0.135 975.7 + 0.57
Chem, NoOM, Till 6.84 bc 2.61 bcd -46 5215ab 834ab 00 6049c -0.066 855.4 + 0.37
Chem, NoOM, No-till 6.84 bc 253 cd -32 3848 cd 616cd 00 4463d -0.068 857.6 + 0.61
Chem, RS, Till 815ab 304 ab -94 561.0a 898a 2175 8684 a -0.109 894.7 £ 0.94
Chem, RS, No-till 8.02 ab 295 abc -89 507.3 ab 812 ab 2175 806.0 ab -0.107 854.4 + 0.51
NoOM 6.82 2.52 -45 341.8 52.2 0.0 396.5 -0.152 899.3 + 51.2
RS 8.07 ** 3.01* -53 ns 4328 ** 692 ** 2175 7195 -0.077 ns 923.7 + 59.1
No-till 7.30 267 -58 308.8 494 108.75 467.0 -0.162 9115 £ 645
Till 758 ns 286 ns -39 ns 4658 ** 720 ** 108.75 649.1 ** -0.067 ns 9115 + 484
No-chem 742 2.74 -33 281.0 449 108.75 4347 -0.142 9575+ 222
Chem 746 ns 278 ns -65 ns 493.7 ** 79.0 ** 108.75 681.4 ** -0.088 ns 865.5 + 19.5

Means in the same column, followed by a common letter are not significantly different at the 5% level by DMRT

ns: not significant, **: significant at 1% level, *: significant at 5% level

YConversion rate =

Taaslludusesnnmsuasuluifuaiuoud
Anfvludu wuh msldwedmeguiu waz
nslildilpdundd fnsnsulasuulaniu
8U e -0.077 wag -0.152 mMuael (Table 5)
aonARENND Fujisaki et al. (2018) fiwuin
Usinaiandunidifunauasllufuiisanu
tpunimaganszavansususenlusnauly
JUwas CO, (9237 nn.C-CO, /13A)) tuani
fannstepaatersdunieingluiugs uaz
fimmyuidsuzssniusudunidiufudeudios
dowalvnsiintusevaiueudunidludush
vielaiviindu datiu o3y viofinBunideing
Tudu Usnadandunidildaslulufuads
NN hannMIaEaNEM nntisanhaunieing
Tupufiazdey 7 anasliizes q (B9gns, 2557)
dwsuaimslawsuuazlbilowsiu Idewa
TWnsazanvasnsusudunisluduiiniu
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Change of SOC stock / Total C input to soil

wAnF1eiY waznswisua1fusudunie
innaiildaslulufudesnnmawaeulydu
asuaufidnifvlufulsiuanseiu  Fousias
m3lowsiwasiivBinumsusudunidiovun
(649 nn.C/[5A)) AunauavAuNINNINATNNS
Tsilowsu (Table 5) Tumeasedny dmrnns
wWarulyidunsusudunddazanlufuiiuay
HoaenndaviunamAnneiaugamiuauly
Audinudn 38mslansiu waylilawsudien
fnau visamainifuesuaulufuanad 39 uay
58 Nn.C/13/A) muandy umlsiannaeeiLu
35289 Matsumoto et al. (2008) M3 lulawsu
Juszpzna 5 1 Wismsiuansuenlufuld
023 nn.C/13A) gendhmalowsu wsdsnslsi
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daudsnsla waslalafond lidv
nalimsazanaavmuaudunsslufuiniu
wANeneiy (Table 5) wie 2.74-2.78 du C/l3
wimsladead fansusudunidanias
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