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ABSTRACT

Received: February 1, 2024 In this study, a pot experiment was carried out to evaluate the effect of seed-soaking inoculation of Bacillus
Revised: February 22, 2024 velezensis (B. velezensis) GH1-13 on rice productivity and GHG (greenhouse gas) emissions during the
cultivation season in four different treatments (presence or absence of inoculation with organic matter
application which was added as rice straw at rates of 0 and 5 Mg ha™', respectively). Inoculation of B.
velezensis increased rice productivity, but no significant differences were observed among all the treatments.
Global warming potential including CH4 and N,O emissions significantly increased with the inoculation (2.7

Accepted: February 29, 2024

Edited by g CH, pot™ and 15.0 mg N,O pot™") compared to the control (2.2 g CH, pot™" and 8.4 mg N,O pot™) in non-OM
Hyo Jung Lee, (organic matter) soils. In OM-amended soils, CH4 and N,O emissions increased more than that in non-OM
Kunsan National University, soils with the inoculation (31.4 g CH, pot™ and 12.8 mg N>O pot™") compared to the control (19.3 g CH, pot™!
Korea and 12.3 mg N,O pot™). Although there is no significant increase in CH, emissions, the fluxes increased in

both non-OM and OM-treated soils by the inoculation, which might be due to the stimulation of organic

matter degradation by producing cellulase enzyme and other metabolites related to carbon cycling from B.
ORCID velezensis, leading to increase global warming potential (789.2 CO, eq. pot") in the OM treatment soils
AnJ compared to the control (486.4 CO, eq. pot™) during cultivation. These results suggest that rice seed-soaking

hitps://orcid.org/0009-0005-8612-5617  Of the B. velezensis may influence CH, and nitrogen cyclings in different OM conditions, which could be a
pioneering option for potentially reducing GHG emissions in paddy soils. Conclusively, beneficial micro-
organisms, isolated from rice paddy soils which might play a role in CHy4 oxidizers or N,O reducers, are
needed to be screened for mitigating GHG emissions as well as stimulating rice yield for further studies.
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Changes in CH, and N,O emission rates under different inoculation and organic matter (OM) conditions during
rice cultivation (A, B, D, E) and total CH4 (C) and N2O (F). Bars represent standard deviation (n = 3).
The same letter indicates no significant differences among treatments (p < 0.05, Tukey'’s test).

Effects of Bacillus sp. inoculation greenhouse gas emissions (CH4 and N,O).

Introduction

ol

UM RIA (Bacillusye 222] S 7, Holle WA #et oplet oF ] A7, AbR Alx 5 vt 5 @ellA
Z-GE| T Lo (Velivelli et al., 2014), T2 RIAd=] Ho] A 22} A de]l fefsh] whizoll o] AlE=0] 4
25}=] 11 QJTt (Nicholson, 2002; Cawoy et al., 2011). 31, Bacillus velezensis 15 522 A4+
/g Bt ofu] g} ookl o]} thAFES AR 5 Q17| whizoll 2HE S St v iAol BA Bt gl
LA nABE2 A7 B It (Kim et al., 2016, 2020). Markets and Markets (2020)2] 4] 2}z of| wh2H A|A]| A
S A A2 20191 269 E21E ZAISHS, o 11.2%2] H &2 AJ4sto] 20251 o= 499 2] Q] AR 411
2 710 2 Aot Sl Mk X8 sAFEC] T STt A7 EAlE o nE B Sioll et n A=
of| thet Q.o &-8-2 2|52 0 2 F7Fek Zrolt} (Ahirwar et al., 2020).

H|EH (CHy), OJIRIEA (CO,), oMt A (N,0)= BRI HlEE = T8 247IAR I, E5] W 7
Hfof] ©Jgt wgtat opatstaAof Bf7] WERRS ZH2F 30%, 1% AHATTH (Gupta et al., 2021). HIEhE HEEd 7+
of] oJof] AY/J =], PuHA 0 & v =t 2 TR 22 E7|A 2AA0A f7 =] wellEE 1 ol A H T
(Malyan et al., 2016). 53], ¥ ALt vgh w2 7H A TAI7} Q1= 21 0 2 B 1% v Q1t} (Le Mer and Roger,
2001). B A52] 3112 571220] F71=2 BE Fofl vlEsl= vehS 37 4= olom, Hie] Aso] S
2| AEE S T7IAA ¥ =ollA] wet B4 9 vllES £5142 4= St (Bhattacharyya et al., 2019; Chen et al.,
2019). TSt u3E Ao o2 EF U nlE A o] 52 wet 9 opitsla A vliEof Tofol= niAEe] Wi et

Ao FFS 712 5= et oleh o] ¥ =0l A ngE o] A2l= B sl A Y= € 4 o™, EY
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U B4 71, G o8 Ata 3 5 TR A o2 B eo] 93RS £ 4 ok mebA B ol P ES] A
2l 2A7EA vk Bt o2t opiksld A viSo k. {Ofdt S F 4 S A 02 AR, o]of gt Al A 1A
? e = el = 719 AlmElA] @At Sl A7golH.

S0 2 45 uIE A2 S FAFE UIR S]Elo] A AR AR T SRS Al Eo 9 ey
of| FFohe 5 A o] thEo]ch (Mahmood et al., 2016). T A2 S S| MG 2HE o] 4]
M0 2 Aefolo] EOF - R A ML AR AV 571 53940l ke vlea = ek, PRt S §
of BJAE HJejolo] 2|4520 2 12 Hlo] 1% 502 Qls) nRe] AMEE 2 91| whEo] ofe] Wl Helsiol sk
HARZo] 9l Hlw A ghe o] 5] S T @ & St} (Mahmood et al., 2016; Kim et al., 2020). ¥HH, F2} %]
W AR 140 ] O] B S35 2 0 1 2 ) 54
of oA Al fa]o] Aalsto] = fofet wAIE AN Al e ST IE AEr el =
2 28T 4 92 Wt oz A2 A% 271 BB % HAIESHY Ao o] 1B A o AEdo] digh

2
A2 A = Ut} (Khan et al., 2020; Lopes et al., 2021; Singh et al., 2023). Moussa et al. (2013)2] A7-l4]
acillus B Fusarium graminearums 54 JAH 0 2 2891 uff ¥ & 2lof| vls] Wol-g, 24k F A
AE= Z¥2 1%, 18%, 34% 57 A Zow, d Ba] A2 13% A7t A|A A R o] 853131 1 WA
@Al Aoz Bare v glov) o 6] FAF 2] Aot et s Bt Aol

B ol & rPE 9] Aehe 24712 HiE] thefRt 932 & 4 AUt Prasanna et al. (2002)9] 9ol mh=
™ W =0]|A] Cyanobacteria®} 7+ B3 Alo] Aajis @ = Eofo]| A4S FEolo] Wet Alel5-8 274 A,
HEh ul &2 F412] tiH] 57 - 91% HAAA 7= Z1 0 2 ZARE|QIL). BFH, Bacillus?t -2 B|AY-E-2] 22]+= Cellulase
a4 g 71 iR S] #H| = EY U RV 15 Bolks SXAE 4= Q7] wlizell @5]8 247 mgte] viEs &
A1 4= Tk (Weber et al., 2001; Oviedo-Ocana et al., 2022; Zhao et al., 2024). B3}, Bacillus *12|2 QI3+ B B
2 o] 312 Egof| A 9] Fdd S5 o Bl Bsidol g5 o ol 3A-A e md 4= 3l
O} (Winetal., 2018), 38] &8 5712 HE A3 9 wiES S3IAA 7}—J‘40] It} (Chen et al., 2019). o] %
nE0] Zel= W A7 5 -2V g Beb o' e E 4 (ol ek, ARV O] e

A Ao e S 0 A Y 7\1] keRUL o= ) I‘Jﬁ—_]_ o] 2A7FA BH%— SR EFehy Hute] A%
ol tigt AAAR] B g agt Ao} webA 2 Aol A= 78 rIAE Ae7 B AL 2 2471 u
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Materials and Methods

ZEAME FH| ¥ B MujE2] = EGelA e Ao i 247k BH% 4 B 554 Hrlsk] 9
ol LEARS pa¥sISltt. A5 ot st = AgollA A E A9l-8 B AiFsto] el 085t
o, o] FAEFC] 5} EAJ-L pH 6.0, Total C 9.7 g kg™, Total N 1.7 g kg’ IE AFFA Q] 1= EQFO] EXIS
Ak AF et ke At AZ 510 mm Alof] 57 TR, EF 10 kgS Q1Y IE (1/2,000 a size) o X EE
1.2 gem’ (2F 18 cm =0)) 71 HE2 S 51tt. 371 0 2 f7]E0] B 2 AT BESE =ol9] 218 A5
el 718 FA 2t 5712 A2l (HA 25 g pot!, 5 Mg ha Y& ZH2} A4 }ﬂr% 12 cm Zo]|2 H]|& Ag] A
Foton, HA| A E= o] TUATE GASEIE A Qs AR HEX185E B Al BEAHE S 7]

b %

(o

0\
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O & o]¢} H 7|H|2A] HA (N) - QU (P,0s) - 7H (K,0)7F 22} 45 - 45 - 40 kg ha ' & AH] E|gloH, o] 25
=g (12 FH)2A A 19.8 kg N ha', 0] 75 F (2425 A) E58] @&t FHNEA Aa 9 71 212
5.2, 17kgha A2]stTH(NIAST, 1999). SAXER 41553 ¥ (Oryza sativa L.)E 41751, 2017 6€ 23]
ILE tF 13L7] (20 days after transplanting, DAT) S =0 2 o]}5}3] W, Higo] 2 Fol= 2 Ao 4] 153 7+ Al
Sted 2017 119 22| 851t 5717 B¢t E8e]= 0F 5 - 7 em 0| = A B 202 FAIsI oM,
T2 251 £ 9ol vl & ESS TX AIZTh BE A 3HE 0 2 RS

T B AlRe SHESHIH.

ol HN

N

OIME X2| E Ao = Bl RajElo] 250 S X1t JESH WA7t 7 s 591764 1
MEAZ B ¥F Q1= Bacillus velezensis 272 GH1-13 w52 AH8-6FATH (Kim et al., 2016, 2017). w5 A 25
o 22} A 2] HHS 0] 8519 0 ™, Tryptic soy broth (TSB) Bl 2|0l #¥er GH1-132 107 cfu mL™! 520 & 5]4

=z

e}

o
d

Al

Aot FAet A 0 &2 7hA A U BS 435t (Choi et al., 2020, An et al., 2022, 2023). 7FAA|2E
1% 52 -35 7402 FA7Jefi s (closed chamber method)S ©]-8-6t] ZH35H3ATE. 5HF 5 -2 A7k~ vl
ZEFo] BrakS U= 27010 - 11A] Afelof] 30427 227 o3l ow, 953 ofa 3 HH W1F9] 372k Slof
AFWES 7hEsto] ZEAA B FARE 271S RAIFIHE 7FAAIEA= 3 way stopper”FFEHE 60 mL FAP|E o1&
off ZiF =] oH, HH AA ME-S aefstr] Sl AW W 2%7 oA ZARE| T AiFE A== Gas chromato-
graphy (Agilent 6890, USA)E ©1-8-51o] A& st o, A7 |3t 5 2+ A 2ftollA] v Ek= meh X opikela A vy
£ 4 T e A ATt FAMAFETAE o] §5to] AlFE|RIT (Lim et al., 2011; Choi et al., 2020). 4|
H 2l 7|7 w2 wgte]] 254, oprtebd A vl &Sl 298H1E 55t CO, T2 SRR Thg A2t 2
A5 (total global warming potential, GWP)= B7}5F3tt (IPCC, 2013).

2H7tA HHEZ I Total GWP A0 B A7 |3t 5 24712 et Bl ool A vl a2 3715l sk
=

el

B itk 2 EUSEY "Wt B M B A A= S 9 70°ColA 397 A xSto] HEXEA
SAAA A7 Wt B71SHATH (RDA, 2012). EFA & B 8 & AfiFfsto] Astt Aujolld 34 oF 52
mm Alof] A 2Feld ZAof| o &5ttt E slold #4122 523187 EY H AEA| ZATH (NIAST, 1988)=
ZFarsto] EQFO] A (pH), & B4 (total C), & A4~ (total N), F-8.214t (available P,Os), W 2Hd

able cations)= w45}t

-

ro

ol (exchange-

EARM SAEAL SAS software (ver.9.4, SAS Institute Inc., USA)E 0851 ANOVA E4-2 434513
. He2] 7FEAIAQI foldo] QAR 72, Tukey’s testS ©- 8519 5% (p < 0.05) TE2] 2] S0l A AL B

A& aste] 28] 2+ avkE WSl
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Results and Discussion

Ol 4= 2|7t 24712 HiE 0lXls S 0= Aol wE W A7z S 247 vigh)optehd
4 WiETE B7IeHTt (Fig. 1A, 1B). tPE A 2]of ket weh vllE sielo] Zol= 719 le A= ARSI
A7 17t 5 5 e wETE 7R A% (Fig. 10), M= 742 (2.2, 19.3 g pot)9} Blawsto] 22| (2.7,
31.4 g pot oA AW 0 2 = veh vllE TS LR o] f71E Aol SAR e 2 [ofRt Aol S HYlth
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Fig. 1. Changes in CH,; and N,O emission rates under different inoculation and organic matter (OM) conditions during
rice cultivation (A, B, D, E) and total CH4 (C) and N,O (F). Bars represent standard deviation (n = 3). Same letter indicates
no significant differences among treatments (p < 0.05, Tukey's test).

2 AollA= Belds AE ZARHA] kgl o, nAlE A] A=Al ¥ Bie] sl e s A g 71
1 B o] S7tsted, T W E e Aol /o] S7RI7] diel wigke] A4 2 vijEo] ZhdshA 118
H RS 710 2 TAETE Rani et al. (2021)2] AtollA= A2 AR S2 v 23 W o] 8 n|dE-S 5A] HE Al
HEHEES 7 - 12% 71 AT 5 s 202 AR Lo, o= ulAE 227} B =ollA] wigk viEe] JFs
nd o ks 2 ARRIE 371 0 2 33 A58 3 nlE SollA] wigh A s o] 945t o Ak
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J
S vrebdthar 424 Tk (Lee et al., 2010; Bhattacharyya et al., 2019). SEAFHE A Lo = G7]E £ A
glroll A A 2710 vhge] mjgto] vl E == e ERIsH A, ot o= Ha g Hl o] |71 24 slellA {7
= Ao EF Ul B /1o 2 Qlof M Asx7] ol tte] frlEe] g o] vl dwto] o 87 s _t e
Ho] A Z7F=| 7] whizoll ¥ A5 Z 71 et viE o] ZA| 57kt A o = Tt (Le Mer and Roger, 2001;
Kim et al., 2012; Hwang et al., 2017).

e Aol g opiteld A HilE 408 71R AT (Fig. 1D, 1E) ¢F50% o] % S7 st F At 4t 5
1509 7 ThA] & £0 2 Z7toh= AR HIE wielE Bl nldE Ao i & oMibakd A viEwhE Bk
AT (Fig. 1F) uA= FA 2]7tet vl sto] Ajtolx] a0 2 Z7lol=ZokE Bl o FAIA Q] f-o7k= ¢l
Ark E3 F71E Aelfel wiebis fofueh viEs 2to |7t gl A o= UERH T

Ao s S o= Briskr| 2l W A7 13t 5 vt 2 opikeRE A viEske] A2 ekl
2 Z¥2F 284, 265H1E Fote] CO, Wk & AT (IPCC, 2013). & dtollA= Hgto] 2 2A7EA HjZ0]
S Aok A 8910 & SRIFQI O M (Fig. 2), 0= = E ZX0A 24714 Tejoll A= oitald
4> Bk 55] we 217 9t Ao B& Sa9kS 7323t 11 A A -2 sh ks nlES A2l
w2t AR 0 & F7lohs Ao UE o, f7Ee] A2 2H Tk 7 ]Ee] B2 2ok FAIA = &
OJsA| F7Foh= A 0 & 7=, ApA o & nE Aele it o5 RATEA djEo] ot RS E 4 3L
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Fig. 2. Total global warming potentials under different inoculation and organic matter (OM) conditions. Bars represent
standard deviation (n = 3). The different letters indicate significant differences among treatments (p < 0.05, Tukey's
test).
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I A EUSEY "Wt ndE Ao wE B P B g e s
]—’3]-ME]' (Table 1). JZ7F (grain yield) 2] 73-9- F] 2|2} H] wsto] ngE-& A 2fote] whet 2|t 5.3 - 8.3%
R Sl A 02 ZAREQL O, SAIA Fofa k= Eele o giaieh. A AtollA GH1-13 #+=AY
2.0 (Kim et al., 2016), oFHe A8 =21 §

ol

0= 2ol e B & ST

_\T

o
<ok
T

ﬂ

=71 222l Indole-acetic acid (IAA) A/d5= Ad Zlo] A
U TPEEL] A7 ¥ o H AR S 52101 Yks = A 02 Tkt {7 = A el
= FeJulet EERtolE HolA] gl nlAdE Aof mE T B sleMd& 87kt A7 (Table 1), 1A
= T4 2]+ tie] A 2]-te| A E4FpH, Total C, Total N, Available P,Os 5 2ol E44-5 A4 0 2 7RAA)71= A
o2 Holuf, & dtoflx= SAAS] Fo3 b= fle A o0& ZAESITE f71= TPl vlel frles F9E 4
- E pH, Total CE oI5 ZNAA7 1= A L& ZARE I wiX %—4 A= B S 9 Q] S Bt of
Uzt EFe] A A9l SHoA = Frofmfet of ok n| x| A= o2 A 0 = mhkEh 2 Aollk= FAE A7
+ Ao 2. nlPE A2 BIE B2 4 e HolFglom, 2% s HF 8E 75k ] SRt vt A
Tt s ofok & A 0 & Alm )

o

7
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—EH%OENIW
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Table 1. Soil properties, rice productivity and yield properties after the harvesting.

Treatments
Parameter Non-OM' application OM application
Control GH1-13 Control GHI-13
Yield component
Tiller numbers 16.5a° 173 173a 16.7a
Number of grains per panicle 162.9 ab 162.7 ab 157.7b 175.7a
1,000 grain weight (g) 245a 252a 253 a 25.1a
Ripened grains (%) 95.5a 96.1a 96.1 a 95.8a
Grain yield (g pot™) 63.0a 68.2 a 66.1 a 69.6 a
Soil characteristics
pH (H20, 1:5) 6.1b 62b 6.7a 6.8a
Total C (%) I.1b 1.1 ab 12a 13a
Total N (%) 0.1a 02a 02a 02a
C/N ratio 109 a 58a 6.6a 6.4a
Available P,Os (mg kg™) 28.2a 29.6 a 24.1a 26.9a
Exchangable cations (cmol. kg™)
Ca”’ 43a 4.0 ab 3.6b 4.0 ab
Mg? 1.1a 1.0a 09a 1.0a
K 03a 03a 03a 03a

'OM, organic matter.
“Different letters for each row are significantly different at p < 0.05 according to Tukey’s test. No letters indicate no signifi-
cant differences among treatments.
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Conclusions

TAF AAHE o] 83 HAE Aele W AS 9 247 HlE]| JFe = A 0= ARSI nlAE A
£ B S SN FHARN FFS & - o), B BS EX0 Y AEE A SV Qo] 2ol ve g
59l 107 BOlt), EahMa] A5 E0] Z7H n/BE AT -9 BalS 2N W A5 Sk 1)
whof o}tk 4 M5 aS S7HA17) 210 2 Tekect ol npdE o] el ek 2 AukEl A gt Jakg ]
A 5 32 AR, 12 AtollA= = EGOlA nld=E A7 A o2 247EA viEe] folnlet dks &
T e Holggink. R A2 S S 9 iAo 243 s HolE npAdE FollA 247 A ujE-E 2
202 PANZ 4 Qe FHE S = EQJol A wehS o §5He BT FA BEL BE AL A
AR50 A7 T A 0 2 Ik, o] F Fof 5 Aol g = AV e S A o & A
DA 5 & A= 7R oigh nl =] Ao i, nplE O, EG U Fats, ES e 5 ot 84l
wfet 240) Zolrk 9 4 glol, olel] that F7Haiel e} 71 Aol Bagh 5102 Pekeic
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