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ABSTRACT

Green manure, used for eco-friendly agriculture, supplies organic matter (OM) and nutrients to soil and im-
proves soil fertility. Green manuring also has the potential to affect physical stability and carbon storage. The
objective of this study was to investigate the effect of green manure on water-stable soil aggregates and carbon
stock in paddy. Soil samples were collected from 3 treatments in Chungcheongnam-do Agricultural Research
and Extension Services on 29 April 2022; Control (CN), Green manure treatment (GM), and Chemical fertilizer
treatment (NPK). Water-stable aggregate fractions (<53 pm, 53 - 250 um, and >250 pm), carbon contents in
bulk soil and aggregate fractions, and total carbon stock were analyzed. Carbon content in GM was 15% higher
than in NPK. However, there was no significant difference in soil carbon stock (Mg C ha™) in GM and NPK.
Water-stable aggregate ratio (%) and carbon percent of macro-aggregates (>250 um) and micro-aggregates
(53 - 250 um) in GM were significantly higher than in NPK. As a result, green manure promoted soil aggre-
gation and stabilized carbon in soil aggregates. These results confirmed that green manure, used for nutrient
supply, improves soil carbon storage and soil physical stability.
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Distribution of water-stable aggregate and carbon of each fraction in treatments: CN, control;
NPK, chemical fertilizer treatment; GM, green manure treatment. Vertical bars represent standard
deviations (n = 3) and different letter in the same aggregate size indicates significantly different at
the 5% level by DMRT.
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Introduction

s A3 Sl AR E= EARAES EYOl 2t 7 les sacke a7t o AL =S A
Hjsto] Eto] ehdshd f712 S5 8T QL EGollA EAFZAE b woll=]o] 2l 1, AE= e A 5o &
Aol HIgHE A (Meena et al., 2018), 1L ¥ & EF &AL EE il 3582 Eole &2l 7l ey
7F AL A2 ATk (Lei et al., 2022). o|#qt oz} o]t ©hAslelEo] EFe] HE YA Il Aelsto] E9F
o] S-S A7 IH EF JTESE S7IA1Z 4= Itk (Son and Cho, 2009; Blanco-Canqui et al., 2011).

o|ZA o] Ish= Iof| A AlE By 159 f7Ee] EY YA FHE Sl e Aolof &
AJoh=t] (Gale et al., 2000), o |27 Yt Hell 27 ea= Fgeks Fei2 Eol 44 ol A7 174 %
717 7o 7HssHetal 9t (Ontl and Schulte, 2012). £5] AJTHE 717153 - 250 um 2 2o} n]&E o] A
She]o] 2P fo1etAa0] PS4 = ATt (Totsche et al., 2018). 27171250 pm oV%] stk vl =]
Oof] ol=] 2] QA APTHE H O 5to] B4 Ao 7]ofed 4~ Qlet (Six et al., 2000).

= EF2 13 5 HE Alich=1209 B¢ S5l = T =™ (Choi et al., 2018), Y™ 2] 2F2404-2 571 AJ )
o L L e e e 77 EH e/ o] SUekl EYF 7 & ol EX1E 4= itk (Haque et
al., 2016). o E=AE2F=1 =739 EF Lot dAJo] =21 (Son and Cho, 2009; Blanco-Canqui
etal., 2011)5] 17 gk UjFo] %7t (Gale et al., 2000)5t] BlA=2] o] o2 Yd 5 = EF
A eaAe] gt o A o},

TN E = B ZASAEE AHESIGS tl EY] 3] 9 vl JiA Bl digt
(Choi et al., 2010; Kim et al., 2012), E=AEZFE-S 2|42 0 2 315192 W] 1= EoFo] Qg Higty}
378 7N} ofof| mhE g A s ol it Al FEolt) mebA 2t = ESRlA A&
= FQjo] EqFe] otat X1} et W g4 Ao u|2]= FFE B Fotal At oFSit.
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Materials and Methods

A BA Y H2T FEAELEC] = EF] Jok Hol H ghh Ao nix)= o] sl A1) Ss) &
A sd71ad AT ¥ o]k 2912022 49 29Ul ESF A 2E AFEIHTE 2 A7) AR B
5 oV S LT A= el =o' BLE A2jofA] B 8 5 2 Bigl 2 Eofol fhIst it A2l ol AR
S Auligt FA12] (CN)2f, 223} sfloj2|H|x) S Exfstod At A 52k A2 (GM), EEAHE
of E=stef #7138 =S TRt HElF (NPK) 5 372, B AHelahs 2 7= 24 H2|4E o= 370
TFE o Lol A2 3710 Am R AfFIsilct.

m
o
9,
s
)

3
o, B R sl |4 B 2 AlEA B4 (NIAST, 2000)0l] 5t HIFAM 02 24 & USDA 27
7|5-& 2851t g B4 Algs @FollA 20 em o2 AQFF EFE 37 T2 mm A FIAIA 24
AHESIALE EY pHE ESH SHTE 1:5 (w/iw) Q] B2 33t F] 3027 2183t F pH meter (Orion Star pH
Conductivity Meter A215, Thermo Scientific, USA)S ©]-8-5}0] X513t EF & EhA (total carbon, T-C)2} &
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FAPS (total nitrogen, T-N) &2 Y4-H47] (Vario Max CN, Elementar, Germany)S ©]-8-5}0] 245159 ct. EF
0] % £h AGTF (Cyoa)- S Mukherjee et al. (20142 11510 Eq. 12 0] 85 APsLE. ol 2lolA C= £
ZEH4 912F(%)0] 1, D= E9F Z0] (cm)E £ S04 20 emE AR&-510] AXISIAL} 2] 1 BDE B9 H-4-4]
U= (Mg m?)elek

Ol

0

Csiock (Mg Cha™)=C x D x BD (Eq. 1)

T

EYo| Li-dUTHE Y AT L BtA XMEY EM U dT 24 R ES Alms o] wha =] of
A 4= ol8ste] A5 5 8 mm AE T K 30 g2 ARESHATE AT 412 Yoder @ 524APEZIR 7] (DIK-
2012, Daiki, Japan)Z ©]-83t SAIAPEH (NIAST, 2000).2 2 2 mm, 250 pm, 53 pm A1Z 1 7] A|ER 5}o] 30°C2]
G2 EolA] 30217 dok= AFSISlT A" & 53 umE TR EHS AELF HER BNt Ao Aol E
T Yt v A A EsE ] el 12 wHERE AIE 24| (0.2% sodium hexametaphosphate)©]] @31 THA] wHFo}
of Yo TSI 12 Wit & Alof] dejx] EE Axt FAIL) AR Yl dehS what F Ao A2
EFTAIS wiA ZF 7] Aol FAI2 Bttt BA £ 52 mme}250 um AE 59 E9F (Fig. 1A, 1By
oI, 53 pm A1E TR EY (Fig. 10)= 29T = sttt A2 d U T8 (%)= Eq. 25 ©1-8-5}°]

e
ok

l‘l

Macro-aggregate ratio (%) = [A+B (g)] / W (g) x 100
Micro-aggregate ratio (%) = [C (g)] / W (g) x 100 (Eq.2)
Water-stable aggregate ratio (%) = Macro-aggregate ratio + Micro-aggregate ratio

mlm
J:Jd
s
g
B
|

A, B, CE 12} Wt § BAHAE o]goto] ESF ehS mH738S o) 2 mm, 250 pm, 53 pm A
A (Fig. 19] A, B, C)°]H, Wi Wd 9k w40l ARgRt EoF Al =2] 54 (g)o]t.

After shaking After dispersion

53 um

= - Macro-aggregate Micro-aggregate
Silt and Clay (>250 pm) (53-250 pm)

Fig. 1. Process of water-stable soil aggregate fraction.
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]

17f Fig. 12] 2 mm®}250 pm A5 573 AL BE $H4 tigleto 2, 53 umAl S 53t 8 Ao & FEsl
% SRR ()2 YAEA7)E o1 g51o] ZA5TE Coi= Huang et al. (2017)& 21510] Eq. 32 o83 AHgs}

o

8

Ca (%) = Cs x WSA / M, x 100 (Eq. 3)
Co= ZF dehe] BhA 91k (g kg olm, WSAE UThe: (%)°Ith M2 A EoFe] ehA 91k (g ke)oltt.

E7 BN oA dojAl glole] o] A BAL SPSSE 0]-&5}19] one-way ANOVA A4S 385131 0,

5% 2= (p < 0.05)°114] Duncan’s Multiple Range Test (DMRT)E ©]-&5}o] & 2]7+0] §3E H]w 4513t

Results and Discussion

ZHEXE XM2lol M2 EY| o|ztstd Wl Ao ES olafeld 24147 = Table 17} 2T} CN,
NPK, GMO] HERFF2 19 - 22%= Z 2le|7} gloloH, EAJ-S B Ao FESTE EYpH=5.2-5.5% °F
A3 BRI, = EGRS b n ot 22 Al S FokA] R pH7T 6 ©l5tk= WA -5-4] (Kim et al., 2011)
7] R o2 HRlth T3t ZAFES 2S5 02 BT GME FA5 B2 AH 7714t thEe]l (Choi et
al., 2010; Lei et al., 2022) pH”} 5.2 2 Th2 A2 FH T} ThA Wopr|= 3¢S HAXTE SAH 02 GOl 2lo]=
A3t (p =0.10). EFO] T &4 9 F A4 FF2 GMO| 7P =30 ™, NPK, CN =0 & WSIth 5\d o[} EAE
=g FYOo= QIR Hio| QuiA F ufliZe] Bt §EFo] SVt (Ansari et al., 2022)3F 2.0 & Ho|m, o]2{qh A}
= 57320 EASEES 425 th2 A (Yang et al., 2009; Choi et al., 2010)2} -FABFATE CNYNPK = 5L
ShA| A eheZ AASE oL & eHAsteol|A] 2ol & H4irt Kim et al. (2011) & Byeon et al. (2022)2] A2

=
T, SR 27| § ol 4] TR0k 32470 B Saprfols dAbE= oRbe] WS 9lou}20 - 30% A 9
O -7-2] Al A = NPK oA ¥ i S71e il o] AAtFo] CNofl HIs Eota A o= Helrt oj2{eh 4l o] gt
AF o] 2 QI5)] & 4 o] CNE T NPK YA =9k 71 0 2wk,
Table 1. Soil physicochemical properties in treatments.
Treatment Sand Silt Clay Texture pH T-C T-N Bulk density
(%) (%) (%) (USDA)  (1:5 H0) (%) (%) (Mg m*)
CNT 432 34.5 222 Loam 5.5ns 0.79 ¢’ 0.08 ¢ 1.14 ns
NPK 46.7 34.0 19.3 Loam 5.4 1.04 b 0.10b 1.31
GM 43.2 34.5 222 Loam 5.2 1.20a 0.11a 1.16

TCN, control; NPK, chemical fertilizer treatment; GM, green manure treatment.
TDifferent letter in same column indicates significantly different at the 5% level by DMRT.

EF U] g4 23S OJ]5h= Cgog= CN (17.9 Mg C ha™)oll HI5 NPKLF GMOllA F 10 Mg C ha! Z719t
0= FofRt 2to|E BTt (Fig. 2). & EollA FH|TE tiv] EAFAE, 3l = A
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FEbA 25k folet SV B H 2 (Hwang et al., 2022)3 7-2 73RS LFERATE CN tiH] Table 19]]
A F A O] 1.2%, 1.0% 2 S5 GMINPK O] A S 7RS GARE 43S Bt o]=GMOflA] 214421

F715EE FUR sl EY e o] S5kl M-8 A E e tha Yoprl Zlvp gl Zlo g Helrh

30

25 -

20

15 F

10

Carbon stock (Mg C ha™)

0 T T T
CN NPK GM
Treatment

Fig. 2. Carbon stock (Cyock) in treatment: CN, control; NPK, chemical fertilizer treatment; GM, green manure treatment.
Different letter indicates significantly different at the 5% level by DMRT.

X/NEEE XMl mE EYQ UrdUHE Hal AoE = B Y ddThe (%)= AR EYL CN
= 24.3%TE NPK= 17.5%% A2 T 71 3312 GM2 30.8% 2 7P &1t U4 e 5 dete] 2717F

35

S CN a
| | =3 NPK
f O om M b
2 b T
® 5|
2
% 20+ A A
5 T
g .
o 15F A
2 B .
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Fig. 3. Distribution of water-stable aggregate about macro-aggregates (>250 um), micro-aggregates (53 - 250 pm),
and silt and clay (<53 pm) in treatments: CN (rice straw), NPK (rice straw + NPK), GM (rice straw + green manure).
Vertical bars represent standard deviations (n = 3) and different letter in the same aggregate size indicates significantly
different at the 5% level by DMRT.
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250 pm ©1AFe] ko] HI-& (%) GM (17.6%)°] NPK (9.4%)°l| BI3H EA|2] 0 2 -G-0I5t 2715 K it} 53 - 250
pm AF]9] 2 Jko] vl (%) A GMOlA] 13.2%2 NPK (8.1%) Ert 2715159t (Fig. 3). T3h AESL HE 77
O] EFRIA] HI& (silt and clay in Fig. 1) GM (26.0%)2FCN (24.4%)©] NPK (29.5%)ECt kT (p <0.05). &
AollA = Efoll EASZ =S Al 2 ehedshd Fr a5 A Elﬂ ZE T} igto] W o]of whah A E9}
HES Hl-2 GAash= Zi_fé LERGT 22 A7 Bl EASAET HA A Al 7 & FUe= RISl E
oF ok o] hAE|o] Aa| Bt Eofe] AQheat tfolthgo] 29.4% ~7} (Zhang et al., 2023)5}3tkal B 75}
Atk Tang et al. (2022) GA] 440 4718 F5 A EL 84 o 2718 EoFo] ltto] ob4steitar 51t
B ATANNE GM O] F B4 TR 1.2%E CN (0.79%)©TU NPK (1.04%) Bt =35=t] (Table 1), 513 oV EA
S5 3} HZ 319l0] oJ5F 878 Eolo] EoF oltk obAglo]| aks F9)-8-S oF 4= 9Jgjth

o= T = 2 T AMAK

ZASAZ Mol M2 EY AT L EHA XS WE HE 2o vkt F tiekr 2u] 43
=4 )-8 (C) S A TR Fig, 494 2], 8k o] §h4: 1.8 (%) BE el 7ollA] vieigto] Agdehict 7
01 o

e A-QetE o ti ekl o E eATE A E]
NPK (12.0%)°l BIoll E=24eh. Tk A-Qdeh Ui B4 Hl-E-2 GM©] 11.9%= CN (8.3%)1} NPK (6.8%)H Tt -5A4 2
2 FoJoA =30t GM O] i Wl §A: S7H= SllofH|A] 5 ol 41 f71E R s ©A I g dRe R
=T} (Sharma et al., 2021). ‘574 A|o|A] EAEAES ESQ] v & SAS SX8 ES AR At (Chen
et al., 2020). ©|ZA] Efo] Ja}A 02 A 2 wol=A] g B9 vl A7)
7FsstH, wie- QPRI 25 TR Adetel] AHEH 4 dollA] 1A1717kA] 'eli=|A] ¢hal 24l 7hssict
(Ontl and Schulte, 2012). & A AT, 1= ELO] A7 |XF EAEA =S A2jold F71dumE AEol= A HoH E

=E
Fol e B athe TEAIAL, d g4 dFe STHA EF W 2 A 7| SHE e E

Mge 4 A3 HidE W B HlE2 GMO] 21.0% 2
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Fig. 4. Carbon percent of macro-aggregates (>250 um) and micro-aggregates (53 - 250 pm) in treatments: CN (rice
straw), NPK (rice straw + NPK), GM (rice straw + green manure). Vertical bars represent standard deviations (n = 3) and
different letter in the same aggregate size indicates significantly different at the 5% level by DMRT.
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Conclusions

2 AT=FABTEES 5E oV =0l A-85H5a W E4FO] sl =7 2 BhA ARk n]x]= FekS dotH 1!
251k, ESF b S (%) GMoflA 7HHeqto L), Eokehs 242 (Mg C ha' )& GMIFNPK oA H]Z:gH 7
S Bt EF YA ATE (%) GMOfA S71HE= A 02 UeRtor, EQFErA F o et 2 AQicho] A
e B4 H1E (%) & GMOJA NPK E T 57153 & 1= EJoflA] 5291 FAERE Al[8-2 F714AH| 7 A&

of WJsl o] f71eka: B ol 3 AAYITe] Weke Ssto] Eofe] Beld QhEAS AR Eal
=

73T ' s ol 71o5ke mahA ]l retolet Az 2 it 4 AP Al A Egel] Hiet Tl
o[el7} §lo] A Al o] B A2 Hl st et ok Al AR ARl E =o' 57 1A E8& sl P

APt lent, 72 W o= 379 HiEg 7ol AlZE AFlsto] 245}
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