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ABSTRACT

No-tillage is an effective practice to save labor input and reduce methane emission from the paddy. Effects of
tillage and cultivation methods on carbon accumulation and soil properties were investigated in the treatments
of tillage-transplanting (T-T), tillage-wet hill seeding (T-WS), minimum tillage-dry seeding (MT-S) and
no-tillage dry seeding (NT-S) of rice. Soil carbon was higher in NT-S and MT-S, compared to T-T and T-WS.
In NT-S and MT-S, soil carbon contents were the highest in the top soil (5 cm depth) and decreased with soil
depth. In T-T and T-WS, however soil carbon contents showed no significant difference up to soil depth of 15
cm from the top. Carbon content was the highest in the soil particle size under 106 um and decreased as the
soil particle size increased. Contents of water-stable aggregates in NT-S and MT-S were higher than those of
T-T and T-WS. In NT-S and MT-S, contents of water-stable aggregates were the highest in the top soil and
significantly decreased with soil depth while no significant difference up to the soil depth of 15 cm in T-T and
T-WS. Available SiO; contents in the top soil were the highest in NT-S and MT-S while the lowest in T-T and
T-WS. It is concluded that minimum or no disturbance of soil in rice cultivation can increase carbon
accumulation in the soil, especially in the top layer, and subsequently contribute to the formation of the
water-stable soil aggregates.
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Contents of soil carbon with soil depth affected by the combination of tillage and cultivation
methods (Means with the different letters in same depth are significantly different at p < 0.01
(LSD). T-T: tillage-transplanting, T-WS: tillage-wet hill seeding, MT-S: minimum tillage-dry seeding,
and NT-S: no tillage-dry seeding).
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Introduction

B 248 A= o] SR ulo] H]ol g2 o] AR EQFErA A o] SR E|o] AE Y AetA FAbE A5
O FB T QJe} 53] A PHT RIS 1), 58 ¥ A ek Aleo] 2wl GVl Lo EoF e
AZAL T E O] EoF A} -2 X v} @AW - 0] S} Zof oJske: ‘?}%E}ILOE 214 1t} (Bayer et al., 2014; Ko et al.,

2002; Li et al., 2011; Zhang et al., 2016). EF 824U O] Hol=
Hljol] ofet EQF 84 - o] ZHA-= ofu]| Eh Lol A B 1%t} (Hill and Cruse, 1985; Kushwaha et al., 2001; Six
et al., 1998). Davidson et al. (1967)= F73-24 Do fae= ESF 722 wadet #edo] 1.9, Carman
(1997)2 EGFR71E0] S22 AU EE HAA7IH k] 245 SHIbal sk, ¥ wal 7382 224
H Al 21520] EFuto = {7150 Folle SA71AL o] w7t 24 o] Eofe] Zeldol 22l ¥3d=
n2E o g defA Ut (Gl et al., 2007). REH =ollA] -2t 77820l ot -84 U w0 Hok= EoF iRl
| 59 2710 wat Eepthal ottt (Mari et al., 2015).
HERR A 7320 ot EF wled] 42 F= EY ﬂ—i% 5 cm)ollAf o] oA H S 722 4
of whet leke] f/de] Det|al E4lo] dofdas EY 17le 54 9 Tt Ao daerial =4 qlot
(Bhattacharyya et al., 2012; Ding et al., 2002; Six et al., 2000; Zhang et al., 2017). B3} Kern and Johnson (1993)
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Materials and Methods

Y I Y MUY 2 Te SgATe SRR A dTE Aol 20145 H 2016
7R == ATt 7480 (tillage-transplanting; T-T), F+=71} (tillage + wet hill seeding: T-WS), 4742+ 71
A5} (minimum tillage + dry seeding: MT-S)2F 7782+ ZAE2]1} (no tillage + dry seeding: NT-S) 2 73-& A=}
AaferAE Eelste] 31X HE Auletainh. Alel 0] EGR2 A4S (YE) 2= Al A B o]sfeha] E4
2 Table 13} Z9)ch
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Table 1. Sail physico-chemical properties before experiments.

Treatments' dl:r:lsliliy Porosity T-C T-N Av.P,Os Av.SiO, Ex.cation (cmol, kg'])
Mgm? % mg kg - K Ca Mg
T-T 1.27a 51.1a 1.95a 0.25a 9 a 108 a 022a 7.1a 1.35a
T-WS 1.29a 52.0a 2.0l a 0.28a 91a l16a 020a 7.5a 141 a
MT-S 1.29a 52.2a 1.93a 0.25a 104 a 103 a 020a 73 a 1.38a
NT-S 1.27a 51.7a 1.98 a 0.26 a 101 a 111a 021a 79a 1.55a

Data in a column followed by the same letter are not significantly different at p < 0.05.
TT-T: tillage-transplanting, T-WS: tillage-wet hill seeding, MT-S: minimum tillage-dry seeding, and NT-S: no tillage-dry
seeding, Av.: available, Ex.: exchangeable.

Ol

A ] B O R 7 ol P Ainks T F 2EE 0} 8510] 920 em Zol2 A HAE 4
Sl #4738k el T A4 A7) o] gl A AeH ) 20% w7t AL Ele. Agoloke
2 sleol] SR 7|A0le} ST Tk 5 54 T |2 0} 88] 40 kg ha! FEOE Hol A S = 1
wlol] AJjaleirt, HAzdev P78 Ant el mHEE 70 ke ha' 2 5101 59 2 27} 2 e Anr]eb5 7

& B2ANE 01§3) °F4 em Zol 2 sl

r{o

V)]

70|k S A 2] T TEATHI (N-P,0s-K,0 = 90-45-57 kg ha!) ol 510 HAIS1A T 2|47 &3} &
788 At Ae} s HAE S0 110-45-57 kg ha! 2.0 2 FAJSISITH(NICS, 2010). H Al A] 7201 A
2-0] 2] B A= w0 B BAM S Rt o] Fa=rd), MR 5L AEAnt A2
Aeiels FE387g o AupAu] 71Eol Wtk (RDA, 2013).

£ O|3HEH B4 AIE 13} ¥l Al A} 397} 8] 5815 0715 o} 0] ol2l A 20 em Aol
A A B E A T F2510] 2 mm A2 7 AL oYEH Ao ol 8ol it Ha AlE F S Zo]d
2 Bofebs U ofsisly WSS 1] 9o SER7E 018810] 20 om ZoI2 EF ABE AT 5 cm B2

Heh 248 A =E A 358 84U %= 100 em” coreS 0185 }01 Eo} alx ZAH| 23] ZA}
SFAAL wet sieving 4] (Eijkelkamp 08. 13, Netherlands)—e— ol g3 Y54 ehe-2 B4618IT} (IRRI, 1987; Jeon
etal., 2010). EF E 2401 Febs RS ZATH A ES HA5}0d 0.5 mm ©[5} (35 mesh, No. 35) A& 72 5 ¢
A97] (Vario max CN, Germany) = 5148}01 = T—gﬂ‘ﬁ_% IN NaOAs (pH 4.0)2 HZ5}0] 235 4 (Cintra
404, GBC Scientific Equipment Ltd.)2 S35}t

EAENM 7 BoZA70 EA=R T2 731 3.2.1 M7 (R Development Core Team, 2015)2- 0|85} ANOVA
4 % ZAR00%F (LSD) W 0 &2 o o) d-& A sl

Results and Discussion
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A A5I3IT (Table 2). o]21Rt Aih= t=ollA 7ol ot EYF] wit 547 sfs, @4t A/JH o vHE2 &
Fo] =g Eagol Eefskal 53] AL EE F7HIRITHE o] Aot -frARE kS LFEHISITE (Beare et all.,
1994; Mari et al., 2015). EFYT-L 1725 F7120] b4 Q910w AAwm 2h20] Asof o/ d#Ql 22
4214 Uct (Braunack, 1995; Wright and Frank, 2004). WA Jehe E9Fo] 1124 EAQTH 7129 oJ8f I3
Tl shol o 7ol ofsl dete] FAdo] HaE Al BERR T F7-wol ofsl] Uid el §/do] S1
Chal 51Tt (Carman et al., 1997; Hyun et al., 2007; Kushwaha et al., 2001; Zhang et al., 2017). A28 WA ATt

80 22723 242 upAlol A 212 62.1%9) 63.6%E A9 FHTH 2716197 7-Lolo) ) Sl 4 7+
48190} o HA7-eu 5AE Aol q 0] ARr ATH 0 2 Hof Eorelthe] BEgo] Bol] o

A,

£

Table 2. Soil physico-chemical properties before experiments.

N Bulk density Porosity Water stable aggregates
Treatments 3
Mgm”~ % %
T-T 1.30 ab 50.4 ab 56.9 be
T-WS 1.34a 49.1b 55.8¢
MT-S 1.28 ab 51.7a 62.1 ab
NT-S 1.24b 527a 63.6a

Data in a column followed by same letter are not significantly different at p < 0.05.
TT-T: tillage-transplanting, T-WS: tillage-wet hill seeding, MT-S: minimum tillage-dry seeding, and NT-S: no tillage-dry
seeding, Av.: available, Ex.: exchangeable.

A2 BT A2 o Aol Y =g utoll A ARt Hi A et F ol 7= e
LFERAIGIEH (Table 3). ©]= 7320l Ot EF I O] R&2419] Wik EQFRithS whjA|7]H o] 2 Qlsf itk Ul 7]
=9| BllE XA BEY f7]E o] ZAHTHEE B et U]t} (Beare et al., 1994; Rovira and Greacen,
1957). 3, Hong et al. (1998) ‘&2 H5-d el 42 51 7782 2jut A A| B 7 lEd#2 73 g2 ute]
A Al 57 g Aol A F7HAthal SHAL Kim et al. (2017) 52 778~ 21w} Aful] A] EQF eh4o
o] Z7 == HhH 7320l F=3u}, G2} Afulel A= AaEohal st (Kim et al., 2017). ©]= H ZHH]
A| B etaelo] Hshs o|folut Alu} = ] 50 AfuleFAlofl ofet A K o 74-2-0] f-7ofl ofet FFa H

_‘

i

Table 3. Soil chemical parameters in different tillage and cultivation methods.

N T-N T-C Av.P,0s Av.SiO, Ex.cation (cmol, kg'l)
Treatments B
% mg kg™ ------mmmmm- K Ca Mg
T-T 024 a 1.83b 64 b 71.9 bc 022a 5.58a 1.05a
T-WS 024 a 1.88 b 65b 69.2 ¢ 0.16 a 534a 1.05a
MT-S 0.26 a 197 a 76 a 85.1 ab 044 a 547a 1.06 a
NT-S 0.27 a 2.03a 74 a 86.0 a 0.32a 5.76 a 1.12a

Data in a column followed by same letter are not significantly different at p < 0.05.
TT-T: tillage-transplanting, T-WS: tillage-wet hill seeding, MT-S: minimum tillage-dry seeding, and NT-S: no tillage-dry
seeding, Av.: available, Ex.: exchangeable.
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& o] Aol 2 H|A= T8 812 FY s EYHAE 502 dElA] Itk (Lu et al., 1998; Mayers,
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Fig. 1. Changes of available SiO, contents affected by tillage and cultivation treatments (Error bars are standard
deviations of 3 replicates. T-T: tillage-transplanting, T-WS: tillage-wet hill seeding, MT-S: minimum tillage-dry seeding,
and NT-S: no tillage-dry seeding.).

NES EQY Zo|H 0|3tEN B Wt 20|t Fi=rut Ao A 2ES oo mhE Y d dTheS
15 cm7HA] 212} 61~63%, 66~68% 2 20|17} §19 01} X AL B HE0] 712 71.4%9} 74% 2 =9t
11 EAo] ZoJAE 7hash= 30l Irt (Fig. 2). Bhattacharyya et al. (2012)% 73-2-2 5HA] 92 EQlA] 72
< T o Et 332 (5 om Zol) Ak TFo] T7HE .0 5~15 emolkl= A 7F Qlek §le] folgh xlolE Kol
2] oF=r}al 519Ic}. TSt Zhang et al. (2017)= B2 A9 Ajul A] §7|gt40] 2712 Qlokgido] 2=t
21 SRk 2 Aol A e A R Aol A B30 Wad ehE&o] 17 10~15 cm Zolel = 2olE B
o]7] oh= T U Aakg Bk
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Fig. 2. Contents of water-stable aggregate at different soil depths (Means with the different letters in same treatment
are significantly different at p < 0.01 (LSD). T-T: tillage-transplanting, T-WS: tillage-wet hill seeding, MT-S: minimum
tillage-dry seeding, and NT-S: no tillage-dry seeding.).
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Fig. 3. Depth distribution of total carbon contents affected by tillage and cultivation methods (Means with the
different letters in same depth are significantly different at p < 0.01 (LSD). T-T: tillage-transplanting, T-WS: tillage-wet
hill seeding, MT-S: minimum tillage-dry seeding, and NT-S: no tillage-dry seeding.).
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Fig. 4. Relationship between water-stable aggregate and soil carbon content (T-T: tillage-transplanting, T-WS: tillage-
wet hill seeding, MT-S: minimum tillage-dry seeding, and NT-S: no tillage-dry seeding.).
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Fig. 5. Changes of carbon content by particle size. A: Changes of carbon content by particle size in the soil depth of 0~5
cm, B: Changes of carbon content in the soil particle size under 106 pm by soil depth (Means with the different letters in
same particle size (A) and same depth (B) are significantly different at p < 0.01 (LSD). T-T: tillage-transplanting, T-WS:
tillage-wet hill seeding, MT-S: minimum tillage-dry seeding, and NT-S: no tillage-dry seeding.).
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Conclusions
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