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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

) 773 A ol p Aol wlal 1 2o] et EQRtA: F2jo] Z71%]o] 2R ATh SR AN 5
O FT T gick, S5] AL P U TS v, FAE 9] A wehiAre] A T o EoF g
AZH 2 TEO| EOF QA AT} -84 U o] WIS} Sof ke WH=r}yl %24 Stk (Bayer et al., 2014; Ko et al.,

2002; Li et al., 2011; Zhang et al., 2016). £ -S4 UL O] Hok= EQFerA 714 8.2 2710 7HY QIxtz B8 A
Hljol] oJet EQF A4 = o] ZHA-= ofu]| Th Lol A B 11 %] QJtt (Hill and Cruse, 1985; Kushwaha et al., 2001; Six
etal., 1998). Davidson et al. (1967)< F7-2-0lA4 84 o] T EF A7 &0 2 ¥=i0] 9109 ™, Carman
(1997)2 EeF47120] 2HS SHUEE X710 eke] 2SS si9ick, vl Tl AL 2EA)
H| A] A &5AQ1 EFueto 2 {7150 weltE SXIAI71AL ehe] mha7t 24 o] Eofe] w8 Adol 2=t 9=
n2E 2o g defA Ut (Gl et al., 2007). REPH =ollA] -2t 7732l ot -84 U w 0] Hslk= B 7Rk,
B4 59 20 w2t GepItial st (Mari et al., 2015).

HEAE B 778200 oot EY frlee 542 52 EY E5 (0~5 cm)of|A] o FoixH 5918 f7e2 54
o olcho] B AJero] P 1l EAlo] ZJojA4-2 EoF 9718 24 Wl elokad A A w7} A E Tk okl A glok
(Bhattacharyya et al., 2012; Ding et al., 2002; Six et al., 2000; Zhang et al., 2017). E=3} Kern and Johnson (1993)<
T2t Fog-2o ot EQF f7[8HA0] 242 15 cm ool thFE o] Fo]xH EQF Z]o]15 ecm ©[slof| A=

7 ekA o]l Zfo |7} glrkal sheick

R U= 7782 A kel 53 elof vt
Holet 7= daehdo] vish 7% AiA] o] et B ekt 5
Yang et al., 2014) THHZAQI Ao 2|FE|o] F78% AEIES] ot 72 A7t F=55h Mﬂo]q’ (Park et al.,
2014; Seo et al., 2014; Yang et al., 2014). ©]of| 2 A-oM= T4 2347
10-2014-0137822)F ©I-&5f| BE AfHliote] 73-20|, Fa=dut B 24732 A 2lu} Ao 9 B B
E/dRWI3LE vlwsta ) sheict 5o] B Be] o] £ Zlol= o]y, Fa=giu, 7732 o] T AidAE & ¢
§10196% o] 20 cm ool EARPAAL &2 A Ut} (Cho et al., 1995). ERF 7782 tiH] 7
=20 ecm =, AfHigA] B 27 EFE/ HolE doli 7] £1611 20 em 10| E9Fe] ojeleld £/ HskE
=A513dch

o

T

Materials and Methods

AR A Y Xa|Hl 2 e AR SRAER AR AT A2 ollA] 2014 R E 20161
7R =B ATt 7420 (tillage-transplanting; T-T), F+=71} (tillage + wet hill seeding: T-WS), 4742+ 71
211} (minimum tillage + dry seeding: MT-S)2} 7732+ 718 2]5} (no tillage + dry seeding: NT-S)2 73+ .2}
AafeFAlE Eelsto] 37 HE Aulsteinh. Alel 0] EGR2 A (YE) 2= Al A B o]sfeha] E4
2 Table 12} 2S)
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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'])
Mg m? % 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 0.28 a 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 1.98a 0.26 a 101 a I1la 02la 79 a 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.

2ol Fi=rdnt 227 TEATHIF (N-P,05-Ko0 = 90-45-57 kg ha ') ofl 516 BAI51 54 27397
Au} A )= A4S Z3sto] 110-45-57 kg ha! 520 2 BAISISITH(NICS, 2010). B AfjE) A A
o] =] 9 A= HEX184 ¥ A S wstom F=nt, H47e B d%’@.ﬂr A2}t
Aeftels 23187 o HuAu 7]Ee] Wit (RDA, 2013).

EY olatetd BM AR 1d2} B Al A 33} B 8 & @ AE o] 83 7320l o F01A]=20 cm Z o7t
A EFA =S AF R T F21510] 2 mm A TR 25 o]3feld Al of o 853irh. TRt ARl & AHES Zlold
& EY e 9 olgleHy HIlE B 9o FEZAE 0185101 20 cm Fo|E EY A|RE AF e & 5 cm TR
et 248 AleE ZARIE 388 AR 100 em™ coreE ©|-8-51] %E"J =0 SRl ol AT
513! wet sieving 2] (Eijkelkamp 08. 13, Netherlands)g o]-&al| YA UTHEE EA5HIT (IRRI, 1987; Jeon
etal,, 2010). E FHAL} FEIA ke T A RE E4f510] 0.5 mm ©]5} (35 mesh, No. 35) A2 AE F

—/;\——E‘/H 7 ] (Vario max CN, Germany)_E._ 57(—]8}0:]1:].. T—g—"ﬂ'ﬁ-% 1IN NaOAs (pH 40) 2% == o}-Oq ) J’]'EZﬂ ( Cintra
404, GBC Scientific Equipment Ltd.)2 S35}t

EARM ZFBAAvo] EA=R T2 73 3.2.1 HA (R Development Core Team, 2015)2 ©]-&5}0] ANOVA
A4 & ZA[00%F (LSD) ' 0 &2 o o) d-& A sl

Results and Discussion
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Tha? SHATH (Carman et al., 1997; Hyun et al., 2007; Kushwaha et al., 2001; Zhang et al., 2017). 428 W43
£-8 47 8at A8 AukAulol| A 212} 62.1%2} 63.6% =A@ AR =7 51 1 o]t R ulol| A 7
o5, o Hazen 73 e Anioln B0l AT 02 Hof BeRlee] nEgo] B5b] thes

I~

Table 2. Sail 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 ESRtAgThe ea o Aol =g utoll A Aot B XA Rut F R0l ST A
LFERASITH (Table 3). ©f= 73-2-0]l Ot B O] X&2419] whd EFRithS whjA|7]H o] 2 Qlsf it vl 7]
=9 BollE EXA A ESF A& do] AHTE H 119 A5k} (Beare et al., 1994; Rovira and Greacen,
1957). ¥FH, Hong et al. (1998) ‘&2 H5-d el 42 51 7782 2jut Al A| B 71232 73 2 ute]
A Al £ FerAlutoll A S7 FeThal SHAL Kim et al. (2017) 52 778~ 21w} AfH A] EoF ehAol =t
o] Z7}=WhH 2o, T}, A 2wt Aol A= A E ek sEIT (Kim et al., 2017). 1= AfHj
A| B etaeldo] Hsh= o|folut Alut = Fep ] 50 AfulebAlofl ofet A o 7-2-0] f-7of ofet FFa |

ookt

(]

_[

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™ ------mmme- 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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Bo] he 10 2 phgkelr}. e} Eoehaglet waks ok a9le ofst 2o g ofi she] ofsl] Rk Hh
12 o151 4 414 T AP 21710] A6l S ol ofeele] T e o 2 o G pslolor A
o= gieherk

ok qleko] WAl AakS HIAE 8 2918 §7187ENIAE 502 el 9lrk(Luetal., 1998; Mayers,

F

1937; Peele and Beal, 1943). M%Loﬂi 477 578 ubApl A A AT 2121 62.1%, 63.6%2
7 90]e)} i He] i} oko o] ehagte o] | 97%9} 3%354%-? Prﬁfé‘ﬂrlﬂﬂﬂﬂwio 3
el o] B4 1t Wsle] ol Rl

ol
o
e

[e] oo
ofgk 2fol= QIR ot 2 A7 2 77d-2 Aol A =7 ‘%E‘r‘;&ﬂ} %‘EU 378l %95& e E‘% Sh=zloz gl
A otde R S el g /Il ot gk g2 Aol A =kt R AT ?l%“} o+

o,
Mo

olofu} Fi=dutoll A 242} 71.99169.2 mg kg 2 AR A thE] Z233.3, 40%7F AR
ol A= Al TH] 17.4, 22.5%7 F A5 QlTt (Fig. 1). o2t -fratat g Zfol= 73
B =8} § o= IFE]7)71 720 ool ZAEZOl 41o] Bl A w2 A Eoljw]o] 2HEe] o84 ¥hH 472
Ao e 16717 E 3ol "ol 2|7 EoljElo] 2=l 54 - o84 o] 27| w0 = wekEic)

.
rlr

H > fo rle

Obefore
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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.).

HNES EY ZI0|E 0|3tet £ W3t 7ot F=gut Aol AEZ Zolo b Yid dehE:
15 em71A] 212} 61~63%, 66~68%2 2Fo]7} 9191 o HA7Qat A QoA HEo] 212} 71.4%9} 74% 2 &=
11 EA]o] ZJoJA4-E 7h45h= 79eFo] 1Tt (Fig. 2). Bhattacharyya et al. (2012)= H-2-2 5H4] 9b-2 EQfollA 7
= ST F50] (5 cm Zol) Aot o] ST W 5~15 emof| A= A 2] 1 et
2] eF=t}l 51}, 3t Zhang et al. (2017)= BERL F73-8- AjHl| A] G7] ¢4 %ﬂ Yol SHEt
et = ?E%LOWE F| 272 7783 Aol A 350 Yl/d a0l =1 10~ H

o

Ol
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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 lettersin
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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Fig. 6. Available SiO, contents at different soil depths affected by tillage and cultivation methods (Means with the
different letters in same treatment are significantly different at p < 0.05 (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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