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Bulk density, and Three Phase Ratio to Retain Water at Plastic

Film Greenhouse Soil in No-Tillage System

Yang, Seung-Koo -+ Shin, Gil-Ho + Kim, Sun-Kook -
Kim, Hee-Kwon - Kim, Hyun-Woo - Jung, Woo-Jin

This study was carried out to investigate the effect of no-tillage on sequential
cropping supported from recycling of first crop ridge on the productivity of crop
and physical properties of soil under green house condition. This study is a part of
“No-tillage agriculture of Korea-type on recycled ridge”. From results for distribution
of soil particle size with time process after tillage, soil particles were composed
with granular structure in both tillage and no-tillage. No-tillage soil in distribution
of above 2 mm soil particle increased at top soil and subsoil compared with tillage
soil. Tillage and one year of no-tillage soil were not a significant difference at
above 0.25 mm~below 0.5 mm, above 0.5 mm~below 1.0 mm, and above 1.0 mm
of water-stable aggregate. Two years of no-tillage soil was significantly increased
by 8.2%, 4.5%, and 1.7% at above 0.25 mm~below 0.5 mm, above 0.5 mm~below
1.0 mm, and above 1.0 mm of water-stable aggregate, respectively, compared with
one year of no-tillage. Bulk density of top soil was 1.10 MG m’ at tillage and
1.30 MG m”® at one year of no-tillage. Bulk density of top soil was 1.14 MG m®
at two years and 1.03 MG m’® at three years of no-tillage, respectively. Bulk
density of subsoil was a similar tendency. Solid phase ratio in top soil and subsoil
was increased at one year of no-tillage compared with tillage soil, while soil phase
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ratio decreased at two and three years of no-tillage. Pore space ratio in tillage top
soil (58.5%) was decreased by 8.5% at compared with no-tillage soil (51.0%). Pore
space ratio was 56.9% and 61.2% at two and three years of no-tillage soil, respec-
tively. Subsoil was a similar tendency. Gaseous phase ratio was decreased at one
year of no-tillage soil, and increased at two and three years of no-tillage soil
compared with tillage soil. Liquid phase ratio in top soil was increased at one year
of no-tillage (28.3%), and decreased at two years (23.4%) and at three years (18.3
%) of no-tillage soil compared with tillage soil (24.2%). Subsoil was a similar
tendency. Liquid phase ratio in subsoil was increased than top soil.

Key words : aggregate, bulk density, correlation, no-tillage, three phase ratio

S vehe= BC 3,000 700l Azt Ao = s 4
Al 71493t $kti(Yang and Jung, 2016). 184 B A% EFsty HEd HLe E
Feo] AP o 84 dx9 F7) v3AY daE Fr14d0] kst al, e <
AgstH, §71E9 &4, Y& 4, mycorrthiza, A 5E 5 EF AEFS] T4, vigd
I Eoll o5t EY HAo] FUIE AS vAAZIE Y] HaL ItK(Cleik, 2011).

Selvete] e tiige] 68l ISHE 71?&@ ) &l (Kim et al., 2010) =%

T WHo 2 e BR4H S ol 2HEL ZE U A% UHeE F5& =
1ZE AA e FAES Aust I 1HY F5S =4 1%E 14A = 3F
& we o] oA 7H(Eswaran and Cook, 2013) &%= Bl olyz} EoF

A Be EAHE Y A7 ATHKim et al., 1997; Yang et al., 2014,

SH SOF AE AW A T ZHE Aol A

FAE TS ALESE Y FAL TH2 AU AgEH, EYY EYA8H 3t

skxo] 7|4 ™ (Yang et al., 2014, 2015a, 2016) FYJFE Aol AT (Lee et al.,
2012) AzkHle} F7ASS FUEE ASRE BIEI TH(Yang et al., 2012b).

meta] B =2 SdOFAE AN A A o)FES QYL g JOF JAES T

Ao 2 Al o}—t— ‘Ol%—% A3 Py FAL w9 AMPoE FAHALE EF A
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E AF2 1984 dFE] 2016 AA7ZFA ¢F 30d7HE A AAE Auista = Ad U
Al GB35 FARE A7 AT FEek 1S5 B AN 35°03.002.0.3"<} 126°59.5'02.0",
123 m) AlES Y. ESTEE 20003 3EHE AeEA g FHeowE #
3 By B - vARAGEGFSEE(d), A 30.3%, E 14.7%, 2 55.0%) HIE
Ao A fFr|Au o] F3te] AldS 3T

Table 1. Chemical characteristics of soil (Jumgdong Series) used in the experiment

Exch. cation

Tillage systems (Il):I;I) (goli\g ) A(\rlx?igl. kI;?l())S (emol. kg™) (cmgll:: Ckg-l) (dsE Efl)
K Ca Mg
Tillage 6.8 31.5 830 0.35 8.1 22 12.1 1.35
No-tillage 1 year 6.4 35.0 819 0.37 9.7 23 12.9 1.44
No-tillage 2 years 5.9 32.5 738 0.29 9.7 2.3 13.3 1.45
No-tillage 3 years 5.9 29.9 707 0.26 9.8 2.3 14.5 1.42

F1 AR BEN - ons Ko0 - CaO = 8.47 - 4.62 - 1.58%, +71 53+ :81.1%) A< Al ha

Z 1,800 kge 3€¥ 2¢ FHATh A AYe v9E &% EYE(HE L 2202-4 WD)
£ o] g3le] REA 12 cm Zo|E 3¢Y 9 2EM ALY 1F BELS 53 FF9
ZH 1 BE HASA &2 el A2 A 135x38 cmE 1 ha@ 19,4905 G239
on, 5 A% 7S Y 271% AME AFAL S TR TH(Yang et al., 2012a).

Fre AADF 2AS AR ASAdEH ol et #5stg o, ZE Auj#eE s 5
EX5H BFAMHA F3t] BEsFATh 2007d 12€9] A FA 3323 11E
A 738) 2008 120 AL3 FAL 291N E A Ae), 183 2009 38 AL
s167lY A A2) 7742 192k, 20109 3€ 425 B3 HAeEGNA ES E4d |
35 =AFEA

& & (d)S(Table 1) M FES] 22 EFUA EF(LE)EE A= ES FUOR

T

HEH 12 em7HA] AE+E EQF THO ZRE 12~24 cm 4|9 EUFE 20108 7
Sk AHAE AmE FACA TeHA EYY Aol HEtHA BEE ZALHA o
FHAY 4 mm, 2 mm, 1.4 mm A& 13-0}04 EoF A 7] EXE EFSIATH

Ed WA diEd e BEGS AMFH T st B4 o] &ttt ddEA e 54
APEH S(Wet - sieving method : Model DIK - 2000, Daiki Rika Kogyo Co. Ltd., Tokyo, Japan)
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Wkt 3L 20T AbZEzol A AAEY 0, oder - typed] UTEAE A 45-2(2.00,
0.50, 0.25 mm) ©]-83tATh WA EYAIR 50 g& SIF ¥ Lo 7|27} A7|A] =
o)&te] BPAA Eofl A7 =R 3t oH, 108 B Bl Eo] ~2HEA 3 F 30 &
3 203] ke AT AHEE ESYAE 105C 9 dry ovenoll A 24A17F A28 &
1.00, 0.50, 0.25 mm Aol SU= EFAAY FAE 22 st MEs=2 stk

Eg e F5E(dF A4S (Table 2) EES 1 cm A% A A3 100 mL =&
g olgsled FEE EYREHA 12 cm Zo|7HA], AEE 12~24 cm Z o]l A CoreS |

st B g, 4L, 71EEE Coe o2 AT BEYe SAUEE
#

=
e Ede AESHES AuFoR Ure] o] R a1 EdY FES A
Fotel B WEE ke ghe Ao B, AARIeIN AT 2o B8 W g
2 7o) B9z se] MBEE EASNY

Table 2. Chemical characteristics of soil (Jisan Series) used in the experiment

Exch. cation

. pH OM Avail. P,0s (cmol, kg™) CEC EC
Tillage systems , . c X8 B .
s (1:5) | (g kg | (mg ke (emol. kg') | (ds m™)
K Ca Mg
Tillage 6.4 27 755 0.23 8.4 2.1 12.5 1.05
No-tillage 4 year 6.2 35.0 710 0.30 8.3 2.0 12.5 1.50
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A EYANA &3] YdTZE(granular structure)S ©]F3L U A THFig. 1).

1.4mm > > 2mm =1.4mm > 4mm = 2 < 4mm

<No-tillage after December 2008, Tillage at March 2010, Investigation: July 2010>

Fig. 1. Size and conformation of ped in silt loam.

FAL BEYY 4AF 271 4 mm o] 3] EXEE RET} 18.8%, HEE 21.5% FELE, 4
= BEY RE 145%, AE 143%°l Wste] Fo4 A S7HEAT. 185 4 mm ©]3t 2
mm °’d B AR FEE FAT EI(FEE BEE 192%, HES 199%, 4+ &
E 17.3%, A E 19.5%) B2 Bl vst] AEs ST, BEE £94 < A7t
AT WA 2 mm o] Bk A EEE FAE XEG AE 33 FL EF nlst
of S7FESIO, 1.4 mm olstE FAEAT. o]9h o] oY xﬂ%‘%o}% 73 Al
EdolA 2 mm o] EYF AATE 2 Bl vlste] SrHE AJL(Fig 2) B4 Al
TR AA FAZ BdAATE Azke] Aol kA SHAEA wHdT=E 95tk
7E7] WEol W Aol S7hekFig 3. 4) ¥o] & Aow AT
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Fig. 2. Distribution of ped with different tillage systems.
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3+ Grossman 5(1985)°] 2|3FH Vertisols EYF TH-S AZFAH FE=Z Zho] A AY
Folg7t A, ES 78 4499 F2 5~10 mm AEE Z BFojgy ZrlFol 34
Hw Mz Zeol7k o] sty 1E]la Vertisols B UlF= Fo] 7t A WL OiF
T SAEETL B2 Ao] =, O]% O =& 7= &S F3E Aol 33t wjZ
e AE ¢ & 55 4 sty Sl O 24 O A B34S e 3kl 2

= ATHGrossman et al., 1985).

2) U et 22

Eoko o 71# EA Th(soil aggregate)> =S 23 Tl gt A3
ool Bk & 3 22 BEGY A s E4 9 nAdE
of @& P& v X =Hl(Son and Cho, 2009), Y& 7)o we} 0.25 mm ]S Y
WAAH 2o B ) F4 Y B
2 d#HA JTHMichael & Rusell. 1993;

00"
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Yun et al., 2009).
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HHAFig. 3. 4) 0.1 mm ©]74 0.25 mm
A= 5.7%, 2L=1x}t 7.3%= 24

Homz

AA(Pp<0.05) S7HEAAT. 283 AL FAE 193 ESOA WA de 0.25 mm o]
0.5 mm ©|3h= 4.5~4.6%, 0.5 mm ©]’¢ 1 mm ©]3}= 1.0~1.1%, 1 mm 1*0—8— 0.7~0.9% T
o8 {FYZQ Aol7t Aoy, A& 2@ANAE AT AVEE A7 8.2%, 4.5%,
L7%= I F7E 1dzatel] Hlgte Fo2Q F7HE HAH

zikd Ez«l Wrddee] E2HE

3—1‘
L AL EY 10.5%, FA 133 122%, T4 &
29k 21.7% = A § 7|3ro] Ao o

2 fo5el 2715 By
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Fig. 3. Changes of water-stable aggregate with time process after tillage.
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10 -

®=0.1mm >=0.25mm
- 8 20.25mm =0.5
£ mmALAmm = 0012574+ 0.547x+ 1765
.a 73 1 L z205mm>1.0mm R?=0.960(r=0.995%%)
g @ =1.0mm =2Zmm
2] V= 0.050x%-0.742x + 7.084
B s RZ=0.990(r=0.980%)
= —
:
£, y=0041x2-0.547x +2.737
= R*=0.991(r=0995%%
¥ = 0.005x%-0.025x + 0.690
o' _ : R®=0.762(r=0.873)
a 5 10 15 20

Month after tilage

Fig. 4. Correlation in changes of water stable aggregate with time process after tillage.

Martinol and Shaykewich (1993)

o gurAR o g L2y} USR] &S Souris AHE B
A e "o Eok AR nx=

Qo] 53 Agkrie], A 24 Eeke] AT 100 um
°‘*°‘ o) 852 (macropores) Hl&o] A L(CT) Egol Hlste] FALzNlA Btrh

sttt 18] Al Son Cho (2009)= R gHFo] & EYHT HALS HES O] 52 &
oA AP Aol d5stn EY F71EL EFUD FAT A B IFS 73
oAl Sk Th EZF Son 5(2005) S-Elvet 1A EF] YHstEE 20% Plvke] i, 1HA
A 8 FolAY YEdso] o]Fo] XA e EYFL 10% Pvko|Ztal 3t £ Al
o] A& EU T2 AFo| oy FAe EGS wdo] TAaE ko] FAA 57t
H Aow AAHAT

A x3t HE E oA B B wiztsHAl wkgehe dxet 5, 99
AZAy Jdre 43 DHI BAYE ATHChertkov, 2002). EFPA Abolo] Agty} ot A
olo] AdH & Hdxe} £ oty v H I, EFe Hxet 5L HS t4F Y
golg|2 ZekAA F=5hH, B A GHEL) <k gFe E 1 ¥ F1}o] E(montmorillonite)

2013). 9% APEA FEE WlSe] § WA © 47 £34E sl won Y
ke Welsl O A2 B9 B 552 $ e AYe TE] o)
1985) thi A ) A%} Sge) FAA G%E 1A slow A=A 2elw Yang
QIO Z37} AV AAA EYE TEAF B2 57} e 07 F
ol 57t FRHY Bl FEE Az W1 B Fdo] ZA TAHAL 7
5 AZke] Aol wrebd Eokel Fo] WAT £do] WEE7) HRo] ¥4 Ee

At

°ll(Grossman et al.,

HHUH
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_I_

Al

I-J

3) 84z
AL o e FEQ £ UE(Table 3) ¥ 2 E 1.10 MG m’°] 3¢ 1
A= 1.30 MG m* 2.2 02 MG m*7F Z7HE 900, 242 2d3tE 1.14 MG m?, 5~
& 392 1.03 MG m*2. 2 AU ST} ZFAE QA THP<0.05). 18]1 A K9 gAY T =
3y ALEY 129 MG m’, ¥4 133 131 MG w’E S7HE = Ado|dou, 42 2
Léi}% 127 MG m®, 7% 333 1.18 MG m’2 Z4F At webs] &3 =9} A (+)9)
AE 4SS (Fig. 5 A-B) B3 AL TE 41.5%7F T4 132 49%2 8.5%7}
<+ 23R 43.1%, “%@ 3= 38.8% = HAEAUT 183 A A
48.7%7}F 73 1d2boll A 49.5%F Z7F § T4 233 47.8%, F
S5%2 HAF AT
712ke] Ao e SHUES} 1dES 2
1A}l HlEhe] ZHAE A tHP<0.05). kA &S kst —‘?’—73% E ol %6373%
of Hlste] FES} AE F3] &ALE, #YAE, WFdddo] S7t= 71434 &
71t A Sl FAaHE F EY 284 A a3E BT oebA —rﬁ
ES #EsA HE ok frlE Aled A o3 EY EEAAS MAdE o
Aes 712 A4 E AT (Lee et al, 2012; Yang et al., 2012).
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AL 9 04EY B9 AHRBATE v FF5ES(Yang et al, 2014) B EF
58.5%7F 73 1'dAE 51%=E 8.5% HAE oy, ¥4 23R 56.9%, 74 3dAt
2

3

E 612%Z =7FE A tHTable 3, Fig. 5 A-B). 18] A& F3F&8L A EY 51.3%7}
F73& 13A3E= 50.5%2 ZAAEAL, 748 233 522%, T4 3d3HE 55.5%=2 F2
ZQl /1S XY THP<0.05).

3 Cho 5(2009) 7AW 71 & E¢Fe] RES} AE &3] QI HEoe &34
SE 5~10%, A5 13~33%7HA ZastioH f71E5S A gt 2HE9 4 g
£ 95t A4S 3 A3 A Ao stk 183 RES FFES T EY Rue
F71EFAA gt S RAA T A EY 3582 HAHATKCho, 2009) L2y WA
T2 I Bkl HIE| 71 EFAlA ot At o]9f 22 A4 AR {U1E A
&3 grRAo R Q3 RIHE -go] S As|sty] W&o ®E FTE tH(Cho, 2009)
IAC) o4

5) 7|4

2(Yang et al., 2014) 2> FES] 7]7& 34.3%
HA o, B 2N M= 334%E ST
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(

A= 42.9%2 ASA SV = &S B t(Table 3, Fig. 5 A-B).
NES 714EE A EY 25.0%7F F4 1dAE 206%=2 4 §F 74 23l
T 342%% FASA FTIEJA U, FES TS HlEte] Wt
a8 71743 A FE5ES AAZ e HFE-2(Yang et al, 2014) F EE 24.2%7F F
S7FEIR oW, F7 & 2@ A= 23.4%, T4 333 = 183%= A
SHAl ZHAET. O8a AES] HFEE B EY 263%7F T4 193E 29.9%=E F
7F & B 293 262%, T 3WAE 21.3%E HAE, AES] Ao TEO
Hlgte] F7HE Sl
FAE 1d2ke] FES} A EA B8 AEES Hlste AL EE =
& ZaEo] FAL 1dAtd A EEAe] ostd AXH RHols Al AL FAolA EF
[e} %Z

127k FR R BAA YAEe] o] AR FHE Fol Q7] MR TR 1A%

1 Zo] ot 19
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Table 3. Changes of Bulk density and three phases of soils by the tillage methods in rain
proof plastics house

Tillage systems Sf)i'l Bulk deniity Solid Liquid Air Porosity
position (MG m’) (%) (%) (%) (%)

Tillage Top soil 1.10 cd* 41.51 cd | 24.20 bed 3429 b 58.49 ab
No-tillage 1 year 130 a 49.02 a 28.34 ab 22.63 ¢ 50.98 d
No-tillage 2 years 1.14 ¢ 4313 ¢ 2343 cd 3343 b 56.87 b
No-tillage 3 years 1.03 d 38.81 d 1833 ¢ 42.86 a 61.19 a
Tillage Sub soil 129 a 48.70 a 26.27 abc 25.03 ¢ 5130 d
No-tillage 1 year 131 a 49.53 a 2992 a 20.55 ¢ 5047 d
No-tillage 2 years 1.27 ab 47.79 ab | 26.03 abc 26.18 ¢ 5221 cd
No-tillage 3 years 1.18 be 44.48 bc | 21.33 de 3419 b 55.52 be
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=
o] Z7}&}7] wj&Eoll(Yun et al., 1996), lH%F*é %‘% FAol SVt 6‘32‘%01 %m-ﬂ
, FAUET} asty Eoe] 84 MAEATE YERdTHE Sond Cho (2009)2] 2}

7 ZE 7‘4’%"0“ sHAl HW RE EYYAE B3 717 Hol EHEY
st st AR AESY A& vl e o A "t o9 Z dlew &
A wol EoF A e AEZF WAL A5HA BB CHYang o al, 2014). b E
oFo] TES} AlES EalA o]E BAsle] W Eoko] EAS ylolsln Too] B A
o]THYang et al., 2014) ©]¢} Z-& BH A AL T 7)7te] Ao 2 RESY} A E A

=

i_m_;

25 vk A3KTable 3) S2UE] RES AE A= #3 F ESS 0.19 MG m’
7} B4 143 001 MG m’2 48 3 748 233 0.13 MG ', 738 3daks

0.15 MG m*Z Z7}5 3]t
SALE} ()9 FHAA] 14EH HH] FHBAR T RES AE HAt

= 33 #Y HE EF 7.19%7F F

%, A& 33AE 5.67%2 7= A

&l & &

9.3%7 } T 1 dAE 20%2 A" §, T4 2393 7%, 74% 393t

ZFE ATk 28l HgE ke B A BEY 2.1%, FAS 193=

= 2.8%, FA& 3d2E 3%E 71dE vt HA ZHAE AT
FHA Yang 5(2014)2 2 A 22 AAMESENA #3 A3 FAE 1dAe] 2E

of AES AUE, 1748, |

2FEJTH B RES AES Az A d 9

7] W&oletal sttt webA B =79 kil

& 2dxke} 3dxtel A= HAPF SUHE ] O E AAE BT o]9f o] FAE

9} 3 dxtol Al A7t Z271E AL A7) vigE9] o

o] E¢ JATt AEA ] AEHAG A Algto] Ao whel Eofo] rhefekol -

192 29} A& EE]Ado] FASHI WstE o] RESF A B HAIE A oAA A A

2 FAEAKYang et al., 2014). 12 A$S A @31 EQ] wdo] gl A+

A&ste] FH4E0 2 AES AujetA HH Ecfd FHAAFH g WA Ao

HHEE T B nAES nAsEY] 502 EY YAV dgTF=2E FA3HA U

HohFig. 1, 2, 3). WetA] SALES} 1482 HAET 7)4E&7 =
g
%
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AXol LA AAsE AR} BE] WA7L BAF ] FAHE 2349} 3
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Yun 5(1996)ll o]t A=A u)el EH] A& Al

o7 BAW FFo] ZAHAGT AL, B Al A

25 FIFES Z7HE3(Fig 5, 6) HFA A dAlo)
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y=-0.022x*+ 0.606x +24.38
" 2 = o
#Liquid @ Air R*=0.836(r=0.914) r sub soil

y=-0023x2+0.615x+ 24.3
R*=0.851(r=0922)

15

a2 1o

15 20 25
Tillage after month

30 35

Fig. 5. Correlation between the each bulk density, porosity ratio of three phases of soils.

Values are means + S.E. Significance levels of the liner correlation coefficients were denoted by P<0.05.
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