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ABSTRACT

This study was conducted to select and utilize the northern region—adaptated green
manure crops to increase the quantity of corn, Rye and hairy vetch were selected for the
low—temperature green manure crops in the northern region of the country, To ensure
enough growth of the green manure, seeding should be done as soon as possible to
survive the winter, In order to increase the survival rate of green manure crops, seeding
should be implemented before mid—september,

As hairy vetch has problems when the lowest temperature decreases, it is recommended
to increase the amount of seeding amount when growing in the northern region. Rye shall
be kept intact in the northern part of the country with a winter temperature of
2020~—40°C, but is weak for dryness after winter, so water, such as irrigation, must be
controlled during the winter, Rye can be survive in the temperature as low as —20 ~ —40C,
so it is not a problem for wintering in the northern region, However, it is weak to dry
during wintering, Therefore, water management such as watering should be done during
the wintering, In 2018, rye and hairy vetch could supply 59% and 40% of the nitrogen
recommended for the grain corn growth, In 2019, rye and hairy vetch could supply 23% and
82% of the nitrogen respectively, so the nitrogen replacement effect of hairy vetch was higher
than rye, The growth of green manure crops is highly affected by weather conditions, Rye
is strong at low temperatures, but hair berry is relatively high in droughts, so they need
to be sowed mixed not to be damaged by drought and cold winters,

In January 2018, the lowest temperature in Cheorwon was —25.2°C, and the growth of
hair rye was poor, but the growth of rye was good, As a result, the higher the ratio of
rye seedlings, the more green manure was produced, The precipitation in Cheorwon in
March and April 2019 was 51,3 mm, only 30% of 173,0 mm during the same period of
2018, As a result, the higher the ratio of hairy vetch, the higher the amount of nitrogen
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production and corn grains, Rye should be moisturized during the incubation period from
March to April, The green manure output of rye in 2019 did not increase with the amount
of seeding due to dryness, But in 2019, green manure out of hairy vetch and gor grains

increased with the amount of seeding,
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2017~2018 A oll= T} soj|u| x| o] Tugpe] w2 EAFO WA HskE et &9t
F2 10a T W 12kgt+aojguZ] 2. 4kg, T 10kg+alof2]HA] 3kg, T'Y 8kg+d| o H|X]
3.6kgO & 3lth FASAES 20184 9¢Y 16U xTet o, EASAES] EF3hele 20199
59 19 AAEAL, da8ess FAEsd7Ied et ST FdeS 20199 54
159 Eapgich, YL 20199 99 150 =85ttt Al@ il dH ¥l ugto
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2018~2019d o= 2 dd o] Tubers WAt suisk] W2 AR AAF BIE 1Y
skoith, SubeEe 10a T &9 16kg+doj2HA] 1.2kg, Y 12kg+d|oj2HA] 2, 4kg, Y 8kg+
slojelu]z] 3. 6kg, T 8kg+aloje|H|z] 3.6kgOo®E TIGTE EAFAE WEAZ] 9 wFHH
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=9 JEE, IASHEY AS 9 o, S A 2 %, A7E B Solth
4 nEFo] g XAF AAZF wlg}h 2018~2019E o] AA3IHTh EAEutE
109 & 10kg, 20kg(WH wHEw), 40kgo 2, Joj2|H|X= 3kg, 6kg(AR TF),
12kg o2 stGith EAGAES 2018 99 160l xulstglon, EAFAEY EQ 9&%% 2019
59 19 AASIGlAL, d5Sapee Fdesd7Ed ﬁ*“ﬂ%*ow S HEES
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=2 of 39, o|de|¢t gho| ks, HH|H e,
EEELEE= JJr 6?01 ?—515 A3 BFSAr) o) H2AYAFS AR Adh 20179 9¥ 16 vk
= 49 Y% Ao ol 1,950kg/10a B AZAYANFO] 7p wWgron] thOoR Hu|Hg]
(1,475kg/10a), olge]Qt gto]1e}A(728kg/10a) =], slojeu|x]7} 265kg/102 7Hd AT,
T 20189 59 19 Eokslllo] A xAAEES 2AlE ATbe 3wo| 3,586kg/10as 7H4 wE
ok, thyo & Fojelux]|7} 952kg/10aR Wokth UE Mol AxAAlFo] Wkl Hu|Reje} ofg
23t gfo]LekAh= Z17F 397, 251kg/10a® @8] AJZAAEFO] sk AR RAMEQIY, o=
ojgte|ot o] EtAet ujH el HHYELET} Fob 19 HF HA7|Lo] 9T o5yt A&EW
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Ag o o] 34:1, ojglel gol ke mul Al 13:1, SloHAE 111

e}, 23 FASAE) O/NEL 2011 ofalz Wobd Rajrl AE| ujie] R1% 2o

7] ASE 2ANPE BIL Qlon], wT EASLES O/NEL 2011 OO olA Halr)
=

& 5 FlES TUHAA A™S A olof whe) Eitap o] EqFe] Rt 7]
of FE3L oAM= EY AAer e HY 7 e 3 FAFHES EY e
w2 5 Qe WY EASAES A Auiste] &5 A 3T & Qe Aol FoH(H 3)
FIASAEE B & A4 AL o ®iske otde Oy Ak Bk § Eord
A d A o]l TdoA e w538 AR AR FojeH o= e $F 1209 714 AA8] &
asto] S e A7 Fol ASHem 35T 4 e Aoz FAHUAHIH 4)
40 40 —-38 oY — w2
. " T T
30 30
ol
=z

20

NO;-N(mgrkg)
n
=]

3o CEERELREW EE) 8|0f 2] | A| el TAF 302 TAF 602 AT 90Y  TAF20Y

a8 3. XRAEEE C/N 2(18) a8 4 e AMEfEA FE HEH('18)

AE AA A 5o Egede] WekE ARG pHe Ald Aol vlste] AJ@ $of W&
AE2EONA oL o, e AIE Aol Biste]l 2 o]9]] ZEofA dobpont
oMt 52 Ao YEh, S8 52 C/N&of| 7]et Ao HAth& 3).

fo e

H 3 ANYE ™5 EQSEtY #H3l('17.9.16. IHE)

o pH EC oM Ca K Mg P20s
T (55 (@s/ml (o/ka) (cmol*/kg) (mg/kg)
AE A 6.2 0.3 22.4 5.2 0.3 1.3 432
o] 6.4 0.2 27.0 5.0 0.5 1.1 404
oghz| gt 6.5 0.2 19.0 5.1 0.4 1.2 453
Lon) g 6.5 0.2 21.8 6.0 0.4 1.2 407
3 of2]HA] 6.6 0.2 21.0 6.2 0.4 1.2 402
AR 6.6 0.2 18.7 6.7 0.3 1.3 376
TAH] 6.6 0.2 17.3 6.4 0.3 1.3 367
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I3 A ARl ek o} e Ao 2SS Nipd ol £Uel 4ol ¢2

atglt}, ol APzl 2018 199 XA7|e0] 25 2T &
of uate] -15~-26Cel dojelwz|7} AdjH oz L5 F 59|
HAskgch, 20199 Eo) = 2018 =t ThEA § o] 2] 2]
Bakstgth(ad 5). ol HUX| o] 20199 % 3~4Y0] 7+

GgFo 2 oA HI ZAEQ UL &Aoo 733l HiH
7Heol ofstar, sojgH A= WE/del ofgt whHel ThEell Ak §4d0] o] EASAES A7l
3~49Q9] Fo-Fo] o]59 Afo] E YIS FAL AR AAXHE 4),

B oA EAZHES Afshe FLole ol SUet e B 7Hae wANEe} 5
B9 9] AL fetstolor gttt s WErbs 227t 2040CE2 HHA Y 45 Exﬂﬂ
glou 95 T AL A Az BlnR, 4% T KT B T SEHEE shojof gt Fo]
| A= FA7]&o] WolAH o wAdo] WAsteE S A Auf Alole HEES 58e

Aol %t

stElou sloje|w Ao e 74
A Y&LETt —20~—40 C°1 A
AgFe n}o] hﬂ-o]- 4= _TID‘_ A2-0]
e FFsigoy aYo Heo
o] 51.3mm=E o 7Hg o= Qlgh

FI

® 4 XAEH=

n

S U 4R 2EXYY JINEE

o = = o
9= @ AWse(c0 1@ B2 ARU(0) 5~4E BAUIS(0) 5B Zdm)
2018 ~95.2 133 8.7 173.0
2019 171 ~12.5 7.2 51.3
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mi=)
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2 obgje] E5et 2t
slelelil A 2018 A2e] e HA7IR0T Q3] Akl HAsAT, TUe 2019 B /HE
O Qls) Ago] FASto], A Mgl F|Afelzio] wet 2 WolE Mol ZOE UeGTHE 5).

HYAAGo) Ao 59, Fofelu| Ao ESAr] TUT} Fjofalu|x]o] YAk

o

# 5 ¢xE

HH

HEXS AR

ol

O -O
ol S U(kg/10a) 5il012|H R(kg/10a)
- ES s Mz g
2018 3,580 790 950 182
2019 1,090 240 1,887 340

Az 3, FojuA| o] BT FEAANEE 7S] wet ®lolrt & AR UEh
2018 o= 2ol 2019¥ ko= d|oj2ux] o] Ago] Fusto] FRALFFo] WTE 2018 %=
S| oFEMAEE(kg/10a)& N-P-K = 10,3-4,0-16, 6082 L& S PAAREES] N-P-K =
17,4-3,0-6.99] AALE 57%, AAR2 133%, ZrElE 241% 55°] 7Fedhal, 20199x 3oj=H %2
FEMPALEEOS (kg/10a)> N-P-K = 14.3-2.6-9 12 L4T& L5 A N|F7|E0 2 A4l 829,
QIAEE: 87%, A= 132% swol 7Feeh A= BEAEHUTHER 6).

At

[=T3
=

S44 EZANHIF : 17.4-3-6.9 ‘
20 | m2018 22019

soEHA FEYMT 0 14.3-2.6-9.1

FEYUT (ko/10a)

A= il T ALR 2AE, U A Aol YA

SFHE 20 8L‘1E°ﬂh Ao I Z2AMFE] 59%E %—é/\l%’kib}, 5ol %kl 2019d ol

= | g2 Ao W ZEZAMF

‘/F 21‘219-‘%, BEol B 2018 o= O%°ﬂ sttt st vkek ol

FATES 7159 9FS Bl W] wigel, 7heoll At I EAAEAEY slof=lHAer 9l
A ]

L o
o By} IAEAER 2e EAsks Zlo] 7oAl ot R HAE Haskd +
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H 6. SapYT EEAHE(HE) i RAEXZ0 st ¥EZE
= x2 EIA (%) Q1AK%) 242)(%) i
2018 54 _ 59 133 241 r gzg ﬁA¢
2019 - - 17 4- 3 O 6 9
3f| o] 2|1 3] 82 87 132
FAES B e o B sishg o] HekE AvEtH EY 2 M3t Eokehd 150¢€9]
F71 5 (g/kg) e ME= HAAIN] 23,9 — 22.3(1.4 7)), FAH] 22,4 — 21.2(1.2 ), &Y
24,2 — 23.4(0.8 ), dojiHiA] 21.1 — 20 6( 5 )= yEh FAAELE FAJH| o] H|E}o
FlojeHA|et 2d-S B sk Zlo| f7l= Y At AQlt 3o S B 5 =
Sa BEOF S iAol mabyolojA] A71H Q1 Xl SR aabEl Aow dA gloy, 34
71 dart sojeHa] Hop & ACRE yehyth o= 20199 %0= 7HEoll &gt 39
AzAAEFo] AF o m B35 oA 7)1g Ao E watEct $hd 169 Ao o Aiteda
eF(mg/kg)-2 AAPAHIONA 16,8, slojeH Ao 16.3, THUA 6,12 A=t 2 154
Fo] Aite AL TS ol Rt HAAA o= F ApolE HolA] Aoront, THoA W
AL 20199 %= SO MxAPAEFo] H 7] HEoR J&%%EP ® 7).
H 7. N71¥€ EU3EM #3519, 4, 30, EYEHY)
2g 2L pH EC oM Ca K+ Mg P20s  NOs=N  NHs—N
(1:5)  (dS/m) (g/kg) (cmol’/kg) (mg/kg)
- 6.6 0.1 242 52 0.4 1.3 2922 1.0 4.4
o 159 6.4 0.2 230 5.1 0.4 1.3 140 6.1 1.3
3 9 o 3 404 6.5 0.2 227 5.7 0.5 1.4 239 5.7 3.8
2 = 100¥ 6.5 0.2 209 5.1 0.2 1.1 243 2.6 3.2
ke 3 1509 6.6 0.2 234 55 0.3 1.3 293 1.2 3.0
- 6.7 0.2 21.1 55 0.4 1.4 179 1.0 3.4
o ¥ 15¢ 6.3 0.3 208 54 0.4 1.4 195 163 2.1
;lﬂlﬂfl ke 3 40Y 6.4 0.3 207 6.4 0.5 1.5 362 117 4.2
3 = 1009 6.6 0.2 201 52 0.3 1.1 277 - -
ke 3 150 6.7 0.2 206 59 0.3 1.3 341 1.4 2.9
- 6.5 0.2 239 46 0.5 1.2 794 9.7 3.9
kel 3 159 6.2 0.4 225 51 0.5 1.2 151 16,8 3.3
AR YT 40U(FH]) 6.3 0.7 231 176 0.8 1.7 396 420 5.5
o T 100¥ 6.4 0.2 220 46 0.3 0.9 196 2.3 0.9
kel 3 150Y 6.6 0.2 223 55 0.4 1.2 299 1.5 2.0
- 6.6 0.2 224 438 0.1 1.2 678 7.4 3.2
o T 15¢ 6.4 0.2 196 5.1 0.4 1.2 148 105 1.3
oA H 3 T 404 6.5 0.3 21.8 6.1 0.4 1.5 2717 8.6 4.2
IS 1009 6.6 0.2 215 50 0.2 1.1 196 1.3 1.3
k913 150 6.6 0.2 212 51 0.3 1.2 286 0.5 1.9
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A FASAE Al OE S &5 S F 8o UEiSIth 2018 =olle S A5

717 9 oo 2 A5l HAlste RE AP oA S A5 Efo] Wokth HA A<

g G SR vlaete] 2018 E= HlofeHIA] 4%, T 8% frEglew, 20199 E=

slol=fHIA] 10%, &8 27% @=Eel, st B § FEod°] Bae & & vk TU9
drolle 5t S0l slojefHiAlel Biste] WAN, BEY F frleswdt BESEINA Aol

—4 H A714Q1 Ag Aol antHoldt, seh|RE FYsh= 137\13101] Hlsto] 77l Abde R

R L P s ZHbﬂH B el Aa =

*“°°ﬂ gt gAY FE0 38T F v AS YEdle ﬁoi, °“"%«I ‘:'Zl";r% ofs}

vzl AJHIR AFofof oty @A BlRIHOl T HT &

sloj=iHz] o] Al &gete Het o #

olthEE 8, I1H™ 7).

lo .
i3
fu
o T

E 8 ¢xt8H XAEXSE Muiof OE S5 Ao pE (TH2f: kg/10a)
= A A sy 5fl o1 2| H |
2018 396 616 565 589
2019 433 787 575 707

[ ]20184

[ J2o0194

100
. 96
T 787
= ka/10a
x|
A
e
S| 2 Al -
a8 7. RAEXE Mool e o M H
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(A" 2) ZAFEE AAF Sd7le A

7t XHE =9 EnEd ME XAHE 4=

o s
ol-g3te] uF Al EubErE AAStaA Skl 2017~2018W AN, SOl oEkOI Worda=
Rz rgo] wotA 29 12kg+d|of2fHA] 2.4kg/10a UHFA] H2AYLFFO] 3
oo, EFEr]e] EAFY AagFe dofH ]9 wEaFo] Wobdes wof, &Y 8kg+
slol2f Al 3.6kg/10a HF Al i A& FFol 1.9% 2 7P w3t ole I A= §lE
HA o] AR aFo] &2 ZolA 710t Aot AadE o9 ofEdEe Eubael wet A
o7F fle A2 YERATHEE 9, 10).

H 9 EoE mE ZAEXNE EYSEI| YHT { UYL (18.4.30)

el A
=S LEPNE HEME
(kg/10a) (kg/10a) (kg/10a)
o9 8! 3ol %] 3.6 2,471 484
=9 10: ojH|A] 3,0 3,533 742
9 12: loju|A] 2.4 3,812 821
H 10, ZHEXNE Se7| Y2 Hl1('18.4.30.) (TH2: %)
=L T-N P20s K20 Ca0 MgO
(K9/10a)
=9 8! 3lojHlA| 3.6 1.9 0.7 2.1 0.3 0.1
=9 10: 3oj2H|A] 3,0 1.5 0.7 2.1 0.3 0.1
o 120 Foj2HE|A] 2.4 1.4 0.6 2.2 0.3 0.1

2017~2018WE = Be] Eofgpo] Fol A4 E EGRUY] FAB FRAMFE FolAt 2

[¢]

HE Ak ol dolHR| ] Aso] FxIgte| whet jofeiuR] o] Eubgro] FobA|EetE EA
B9 R vAE 9 Aal, whHe] T ASo] Tl wel suo) mhEskol
EETE AR ol 1L o= FRALRFO] wolx= AR ol Zow Uehgth
o 120 glojeuA] 2.4 Eaf A9 FRAYAIF(kg/10a)> N-P-K = 11.5-4,9-18% U5§ &
4 W EFAMEH(kg/10a) tiH] Aies 66%, AR 163%, ZEl= 261%E, T 100 3ojZ]H%|

3.0 Tu} A9 ofEAIAEF(kg/10a)S& N-P-K = 11,1-5.2-15.68 4I& &4 A
(kg/10a) thv] AiE 64%, QAR 173%, ZEl= 266%S 533 & Jom, &
3.6 &3} A9 FEAAFF(kg/10a)> N-P-K = 9.2-3.4-10.28 4§ S5
(kg/10a) o8] AAL 53%, QAR 113%, ZHs 143%S 233 &= JATHH 9, & 11),

A A

D gllefEEA|

8
S AL
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20

18
15.6

15 ]

[

=

E 102

€ 4o 92

e

<l

b=

o)

o 5

0 :. B

P205 K20 N P205 K20 ‘
T8:% 36 0:% 3

ad 9. Emblgd EYEH

H 11, ZHEXE 20t M2 ZHEXS9 AESF(2017~2018)
A O|At eI
Sz (kg/10a) = = H| T
(%)
39 gl HA] 3.6 53 113 148 ‘o
. - OFILO 9 2 [ A H|EH(EAY
59 10:3012¥7) 3,0 64 173 226 el igg IR
59 12:3oj2H|] 2.4 66 163 261 e
=YD YIS o) ool £E4S Wik, S PRLYE 2 1040
EAE EYEY T A7HE T

E o 2 A AL ke 59 sieloleMA 3604 U Baden A Aigel A
e A% wad ot 59 sisoldA 3.6, TW 10:8l012HA] 3.0 BrfolA Eokakels]
7189 o/Ngo| T 12 8ojelM|A] 2.4 Eupncl We Ave dF Aow WHHG(E 12,

= OfARY R O[AE AR

1t (kg/10a) (cm) (cm) (mm) (kg/10a)

4 8:3]oj2H|A] 3.6 15.6 13.5 41.8 597
i‘f‘a 0:3lol2jH#] 3.0 16.1 14,2 42.0 612
o9 12:3o)gH A 2.4 15.4 13.4 41,8 590

E
H
R




20 - 40 -

——32 § 3% 35
32109 3
. -=2 129 24
on =
= E
S 10 = 90
8
=
10 4
0 ' ' 0
28 107001 3 28 129001 24 28 8949 86 BUN  RAY Y DAY E0Y BHUY QY BHY 1202
a8 1, EHELZE ES0iHE C/NS a8 12, Z7{E ¢ § ZMEfEA S
13. A& M- & EXAIEHY Hal (RHEAZE " 1798 = 1I5)
_ H EC oM Ca K M P,0
S0 (kg/10a) P - 9 Sk
(1:5) (dS/m)  (g/kg) (cmol"'kg) (mg/kg)
g A 6.2 0.3 22.4 5.2 0.3 1.3 439
9 8 sﬂfﬁﬂﬂﬂﬂ 3.6 6.6 0.2 23.8 6.0 0.4 1.3 476
9 10: FojHz] 3.0 6.5 0.2 23.0 5.8 0.4 1.1 452
9 12: FofHA 2.4 6.5 0.2 23.3 6.1 0.4 1.3 424
Lt, ZAHE =29 =00 M2 EHE Mx4 U 244 A2 HEH2019)
2018~2019 o AAE Wat 2HEQ] St Fab 2HEQ soje|x]e] suteF HAAE g ATt
oM Tutek(kg/10a)S T 4. Fojgux] 4.8, T 8: dojguz] 3.6, T 12: Foju[A]
2.4, 39 16: FojEx] 1.2 & s}t 39| upgfo] wopplo whet AYzAgikeFo] Wokd 2018
Lot= HigE 2019 o= dlofew] Q] mhgaFo] Frigtel| uhel AxAYAbeFo] F7beke ekl
At AzABAFS S 8! FlofEwR] 3.6 SuafollA  1,64Tkg/10aE 7P oo, Sulebd EAE
2E 9] FEStFS 3 4 goj|R] 4.8 Tafol|A] A AJEITFO] 3.3%E 7MY @kt E3L
Satgko] W EAFY FEAAR e A, il ZeE 5 BE BEAYEA Folewx]e T}k
FTFo| STHEEE woAE AFS EATHE 14, 15)
H 14, RHEXE E0tfd ELEYUT| Mx U ASMAEF('19.4.30))
%‘tEF (kg/10a) ZX(cm) Mz MM (kg/10a) HE MM (kg/10a)
5 4: Fojg]wz] 4.8 53.5 1,538 289
<9 8: 3ojEHA| 3.6 54.5 1,647 323
9 12: FofHA 2.4 53.0 1,517 309
3 16: FoHA| 1.2 56.7 1,043 221
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H 15, R/ EAE 2otzY Y2&2H|1('19.4.30)) (SH9]: %)
S0t (kg/10a) -N P,05 K20 Ca0 MgO
S 4: FofE] 4.8 3.3 0.6 2.9 1.6 0.41
9 8. dojuA| 3.6 2.7 0.7 3.1 1.1 0.35
9 12: oA 2.4 2.6 0.7 2.8 1.0 0.33
3 160 FojEuA] 1.2 1.7 0.5 2.2 0.5 0.28

olo] whka EAZAES] SuleFH FEAAL %(kg/loa glojeju| 2] o] pgsFo] Fopylof what
37t 39 4. FojEw|R] 4.8 E3k= N-P-K=119-2.2-10.5, &9 8: 3o H[X] 3.6 ET}=
N-P-K=110-2.7-12.4, 39 12: —a—ﬂomuﬂx] 2.4 Tut= N-P-K=10.2-2.6-10.8, 3% 16: 3]oig]
H|2] 1.2 E3}= N-P-K=4,6-15-59 & A= cH1d 13).

15 4

10

(kg/102)

TEYNT

N P205 K20

N P205 K20

N P205 KZO‘ N P205 K20

T4:7 48 28:%36 | T12:%24 | T A6 : % 1.2
13 13, £AENE ELYY IR MY

FASAEY Tugd 43 S AAE T3 slojewR] 9] mhEko] TSR golAe A
o8 ekttt 39 4:3olgfulz] 4.8 Tut 617kg, 3 8:3ol2Hx] 3.6 ETat= 609kg, &Y
12:3 o] M %] 2.4 b= 523kg, T 16:5]oj2H|A] 1.2 Eah= 536kgo] QUTHEE 16, TLE14),

- OfAHY SERY O[AZ Uz

S0 (ko/102) (cm) (cm) (mm) (kg/10a)
9 4: oA 4.8 16.2 14.3 42.1 617
9 8: dofuA| 3.6 16.0 14.1 41,5 609
9 12: oA 2.4 15.3 13.4 40.9 523
39 16: oA 1.2 15.1 13.2 41.6 536
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£ B9l A

a2 14,

EgEd 15099 7l (g/ke) e Moz T 4:gojeHA] 4.8 Zuk=

25.7 — 24.1(1.6 7A), E‘?:_‘
2.4 Zak= 32.4 — 23.3(9.

B LIRS R

H|-&0] %

"Eﬂloiﬁlﬂﬂi] 3.6 Evh= 26.1 — 24.5(1.6
I2), S 16:8f|of2] 2] 1.2 Suh= 27.8 — 23.5(4.3 A= UERt

Aa), = 12:8]0f2]H|A]

B 4'611011“4‘1ﬂil 4.8, 3 8:9oj2HA] 3.6 EutoA= 771E

el gk Hglon, 5o sgugel

Eafol =

w7lE wEe vt 2

Rz Ao] AojH o &

o A A8 A9 ¢l

(mg/kg)=

59 a:slojeldln 4.8
12:9]018H|#] 2.4 &uk= 7.8, 8.7, &Y
Ano] Y w3 oA spEo] Wol 4T

5,}7/1 oA

= AL

8 SU=

7]1ek A

2 3 12:5ogH 2] 2.4, T 16:3 o |H]A] 1.2
7247k 9.1, 4,308 HAE|T}

o7 2019|Eo=

s o =Y %
2 BeET B9 15, 409 A3 o WA Wi Y

8.5, 8.3, =4 8:3loj2fH|A] 3.6 Tut=
16:5012¥] 2] 1.2 = 5.3, 6,622 HAFo] Wil
= S7/Fhs A&l EE 17).

o= 20199 % 7hgol 9%t s

s

8.3, 10.6, =¥

H 7. AN7|¥ EU5EN H35H19.4.30, EYEEY)
_ pH EC oM Ca K Mg P,0s NO3z—N NH,—N
BN (koft0a)  ZAAP] (1:5)  (dS/m) (g/kg) (cmol*/kg) (mg/kg)
S A 66 01 257 50 04 12 145 1.1 2.1
—_ s 1594 62 02 234 45 04 1.0 98 85 1.7
8]]01&:1]?\]. 48 _;%_si 409 63 02 231 55 04 1.3 193 83 45
AT 1008 65 01 237 43 03 09 132 0.7 27
skl 15094 6.6 0.1 241 49 04 11 247 24 2.0
ok Al 65 01 261 48 05 1.2 113 05 1.7
59 g: s 159 63 02 222 46 04 11 120 83 1.5
fﬂMﬂ:ﬂil' 3.6 Sk9l% 409 63 0.3 222 54 05 1.3 205 10.6 4.6
3% 1009 65 02 243 41 03 09 142 1.0 07
skl 150d 65 0.2 245 50 03 1.1 252 1.1 1.6
[ sk9] Al 66 01 324 50 04 1.3 187 1.4 33
e gd% 154 63 02 211 48 04 1.1 127 7.8 22
SlojeiH 2] 2.4 ———
Skl 409 6.3 02 230 58 05 1.3 1.97 87 52
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_ pH EC OM Ca K Mg P20s  NOs—N NH,~N
Bl (ko/tta)  ZAWDI (1:5) (dS/m) (g/kg) (cmol’/kg) (mg/kg)

9 12 A% 1004 64 02 2.0 40 03 009 132 14 1.9

Flojeua] 2.4 g3 1509 6.6 0.3 23.3 5.3 0.4 1.1 273 1.4 3.0

e A 65 01 278 46 04 1.1 201 2.1 3.1

59 16: EJ%J; Y 63 02 230 47 04 11 1200 53 1.3
SlolellA] 1.9 gsa} 409 64 02 236 53 04 13 210 6.6 49
5 1004 6.5 0.2 243 43 0.3 0.9 168 0.6 1.1

s 1504 65 0.2 235 51 04 1.1 270 1.4 4.0

Ch ZHEAE D50 2 EHE Mz L S44U4T 20| HEH('19)

SR AL HS EASHEE AYE 39 gojgwxY A% gEE 10a F 247t
20kg, 6kg olth, LU o|f3t W wEHS HHAIYE VIelor AAH AR, Aol =& ¢
A o)A AuietH FRA S Hoy HxAPaEFo] AT 7ol Eof, EHA| Yo W= mhEeke
Aol Zastrt, oo wel o] uEEF(kg/10a)= 10, 20(HY TEE), 4002 dtaL, sofg
W] 2] 9] mhEEF(kg/10a)S 3, 6(PA £, 122 dlo] A|FS AAEIYT Fol gz g2
10a & 3, 6, 12kgO &2 Z7IA|7|WH AZAYAFFS 654, 1,639, 2,317kg/10a® Z7}alo] mhEeko|
Hlgste] S7hekelct, U2 wEsks 10a 10, 20, 40kgO & F7MAIZ|E e A 2 YA
732, 1,191, 1,218kg/10a® WFFO] F7lol wE HERABAEFS F7l= mulskith ol H&dt
vie} o] HYA Q9] & 73 & el 7haol oFgh vt 25 3ol S| Fxigh AutE Qg
AoE FHHETGE 18).

H 18. ZAEAE LIEZY EYSA7| MHZT ¥ HSMAMZ(19.4.30.)

052 (kg/10a) ZH(cm) ME M (kg/10a) A= MM (kg/10a)
10 50,7 732 161

kel 20 56.3 1,191 262
40 60.3 1,218 268

. 3 40.3 654 118

dl%a 6 45.3 1,639 295
12 53.0 2,317 417

Sy} goje x| o] ukEEko] mE EAE A=Y YETES F EASNE BT ol et
& ZpoI7t gl ASRE YetthGGE 19),

E 19, ZASXE IEYY YR E('19.4.30) (9l %)
ot (kg) T-N P205 K20 Ca0 MgO
9 10 1.5 0.6 2.4 0.4 0.2
39 20 1.6 0.5 2.3 0.4 0.2
9 40 1.6 0.6 2.1 0.5 0.3




oEE (kg) T-N P205 K20 Ca0 MgO

soj2H A 3 3.8 0.8 2.8 1.7 0.5

Flojz| W= 6 3.4 0.6 2.9 1.8 0.5

glojejHA] 12 3.6 0.6 3.0 1.7 0.5
FAEAES gFH FEAYAEF(kg/10a)S U9 Aol atgFe] STt uhel FEAYAEFS]

Z717F njujsig o, sofe]H = ek St wet FEAJARFE vlgste] F7FFATHH™ 15).
20
15.1
15
,:_é\ 12.4
2 10.0
g 10 8.5
5
’ ° 2.4 38 - H H . 3.2 2.5
- 1.7 1.9 N
. I 3 N [
N P205 K20 N P205 K20 N P205 K20 N P205 20| N P205 K20| N P205 K20
g 10 T2 20 TS 40 o3 3 T°i2 6 o3 12
O 15, EHEXE MEaFE YA
9] mhgfo] Frtol| wEl g o] 4if(kg/10a)S> 25|8 frAasknh gl A=
upEeFo] 27t wat 244 d3o] 4rEf(kg/10a)S Z7beFgl o), dojelH Ao A 2 AYAbeFolLt
FEAYATFO|| vl sto] SUIEIAIE = Ao YERGTHE 20).
B 20, R/EXE B ME 244U £2F0| HEH('18.9.)
5% (ko) 0[AF(cm) A2 3(cm) O[AZ(mm) _ IZ4E(kg/102)
7 10 15.5 13.7 492.9 639
19 920 15.0 13.4 41.2 532
9 40 15.2 13.4 421 568
Flojzlw %] 3 16.6 15.0 43.6 696
Flolz]HA] 6 16.8 15.2 44.6 796
Sofelw 2] 12 19.1 18.1 46.2 945

6
5ll012|H|XI(kg/10a)
£ 04 (19.9.)

24

=

a3 16, Meld
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B 21 A718 EQEetY H8H('19.4.30. EYEY)
pH EC O Ca K Mg  P0s NOzN NHeN
(1:5)  (dS/m) (g/kg) (cmol*/kg) (mg/kg)

(@)
<

10 AE A 6.8 0.1 258 52 04 1.3 207 1.0 3.7

g = 6.7 0.2 257 53 04 12 212 15 2.4

‘ AE A 6.7 0.1 248 53 05 1.3 258 1.0 3.4
eae!} 20 —

g = 6.8 01 246 57 04 1.3 239 0.3 1.9

10 Y Al 6.8 01 246 52 04 1.3 170 1.0 3.3

AE & 6.8 0.2 240 53 03 12 217 0.8 3.2

5 A A 6.6 0.2 253 50 05 1.3 191 3.1 4.0

AE % 6.7 0.1 234 52 04 12 230 1.1 3.1

Folg] 6 A A 6.5 1.1 241 49 04 12 344 2.1 4.0

H] ] AE 6.6 0.1 229 51 03 1.1 207 0.7 2.0

g A 6.7 01 247 57 04 14 167 2.1 2.8

? AE = 6.8 0.2 238 60 04 1.3 234 0.8 2.4

4.8 2

(K@ 1) 44 RS 95 2P EASHE B8 AT

7h FHAY ARAS ISAER S oA E Adsiin. S92 HAEAE
g & AS7IZe] E7] mie] kst el ukgsie] Aol S Aol A doRtth

U ZAFAEY AEES BolV] HdllMe 9¥ S oldo| wES stofof s, TFAIZ|7F
olETE dE T BT dE Aol WordH.,

ot slolEHAls HA7I20] WolAH dEel wAIFe] TSR FRA| S AujAdlle HEHEE
el o] Frh 23U 9%7Fs 2%7F 20~-40T& HUA Y A5 £A7t glov 4%
TS Al Az oftRR, g T A7)0l ¥ 5o +EHTE shojof it

o
oh EASAEY s 710l d¥E wol Yen it IAEAE 22 ARde

HE A= = VI wiol Tt WIte] FAEAEs Sutste] Ao b

o 3 3 Tt 385

fo
ord
o

o
=}

re




N9 2) EAEEE BAF SH7ls A
7 EABAEES Buslel £AS AN Heln shedch 20184 WAX o] 19 HA
7120l 25.2CE sloelslx] Aol HAstgont Eue 4% QFEsht ofo] uet T
slojelulx) E3t Ao U] sFulgo] ¥4 AT DBl Woldl 1, Euhlgo|

5:5 01 u;H _9_/\/\ Q‘__]—_TL_/;\_E]ZO] 7]—%1— 15_01-1:].'

L, 2019 YR Y9 3~4Y 73Tk 51.3mmE 2018 E7)7F 173, 0mme] 30%°] gﬁﬁ}‘ﬁﬁ}
olo] wet EUe| Ago] RAsto] Holelulxe] Enpugo] ¥LhT ALY S5
mspo] ST, BUE 3~4Y W87 S sojof Tt

oh 2019WE EWE ARE Qlstel sEe] wet RSl F/ksHA Gsreh slofelu At

HO

a}gake] Frbolo] EFTA o] GHAAE, ARpe, 245 ATSo] Furstdch B

Ao F& A= 348}04 FAGEES] St Ao dlofHA| o wEEE S7HAA A
712 -25C olsto A= AR YAE 52=F stojof gt
5. A1Z 23

o438, &A%, &3, Al S.C. Tipayno, C.C. Shagol, AFsHl. 2010, ofE=HIr HF§ oin]
Aol EF BHSPT M (Oryza sativa L) B%] nXE 9F. IFEPURE

2714, 0101% ‘i.“ﬂ‘?i e, 2007, AlF EollA A& 7IsE & Y waske d=d

Banger, K., G, S, Toor, A, Biswas, S. S, Sidhu, and K, Sudhir, 2010, Soil organic carbon
fractions after 16—years of applications of fertilizers and organic manure in a
Typic Rhodalfs in semi—arid tropics. Nutr Cycl Agroecosyst 86:391-399,

Chan K Y., 2001, Soil particulate organic carbon under different land wuse and
management, Soil Use and Management 17:217-21,

Inagaki, Thiago & S , Jo o Carlos & F vero, Caires & Gon alves, Daniel, 2016, Lime and
gypsum application increases biological activity, carbon pools, and agronomic
productivity in highly weathered soil, Agriculture Ecosystems & Environment
231:156—165,

Manna M, C,, Swarup A., Wanjari R, H,, Mishra B,, Shahi D, K, 2007, Long—term
fertilization, manure and liming e ects on soil organic matter and crop yields, Soil
& Tillage Research 94:397-409,

Costa Claudio, Crusciol Carlos, Ferrari Neto Jayme, Castro Gustavo, 2016, Residual effects of
superficial liming on tropical soil under no-—tillage system, Pesquisa Agropecuaria
Brasileira 51:1633,
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