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Abstract

BACKGROUND: The utilization of green manures as
alternatives to reduce the use of chemical fertilizers is
considered a good agricultural practice. Effect of
incorporation of green manure to soil on change of
inorganic nitrogen (N) is well literatured. However, there
have been few studies on examining entire dynamic of N
including inorganic N and N gases in soil incorporated with
green manure. The objective of this study was to examine
the changes of inorganic N and N gases with single and
mixture applications of hairy vetch and barley in the soil.

METHODS AND RESULTS: Hairy vetch(H) and barley
(B) were applied at the mixture ratio of B:H=0:0, B:H=
100:0, B:H=0:100, and B:H=50:50 in soil. The soil-green
manure mixtures were incubated in the dark at 25°C for 17
weeks under aerobic conditions. Cumulative emission of
NHj; and N,O from soils amended with mixture of barley
and hairy vetch(B:H=50:50) were less than those from
amended with mono hairy vetch(B:H=0:100). Incorporation
of single hairy vetch or mixture of barley and hair vetch
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application could significantly increased concentration of
plant available N (NH, ") in early stage of plant growth and
plant available N (NO;3’) in later stage. However, high
concentration of NO;  in soil could cause adverse
environmental impact through NO;” leaching from soil.
CONCLUSION: Conclusively, it might be a good soil
management practice to incorporate mixture of barely and
hairy vetch in the view point of increase in plant available N
concentration and decrease in N through
volatilization, denitrification, and leaching.
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T NG9 £¥=2 f499 10-30%< 34t gdads
F3l AEUOHNH) 9} oRBHIAN0) T2 7IAFH =
HgEo] FAEKKundler, 1970). 2ol ej2 =9k U
EA8EE NOs & ool FH|?l NH,' ¢} 2] S38kds o
19 Edwdd g4 FAEA E3tHMarschner,
1995). F-gjutets} o] ZF9-gFo] W FHAY ] EokelA
ool 1A AAPEE ANE A9 NOs+ 8948s
3l g AskrE fFEel FHRFAE L9AE 7 v
(Kuo and Sainju, 1998; Korsaeth et al., 2002; Scherer
and Lorenzen et al., 2003). NO; 2] &) &2 A|skrs
A7 588 EH 671 olske] frotell Al A E =
TS T 5 o] =] A= A8k
NOs ¢ o] 10 mg/L7F 94 FsHAl qrAlekar Slet
(USEPA, 1974). 3t NO; 7 843 5 HAE= N,OE
AT o) shvolr] FE EQk] Ab|EE FU1d Aa
H 57 S 7HeA71 3L Qlek ]S olaksheka gl Hek}
B O AR HlEl] sEARNE EAEE o A
Ouf A2 dspAF7E o abskekA o oF 300 kol B 4
& Ao R T AF2 sl v Pl AX AR
HFH NO %S Aoz HsAAcr: Aot
(IPCC, 2013).
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FEHY FH AHAE 29N 5 s FAE edde
2 Zgsit) $ejulelE OECD 393 Zo4] 3744 gy
W\ o 7148 HRE 7P Bol AR kR EREA
o] FAE W FH AEA BAS 9siE 1A vE
o] A7re Fa 3aky 24 9 g9 Fof ot A4 4
FS Haslety BEoF U fae] A4 s =Y 5 9s
wheko] sute] AAls] Q- E)

5737614 SR oA 2 el 7bg @Az ek

usEo] FHAE T 7P 12 J0R AN d®
HE w47 SHAER wol FHEAA $KSeo et al,
2000a; Seo et al, 2000; Kim et al, 2002). 323} =41|2}
=9 FEPe AR AAE Fudhs vy Ao BEY
1A E S7H71e Aoz delA SltkShipley et al,
1992; Lee et al, 2008; Sung et al, 2008). ¥} A] 51|z}
7 T olde E¥eto] vtk Ale Woks Evks 54
A5 @] WS Beketn s sk e 29
A W ows Bk U IR U 9 FaEY £
S SUAZA & tHTejada er al,2008; Cicek et al,

Table 1. Selected chemical properties of the studied soil

2014). AA7HA] 0| AES T 9 E9E sfo] B o]
71e] AAe] s ARE ATE @ol o]FolA gith
(Herrera et al, 1997; Toomsaw et al,, 2000; Piotrowska
and Wilczewski., 2012). 3<%t AAx9] f-4%3 259
faelel FH ko] gl AL Be dxo Aw
el vl A7k BEE Aok

web] B Aol Ao AP 2AstAN Helg

[=¢] il
291 alolelil A9 PuelE moge] wel Ko Be BY
SECEOREE PR PN B L

[¢]
= Akt Al Aa sHE ARl

RS

SAEY EY

A7 ] fsl A WA FE e Al
Sk ket P4 REESK35°30'07.6'N 128°43'16.0'E)
= IANEYOE AAsIGith tidA Y] BERS §41% &
s Eolglon pHE 6701300 Fd4 dake 1.05
g/kgolitk AASE FAIEFS 31814 541 Table 19
LEFAL.

AHUAI™

AHE B THHNES 2 mm A= A F AIE
of ARgeRlth B Ul SuE muaEe] Tl 40
Mg/ha® %57] 913 300 mL2] AHZhEet~Te] 1E 200
ge Wil FH(B, 4264 g)o} slolEHIA(H, 4264 g)=
B:HZ 0:0, 100:0, 50:50, 0:1002] H]&= *g]ato] &3]
Zaatolet. Aol d AlEE 17 1 AAE oA 17, 3
T, 57, 177 EGAEE AFASISITE AIF7IRE st 15
Hlole Ul &5+ 25CE fAEAT B 728 d84
25 125 g/em’3} YAEE 2,65 g/cm’ ©]&319] pore
volume 84.48 cm’S o] XAL5E] 70%E W57 9
3 = 59 mLE WolFdith & FA8] 3 ol&vitt
FAE Aol fa| TR S BESIh

Yo} Bl opikskd A 7k E XS] 914l 300 mL o)
Azy Zekam o) g BRS pFeplg ugkon, 3714 %
A& FA87] Y8l 19 33] 10 mLo AHA R I75 FY
STk 155 3, 57, 17729 EollA] 7k~ Al8E A5t
ek oFRyo}l 7k 50 mL FUZ FEHo| 0.1 N 3k
(H2S04) 20 mLell EA&1 1, ofatedA 7k~ 10 mL
AYIAE o]&3te] 10 mLe] 7k~F E3]8te] Headspace
vial(20 mL Flat bottom 100/pk, Agilent)oll I8}t

pH OMZ T-NY Av. P,OX Exchangeable cations (cmol./kg)
(1:5, H,O) (g/ke) (g/kg) (mg/kg) K Ca Mg
6.7 17.6 1.05 0.42 5.76 1.25

ZOM: organic matter; YT-N: total nitrogen; XAv. P,Os Available P,Os.



300

LIM et al.

EQJo| 35K EA Il TA|XHE EM FA}

TAESF "9l AJE & FEok9] ]g].a’]—;ﬂ BAu e oe 3}
22 i ow FsGitk pH(15 E:E), #7118 &%
(Walkley and Black method; Allison, 1965), &d4 3t
“HKjeldahl method; Bremner, 1965), |3 ol K,
Ca™, Mg”" (1 N NHy-acetate pH 7.0, AAS, atomic
absorption spectroscopy, Perkin elmer model 3300,
Norwalk, CT, USA). fr&lite] 32> Lancaster ¥
(RDA 2000)& o]&3to] A8k

IAAEY] getA BAE v g2 o
f%‘a%% ANF g AR} slolelA]E Az § Edslsto]
9 'NQ)Y #FFE  33H(loss-on-ignition method;
Ben-Dor and Banin, 1989)°.% #A135}91, N9 sl
Atz oz Asllth A=A i P =2 =F
& N(HO-HSOs-HCIO; 1:5:9) 2.2 Fa}5}] ammonium
metavanadate § o2 ZAslqtt ZERE E3HEg)]
& o]gsto] Ealist & AAFHFEAR FZAAUAKHRDA,
2000).

EQF L) FI|ef EA H EATEA 2 BIEF TAL

ES U 7 A A S v 2ol skt
ok B9k AFAE 5 goll 25 mLe 2 M KCl& ¥l 304
&3k 2188k & Whatman No. 2% oj3}sto] J&NS 27}
o] A&l o] g3tk

PExEH  AAL(NH#N)E  Indophenol-Blue HAH
(Searle, 1984) 0.5 Z7g3IGitt. =9 2 mLel EDTA &1

< 0.5 mL, Sahcylate £ 2 mL, Hypochlorite &4 1
mL, ST 7 mLe Wi £39 § 37T 301 TR

% UV/VIS Spectrophotometer (Optizen 32200V,
Mecasy Co.Ldt, Korea)E ©]&3t] 667 nme I3ofA
=73k} Aake] 2 A(NOs-N)= brucineH(Wolf, 1944)
o7 =439tk AEY 5 mLol| 30% NaCl 1 mL$} 5 mL
HS04(4:1 HoSOuxH0) = Wil 918 § 10373 i)
522 brucinesulfanilic ac1d 025 mLE Y1 =33t
5 90Cef 20:27F TR - st S5 4
UV/VIS Spectrophotometers ©]-€-3to 410 nm2| 3+

-

E_T o
'l_.

7“

14 235,

0.1 N H,S04 20 mLof 315 ¢Fsivjole] Za(NH;-N)
T AT R AFEgith o AMNO-N) =
GC-ECD(gas chromatograph electron capture detector,
ECD-2010 Plus, Shimaczu Co, Kyoto Japan)E ©|-§-5}1
=78,

SHEAM
EARALE SAS BAZE (A 9.2)S o] gslo] AA|
SFTHSAS institute, 2006). 2|3k 2Jo]E wwsH| $
sto] AR AEE ANOVA H5S Fdto]l Asksith
F-test 27} Fto] p <0.052] WHollA] {25t 73-F-oflt HAi
oAk A%(LSD)S A8kl

Aol AR BAIEE e 818t
WSl Fke] ssulERl FlofeiA] o A, 1Ak 2E
e SRRkl wuEEql R sl =2 Aow
Bt 58], sllofeiiA] o dae] ok 2.65% % FHE
w20 Sl 0.90%HT B4 w2 ZOR EARESITE

E212 Table 29 YEk

Table 2. Selected chemical properties of cover crops used
in this study

Item Barley Hairy vetch

N (%) 0.90 2.65

P (%) 0.51 091

K (%) 0.60 2.10
C/N ratio 57.6 17.3

=] A & Bk o] F-Ae] 991, 3, 5, 17
ol bsto] B 203, 1E AP ) SOl W
o2 A2|sk B:H (0:100) ]l B 1 A4 dhego)
7 =8 7107 JEITHTable 3). B9 U 24k0] g
< B:H (0:100) > B:H (50:50) > B:H (100:0)2] =412 %

Table 3. Changes of total nitrogen concentration in soils amended with different mixture ratio of barley and hairy vetch

for 17 weeks
B : H mixture ratio
0:0 100 : 0 0 : 100 50 : 50
Week g/kg
1 1.05%¢ 1.40%8 1.7524 1.4928
3 0.9828 1.14b8 1.59b4 1.40%04
5 1.032C 1.372bB 1.52bcA 1.422A8B
17 0.79vC 1.17%8 1.45¢A 1.21B
Difference? 0.26 0.30 0.28

Z: Difference of total nitrogen concentration between 1week and 17week, Upper and lower case letters are for row and
column comparison. Values with same letter within a column or row are not significantly different a 7=0.05
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Fig. 1. Cumulative NHs-N concentration emitted from soils amended with different
mixture ratio of hairy vetch and barley for 17 week.
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Fig. 2. Cumulative NoO-N concentration emitted from soils amended with different
mixture ratio of hairy vetch and barley for 17 week.

A vERgk slofeluix g e oR Aedt BEokeA Pz
£ d5oR A Bl vlsl FA4 ko] 4 52 o
= oAl uf 2HglE & é‘iﬂ fﬂ%ﬂ 7101
¥ 7oz JdEHTable 2).
TollA EF o THAE TR ARkl Aot i%ﬂﬂ dgata)
o= AW WA Table 3). HE Aol sHEES
Aglstal 175 ¥ 0.23-0.30 g/kgel A7t A=k
2eh B W T4 T et A4l Fately gt
ol YE = NH 8 NoO 7k20] o QI 42

E

<

o

Aof ot 7102 ) Kundler (1970)+ Eoko] £
¥ AA0] 10-30%= bt 2EIS S8 NH:¢ NO
<o ZAFEH R Adgo] fFadv Bassith 175 F
Bkl AT NH8k N,OO 74 A g
0.28-0.31 g/kgoZ 175 F #AHR B U T449)
gt A9 dAsh= Ao® YERTHFig. 17 Fig. 2). 1
311,]. 17577 A= & 27140 kel = fjEEel 99, 7%
7} NHs?l 20 2Ae]0) g Aed] we) ke

ERE FAYE 240 RS NHzol 93t 2oz #ct
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ok a8y & A= A9 incubator Wolld e ZE)
204 AR whitel] dzgielA] s g
9%t NOs 9] FAad#el gt Ak o] FoA1#] X ok |
el x] ArE o)zl thre] Atella o] NOs JH
o] Havh §EEE FE fAEdta Busigit
(Djurhuus and Olsen, 1997; Randall et al., 1997; Toth
and Fox, 1998).

1777 HAaEol BF of 44 S SojeulAE
0% Ae$ B:H (0:100) 735l 0.30 g/kgelleH 3
HYE @5o= St B:H (100:0) 4529 0.23 g/kgell
vl 32 2102 YEPdtiTable 3). SA14 #2l3h 2lol=
AR o 1757 LA E o1 NH;9] 482 dojz]|#]
£ @502 A B:H (0:100) 8-l 031 g/kgol. o
RS @507 X3 B:H (100:0) 852 0.29 g/kgol
Hle] =2 0% YeRtiFig. 1). ©J8dt NH; 2]
Aol - HHAES B U B4 & Eafj&Ee xfole 7]
A ) Table 20 AAE o]zl ghan]e] A3
& HEP ] A9 Are] gl va) vk 3
3] = WA Soje X2 A Al el vl
0] Fhako] Ads] A3 Zow UEhth 5 FRe
G AEAY BasFEQ] Blad, AEEes, A
ER A0 Fhego] gojE x| nls| o} EQF Ul nldE
of gJal FallEl =t B Alkto] e A= Aow ek
t} Seo et al2000)- s Hu|AER] S of 2o, A
EZ0, FuAER A sl FaEl FojgHX|
B} Erha Baskeith 17577 8= o)% NHs 8 N,O2
SEe Flojew X e s 2 st B:H (0:100) B} A
B s} glofefu|AE Etsto] A2]d B:H (50:50) A2+
A G JeRTtHFig. 17} Fig. 2). wWebA s0|2E 2 59
H dae) A Azt Bk e WAEE At
20 745 SHolA & w dolM= sloleiwix] e Tt 1
th= FRs} sojelux|e] up7h FH €k

=] 2HE] A2 & B Ul NH 9] 892 1, 3, 5, 17
Fol| ZAlsle] ® Ay, RE 2APE Y FolgWAE s
o2 A B:H (0:100) 2|74 EF ) NHy™ 3ol
7P =8 A0 UEPitiTable 4). B¢ W NH, ™9 &%
< B:H (0:100) > B:H (50:50) > B:H (100:0)%] M= &

lo Hr

-9,
X
!

NS

rlr S og‘i e

o) (M — oft it
iz
2

X

| Vebskt sloleuixE deo R st EofelA HrE
50 2 Aelgh Eokol| nldl] NHy' o] 84 =2 o]
oA et uhel 7l Soje]wiA] Ul £3E o9l
A9 sk 7]0ld 7oz HdEtTable 2). &9
A5 @07 Agd B:H (0:100) ATl Ek o
NHs" -2 35714 2 s Y9l o 55 o] %4
H 43 ftasks A3E Wepsich AR s} slofeuA|
£ &3 HE$ B:H (50:50)°] Al7tell mHE EQF Ul NH, 9
e Wigh= slolepAE o= AE$ B:H (0:100) A
g rellx o} frAkst Aa3s VERGITE T2y o] el A
HElE 9Eo7 A3 B:H (100:0)2 3% E% U NH,'
ghafo] Alzke] A3l wet A3 gaEoAE d9E
ERYQIL) olelst Axte] A1 el At whe} o]
ojglux| o} FR 2l EF £ F v]dEel ot e &
Txolel 71olE o7 ghdkdEch Hu|EEe] £l § ARt
o] Ao upg} 7hAaE NH, o] dhe2 Aibslads AA
NO; & g AAY A4S AX NHFE= 259
S % ok E=3 AR NH & vEel Fa3ksd]
S8 Feje] Az AENS = ek

=02HE0] Ag] B Y NOs 9] 832 1, 3, 5, 175+
o AR & A3}, BE ZAPIRE Y X E wEo
= At B:H (0:100) A]T-ollA EF uf NOs 9] ol
7P =8 o7 UelitTable 5). E% U NOy 9] 3
& B:H (0:100) > B:H (50:50) > B:H (100:0)2] =A% =
A vebt dloje A E o= A2 B:H (0:100) A
2ol Freel dojuixE £ st B:H (50:50) A
gelA B U NOs 8- 35714 A338] T7hsks 4
S Jepgloy 55uel 543 SRt 175 wel
A% A3 el ey olel vkl AuEE whE
©2 A3 B:H (100:0)9] 4% EF Ul NOs &=fo] A3t
o] el wet AHs] Sk oA A HERIT |
oYX = d=o 7 A B:H (0:100) #2729} Hr]e}
Floje A= &g A B:H (50:50) *2]T-olA] 350lA]
55 Aolell 7hA¥l NH,'¢] & 247F 509 mg/kgt
247 mg/kgol3lom 3504 55 Alele] F7hE o1l NOs
o] ok 747t 37.4 mg/kg¥ 23.7 mg/kgol it wehA
w0 2HE-S BEoF ) ] 3 350N 55 Alojo| BEok uf o

M HE do i
Z ro rir

Table 4. Changes of NH¢-N concentration in soils amended with different mixture ratio of barley and hairy vetch for

17 weeks
B : H mixture ratio
0:0 100 : 0 0 : 100 50 : 50
Week mg/kg

1 18.22¢ 14.9v¢ 63.824 30.4%8
3 11.9bD 16.72C 67.124 40.28
5 11.90B 13.2b<B 16.2b4 15.5¢A
17 14.1bAB 12.8 14.2bAB 14.7¢A

Upper and lower case letters are for row and column comparison. Values with same letter within a column or row are

not significantly different a /2=0.05
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Table 5. Changes of NOs-N concentration in soils amended with different mixture ratio of barley and hairy vetch for

17 weeks

B : H mixture ratio

0:0 100 : 0 0 : 100 50 : 50

Week mg/kg
1 20.72¢A 5.23bB 5.13¢B 5.03¢B
3 35.35%4 5.45%8 6.78 5.18®
5 29.15%8 4.93b¢ 44.2024 28.838
17 7.584¢ 7.95%¢ 14.230A 10.73b8

Upper and lower case letters are for row and column comparison. Values with same letter within a column or row are

not significantly different a /2=0.05

20 NH, & Zakstigd& A3 NOs = AgkEojxl 710
= ek e lojguAr 90w AHE|Eolzl B:H
(0:100) AH|TrollAE st 2] NHs 7} micorbial N
o= ATHAL 7FeAde] Atk ZHO] AFellA HH|AE2)
T4 F ES W vE AW AA(microbial N)©| $Hgo]
7kt B u3keltNdayegamiye and Co“te’, 1989;
Parham et al, 2003; Plaza et al, 2004).

SH|AE0] ok Tl wE F4=2] Al g 4
et ¥ SHeA & w EF ol F71E A<l
NH, ¢} NOs 9] ghpste] 53 Hdart gl JReEE
0% A3 B:H(100:0)9] £ W NH,' 9 -2 AJ3d
71 5 3FAE AlSlsta FAEQl B:H(0:002 =% U
NH, 9] &7t AR folgh afol& Yepi] ekttt
(Table 4). ThA] Zal] B9 ] re]e] G5l +4=2
Aaraddo] H= NHy' 9 ghgale] Ego] HA Xsh=
Ao w ket FojeuAE WO 2 A2 B:H(0:100)
EoF Ul NHy 9] g2 1529} 3540 th2 He]-el| nla]
EAA R FoleHA o Ao Rl A A7)
A dlolelwlx| o] dEA P FAE] AT AdiaTH
AN EF ol NH, 9] s SulrZ F s Zlo= dd
ot Zeid SojeHixlE dEeE AEE B:H(0:100)2)
EF Ul NH, 9] 3= 5718 17740l H28H| 1Has
om Fojgux|el FRelE E£3sto]l A2st B:H(50:50)
o] BoF Ul NH,'Y s} ZAFo = fo3t 2jo)7} 9l
o} =3t lojzlwx| g} HH s E3tste] A2lgt B:H(50:50)
o] Bk Ul NHy 9] gk 1529} 350 Fxjg]e} Fne]o]
@A el B:H(100:0) Ktk $AA 2 o8 =4 v
ER} 3250 A8zl Aihyae a3t s Aew
e

AR HYE 502 23k B:H(100:0)2] EF W NOy 9
TS 5 AR 7IRE st FA P vls) W Jlo® 2A}
%t Table 5). o83t A= A9 Fhafo] W2 1]
7} Eokel| BFom Tl wE 349 aite] 7|91E A
o= gkt dojEmxE HEoZ X $ B:H(0:100) 2}
glojelul x| g} HrelE Ejtstol Aelst B:H(50:50)2] E%F
Ul NOy 9] k2 5529} 1750 §43] 718kt 53] 17
Fof FojHAE wEoZ HT]d B:H(0:100)2 EF U

o

NO; 9 332 BE 7= & 7F & Zo= ek
oF. whebA] glofejul x| 9] WA 52 dlojeuA| ol FHe
o] EAe= ARG TS ATl AT
ol & F 9= BEY Wl NOy9| s Szl a3
7F Qe AR vEtth 28y B9 U] Sol FHE &
k= NOs = ol FHlZ Ak NHL 9 9] 4%
Al EGo e A 88 7 Atk EY W Fsk 9
NOs; = Agkre] FYHo] T2 sy FHsA=
TEHo] F9%sE U F+ Sl Aot Kuo
and Sainju, 1998; Korsaeth et al, 2002; Scherer and
Lorenzen et al, 2003). WA B U a8 249 g
S NOs 2] S92 QIst o] §4 A7) SHoA &
u AgzdeM e slofemlxle] Wt k= YR} &
28] Zap7t o] A Y Zlow ddEh

2 o

B oAy Al A skl Hu)akEel o
X9} RS Eokel T F9] =2 &3 F9lsto] B
U F71E A 9 vk e A uE YRS AR
AA Ah FUE ARl sHREe] Az & B
4%, NH;, N;O, NH,", NOs 9] 8k mE A7t
Y slofeiiAlE dEow T3 At 7P w2 A
OF JERTE EQFORRE FAEE 7h FH O A 1
FES NH:o 93k 2oz gusEn) 1757 dggE ozl
NH;9 N,O9] g2 slojeiixlE @502 A2|st B:H
(0:100) Rt} Freel slojeuxle £t s B:H
(50:50) AHg|TolA SA Yepstt dlofguixle dEoE
AletA dlofelwx| 9} Frels Efsto] Hest Eokol
e JREE 9502 AEd B vjs] S 27lde
AzollAl frast Fejel FIe) dAa9 NH 9 3 44
SUAZ F Sl Aoz 2AbEQlon A ¢ NOs
o] g=Fs SN = e Ao® ZAFEQILE 1§
YA E GE0Z AHYsS A Aol A Al
EgoRRE gA S50 AR F9E F e NOs

BN

e
1

o FS N2 5 ok BEAHOE, VRN K
o REE Ak P St FUE Ak H4F 4TS
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