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Abstract higher than that of the treatments without Mo.
CONCLUSION: These results highlight that application of

BACKGROUND: Mixed cropping of hairy vetch and Mo fertilizer can be an effective measures to improve N

Barley is widely used as a green manure for reducing fixation in hairy vetch and biomass production in both

chemical fertilizers while maintaining soil fertility in paddy barley and hairy vetch.

soil. We investigated the effect of Molybdenum (Mo)

fertilizer on vetch N, fixation, biomass production and Key words: Green manure, Natural "N, Nitrogen fixation,

transfer N from vetch to barley under a hairy vetch-barley Nitrogen transfer

mixed cropping system.

METHODS AND RESULTS: The barley and hairy vetch M B2

were sowed at a rate of 135 and 23 kg/ha, respectively,

without chemical fertilizer application but with Mo fertilizer ol A7) FIAE AE Al & 584 S
at 0, 0.5, 1.0, 2.0, and 4.0 kg/ha as a treatment. The A AZHKim et al, 2012), A4 FF A7H(Tosti et al,
percentage of hairy vetch N derived from air N, fixation 2014), EoF H2 WA W =gk v|Sx A 53 g2 @

(%Ndfa) and N transfer from hairy vetch to barley (%oNdfv) = 554 oldE 7ML SItHKim et al, 2013). 53], %2
was determined by the "N natural abundance method. Ueh= OECD 3|97 FollA 57hakg] A7t =2
Although application of Mo at 2.0 kg/ha significantly gt o] glom ofE JiAsk] A thkAQl A

increased biomass of both barley and hairy vetch, the = Tt glom, 7] IAF A= A 5 2ol 9

biomass was decreased at application of Mo 4.0 kg/ha. At the gk v Al 1A BlE AR 7P g 8Ael ke w &

application of Mo 2.0 kg/ha, the percentage of Ndfa and Ndfv A3 9ltKJeon et al., 2009, 2012).

was 81.7 and 53.9, respectively, which are significantly AT A e} TR R Yo HT =
A 7P #8de] w2 IAF Aud SR (Hordeum
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St A4 FgEo] $8ltHCampiglia et al., 2010). Jeon
5(2009) =ollA Bl Aol wigh sloj2ulx] e 77
A A2 RS 100% A & 5 vk Baeilth A
Rl =ElA f71E el o Bk ATl A
A 7148k Zow dEA Stk
ShE E7E Bl C/NEo| ok da Fuge] ¥
1, T el BT s FolM s &
Ago] v S 7L Sl b Bekslr] Slsia A
3
ol

< el W A FEE AL Itk 2 AER]
ofglulxe] ¢ EAE Hel7l AAY 98 5] Wi
g o] g-&o] Tl o] Arbdo] dEt(Jeon et al., 2009).
Kim 5(2012)¢]l &Jspd w=elld A5 Bl slofe]m=] <]
=3} HlE-& 7525004 Hof S Belvkal Basieich
2bof| ot EAF D= A Sl w44 olgEs T
tiellA] 71Q1st AolH] o)== §74A] o]&-& AIE F R
A A7¥ell IA 71993k Ut Yoon et al., 2019). dof2]H|
2 A5 oM 1AE AaE FAE HER olFH A
5 279 C/NE&S HaAlle a9% Hisi(Hwang et
al.,, 2015) SQMAIRE ool tist A=k BFrh= ofA7kA] T3
A ki Sl

To A IR T I A= el Fosk el
o% A Stk =EEH(Mo)> H4 317 A (nitrogenase)
7F 71 AAN)E GEYOKNHy) 2 dgsh=t] Hz2<l
ZHco-factor) Z ZH-&-31(Shah et al., 1984), 2152 A9}
F drtlE Fo3 9 sk Ao d#A ltHKaiser
et al,, 2005). Campo 5(2009)°ll 2|3t Mo o] =2 F
TAZF A 3 go] =9kem F7HA] Mo Algo]
A0 giokar spgiek sojelu|x]el st EelHdl A8 avk=
2] 5 (Nodule) 9] =9} 75 S7M413 21 Nitrogenase 2}
Nitrate reductase &= T/ 71+ A o= F7HE 1 Utk
(Alam et al., 2015). &1} E2]Bdl A]go] 3|ojZH|X]<]
Ak 9l Aol R Gl st A ofA7HA
ojFo|A#| ¢k Stk

A9 IAE Bys oA £apA]oA ZgE
gl Algo] ke A, A 1Y T2 gl
w27} EAS Bl oist A4 7oeE AFaow ot

stk
THE 3 ur
o4 B/ FAF Aol e Mo A T3h AHE

271 109 g/kg, fraQlito] 13.7 mg/kgel wARL o
EollA edle] wiA 3Rk o % FaEtithTable 1). %

Table 1. Soil properties at the beginning of the experiment

A AEL 20159 112 169 2135 kg/has} 3|ofz]
w2 22,5 kg/ha) 3o 201611 59 24 &3St o] 7
FAE HEEE ST AT A2 3] A Bk
Zo|tHKim et al., 2013; Yoon et al., 2019). E2]Bdl 0.5
(Mo-0.5), 1.0 (Mo-1.0), 2.0 (Mo-2.0), 40 (Mo-4.0) kg/ha
5 7217t 2ol &3l F Amjskglal 1 8] 7714 vlsE A
HA Akt FAE B FE AgTE 1 m® (1 m x
1 m) F&ato] TAF Bes} dlofmxE Felste] Akt
QA AEFS 72T oA 297 Az 5 3Gt AEA)
F713E B4R olglehd A4S EXEH SARIEA
T 715l Wt FBSIATHRDA, 2003).

=] Bl Akl whE slotejux 9] A4 178E(%Ndfa)
& sl ea A EAWE o] &alo] v o] st
% tHRochester and Peoples, 2005).

615]\/;'9]0 _ 615]\]}

5N,

% Ndfa=
oNdfa ,ef—B

%100 (1)

A71M SPNis @Y TF EFAT B A PN
PNy dlofMx] ARl §PN FL, 8lal B
(background)= 7152 Ah 1O A5 Flojzw|
2] 5PN #holt). & =X B 3> Yoneyama 5(1986)
o] AAeE -1.63°/ s A&

slofeluixleln EAF R ol AAWNIME o
w7 o] ARt Ledgard, 1991).

8PN,y — 6" Ny

7

— X100 2
515 Nyy— 515 Nyg (2

% Ndfv =

oA71M PNp= FAT Bl AR 6PN 3, §”Nas
& Bk &5 SN 3L, SN slolelwlx| oA f-a)
F §PN gk oItk BBl Algel st A Ak 9 3
2 152 FAEAS SAS (version 9.1.3)& ©]-8351
. A7 AJolE Hlwahr] $18] A AFe ANOVA,
S F8te] #AER

(o

2]

S o

o

=
o

Zat ¥ o

Mo A&l &gt FAF 222 82 soj2]#l]7} 1398
- 1656 kg/ha, 75 R2]7} 3089 - 3474 kg/ha 1o
ol slojgMx| o} EAFHE S FUT 3} v]EoA Bl
el v)AA] E3ItHKim et al,, 2102, 2013; Jeon
et al,, 2012). ¥ AolA EAF 2= A= 7714 Hl= A

pH EC OM T-N Av. P,Os Ex. Cations (cmol”/kg)
(1:5) (dS/m) (g/kg) (g/kg) (mg/kg) K Ca Mg
5.6 0.038 10.9 1.1 13.7 0.97 3.89 0.15
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1] §lo] a9, AlA] ] 7] ddo] 109 g/kg,
TR do] 137 mg/kgO 2 WIS ET} v w2 4
oM Aujst Axtg dEnh Tt Mo Algse] webA
glojgmA] o2 S71 =99 Mo 1.0 - 2.0 kg/ha A%
oA Ho %S BTHTable 2). 7121l B]F3} 250l 3
As By E sdd 2345 etk Mao 5(2018)
< Mo 300 g/m A8l dZul(Alfalfa) 530] FA]8<]
vl 17% S7F5 sl or, Hirpara 5(2019)°] 28k
Mo 1.0 kg/ha A€ol o) T 82 HeRiItE Mo A€
of o3 FulAEol Sk Fhe IEAA 1AH Y
(Movalia Janaki et al., 2018; Hegazi et al., 2011), ++<
T S7HHirpara et al,, 2019), @A Al Fd(Adkine
et al.,, 2011) o= oJaf¥ 1 gc}

Mo A7 FA|gellA] dlofelwx]2] 35 i 14&>
ztolE HSItHTable 3). Mo FA187<] Ndfa: 76.8% ©|
™ Mo Al479] Ndfa & 33t 81%3Ith 1213 Mo Al
ol W Ndfarx 2 2k0)E HolA] ¢sith Mo vl
PazAM FA1ET A1 kg/ha) ol T &) ¥
A &8, A 5ol ApolE JER AT Mo AlH] 5
(1 kg/ha, 2kg/ha)7tolli= & fe]7} §ltkal Hal 3lct
(Hirpara et al., 2019). Haydce 5(2014) 47} 3l|ojz]H|
2] E3K33:67) AiAelA sloje]u 2] Ndfa= 11, 294}
oA 247t 87.56%, 82.8%°1%om Sofelu|A] T A
= 80.9%% K.l 3ISIth Burity 5(1989) LZulel HE

off off oo

22 (Bromegrass) % E]EA|(Timothy)2] E3jol|lA]
o] FFAa IHEE 60-82%F B stk Tkl
a9 duoA] FEAh A Aole o) oSt Tt
A5 ¥ i IS TR EST Axolgel digt A
oA 711E Ao dgetal QitHHaydce et al, 2014;
Brainard et al., 2011).

sl A0 EapA| oA T 2HEel] oa) g
AL7} sh2a AER olgHe WHES A 7 /AR A9
Ha Qlvk i AEe| s ugE HAF o A
(mycorrhizal fungal hyphae) WES]|=e] SJsiA] sht}
“EZ A3olE & 317K Sierra and Nygren, 2006) 7}
25 e Friskel =gl daA olFEE Aotk
(Johansen and Jensen, 1996). ¥ ¢1-tollA] Mo A|-8-o]
e FAE B9 A FE Mo 1.0 kg/ha oA Ho
e H3om Mo 4.0 kg/haold FHaghks dehlct
(Table 4). Mo 4.0 kg/ha A&l EAF 2E9] 75 7
2(Table 2)9 3584 T4 4= Mo 5402 Mo
AT G4 A A} Al FAolA VIl Ae=w dd
HtHNautiyal and Chatterije, 2004).

PFLNAA 7ol gt 7 AmellA s AER
9] Ak o]F&L A 86% = B tHBroadbent et
al., 1982; Ledgard, 1991). &23jollA| E|RA] £3} H34]
o] Az olgE2 12k AF MM 27%, 24 AlFH A 34%, 3
2 A F oA 57%E AF Aol e ST F7)8k 7|7k

Table 2. Dry weight accumulation of the cover crops aboveground biomass at the harvesting stage

Mo Aboveground biomass (kg/ha)

application (kg/ha) Hairy vetch Barley Total
0 1231° 16364 28674
0.5 1398 3089° 4486°
1.0 1616 3078° 4694°
2.0 1656 3474 5130°
4.0 1315% 2376¢ 3691°

Means within a column followed by the same letter are not significantly different (p=0.05) by Duncan multiple range

test.

Table 3. Hairy vetch N concentration and percentage of N derived from the atmosphere (Ndfa) across Mo application

rate under vetch-barley mixture cultivation

Mo Hairy vetch

application (kg/ha) N concentration (g/kg) Ndfa
0 22.8° 76.8°
0.5 24.1% 80.3%
1.0 24,3 80.9°
2.0 27.1° 81.7°
4.0 25.2% 81.3°

Means within a column followed by the same letter are not significantly different (p=0.05) by Duncan multiple range
test.
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Table 4. Nitrogen concentration and percentage of N transferred from hairy vetch (Ndfv) in barley across Mo application

rate under vetch-barley mixture cultivation

Mo Barley
application (kg/ha) N concentration (g/kg) Ndfv
0 5.7° 49.3°
0.5 6.3° 59.5°
1.0 8.1° 56.7°
2.0 7.4° 53.9%
4.0 6.3" 43.8°
Means within a column followed by the same letter are not significantly different (p=0.05) by Duncan multiple range
test.
FFE v ZoF Astal QtKBurity et al, 1989). Administration (RDA), Republic of Korea (Project No.

TolA Mo Algakel wh2 ol FASRDR
olFH AArE 55%UISIE YEREOH Mo FAIE A 9t
= 794 AJelg Btk 12la FAE e FHu A
= YERH Mo 2.0 kg/haollA A o] 582 °F 54%°]3ith
Lee 5(2005)<> 715 B9} dlofe]u]x] EopolA] 24 o
TEHE 58% - 39.7% % A AR Sl wet Ftawtia
B slglon, s} Fofe|u|x] EatellAE 61%2 A7t
o] FHTIIL 3t THLee, 2007). WA 73 s E9) &
AN T2 2l ot ¥t shEy) AER
Aa o)F & A9 T, A1, Ede® 59 3o
% kS W= Zo7 AzbE,

2

=

rlo
o2
ol
o
1=
Ir

2 <

2 ATe EARRES) oA &3 2| Al A
Mo Algo] EAF &9 %, oA F5da 1
ge 9 SofuA|elA EAFRER Aa o)Fgel] st
A 715 AAEITE Mo 2.0 kg/ha AlgolM FAE
=0 HlrEs ek 283 FAF A=2 Hule
25 LERA Mo 2.0 kg/ha #z2]olA] slofelwix|e] 354
A IHES 81.7% ollom, ofu sojg|wix|elA EAF
HYZ olgd dive IAF By AAaTHC] 53.9% ol
ok wEbA, Mo 2.0 kg/ha A7t £AF Hel-glofe]wA|
Tt ZRAAN 71 AHe o Yelbth B AT
£ FYelld BauEx] kg dlojewxziY vz A
2 olsS gtk HollAl enrt Qs AoRE et

=3
Note
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