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Abstract biomass of mixture (barley and hairy vetch) was higher

compared to that of pure barley or hairy vetch. Among the
BACKGROUND: The nutrient balance in Korea during mixture with barley and hairy vetch, the highest
1985-2006 had continually increased and maintained the aboveground biomass was observed in B75H25 (barley
highest levels among OECD countries. The use of green 75%thairy vetch 25%). The nitrogen and phosphate

manure crops such as barley and hairy vetch is common balance in the B75H25 mixture was-104 kg N/ha and-50.3
practice for reducing chemical fertilizer application and kg P/ha, respectively.

maintaining soil fertility. However, green manure crops can CONCLUSION(S): The barley and hairy vetch mixture
also be used as a livestock feeding material which may proved to be a very effective strategy for biomass
reduce nutrient balance in the national scale. We calculated production of green manure. The amount of nitrogen and
nitrogen and phosphate balance under green manure-rice phosphate fertilizer to be applied is estimated to be 104 kg
cultivating system where all green manure was removed N/ha and 50.3 kg P/ha in order to maintain soil fertility if all
and used for feeding livestock. green manure and rice straw were removed from rice field

METHODS AND RESULTS: The barley and hairy for livestock feeding.
vetch grown in pure stands or in mixtures with different
sowing rates were tested for rice cultivation without
chemical fertilization. The conventional fertilization (NPK)
for rice cultivation was selected to compare nutrient balance

Key Words: Green manure, Nitrogen balance, Phosphate
balance, Rice

with green manure-rice cultivation. Nitrogen and phosphate N 2
balance were calculated according to the surface balance
method of the PARCOM guidelines. Total aboveground SEvehs 150 HokFssls AAlsta 9o, AlAIA S
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R AR A5E w4 9] GRdA F sholth
737 sl A gl gkl 7P A ARl Wske] =
| Ao] T}, =)= ZES Ak k= Fabo] Aujste]
Ag Al A F5 wf wlola] Eodel] dof F= Aotk ¢
gupete] =il 1930 dThE AAIESLen, 2000
A3 sz g 8 J5oR A Ae] $A8] 7t
H31 Slth(Lee, 1983). F-2lufzte] =l Gatswt =
FR71E T3 SN S Ayt AYH L Gk S5
= APAL slotR A e R 28819 200 kg/ha 01432

AAE 95 F 3, Sl digk dagwo] 150 kg/ha

ol 7hsate] gehlR glo] S ANkE & 4 It Utomo
et al, 1990; Power et al, 1991; Seo et al, 2000). & 'U-H
ARAAN YL =S C/NES 7HL Jlo] ESH7]
& SXlEveE wARE B RS Aol w]#] et
glojgwA]-n] ZHEA A & slolgHixlE T3 A& T
o] o} 27| ¥ Lio] WSSt Jeon et al, 2010).
opA] oA SR HhAEe] f7lE Suanet 7 5
HAEe AA Faads Suiskelr] QA shtdt 7o
2y} 2 A A7} AE I THJeon et al, 2012). “12] 1 Jeon
5(2012)& FE-sloleu| ] kA eA] H A el oigt <)
of 29 7EAlE &8 7Hsds keIt

$-gueh= OECD 39+ FollA 5744 @9ws o 5
|5 AlgFo] 7MY 11, TEAREET} Fob A
T = kR EHFEI QCHKIm ef al, 2008). FE7]
sHlAE B Al skl s A8 A AR,
TEL VEAIRE E8E A AEE T8 R AUE A
Toll SJsliA H7h] oRHEFA] Agtell AA 7]ofd Zow
7l Eek. 28 Au7HA] selAeE ge s Agtevt A
FHo] THEARE R EA] REFA Al digt Yt o
717} o] FAA] ok ik whEhA 7 AE A et
A7 A Q= s Sul R AR oA 5]
25 A 3)pe] e FETAE WrlstaAt stk
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(NPK)+= =H|=5 ApliehA] ol & Apjsilon, vis
AR EFAHIEHN-P205- K0, 9-4.5-5.8 kg/10a)= Al
H] skdch 72]al v 20119 10€ 219 S8t
=H|2HE E3) 18]8-2 Connolly (1986)°] #1413 o]
uje} =H]22] 100% (18kg/10a, B100), H]HE] 75% +
slolemlA] 25% (13.5+2.3 kg/10a, B75H25), =H|xz]
50% + sloleMA] 50% (9.0+4.5 kg/10a, B50H50), 5]
®e] 25% + slojelHlA] 75% (4.6+6.8kg/10a, B25H75),

gloj2]HlA] 100% (9.0 kg/10a, H100)E A=3I3Ic) o] uj
o] g% wH|HE= YRy, sojguAlE= HI (F5 T4
F)OIT, BE AP o] wiAy 3uEo R 339l
o) HH|eEe 1 m* S 2860] 1elg) dlofelwXE o]
Anketola, v 33 m*E FEste] HEs AxE Rejslsl
ol AEa] Aie} QLA B4R o]glshy F41E wE
S SARRAT 71l et EASHITHRDA, 2003)

Wt A= Surface balance 7]l 8|4 #4315t
i YT A, A e A a4 sshs
Ao E ARESIglom, e Sl Bl 9 Az
T GO RE AESIGlt: WAz et A 1
%2 7.8 kg/ha (Lee and Lee, 1987)= 48 3}3lom,
oMo 3t AL 1H2 oA F HAAE
e 70%= AXtstitiPapastylianou, 1988). & 1714
W= Ao} QUAISHEo| ol W AakrE ] 83187l
ol Tofell &g FERrAFES Altell EFA7IA ekgkar
B AIA] s FES Y] Wil Al <
FEFE At EA71A] gkt

R

Table 1. Soil properties at the beginning of the experiment

pH OM Av.-P,0Os Ex.-Cations (cmol/kg)  Spil

(1:5) (g/kg) (mg/kg) K Ca Mg texture
58 98 632 028 47 118 ICIay
oam
25 ¥ 2%
500 25
—o— Precipitation = Nitrogen (N)
= Phosphate (P)
- 400 - 12.0
£ _
£
g 30 59
s o
‘8 200 f 10 2
o ©
o z
o
100 - 105
0.0

5126 610 6121 6125 6129 6/30 7/3 7/6 7M1 7M2 TH3 THA 7122 TI26 7131 8I3 87 818 8/43 819 8120 8122 9110 9129

Date (month/day)

Fig. 1. Nitrogen and phosphate input by precipitation
during the experimental period.
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w=H] 28 B100olA 7P wWekow, B7sH25004 71
=7 Ueldth (Table 2). 4] 5.2]9) biomass %S w5ak
of wpeba] T JIS WSkt G5 Eof HH|HEE 100% IF
3 B1002] 79 2722 kg/ha®l AAkeS Hel wbd 5n)
2] 75, 50, 25% 252 % 247 1612, 1120, 391 kg/ha
2 5 el ueba Aakeo] 7RAassict Wil 3o
x| A mhjne gl EaAoA S ] wE
WA S7PF QAPEQAG, dlojg WA 50, 75% Ao
A Flojelulx] WE(H100) SRR gateo] k) o]
o} o] slojg]mx| o} wnjne] EapoA sloje]H] that
B} skgake] vlsl AAtEe] H2 A ofHA7t 25
AEE ZupolA] HhREE AR YR o] gate] FPA &
£o] A E917] mito 7 FEth Jeon 5(2010)% ol
A 3 sojgu] E92A Ut A9E dasglth

Table 2. Green manure and rice production with different
mixture ratio of hairy vetch and barley

Green manure yield Rice yield (kg/ha)

Treatments (kg/ha)
Hairy vetch Barley Total Straw  Rice
NPK - - - 6674 7652
B100 - 2722 2722% 3963 57124
B75H25 2589 1612 4202° 4773° 68487
B50H50 2987 1120 4108 4443°  6958°
B25H75 3478 391 3869° 4612° 6697

H100 2690 - 2690°  4412° 67587

Yield means within a column followed by the same letter
are not significantly different(P=0.05) by Duncan multiple
range test.

SRS A 35 5 ¥ Aol 9§ %S Table 2
oA ®i= wke} Pk W =2 NPK A2lgollx] 78 =%
om, B100°A] 7 worom, sojeulA] wut 9 £33}k A
= vt e Btk J8a SR FAIEel 9
3 B100, B75H25, B50H50, B25H75, H100 4] Aul] <]
A Sl EFAMTH(NPK) tib] 22 75, 90.
91, 88, 88% = LFERTE B100 Xt} slojejwx] Eulx]ofA
A e FESTRE slolElAl el %t A v
598 Ho] F= FAR d¥tJeon et al, 2012).

SH)E B35 Aas} Ak F5%2 Table 37} Table 4
oA Hi= kel Atk sujgAkS Fek AAN) 9} AKP) <]
FrEE B75H25 Aol 742t 70.0, 349 kg/hal®
AT FolA 7 =A YeRsth 53], dlef2lHiz] 100%
= A A9 AAa(N) F7F0] 48.1 kg/hasld] H]a]
A mRlEg) Fojeulx] EapAlelA] A = Ak FF
FE Bk 223 WE Sk SE At QAR o
P

[of

N Mo o

his

A3} zZ4go] 7P & NPK Ag| Tl 7P =gko

w, B100 A g7olA 73 wektk

Table 3. Nitrogen and phosphate uptake by green manure

Nitrogen (kg N /ha) Phosphate (kg P /ha)

Treatments

Barley I\;Ieatlclz Total Barley I‘_]I;lcrg Total

B100 272 - 272° 245 - 245
B75H25 218 481 700° 137 212 349°
B50H50 143 483 626° 99 230 329°
B25H75 63 522 585° 36 285 321°

H100 - 481 48.1¢ - 237 23.7°

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

Table 4. Nitrogen and phosphate uptake by rice grain
and straw

Nitrogen (kg N /ha) Phosphate (kg P /ha)

Treatments

Grain Straw Total Grain Straw Total

NPK 735 354 1088 176 20 196
B100 554 210 764 103 12 115°
B75H25 657 253 91.0° 144 19 163°
B50H50 657 22,6 883" 147 18 164°
B25H75 623 226 849° 141 18 159™
H100 635 225 860° 135 13 148

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

=S ZE- WA A Al B} S A S AR
F & 3% A45A)E Table 5914 B vle} 2o} WA 3}
shE EFANTHNPK)S A2 $4E 2.0 kg N/ha#Z
2000 A (RDA, 2000) W AlA] 8.0 kg/hakth bt
Stk ol 2000 B ApRAl HAN) FEAEIFO] 110
kg/haolA 20121 90 kg/ha@ 7HA4gl7] witolch. A2d
A FYF2 sshlg EFANTelA 1109 kg N/haZ
7P #9531, B100 A2l7elA 22.8 kg N/ha® 7Fd 5k
o a2l slofeElA] Eub gl dultell A oF 80 kg N/ha
ulo]e] M flFs molch Wi mulo} wigs Ak 35
g 739 Ax AABE B75H25 Al Teld 1040 kg N
/ha® 7P #3kor, ot Hujaas AuishA] 22 NPK
A2)7¢k B100 AzlTollA 72} 1089, 103.6 kg N/has
Btk webs snEst HdS A% sl A9 584
B ] S0l ok 80 kg N/ha o4 A4 Aln|=
o] Mot Aoz Frlwgiek
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Table 5. Nitrogen balance under green manure-rice cropping systems

Nitrogen balance (N, kg/ha)

Input (A)

Output (B)

. . . Green manure Rice Balance
Green manure cropping Rice cropping . . (A-B)
cropping cropping
Biolozical Biolosical Cherical Total Hai Total
. iologica . iologica emica airy .
Seed Rainfall fixation Seed Rainfall fixation  fertilizer Barley Vetch Straw Rice
NPK 0 28 0 41 6.5 7.5 90 110.9 0 0 354 735 108.9 2.0
B100 19 28 0 41 6.5 7.5 0 228 272 0 210 554 103.6 -80.8
B75H25 23 2.8 33.7 41 6.5 7.5 0 83.1 218 481 253 657 160.9 -104.0
B50H50 2.7 2.8 33.8 41 6.5 75 0 837 143 483 226 657 1509 -935
B25H75 31 28 36.5 41 6.5 7.5 0 895 63 522 226 623 1434 -829
H100 34 28 33.7 41 6.5 7.5 0 84.2 0 48.1 225 63.6 1342 -76.2
Table 6. Phosphate balance under green manure-rice cropping systems
Phosphate balance (P, kg/ha)
Input (A) Output (B)
Green manure . . Green manure . . Balance
- Rice cropping - Rice cropping (A-B)
cropping cropping
Chemical Total Hai Total
Seed Rainfall Seed Rainfall erea Barley Y Straw  Rice
fertilizer Vetch
NPK 0 0.2 0.1 0.5 19.6 20.4 0 0 2.0 17.6 19.6 0.8
B100 041 0.2 0.1 0.5 0 12 245 0 12 14.4 401  -389
B75H25 0.41 0.2 0.1 0.5 0 12 13.7 21.2 19 147 515  -50.3
B50H50 0.41 0.2 0.1 0.5 0 1.2 9.9 23.0 1.8 14.1 488 476
B25H75 0.41 0.2 0.1 0.5 0 1.2 3.6 28.5 1.8 13.5 474 462
H100 0.41 0.2 0.1 0.5 0 12 0 23.7 1.3 17.6 26 414

Ak A9 Ao} g A 1ol IV witel o
oA FdFol glol NPK A& #90s WA= G
o] wu]alSithTable 6). NPK A2]7-2] QA4 0.8 kg
P/ha® 3|5 Alge] A% ibrAles T7hEE Fo%
vebgth 2E)a shaESs A e A9 oF 40 kg
P/ha ol’de] Ak F4lo] dast 207 7} Hrk “1e
31 NPK Aol HAuE &3 QAF AA%E 19.6 kg
P/ha $111, =H|K2fe] 25k 2|7 o] 245 kg P /ha, <5H]
wglo} slojgju|x] Eate] 2sA] °F 32 kg P/ha ©]3{th
kb @A evet AR 7 2 EAE UFE I 9l
T MRA S Ssta)Ed 547 SulRE A 2 7
o5 3 4 Q1&g Zloz ok

2 o
B ATE 5 A AAAN R A
3

& slrslo] AlRAER B84 $AA SR HEE 9
FEFAIE Btk SR 9} dloje x| E st
ke =R AR B75H259MM 7FE Al YERTE

(e o

B75H25 #2712 W k& NPK A2]7 tH] 90%=S X%
o} SH)REy HdE dgF 3941 NPK, B100, B75H25,
B50H50, B25H75, H100 A2 A A& 22 2.0,
-80.8, -104.0, -93.5, -82.9, 76.2 kg N/ha °|3lt}l. 12|al
Ak FA7} 7P B B7SH25 A2 Te) QIAEAE -50.3
kg P/ha® 7P wioket wheba] n)aka-v] Al 2]
oA EHAE HAS A% AlsE d8A] w44 vSE
FAE M 22 ©F 90 kg N /ha, 50 kg P/ha®] A4
o} QIAF AnZF st 2o R vepgth 12a % FH|%)
B8 AMRE gtk & 49 glehg Al g 44 =
H|2HE0] s]gdol] et A7F Mgt AoR yhekEc

el 2
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