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Sustenance and Enhancement of Soil Fertility for Organic Farming by Legumes and Green Manure

Chang Kyong - Ran - Sohn Sang - Mok
Research Institute of Organic Agriculture, Dan Kook University, Cheonan 330 - 714, Republic of Korea

ABSTRACT

An organic agriculture should be managed by mixed farming in farm unit as a closed
recycling system. Due to restricted purchase of fertilizers from outside, organic farmer
has to deal with limited amount of nutrient source in farm unit. Especially the supply of
the essential nutrient, nitrogen, mostly depends on legumes fixing nitrogen optimizing
the site —adapted crop rotation.

Dynamics of humus and metabolic plant carbon and active soil carbon compartment in
active and passive humuspool by rotation system was explained, and dynamics of
potentially mineralizable nitrogen in organic nitrogen and biomass was discussed. It was
also discussed comparison of ammonia emission, potential greenhouse effect, primary
energy input, acidification potential, CO2 emission between organic and conventional
farming, the nitrate —nitrogen dynamic in the soil profile by organic, integrated and
conventional farming system.

In conclusion, it was suggested for Korean Organic Agriculture that the importance
of legumes and green manures in rotation system for increase/maintenance of soil
fertility, and was pointed out the need of investment for environmental impact of
Korean organic farming implement.
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BAANYFA, AGEIPUL AR, F 471598 Fbl ®@ AL
g 72 e Wik WPl A4 Y, o7l U Kool 45T AeiA| Sol Bl

ALY QATAE AMAemA s olx9t nED PYAEAEe ol 2ol wER
oh. B3] Ak B SO oplsle Ak Sutol] 2l8t Askhecd Soll ek 7
Al 9 HEBAe] el AFEob Rl o3 BAE EWARE A ZAP Azl

HFEdeh, B2 W2 A Bxe Z7IE He 5 ABY Fo| BFE 97l Ml Yo
W FAN Fxe F= AAE] Folgol AAulAlY] EFHE st Qi)

FHAMED) 93] Alre A4AT S 50me/12, Ma2hs A8 Axeddeke 7}
A, AuRATTHE Xl B Fol Z1EXE Aelel $1 Jon, S4B 0.0001mg/l
2 7EAE Al dedl, 53] vlde 0.04mg/l, AR (.05mg/l, 28la 22
0.00lmg/12 L 7I1EXE Aallga slvk. 24 fFAI7HEL o] 7I1EAE x3elA &) 9% =
WaEsde AR Qi

7S HESE AS5sdd d3o2 INM(= Integrated Nutrient Management, Z3<F
=) 3 IPM(= Integrated Pesticide Management, Z3PHEalbA)S 9F2 o= e
o] Fodol 1967dRE EUE AxE, 1987dole A FHEI7IINA, YolrbdE: 1993 KE]
A A g Aesx glov SEeARAE ANE 7 de sz 7ixE wAsR)
3 ARl AmstA =gict. weba] Frlblge] A8-E Al §71ES A§ oz
Bkl oRigde] WAEe] B A7eA fAsl AuAlE BESPHA Qo] &R
% A S Al fU1sdel AR S BES] S shue] Ysto g iRy
3 glen, ule] Fqlog Hssojof gte] npgslrhs FAgol ol diFEa Q).

=9, 97, R =E BES 739 #7187 [FOAM(International Federation of
Organic Agriculture Movement, SA¢715%-5<1%) 9 EU(Europe Union)7} AeiEe 78
<k, % IFOAM Basic Standard?t EU Regulationell F3lo] %52 o9lel F7150lc}. 919
T A7 AR {f7IsAAE A 23 ok Folle EISRE Al - SR gstel 3t
< 3k T g A V1A' Afulslolol) sle Aog FAsla glon, ZEol
Aol HRZ sl A&e7HE FHATIA X 739l 715Eold 15EEm|E ARME o g
A8 U AR sk vt wlebd Eae f7180 doiA Aio FFYozA B
gk ohel EokEE FAdegA] HeHos A ARAAN] BANBEEE B 6FS F
of Auisle FaarE, FulAEe] FRAEYS st $He T f1sel BEs
sl EoSRe] A9 FXE fsle] BEomlEEet Fale] v 41, F Azt IAE
szt siglen, 5] ] - FaEHEe] ARERAe] A4LTFEAE EAsslch

AL Sletol A glola FRE, SulEAlel o8t A=Y W $71%Hel 37
off MAE @ 5 ABANRH Bl stoketnA shsie.
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I, §71Esiolde] BoplSEsl $718, 2Aalsie) BAl 2 oA

71609 BEEE EIEEE §A - SEATIE AolH olF AT Bl o= B
71Ex(FAaspolate] HHA BAGES FA|stoiof gk, FAEAL vl fiA Eallsl
= vlEAA D’.%*P HAAEA(Humus) 2 TASolgleh, 242842 FA 1 Hhumic acid), &2
Afulvic acid), F9(humin) 52 FA=lo] Jlow, FA4le] B4EAe] F5 o|Fal }J\C}-
(Scheffer and Ulrich, 1960). 4154 inistabAollA fho] A4 ==(Waksman, 1939),
o] AMLFE BAAke] gteko] Zrhicha dhelBannick and Ziechmann, 1991). -1—/—‘437544
Aol ehzbajo|m, mEAAEAE 2877} wol Eokel Bl MdaIHE) AT &

2 - Bl gATIE ) A28 el 3REhE WA Ikl XgEEEd, E
5 2, 9% e g4, AEA RS 2 AT AdHREvIAE 84%
FOA A Aol Fadt AqeS TrkKoepf 5. 1980).

A EA GBS 95%7) THlA | hemicellulose, cellulose, lignin 59 F718E F4=le] 9l
t}, o] 7158 HAzlso] (ay Dol B vl o] HAE qinke] FHel] FAEe] gl
o], Eoko] §rlelgtAs}l Aol Bl 7P A FleigeKButler 5. 1973 ; Fengel and

U U

x
¢ .
(20 COOH -

e i
j‘?

c

£ 02 ox rlo
N

o

Cellulose
Chitin

Fig. 1. Structure of humin molecular and its binding on the clay particle(Stevenson, 1982)
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chil e Al Hallwle] Ao FFdo] HAY eladdt Ajslel Bkl 7S o]
Fr}, opulxAl, opplxg}t, BF, VA whele AEA g <F 10%E AAlsta =)
o] 52 Al EA AREZHE] A §E=]o] n|AE o3l el o] fEng TAu|AYEe] 4]
o] nf$- Fe3t AT & 4 grl. FAo] BiElo] glE Ak, 4k Fo] REEL Ko
a2 slo] fHd}E|o] AEellA FFHrHPaul and Clark, 1996).
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Fig. 2. Model of carbon-movement between different humus fraction in soil(Parton, et al., 1987)

(1 D BSUle] BAEERE §718Y f5S Jehdch, dibFog BARRR Ct-
ko2 FAGHGottschall, R. 1985). AEA ZHgl 801 e #7152 Aol Hq=
Ligningekol] oJste] 44 EallE]E(metabolic), £ A Hallw)A] okE(cometabolic) %)
2 FEcHParton £, 1988). ZAloll+ metabolic plant C2} active soil CHE3lEo| 3}
o (.5~2udel] ZxA FefjElic, 32 A3 BAiEE, e 553U 1R slow
decomposition C, passive soil C)olg} ¥zeowv] 1 Frl 25~10001de] ZH=lcka gic}
(Rayner, 1977 ; Paul and Veen, 1978 ; Parton %, 1988). Active humuspool< v 2]
Lol olsto] Rz} FASHAl A¥x7] wiiol passive humuspool® Wo] olEslAl ¢tom
ehl-9) okBLg Tl s vlEdgat 22 A AHRETE i), Passive humuspool
£ F71H o2 matrixell SHEA R ZH3Ho] oA otz MR, & Bk EeldE
MAske a3+ 2k go(Parton %, 1988 ; Hayes 5, 1989).
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HAZA So] Qi $7leiALe] BEE Eofu g o) Fallslol NHi~N, NO3-
Nogz shslo] Maj} ulBEo] o] 857 wifel kEFFHHolA it oz} Bl SR
Zmjola] 93 ou|E vk, wEkd Bk {7180 dhEe] e R TN M T2
& Ae Axol}, B AL 0%E A7IelHieltHPaul and Clark, 1996 ; Stevenson,
1994). §71%0] Hahis w) 47144 Foll Fol Sle AAF7 el A(potentially mineralizable
Nitrogen)7} §713kslo] Frleldiz Fg=ch, BH oz vkt 1-3%2 #7eid4rt
“o)skElo] ek 50-90kge] BAE AEollAl FFErkDiez and Sommer, 1979 ; Standford,
1982 ; Amberger, 1988 : Kohl, 1988).

theo] (18 Dol B F 5ol EFAL Fal 2 AL wAE HE%H(Biomass)
3 oizkabAst gleh, ulAlE Bl wAEe] Y Al AEI WEF {71V F2
Fol 7b wre] Fr)3lEls AARE3olr), o] BEE active soil Cekx shm, 2 71z Qlell
2713tE)0] AlEolAl F5E 4 UE 71342 PooleltKSchnirer and Rosswal, 1987). «d
g A Soll osh o] AAeol oL uizk 30-360kg/hagti TrHAnderson and Domsch,
1987 ; Azam %, 1986 ; Myrold, 1987).
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Fig. 3. The conversation of nitrogen in soil(Jansson and Persson, 1982)
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54 ERTIEER(= active soil )2 1.5 ol €A1 Zell=lsul olwl f7lepda
7t F713k=le] NHa-N, NO;-N 3ele] Frleid4s FgEch, dub 47)15delAe] A4
TEe FEAAAY] FRA whE FabEER el gt AAlvAe elgkAst gl Eu)zbE
ol ZHEol FE fF71Ee] Halisle] ERE2RY FUIskE FoleiEA4] gt e e
7VEEn o] Rfog FHEE A4 oko 7 ZHsltHJansson and Persson, 1982 ; Koepf
5, 1996).

M. #23 Eokekde] fast

i
ox

FAolglt AH[AE FHog o Fiel AES YA TAR SEA Al 2R
AAlelch, FAE A2eE SAlo] ohE AEE FAlle Aol o ALE FHsn A&
Aiste] BEFUIES A£5E WAL AHE FAT. AHo o] Fui4, 3y,
A 8 7122 Pste] AEel o1 n{FSEAE wieE EXES Al A
4% Qe B oIt #42 B RISMZIE 18] F olde FAXG. &
HollAe el - AelE 54, Echiels 540l o Agel &AlE7] aiFell Eoke] k37t
WA=, ZALETL GE AEo] FAE] wiEel el § FARTIEe] Bkl 7 Foll ¥
Eslo] Boke] $71438 FXeha v B = ol Aulisle AEe] thay] of
Toll wjAge] SR WA Hx, 1 243 EokRie] fadyl £t Koepf and Row,
19D). FabAEe Adrt F7E FeRGEs Bl IxIcKE 1.

p

Table 1. Weight of root waste on sand and loam soil after harvest(in dt dry weight per ha)
(Kohnlein and Vetter, 1953)

soil depth (0 -23cm) soil depth (23 -45cm)
crop name Loam Sand Loam Sand
winter wheat 8.6 - 0.8 -
winter barley 6.9 9.9 0.7 1.2
maize 11.0 - - -
clover, 1 vear 19.0 31.0 1.3 2.9
clover, 2 years - 41.0 - 3.3
lucerne 36.0 - 6.7 -
red clover 13.0 18.0 1.0 0.7
white clover 8.2 15.0 0.7 2.4
potato 3.5 - 0.7 -
kohlrahi 5.7 - 0.6 -
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219 (FE Dol Biuiel o] 3t ¥ Eofol| Al AlEitel Fhhe] Eokel FAR
2ol & kS 7X=dl olE R Al glolA HAES AAE JEhHFT|E J
Zeule}l o2 Zyto] TAAMNAE, AN, AMEEY, WNE2W Fo| ARAEe] B
o oko] Mg A8E(25-60dt/ha)S Edell ErE wbHell At AgE £ = AL 4
wa) 2-6-2(10dt/ha)S Bkl @it wehd FEmel o Enbe] EAMuAE, ANt
g, RaZes waZgs o A2g rhld Azl Bokel fr1EdEe ARSE olde
2 SRslo] B EE §A - SXeA 2wk obdel, FAle] FaEHA ool WEH
o] AZollA TFEct, ¥HEAMog had AEF 30-100dte] FelAfE2 ha'd 40 -200kge
EALE TE F= A e ZHE JEbicka 3ciKohnlein and Vetter, 1953 1
Birecki and Roszak, 1961 ; Serbanescu and Catrgiu, 1961 ; Hagmeier, 1986 : Hess, 1989).

SaAA] ZARAA FabAEe] w2 AAERA Ak Eokdl i AHae| ol &
o] gQleb, & ARESl Hul wl ge|zhgol Eo] e A gkt C/NEoll #h-¢xlo]
Ao o]l&Fo| W=, Thaer, A. D.(1752-1858):= 218 Zr=zsidwdl, I+ Az
o 3)F)stoiol shul, FIHAEE Aulet ol WHE oo Tokn shEHE, Rk i
A5 ulo|U AR B A4S FaEg Audozn HFstart folct,

Vicia faba L.9} & F3E8 vlFabztEd] nisle] e o] ALE Bkl 3133471
o, AEAGE Be okl ALE Wk, AARTIES Falol oste] st whEs]i=v
o] AAerg yhge] Aikekolet g}, o] g} AL 2 BE AEe] FshA Fala B
okel] @7|Al 5 A4 gt gk dck, FIAES AEAEE Al FAEER
FLEE b 7REES A88 A 2 ALFFERE Ade F e 30dt/had] o
S22 ko 2 RE] had 200kge) 7HEElAA7), el 40dt/had] Ut FabEbE AR
o 2HE] had 180~200kge] 7Hieldart Fa=ckKopke, 1986, 1996). Hbsdell fjollA <
3 AESo] WMARE-g ALyt Yt FujAE ot ALFFE 14l °F 400kg/hacl]
Zghehs ghe(Nolte, 1989).

thee] 28 48 AF, okl AlE AREZ AlERs o FAEL AEHe %
BHEAIE ) o HAALTFHS vehdich, AAEQl SRR () EHFE 84 -108kee
AAE HAAFTF WA Hlo] 69dt/had] UFHEHE 5. ol TR AAEEA 9
£ (A)ALFTFEHl 23 Aoz v, wbHel it Fele el sl A
AE2A Al g 7HA et
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Fig. 4. Yield of winter wheat as function of preceding crop and N -fertilization(Képke, 1986/1996)

V. f71Ede] 2ol vixl= g%

$5 AREdT7EE, odF £ SUAW ARAEE Fuke] STl BAEe Auske
Aole Az AAEY 8l RS E 11 BHoR 3Py wifelch @MY A
FHANSUE slel B ol NS Tk Sk BAMARE nlFele wg, se
HE] wiEEe olARsteiAme] oke] Flelar Qlrt. wEbA o) ibdhekA wiARE Tg3keka A5

EGS G9E T U ABPEEPAE AEslololt sk o] iAot A3gEi 9l
Uz F7lEelrE 3R Flell SJetel ksl FHAY FU1Ean g AgdAl it
2Hge] B Aot 7hEks 9 /RSN SEEE A AT EoR AdslaR
sRh|g W6 225 duAldn|s A8 4 glvkHaas and Kopke, 1994 ; Haas S1.,
19%). =%t CHy, NHy 59 7t=8es 37] T8 $itsle Z(Geier, 19973 A4rt NO32
Hel2 fg5E AL Folt A AFE AdE 47t UeKE, 19% : Berg -, 1997).

thee] (2 5T 2A7k=e] FHl CO WEHS 77171 9l Bs7Ie) vlasigict,

F7Fs7lelM e CO 32 had ¥ 0.503t02 IE7te] 1.253t3 vlaslsie o 60%3H =
dokeh, ol wigAESE AAmlE AlzAll] WEsE COEel 23 Xl AR 719k}

0

fu
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None-N-Fertolllzers Machinery Fuel and
”t%./f’. 8§7% Lubricants

Machinery T
. . 18.3 % Fuel and Drying 20.0 %
None-N-Fertilizers Lubricants 3.6 %
124 %
R Seeds
Drying 2.4 %
4.0 % -
Seeds Pe;‘lf:ls:s ‘
4.6 % p
Feeds for Animal N-Fertilizer eeds for Aatmat
0,
9.7 % 26.8 % 373 %
Different
60 %

/

£ =0.503tCO,/ha
Organic Farms

¥ =1.253tCO,/ha
Conventional Farms

Fig. 5. Comparison of CO2 Emission between conventional and organic farming(Haas and Kopke, 1994)

thee] (12 6yollAl ¥ F el NHsgl 34+ dulatelel gvlellAe oA 238tol
ou} §71%s oA E 165teE oF 31%7F gAasiglon AFIE objshs COp w3t it
7H22.024t)ell4 Brh §71%s7tellA] 13.882t8 viehllel oF 37%7} Fhasiwlo] 7ol 54

Aoz uj2e sk 1A F7t UUTHGeler, 1997).
Ammonia emission
(Tons NH;)

Global warming potential
(100 t CO,-equivalents)

Primary energy input '
(100 Gigajoule)

Acidification potential
(Tons SO,-equivalents) .

i} 1 i 1 i . 1
0 100 200 300 400 500 600 700 800 900

[ conventional organic

Fig. 6. Selected environmenta! effects of a conversion from conventicnal to
organic farming in an area of Hamburg(5674ha) (Geier, 1997)
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W ede oblske A4 £95 WA st integratedsd, & FEokEde £
T FatA 159 Fdol AEH I Q. F Aol Hadt vhge] vige)l ks A5
Aol ZFo] F4sle] Fo24 FhFAel ob|El= 3] EAE whAlslaal sl A
o|t}. integratedghe ol "integratio’Zhe EElojollA] feisIgled, “Fileld Ey “E
el e Seeg A=, 19674l 59 A9l Hans Steineroll &fste] X2 A=
FHoltHReinken, 1992).

Berg Go] 19974l #7157, #ls7t 2 integrateds7be] EANA 0-30cm, 30-
60cm, 60-90cm, 90-120cm, 120-150cm TAELS] AAldslels BA# AHAxn ZawE
AR A f715e] FAREAA(B)olAE Aitddtske] 8 E HAER st
A e f71Ed FAARAA(A)NA B fAs] by 7).

02.08.95 24.11.95 10.03.96 ' 02.08.85 24.11.95 10.03.98
T QU
i u
e 8| SRR AR <1 B SRS :
] N p] /
] ' organic /
1w [N RS TER c¢onventional
4 integrated
] organic
180 “integrated ~~ T[T
i conventional
. AlB
200
Nitrate - N
(kg/ha) Soil depth (cm)

Do.30 Bso-s0 Meo-80 N so-120 3 120-150

cropping system
farming method
ne A B
organic sugar beet clover — sugar beet
g — winter wheat — winter wheat
integrated sugar beet winter barley — sugar beet
conventional — winter wheat — winter wheat

Fig. 7. Nitrate-N-Content of the soil in organic, integrated and conventional crop rotations
(Berg, et al., 1997)
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ARAA A Belld oz ZHESke] AAdRrge] A3Pgelt integrateds ol
A Brb §715 0l "As] Yokt f71ARIR, F EBA Gl AEshe &Y {7153l
A ZREFe] & AMIHA F, 1967 tHzAQ] HAeld, FEME HAZR Auiist
7] oke integratedsdst WelEiel ARAAlNA S Eoke] AAAFES 150ppmeE 3]st
glol 52 A Al 249 ThsAlel Erh

V.2 &

=u)2HE, ERAES Apsle] $71%9) F3HQ EXQ Eo|SES 44 - FA

918 §71sHe] SAAEAAC FlHE 4718, B9 £84, E §71%0] &7l ]
2 ofake aael Avks ohgat P}

9715l EomISEE §x] - ZAy] sl sttHoz $48 s} soke A
falA orm, EwulAbE, iR, B 229 23 ARAES WA SEAA A
A B~50%2] wlES Fol Azt gict.

S71sdell glolAe BATFES fAAAl ARl whE FrAEAuel o3 Fam
Az} welAAeE, SuatEe] A4S 349 {715 Helol o HAZAYA BAEA
Zo] Qi §7ElALY] B Fo] Rr|sElo] FFEE Ak kv s1EE = spEEE|g
Agos TEHE AL ko FHsirh FaatEe HAEET Akl U 5o WFEHE
2 Ae wlell EokozHE AJITRFE Ao kS had 80~110kgell e, ol <l
slo] Feko] Z7iEIT).

S7)EdellAE St Ee) AL Ay W g AR £a8E duAs
B A7t ) glew, CO., NHy 59 7havt waslo] op/lsle ti7lesde A & 5
7} gleh. 3 FAE, AgAtEe AAEZ Apishs fabdAle] AL Fele] M
£2 FaE] FFdle] FozA By Axu RS A§ glo] AEA] 7hsY Huto] ohgl
ZAEGN] AAPeES 7HAAA AAcdo] Seulo] A4S 29ATE B s $u
< WA & 471 g

2ol e $715dol §71u g, B FHulg Agshs B0z AR A4slo] glont,
715319 BASE YL Fog §71EAR ot {71k FoIske, ARte] i3t
o 28t okiate] o1 9 Eol|SE 2ol tidt A77L ts Tl 2Al stollA] o] o]
ok 3= Aol P FAlolc},
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