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Estimation of Productivity and Organic Hanwoo Carrying Capacity
per Unit Area of Whole Crop Wheat and Triticale by Application of
Organic Fertilizer and Legumes-Mixed Sowing

Jo, IK-Hwan

This study was conducted to estimate organic Hanwoo carrying capacity when
whole crop wheat and triticale as winter forage crops were grown on different
applying sources (no fertilizer, organic fertilizer or cattle slurry), and mixed sowing
in combination with hairy vetch and forage pea at the level of 50% cattle slurry
application during the period of 2009~2011. The experimental plots were consisted
of 5 treatments. Each treatment was triplicates and allocated in the randomized
complete block design. For whole crop wheat, annual mean dry matter (DM) yield
was significantly (P<0.05) higher for fertilizer application treatments than for no
fertilizer treatment, and crude protein (CP) yield was significantly (P<0.05) higher
for forage pea and hairy vetch-mixed sowing treatments than for no fertilizer and
organic ferilizer treatments. Mean CP, total digestible nutrients (TDN) and relative
feed value (RFV) contents of legumes-mixed sowing treatments was significantly
(P<0.05) higher than those of other treatments. As diets replaced with 70% whole
crop wheat were provided for 450kg of Hanwoo heifers, legumes-mixed sowing
treatments could raise more heifers than organic fertilizer and no fertilizer treat-
ments. For triticale, annual mean DM, CP and TDN yields were significantly (P<
0.05) higher for fertilizer application treatments than for no fertilizer treatment, and
CP content of legumes-mixed sowing and cattle slurry application treatments was
significantly (P<0.05) higher than that of other treatments. When 450kg of Hanwoo
heifers were fed on diets replaced with 70% triticale, it was estimated that legumes-
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mixed sowing treatments at the level of 50% cattle slurry application could rear
average 3.3~3.4 heads/ha/year, which was significantly (P<0.05) higher than no
fertilizer treatment (2.5 heads/ha/year). It was indicated that DM yields of whole
crop wheat and triticale were much more effective in cattle slurry application than
organic fertilizer, and Legumes-mixed sowing at the level of 50% cattle slurry
application rather than whole crop wheat or triticale alone increased yields per unit
area and nutritional value such as CP content. In conclusion, it is conceived that
whole crop wheat or triticale produced in the manner above can be used instead of
grains imported as dietary protein sources in the organic Hanwoo feeding regimen.

Key words : cattle slurry, mixed sowing with legumes, productivity, feed value,
organic hanwoo carrying capacity, winter forage crops.
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AR SO 2MAE] Bilo]l F7HHT Jom RNt 04T E FEEA
Y 542 FLPIE AT Ao Qo] DTN BAFAE F, F718-94 1)
BN EAA FYol FYRTHE BAG AFolth. Hgo] F99} L& XANEE HFA
B 9179 Aol <ste] olF FRE U Yol AFHT g, Aol I
A $ETo ol e} M SO Aol AASA aso] AxFol Fadty
F7F QPO £E01§] Z7he] T A Tk arlue] ek e ke

4kH]
S olEFol Asl dom EF ZARRAE FYste] AFREAY F2 A 2AL
A9 SJEEI 50% o4 AAFL Yol FEIHE FUL FHBI 71 A4
A AA W At Zhe BAZK EHD ok oldd AAAM e 7]
AR B3 deldoly B ARAE o] o A A §7] FHE A4
g 3 B7EA7F FOEYE Eesit)

A AN G o shae) J15 4T Yol frelstel EH FA AR E
2 483 JREs 715839 Aok o2 FHF AHdA = AR o] o] T A
Hi7F LARER oA R o] 52 ALRTIA|SL 7|3 A o] TA: Yo} thA FA AHRAES] HaA
o] @753 JUTHRyu et al., 2006). ES|EA Y-S 2yt =9] HJEol A Aujr} g
st AMAE dEG Fom fr]EHR 53] A4 vsd O o]8a80] Fof A&
AnF = g37F A YelY f7] 2AAEAYN o2 d#A 9 th(Kampenstein-Machan et
al., 1994; Sylevster-Bradley, 1999; Bavec and Bavec, 2007).
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7+ Q) e Awrete] mAF =, Mg A Ao g HFY JfERERR 2 f7]F HES AR
A HHE EY M E @50E ESUAE dusiete] By, BulY F Bk &9 -
3}8h2 A& 7§41 A1 7] (Denef, 2001; Reynolds et al., 2002), 310 85 A-&3lo ZHES
Al Q¥ Egfol ZHEo] ASo] FgETL B ITHRecel, 1994).

P 2ARYY] g g FHY 2AR NS fdE ANTH FYH FUES 8
B AsAES T3 ARAES T3 Auiste] ©ute] AR 2ol AdsgES ol
S5 A Fzhgo] Eole oS &858l $th(Osman and Osman, 1982). 53] ©]
E F AEY Eve TAEEY Aol EFFEOY FES E8FOF o] §F & 9
B3 AAZT SA t7] Tol e FAE IAS S ZEo) FHs] o
o EGY HSE7A] SXAE 9}3}% FH = ATHDrew et al., 2005).

Ul M E 19 T3 AFSAESQ] hairy vetch 22 forage pea’} W3 o] sl &
R A A YEd, ol5L Eddale] B AL 145 Ea HdEAYAA o]
Ze Aoz & dfx Jti(Lee and Park, 2002; Lee, 2007). =3 o]k 3} 2HE-2 o

A o] wu AETIA G 71FAE Eol 2AR FH AN FER o]§HIE Fk(Seo
et al.,, 2000; Kim et al., 2004). o}-28 €& Fo= 27| So] Wl FxTAYS AT =
7 Holuh A zA 2 AEFE Y & lon B 3 A Bil&er) we) $3E
of AAE HES TS ES FHA AFTE T Jo] IAFHFHAAZANE E40]
e Ao® 4HA AUrk(Lee and Lee, 2006; Lee, 2007).

mehA B dAFolA e A ASZREE AuEe TALY EYEAL fr1EH st

NEREeE AEHT FHLES E5 Aulstel F2e] AT ARHNE BAFOE
W Fde] 2ARE Fusiy wNAY 471RS ALEEe FHsnA AAstgTh

0. x|z g gt

oz

B A= 2009 10€5-H 2011 5E7HA] AE AAHA ti7tistal sEALS S dE
ZAANA A=, FAZFTOZ D(F)H ESEAY(AY)S 22 200kg/ha A
ytFste] G, F7]1- B E(T-N @ 2.3%, P05 : 2.28%, KO : 14.5%) 100% A&, B
G- E5(T-N : 0.07%, P20s : 0.02, K20 : 0.64%) 100% Al-&-7-(100kg N/ha), HA4-$-E1= 50%
A&l hairy vetch(‘Hungvillosa’) &3+ 2 H4-9-Fxx 50% A8l forage pea(‘Ruby’) <3}
T 5 5485t 39HE AR o 2 wiA|sitt. £ Tl = F2F(E Z2 EYEAY)
© ha B 160kge I53F9 0 F32E(hairy vetch &2 forage pea)< ha & 20kg2S 2009d
o= 10¢ 1397 20108 dl= 102 159 FF3tdom A2 247} 20108 59 11934
2011 5€ 2640l o] EYY ©]5}etE 542 Table 13 2T
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Table 1. Chemical characteristics of the soil at experimental sites

EC Available | T-N | om | CEC ‘ Ca” ‘ K' ‘ Mg”
Year | pH(1:5) o 0 N

(dS/m) | P,Os(mg/kg) (%) (%0) (cmol 7kg)
2000 | 589 | 075 239.8 0.07 | 301 | 245 | 17.10 | 375 | 333
2000 | 560 | 0.60 274.98 0.6 | 233 | 27.1 | 2084 | 384 | 2.08

)

TEFe A7) HElAe 78 Al AlA Sem Eol|E A|FHSI] SHEHAL
ATttt 500g JEE AFHSFA 65C wFEFTHZT A 48417 AFA
& AXstaL o] & 7|FOE ot dHAY ] AE FEFS 4AEsth A
H AIEE Wiley mill2 #2ste] IR AOACH(1990)2.E, ADFeF NDF &3

Georing# Van Soest?(1970)°l oJ3l £-4{}3it}. =3 ADFOF NDF &= -8 TDN(total
digestible nutrients)®} RFV(relative feed value)= Nahm(1992)3} Linn3} Martin(1989) <] Al
2b2le ofste] FatgTt. gk dojzl 2T d e kAt FEFHIDN)S AT

()

fo B

I Fote] Sz e FIF VtRSFEST TS 7ol ol 2EA
ZtaStSE T TS FPALET(RDA, 2007)°0 oA - ha of 450kge] LY SA
400g HEZ sto] 1Y ZH7) 42637 3.479%ke S 7|F o2 2 Ay JhAs R S5 £F

A AT ¢ AASFES BUEEFATHJo, 2003; Ryu et al., 2006).
+ SAS package program(Version 8. 01, USA, 2005)2 ©]-83l FoAdS

=
my
i

L}
Kl
flist

-

TALH EGYEALY HE, 20 gl 7}ASE FE(TDN) w3 PlX+= 43S v
718 Table 20|t}

FA Y] 21(2010~2011) B+ A AEFZFS FHIF7} 5.19F/haZ ThEFof Hl8l] f
O)HAl WO M (p<0.05), BT F F71A v 8, WA$E ) hairy vetch E3H 2 forage
pea®] E371(6.04~6.58F/ha)itoll= 92 Zfol7F UA] ettt 2wk Z(CP) 32 forage
pea(0.60=/ha)2} hairy vetch E3740.56%/ha)= F-HITH0.37E/ha)et F71&AHE A&7
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(0.43E/ha) Bohe o o8 w3l 7HASIGEZTHTDN) TS T8 771 3.16E/ha=
FrostAl %A, AP TE 3.88~4.12F/had] HAE BAT FAEY A48 riRAZ
FAEDEALYY 2@ H AL AEFHE AFTE 624-640%/ha] HYZ FH|F
5.128/MaZ Fo3HA TUTHp<0.05), 2T A FFE A T40.48~0.56F/ha) 7k F-H17+(0.38
%ma)it} FrolstAl E=RaL(p<0.05), WF-Ex AL&T7F F712H s A&THTD A=

2 AFE YEP oM TDN FHE AT+ 4.03~4.125/has] HE FH|F9 332E
/ha EE} ol 3HAl =AU TtH(p<0.05).

Table 2. Effects of applying of cattle slurry and mixed sowing with legumes on dry matter,
crude protein and total digestible nutrient yields of whole crop wheat and triticale

in 2010~2011
Variet Treatment Dry matter Relative yield | Crude protein Eo‘ﬁeﬂfes?etﬁle
Y yield(t/ha) (%) yields(t/ha) " Y
(t/ha)
Non-fertilizer plot 5.19 100 0.37 3.16
Whole | Organic fertilizer plot” 6.04 116 0.43 3.88
crop | Cattle slurry plot” 6.58 127 0.47 4.12
wheat | poiry vetch mixture” 6.39 123 0.56 4.09
Forage pea mixture” 6.25 120 0.60 3.89
LSD(p<0.05) 0.90 - 0.12 0.62
Non-fertilizer plot 5.12 100 0.38 3.32
Whole Organic fertilizer plot 6.29 123 0.48 4.03
crop Cattle slurry plot” 6.40 125 0.56 4.10
triticale | pairy vetch mixture” 6.24 122 0.54 411
Forage pea mixture” 6.40 125 0.53 4.12
LSD(p<0.05) 1.01 - 0.08 0.67

Note : 1) Application plot of chemical phosphate and potassium fertilizer, 2) Application plot of cattle
slurry 100 kg N/ha, 3) Cattle slurry 50% plot(Forage crop 160kg/ha + hairy vetch 20kg/ha), 5)
Cattle slurry 50% plot(Forage crop 160kg/ha + forage pea 20kg/ha).

ARtz o ® {rlEHde FAL &2
H oo t3ll Bavec¥} Bavec(2007)2 E 2

FS7F Fol A Fol AFY o3 FrlEdel ATt A=l stk 7 Ewertot
Honermeier(1999)2} Ginuta®} Motzo(2004) &2
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ZEA o] dERGE FH|F Hl&| f7]d HE & 7158 AlEToA US 52 5
g F dAo)lg85ES YER T At T Jo(2012) 52 AEA G A FAAIEAEZA
FA TEe] AN AEFFL 6.89~7.135/haclR3L B E 5 50~5.53%/ha°l‘2:11:}1 B
E EA4Y(6.04~6.58E/ha) 3} EFEA L (6 24~6.40=/ha)2] 7

z WA FkAINE AR Hohs 9F 0.5~0.87%/ha E9kon FHAE JJrA
Tt Afode 2uHE FifFo] s IEOE A5 £ ﬁzi et 3 &
o a7} sHdy Ao v o ko] Fadd s A AEEAY T4
o

Aagados d3eEn A8 3 FAEEY S ALY EQEALS ART}

Table 3. Effects of applying of cattle slurry and mixed sowing with legumes on nutritive
values of whole crop wheat and triticale in 2010~2011

Variety Treatment CP(%) ADF(%) NDF(%) TDN(%) RFV
Non-fertilizer plot 7.06 35.04 64.70 61.21 88.67
Whole Organic fertilizer plot 6.89 34.51 61.97 61.63 93.44
crop Cattle slurry plot 7.11 32.93 63.17 62.88 93.22
wheat Hairy vetch mixture 8.57 31.13 61.83 64.30 97.24
Forage pea mixture 9.48 33.52 57.19 62.42 102.56
LSD(p<(0.05) 0.79 1.21 2.98 0.96 5.33
Non-fertilizer plot 7.39 30.52 57.41 64.79 106.38
Whole Organic fertilizer plot 7.71 29.98 58.74 65.22 104.35
crop Cattle slurry plot 8.52 31.22 60.07 64.24 100.30
triticale | pairy vetch mixture 8.63 31.01 59.17 64.40 102.40
Forage pea mixture 8.33 31.37 58.94 64.12 102.16
LSD(p<0.05) 0.41 0.86 1.87 0.68 3.44

A 2ol 2d H =EA(CP) FF2 FHEE SI8.57 9.48%)7F 7 =3kaL

ML T(T.11%), FRITH(7.06%) B F71-& HIET(6.89%) wO= oSt %OHM
(p<0.05). =3+ FH2HE Ev}72] ADFS} NDF g2 Ful1e} #4714 vlg+ B} #9
SHA] gk ou, TDN &3} RFVE HHHE Fo)3tA] E 3 ThHp<0.05). TA4 EZEAYS] 3
9 B 20 §FE Faabe Subel AT 47 8.33~8.637 8.52%=
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718 R E747.71%) 2 F-8175(7.39%) Bt Fol8tAl &%k (p<0.05), ADF2} NDF &%
o7 ztolE AAEHA FUAT AR HEFS JEMAITE $E TDN 33 RFVE W
2 f71Av s FHF7E oAk A4 UERT

Jo(2012) 5& AEA YA Aitgo] =2 FAE T 3d HF 2o g
ADF, NDF % TDN g}aFo] Z+z} 6.7~7.4, 37.36~38.12, 67.71~69.25 & 58.79~59.25%=% Al=
7FX| 7} ol o] 2R T FYTIAIVF =2 H R (2 6.95~9.23, 29.04~30.72, 53.36~56.34 X
64.63~65.6%) &2 AE AF3IL JA| T B AFA FALY ECEAY] THAE
I} T3k Ao AR} A9 AR S YER I o] HEE At B7Hsg A9 o)
U 7]Fol A= o] AWE AFETEA]

Table 4. Effects of applying of cattle slurry and mixed sowing with legumes on carrying
capacity per unit area for organic Hanwoo, as 450kg Hanwoo heifer with 400g
average daily gain was fed diets included 70% whole crop wheat and triticale in

2010~2011

Hanwoo carrying capacity (heads/year/ha)"

Variety Treatment
Crude protein TDN Mean
No fertilizer 2.35 2.49 2.42
Whole Organic fertilizer plot 2.79 3.05 2.92
crop Cattle slurry plot 3.02 3.25 3.13
wheat Hairy vetch mixture 3.58 322 3.40
Forage pea mixture 3.85 3.07 3.46
L.S.D(p<0.05) 0.74 0.49 0.59
No fertilizer 243 2.62 2.52
Whole Organic fertilizer plot 3.11 3.23 3.17
crop Cattle slurry plot 3.57 3.24 3.41
triticale Hairy vetch mixture 3.48 3.17 333
Forage pea mixture 3.41 3.24 3.32
L.S.D(p<0.05) 0.54 0.52 0.52

Note : 1) Forage crops were included at the level of 70% in diets of 450kg Hanwoo heifer with 400g
average daily gain.
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7] T A oF 450kgS FY A 400g HEZ 3t FALE AR AYLOZ 70% 7
o5k Alo] HQF Sh= =AY TDNS 1Y 2H2) 426.3g3 3.47%g(HEZ 4, 2007)Y
S 72+ v, A@THha T 4 AT 2.8~3.9F 9 3.1~33F)7F AR o® FH|FHha &
Zyzy AZE 2.49F 25 )BT FYSHAl E=R3(p<0.05), ©]H g 7 &2 hairy vetch 379}
forage pea ST A TS FSIH o HAFZOE 7H7}f ha & 349 3552 f7|AHR
T(B 297F) @ FHIFHHT 2.9F) Boh T8 EUTHp<0.05). =3+ FAL | A2
7 2 ETYEAY S AL AYOE 70% 59T wo]= @3} TDN 7|F2o2 A
277t ha B 242 A7 3.1~3.63 325 (H T 3.234F)F AR ¢ Ao FAET ha
T Az A 249} 2.6F (W 2.57F) BOh FYSHA )OO (p<0.05), o7 BEFS B4
SEEo} EIAEToA UL TS5

AWEA 0 2 Yikel ZAIEAY S Boh afAo|al A4 T4 A8 HaiA T
e A5 ES Hrlels Zow A °1—tﬂ(Ryu et al., 2006), &4 °F 450kgS ¥
FA| 400g FEE 3t ZAIRE 70%E 5ot & of 2G4 Es TDNS 7|E0 2
Jo(2012) 52 THo] S| g A= 427, 75w A& Ao+ 3.1~-33F2aL &
Ao B AFoA e ALY EYEAY 7SR A&7V 32-34FE 9 R
T} EobA Park 5(2012)°] B3k SHET EEA LA 7tEAS s ol v+ A
ot LA

ool AxE FTHs B W, FAE 2 EZEALY ASAMEL 771 ¥E A&
A Bt FFe-Eel Algo] O aRAoglom MFERe] 50% A&H A T
ZFHE<1 hairy vetch -2 forage pea & EIZ Au)sl= A o] Ti}e] He-HT ﬂ--‘%]ﬂiﬁ‘ﬂ'
Tk G P 5o ARIIAE £Y F o) frlEde] AFsHE A ES
Lo AFS Ao il AFFYR0R o] gHE FY FHF T2 1‘41%11'3}%

o

TANAE AU Qo Az,

¢}
A A B )

2 APoA = 20003 5FH 2011'A7H4] 25 ALRZAEE A Es SAEY EYEAL
of 7 A& FHREY o, STt Ao i AARVIXE Brlete]
A AR R g9 duAY {f7] 3¢ A 58S FAS A FHIT, #U1EHE
AT, HA-En Al ST, BFSEE 50% A8l hairy vetch &3 2 H4-9-H 1w 50%
A&l forage pea <37 & 5A T 3HHE GIH O R HjX|st] g o] AN FAY
o] Azt AEFHFL AT TV} 6.04~6.58E/ha o2 FH| T2 5198 /ha BT} 525 E3ko
™(p<0.05), ZHH A T2 forage pea(0.60=/ha)S} hairy vetch E3}+740.56%/ha)7} F-4] -
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(0.37%/Mha)et F71 28 F Al 8740.43%/ha) BT F93H E3thp<0.05). B o2
7 TDN 33 ¥ RFVe F32HE E977F & AFEY Fo38HA % thp<0.05).
AYE F7] ¢ & 450kl 70% T Al AFEE 50%A8 FHLES &
3k FLol| A AZF oF ha & 4 34-35F2 71 AR EHEHT 2.95) D FHFHHT 29%)
Hoh Fo8A =34 th(p<0.05). S EGEAY 2d W A D ESFTHE AP T+ 6.24
~6.40E/ha2] WIZ FH]T2] 5.128/MhaZ {2 shA =3 thp<0.05), =M A7} TDN F3F
& AT 0.48~0.567 4.03~4.12F/ha)7F F-B1750.38% 3.3E/Mha) ot frolskA| %L
(p<0.05), B =ENA FE FAGE Eupge} AYERT7F o2 AHEFEYG {2
3H = tHp<0.05). FAEZYEALE F713-% G4 AT do= AR 50%A]
fof] FHAES T3 FollA ha & A B 33~34FF AHSTE 5 o] FAHEFY
ha & H¥t 2.5F Hok FY3HA FUATHp<0.05).

ool A3E T & uf, FTAY 2 EZEAYY AEAMEL f71A vsET
W FE7t R AAA ]I WFE 50%A -8 A T AEQL

H

= hairy vetch =
< forage pea 5= EHE Aujst= Zo] @ute] Fe-En @AY s i
o AEHAE B F U 7] - AR Alolle BETEIoR o8 Y =
=
=

52 BAse EAAAE 0T 5 ol Y.

[=EHEY 2013, 4. 25. =EFAY @ 2013, 4. 30. HFE=EHFY 2013, 5. 15]
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