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Effects of Sowing Mixed Legume Forage and Applying Cattle
Manure on the Productivity and Organic Hanwoo Feeding
Capacity of Whole Crop Wheat

Jo, lk-Hwan

This study was to assess the effects of sowing mixed legume forage and applying
fermented cattle manure on the productivity and feed value of whole crop wheat
(WCW) as a representative of winter crops and also to estimate feeding capacity
of Korean native cattle (Hanwoo) per unit area by defining optimal application
levels of cattle manure for more fertile soil and manure recycling for the purpose
of reduced environmental pollution and efficient production of organic forage
contributable to production of organic animal products. Sowing mixed legume
forage significantly (p<0.05) increased yields of dry matter (DM), crude protein
(CP) and total digestible nutrients (TDN) for WCW compared to WCW alone
sowing, but there were no differences between mixed sowing treatments. The
yields of DM, CP and TDN were significantly (p<0.05) higher in 100~150 kg N/
ha. The CP and acid detergent fiber (ADF) contents were highest in mixed sowing
with hairy vetch, followed by sowing mixed forage pea and WCW alone (p<0.05).
There were no differences in CP among cattle manure application levels. As
nitrogen application level increased, ADF content increased (p<0.05), but TDN
content decreased (p<0.05). Feeding capacity of organic Hanwoo (head/ha)
weighing 450 kg of body weight with 400 g of daily gain significantly (p<0.05)
increased due to mixed sowing with legume forage, and with increasing application
levels of fermented cattle manure, feeding capacity significantly (p<0.05) increased.
The results indicated that mixed-sowing of WCW and legume forage not only
reduced nitrogen application level of fermented cattle manure by over 50 kg per ha
but also increased their feed value and productivity, and feeding capacity. This
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would be contributable to diversity of forage resources as well as production of

organic animal product by creating low cost and high quality of forage.

Key words : legume forage, cattle manure, whole crop wheat, productivity, feeding

capacity
I.M £
= - ASETRe] AAY Akl 7 ddEol Hal e Anet A4ty Abs

Hl =

i)
ol
o
N
N

2
>

=5FH(Lee et al., 2013).
A FOE el Tsetel ARRES A SRS
of &4 el g, 53 A4 ZEe A F57F & Hol o8&
3 HH BEYS A Al7]aL Bk Y 5
3 9)Th(Schechtner, 1978). o1& 3t 3174 2] YNH 4 = 35|
E Bgstr] fla ARAE A A st 22 fU1AE S 285ty ARA
|4 T3 AARAES =% W o] 9lThRamesh et al., 2005). 53] /MR mE A,
U4h Zgg ¥ tholue} gofdt 4% YUES Tt ol LA FH e sl v
T T R FEYeE ZE&H gtoH(o et al, 2008), 7FEERE o] 838t AR}
= AL FA3FATHJo et

T3 ZAE A

o

al., 2010)

S 2AS F A ARl WHo R dEA e T ARAE F ol wA
T AES g5 iAol el vt SEFACA ol A=A =, o=
= = =L

7] § d45 188t $Yo] Holu FukE=Eoly $2=9

do = AFdt HEFTHFS Folal dE FFE o ATV &
FI) o THKim et al., 2004; Lee and

71 o] whe}l FEEAS AT EFTE Holut

S
o, Eofe] 9 A BaEEs} W FAZ] YaF



T ABAE) Evtsh 29 Agol FA W AL AR AKHE VAL 9T 361

mebd B Aol FANEAE A U T3 AR doje] WA AR
& HFE T AT HERE Agshel BA Be| AT ABXE B

FA0) BARAY f710F ARFAAAE FHFLA YA FAT,

2 Age dusty FEALTH AGEFolA LY FAAZRE T U IR
F3 AFEZHES]] dlojg] WlA] “Hungvillosa” 2t AFE & €7 “Ruby”E 2012'd0l= 10€ 16¥
of WF3FA 20133 5€ 210l F&EH oM, 2013 3= 10€ 170l FF3A L 2014
W5 12%00 F8ste] 237 HHFFOE SIATE ol EYQ o|3sty 4w Ao
AANFHE A Fo| 7| 4zALe 7+ Table 13 294 2t}

Table 1. Chemical characteristics of the soil at experimental site in 2012~2014

Available
1) 2) N> 4) 2+ + 2t
Experimental pH OM EC P,0s T-N CEC Ca K Mg
year
(1:5) (gkg) (dS/m) | (mgkg) (%) (cmol+/kg)
2012 5.7 5.92 0.75 188.33 0.019 41.65 9.67 0.44 2.65
2013 6.0 3.16 0.11 211.34 0.210 13.06 8.47 2.51 2.60

) OM: organic matter, ? EC: Electrolytic conductivity, ¥ T-N:Total nitrogen, ¥ CEC: Cation exchange capacity

Table 2. Meterological data during the growth period in 2012~2014 and averages for 30
years

Item Year Sep. Oct. | Nov. | Dec. Jan. Feb. Mar. | Apr. May

2012~2013 19.0 12.5 4.7 0.9 -1.9 2.5 6.2 8.0 18.1

Temperature
©) 2013~2014 | 20.8 15.0 6.8 1.3 0.3 2.3 7.6 13.1 18.6
1981~2010 | 20.0 13.7 6.9 53 -1.0 1.2 6.0 12.5 17.3
2012~2013 | 265.5 372 | 428 48.3 20.6 23.7 80.2 | 84.6 75.8
Precipitation
(mm) 2013~2014 67.6 | 112.7 | 33.7 59 4.0 19.5 | 114.6 | 86.5 42.5
mm

1981~2010 | 135.0 31.8 | 32.8 15.2 22.6 273 469 | 624 87.2
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Table 3. Effects of sowing mixed legume forage and applying cattle manure on the dry
matter, crude protein and total digestible nutrient yields of whole crop wheat or
its mixture crops in 2013~2014

Productivity
Culture FCM"
method (kg N/ha) Dry matter NE) Crude protein RI Total digestible RI
(t/ha) (kg/ha) nutrient(t/ha)
0 4.07+1.69 100 353.5+171.9 100 2.54+1.05 100
50 3.91+1.76 96.1 317.5+103.0 89.8 2.47+1.15 97.2
Wheat
100 5.2540.87 129.0 | 425.2+137.7 120.3 3.24+0.53 127.6
150 5.08+1.14 124.8 | 430.0£169.5 121.6 3.18+0.69 125.2
0 7.70+1.72 189.2 757.7£194.0 | 2143 4.74+1.05 186.6
Wheat + 50 7.044+2.33 173.0 601.3+81.8 170.1 4.29+1.41 168.9
Hairy vetch | 109 837+123 2057 | 837.5:1341 2369 | 5.08:0.77 . 200.0
150 9.32+1.71 229.0 | 942.4+100.7 = 266.6 5.65+1.08 222.4
0 6.10+2.76 149.9 590.3£217.2 167.0 3.84+1.77 151.2
Wheat + 50 8.1843.07 201.0 | 760.8£175.4 = 2152 5.17+1.98 203.5
Forage pea 100 8.08+3.28 198.5 765942129 | 216.7 4.96+2.02 195.3
150 8.3643.07 205.4 860.4+185.2 243.4 5.254£2.05 206.7

DFECM: The applying amounts of fermented cattle manure, ? RI: Relative Index

T A gAES] Evjo) W E H A 2o A&, 2vhild 9 TDN +#H2 7.68~8.11,
0.74~0.78 L 4.81~4.94 E/hal & G2 AAuh3lS 299 4.58, 038 L 2.9%/ha B} §9
SHAl S7FeF Sk (p<0.05), T ALEAHE &3 7Holl= sl|ojg] WX E9U AlEE o
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ERTRG T ERAT Fo 3 Apolrt IAHA] FkTHTable 4). ©l& A= Jo (2014)
of A Auj Aok Ao FARE A3E YERJAIR Oh 5(2014)9 & Aul A F34
AtRAE F odlolg] WA T3 AARS $F EaEY foeA & AESFEE )
E3A e AFA%eE oA AoldE YRt g Osman and Osman (1982)2 3}
2 A= F3 A= EE Au) Al RO SR ALRAEC] Wil A BHo 24
Nd FHE 21 B85S WA A2go] ol A Sl = 7]0:]&1:}1 stA=
tl, 2 ANFAAME FA U oo Boe FHAES] S0 Qs 2uid #3F g AEA
sHgol A Frkske Ao E yehd, F39 2HEe] £t st AE 9 ”% ez &)
Fo| FFUeE JHeAS AR EJo, 2012).

Table 4. The effect of sowing mixed legume forage on the productivity of whole crop wheat
or its mixture crops in 2013~2014,

Productivity
Culture method Dry matter Crude protein Total digestible
(t/ha) (kg/ha) nutrients(t/ha)
Wheat 4.58" 381.6" 2.86°
Wheat + Hairy vetch 8.11* 784.7 4.94*
Wheat + Forage pea 7.68° 730.9° 4.81°

b€ Valyes with different superscripts in the same row significantly differ (p<0.05)

T8 E] AALAEFFE] SIS wet FA de| Bt A&, 2 g TDN 7%
& A& o7 Zrlsle] FHITH5.96, 0.57 2 3.71%/ha)oll HI8] 100~150 kg N/haoll A zHzt
7.24~759, 0.67~0.73 2 4.43~4.69E/hal & F2]8tA] Z718F% . H(p<0.05, Table 5), 2 2A]
o 2 HAEAYLEELS 100 kg N/ha F=FolA Z2F 12.80, 1.09 H 7.20 kgl 2 7H =
Al YRR 150 kg N/ha 7 o] Foll&= HAstqinh o5 dAaA 8o g dEdtas
< Jo (2014) 59 AR Auj A% 100 kg N/ha =4 2+ 12,60, 1.21 2 7.30 kg
2 718 =4 veht A 2o A9k A AR FEelded ols] ARE FI A
SAEY Evf A BE 89 HAAE 750] 100 kg N/ha FEA Hdl AEAYLEE
o] YEIS & 4 AUtk
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Table 5. The effect of applying cattle manure on the productivity of whole crop wheat or
its mixture crops in 2013~2014

Productivity
Cattle manure
level (kg N/ha) DMV ADMY kg cp? ACPY kg/ TDN” ATDNY
(t/ha) /AN kg? (kg/ha) AN kg (t/ha) kg/ AN kg”

0 5.96° - 567.2 - 3.71 -
50 6.38" 8.40 559.9° -0.15 3.98 5.40
100 7.24° 12.80 676.2° 1.09 4.43 7.20
150 7.59° 10.87 726.3° 1.06 4.69 6.53

*b¢ Values with different superscripts in the same row significantly differ (p<0.05)

YDM: Dry matter, > ADMY kg/AN kg: ADry Matter yields kg/ANitrogen kg, YCP: Crude protein,
YACPY kg/AN kg: ACrude protein yields kg/ANitrogen kg, TDN: Total digestible nutrient, “ATDNY
kg/AN kg: ATotal digestible nutrients yields kg/ANitrogen kg
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Table 6. Effects of sowing mixed legume forage and applying cattle manure on the feed
value of whole crop barley or its mixture crops in 2013~2014

FcM" 20 30 4o 50 6

Culture method (ke N/ha) CP(%) ADF”(%) NDF”(%) TDN(%) RFV
0 8.58+1.32 33.55+1.08 60.11£1.74 62.40+0.86 97.23+4.04
50 8.55+1.58 33.00+1.48 58.74+4.53 62.83+1.17 100.68+9.45

Wheat

100 8.09+£2.26 34.41+0.94 58.69+3.55 61.72+0.75 98.77+6.88
150 8.25+2.07 33.14+£1.65 58.46£3.61 62.72+1.30 | 100.80+8.27
Wheat + Hairy 0 9.87+1.15 34.65+0.66 57.38+1.57 61.53+£0.52 | 100.43+£2.91
vetch 50 9.13+2.24 35.40+0.70 55.99+1.63 60.94+0.55 101.9642.76
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FCM"

Culture method (kg N/ha) CP?(%) ADFY(%) NDF(%) TDN (%) RFV®
100 10.06+1.23 | 35.87+0.59 | 56.79+1.34 | 60.59+0.47 | 99.91+3.06
150 1028+1.33 | 35.85£0.96 | 57.05+1.58 | 60.58+0.76 | 99.52+3.66
0 10.11£1.27 | 33.28+1.18 | 53.52+4.04 | 62.61+0.93 | 110.56£9.49
Wheat + Forage 50 9.84+2.03 32.70£1.03 | 52.15£1.49 | 63.07£0.81 | 113.25+4.25
pea 100 9.97+1.50 3491097 | 54.59+0.61 | 61.32+0.77 | 105.16+1.48
150 10.19£2.12 | 33.53£1.85 | 57.54+045 | 62.41+1.46 | 101.51£2.70

DYECM: The applying amounts of fermented cattle manure, CP: Crude protein, *ADF: Acid detergent
fiber, “NDF: Neutral detergent fiber, STDN: Total digestible nutrient, ORFV: Relative feed value
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Table 7. The effect of sowing mixed legume forage on the feed value of whole crop wheat
or its mixture crops in 2013~2014

Culture method CPY(%) ADF?(%) NDF?(%) TDNY (%) REV?
Wheat 8.37° 33.52° 59.00° 62.42° 99.37°

Wheat + Hairy vetch 9.83° 35.44° 56.80° 60.90° 100.4°
Wheat + Forage pea 10.03* 33.60° 54.45¢ 62.35" 107.5°

b€ Values with different superscripts in the same row significantly differ (p<0.05)
DCP: Crude protein, ?ADF: Acid detergent fiber, ’NDF: Neutral detergent fiber, YTDN: Total digestible

nutrient, YRFV: Relative feed value
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T3 A3 THE-HIT- ¢ 62.2%, 100kg N/ha : 61.2%, p<0.05, Table 8). ©]213+ Az}
Jo (2014)2] A Bz Au] A&} FARRE Ao 2 BF R FAo wet AETHES]
o] vl g)o] F7igel we} ol & AA sz E7]9 Hlgo| TopHozM HAiah IF E3,

ADF o] F7l59la vt TDN &2 2443 Ao 2 AY 7= t(Schechtner, 1978).

Table 8. The effect of applying cattle manure on the feed value of whole crop wheat or its
mixture crops in 2013~2014

FCM" (kg N/ha) CP?(%) ADF)(%) NDFY(%) TDN (%) RFV®
0 9.52 33.83° 57.00™ 62.18° 102.6®

50 9.17 33.70° 55.62° 62.28" 105.3*

100 9.37 35.06" 56.69" 61.20° 101.3%

150 9.57 34.17° 57.68° 61.90° 100.6°

ab¢ Values with different superscripts in the same row significantly differ (p<0.05)
DECM: The applying amounts of fermented cattle manure, CP: Crude protein, *ADF: Acid detergent
fiber, “NDF: Neutral detergent fiber, STDN: Total digestible nutrient, ®RFV: Relative feed value

3. %A Wel WA 4719 A%
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7] - SAa AT 450 kgS dFSATF 400 ¢ R sl FA4 Le F7] AHs AL
O 2 70% FoT Aol o= 3= e An TDNS 1Y 242t 426.3 g3 3.479 kg 7]1&
S 2 %S wJo, 2003; RDA, 2012), T4 "] ALE7X|of W& @A d At 777}

8o thupt Zhz) 1.87~2.533 1.89~2. 48(%‘# 1.88~2.497F) Bt} 3 A& Euk-
7V 247 3.47~5.549) 2.94~433F (T 3214992 =S AS5H S HYow o]y A
B As AgFFEo] F74E wet g E.E,\o}giﬂ-(Table 9). 53] T & w7
EE AL EFFE 150 kghaol Al 7718 AT 33 AARAE 979 98
AN EGTFE BOE ol FHATRES] daugsHd o5 FA "ol e A
F5del AA F7HS S UthJo, 2014).
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Table 9. Effects of sowing mixed legume forage and applying cattle manure on feeding
capacity (head/ha) for organic Hanwoo heifers (450 kg) with 400 g average
daily gain fed the diets including 70% whole crop wheat or its mixture crops in

2013~2014
Hanwoo feeding capacity
Culture method Fem?
witure metho (kg N/ha) Crude protein TDN? Mean
(heads/ha) (heads/ha) (heads/ha)
0 2.08+1.01 1.94+0.80 2.01+0.89
50 1.87+0.61 1.89+0.88 1.88+0.73
Wheat
100 2.50+0.81 2.48+0.41 2.49+0.52
150 2.53+1.00 2.434+0.53 2.48+0.73
0 4.46x1.14 3.62+0.80 4.04+0.94
50 3.544+0.48 3.28+1.08 3.414+0.74
Wheat + Hairy vetch
100 4.93+0.79 3.89+0.59 4.41£0.63
150 5.54+0.59 4.33+0.83 4.94+0.66
0 3.47+1.28 2.94+1.35 3.21+1.31
50 4.48+1.03 3.96+1.52 4.22+1.24
Wheat + Forage pea
100 4.51£1.25 3.79+1.54 4.15+1.39
150 4.75+1.09 4.02+1.57 4.38+1.29

YECM: The applying amounts of fermented cattle manure, *TDN: Total digestible nutrient

3 ABAE] Evbo] W FA Lol 3§13 A5 E(AF 450 ke, 400 g &
A FE)S 2L TDN 71EA 242 Sabe] 2253 2.19F(FF 221F) Hek
E37-9] 4.30~4.62F 2 3.68~3.78F(H 3.99~420F)F2 Fo8HAl F713HATHp<0.05, Table
10). 2 Ao A= Jo (2014) So| RN FIAEAE] T2 tute] AR}
ha & 045~0.52F9] AbsE S718 7HASHAL Bag AAHGE S & had
1.78~1.99F2] AR5 S7H2 o2fd ARee ARYS FRE sk I8/ F71Ed 9
A 71= gyl 7lostE e} AT
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Table 10. The Effect of sowing mixed legume forage on feeding capacity (head/ha) for
organic Hanwoo heifers (450 kg) with 400g average daily gain fed the diets
including 70% whole crop wheat or its mixture crops in 2013~2014

Hanwoo feeding capacity
Culture method Crude protein TDNV Mean
(heads/ha) (heads/ha) (heads/ha)
Wheat 2.25° 2.19° 221°
Wheat + Hairy vetch 4.62° 3.78* 4.20*
Wheat + Forage pea 4.30° 3.68" 3.99*

*b¢ Values with different superscripts in the same row significantly differ (p<0.05)
DTDN: Total digestible nutrient

g e-n @.iA]%#*— F7Hg ol mEt A el o3 F713 A AT 450
kg, 400 g YFEA Z®)S Fo3HAl Z718+A(p<0.05), 2 AT} TDN 7134 100 kg
N/haoll A Z+zt 3,983} 339 i 3.685F) & 079 z+zt 3349} 2.83F(H  3.095) Bt
oI5kl F718F A Th(p<0.05, Table 11). ©]& & A4 kg T H+F 0.0056~0.006472] -
AT S7HE 28T F e Z2FE Jo 5(2010), Jo (2012) H Jo (2014)] AFANA=
st AISZES] iyl W F3 AARZER Tt 7EARS s Y] EJTtHE e}
PAate] F AARAES] ERE 7t AME T o] SIS AAFSHATH

Table 11. The Effect of applying cattle manure on feeding capacity (head/ha) for organic
Hanwoo heifers (450 kg) with 400g average daily gain fed the diets including
70% whole crop wheat or its mixture crops in 2013~2014

Hanwoo feeding capacity
Cattle manure
level (kg N/ha) Crude protein TDN" Mean
(heads/ha) (heads/ha) (heads/ha)
0 3.34° 2.83° 3.09°
50 3.29° 3.04* 3.17°
100 3.98" 3.39* 3.68*
150 427" 3.59* 3.93*

b€ Values with different superscripts in the same row significantly differ (p<0.05)
DTDN: Total digestible nutrient
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2.54 E/ha Ev‘r v«ls}ﬂl F7Ft oy 3k 2hollE Abol7) §lla, HESEO AAA
o] Z7Hg wet FA We| He HdE, =Eid 2 TDN 32 100~150 kg N/ha
(7.24~7.59, 0.67~0.73 E 4.43~4.69F/ha)’} F-HIF(5.96, 0.57 L 3.71=/ha)oll KT} F-2]3H]
7 A tHp<0.05). FA Ho oA e FIASAES TIkTollA H 9.83~
10.03%= A ° Sat7-2] 837%XHETt folstA| =3k ADF &2 sojg] Wz &3k
183 RFVE AR S $HF E3t97F o8 A8 Bok fF28 A %2 (p<0.05), TES-
—‘%94 Z‘i/\ld‘l’“%d] w2 oA §8Fe 9.17-9.52% % A= It ZFol7F 911 ADF
A-8FF0] 100 kg N/ha 7HA] S7Fekel] wet fro)shAl S7Fsk9lal TDN &2 uF
fﬂz‘f}ﬂl 7+ 223 TH(p<0.05). T3 *}EZ}%BI Tt @& FA "ol oJg {7135
AHEEE((AIF 450 kg, 400 g Oﬂixﬂ E¥)S Hit 3.99-420F 2 SFH(HTF 221F) B
o oAl SUelH A HESE AlSS °l =7t Wl 24 % 100 kg/ha(E
3.68F)7HA] F-RITFH(E T 3.095) ok F4 Lol o3k /5739 A TEE Folskl 71
3 THp<0.05).

ool Axtg Tl E of, TA H Al Al T AARRES] £ S Aode @
A e Bop BESR] AAARFES ha T 50 kg o) EO|HUAME AEFFS Sl
AT G718 A5 Sde B2 209d g3 5 AR E S +
ArF Al ZALEAE S TheFsl B oolUe) ATl o7t FHe] AR AR {UIFAE
E Akl ZA 7ostE et Als
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