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Effect of Mixed-Sowing of Legume and Applying of Cattle Manure
on the Productivity, Feed Values and Organic Hanwoo Carrying
Capacity of Rye (Secale cereale 1.)

Oh, Myeong-Gon - Jo, lk-Hwan - Hwangbo, Soon

This study was conducted to investigate the effect of mixed-sowing of legume
forage and applying of cattle manure on the productivity of rye in order to pro-
duce the organic roughage to be effectively reducing the environmental contamina-
tion and to provide Hanwoo rearing farmer with safe organic animal products. The
present study also aimed to evaluate optimal applying level of cattle manure and
carrying capacity of Korean native cattle (Hanwoo) per unit area. The annual
amount of crude protein (CP) of rye in Gyeongju were higher than those of in
Gyeongsan and Yeongju, and the mixed-sowing of forage pea was the highest
(p<0.05) compared with the single-sowing. The amount of CP were increased
proportionately corresponded to the applying level of fermented cattle manure, and
found significantly (p<0.05) high at the level of 100 and 150 kg/ha groups. With
feed value of forage, CP was tended to be higher in the mixed-sowing of legume
than the single-sowing of rye at the wintering experimental sites of legume, and in
particular the forage peas was higher (p<0.05) than other crops. Carrying capacity
of organic Hanwoo (head/ha) was higher (p<0.05) in Gyeongju (3.28 head) than
that in Gyeongsan (1.94) and Yeongju (1.50). The carrying capacity in the single-
sowing of rye also was lower than that in the mixed-sowing of legume, and the
forage peas was the highest among the mixed-sowing groups (p<0.05). Overall, the
present results showed that it would be recommended to take into account the
wintering for mix-sowing of legume. The fermented cattle manure may be applied
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for legume in the wintering unavailable regions. In addition, the applying the
fermented cattle manure at the level of 100~150kg/ha and the mix-sowing of
legume with forage peas may increase the productivity per unit area and feed
value including CP for improving carrying capacity of organic Hanwoo.
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et F2e hEol HASE FRARY BREL el oEstn g AU
Hzo] ol 32 M o8 FF A £ET) AFol RAse] FF AxFo] P
shan, SARTE Aol e F5U18) FAHZ MFAE THo] EBatel Be ofel gl
As) Ak EF, ZABHAE FAse] AEHAY B AR Re WA dEE
7 55% ol AAFI glo] FEFE FUN FWEH 4 ZAHAA 24 9A )

A Y] 235 S AtH(Jo, 2012).
g, AHEY AL SUIvhS B2 o2 AR Ho] gd st g, 53] dAas ZeE= 4
|50 A HAreA A&t FH EGS 2H33 A7
S v AA A A oF7)3Far A tH(Schechtner, 1978).
a0 mE S A& 5o EAHAS By Sl AR
A5 A Ao AERRG) ge fAAAE BEIAY ARAANA B3} AEAEE
) TH(Ramesh et al.,, 2005; Sharma et al., 2004).
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g Q3 SR FFYPoE FgEo] gom(Jo et al, 2008; Jung et al., 2009), 7}=E =
£ o] &3t AlEAE Al Al ZEo] Aol st R tEs e ARE AT
31 313k v} thJo et al, 2008, 2010; Yoon et al., 2009).
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A, vkl A 1948 3 581222 sojgu X 2 Al 8 5= Ul
&l %‘——%’?—Z]“o oA ®ol AujE e, o]E2 EYAY =2 A aF s A
Arrado] o Ao 7 I A& ATHLee and Park, 2002). o] 23t FAELS o el
o] =3 ALEIIR|V} =L W ool V]3] Fol AR EA A JEE o] fEHIE
3tKSeo et al., 2000; Kim et al.,, 2004; Lee and Lee, 2006). o}-=2 95 Fo=
et J2IA S JAATIE &7 Holu A A AHEFS FY 5 Ao, EY
A Al BEETL et S&F AAE HES FUIGEAES A A ATE F U
A8 F 5D AANEAE £40] Qe Ao E I A AthLee et al., 2005).
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Al A FH(EF ’\]54‘?) FA ARG FAIET)
N ztzt FPsAh AdAEE W AEFER] & E}‘ et F AFRAEQ]
glo]g W %] #Z “Hungvillosa” 2 AlE-8& 9791 “Ruby’S AM&-31YT) o5 E%S] o]3}
54 BT Aol AAFHJA AGe] 714270 Table 1, 29} o], AFA Y EGS
P,0s9] e 632-22mg/kg2i 08 Agug WS Fol AlggEo] Aehr)d A3 3

Ao, BFAL P05l BHE B2Amgkgo 2 W3 BT
AR A FrE 59 9sh 593 dojeu ) £3 L Aag 4F Estolm, A

=
MESE 4FFOR THT,

Tolle & g RS ALS5F0F 50, 100kg N/ha 2 150kg N/
ha® FEYFZ wjXx|gk 3RkEolw, uhFe AutE 9tEslla, 73 WA 8m'(2mx4m) S
2 Aok

TANE HEXRLS /Y o] FaEHE AoE ALL uEgd 12, ) FBE 12

99 Q4% s golz sl S48
2] B2 AF3o 65C =FDFAZR700A
48117 Ax3 & A AY A2 FEFS AESAT X" A5 Wiley mill£ 43}
o A.O.A.C.H(1995)2.2, acid detergent fiber(ADF)9} neutral detergent fiber(NDF)<] &HaF2
Georing™} Van Soest(1970)°] ]3] #2153 Th 3+ ADF} NDF] $Hako 2 BE total dige-
stible nutrients(TDN, 7}2~3} k2% )& Nahm(1992)3} Linn - Martin(1989) 5¢] A 4H](TDN
—88.9-(0.79xADF%))el| ©]8}o] 814t

T Ao oA gy TDN e AESFFY Fote deudd oA
TDN %3 T3tk o523 379 FFAIYEZ(RDA, 2012)° 7 A °F 450kgo]
e S 400g HEE s B9, 7] AR AeE 70% 5T Aldl B8 2 sk 29
A3 TDNLS 1Y 247} 426.3g7} 3.47%gS 71502 3to] 2o A3t TDNO| 93 ©9jd
%

F AT {FU18F AHETES H7EEATHJo, 2003; Ryu et al., 2006).
2 A3 o] A= SASQ013)S o83t o8-S HASIE T, el Hit 11 BHlaE 5%
F9o] A FA7 A (least significant difference test) ' H O = AT
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Table 1. Chemical characteristics of the soil at experimental sites

pH ECY |Available P,Os| T-N? | oM¥ | CEC? | Ca* ‘ K* \ Mg*
Region
(1:5) (dS/m) (mg/kg) (%) (Cmol+/kg)
Gyeongsan 5.7 0.75 188.33 0.019 5.92 41.65 9.67 0.44 2.65
Gyeongju 6.8 0.77 632.22 0.018 6.03 19.16 9.98 0.8 3.76
Yeongju 5.1 0.54 33.21 0.015 6.65 47.68 4.61 0.22 0.99

1) EC: electrical conductivity, 2) T-N: Total nitrogen, 3) OM: organic matter, 4) CEC: cation exchange

capacity.

Table 2. Meterological data during the growth periods in 2012-2013 and averages for 30

years
Region Item Year Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May.
2012-2013 | 19.0| 12.5| 47| 09| -19| 25| 62| 80| 181
Temperature(C)
1981-2010 | 20.0| 13.7| 69| 53| -1.0| 12| 6.0] 125 173
Gyeongsan

Precipitation 2012-2013 | 265.5| 37.2| 42.8| 483| 20.6| 23.7| 80.2| 84.6| 758

(mm) 1981-2010 | 135.0| 31.8| 32.8| 15.2| 22.6| 273| 469| 62.4| 87.2
2012-2013 | 18.0| 13.7 69| -09| -1.1 1.6 79| 10.6| 17.8
Temperature( C)
1981-2010 | 21.6| 16.6| 10.3 4.4 1.8 3.8 79| 13.8] 182
Gyeongju
Precipitation 2012-2013 | 328.8| 23.3| 56.0| 49.0| 20.0| 184| 66.0| 83.0| 77.2
(mm) 1981-2010 | 177.1| 43.7| 41.1| 25.7| 36.5| 40.8| 609| 68.9| 852
2012-2013 | 189 123 47| 39| 42| -03 6.0 941 17.6
Temperature(C)
1981-2010 | 19.1| 12.5 56| -0.6| -29| -03 48| 11.7| 169
Yeongju
Precipitation 2012-2013 | 183.3| 55.1| 68.0| 60.0| 483 | 55.0| 41.9| 80.6|187.8
(mm) 1981-2010 | 153.2| 43.2| 39.3| 183| 19.8| 28.8| 54.3| 82.9]109.9
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Table 3. Effects of mixed sowing with legume and applying of cattle manure on crude
protein vield (kg/ha) of rye or its mixture crops

Applying amounts of cattle manure (kg N/ha)
Region Culture method Mean
0 50 100 150
Rye 234 Y 263 368 378 316
Gyeongsan | Hairy vetch mixture | 224° | Y | 290° 414® 517° 361
Forage pea mixture | 312 X 351 507 487 414
Rye 410° | z 558" | 'Y 532 | XY | 546" | XY | 511
Gyeongju | Hairy vetch mixture | 549° | Y | 517 Y | 508 | Y | 440° | Y | 503 | Y
Forage pea mixture | 772° | X 713" | X 613° | X 637° | X | 684
Rye 178" 211° 237% 296" | X | 231
Yeongju | Hairy vetch mixture | 177° 205" 271* 326" | X 245
Forage pea mixture | 184 217* 245% 201° | Y | 234
a, b, c¢: Values with different superscripts in the same row significantly differ (p<0.05)
X, Y, Z: Values with different superscripts in the same column significantly differ (p<0.05)
AAE A FFNA F3 AL AR Syl 2 2ol S (H T 361~414 kgha)>

I (316kgha) B Th ZAWEH 0 2 = 9kA vk fo] 3 i}Ol—t— AGE A FATh FHIFE ALE S
7 E97 312kg® Gube} Sojelw K] o] 9k AlHT feHo g =4 UERG O H(p<
0.05), Aa& A &FFo] S7HETSE FolAe AFS Bilon, 53] sojgux] &3+
A FH)FE(224kg/ha) ok A4 150kg AlET(517 kg/ha)oll A 3138 793 F717F YEs:
TH(p<0.05).

s xuwd e AFAGAAA S 7P A YEisten, & &3 HluA] A&
4T EoTHHET 684kg/ha) EXTHP<0.05). A Hi Al&FE S7H wE a9
FEHS BY, 3 99 A foF 75 BAARE T AEAE EagAe AlE
F&ol =ohd wet vl g foFow Haste A4S B ATHp<0.05).

G AT FH ALRAE S Sy e S xuwlE £ dojH] &
BB T 245kgha)E E% o, AR S SHF iéﬂr?(ﬂ% 234kg/ha)st 59 Trobrol(F
231kg/ha) oA Zpole AP EA] skt A Al&FFo] Fobldl wet FHF(177~184
kg/ha) BTk 100, 150kg A&l f2l8tA =4 UrE‘rx%E}(pq) 05).

2 AFAAM AF A7 AA 2 TR 22 20 d 53(503~684kg/ha)S UEL
<, BF AT EFol & AT B HI S8 (Table 1), A1 71F A=4 7]
$ W5el7] o] oM (Table 2), Wl F5 *lf?.ﬂ?gl e E‘Er““;é‘ Tl 2
&3 AF7IH10E A 19) St 7]0] Hd
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o FHAEY 5 EH gL W] WEoE AR HUTH
FHAES HALES £ A9 WA AARAESY] &5 A B U d gifo)
I TES WA G2Eo] =2 o|Fo] ta B EH It Osman and Osman, 1982). &
AolME Baat A5 AldTolA g Boe =] E3g s did #
o] Frkete Ao vEh, 3 AE9 £yt ¥ ZEo vre Tl FFo] BHEA)
24 7S AlAsETHJo, 2012). AR, GFAIF ol M= daket E a3 2ol 7t
A &5 zpolol A FHT Bt} 100~150kg N/haT-7} 28k xjo]&

o

Rof, FHzEe] 4538H7] oHE 2 AQelAe AL #5559 B AEY A
A FEE 7 e AR ALRHAY

2. TRO| AETHA]

T ALEAES E3bo a ] Algo] s Zuid ey TDN ko] m]X|
S Table 4, 59 2t}

A A Fo|A] a8 ZumA ke A58 95 3

W 841% Bk 5o UA =4 VFEFETHp<0.05). LE S

A e & g gojeu A Evpoll e FHlTe] 47 83% A HA FF 100kg &

o Ztzt 8.91%9} 9.37%= frolstAl =A VEFS THp<0.05).

rlr

Table 4. Effects of mixed sowing with legume and applying of cattle manure on the per-
cent crude protein in rye or its mixture crops

Region Culture method Applying amounts of cattle manure (kg N/ha) Mean
0 50 100 150

Rye 8.30° 197 891° | Y | 865 | Z | 841 | Y

Gyeongsan | Hairy vetch mixture | 8.30° 7.40¢ 937* | X | 882" | Y | 847 |XY
Forage pea mixture | 8.56° 7.65° 899 | XY | 9.09° | X | 857 | X

Rye 485 | Z | 608 | Z | 515" | Z | 493 | Z | 525 | Z

Gyeongju | Hairy vetch mixture | 6.87° | Y | 625" | Y | 617° | Y | 543° | Y | 618 | Y
Forage pea mixture | 7.62° | X | 6.84° | X | 6.50° | X | 590 | X | 671 | X

Rye 557" | X | 5.53° 550° | Y | 535° | Y | 549 | Y

Yeongju |Hairy vetch mixture | 5.51° | XY | 5.48° 577 | X | 558" | X | 559 | X
Forage pea mixture | 542 | Y | 535° 550 | Y | 542° | Y | 543 | Y

a, b, c¢: Values with different superscripts in the same row significantly differ (p<0.05)
X, Y, Z: Values with different superscripts in the same column significantly differ (p<0.05)
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Table 5. Effects of mixed sowing with legume and applying of cattle manure on percent
total digestible nutrients of rye or its mixture crops

Applying amounts of cattle manure (kg N/ha)
Region Culture method Mean
0 50 100 150
Rye 5121° | Z | 5337°| Y |5265°| Y |52.83*| Y | 5251 | Y
Gyeongsan | Hairy vetch mixture | 52.26° | Y |54.77°| X | 55.85" | X |53.89°| Y | 54.19 | X
Forage pea mixture | 53.35° | X | 53.69" | XY | 5344° | Y | 56.13* | X | 54.15 | X
Rye 4026 | Z | 41.92° 4374 | Y | 50.61° 413 | Y
Gyeongju | Hairy vetch mixture | 42.19° | X | 41.98° 4522° | X | 49.46" 4471 | XY
Forage pea mixture | 41.19° | Y |42.04" 44.98° | X | 5245 4517 | X
Rye 4935 | X | 49.30° 49.62° | X | 48.71° 4925 | X
Yeongju | Hairy vetch mixture | 48.21° | Y | 48.07° 48.19° | Y | 49.57° 4851 | Y
Forage pea mixture | 49.43 | X | 48.99 4946 | X | 49.09 4924 | X

a, b, c¢: Values with different superscripts in the same row significantly differ (p<0.05)
X, Y, Z: Values with different superscripts in the same column significantly differ (p<0.05)

AT E Fa AlE F3o BAR] AlEE HF >3
OJ3HAl =A YEFSE S H(p<0.05), B A
] 6.08%% 71 =921 (p<0.05), T3 =
7Y A 7P =331 (p<0.05), HE I A FFo] oSS
TH(p<0.05).

AT AN T 2 d e o X T Pt 5.59%E Al E ¢
TOF(HET 543%) B GIHEH T 5.49%) BoF 954 =A Ve M (p<0.05), 2
Al gFEo] FETE T AE ST e 2dHd o] FolAle Aol U
o}, 2318 150kg FFAME TAastes Aoz Yl

TDN &8 Ak A1 ol A D417} Ht 52.51%= 3o 2]l X (H 54.19%) L AlS
& F(EA 54.15%)F I3 AT B 2 FEFS Heon, a8 A AlESF
Foll e Fulg B A AlE AlE7F 22 dES YER A Thp<0.05).

AT AAT-9] TDN g ALR & 57 E3h7(F T 45.17%)7F DIT-(F 1 44.13%) B
o EOH(p<0.05), A& Al &FFoNAE Al&FT0] Folo wet Frlete] BREFA
150kg Al-&77F 7H¢ =% tH(p<0.05).

IF NATE oM x| EoHH T 48.51%) BTt AFRE 95 EIF(HT 49.24%),
Gl (T 49.25%)7F EXOH(p<0.05), BA Al&FFd wEtes e 150kg A&
T7F 7V wskou, sojgiwlA] Eakgol M= 150kg AlET7F 49.57%E 7P =R THp<
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0.05).

2 AT de] 2 de) TDN s HH, 202 543~8.57%, TDN &2
44.13~54.19%= Jo(2012)2} Hwangbo and Jo(2013)7} X313+ Z+Z} 4.61~7.31%2}F 51.45~59.38
%2 710 Bt AL S Blow, 53] ALk AT AFFOA @i Hohes F
7 T3t A] F2 UMY TDN S Hol W A&7 3 &9 Ege 2ui g
o] =2 W AES AT F Jdoe Biuos A3 }9\9\31(Drew et al., 2005; Osman
and Osman, 1982), A glafo] vt 5

2 | 5
WA GFe REAA AR 2AEE ¢ F Ak
3. =9 SewAY RA1F 455

F3 AABEE Euol 9o AJfo] s BHAY FIVE AMSTE S UER
& Table 63} 2t}

Table 6. Effects of mixed sowing with legume and applying of cattle manure on mean
carrying capacity (head/ha) for organic Hanwoo heifers (450kg) with 400g of
average daily gain fed the diets including 70% rye or its mixture crops

Region Culture method Applying amounts of cattle manure (kg N/ha) Mean
0 50 100 150

Rye 124 | XY | 1.57 1.92 2.00 1.68
Gyeongsan | Hairy vetch mixture | 1.20° | Y | 1.67% 2.16™ 2.73% 1.94
Forage pea mixture | 1.67 X | 1.96 2.65 2.58 2.21

Rye 251° | Y | 3.11° | XY | 330 375 | X | 317 | Y

Gyeongju | Hairy vetch mixture | 2.91 Y | 2.85 Y | 292 2.83 Y | 2.88 Z

Forage pea mixture | 3.87* | X | 3.77%° | X | 3.43° 404* | X | 378 | X
Rye 1.13° 1.35° 1.52% 1.90° 1.47
Yeongju |Hairy vetch mixture | 1.12° 1.30° 1.67° 2.07* 1.54
Forage pea mixture | 1.18° 1.40° 1.56% 1.87° 1.50

a, b, c: Values with different superscripts in the same row significantly differ (p<0.05)
X, Y, Z: Values with different superscripts in the same column significantly differ (p<0.05)

71 -9 A AT 450kgs YIFSAHF 400g HEE 3t THES {7 AR Ao R
70% FAE Aol Doz s WA TDNS 19 77} 426.3g3 3479%es 71502
3199S wi(Jo, 2003; RDA, 2012), A4 A& oA THe] Alg7txo] we Sdeuag o
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B 7S AR U TeRE LST)RT B9 48 ERTIL 1422157 e
Aout fede Uehba gtk AF APTFAAE Ars oF
37852 dlojelwl X o] Wi 2.885F 9} Typ7e] Ht 3.17F Hoh o3
2 BGOM(p0.05), Ak A GEE) BE ASYL DTAAE A S5
2, 23 ERTIAE MR ARGFo] Y5 ARG o] ol ATHp<
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dot Hope g9 EuelM ta wE A

= 3
of WAL B EIT BE A§FE ¥L4E AR 5Y 2 A U

71&4] OS?HLOM o EAIEH T} A A AT haT THE /\P% =
2.75~3.08F % H I3}od(Hwangbo and Jo, 2013), B A& o] Axe} vlm A] (1.
)¢ AAA Y (1.68~2.217) 9] A= 7HEANS T o] WA UETh lﬂib‘r 74%‘ l?
o} ERY 2Ho] G5 Y AFAY(2.88~3.78F) L AS5HS Ho] e X
SAEgE 719 EF o 1 Aol B FFe] S-S & F AUtk

B Aol A FHAE] €F0] thah EFFIAE IF APTFE AL Aaky AF A
o)A vu} Hos IR Fy gy THFE Zt FolgMx BRos

& S57F f7I7EE ARS TEo] 5% 3o g ey, o9 22 AFE Jo et al
(2010), Jo(2012) 2 Hwangbo and Jo(2013)2] AFoM= U9 tul B 3 Al83E
TR} 7FE AR o] EdthE Balel dx|gte] F3 AR AES] E9E VS A 5
go] F74gHE AlAFsHATH

~ i)
rlo

oFe] AdaE T £ wf, AEAFANM ARIA S A T AERFES £9

= Aed FHHEY dE54de nyslor &, FAHE] dF0] oy AHgel= TE

FES A&, B3 g T s S i 59 AARTIRIE 2017] AdA =

LETE A2E ha 100~150kg A8 A Faa=2 ARE FS E3 AEfsh= A
]

ol §7] AEAS 5 g AU 4 e ArHA
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7} 7}3} E=A YERGTHp<0.05). TEFE A|&FF
A Ao EE4E SIS ha
SAE] ALETFR] HrbelA 2o
9 gyRts I3 Eg7 22 4

=7 VERETHp<0.05). 7] 3¢ Ao 3

ha@d 1.945, 9F AP T2] had 1.50F Rt} vf$- =9k n

B AEERTY, EqpME ALRE 57 BA GERETHp<0.05). ©14e] Aae T3
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I & o, AFE71A] S3S 93 39 AsAE Sie ASE FHEEY € a1
afof stH, FHAEo DFo] ol AYJele LAEFES A& Blo] FrEstaL, T3
GeA AT s il b 5o AIRTIAE Eol7] fEiM e LESE S ha'
100~150kg A&7} 37 FHAEE AR E 475 EAst= Zo] 77] 7IE5AS 59
FTUHE 7IHE & Joget AsEIdTh

[=EHTFY 2014, 7. 8. =FFAY 1 2014, 8. 8. HZE=EHFY : 2014, 8. 12]
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