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Abstract

This experiment was conducted to estimate the livestock carrying capacity per unit area of
Hanwoo heifer with determine the quality of the forage by evaluating the productivity and
nutritive value of spring seeding oats (Avena sative L.) according to different seeding and
harvesting timings. Dry matter yields were the highest at 13.62 tons per ha when oat was
seeded on March 15 and harvested on June 8 (p < 0.05), while the lowest yield of 6.29 tons
per ha was obtained when seeded on February 25 and harvested on May 19 (p <0.05). The
highest crude protein yield of 1.27 tons per ha (p < 0.05) was obtained when seeded on
March 5 and harvested on June 8. The total digestible nutrient yield was the highest at 7.38
tons per ha when harvested on June 8, the last harvest of the experiment (p < 0.05). In the
northern part of Gyeongbuk province, spring seeding oats at the beginning of March, rather
than in the middle of March, showed good annual livestock carrying capacity per unit area.
According to harvest timing, the plot harvested on June 8 showed the highest livestock
carrying capacity with an average of 6.53 heads (p < 0.05). In conclusion, in the northern
part of Gyeongbuk province in spring, it is better to seed oat early in March and to harvest
early in June to increase the livestock breeding capacity, considering dry matter productivity
and feed value.

Keywords: feed value, livestock carrying capacity, oats, productivity, sowing and harvesting
date
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7R 20161 715 REARS: F-0t RE- 7 FF 242} 599t mte| 19,0001 7HEE A= AR A F 7Y
2 H-7-E(21.2%)2 Ho]1l Q1.0 H(Statistics Korea, 2016), 55| A& EHX| ¥l B3}, oA, ot5 5= F4HS
B 57bt Al Bhe

O|EskaL Yl A7 olth.

=l AlE A= dee Aot FE 11"1 FAE SHEE 9fl ohfet Atr2AbE Aol tiet A7 8|

oFel 2ALEF BASHAT MU AT P AR LB L R 2R

FAED e, AFret GEAYE S0 2 A= = HBl(4vena satva L)'= A=7FA 7L $-4=0}o]
1980 FHHEE| FH O ZAkm e -—%‘ Fa7 ol A gol Aju = o ghet. F2)= Auiet EFo U A ESY
Nl M & 7Fo] &2 A A= & (Shin and Kim, 1993), Tl gFefo] a1, WhR71=0] 7] 54 o] --5lof HH,

Ao, A% 53K Thompson and Day, 1959), & 5=2] ¢ =57 th4-8- 7K Hwang et al., 2016; Park et al., 2016)
2o Tlere i 0 2 o) o] sojsitt

JE Azl FARNE T Wt ol 71 SFsto] Sut ] o] - ALE Ht 71201 4T o] X[ Hof A DF
o] 7Fsshttal el A 9Lk (Robert, 1995), | Ut do] 73t A2 F5o] S44E = Fd Aol 1
A = A 7)) -5 o)AFel 2| 71| Ael7t 715514 = 2 th(Heo et al., 2003; Park et al., 2007; Han et al.,

2009).

A= w=FA7 o wet i Aot 7R A= 2 U L, 5ol E7HsRt A HolA 9] & A2 g2 39 o]

of st= Aol AdEaaFo] =11, Dol 7Fset A 9oA 9] 7k 2] o] Auli= 8ol nhgoh= Aol £ %4\—%
=07 &3 A 21ok(Shin and Kim, 1993; Kim et al., 1999). =W &4 stut-& #2] 25 A%, gfa e A~ U «
o|ANE’ T2 7FS I Bt & w5 A A& o] Erhl EH A o™ (Juetal, 2011), FEEF9F 712—0] =
2] 9] Y50 E7FsS A FolM = 7 St T2 w3t of 58] whEsto] S Skl L O (Park et al.,
2006; Shin et al., 2014), =7 U] 54 FEl tit ThEA| 7] 2F A 7] 9] FoFel tisho] A7 B HiZF A 9 gl
Al A o|t},

oA 2 At el S 9 kg AR EE R ‘tta e A E E-8oto] A& SR oA Auf A whE
A7) " 717 A o] At T1e| i AbmTEA] B 7EEARS T nl A= QFS HERCEN AR ER
Aol QoA A o] A7 wFA7] B FEAZE ot AR ] A5 A 91t 24 AEAA S 9
et 71 Z A w2 B85t A; A XIS
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Materials and Methods
A= I ZHuH S

Ho1=9016E 2L EEH 6L71R] AR T A A TR | A AZFo 2 A6t
2 £ Al o] A=A 29 9] 7)/4dF A2 Table 1, 22} 2t

AN ZEN AY (T AN L 10D 7HE 0 & 2016 29 259, 39 59 W39 159 34 9] 611, 55
259199, 59274 9 64 84 34 2Joto, tE 7| & T4 o1, £ E AR T B v 35HE o2 A

Aottt mgE TS H-2 150 kg/ha®t 25 em HH 02 Xm}slodtt. AJH]E= N-P,0s-K,0 = 140-120-120

kg/haZ 510 AAN)E= 71H] 50%2E 27 0] 15 em A9 ©f 50%4 Yol A1-8-5191, 14kP,05)7} ZE](K,0)
+ A 7|H| 2 Agotleh 217 = F2FE 9 iHE A7) Ajtote] 4= % 109 ol niA]gt =2 1] 715 A5t
of AAIstSATt.
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Table 1. Soil characteristics of experimental field in Yeongju region.

pH EC" Available T-N* o CEC* Ca” K’ Mg*
(1:5) (dS/m)  P>Os(mg/kg) (%) (%) (cmol'/kg)
6.10 0.87 307 0.02 6.70 18.15 9.5 0.8 3.0

“Electric conductivity, *Total nitrogen, *Organic matter, “Cation exchange capacity.

Table 2. Meteorological data during growth period in 2016 and from historical data for the last 30 years.

Item Year Feb. Mar. Apr. May. Jun.
Temperature (C) 2016 0.3 5.2 122 17.9 22.0
1985 - 2015 -0.2 4.7 11.7 16.8 21.0
Precipitation (mm) 2016 49.9 36.9 171 86.1 62.0
1985 - 2015 28.7 54.4 82.9 109.9 164.6

A
G AEe 2 SV ER 1 kg® A BE FI51] 60C 84 710 12417 o) %3 5 The|H AT
e sifs AEctth A32E AlRE Wiley mill2 Z45t0] ANHIE-2 AOAC (199522, Acid detergent
fiber (ADF)2} Neutral detergent fiber (NDF)2] €52 Goering and Van Soest (1970)1] 2]3l] 245153 tt. =3+ ADF
2} NDFF o 2 5 Total digestible nutrients (TDN)¥} Relative feed value (RFV)+= Nahm (1992)7} Linn and
Martin et al. (1989)2] Al4t2] o] S]] “LopSiTt. §HH Tl H 2w bl 2] =3t TDN S=5f-2 dojxl 2kl
e} 714 S} FEFZHH(TDN)ol| B3-S Foto] AHEstlnt.

SHAHAY A 7S AT 2 RANFER(RDA, 2012)°] &7 ©F 450 kg®] 9H7- Far 57397 1L SA
400 g = HHE ke A9, AR LS 70% 51T Aol B = Sk 2ThEY TDNS 19 212F 4263 gt
3.479 kg& 7|0 2 sto] AT} TDNOJ oJste] 37}k th(Jo, 2003; Ryu et al., 2006).

S &4
o] A9 o] ‘Ay= SAS package program (Version 8. 01, USA, 2005)= ©]-& 3]-01 Fo)AS AAsIA A, A Hat
ZHO] vl W= 5% 2] F| A B-2JAHH A (Least significant difference test) 5 2 2 sFTE,

Results and Discussion
Hale] ‘44kd |

Al Aue] 1A mhEt A 717 AR, A 2 TDN S u] 2] G2 Table 33} et

A w228 25¢ 15 Aol ha & 6.29 - 11.52 E(BwF 8.90 &), 39 5 WHE-2 7.72 - 12.86 =(B<t 10.32
E) 239 15 £ 734 13.62 E(EH 10.12 E)0.2 29 m}E A] §o]FH 02 Lho AR Aako Leh gl on
(p<0.05), T 2 A& FF2 59 198 HH 710 E, 5—‘?—J 279 HH9.56 E W 6U 8UL Hat 12,67 ECR
FE7)7L 2ol A S5 ko] Koo wokAlth(p < 0.05). AESFFL 39 15Y 0] mhEsto] 69 38Ul 55k
S 0 ha T 13.62 E0 2 71 =A] YERLO M (p < 0.05), 22 25°‘nJro 59199 $83 17t ha g 629 EC &
71 GEA YR THp < 0.05). 2T =5k 39 5 1hEotal 69 8 R 17 ha T 1.27 EO =2 71 =7
UFERATHp < 0.05). TDN 523 E 3+ 5:80] 714 =2 64 82 L7} ha B 6.75 - 7.98 E(H 7.38 B) 02 7P =
A e THp < 0.05). 718, 2EHA 2 TDN 532 =7 F845 52 578 Blthp <0.05).

rlo
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Table 3. Effects of sowing and harvest timing on dry matter, crude protein, and total digestible nutrient yields of oats.

St dhts e ing A Dry(l}l:flt/i'a))/ield Crudez 11353;;21) yield Totalyc}iegl,zs(t?;f1 /Illlgt)rients
Feb. 25 May. 19 6.29 0.62 3.90
May. 27 8.90 1.15 5.21
Jun. 8 11.52 1.14 6.75
Mean 8.90b 0.97ab 5.29b
Mar. 5 May. 19 7.72 0.73 4.73
May. 27 10.36 1.02 5.88
Jun. 8 12.86 1.27 7.42
Mean 10.32a 1.01a 6.01a
Mar. 15 May. 19 7.30 0.55 4.40
May. 27 9.42 0.98 5.26
Jun. 8 13.62 0.97 7.98
Mean 10.12a 0.83b 5.88a
LSD* (p < 0.05) 0.94 0.24 0.56
Harvest date May. 19 7.10c 0.63b 4.35¢
May. 27 9.56b 1.05a 5.45b
Jun. 8 12.67a 1.13a 7.38a

a, b, c: Means in a column with different letters are significantly different (p < 0.05).
“LSD : least significant difference test.

A E Eof whEsto] AuistaS wl A2 Juetal. (2010)2 ha T 10.68 - 11.76 =0 2 LeRG T, Shl-g
EZQ ek ttag A 9 Slo|An B 7R ubE Bk 52 ha @ 7.73 - 10.21 Eolgt R Ed (Juetal.,
2011), £ AFNAE 1ESFO] ha T 6.29 - 13.62 =2 Lreht groll A B g 37} Hl5gh a8 H A
Tt F g7 of| bk = 2 Aol A= 2 B 39 o] npFo] w2 TE S KA, 847
Mk ol da5 e o] A4 0 2 Z715H3 =T, Han et al. (2012) % 25 399U 7 23 o A
0l had 9.2 EollA 1024 EO0.& {20t S71sFA A, 0f A 2l= 52K 7|7 2ol d4-5 =gl 57t
Stth= K 17.9)(Shin and Kim, 1995) 92| 5H= o] QiTh.

BEA G O] FAARAES] A AE aFS HH, YH e =ha T 5.58-6.84 F, ©LL27.05- 104 E, F
AL 6.18-83 E, EREA YL 6.07-8.69 EC 2 H 11519 17 (Hwangbo and Jo, 2013), 4| L& 2.69 - 8.79 =
(Hwangbo and Jo, 2014), 2= 3.93 - 7.00 &, &8> 4.93 - 7.39 E(Jo et al., 2010) 2= &F, 7] E A|H]| g
50 Aol thfRt U S HALSHRAITE, & Aol A b 2] o] ATt A& 53(6.29 - 13.62%F) 7 H| W A]
o2 FAAEREY] 7FEEE Boh 42 ST Etetal b2 9] =2 S o 4 Ui

H2le] Atz 7tz| H]a

TE T} 5SHA 7] 7F 2] o] Abm b o] B 2] G2 Table 49+ 2t

Aol A shake 59 19U =3 Al 7.6 - 9.83%(H T 8.98%), 5E 272 9.83 - 12.90%(F 11.04%)
2 6 8U27.13-9.93%(H 8.97%)= 54 27¢ 271 7 = TH(p < 0.05), ADFeF NDF= 17 of| wheh
A mtEo] 2o -5 FolsH| o] ol 2 H(p <0.05), 87 WEbA = 5Y 19U <69 8 <5¥ 27Y
2 ool =obA 39 whgotar 59 2790l ket 117t 7HE = A YEFSTH(p < 0.05). TDN =229 25 o}
7} Bt 59.71%= 39 whEF0] Hat 58.58 U 58.22% H Uk =] YEFE O H(p < 0.05), A 7] whebA =
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59198 771 Bt 61.21%, 59 279 71 Bt 57.02% 2 64 8L 77} Ht 58.28%= LHEFLF TDN gk o
A7|12F FA 71 7} 5 -0 SHA] oA Th(p < 0.05). S AR ZHA|(RFV)= &7 of mhebi] = 29 259+
7}87.700.2 7R =9k, £=8k7]of whEbA= 5 199 7171 88.88 - 95.61(B - 92.42)2 7HF =911, 4=8to] 5
279 F=73.82 - 81.34(F 1t 77.44) 2 7 A YEFETHp < 0.05).

Table 4. Effects of various sowing and harvest timings on nutritive values of oats.

Seeding date Harvest date CP" (%) ADF" (%) NDF* (%) TDNY (%) RFV*
Feb. 25 May. 19 9.83 34.00 60.73 62.04 95.61
May. 27 12.90 38.50 67.37 58.48 81.34
Jun. 8 9.93 38.33 63.77 58.62 86.19
Mean 10.89a 36.94b 63.96b 59.71a 87.70a
Mar. 5 May. 19 9.50 34.93 61.86 61.30 92.79
May. 27 9.83 40.67 69.00 56.77 77.16
Jun. 8 9.83 39.53 64.73 57.67 83.65
Mean 9.72ab 38.38a 65.20ab 58.58b 84.54b
Mar. 15 May. 19 7.60 36.20 63.53 60.30 88.88
May. 27 10.40 41.90 70.90 55.80 73.82
Jun. 8 7.13 38.40 63.76 58.56 86.06
Mean 8.38b 38.83a 66.06a 58.22b 82.92b
LSD (p <0.05) 2.85 1.53 222 1.21 4.59
Harvestdate  May. 19 8.98b 35.04¢ 62.04¢ 61.21a 92.42a
May. 27 11.04a 40.36a 69.09a 57.02¢ 77.44c
Jun. 8 8.97b 38.76b 64.09b 58.28b 85.30b

a, b, c: Means in a column with different letters are significantly different (p < 0.05).
Abbreviation: CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; TDN, total digestible nutrients; RFV, relative feed value;
LSD, least significant difference test.

ke o 2 AR R A4%o] Ul et durAe) ke Wsleint] g4 Bk A 27151
A5 Sk, ol 229k 9l TDN ek 7h4sto] AR 9] 71A] = H SRt Cherney and Marten,
1982; Hwang et al., 1985; Contreras-Govea and Albrecht, 2005). A7 5&-0] F3 XA oh<f HolE AR
AIE B B2 A5 I A7 ST AT o §- A 0.2 A ]t Hwang et al., 1985; Juetal,
2009). & Aol M = =A17]17F 59 B7HA] 2EE ghepo] S7HE I 6E o e Hate FEeR
UERtE=T, o2t B3t FlRle 718 A o= oA o2 gastal(Juetal, 2011), AR F= o] 4f0]
U & A7t AardE gl oeo] A thE HAl(Song et al., 2009)2F 2A|SFEH.

& Al Aol Hfra e € e %ﬂﬂ 913}7} =577 E dadntal 5Ha(Shin and
Kim, 1995), At= 7oA 4718 FH o2 s gl ke dlS 0] S7tet T4z e
=2]0] 42714 °] NDF} ADF &2 W=t 7199519171 mZol2kal Sk (Delogu et al., 2002; Song et al.,
2009). E9t5E(HEE] E oW ET gAY 2 B AASEI =3t S0 2
=

o] ZastAon, 247 o5 AEZH0 2 Q8 thA] F745Hs e BATk SHETHUu et al, 2009),
AN E 5800710l T2 52 Gl sU BIkK] 718t 24 ol B4 0] EEH 0 2 69 8t
L GOJ8HA 74591, o] of| Wb RFV A4 B71E Pasiel AR EH 0 2 S7bshe Ao tret

A Haleh Ayt A2 shalH.
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Table 5. Effects of sowing and harvest timings on carrying capacity per unit area for livestock of 450 kg Hanwoo heifer
with 400 g average daily gain fed diets included 70% oats.

Livestock carrying capacity (heads/year/ha)

Seeding date Harvest date
Crude protein Total digestible nutrients Mean
Feb. 25 May. 19 3.96 3.07 3.52
May. 27 7.39 4.10 5.75
Jun. 8 7.34 5.32 6.33
Mean 6.23ab 4.16b 5.20ab
Mar. 5 May. 19 4.72 3.72 422
May. 27 6.54 4.63 5.59
Jun. 8 8.14 5.84 6.99
Mean 6.47a 4.72a 5.60a
Mar. 15 May. 19 3.55 3.46 3.51
May. 27 6.30 4.14 5.22
Jun. 8 6.24 6.28 6.26
Mean 5.36b 4.63a 5.00b
LSD* (p < 0.05) 1.56 0.43 0.83
Harvest date May. 19 4.08b 3.42c 3.75¢
May. 27 6.74a 4.29b 5.52b
Jun. 8 7.24a 5.82a 6.53a

a, b, c: Means in a column with different letters are significantly different (p < 0.05).
“LSD : least significant difference test.

e o4 OF 450 kg& 19 T 400 g FHR 5Fo] A2 S ARAL LR 70% Fo D Aol BRE Sh= 2
3} TDN E3F-2 19 212} 426.3 g7} 3.479 kg (RDA, 2012)4-2 7rerst uff, 29 25 whE427F Bt 5.20 7, 39 5
159 w7t 242 Wt 5,607 5.00 T2 mpE7]of thebi s FAEER A oM 3 S Hehe3E &
of #A=E wFoh= Zo] tHA F ATt 7S AR o] 945k, 2] o WEtb A= 6 89 T}
T 6.53 T2 59 1997} 27 $870] Z+2F B 3.759} 5.52 T Kok f-0loHA 7] 715 AHS 5E 0] T#EJ
o= ‘/}E’r"}‘:}(p <0.05).

B2 o)A it ohrt A RZAE ] 7HEARS S E2 R e Xt ha §2.54-3.33 F, £ 2.21 -
3.62 T(nﬂ-?.L 2.88 F), TAE23.17 - 4.03 T, EQE|A Y2 2.74 - 3.86 F2 K115 1 (Hwangbo and Jo, 2013),
SHAIZFE Q] &5 ARG 0] ZFEANS 52 22 A%t ha T 2.81 - 6.26 F(B 1t 4.71 ), 1.70 - 4.08 T =
(Choi etal., 2012), & A|F 2] F]&] 9] 7FEA 52 2] A7t ha T 3.51 - 6.99 (B 5.27 F)} H] 1L A] FAA= A
%E AETEo]l =2 39U Bt 183% -2 7FEAMS 58S B, sHAXEAE 5 219 535 Aitote &

Fapot s Uetd Al=2HE 5 2799 48 AT E8S 4 4 sl

2 ARelA AR o] Aat 2EHA FF2 FA 7| 2 39 % T Aol 42 et 10329 1.01 B & 7H
A, FEA7|E 2= 6D 8 Aof ZH2F Wt 12,677 1.13 EO R -2 3RS H UK Table 3). o] 23 A&}
Tl o b ATt Qlof A2l o] mpFAI7| 2= 298 3Y &, FEA7]= 6ol 7MY 2 7SSOl

W of My 1l

N HlF
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viehdhe o 4 9lgleh
olfe] ATHE F o) B 1, BERERAOIA FelE Bol 1oto] AR AR E efstel 0§
T A HEAIE 39U 24, £52 69 2ol She Aol 1EAMS 52 ZT1E /0@ & Aol AR,

Conclusion

= AddeAe EutE(tE ) Eat 271 S DEste] Al Al 220 At A= b E vt
S BH FRO| RS SRt EHAT TIEARS 5 EE F5taLt stltt. et 3 1590l 1
stod 69 8ol 85t 9le m ha T 13.62 =22 M =70 R o (p < 0.05), 28 259 1, 59 199 212t
T7tha g 6.29 .2 7P A e THp < 0.05). 2 a2 39 5 mhEstal 6D 8 ot 77t ha

127 £0 2 7P =7 UERETHp < 0.05). 7HA stk g 42k T3t S8to] 7 22 69 82 F7hha W 738 £
0 2 7P =7 vebetHp < 0.05). BESF A9 ]1% = Hrhs 39 2] F19E mHEshe Aol 99
A o A 715 Abse ol ppetalal, 7o Wb 69 8 = Bt 6.53 T2 fofat| =71 7t
5 AHE Sl fpt Ao YERITHp <0.05). o132 Ak 6l & o, AEEFAE A F12E =l ot
Foto] A2 ALRZFAE AL ste] o 88 B¢ mEAIYE 3 22, 82 6 20 Sh= Ao) 7HEA
S 5ol tdt AoR et

_I

ok
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