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ABSTRACT

This study was conducted to investigate the effect of sowing and harvesting dates on agronomic characteristics and feed values of
rye and triticale at Sanchoeng, South Korea. The experimental design consisted of the different sowing and harvesting dates as follows;
rye (Secale cereale L., cv. Gogu) of sowing (October 15, 25, and November 5) in 2015 and harvesting (April 20, May 1 and May 11)
in 2016, and triticale (X Triticosecale, cv. Joseong) of sowing (October 15, 25, and November 5) in 2015 and harvesting (May 18, 28,
and June 7) in 2016. In rye, fresh and dry matter (DM) yields increased (p<0.05) with the delayed-harvesting date. Crude protein (CP)
content and relative feed value (RFV) decreased (p<0.05) with the delayed-harvesting date, but neutral detergent fiber (NDF) content
increased (p<0.05). In triticale, fresh and dry matter (DM) yields increased (p<0.05) with the delayed-harvesting date. The CP content
decreased (p<0.05) with the delayed-harvesting date, but NDF content and RFV increased (p<0.05). This study concluded that rye sown
in the middle of October then harvested in early May, and the triticale sown at the end of October then harvested at the end May are
recommended to increase dry matter yield and feed value.
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oA As 75 =0l A7t 7Rt EAR] ARAtES
9, A, olg=et ol 1=k, EFEAY, FHe 5o] AUtk
(Lee, 2019). S (Secale cereale L.) 285t B4 & Rk
31, Yighdo] S0, Bt o= QPR o= Aito] 7ks
Sto] = o= Ao A% Aul7} -GolskH(Han et al., 2012;
Kwon and Kim, 1994; Ko et al., 2002). T3t U2 =7}-&7}
A w01t o2} RSl Bol 97 MRS ARKE % Qe A
FABRA Tl o M) R SsfciBrigele, 1959,
Park et al,, 1999). =HollA 7 o8 E5& 224, 392,
o]ad, 213, A=T19 5 t7} Qtk(Han et al., 2018b, Heo
et al., 2009). Y1} S0 W91 EEIAIYX Triticosecale)
Uyt s BG4S AYIL Qokal EE|QITHEsen and Celik,
1997; Hils et al, 2007). =Q]ojlA+= F2 F2AE R o]8sFAL
Hlo]| QofEke 2805 AuiE 3l UR]THMergoum et al., 2009),
oA FE FAE BARECE A=Al QItiHan et al,
2012). =jolA 7iE 2ALES EFEAY 52 A7,
A, 24, A4, A9 5ol 9JthHan et al., 2016; Han et al.,
2017; Han et al., 2019). EZE]AIL-L 57104 A7} AjEo] 7}
o AEE EFT S AT & ARl AlEAS] < H
£90] #ot 7|8/4o] 9o, A AlEAES] Aol QM
ol Qg1 Aibde Hol HAF =87 Skl Qltk(Han
et al,, 2012; Han et al., 2016; Mergoum et al., 2009).

SHH, SHolu EF AU} 22 54 AlEAES TSAl7]
of| wht AAsat ol FE HIR=H, Park et al. (1999)2 =}
FA717F =oldrE A|o] FA2Q = mixlttal Harst
o™, Kim et al. (2006)T} Lee and Lee (2006)= AJS-A|7]7}
NPT pF2 S7Fh L4 77 ojA F4o] A5t
kol Harsigle). shA9 2AMR-E SEd EEAYY] oE
9 S| AFe T2 SEFAMOIA oA, ERARY
of|A] o]Fojxl A= mIESE Aol wEkA] 2 A4l I
AREA ol A G2t Aol Ztet Tt EREAYY] wE
9 7S A7) S8l skt

Table 1. Chemical properties of the soil before experiment
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65°C &84 BFAx70) 124 oV AXE AR & 5
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Ex. cat. (cmol'/kg)

pH (1:5) oM" Av. P,0s Av. SiO,
' (g/kg) (mg/kg) (mg/kg) K Ca Mg
5.7 27.9 166.7 185.7 0.3 53 1.2

*OM = organic matter, Ex. cat. = exchangeable cation.
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Table 2. Means of temperature and precipitation during the experimental period in Sancheong, South Korea

Year Month Mean temp. (C) Precipitation (mm)
2015 13.0 165.6
2016 . 14.2 2337
April
2015~2016 13.6 199.7
2012~2016 13.0 160.7
2015 18.7 96.1
2016 19.1 161.2
May
2015~2016 18.9 128.7
2012~2016 17.6 107.8
2015 21.1 95.7
2016 22.0 73.1
June
2015~2016 21.6 84.4
2012~2016 21.3 71.0
2015 14.4 61.0
2016 15.5 190.9
October
2015~2016 15.0 126.0
2012~2016 15.6 104.9
2015 12.4 108.0
2016 8.2 17.5
November
2015~2016 10.3 62.8
2012~2016 9.3 74.7

24f5t] 1 mm screens SIAY] & BAE A= o833t
ZH(crude protein, CP) &2 AOAC(1990) 4710 &3]
o] Kjeldahl(B-324, 412, 435 and 719 Titrino, BUCHI, Germany)
A& o]-&519 1L, neutral detergent fiber(NDF)@} acid detergent
fiber(ADF) 31k Van Soest et al.(1991)Ho] £5}] Ankom®
fiber analyzer(Ankom Technology, USA)E- o]-&5}o] E451%
o} A& AlE71A(relative feed value, RFV)= ADF §l=F0 &
DDM(digestible dry matter)S $43}%14(% DDM = 88.9 -
(% ADF x 0.779)), NDF3ZEO & DMI(dry matter intake)S A}
231 3% DMI = 120 / NDF) ARks}3) — (DDM x DMI)
/ 1.29). 7}ASIFEET K total digestible nutrients, % TDN) $HF
2 88.9 - (0.79 x ADF %)2] Ak 0= AM&EsH Tt Holland et
al,, 1990). CP -2 ZeH S]] HEpTdS &oto] ALt
511, TDN =552 Holland et al.(1990)0] 9]t T340 & A&
o 5 AESS Bolo] Al

3. EANE

Al&olA dojA A2 GLM SAS program(v. 9.1 program,
2002)Z o]&st BARAZ AAletGtE AR o= ThEA

7|(sowing date effect), 5~8A]7|(harvesting date effect) & Zt
9219] A% & ¥l(interaction effect)E EZolo] EAst9Tt E
St Tukey testE ©]-&5to] A|F 7+ Fold A8 AAlsIGitt
(p<0.05).
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209 < 5¢€ 19 < 5€¥ 119) & Ao 2 YeRdthp<0.001, 147.5
vs. 153.0 vs. 158.0 cm). T=2A)719} 5804719 A= HH 10
¥ 2590 mEsto] 5 119 =2 Al 7 L 1Y 50
TEsto] 49 2089 FE5HAE w7t 7Y ASkTHp<0.05). &
Al FRgolAE TEA7]0l TA FFE A U9k (p>0.05)
2877} LojRS2(4d 202 < 59 12 < 59 1Y) Pz
(p=0.006, 3,647 vs. 3,981 vs. 4,036 kg/10a), ZAEZ=T(p=0.023,
799 vs. 946 vs. 967 kg/10a) & TND $3Hp=0.043, 451 vs.
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Table 3. Effects of sowing and harvesting date on agronomic characteristics of rye forage

Forage yield (kg/10a)

Seeding date Harvest date Plant length (cm)

Fresh DM CP TDN

Apr. 20 150 3,838 803¢ 70.7° 460°

Oct. 15 May 1 153%™ 3,963 883" 62.9° 4814
May 11 154 3,967 928 56.1¢ 487

Apr. 20 150 3,651 803° 69.9° 448"

Oct. 25 May 1 155% 4,077 995° 75.4% 529°
May 11 160 4,147 1,010 77.7° 535

Apr. 20 143° 3,451 792¢ 66.5 446"

Nov. 5 May 1 151°%° 3,903 946%™ 75.9® 505¢
May 11 160° 3,993 977%® 73.2° 522°

SEM 3.372 263.53 86.33 2.921 10.12

SOW 0.330 0.175 0.459 0.145 0.111

Contrast HAR <0.001 0.006 0.023 0.546 0.043
SOWxHAR 0.062 0.651 0.084 0.121 0.253

*"Means in the same row with different superscripts differ significantly (p<0.05).
DM = dry matter, CP = crude protein, TDN = total digestible nutrients.
SOW = sowing date, HAR = harvesting date, SOWxXHAR = sowing datexharvesting date.

505 vs. 515 kg/10a)0] Wt uEA]7]9} $8RA]7]910] TAE
18 W AE5FA TDN =2 109 259 105, 5¢ 1Y
TN 7FE B2 (p<0.05), 1149 5 35, 449 20 8
Al 7P AQth(p<0.05). Schadlich (1987)°] oJsiH 720
S99 TFAI7|7F RolASE 20| ZopxIttal BaTsial,
Nam et al. (2019)% TFA|7]7F =oiof| we} Z27go] HoMRl=
AT B9eT, £ Algolkle fo/do] §lo] AYa+et tha
Zo]7k i, M AEFTE FEAN7|7F == ST}
= AoF YERH=1], o] Kwon and Kim (1994), Lee et al.
(2004) 2 Song et al. (2009)°] $&A]7]7} =070 W} oY
o] AEsFo| foFow F7RIHA Hagt el fARHS
o Wb 2 AlEoAE S 109 Feol Bl 5Y 2
ol sfste ol WM Zjol Relet AoR BeEol,

2. US| AIRIEX|

g 9 58717 9] AlRZEXo] nlX|E S RARE
ATR= Table 49} 7}, ZEhia Sleke TEA)7|7} Lol dss
(102 159 < 109 259 < 11¥ 59) Z7/3k= HhE(p=0.042,
747 vs. 779 vs. 7.97%), S8A7)7} 20l -4-24Y 202 > 5¢Y
19 > 59 119)) ZHABIATHp=0.020, 8.63 vs. 7.72 v.s 6.88%).
5t SEA7} olds2@d 209 < 5919 < 59 112) A
EE(p=0.020, 22.5 vs. 23.9 vs. 24.7%), NDF(p<0.001, 67.1 vs.

0|

70.4 vs. 72.2%) 2 ADF(p<0.001, 41.0 vs. 44.6 vs. 45.5%) S+
T2 Z713F HPH TDN(p<0.001, 56.4 vs. 53.7 vs. 53.0%) &FF
o sk BhE, 2R gk 108 1590] BEslo] 5
1o S8l W 7 =914 whd 109 25Y0] wi55tod]
49 2020]| 23151912 W 7F LITHp<0.05, 8.70 vs. 6.05%).
NDF2} ADF 32 109 15YU0] mgsto] 59 1hof 25t
TolA 7P =A Ul B 119 5U0] mSsie] 49 200l
RIS W) 7K WA LTl pe005). 758, NDFSF ADF
e RFV U TDN 252 mA)7] 0 S8ip] Zdo] Aeks
0] IUTHSOW x HAR interaction, p<0.05). Kim et al.(2006)2}
Lee et al.(2004)2 TEAP7 |7} =ojd45 215 Tl Tkl &
HZl 9 TDN glgo] ZAasictal H 11519307, Heo et al. (2005)0]]
A SEAPI7 Soldas Zea Fepe: 74sks v, 71
&, NDF % ADF ggo] 7RIl slof 2 Ay} AR At
2 Uehhgick 48] s 2ud ke asos
Z3Asl=t], Kim et al. (1992)2} Kwon et al. (2008)°] 2J51H o]
L ) 2E30] g 2719 vigo] oldA AdHoz ut
i hefo] ZHAske Aolekil B1stelch Kim et al. (2006)T
Song et al. (2012)°] SJotH T7]|4=&3t so| 27|48} B}
NDF&} ADF 90| S7fsh= olf= 80| =25 &71 1
259] u}go] Z7ito] JEOR M9k Yol 2]
wfolebn S, 2 AFIHE SR ATHE Lehpgick
qh, & AloflAe AHiAEEZHAIRl RFVE 58417171 =o1d
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Table 4. Effects of sowing and harvesting date on chemical compositions of rye forage

Seeding date Harvest date DM (%) CP (%) NDF (%)  ADF (%) DDM (%) RFV TDN (%)
Apr. 20 22.8% 8.81° 68.3*¢ 42.3° 55.9° 76.3° 55.5°
Oct. 15 May 1 23.5% 7.55% 70.1%° 43.6% 549" 73.0° 54,5
May 11 24.8° 6.05 2.4 46.1° 53.6° 68.1¢ 52.5¢
Apr. 20 22.0° 8.70° 67.6% 41.9° 56.3° 77.5° 55.8°
Oct. 25 May 1 24.0" 7.58%® 70.0%° 45.2° 53.7¢ 714 53.2¢
May 11 24.8° 7.10% 72.0% 45.5° 53.5° 69.1% 53.0°
Apr. 20 22.9% 8.39° 65.3¢ 39.0° 58.6" 83.4° 58.1°
Nov. 5 May 1 242" 8.02% 71.2%° 45.0° 53.9¢ 70.3% 53.4°
May 11 24.5° 7.49% 72.1° 45.0° 53.8° 69.5% 53.4°
SEM 1.259 0.570 1.139 0.668 0.270 2.291 0.527
SOW 0.632 0.042 0.812 0.171 0.171 0.562 0.171
Contrast HAR 0.020 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SOWxHAR 0.019 0.079 0.024 0.002 0.003 0.003 0.003

*UMeans in the same row with different superscripts differ significantly (p<0.05).
DM = dry matter, CP = crude protein, NDF = neutral detergent fiber, ADF = acid detergent fiber.
Dry digestible matter (DDM) = 88.9-0.779xADF, Dry matter intake(DMI) = 120/NDF, Relative feed value(RFV) = (DDMxDMI)/1.29, Total

digestible nutrients(TDN) = 88.9-(0.79xADF).

SOW = sowing date, HAR = harvesting date, SOWxXHAR = sowing datexharvesting date.

=2 A= (p<0.001, 79.1 vs. 71.6 vs. 68.9), 0= &)
7} W] e} ZEP Yol 745K NDFS} ADF %%
o] Z7¥sto] a0 AR Wol| 3 98-S st
Q)&= Zlo|thKim and Kim, 1994; Kwon et al., 2008).

3. EREPIYS) Mg 54

T 9 27|17 EREALGY] S B4 vlAl= FFS
ZARRE ATl Table 59+ 2t} 2742 TFA77F BEESS(10
4 15¢ > 109 25¢ > 119 59) IA YeRd whd(p=0.001,
141.2 vs. 136.7 vs. 135.0 cm), TV = 2525 18¢Y
< 59 289 < 6¥ 79) A VERGTHp=0.006, 135.7 vs. 136.8
vs. 140.7 cm). E3] 10€ 15¥0] mlEsl0o] 6 7Y 8519
< o 7§ 3A Uepd 9, 119 580 mhgato] 59 18Y
TSI W 7P AA e th(p<0.05). 2AER AJ4iHdolA
L oA} HlESE 22T (p=0.003, 4,968 vs. 4,595 vs.
4,353 kg/10a), ZAE5p=0.030, 1,824 vs. 1,708 vs. 1,520 kg/10a),
CP 43(p=0.012, 89.4 vs. 72.6 vs. 64.2 kg/10a) & TDN <=&f
(p=0.035, 1121 vs. 1031 vs. 970 kg/10a)0] T2 ¥HH, Z=5}4]7]
7} SolA52 25T p=0.008, 4,048 vs. 4,844 vs. 5,024 kg/10a),
AESTH(p=0.042, 1,644 vs. 1,708 vs. 1,715 kg/10a) & TDN
=2 (p=0.033, 958 vs. 1037 vs. 1128 kg/10a)0] WS o= 1}
ERsit]. 55] &S5 TDN 22 109 15%0]| 1js1o] 6

790l 519 Wl 7F B WhE 11 590 wSsto] 5¢
180] 85 wl 7HE A ATHp<0.05). & AlHolA 354
717t ZoldSE 2, Az 9 AErgo] AAY F4sisl
=, ol TSA7I7F ZolE4= ol5sl sk =014 AFI
TPRE a200A Bl2A Aelel £717F 7he7] el Ze®
AEEAtH(Ju et al., 2010). Yun and Ataku (1998)2] A--of|A]
& BB} USRS AEego] B ek dle] 2 A
B AR 27 Lehiolch. SH SSA7]} ol HaE 2
A} Ag<esdo| E71513="0, Brignall et al. (1988)1} Song et
al. (2009)0lA %= - 7|7} ol des EREAYY Hard
o] Z7RRaL Hirsto] fARE AXE UERRIC ESF Song et
al. (2012)0f] OJshH =of Aufiet AFE-8 7= AFAI7|7F =0
45 240] AR AL, AErgol S7IsIAET, ok o] &
< A AESo] S7IHEA HEsde] S7IkE Zol=tial 1
25l wEbA] 2 AR oA EREAIYS 10E Holl ot
Foto] 549 Iof s8lsh= Zo] HiRERE Aow mEich

4. ER|E|AIY AI=TEX]

m 9 58jA]7h ERElAe] Akt ulA R
ZARGH AT Table 634 2o}, TEAI0] W2 ARIAE §
o4e] Xjo|2 EhA] QIgLoL}(p>0.05), SEHA717} Kobdd:
E(5¥ 18Y < 5¢¥ 28Y < 69 7Y) A=EE(p<0.001, 32.7 vs.
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Table 5. Effects of sowing and harvesting date on agronomic characteristics and yield of triticale forage

Plant length Forage yield (kg/10a)

Seeding date Harvest date
(cm) Fresh DM CP TDN
May 18 139 4,749 1,659 89.6" 1,005
Oct. 15 May 28 140 4,983 1,784 89.0° 1,086
June 7 144° 5,173 2,029 89.5° 1272
May 18 134° 3,845 1,640 86.4° 974
Oct. 25 May 28 137 4,827 1,707 70.7° 1,050
June 7 139 5,112 1,709® 60.9° 1,070
May 18 133° 3,549 1,475° 67.2¢ 895
Nov. 5 May 28 134° 4,723 1,565 66.2° 973
June 7 139 4,787 1,633 59.3¢ 1,040
SEM 2.950 619.16 192.88 2.555 27.12
SOW 0.001 0.003 0.030 0.012 0.024
Contrast HAR 0.006 0.008 0.042 0.035 0.033
SOWxHAR 0.678 0.644 0.225 0.222 0.125

**Means in the same row with different superscripts differ significantly (p<0.05).
DM = dry matter, CP = crude protein, TDN = total digestible nutrients.
SOW = sowing date, HAR = harvesting date, SOWxHAR = sowing datexharvesting date.

Table 6. Effects of seeding and harvesting date on chemical compositions of triticale forage

Seeding date Harvest date DM (%) CP (%) NDF (%) ADF (%) DDM (%) RFV TDN (%)

May 18 32.1° 5.40° 61.7" 35.8™ 61.0 92.0° 60.6%

Oct. 15 May 28 36.0° 4.99%° 60.5% 35.5° 61.3° 94 3% 60.9°
June 7 43.0° 4.41¢ 56.3° 33.2¢ 63.1" 1042 62.7"

May 18 33.4° 527" 63.7° 37.4° 59.8¢ 87.3" 59.4¢

Oct. 25 May 28 35.3° 4.14% 58.7°% 347 61.8" 9810 61.5%
June 7 42.6" 3.56° 56.5¢ 33.2¢ 63.0" 103.8" 62.6™

May 18 32.7° 4.56™¢ 60.8 35.7° 61.1° 93.5¢ 60.7°

Nov. 5 May 28 34.8° 4.23%% 58.0% 33.8° 62.6" 100.4% 62.2°
June 7 41.5° 3.63¢ 55.4° 31.9¢ 64.0° 107.6° 63.7°

SEM 1.419 0.198 0.788 0.296 0.179 3.208 0.185

SOW 0.260 0.123 0.109 0.122 0.001 0.001 0.001

Contrast HAR <0.001 0.020 <0.001 0.001 <0.001 <0.001 <0.001
SOWxHAR 0.651 0.867 0.098 0.114 0.043 0.023 0.043

**Means in the same row with different superscripts differ significantly (p<0.05).

DM = dry matter, CP = crude protein, NDF = neutral detergent fiber, ADF = acid detergent fiber.

Dry digestible matter (DDM) = 88.9-0.779xADF, Dry matter intake(DMI) = 120/NDF, Relative feed value(RFV) = (DDMxDMI)/1.29, Total
digestible nutrients(TDN) = 88.9-(0.79xADF).

SOW = sowing date, HAR = harvesting date, SOWxHAR = sowing datexharvesting date.
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35.4 vs. 42.4%), DDM(p<0.001. 60.6 vs. 61.9 vs. 63.4%), RFV
(p<0.001, 90.9 vs. 97.6 vs. 105.2%) I TDN(p<0.001, 60.2 vs.
61.5 vs. 63.0%) TR Z7I5K= ¥HH, CP(p=0.020, 5.08 vs.
4.45 vs. 3.87%), NDF(p<0.001, 62.1 vs. 59.1 vs. 56.1%) & ADF
(»=0.001, 36.3 vs. 34.7 vs. 32.8%) TFFS 7HASIALE E3] 11
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