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ABSTRACT

This study was conducted to establish spring sowing techniques in preparation for the impacts of climate change on sowing time
and wintering rates of winter forage crops such as barley, oat and IRG. Oat showed the highest yield in 2017 which had relatively
dry climate condition. And when sowing in late Febrnary 2017 yielding 9,408kg/ha were obtained, yielding 4,011kg/ha more than
IRG's sown in the same period. In 2018 which had relatively wet climate condition, four barley species decreased in the production
from the previous year. Oat also had decreased by 70% from 9,408kg/ha to 2,851kg/ha. On the other hand, IRG maintained the
production in the mid-5,000kg/ha range. It was also found that IRG had the least variability due to external influences regardless of
seeding period for 2 years. Mixed sowing with IRG and oat in 50:50 ratio was the highest dry matter, 6,584kg/ha, and IRG was

18.5% and Oat was 2.3 times higher than single planting.
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Table 1. Chemical properties of soil in experimental station in 2017 and 2018.

Year pH T-NV P205 oMm? CEC? Ex. cation” (cmol'kg™)
(1:5H20) (%) (mg/kg) (%) (cmol/kg) K Ca Mg
2017 6.3 0.15 190 3.6 12.77 0.34 8.00 2.00
2018 6.5 0.16 70 2.7 12.66 0.96 5.66 2.52
DT-N: total nitrogen, ?OM: organic matter, *CEC: cation exchange capacity, YEx. cation: exchange cation.
Table 2. Monthly meteorological data around the experimental periods in Gangjin
Year Month Day Mean temp Sunshine Precipitation
0 (hr) (mm)
2017 2.8 186.9 27.4
2018 February 1-28 1.6 171.8 24.3
(1981~2010) 2.3 159.5 45.0
2017 6.7 2123 25.0
2018 March 1-30 8.6 199.7 149.1
(1981~2010) 6.4 188.1 73.0
2017 13.7 254.5 514
2018 April 1-31 13.7 213.0 153.1
(1981~2010) 12.0 208.7 101.0
2017 18.4 276.8 17.1
2018 May 1-31 18.3 189.8 95.7
(1981~2010) 17.0 2173 125.0
2017 10.5 930.5 120.9
2018 Fed~May 10.7 7743 4222
(1981~2010) 9.6 773.6 344.0
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Table 3. Cultivation conditions such as sowing rates, forage mixture, fertilizer amount

Amount of Sowing

N-P-K Fetilization (kg/ha)

Species Variet
P Y (kg/ha) Basal Additional(N)
IRG Kowinearly 70-120-120 70
Oat Jopung 220
Rye Gogu 220
A £ 60-50-50 :
Barley Yeongyang 220
Triticale Joseong 220
25+110(50:50)
IRG+Oat
35+66(70:30)
70-120-120 70
. 25+110(50:50)
IRG+Triticale
35+66(70:30)
. 110+110(50:50)
Oat+Triticale 60-50-50 -

66+154(70:30)
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Table 4. Effects of spring sowing date on growth characteristics of different forage species

. Sowing Heading Cold Disease Insect Lodging  Plant height
Year Species
date date (1~9)* (1~9) (1~9) (1~9) (cm)
RG 15 February 8 May 1.0 1.0 1.0 3.0 117
28 February 12 May 1.0 1.0 1.0 2.0 114
Out 15 February 26 April 1.0 1.0 1.0 1.0 125
k)
28 February 28 April 1.0 1.0 1.0 1.0 120
15 Febru 8 Ma 1.0 1.0 1.0 1.0 169
2017 Rye il Y
28 February 10 May 1.0 1.0 1.0 1.0 167
15 February 28 April 1.0 1.0 1.0 1.0 94
Barley -
28 February 30 April 1.0 1.0 1.0 1.0 91
. 15 February 28 April 1.0 1.0 1.0 1.0 118
Triticale -
28 February 30 April 1.0 1.0 1.0 1.0 102
RG 14 February 16 May 1.0 1.0 1.0 1.0 100
27 February 17 May 1.0 1.0 1.0 1.0 97
o 14 February 21 April 1.0 1.0 1.0 1.0 121
at
27 February 21 April 1.0 1.0 1.0 1.0 103
14 February 13 May 1.0 1.0 1.0 1.0 126
2018 Rye
27 February 16 May 1.0 1.0 1.0 1.0 123
14 February 9 April 1.0 1.0 1.0 1.0 85
Barley B
27 February 12 April 1.0 1.0 1.0 1.0 85
. 14 February 14 April 1.0 1.0 1.0 1.0 111
Triticale -
27 February 16 April 1.0 1.0 1.0 1.0 89

* 1 : Excellent (strong), 9 : Worst (weak).
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Table 5. Effects of forage mixure on growth characteristics of forage species

Treatment Species Heading Cold Disease Insect Lodging Plant height
date (1~9)* (1~9) (1~9) (1~9) (cm)
IRG+Oat IRG 17 May 1.0 1.0 1.0 1.0 103
(50:50) Oat 16 May 1.0 1.0 1.0 1.0 110
IRG+Oat IRG 16 May 1.0 1.0 1.0 1.0 103
(70:30) Oat 17 May 1.0 1.0 1.0 1.0 107
IRG+Triticale IRG 11 May 1.0 1.0 1.0 1.0 101
(50:50) Triticale 10 May 1.0 1.0 1.0 1.0 109
IRG+Triticale IRG 15 May 1.0 1.0 1.0 1.0 104
(70:30) Triticale 16 May 1.0 1.0 1.0 1.0 106
Oat+Triticale Oat 17 May 1.0 1.0 1.0 1.0 117
(50:50) Triticale 19 May 1.0 1.0 1.0 1.0 102
Oat+Triticale Oat 17 May 1.0 1.0 1.0 1.0 119
(70:30) Triticale 19 May 1.0 1.0 1.0 1.0 98

* 1 : Excellent (strong), 9 : Worst (weak).

Table 6. Effects of spring sowing date on yield of different forage species

Yield (kg/ha)

Year Species Sowing date
Fresh DM (%) DM TDN
RG 15 February 16,328° 32.3° 5,259° 3,209°
28 February 16,755¢ 32.3° 5,397° 3,140°
Out 15 February 34,235° 25.7° 8,798° 4,985°
al
28 February 36,643° 25.7° 9,408" 6,686
017 R 15 February 19,339 31.6° 6,114 3,543
(S
Y 28 February 19,659 31.6° 6,227 3,678
Butl 15 February 23,680° 33.1° 7,854 4,696
arie
Y 28 February 25,288° 33.1° 8,406 4,827
N 15 February 21,857 24.8° 5,431° 3,634°%
Triticale b
28 February 23,425° 24.8 5,788° 3,430
RG 14 February 27,633 20.1 5,546 3,555°
27 February 28,879° 19.2 5,555 3,558"
Out 14 February 18,050 26.9 4,843% 3,034
al
27 February 11,596 24.6 2,851 1,793
018 ® 14 February 17,958 29.4 5,254 3,586"
(]
Y 27 February 13,273 24.8 3,292¢ 2,233
Burl 14 February 30,225° 18.9 5,696° 3,242°
arie
4 27 February 22,538° 20.3 4,610® 2,864
N 14 February 13,525 27.9 3,760 2,149¢
Triticale d d d
27 February 8,796 24.7 2,182 1,312

abed and ¢ \eans in a column with different superscripts are significantly different (p<0.05).
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Table 7. Effects of forage mixure on yield of different forage species

Yield (kg/ha)

Treatment
Fresh DM(%) DM TDN
IRG+Oat , , ,
a 31,4447 20.9 6,584° 4,401
(50:50)
IRG+Oat
a 27,736 19.8 5,515%¢ 3,453%°
(70:30)
IRG+Tritical
rheate 25,600 21.7 5.557% 3,437
(50:50)
IRG+Triticale be b b
26,194 22.5 5872 3,622
(70:30)
Oat+Tritical
atrirticate 21,956° 20.1 4417 2,743¢
(50:50)
Oat+Tritical
atrinticate 22.956¢ 211 4,.834% 3,027%
(70:30)
ab and ¢ Means in a column with different superscripts are significantly different (p<0.05).
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Table 8. Effects of spring sowing date on nutritive value of

different forage species

Year Species Sowing date CP (%) ADF (%) NDF (%) TDN (%) RFV
RG 15 February 8.1 352 55.0 61.1 104.9
28 February 8.7 37.8 59.1 59.1 95.2
Oat 15 February 7.2 38.7 59.1 58.3 94.1
E)
28 February 8.1 36.8 57.5 59.8 98.9
15 February 7.2 40.9 62.7 56.6 86.4
2017 Rye
28 February 9.7 39.8 61.9 57.5 88.2
15 February 7.1 22.8 37.7 70.9 144.5
Barley
28 February 7.3 27.8 45.0 66.9 127.4
. 15 February 6.7 39.1 60.3 58.0 91.9
Triticale
28 February 6.7 37.5 58.4 59.3 96.7
RG 14 February 7.6 314 53.4 64.1 112.3
27 February 7.9 315 53.7 64.1 111.6
Ot 14 February 7.0 332 58.1 62.6 100.9
)
27 February 8.5 32.9 58.1 62.9 101.3
14 February 6.5 26.1 47.6 68.3 133.8
2018 Rye
27 February 8.1 26.7 49.5 67.8 128.1
14 February 7.1 40.5 51.9 56.9 102.7
Barley
27 February 7.3 339 60.1 62.1 96.7
» 14 February 6.5 40.2 65.4 57.1 87.9
Triticale
27 February 8.0 36.4 64.1 60.1 87.8

DCP: crude protein, ?ADF: acid Detergent Fiber, *NDF: neutral detergent fiber, “TDN: total digestible nutrient, "RFV: relative deed value.

35k TE Al7]0] AJEgle] ADFS} NDF o] AR} 713
wo} TDN gto] 7 &9k, 20189] 79 So] TDN Flo]
7¥& =9k} Choi et al. (2011)2 & 1l& A] IRGEF #2]2] TDN
o] 62.3%, 61.3%= IRGZ} ECHL HUSH9, 2 AJHofA]

£ IRG7} F12} TDN gejo] o} w23t 49 Vel

IRGE} W7 5 & w5 23 9 vl&o| OE A==
Table 99} Zt}. CP =R IRGEF EZEAY 50 o 50 Hl&
g 1ol 7.8%= 7Y =%, A=<t ESEAL 70 Hf 30
Hl& 3150] 6.6%= 7Y Wit A& 7F 23 w2 9

S} Hlarste] CP o] Wokls dFS HAr: TDN

Table 9. Effects of forage mixure on nutritive value of different forage species

Treatment CP (%) ADF (%) NDF (%) TDN (%) RFV
IRG+Oat
G+0a 6.7 34.8 58.0 61.4 99.1
(50:50)
IRG+Oat
7.1 333 54.8 62.6 107.4
(70:30)
IRG+ Tritical
ritieate 7.8 342 57.2 61.9 101.4
(50:50)
IRG+ Tritical
rieale 7.4 34.4 57.0 61.7 101.4
(70:30)
+Tritical
OattTriticale 6.7 33.9 57.9 62.1 100.6
(50:50)
+Tritical
Oat+Triticale 6.6 333 57.8 62.6 101.4
(70:30)

UCP: crude protein, ADF:

acid Detergent Fiber, *NDF: neutral detergent fiber, “TDN: total digestible nutrient, *RFV: relative deed value.
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