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ABSTRACT

This experiment was carried out to study the effects of different environmental conditions and cultivation techniques on productivity
of grasslands in central and southern area of Korea on 2017 and 2018. Average dry matter yield of grasslands at 10 actual production sites
was 7,496 kg/ha. that was ranged from 4,652 to 13,292 kg/ha with least significant difference(LSD) of 1,577kg/ha between grasslands (p<0.05)
on 2017. Average dry matter yield of grasslands at 10 actual production sites was 7,914 kg/ha. that was ranged from 3,927 to 12,372 kg/ha
with LSD of 1,577kg/ha between grasslands(p<0.05) on 2018. Dry matter(DM) yield of grasslands have positive correlation with soil fertility
(»<0.01) but not correlated with rainfall and air temperature among cultivation environments. And also DM yield of grasslands have
positive correlation with grassland management techniques(p<0.01). These results suggest that practices of grassland management techniques
and improvement of soil fertility are more important than cultivation environments by climate change for increasing the DM yield of grassland
in central and southern area of Korea.
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Table 1. Average atmospheric temperature(’C) of regions near grassland farm in central and southern area of Korea on
2017 and 2018

Regions Years Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Average
Current -0.8 4.8 12.4 18.1 219 264 249 19.5 13.7 4.5 14.5
Cheonan
Normal -1.9 59 11.9 17.9 22.1 266  26.0 19.5 12.4 5.5 14.6
Current 0.3 5.5 13.4 18.1 21.5 25.2 24.0 18.8 13.7 54 14.6
Kimcheon
Normal -0.8 5.1 11.5 17.5 21.8 250 247 19.1 12.2 5.7 14.2
Current 2.2 7.1 14.7 20.0 23.3 270 259 20.4 154 6.6 16.3
Chilgok
Normal 1.5 7.8 14.2 19.1 22.8 270  26.7 20.8 15.1 8.2 16.3
Current -14 4.3 12.4 17.6 20.9 247 235 18.3 13.4 3.6 13.7
Jecheon
017 Normal -14 4.3 10.9 16.9 212 240 242 18.8 12.2 5.1 13.6
Current 0.3 5.1 12.9 17.4 21.8 26.2 24.8 19.1 13.6 4.5 14.6
Keumsan
Normal 0.0 5.2 114 17.7 224 255 254 19.7 12.8 6.1 14.6
G Current 2.5 6.9 14.4 19.0 227 27.6  26.5 20.9 15.5 7.1 16.3
urye
i Normal 1.8 7.1 13.2 18.6 227 263 26.4 21.0 14.6 8.5 16.0
Current 32 7.5 15.0 18.9 22.1 27.3 26.7 21.1 16.3 7.8 16.6
Sacheon
Normal 3.0 8.4 13.7 18.9 222 263 26.7 21.5 15.8 9.1 16.6
Current -2.5 39 12.3 17.3 21.4 260 243 19.2 12.9 2.6 13.7
Yeoncheon
Normal 24 3.8 10.3 16.5 21.2 24.2 24.8 19.3 12.3 4.6 13.5
Current 0.4 5.0 11.8 16.0 19.3 23.2 22.1 17.3 12.6 4.6 13.2
Average
Normal 0.1 5.3 10.7 15.7 19.3 22.5 22.5 17.6 11.9 5.9 13.1
Current -3.0 7.0 11.5 17.7 223 267 273 19.6 11.2 6.4 14.7
Cheonan
Normal -1.9 59 11.9 17.9 22.1 266  26.0 19.5 12.4 5.5 14.6
Current -2.8 6.4 11.7 17.3 21.2 264 256 19.0 10.4 4.6 14.0
Kimcheon
Normal -0.8 5.1 11.5 17.5 21.8 250 247 19.1 12.2 5.7 14.2
Current 0.3 8.3 13.9 18.5 22.8 27.5 273 20.3 13.1 7.7 16.0
Chilgok
Normal 1.5 7.8 14.2 19.1 22.8 27.0  26.7 20.8 15.1 8.2 16.3
Current -3.3 6.2 11.6 16.4 21.3 2577  26.0 21.1 10.0 52 14.0
Jecheon
S018 Normal -14 4.3 10.9 16.9 212 240 242 18.8 12.2 5.1 13.6
Current 2.2 6.9 12.1 17.8 22.1 26.7 269 19.7 11.3 6.0 14.7
Keumsan
Normal 0.0 52 11.4 17.7 22.4 25.5 254 19.7 12.8 6.1 14.6
G Current 0.7 9.2 14.2 19.0 23.4 28.1 27.8 21.0 13.4 7.9 16.5
urye
' Normal 1.8 7.1 13.2 18.6 22.7 26.3 26.4 21.0 14.6 8.5 16.0
Current 1.6 8.4 13.7 18.4 22.0 269 274 21.0 14.0 8.8 16.2
Sacheon
Normal 3.0 8.4 13.7 18.9 222 263 26.7 21.5 15.8 9.1 16.6
Current -4.3 6.3 11.3 17.0 21.7 25.2 26.9 19.1 10.1 4.6 13.8
Yeoncheon
Normal 24 3.8 10.3 16.5 212 242 24.8 19.3 12.3 4.6 13.5
Current -1.3 6.5 11.0 15.6 19.5 234 23.7 17.7 10.4 5.8 13.2
Average
Normal 0.1 53 10.7 15.7 19.3 225 225 17.6 11.9 5.9 13.1
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Table 2. Precipitation(mm) of regions near grassland farm in central and southern area of Korea on 2017 and 2018

Sum of
Regions Years Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Feb.
to Nov.
Current 24 49 85 87 15 90 116 97 71 30 664
Cheonan
Normal 41 75 103 106 87 155 160 115 147 121 1,110
Current 45 31 65 21 61 273 204 106 48 17 871
Kimcheon
Normal 27 58 80 51 85 239 254 111 77 42 1,024
Current 27 27 61 21 112 151 173 93 49 1 715
Chilgok
Normal 20 58 97 64 74 153 182 162 92 25 927
Current 29 22 71 15 69 477 261 44 25 32 1,045
Jecheon
017 Normal 32 47 77 74 73 256 208 93 67 52 979
Current 48 27 58 24 66 273 223 89 31 12 851
Keumsan
Normal 27 47 80 65 90 277 230 92 61 42 1,011
Current 47 37 56 28 38 118 194 75 122 1 716
Gurye
Normal 30 83 109 76 121 269 296 125 100 66 1,275
Current 39 36 73 38 42 64 212 118 81 0 703
Sacheon
Normal 46 104 146 117 132 171 288 236 131 55 1,426
Current 10 9 71 27 68 381 304 20 11 38 939
Yeoncheon
Normal 26 33 94 114 129 453 293 115 105 60 1,422
Current 28 26 59 30 51 194 185 67 49 14 704
Average
Normal 28 56 88 77 88 217 207 117 88 53 1,019
Current 65 104 100 176 171 258 305 100 203 162 1,644
Cheonan
Normal 41 75 103 106 87 155 160 115 147 121 1,110
Current 22 97 112 89 56 38 309 101 124 18 1,157
Kimcheon
Normal 27 58 80 51 85 239 254 111 77 42 1,024
Current 21 111 87 98 108 144 265 105 135 16 1,090
Chilgok
Normal 20 58 97 64 74 153 182 162 92 25 927
Current 29 73 130 177 144 172 385 179 104 69 1,462
Jecheon
S018 Normal 32 47 77 74 73 256 208 93 67 52 979
Current 24 85 122 93 90 147 352 115 95 43 1,166
Keumsan
Normal 27 47 80 65 90 277 230 92 61 42 1,011
G Current 21 134 144 89 158 125 569 115 108 32 1,495
e
ury Normal 30 83 109 76 121 269 296 125 100 66 1,275
Current 43 208 129 143 143 159 409 251 267 255 2,007
Sacheon
Normal 46 104 146 117 132 171 288 236 131 55 1,426
Current 18 35 119 228 192 192 451 53 72 45 1,405
Yeoncheon
Normal 26 33 94 114 129 453 293 115 105 60 1,422
Current 28 94 104 126 126 150 342 115 123 78 1,284
Average
Normal 28 56 88 77 88 217 207 117 88 53 1,019
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Table 3. Chemical characteristics of experimental grassland soil in central and southern area of Korea on 2017

Regions pH T;N* oM™ Avail. P,0s CEC™
(1:5 Hy0) (%) (g/kg) (mg/kg) (cmol+/kg)

Cheonan 5.22 0.16 30.9 148.7 11.1
Kimcheon 5.90 0.12 383 45.1 6.3
Chilgok 6.34 0.10 19.8 203.9 83
Jecheon 5.05 0.39 77.0 216.9 12.5
Keumsan 6.17 0.12 27.5 24.5 11.6
Gurye 5.34 0.21 40.3 59.2 12.3
Sacheon 5.39 0.21 343 272.1 13.2
Yeoncheon 5.30 0.40 76.7 335 16.9
Regional average 5.59 0.21 43.1 125.5 11.5

T-N: Total nitrogen, ~OM: Organic matter, ~ CEC: Cation exchange capacity

Table 4. Pasture establishment, management and utilization techniques applied for forage production of grassland in central
and southern area of Korea on 2017 and 2018

Establishment Management Utilization
Regions . Seeding amount . . Re-seeding .
Seeding date (kg/ha) Seeding method Fertilizing ©. %) Using method
Cheonan(a) 13 Sep. 30 Drill Enough X Cutting
Cheonan(b) 13 Sep. 30 Drill Medium X Cutting
Cheonan(c) 13 Sep. 30 Drill Lack X Cutting
Kimcheon 10 Sep. 35 Scatter Medium O Grazing
Chilgok 30 Aug. 35 Scatter Medium O Grazing
Jecheon 15 Aug. 35 Scatter Medium O Grazing
Keumsan 15 Sep. 35 Scatter Lack X Grazing
Gurye 15 Sep. 35 Scatter Lack X Grazing
Sacheon 15 Sep. 35 Scatter Lack x Grazing
Yeoncheon 20 Aug. 35 Scatter Lack x Grazing
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Table 5. Conversion scores of cultivation environments and techniques applied for forage production of grassland in central

and southern area of Korea on 2017 and 2018

Score of cultivation environment

Score of cultivation

technique
Division Regions (-9 (1~9)C’lk* g;cgfé
Soil Rain Mean  Sub- Establi-shm Mana-gem Utiliza-tion Sub-
fertility fall temp. total ent. ent total
Cheonan(a) 9 1 5 15 9 9 5 23 38
Cheonan(b) 9 1 5 15 9 5 5 19 34
Cheonan(c) 9 1 5 15 9 1 5 15 30
Kimcheon 5 1 5 11 9 5 5 19 30
2017 Chilgok 5 1 1 7 9 5 5 19 26
Jecheon 9 9 9 27 9 5 5 19 46
Keumsan 5 1 5 11 9 1 5 15 26
Gurye 5 1 1 7 9 1 5 15 22
Sacheon 9 1 1 11 9 1 5 15 26
Yeoncheon 5 5 9 19 9 1 5 15 34
Average 7 2 5 14 9 3 5 17 31
Cheonan(a) 9 9 5 23 9 9 5 23 46
Cheonan(b) 9 9 5 23 9 5 5 19 42
Cheonan(c) 9 9 5 23 9 1 5 15 38
Kimcheon 5 9 5 19 9 5 5 19 38
2018 Chilgok 5 9 1 15 9 5 5 19 34
Jecheon 9 9 5 23 9 5 5 19 42
Keumsan 5 9 5 19 9 1 5 15 34
Gurye 5 9 1 15 9 1 5 15 30
Sacheon 9 9 1 19 9 1 5 15 34
Yeoncheon 5 9 9 23 9 1 5 15 38
Average 7 9 4 20 9 3 5 17 38

* Soil fertility score: 1= below 3.9, 5= 4~6.9, 9= over 7 in average

score of soil point conversion

- Soil point conversion: pH(1= below 5.0 or over 8.0, 5= 5.1~6.0, 9 =6.1~7.9), T-N(1= below 0.15, 5= 0.16~0.19, 9= over 0.2), OM(1=

below 20, 5= 21~30, 9= over 31), P,Os(1= below 80, 5= 81~99,

9= over 100, CEC(1= below 5, 5= 5.1~9.9, 9= over 10)

* Mean temperature of Feb. to Nov.: 1= over 15C, 5= 14C~below 15C, 9= below 14T
* Rainfall of Feb. to Nov.: 1= below 900mm, 5= over 900mm~below 1000mm, 9= over 1000mm
** (1~9): Scores(1=lack, 5=medium, 9=good) of cultivation techniques were converted by field-applied degrees of standard cultivation techniques

in grassland farms
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Table 6. Change of botanical composition at grasslands managed for forage production in central and southern area of

Korea on 2017 and 2018

Botanical composition (%)

) 2017 2018
Regions 1% cut 2" cut 34 cut 1™ cut 2" cut 34 cut

G W G W G W G W G W G W
Cheonan(a) 95 5 80 20 50 50 90 10 50 50 45 55
Cheonan(b) 95 5 70 30 60 40 80 20 55 45 55 45
Cheonan(c) 95 5 90 10 75 25 80 20 60 40 65 35

Kimcheon 90 10 98 2 100 0 95 5 100 99 1

Chilgok 99 1 99 1 99 1 100 0 100 99 1

Jecheon 95 5 100 0 100 0 90 10 99 95 5
Keumsan 70 30 90 10 80 20 80 20 50 50 60 40
Gurye 60 40 45 55 45 55 60 40 65 45 50 50
Sacheon 50 50 50 50 52 48 50 50 45 55 70 30
Yeoncheon 70 25 80 20 100 0 95 5 70 30 74 26
Average 82 18 80 20 76 24 82 18 69 32 71 29

‘G= grass, W=weed
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Table 7. Dry matter yield of grasslands managed for forage production in central and southern area of Korea on 2017 and

2018
Division Regions - Dry matter yield (kg/ha)

1% cut 2 cut 34 cut Total

Cheonan(a) 7,569* 3,459° 2,264° 13,292%

Cheonan(b) 5,484° 1,784 1,930% 9,198°

Cheonan(c) 4,790° 2,299° 1,552¢ 8,640°
Kimcheon 1,984¢ 1,316% 2,023° 5,323%
017 Chilgok 1,961° 1,119 1,878 4,958%
Jecheon 2,355° 2,430° 2,896" 7,680
Keumsan 2,894° 1,710 1,719 6,323%
Gurye 2,385° 2,104° 1,751 6,239%

Sacheon 2,927° 804¢ 4,883° 8,614°

Yeoncheon 2,589° 1,246 817° 4,652°

Average 3,494 1,827 2,171 7,492
Cheonan(a) 5,154° 2,276 4,943° 12,372

Cheonan(b) 3,999 1,730% 4,991° 10,719°

Cheonan(c) 4,139 2,006 4,726 10,871°
Kimcheon 2,321% 1,123¢ 1,590 5,034
S018 Chilgok 7,830° 1,752 2,160° 11,742
Jecheon 4,438 1,262 1,534 7,234°
Keumsan 4,243 1,218 1,080° 6,541%
Gurye 2,798¢ 1,230 1,413 5,440%

Sacheon 1,471° 1,246 1,210° 3,927
Yeoncheon 3,089% 1,177 996° 5,263%"

Average 3,948 1,502 2,464 7,914

*f means in the same column with different superscripts differ significantly (P<0.05).
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Table 8. Acid detergent fiber(ADF), neutral detergent fiber(NDF), crude protein(CP), and total digestible nutrients(TDN) of
grasslands harvested in spring for forage production in central and southern area of Korea on 2017 and 2018

Divisi . ADF NDF CP TDN"
1vision Regions (%) (%) (%) (%)
Cheonan(a) 37.7 64.9 10.3 59.1

Cheonan(b) 42.4 64.2 9.8 55.4

Cheonan(c) 42.0 62.1 7.8 55.7

Kimcheon 342 59.8 11.7 61.9

2017 Chilgok 39.7 59.0 10.6 57.6
Jecheon 32.0 59.6 12.1 63.6

Keumsan 37.9 63.6 5.8 59.0

Gurye 37.9 63.8 6.7 58.9

Sacheon 42.4 59.2 9.4 55.4

Yeoncheon 33.1 56.2 7.7 62.8

Average 37.9 61.2 9.2 58.9
Cheonan(a) 37.9 63.3 7.1 59.0

Cheonan(b) 39.5 63.8 8.3 57.7

Cheonan(c) 39.1 64.0 6.8 58.0

Kimcheon 38.5 61.5 8.3 58.5

Chilgok 40.9 63.1 8.0 56.6

2018

Jecheon 333 58.2 13.1 62.6

Keumsan 38.1 61.7 8.4 58.8

Gurye 36.3 59.6 8.8 60.2

Sacheon 36.9 62.1 9.5 59.7

Yeoncheon 36.8 59.1 8.3 59.8

Average 37.7 61.6 8.7 59.1

* TDN = 88.9(0.79 x ADF%)
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Table 9. Correlation between cultivation environment, cultivation techniques, and Dry matter yield of grasslands managed
for forage production in central and southern area of Korea on 2017 and 2018

Cultivation Cultivation
Drv matter environment techniques Total
Division r};ield Rai M. Sub Estab Sub score
. . an ean ub- stab- e ub-
Soil fertil. fall temp. total lish. Manag.  Utiliz. total
Dry matter yield 1
Soil fertil.  0.56" 1
Cultivation Rain fall 0.02 0.05 1
environ-ment Mean temp.  0.01 0.08 0.19 1
Sub-total 0.21 0.43 0.80"  0.63” 1
Establish. 0.00 0.00 00 0.00 0.00 1
Cultivation ~ Manag. 0.59" 0.34 0.08 0.10 0.22 0.00 1
technique  Utilization 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1
Sub-total 059" 034 0.08 0.10 0.22 0.00 1" 0.00 1
Total score 0.42 0.50* 0.68**  0.56** 0.91**  0.00 0.60**  0.00 0.61%* 1
" Significant at 5% level, = Highly significant at 1% level.
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