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ABSTRACT

In the winter forage study, Italian ryegrass(IRG) and barley were selected. In 2018, the dry matter yield of IRG was 16,915kg per
ha under the Agrivoltaic System; this was a little more than 16,750kg per ha of outdoors. On the contrary, the dry matter yield of
barley was slightly less under the Agrivoltaic System than that of outdoors. In 2019, the dry matter yield under the Agrivoltaic
System was 12,062kg per ha for IRG and 12,195kg per ha for the barley; this was 5.4% and 11.5% less than that of outdoors,
respectively. In the summer forage study, corn and sorghumxsudangrass were selected. In 2019, the dry matter yield of corn under
the Agrivoltaic System was 13,133kg per ha which was 17% less than that of outdoors. The dry matter yield of sorghumxsudangrass
was 12,450kg per ha, which was 82.5% of that of outdoors. In 2020, the dry matter yield of corn under the Agrivoltaic System was
8,033kg per ha which was 7.9% less than that of outdoors. The dry matter yield of sorghumxsudangrass was 5,651kg per ha, which

was 11.4% less than that of outdoors.
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Table 1. Chemical properties of soil in experimental station

ions®(cmol 'kg)
o pH ECY om? Av.P,0, Ex. cations”(cmol kg
Date Division (1:5) (dS/m) (g/ke) (mg/kg) K Ca Mg
Solar 6.1 0.63 36 142 0.76 7.20 2.06
Oct. 2018
Normal 59 0.88 33 117 0.77 7.23 2.00
Solar 6.4 0.43 29 66 0.31 6.11 1.78
Jun. 2019
Normal 6.5 0.43 29 66 0.37 5.94 1.87
Solar 6.5 0.44 41 165 0.56 7.26 2.02
Oct. 2019
Normal 6.6 0.52 41 134 0.61 7.06 2.07
Solar 6.6 0.45 38 201 0.63 8.39 2.23
Jun. 2020
Normal 6.6 0.50 36 158 0.70 7.95 2.24

DEC: electrical conductivity, ?OM: organic matter, *Ex. cation: exchange cation.

Fig. 1. Solar system and forage being grown.
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Table 2. Monthly meteorological data around the experimental
periods in Gangjin

Mean temp Precipitation Number of

Year Month (°C) (mm) rainy days
Oct. 14.5 260.6 6
2018 Nov. 9.4 38.8
Dec. 35 30.4 10
Jan. 2.3 10.1
Feb. 3.8 352
Mar. 8.1 56.3
Apr. 12.2 96.3 10
May 18.1 137.0 7
2019 Jun. 21.5 275.1 10
Jul. 24.7 2474 15
Aug. 26.4 94.0 9
Sep. 22.7 285.6 15
Oct. 16.6 183.1 5
Nov. 10.6 22.0
Dec. 44 39.0 6
Jan. 4.7 95.0 11
Feb. 5.1 40.4 11
Mar. 8.4 37.9
Apr. 11.0 63.6 6
2020 May 17.9 161.5 10
Jun. 22.7 332.1 13
Jul. 23.1 398.3 24
Aug. 27.6 253.0 13
Sep. 21.3 221.0 16

AEE HETS ST AEE ol8slte] dut 718 st
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Table 3. Growth environment during cultivation period

Isolation(W/m?) [lumination(Ix) Soil temperature(C) Soil humidity(%)

Date Solar Normal Solar Normal Solar Normal Solar Normal
Jan. 2019 90 125 3,048 6,276 3.9 3.8 27.6 27.5
Feb. 103 146 3,173 6,058 44 4.6 31.6 34.6
Mar. 148 203 4,217 7,402 7.7 8.5 31.6 35.0
Apr. 140 209 4,437 7,368 10.3 11.3 31.3 309
May 226 307 6,333 10,297 13.8 13.4 334 33.8
Mean 141 198 4,242 7,480 8.0 8.3 31.1 324
Jun. 2019 185 270 5,506 8,815 18.8 19.4 36.8 38.8
Jul. 149 218 4,422 7,309 23.5 25.4 383 40.0
Aug. 158 231 4,866 8,223 24.6 25.7 35.8 38.8
Sep. 123 166 3,340 5,714 21.7 22.0 40.2 424
Mean 154 221 4,534 7,515 222 23.1 37.8 40.0
Oct. 2019 123 165 3,416 5,833 17.5 17.4 36.0 38.5
Nov. 110 125 2,543 4,304 12.3 12.1 29.8 34.6
Dec. 70 38 1,924 3,771 6.6 6.3 30.8 35.8
Jan. 2020 67 87 1,757 3,374 4.1 3.8 35.0 39.6
Feb. 102 134 2,595 4,665 44 4.6 36.4 42.5
Mar. 155 191 3,693 6,251 8.4 8.4 34.4 39.8
Apr. 187 256 4,951 7,876 10.2 10.4 29.9 349
May 158 229 4,334 6,392 15.0 15.2 344 38.4
Mean 122 159 3,152 5,371 9.8 9.8 333 38.0
Jun. 2020 169 246 4,459 6,192 21.3 22.0 394 41.2
Jul. 109 153 2,858 4,089 22.1 22.7 45.1 453
Aug. 139 195 4,747 5,693 259 26.3 429 42.8
Sep. 128 165 3,155 4,457 21.8 22.0 41.9 42.6
Mean 136 190 3,805 5,108 22.8 233 423 43.0

Table 4. Growth characteristics according to the cultivation environment

o N, o Plant height(cm) Number of leaves Number of tiller
Division NSSH(m?) 5
BW? AWY BW? AW? AWY
8 Solar 1,188 12.8 28.3 2.1 43 5.9
RG Normal 983 11.9 29.0 2.0 43 6.8
‘1o Solar 1,072 13.5 31.5 2.3 2.8 5.7
Normal 988 12.7 28.3 2.3 33 6.3
8 Solar 539 12.8 26.0 2.0 5.6 5.7
Normal 534 10.5 23.7 2.7 5.7 6.2
Barley
1o Solar 609 13.2 27.0 2.9 39 6.7
Normal 512 10.9 24.5 2.7 39 6.4

UNSS: Number of seeding stand, YBW: Before winter, JAW: After winter.
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Table 5. Effects of winter forage heading date and yield according to cultivation conditions

Divisi Heading Lodging Plant Yield(kg/ha)
ivision dat 1_9)1) height 2 3
ate ( (cm) Fresh DM(%) DM TDN
Solar May 2 4 130 65,960 25.7 16,915 9,294
‘18 Normal May 1 3 132 65,960 25.5 16,750 9,130
T-test ns ns ns ns ns
IRG
Solar May 3 145 77,075 17,2 13,480 8,506
‘19 Normal May 2 148 66,700 22.0 14,250 8,963
T-test ns ns ns ns ns
Solar Apr. 18 5 106 52,300 23.1 12,062 6,825
‘18 Normal Apr. 15 3 98 50,880 24.0 12,133 7,009
T-test * ns ns ns ns
Barley
Solar Apr. 30 4 120 53,550 22.7 12,195 7,902
‘19 Normal Apr. 29 117 55,200 25.1 13,785 8,781
T-test ns ns ns ns ns

*p<0.05, V1: Excellent (strong), 9: Worst (weak), ’DM: dry matter,
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TDN: total digestible nutrients.

Table 6. Nutritive value of winter forage according to
cultivation conditions

Division CP” NDF? ADFY TDNY
(%) (%) (%) (%)
Solar 6.1 61.2 43.0 54.9
Normal 4.9 61.0 435 54.5

IRG
o Solar 9.4 60.2 32.6 63.1
Normal 7.4 63.1 32.9 62.9
8 Solar 8.9 59.2 40.9 56.5
Normal 8.7 56.6 39.4 57.8

Barley
o Solar 10.2 522 30.6 64.8
Normal 94 55.5 31.9 63.7

DCP: crude protein, ?NDF: neutral detergent fiber, YADF: acid
Detergent Fiber, “TDN: total digestible nutrients.
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Table 7. Growth characteristics according to corn cultivation environment

Division Heading Plant height Stem diameter Number Lodging
date (cm) (mm) of leaves (1-9)*
. Solar Aug. 25 232 14.9 7.5 5
o Normal Aug. 24 232 14.3 8.8 2
. Solar Aug. 8 182 10.5 11.8 5
20 Normal Aug. 6 190 103 10.3 3
*1: Excellent (strong), 9: Worst (weak).
Table 8. Growth characteristics according to sorghum X sudangrass cultivation environment
Division Heading Plant height Stem diameter  Sugar content Number Lodging
date (cm) (mm) (Brix°®) of leaves (1-9)*
‘1o Solar Aug. 27 287 9.0 6.3 6.8 5
Normal Aug. 26 311 10.5 6.1 7.7 2
20 Solar Aug. 9 220 7.3 8.3 10.2 1
Normal Aug. 7 221 7.8 10.1 8.7 1
*1: Excellent (strong), 9: Worst (weak).
Table 9. Yield of corn according to cultivation method
o Fresh matter Yield(kg/ha) DM Dry matter Yield(kg/ha)
Division o
Stover Ear S:E Total (%0) Stover Ear S:E Total TDN?
Solar 30,362 6,462 82:18 36,833 35.6 9,282 3,850 72:28 13,133 8,675
Nm"” 32,230 8,960 76:24 41,200 373 11,230 4,600 71:29 15,833 10,448
T-test ns ns ns ns ns ns ns ns
. Solar 9,960 7,861 56:44 17,821 45.1 3,058 4,975 38:62 8,033 6,009
20 Nm" 13,317 12,739 51:49 26,056 335 3,642 5,077 42:58 8,719 6,435
T-test ns * * *E ns ns ns ns

UNm: normal, TDN: total digestible nutrients, *p<0.05, **p<0.01.
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Table 10. Yield of sorghum xsudangrass according to cultivation method

L Yield(kg/ha)

Division P
Fresh DM(%) Dry matter TDN

‘19 Solar 62,312 19.8 12,450 4,171
Normal 71,960 20.8 15,100 5,089

T-test ns ns ns ns

20 Solar 11,789 47.9 5,651 3,611
Normal 17,337 36.8 6,380 4,224

T-test * ns ns ns

*p<0.05, “TDN: total digestible nutrients.

Table 11. Nutritive value of summer forage according to cultivation conditions

Division cp” NDF? ADF?Y TDN"
(%) (%) (%) (%)
‘1o Solar 10.9 32.0 47.1 51.7
Normal 11.0 33.3 474 51.5
Corn
0 Solar 6.0 38.1 18.7 74.1
Normal 5.9 427 21.0 72.3
‘19 Solar 93 49.1 70.1 33.5
SorehumxSud Normal 9.5 48.7 69.9 33.7
orgnumxsudangrass
& & 20 Solar 6.2 55.0 316 63.9
Normal 5.7 50.8 28.7 66.2

UCP: crude protein, ?NDF: neutral detergent fiber, *ADF: acid Detergent Fiber, “TDN: total digestible nutrients.

Table 12. Correlation between insolation and productivity

Division Isolation [llumination Fresh yield Dry yield TDN? yield
Isolation 1
I[llumination 1.00** 1
IRG Fresh yield -0.32 -0.33 1
Dry yield 0.27 0.27 0.21 1
TDN vyield 0.88 0.09 0.37 0.93** 1
Isolation 1
Illumination 1.00** 1
Barley Fresh yield -0.14 -0.14 1
Dry yield 0.35 0.05 0.74%** 1
TDN vyield -0.16 -0.14 0.74%* 0.93** 1
Isolation 1
I[llumination 0.95" 1
Corn Fresh yield 0.53" 0.62" 1
Dry yield 0.47 0.60 0.95" 1
TDN vyield 0.45 0.56" 0.54" 0.54 1
Isolation 1
Illumination 0.95%* 1
SxsV Fresh yield 0.46 0.62* 1
Dry yield 0.47 0.61* 0.96** 1
TDN yield -0.67** -0.58%* -0.55% -0.46 1

DSorghumxSudangrass, 2TDN: total digestible nutrients, ‘p<0.05, ~p<0.01.
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B X Hegolo] At 4 Qe AHEOR AR,
IRGe} £t 4407 o fefolttal wEnh 3t A&
O] A FFEE ofe} 5 A Al BiFE Al E AR BA
of 95t = A= JEsfof gtk

V. AL At

E =R FENTH AHARIEAHS PI0148562021)
9] A|Yo o]Fojzl Ao, oo FA=HUrL}
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