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Fig.1. Trial of pangolagrass-alfalfa and oat-alfalfa mixed planting.
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Fig. 2. Mowing sites of the experiment.

A, E, I: unshaded areas; B, D, F, H: semi-shaded areas; C, G: fully shaded areas.
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Table 1. Yield comparison of the of pangolagrass-alfalfa mixed planting in areas under different shade-level

Shade-level Pangolagrass Alfalfa Others Total

mt DM/ha

First harvest

Control” 25+04° 1.9+0.1° 0.310.3" 47%0.1°
Semi-shaded 2.8%0.5° 1.7%0.6° 0.1%£0.1° 45%0.5"
Shaded 2.610.6° 0.1+0.1° 0.0+0.0° 2.7+0.5°

Second harvest

Control 23+0.4° 1.610.8" 0.1+0.1° 4.1+0.8"

Semi-shaded 22+0.5" 1.8+0.5 0.0%0.0° 4.0+0.6"

Shaded 1240.2° 02102 0.0+0.0"° 1.4+0.1°
Total

Control 48+0.5" 35409 0.4+03" 87109

Semi-shaded 49+0.7" 35409 0.0%0.1° 8.5%0.7"

Shaded 3.810.6° 03£0.3 0.0 £0.0° 4.110.6°

" Control: no shading areas A, E and I, Semi-shaded: areas B, D, F and H next to the photovoltaic panel, Shaded: areas C and
G under the photovoltaic panel.
“* Means in the same column of the same section with different superscripts are different significantly (P < 0.05).
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Fig. 3. Proportion of species at two harvests of pangolagras-alfalfa mixed planting in areas under different shade-levels.

Control: no shading areas A, E and I, Gap: areas B, D, F and H next to the photovoltaic panel, Under: areas C and G
under the photovoltaic panel.
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Table 2. Yield comparison of oat-alfalfa mixed planting in areas under different shade-level

Shade level Oat Alfalfa Others Total
mt DM/ha

Control” 7.2£3.0° 03%0.2° 03%0.2° 7.7£3.0°

Semi-shaded 48+1.9" 0.5%0.6° 0.7£0.8" 6.1 £2.0°

Shaded 2310.7° 0.0£ 0.0 0.0£0.0° 2410.7°

" As shown in table 1.
“® Means in the same column with different superscripts are different significantly (P < 0.05).
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Table 3. Chemical composition of two harvests of pangolagrass-alfalfa mixed planting under different shade levels

Treatment CP NDF ADF

% % %
Ist cut pangola-alfalfa (Control") 11.67 £1.12° 60.84 £ 8.66 38.38£2.37°
Ist cut pangola-alfalfa (Shaded) 10.42 £0.46° 69.81 £1.59° 4245+ 1.15°
2nd cut pangola-alfalfa (Control) 12.36 £2.11° 62.35%2.88" 39.93+£2.21°
2nd cut pangola-alfalfa (Shaded) 12.80 £ 1.60° 67.20 £4.59° 41.34%0.81°

CP: crude protein, NDF: neutral detergent fiber; ADF: acid detergent fiber.
" As shown in table 1.
“® Means in the same column with different superscripts are different significantly (P < 0.05).

T4 R -EEREHSIAN FEEERREE U Z Ry i

Table 4. Chemical composition of oat-alfalfa mixed planting under different shade levels

Treatment CP NDF ADF

% % %
Oat-alfalfa (Control") 11.59 £ 1.04° 62.07 +2.46° 35.38 £2.63°
Oat-alfalfa (Shaded) 1836 £2.19° 58.35%1.33" 32.31%£3.37°

CP: crude protein, NDF: neutral detergent fiber; ADF: acid detergent fiber.
" As shown in table 1.
" Means in the same column with different superscripts are different significantly (P < 0.05).

Oat-Alfalfa first harvest

100%

80%
60%
40%
20%

0%
Control Gap Under

B Oat MmAlfalfa @Others

4. HE—EERIEHE ST R T g FRELL ] -
Fig. 4. Proportion of species at harvest of oat-alfalfa mixed planting in areas under different shade-levels. Control, Gap,
Under: as shown in figure 3.
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Table 5. Forage yield estimations of pangolagrass-alfalfa mixed planting and oat-alfalfa mixed planting in the field set with
40% photovoltaic panel

Mixed planting Treatment Yield Percentage
mt DM/ha %
Control 8.7£0.9 100
Pangolagrass-alfalfa
40% photovoltaic panel 6.710.6 78
Control 7.713.0 100
Oat-alfalfa
40% photovoltaic panel 46%1.7 60
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W

=Rk

i B 4K o HEEhRE A T sk ~ MR T ~ JEf%Z o https://www.moea.gov.tw/MNS/populace/Policy/Policy.
aspx?menu_id=32800&policy id=9

PEEE A ~ FATRE EERE ~ BIETE 22011 (RADRHSE AR ARSI E T — 1558 (Digitaria) tUEELE TS (Medicago
sativa) JEFE © BEENTSE 44 1 37-50 ©

SRR EEEE -~ AR - 2019 o AFERIRACE 2 B KIS RE R ER B B R - RS BT R R 2
] 120 H#H : 16-19 ©

A. 0. A. C. 1984. Official methods of analysis. 14th ed. Assoc. Offic. Anal. Chem., Washington DC.

Armstrong, A., N. Ostle, and J. Whitaker. 2016. Solar park microclimate and vegetation management effects on grassland
carbon cycling. Environ. Res. Lett. 11.

Dupraz, C., H. Marrou, G. Talbot, L. Dufour, A. Nogier, and Y. Ferard. 2011. Combining solar photovoltaic panels and food
crops for optimizing land use: Towards new agrivoltaic schemes. Renew. Energ. 36: 2725-2732.

Ehret, M., R. Gral}, and M. Wachendorf. 2015. The effect of shade and shade material on white clover/perennial ryegrass
mixtures for temperate agroforestry systems. Agrofor. Syst. 89: 557-570.

Jo, H., S. Asekova, M. A. Bayat, L. Ali, J. T. Song, Y. S. Ha, D. H. Hong, and J. D. Lee. 2022. Comparison of yield and yield
components of several crops grown under agro-photovoltaic system in Korea. Agriculture 12 (5): 619.

Marroua, H., L. Guilioni, L. Dufour, C. Dupraz, and J. Wery. 2013. Microclimate under agrivoltaic systems: Is crop growth
rate affected in the partial shade of solar panels? Agric. For. Meteorol. 177: 117-132.

Nam, C. H., M. H. Park, A. A. Yun, H. J. Ji, and S. S. Sun. 2021. Study on forage production under agrivoltaic system. J.



R MHEA 301

Kor. Grassl. Forage. Sci. 41 (1): 1-9.

SAS. 2002. SAS version 9.00. Statistical Analysis Institute, Inc., Cary. N. C. USA.

van Soest, P. J., J. B. Robertson and B. A. Lewis. 1991. Methods for dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. J. Dairy Sci. 74: 3583-3597.

Varella, A. C., D. J. Moot, K. M. Pollock, P. L. Peri, and R. J. Lucas. 2011. Do light and alfalfa responses to cloth and slatted
shade represent those measured under an agroforestry system? Agroforest Syst. 81: 157-173.

Weselek, A., A. Ehmann, S. Zikeli, I. Lewandowski, S. Schindele, and P. Hogy. 2019. Agrophotovoltaic systems:

applications, challenges, and opportunities. A review. Agron. Sustain. Dev. 39: 35.



302 Taiwan Livestock Res. 56(4) : 294-302, 2023
DOI @ 10.6991/JTLR.202312_56(4).0008

Feasibility assessment on the production of short stem forage
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Abstract

In order to understand the feasibility of growing forage crops in the field set with solar photovoltaic panels, two mixed
planting experiments of pangolagrass-alfalfa and oat-alfalfa were studied under simulated solar photovoltaic panels. The
results showed that the yield of mixed planting of pangolagrass and alfalfa were 8.7 mt DM/ha in the unshaded area (control)
and 8.5 mt DM/ha in the semi-shaded area (next to the photovoltaic panel), respectively. There was no significant difference
between these two treatments. There was also no significant change in the ratio between the two harvests. However, under
photovoltaic panels (shade area), the forage yield of pangolagrass decreased with the harvest times, and alfalfa could hardly
grow. In the oat-alfalfa mixed planting, the oat grew well under the unshaded area. Its forage yield was up to 7.2 mt DM/ha.
While that of the semi-shaded area was 4.8 mt DM/ha, and it decreased with shading level. According to the estimated forage
yield, it showed that the total yield of pangolagrass-alfalfa mixed planting grown in the field with 40% shading could reach
78% of that growing in the field with no shading. The forage yield of oat-alfalfa mixed planting grown in the field with 40%
shading reached 60% of that growing in the field with no shading. In addition, there was no significant difference between the
forage quality under the shade of photoelectric panels and the control. The preliminary results of this experiment showed that
the field setting 40% of the photoelectric panel could be considered for short stem forage planting at the same time which
could produce forage with low input. In addition to being used by herbivores, forage planting could reduce exposed ground

and had the maintenance effect of water and soil, even if it is not for production purposes.

Key words: Solar photovoltaic field, Pangolagrass, Oat, Alfalfa.
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