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"M MK (RAASE B EY) FEARF, S
T 2 BHRERNEETRE - BATEXER

Bl T503 ek kS THEE

'—k  T8E  BREFES FERTERIE,

AFEERY O ETERELTFRAEHRGETH I FRARHAEE 70%

"EER, TR

AR & MR 16 d

AR e DREERS > HBAFRERTRAEGAFRALEEF TRIZHERRE - AR
BRIBBMEAR S 0 A E R A R BRI BGE R R AR BAEE AR AM . TROARGER T

RIBIET 70% A% o

RASEE | ERADCEIRE  BHeR - BRSO - A

RIS
ZERIAEE ((R) JEZE (photovoltaic green-

B S 2

house; PV greenhouse) » & EEEE £247¢ (agrivoltaic
systems; AV systems) FY—%H » HE & By [E I [E
45 G ORI R 3 B B EY) AR EE B 47 )
R R T HMRIREY AR & (Y - A
P38 5+ (Dupraz et al. 2011) = EURF 7y #E 8 4k
BRERAM - RS THEREMAMIERER
i EHEERE ) (LN ERATE) 5
28 A E N R AR FE LG LT 0 ST R S S
J& L B SRAE R » 15 DU B b [FHG T2
KOS R ckAe B o HIMRIEETFIRES 28
A EER EANREIEERBEDLE R » H
DU BAM B 5 R 0 m 2 b 8 2 SkpE e i - HK
P53 RE IR 72 E RV HERE R B AN 40% - HEFELK
ENRFAESMERNBE=ZF L EE£E
&= WVHZEE] 70% DL | (Department of Planning,

Council of Agriculture 2017) °
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SIFVAER > R BIFYEERIEIERE > )
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Dapoigny et al. 2000; Cantagallo ef al. 2004) -
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TE IR A F 2 AR Y CO, 1564 1 F IR U
Y CO, FEEWFHY IR » BIHLAE Fy YA (E R
B SN OLRHER > YT ESERP
AN E A S DUER N4 & 5 2800 > BEE LR
FERYBEIN - e &R EET » HFDE IR
—EHE - A EEANFR IR - RIZ S FraE
HIEEEATRE (Pan 2013) « [RIE » ERHE RS &
BN & EMIRE R EERIHEER - iR
T EREEYERNARHIRT -

Marrou et al. (2013) WF5eHa HF 2 HIE £
ETHEHEEHRS  BERGERNEER
& BRI > R E N RIS R E R
63-74% J7 35 R 48-56% Z BRtE N A E 0 B
F BB B R TR T ARG AT AR S B
= EEEEEELE N R S5 KA
B R B BAE R LRV IIE T
ARG HIEERRENVRE ST > BADARIRDE AR
Tani et al. (2014) LEEOHRZE NA KGR (B
R 50%) Y B4R B R PR Y S IRAE 2 BRI
FEGEE o IR Marrou et al. (2013) IHF3EHE
FHIMEE » HEER R RPUEMEE S 2R
HIEICCHT R - BE A RUREE R KPS REMR F2 52
EEACHRAHIRE - A I AR -

TEAEEEEBEET » [ i e ry
BRI A A5 (Marrou ef al. 2013) » Ei73EY)
WA AR Y Y SRR B B N EY R KA L S YR R
WE - REA N KGR ER A T HsE
(Kadowaki et al. 2012) - K[t - fifise i & Bl
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SNETE > w DR A B EE N T EIER
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By T BRI SO E R R AT
gt DA T BE S A R S R S L L AR R BTk B
BN EREEIDLE R =N SRS
B ISR T B e R T DUER R
A LB AR A R SR L S A -

MR E

DIERBSERSEME > 2Rl BEE
H3Z (Brassica rapa ssp. chinensis var. commu-
nis) ~ /NAZE (Brassica campestris L. spp) ~ JrE&
(Brassica oleracea L. Alboglabra Group) ~ JHZ
(Brassica rapa ssp. chinensis var. utilis) I 7~ 3
(Brassica juncea Coss.) » fmfd J S JR A% 1 2
725 - BB HARTE 2016 4£ 9 H 22 HiE - St B
LB BBy AT DL 128 5 UIR B 1S 0 3 wk
%> HREERMNERENEM (R6) -

ERADCEREANRERGEREETA
HIfF A A A e A EEE - SRSt
JFREME ] ~ BFEE ~ HBAEEY) - NHEEAE
Jifr 2P > SELY 6 m o KIGRENGEE TR
=EREIA LT W EEIEETE]  EHERLT40% (&
1) o AEBHARIPYRZERT ~ H ~ RERBDR PSR
B4R IEER 828 (UA-002-64, HOBO, Onset
Computer Corp., Bourne, MA, USA) ELE B &

Table 1. Cultivar list of Pak-Choi (Brassica rapa ssp. chinensis var. communis) for the experiment.

Cultivar

Origin

‘Hua Guan® "HE56 |

‘Lii Guang No.1” "4&y6—5% |
‘Oprah’ "4 % |

‘Xia Guan® "B

‘CR SiJi* "CR PUZ |

“Yi Jiang” T |

“Natsu tei’ "E77

“Seitei” "F7

‘Quan Sheng No.1” "4 E—5 |
‘CR Xia Zhuan Ke’ " CR EHF} |

The Musashino Seed Co., Ltd. (Hsk Brfd i Eik=E1t)

Zhuo Rui He Seed Co., Ltd. (EHFIEAPEAT)

Known-You Seed Co., Ltd. (B /Zfl R (A TRAE)

Taiwan Agricultural Development Co., Ltd. (&8 E R APREAT)
Tohoku Seed Co., Ltd. ( b — 7K 7 #=&4t)

Tohoku Seed Co., Ltd. ( b — 7K 7 #kz{&1)

Sakata Seed Co., Ltd. (#7771 ¥ D ¥ Ak 211)

Sakata Seed Co., Ltd. (#71 ¥ D ¥ Ak 211)

All Lucky Seed Co., Ltd. (£ tEfEH D AR A E])

Tohoku Seed Co., Ltd. ( b — & 7 &)
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Table 2. Cultivar list of non-heading Chinese cabbage (Brassica campestris L. spp) for the experiment.

Cultivar

Origin

“Xin Si Ji Cai’ "HiIUFF |

Tohoku Seed Co., Ltd. (b — 7K 7 &)

‘Mi Xue Er’ "8 5 |
‘Cui Feng’ "22] |
‘San Feng No.2* "=J8 "% |

Known-You Seed Co., Ltd. (2 & fEt I ATRAE])
Known-You Seed Co., Ltd. (& & fEE I ATRAE])
Known-You Seed Co., Ltd. (B /Zff RS (5 A TRAE])

‘Quan Zhou Bai Cai’ "EJNHEZ |
*Shikinoiroi” "MUZEAJF |

‘E Zi Bai Cai No0.503’ " 503 554 (- [ 3Z |
*Jing Yan No.2> "EHHRSZ 5%

First Seed Co., Ltd. (55— FE R AR )

First Seed Co., Ltd. (55— fEE R AR )

Bestow Seed Co., Ltd. CRIEFHETHRAE])

National Engineering Research Center for Vegetables ( [#5¢ 573552 TAZFLTHTZE L))

3. JrEEHlaLEEE -

Table 3. Cultivar list of Chinese kale (Brassica oleracea L. Alboglabra Group) for the experiment.

Cultivar

Origin

‘New Veg-Gin® "7k & |

‘Green Delicacy’ "22# |

YilJia’ "5

‘Lan Xing® "85 |

Pan Chou Yeh Kale (SFg{EE77ES )*
Pan Chou Yeh Kale (SFg{EE77ES )

Known-You Seed Co., Ltd. (f&/ZfEE AR E])
Known-You Seed Co., Ltd. (f&ZfE AR E])
Wellson Seed Co., Ltd. (B FfEtE AR E])
Pan-Asian Seeds Co., Ltd. (AT AR T)
Ming Feng Seed Co., Ltd. (HHEfEEHIEAE])
Gong Nong Seed Co., Ltd. (ZhEFEE AR E])

“No specific cultivar name.

x4, hEEHbREEE -

Table 4. Cultivar list of rape (Brassica rapa ssp. chinensis var. utilis) for the experiment.

Cultivar

Origin

“Yu Quan Cai Xin® "E R0,
‘Qing Long’ "&HHE |

‘All In” TPafEs |

Rape CH2)

‘Fu Lu Tian® "fE#5%E

Rape CH2)

Rape CH2)

Po Yu Trading Co., Ltd. (‘2 HHFEE1T)
Xin Yu Sen seed store GHr#AARFE T TT)
Known-You Seed Co., Ltd. (B ZfEH G HIEAE])

Ming Feng Seed Co., Ltd. (HHEEEARAF)
Cheng Chi Seed Grower Co., Ltd. (& fEE AR E)
Nian Feng seed store (FF& ff+17)

“No specific cultivar name.

#%2% (UA-002-64, HOBO, Onset Computer Corp.,
Bourne, MA, USA)

fo & RHIRIEER - RIBEHDIAHTT
EST > sl AR T 2B RN - EXEE
miE S EE > FEE 1820 f% 0 NEEHAER Y
AT » BAETTHREE S 15 cm x 15 cm » BRUTIZ
HEHRE (9) - NEEE (g m?) ~ FiE (em) ~
FFLOEE (em) ~ BEE - TR (em) ~ HEF (cm) »

B (om) BLEERNT (em) REGEHHE S EE
(SPAD 502, Spectrum Technologies, Inc., Aurora,
IL, USA) -

AL CoStat 6.2 45518k EE (CoHort Soft-
ware, Berkeley, CA, USA) 1T/ NEZE EEZ R
7% (least significant difference; LSD) » 43 #7 5 ffl
A ERE =R -



SR BRI R TESRR P B 261

5. FEEHELEEE -
Table 5. Cultivar list of mustard (Brassica juncea Coss.) for the experiment.

Cultivar Origin

Xiao Yi* /A1 Xin Yu Sen seed store (Fr#a AR TT)

‘Tainung No.2” "& & 5F | Fengshan Tropical Experimental Branch, Taiwan Agricultural Research Institute
‘Tainung No.3* M&E =5 | Fengshan Tropical Experimental Branch, Taiwan Agricultural Research Institute
‘Qing He> 5571 Known-You Seed Co., Ltd. (/7 ffi s B {5 AR AE])

Xiao Yi* /A Jin Ri seed store (4 HEF1T)

Xiao Yi* /A Hong Xin seed store (ZZ(SfET17)

‘Ke Ren Yi* T AN Ming Feng Seed Co., Ltd. (W& fEE1T)

‘Xue Li Hong” "Z5H4T | Xie Mian seed, fertilizer and pesticide store (4R T-E2ZEHLRIT)

e FHR - /NAE - IE - MR IR - EEBRIE I -

Table 6. Seeding, transplantlng, and harvest dates of Pak-Choi (Brassica rapa ssp. chinensis var. communis),
non-heading Chinese cabbages (Brassica campestris L. spp), Chinese kale (Brassica oleracea L. Alboglabra Group),
rape (Brassica rapa ssp. chinensis var. utilis), and mustard (Brassica juncea Coss.).

Species Seeding date Transplanting date Harvest date

Pak-Choi 09/22/2016 10/14/2016 11/03/2016 (20 DAT?)
Non-heading Chinese cabbage 09/27/2016 10/18/2016 11/03/2016 (16 DAT)
Chinese kale 10/04/2016 10/27/2016 11/22/2016 (26 DAT)
Rape 10/11/2016 11/02/2016 11/15/2016 (13 DAT)
Mustard 10/18/2016 11/08/2016 12/01/2016 (23 DAT)

“DAT: Days after transplanting, mm/dd/yy.

1. EREDCERE 40% ElcRIESS RS FYReE B -

Fig. 1. The growth of leafy vegetables under photovoltaic greenhouse with 40% coverage of solar panel on the roof.

%k B g = =4 e TRRAY A AR 5 3R % P SR N SR 64

1-2°C - FESUERHAR - B ROREN 25°C > ARRE
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FRE B AR F N 50-70% (& 2A) BhT > TEHNAIREEY > BRZEINL
FURKIGRERERIIEE - HEEENGEIN EERXRREFERECE > BERAEERRE - &
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Fig. 2. (A) Comparison of the accumulated photosynthetic photon flux density measured and (B) comparison of

daily mean air temperature measured inside the photovoltaic greenhouse with 40% coverage (shading) of solar panel
on the roof and outdoors.
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ERNAFEES BRRRR - LR —RK
= PR EHBE R ANURE - BRI E
SRR E S o AT R 2 2R AN = E4t
SRR EE 25°CH - R B AT 1-2°C -
MEZ > EREREHERT » AR Z &R
AR E AT RORBS R > B — R i R
BEAHIEIEAE « KRR T AR
EEEEDkEAN > HENRPS REMRE 2 1S BOR =
SRERHIEE - HEPHEEED e > (E O
= NERAYSROR > SRR (A FR R R e A
BfEE -

N =R E T R > KIZERHRE
ErdtE > KIZEEREEE - Jeipth g2 &
B ACRFERFZREMNR T TV E A R B E 2R -
N TR A AR AR R B O IR A A R I
/N B A R o S A e S I A By KPS
REMR P2 82 SE BB IR A/ MRAT IR R - 4 SR B
Kadowaki et al. (2012) $5 4 K 5 &8 A £ 4% =0 HE
5l EAEMEIIRR - B EURER D HIEN
R -

1 E2E R 30-40 d BERUCE > At
SRl - EEEIPRULR A R 43 d 0 FTRRI
e — Rl & - HERE ~ NEEE R E
8o DUTEe—aR  TRRE ) BLTER ) R
o NEERSHIR 1,191 gm” 1,096 g m” }
1,077 g m* > By FifEE & 1A RIS 1 kg
PIE > HATMENERRS A 12-13 7 > "5
FER 451 g m” [ Ry aE o MRUBAT 3 AR SEAET
FALEIREE 70% 2 BAIAFES R 1,287 ¢
m” > B AR R = R KIS RSB RS B &
SR/ TN E B A F H AR T E AR -
BEAh - B OY SEAD TEA  ZEEFILE SR
13.06 cm > BEEHAPZHE 7-8 em & > AiER
B o "2E ) RIDMEESE > JREL
HErett » HENFIEERE 6.61 cm » Bl
PR AR SRR A e TR, MHE (R - &
B BUER ) ARG - SRR e
WA T o s INED o s R TR R IR G
FE R A R E A R FTIE AR -

NEEE 2 wk BERRIEEE » AR
WEHEERE B =B 98 BRE 34T ¢
BUNEE R 944 g m” BEEYE > 1 ORI

TRINEE S 1,757 ¢ m” B B EE SRR

PLMEE R 1,786 gm® > TEEEL 1,902 g m”
Fe 503 SRETEF A3 1,865 g m” /NEE B
(% 8) » 1B st s MBI B T IR ERYBR3E
AR RGEER H 5 70% &8 2 14 - HNER
% 2 wk BIZ FIERUCARVIN - FHETR B H 2
3wk EERE DR R ERaT G Ay E R
A ERBRE 2 g s -

FEBNF, miEry T3 ZERE 317
g BUNEER 771.4 g m” #5fE » HAERSERS
B 12.69 cm K EEE 10.65 cm » EEF BHEWA
HR P "R ) BRE 255 g BUNEEF 632.1
gm” WEATEER EGZHEEEES IS
S1.5 /1533 » BNECRIRSE 2 mid (R 9) - B
REwEEA AR kE ) BT, ZE
E %4059 g m” #1364 g m” > BEEE H A 5L RE
& '—3%, B &R WEEIE  ERER
fatt: - PR B B EOLHVIR AR R
J& - fEZ F, mmfE B IR B E s - AHE
HCMh e RS B FE D ARSI AV IR B M EURE
HERHEFRREZSNVEEN - EHTER
fdif% 35-45 d $RUL (Yang & Lin 2005) » AEEa1E
REETERT S 49 d > B—MEREE % 4-14 d -
REFEG T F Y o B R T A A B A
MEREIE - NI SRS A4 (http:/agr.
afa.gov.tw/afa/afa frame.jsp) 2014-2016 4= 7 B
fir EEEE &P > BI15 1,687 g m? > [fistBRes R
ZERIEEET]70% > 1,180.9 g m” o fHLEAL -
TrEEFR IR BRI e F E SRR - E¥ R m
B RILEREHE -

S SRR 2 N EE R b 455-653 g m™
A R > BRREDL TERE 229~ THE
20.5 g ~ HpeEpiE 20 g SRR SRE T 18.9 g
SR - HP AT =/ NEE R 600 g m?
PlE - BEgZHEaREE 40 DL BERE
fitrsmfe s (3% 10) < HISEEM R 2 wk FERUE 6 |
PLE > FRFEERUCERSE = H I I S 0 i B 7 [ 75
B Fat Bk BLAREEIRE R 10%
R 1,287 gm® ETHE > HAlmfEERER
e —F B -

FrRmEE N NEEEREEREN TER=
5% et R0k 813 g m? B129.4 g HEEH
BERF] S H o (HER 21.81 cm BHIET 8.6 cm B}
Ko MEERS > H, l242gRZ &
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Growth Evaluation on Different Vegetable Species
Grown in a Photovoltaic Greenhouse with 40%
Coverage of Solar Panel on the Roof

Hsiang-I Lee', Shough-Peng Lee’, Miao-Miao Hsu"", and Hui-Ling Lo'

Abstract

Lee, H. 1., S. P. Lee, M. M. Hsu, and H. L. Lo. 2018. Growth evaluation on different
vegetable species grown in a photovoltaic greenhouse with 40% coverage of solar panel on
the roof. J. Taiwan Agric. Res. 67(3):258-269.

Due to the government paying much attention to the solar energy issue and eager to combine
with agricultural production, agrivoltaic systems gain much attention recently. The objective of this
study was to evaluate growth of different vegetable species and cultivars that suitable for winter cul-
tivation in a photovoltaic greenhouse with 40% coverage of solar panel on the roof. Results showed
that cultivars of Pak-Choi (Brassica rapa ssp. chinensis var. communis) ‘Lii Guang No.1” and ‘Oprah’
had the best yield and flavor among others. For non-heading Chinese cabbage (Brassica campestris L.
spp), cultivars ‘Quan Zhou Bai Cai’, ‘Mi Xue Er’, ‘Cui Feng’, and ‘E Zi Bai Cai No.503” performed
the best. ‘Qing Long’, ‘All In’, and rape bred by Cheng Chi Seed Grower Company grew better within
the tested cultivars of rape (Brassica rapa ssp. chinensis var. utilis). The yield of F, cultivars of Chi-
nese kale (Brassica oleracea L. Alboglabra Group) “Yi Jia’ and ‘Lan Xing’ were significantly higher
than others. Mustard (Brassica juncea Coss.) ‘Tainung No.3” and ‘Qing He’ had the highest average
weight and yield. Comparing vegetable species for the experiment, non-heading Chinese cabbage
(Brassica campestris L. spp) obtained 70% of the 3-year average yield of that grown in normal con-
dition and can be harvested in about 16 d after transplanting, shorter than other vegetable species with
high multi-cropping index. As a result, it is the most adaptable vegetable of this study. The vegetable
species without acceptable yield production could be further enhanced by improved cultural practices.

Key words: Photovoltaic greenhouse, Coverage, Vegetable cultivation, Cultivar selection.
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