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2. MEBLUVAEE
FEBR 1. RETAAR QTN RN & BRI KT T
JER

WD (2016) MBLRE LA oOFE R w2 AV #K
BRI M T o7z, 37000, AR IIFEIERI AR H
koAiFEM (BR) R AR) 2 10em UJT & 725 X 51248
RICHERINT. (Fig. 1) L7=bo (BLF, fizkss) ZFIH
L, sBRICHE L 72, 2 BRI LIEAICUIUA B DS B
ICRAETHE I A-TRY, HMoOFHER ik L
Uiz, L LT, BARY Ay b (AR 10.5cmX H S

(a) crack

9em, AT, WURy N 20 Lz, F3FHEEHIT,
a4 7 (azaz—x, RUZ 00, (BF) DIA) &M
Y — RNER (A U N—, TFHE, EFAMEE
(BR)) #EARRA L Lo VW, BlEiTWh
$ 200 mL & U7z, S50k & & 7%, 2 Rk
wLENKBEBT S-SR AL L, Zhvnd 24
Refl s &2 72 Wl & T X 3 o EEAWE L7, F25k
L2014 10 A 31 H& 11 A 10 HD 2 [H], [AkkD FIET
S U, BE RS I, B R m A DR S 1 em Oy %,
2014411 A 12 BB 11 A 13 BIZHT THIE L2, &

(b)

Prepare square and rectangular cloths
with straight crack in the center, then
overlap them with the crack arranged
orthogonal. Fold the rectangular
cloth as indicated by arrows.

-

Insert the rid in the envelop
to wrap the medium.

Sew both edges on.

Fill the envelop with
medium.

Transplant a seedling
at the intersection of
the cracks and grow
with proper care.

culture

Fig. 1. Cloth container made of discarded school uniform.

(a) Production process, (b) Method of use

DR T RIBVERHE (TI032, —EHER ) 2iEEE
=L LTHWY, § oBxicr—%nri— (GL220, 7
T77 v 7 () ICHEMEZ ek LT, ERIT IR
% 25C, lERIRE % 16°CIZERE LT T 7 ZAREN THE
L7,

FEBR 2. MFEMITIAET DD R, I X OHUA
Pl Y ERESIES

KR 1 TR LB an AR ER 2 FEE L, 2011 4F 4

H 26 HizR_Xa=7 - &>/ X7 —L A (Begonia

semperflorens) ‘7 LNV H— m—X" ((Bk) Y H2D

AX) WEEML, EITEBVHEE Lz, 6 H10H, 1

FMFREIZHE L2 EHEO R IK % AN E 7 RS SE

(PV1000, HAFE T (KF)) THEEZEELZE LT, HORME
FENTIZ T T A ~—ITS1 BLOITS4 Z v, HikE T
7L— & LTHEHBEPCRZ1TH Z LIZ L - TIDNAEKR
T TS fEss A HlE L, 40 L7 DNA OB A% ¢
L2 BLAST #%% (DDBJ) Z#{T-o7z, Z OFEEO KR
FI & @RI 2 R T EEIC OV T, BER O SR SR
U SRibitst 2 ER T 5 2 & CRMIT 21T o 72, SRkt
YER%IZ, Clustal W (DDBJ) % % NI{ETITo 72,

U DRI T 10%AREER & 10% b 2N 248 UIGEE L 7=,
FIEIUREERX, BN E L, FETORA LXK
HIRGXE Lz, ZHOHEANL 9%PVA (R) B =17
Jba—)u) ik (AR 500, FAALEE 87.0-89.0 mol%) (2
Bl SRR S, R E LT, MLBEXES X
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O ¥ 72 CHIX (1000 £5) 25k 7o, 7 B AR
3 A%, 5 MHBRICRE LIcBiG a2 mgRasty 7 s
ImageNos CHENT L, A ER WWEMH AV » k
38 D H O SR THE) DOIERED 2 B R 5EG %2
L7z,

FEBR 3. MFEMICFAT D AREEY O] & M
& DB

ETEE DRAIE, MR EIC A GO B HEL
LTV & HEBLL TWZRWERS) %%h%ﬂs&?o
oL, =3 F— 5 BA ot X o4&
(JSX-3100R I, HATE k) THIET S Z kf%ﬁb
7o HEERITZ Imm = U A—X & LT,

FEBR L ICHE U7 s, IRE - (OR B+ OR
A BRI C 1 ARRIHERS - TR S 72 b ) - B
BE—RNER (AU —, BFHpE, E1rAMEE
() =5:3:2 (FFEL)), &2 VITHEAER L2 4Rk
TOEMAHIRT200 mL FRE L, AL LT, AL
100L 4720 a7 413-100 2 300 g (VA B LT
7V (KR), ~ 77 KAk 200 g ((BR) A RA
J AT sRr), 175 Wik Ak (a—7"2r v

(BR)) %250 giRE L7- (N:54g, P,0s:158¢g, K,O:
54 g), PEAEF HICHEEFE RN U7 FEE K, FR0 L Zey
FAE X, B3 - HEAROBE X, REFEROR X, ©—
FERABARDOE— FERXOD 5 XAHE LTZ, FUHX
IZBWT, WA E RT3 3 20 H K ALER L 7=
%, bm& SRS ERE Lz, BBy ORER
FEVE, R Lo A2 EifRaLEt Y 7 & ImageNos THEHT
L, fixeDORE WHEMHAAY v 83 d 5H1HE) Oifi
o> batEEHN EDLEE R/ L,

i G OFIG AT U2 BE R b7 L — 23R
1E, BEXOENZTEH LI ERAGIEORRE & 5F
il

Fig. 2 \ORTEEERHMEA 7 L—2 FRL2 (BF) i
T ) ZRMELZ, 7 L— A THAT S 7200k
—hELT, SemX1l em IR LIZR Y = AT )L,
BLORY v=ATva— (PVA) FHMoOr— &2 H

bR 4.

VY, 7 L—AORPKIICZE LIAATS, BEKERZITHE K
DEDLLIICEBR L, FER1ICHED, oo 7 LB
B — FEAERERERAE LI bOEZMAMHITEEL, &)

EL7Z7 L—LICELIAK, 20°C, 1,000 1x (16.8

Sheet for
water supply

P Water tank

me Cloth
container
Wmdow to display
cloth container

Fig. 2. Hanging frame which can be set on wall (left) and its structure (right).

Material; front frame, ABS resin; rear plate, polypropylene.

umolm?s” PPFD) £:f FCEELL, 5 BRIZ 2 MIHEE
BERIE Lz, 7 o — ML, 727 ) EV R AR T =
7 2014 (HIF : 2014 4F 11 H 12 H~14 H, BAMESHT -
WREy 7% A ) OHET —AREH % %5 (n=28)
(2, BEERHEA 7 L— A E L I BMEZ O b EAA
BWNEFIN WD =y M a R, BFZERS Lotk
N7 U — FOBEEEHI L0, @RKIC LS
AFRCER LT, 7 o — FNEIL, 4 (10 58207,
R, WAGERHE, WMAOERR, ==y F{EH L

BRI ~OFME Lz, 2= N IEA LI BRI
YL UF TSR OERE T INCT AL, 7T
7 M TITEERERMNTER L2/ LT,

3. R
EhR 1. BESAELSSOFEEBPRANE & BB I RIET 5
221
MRBTIERY ARy b &R LT, ALFL 24
R IR BRI b D EER FRICENE U TV

o2l

77
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(Fig. 3) . £ DZEFFFFBFEDIZONTREL 2D, 72 F—HZOEIFEAERoT-, —F, FEHUREIIRY
BRI ICIT 30% A s L 7o 7=, G L7=R v FET Ry b EHAMMRETIERLS 2D, BERTH-7- 11 A 13

100 -
80 - .
= 60 -
=
20
O 40 A
=
20 A —— Polyethylene pot
—-— Cloth container
0

0 24 48 72
Passed time (hours)
Fig. 3. Effect of container on water retention.
Value is the mean + SE of 2 replications (n = 3).
Difference between means of 2 replications is too
small to be shown. The weight of 0 hour is set to 100%.

HTHRK63CHD#EL->7= (Fig.4), 2RHAD 11 A 12 THROONI, £z, MAROEHIREZIT, FrIKM
HIZBWTH, i B WO TR 1.5C OB iR E D% IZBWTREBANRIR & TR oo 7,

35

—— Cloth container
304 Polyethylene pot

25 - - Air tempararture in glasshouse

20

10

Temperature (°C)

5 4

0

0:00 5:00 10:00 15:00 20:00 1:00 6:00 11:00 16:00 21:00

12 Nov. 2014 13 Nov. 2014

Fig. 4. Effect of container type on temperature of culture medium.

Weather was rainy after cloudy in 12 November and fine in 13 November 2014.
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FEBR 2. AMBEMITHAET HEBEO R, I LOHHE
I i FH 2h S
H#EIZIX, S4EFOZNE0, EHEADZ WO 2 FE
HERRBO b, T ZEEMNE MR TR LT
&2 A, RITINE~H$ER C, K& 134 4.7 um X 2.5
pm THo7o (KR 1), BN SR E > 7o IR % EHE
T FL—hELTHWE PCR JEICE » THEFDS

WEH, BEAROZVEEOWTNAIL S DNA AHEIE L
7o, HiME L7- DNA O HEES] (Fig.5,DDB] 77 &+ =
3= LC033905) ZfiRHT LIz & 25, Verticilium J&
B & 5 VN Simplicillium JEE OFFO 1TS Bldl & 95%LL 1
OENVMERIMENH - 72, Zare * Gams (2008) DL ES
BRI e LT & 2 A Simplicillium J&E & R C 2
L— RiZpfisnsd Z Enbn-oiz (Figo),

CCTATGTGACCTACCTTTATGTTGCTTCGGCGGTGTCG
CGCCGGGTTGCCCCCAGCGGGCTCCCGGGACCACGC
GCCCGCCGGAGACCACAAACTCTTGATTTTGCGAAAG
CAGTATTCTTCTGAGTGGCCGAAAGGCAAAAAACAA
ATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCT
GGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAA
TGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGA
ACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCGAGCTCGTCTTC
ATTGACGAGATCGGTGTTGGGACCCGGCAAAGCGGA
CCCAGTCCGGCGCCGGCCCCGAAATTCAGTGGCGGC
CCGTTGCGGCGACCTCTGCGTAGTAACTTAACCTCGC
AGTGGAAGAGCAGCGCGGCCACGCCGTAAAACCCCC
GACTTTTTTAAGGTTGACCTCGAATCAGGTAGGACTA
CCCGCTGAACTTAAGCATATCAATAAAGCGGAGGAAA

Fig. 5. Base sequence of rDNA ITS gene amplified by PCR
(accession number: LC033905) .
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i AF364004| V. dahliae MD80
AJ292399| P. chlamydosporium IMI 331575

AJ292400| P. rubescens CBS 464.88
532 DQ516081| P. globispora CBS 646.85
1000 DQ516079| P. globispora CBS 203.86
— AJ292413| H. shaerosporum CBS 522.80
1()()()L[ AJ292414| H. balanoides CBS 250.82
925 AJ292416| H. campanulatum IMI 356051

E EF641861| L. biguttatum CBS 847.70
1000 EF641858| L. biguttatum CBS 178.85

448 EF641868| V. leptobactrum CBS 771.69
1000 EF641872| V. leptobactrum CBS 414.70

997 EF641863| V. leptobactrum CBS 109351

940 AJ292393| S. lamellicola CBS 116.2
560 LCO033905| S.lanosoniveum
1000 AJ292394] S. obclavatum CBS 311.74
905 AJ292395| S. lanosoniveum IMI 317442
- 746744 EF641862| S. lanosoniveum CBS 962.72
789 940 AJ292396| S. lanosoniveum CBS 704.86

EF641891| L. wallacei CBS 101237
EF641879| L. fungicola var. fungicola CBS 133.97
_E EF641889| L. fungicola var. fungicola CBS 992.69
564 1000 8151 AF324874| L. fungicola var. fungicola CBS 440.34
_E EF641877| L. flavidum CBS 300.70d
H 1000~ EF641875| L. flavidum CBS 112974

988 AJ292464| L. aranearum CBS 726.73a
AJ292391| L. tenuipes CBS 390.85
B2 AJ292428| L. fusisporum CBS 164.70
859 _E AJ292390| L. psalliotae CBS 100172
1000 AJ292389| L. psalliotae IMI 163640
853 469 AJ292429| L. dimorphum CBS 363.86
QQE AJ292430| L. aphanocladii IMI 96000b
L AJ292431| L. aphanocladii CBS 376.77
842 1000
[~ AJ292382| L. lecanii IMI 304807
1000" AJ292383| L. lecanii IMI 304817

AJ292385| L. longisporum IMI 21167
475 AJ292434| L. aranearum CBS 402.78
946 AJ292388| L. muscarium IMI 68689

977 AJ292433| L. muscarium ZG 39

Fig. 6. Molecular phylogenetic analysis of fungi on cloth container, based on a base sequence of rDNA ITS gene.
Name of fungi corresponding to the base sequence is same as those described by Zare and Gams (2008). Abbreviation of
Genus, H., Haptocillim; L., Lecanicillium; P, Pochonia; S., Simplicillium; V., Verticillium. Arrowhead indicates the sample
fungus collected on the cloth container. Base sequence of V. daliae (AF364004) is used as an outgroup. Bootstrap values are

shown in the dendrogram.
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PEAIOMANRERE LI 25, WE 3 A%k
AR X CTH ENAE LN, TDIFENOXTIEIIED
AT LN ST, 2D K HITAREERE B NHIT
Xy 72 UHIERIEORWBIBRIRE R LTI, —F, S
MHRITF ¥ 72 CHIX TRk L TaEWBEEREIER 3 & -
720, ZOIENPOXTIIIEDORENRAL LN, TED
FAREIT e NI <JERAX<AFEHXODIETRE <,
ARFEH & e SRR DS Er o 7o (BAR 2) 6

FEER 3. MFEMICRAET D A AEEY O & Rk

IBLEMTTEAT D B B L7 T, Ca (v
YU L) LS (B BEERITHETHo, HLEL
LT & 2 LIS DERL (Fig.7TA) D Iafiak 4 Lk
L7ce 2A, B LIZEALTIL Ca 25 55.8 H&%IZ
®L, ENLAOEALTIZ 123 EE% T, A<#LLE
BN CHBEICE 72 (Fig7B), S XA < Bk L7-#Bhr
TIE 30.6 HE%ICK L, ZTHLSOEATIL 673 &%
Thote, MBEXEEELXTIE, BHEBRHN 10%LL
kAo (BhR 3), EHEAEXIZBWTS 1.9% & B4
FoThERLLNTZ, —F, Rl BXOE—FEX

& OBE BURTIIRAEN R BT,
(A)
Sample 1
Sample 2
(B)
40.
60.0—
. Sample 1 a5.0. Sample 2

50.0— =5
z 4306 2 300 | 673
S S
; 40.0+ Ca 2 25.0
é oo {558 g i
= E 15.0
S 20.04 3
g, & 10.0
[¢ 2] L

10.0—-

HO lms
0.0 T 0.0 T : T
0.00 5.00 10.00 0.00 5.00 10.00
Energy (keV) Energy (keV)

Fig. 7. X-ray fluorescence spectrum of white solid accumulated on cloth container.

(A) Cloth samples were excised from area with white

solid accumulations (Sample 1) and without any

accumulations (Sample 2). (B) Spectrum of Sample 1 and 2. Values are mean (n = 5) of peak area ratio (mass

percentage). Wool contained in cloth materials results in detection of sulfur even in control area without any solid

accumulation.
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FBR 4. A HEM ORIERIRITH LI RE AR LT L — LD o TS, FaKIE, FHEICEE LEAK— a2l
RI1E, BLOENZIEN LI RRIEDR Y & TITV, LEEET 175 e SN DA & LTz (Fig. 2),
FEAT R be=L7a—i (PVA) ¥— M, RUTZAT L
BiFE L7277 L— AL, MRS EEET 285 & KET v R e, HEORREE(A D, ZELTK
KRR T DI B Bl L B BN AN ST ZHAE L (Figs),

120
100 zx\i/g
—2

80

Weight (%)
3

40
50 | —{— PVA
—~— Polyester
0 .
0 5 10

Passed time (days)

Fig. 8. Effect of water sheets on water content of cloth container set in hanging frame (shown in Fig. 2).

Difference between means of 2 replications is too small to be shown. The weight of 0 hour is set to 100%.

JERIFEICEET 5 7 v — NRIGE OFIHERIE, 20 L7anEEE L ATV s> 7= (Table 1), figegs s 7
AN 8 N, 3, 403 15 N, S0mEfA 5 AT, B L— LDk v M TORLAIEIE, B 795 FHTh - 7273,
tl:ci%ﬁrﬁ 12N, D16 A Thotz (F—#72 1), 200~5,000 [ & BUEMEA K E Doz, BRI HEOFE
WA EOBRBNCK LT, BEARLEDN 70%LL EC, A HEHEST) b E<, RWT Ih—772EOFH)

Table 1. Questionnaire survey of products developed for interior wall greening (n = 28).

Question 1. Would you like purchase it?

Purchase . . .
intention Very likely Somewhat likely Neutral Very unlikely
Percentage (%) 14.3 57.1 28.6 0.0

Question 2. How much would you pay for?

Desired buying | 0~ 250~ 500~ 750~

=1,000
pricea (yen) 249 499 749 999 ’

Percentage (%) | 3.6 357 25.0 7.1 28.6

a) Prices were answered by free description, and changed every 250 yen. Average value was 795 yen.
The highest price was 5,000 yen.

Question 3. Which of the following suggestions do you have for improvement ?

. Increase of Use of Prolonged  Suggestion Addition of
Points for . . Low . .
. flower herb duration of various . instruction
improvement . . price
species plants  of flowering mode of use manual
Percentage (%) 60.7 46.4 32.1 32.1 25.0 25.0
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Thole, BELWHMFEL LT, 4 BIRRENRY 7Y
IR0 b A VERER ORISR TTIEZ IR L, 3 FIREER
77 ML EOMEE IR L. (Kik4),

4. B

FAWEAZMIL, R Z AT E T — N EET,
BRI RARD B IK Z WK D Z LS FRETEDY, LT,
RENDDEFBICL VRGP EDI, BEEHURE KT L
R LS WD E WO B H 5, K HRIIT RO B E )
BA U, BEK 72 B TIXAR U AR v b & _E R TR
30%DERNA U7 (Fig. 3), £z, MBwNO DA
PRI AFITZACBNC L AR T2 726900
tEzonsd (Fig 4), 2L TEBITORY Ay b
IRV = F LU EMELE LTERY, FBMERmD O ITEGH
ORNEFRET, B ORI EEERE &R oK H o
DHThDH, £z, MAFEMOBKEERZRILFig. 1 DX HIZ
LRI LTRY, PRk THERES, KUKy b
i, EBEFAICES TESEWEE L o TS, 20
K 9 TR ARG AR IR D T LA D K Gy OB & B R
WGEWEEL S LB DD, /o T, MB MO
BRBEFNRATIEHAE, ThoOREZIRELEZY 2
THAKRRIREE R ZT> T BERH D,

FEER 2 OFRER LY, U VR OMRIRIBAET HH
(W) X Simplicillium JEED>, ZHUZIHWE TH D
ZEpraEniz (AR 1, Figs, Fig6), Simplicillium &
WA =, DA BT LT EICHET HHERE LTH
HINTWB (Polar &, 2005 ; Bischoff + White, 2004),
Flz, XA XDSORITHT D8 EFUEM R H Y, AR
HELTCORHAMEEESA TS (Ward 5, 2012), —
7, PILET T, BEREOREIEA (Chen 5, 2008) &
L CHER STV D, BEFT 20 B ~OFRFEMEIZ OV
T, SHBOFENPLETH D,

FRES (2011) 1%, AFEHE EANAHOWTRL I YA
FICEETHNF ) A D EICEm O HE R R~ 2 L &
WELTWD, KEFFEICBWNTY, MBMICRET LD
ElZx LT, AKEERE e NHOBEBRZIRER &L, 0%
BIX3ARRER T2 2 EBNHL N E 2o 7= (KK 2),
NN IREIC X DM ~DOBII R b iie o 7223,
AREEHIL 5% %2 2 miRE CUEST L 44T A
RONRF 2 =7 e LHEMEAEE THEBNREFE I N, AR
PHEFES 5 Z L 2R LTS (F—&72 L), &EED
AFEINAEB #METLZ LT b~ b, A, AniC
BWTHHESNTWD (TE, 1993), £7z, KFEEO
MEFORK[HENTIEREE 725, —J7, B/ N IXPTH
ERLEL, WP ~ORER L ONIRNoT2Z L5
HAMERENZ EBHALNE 5T,

BEDEEM BT L TV DAL TIEI S T AN
Blomnotz (Fig7), MEbEENTZZ LD, EF
YMIDIFIR & 72 D WEIIRRER I VS T L TTH D Z & DR
Entz, £, AHEROREBR S, MEX L EE X
ICBWTHRICEESSHER L BR3), 2o &
5, BB I WEELICERT 2Ly T ARRET
BN 2 B2 bz, LEN->T, ffEiss
HAna5a, BELZEERVATLZHWD L LB,
AEELR A IC b EET 2 0ERH D,

JEmFAKIEE LT, WKk~ y RHDLWITHRAKOLEH
WAHIFER®H DD, KOS DIRKZA N LA TN 72
VY (EF, 1991)  ABFFEIZEB W TRZK O S ORME % ik
LizéZh, Riv=r7/La—, (PVA) 1%, AU =
AT EN, O BB Dol 2 E D
(Fig.8), LVKDBARNLAZDLIRS TEDLLEZEZLN
BHe ZDOZ EME, RYE=ZATILa— i — MEK
AT — L LTHETEZERALNE ST,

T Ul — NREOFEND, fRMmE T L —LDEy
I~ TOWEAAEAMAS L, %K 800 F & (Table 1), A
IREARE D 500 1 (7 > 24 > CHEARTRE 2 P in % H 7
LTW5) I b@Eieolz, ZOHHEE LT, AEmkk
fE& S I EMIRE I KB S e & B 2 bivlz, L
MU G, REBMROA XY MZBTFAT7T o — R
BEORD, MGFEIFHEZBRE N L EGEN TV L
Wz, MEXOT v — N RETH- 170, fHRIC
NAT AW oImREEL H D, —J7, BMOKES
(2004) @ THEE DAFE - JiiBOFRE] AT,
— R/ NTESE COIEDIEAIZEE LT, KEDIHBEEPIED
OOMEEEET D EMELTWD LIS, WRAEL
TELETONTZON, JLXOFEECN—T e o
HEZHESOT LW e ZERRHBRE =— A ~DOxE Th D,
FIRAFEE LTL, R LE 3205k (KR4 & &
HiZ, TNEEELNEEZZLZ AN LEZRLEETHE
LTI E0D, fiRas 7 Lb—LEfMAfbARy
AT AL, ERNICBW TSR FIHGIEICHESTE S Z
LRI E T,

TLEREZOERNFIAZ B LIGATELTHE
HEEORET

E3E

1. 148

oM s Chbk 2Ly, {EEDENFMIZENT
X, BEABFECX DR DD, ENEH ST,
BERIRTRE 2B & L C, 2w Y ORI (=1 7)
R — MEX, HIEMOBELR EORREEMDEET
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bbb, ZNHOEMIE, b~ Mo TIEHEERERES
HfRREZE B YLk & L C (Ghehsareh &, 2011), 7K b
A TIER L OY— M2 K g O K% HAYIZ  (Khayyat
5, 2007) RSN TV, ABEEHM OMEITINERE
KIZHHFEG L, A FITEaA 7L — MERADRAE:
HCUESEINT 5 Z &AL T % (Tehranifar
5, 2007), DX DT, FRx AT BV THE B
TG Lo BEEEIR s S Cn b2y, TEEAEEIC
DONTE= U —d—)L R, =7, b, Eas 7o
4 & (Awang - Ismail, 1977), ~~> % A (Meerow, 1994),

7 )%= 2 (Beckmann-Cavalcante ©, 2009) 72 &\
KOMDOFEFNZELE EFEY, S HITHFM EHAGET
WFEBE7ZR, 22T, a4 7 LEFEE—FEAD 2
FFHOAREEMZHEHL, ZolER~ Y —Fd—/L R
EXAT Y ADAFICKIZTTHELZH LML, BT
THOWBRTW DR EFEEROH Lo & L Thne

D LMERGE LT, BT, BEMAEZOENFIHEZH
B L2 2 B 57201213, BECHEE NFHIE
R, MOAEEIXNEMA LI ENEELL, £
DIDITITE M E L IR D XL DR T DVERH D, £
T, MFEMERERERGE LR LA, Tk
s B 215D T2 DI LB R s a2 FET LT,

2. MEBLUVAE
TR 1. ISR EEEMOREHEOE VR~ ) —T— L K
XA T UV ADEF - BB RIT TR
FEE AT 2 TEOERR 1 ICHEL, BRI A HE
DL LT, a4 7 L EHE Y — AT HW, =
A7, E—=bFEX, ROWCHWELZEFFEL CHEEREA L
X%, ZnEnaA 7K, E— AKX, EAKEL
7o MEYEREHI L UC, Rt EREE— TR BEL
=5:3:2 CHRAELZLOEMEHL, BHETWTNY
200mL & L7, JEEE LT, B+ 100L 47 o
7 413100 (A BLT 7Y (BK) % 450 g, ~T 7T
PIKHRL ((BR) ARy 7 AT v R0) %300 g,
17.5 BB A IR (2—7"7 v (BR) % 375¢iR
A L7 (N:8lg, P0s:237¢g, K,0:104 g, MgO:45¢).,
~ U —2—)V R (Tagetes patula) ‘%77 A x—a—’
((BR) ¥ HEZDER) % 201443 H 10 HICHEREL, 3
H 26 B, RIE2BUBBRRCEE LI LTz, 7o, #4070
WA (Dianthus spp.) ‘7 AT 4 T/VELT N NAF Ly
(R =Ty RebE—-7m—7) %2144 4
H 16 BIZHEML, 5 A 2 H, AIE2~3 KRRk -
U 72 BRI B 2RO, #AKUREE 25°C, IRFHRE 13°C
& LT, BRI OVTHORBRK S 1086E L, KRR
DUNT 1 FBAEDBIAE LR R CAEB R ARA Lz, 3

EIT R RIEIT KT L CHERR#EE (SPAD-502PLUS, ===
/v (BR) %V SPAD fE% 3 [IIE L, FE%
ROT-, FEHLERIZOWTIE, 2HGHTIZIE IMP ver.11
(SAS Institute Japan (#%)) %, Tukey DZEMIEIZIT,
MEPHAS (http://wwwgein-info.osaka-u.ac.jp/MEPHAS/) %
AT To 72 AT OFERLIFL),
WEMEORIEIZOWTIE, B LE2skIZEED, #EEK
ATV S 1 D HBREE L, REHEKE LY 1 ERH
BICR & CHRMAZ BRI L CTiTo 72, ARG & FE5H
HEWET, pFl.5~2.7 OAHE K % TAHE LNEKREE
KA GO TET, g AR ER A 22K NE THIE L
Too ABFHEIZOWTIE, Bz ICRRE, REHR L CN
a—%— (MT-500, ¥+ a7 7 =Lt A2 (§))
THIE L, pH & ECmEEIIRGH : fliZk=1:20 T 1K
k& 2%, pH A—4%— (R#ET 1+ —Fr—>7— (1)
BELOEC A—F— (KT 1 —r—4— () THIE
L7z, EAMFAEY VS EIX bvA— 27 U Vs
Zibtalk (UV-1100, (BF) EHEEUERT) C, B Ao
B R (CEC) ZHRE H LT, RHMENIK, scHatkss+,
RHNED Y, S N Y U A& RTROEE (Z-4000,
() BNiNAT 7P A= R) THIE LT,

FBR 2. HEERASR EEHEOBE VR —F— L RE X
AT Y AOEF « BRI KT TR
HETHARHE LT, a4 7 S EFHRE Y — P ERBEE
BEG L b0E Hnic, BETARIIFER 1 LRROR
UARy hEfigess L, BEIZOWT, 100mL (7 cm
M%), 200mL (10 cm PUJ5), 300 mL (12.5 cm U%) @
3EMEABRE LI, vV —TF— L R P77 fa—’
Z 201346 A 17 BICHEFEL, 6 A 26 A, AHE 2 MR
Bplcgk BIF LTz, A4 AT VR “TAT 4T kL
J N RXAF Ly R EZ201343 A 22 HICHEFEL, 4 A
17 A, K% 2~3 BURBARHI Sk BT U7, Hagdtt, &

Bk, A TEIIER 1 ICHET T,

3. #ER
FEBR 1. FRERAR L OB OEW R~ Y —a— L R
EXAT U AOAE - BB RIE TR
~ U —T—/L R& ' — MEARURTHEE: L7258,
B OEMRA I, AR T IO SEE, AU Ry b
TTHRMPFIEL, R~ TCEET L2 enTER
o7z (Table 2), BT DRGSR, HEERROFE R
BT L L HRRERICOARBD BN, WITHERY KRy
k&R g TS I olz, —, HEHIOREFE O
BIIMRE, BOL, ROKMIECR, RRER, 6, B8 T
OO, SOICFEICAD &, BRiE, ®oL, SRl
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Bk, BRKIER, B8E, BYERH L o4 7 BIRORER
K CEWNIZ NS 7208, B— hE R BETIE 10%2L E
INEL Zp B fEANCH o 72 (KBRS, Table2), HEHx L BIfE

B [A Ui Clbig L7354, mERIZBIT 2 8L L
E— MEAXIZEBIT HDRREEDRY Ry b &HAMGE
TN T o Tz,

HEITHBR X CHEBEREVDR R o T, FIFEE DR

Table 2. Effects of container and culture medium on growth and flowering of Tagetes patula.

Experimental plot Number of P]'ant P]'am Length of the longest Leaf Length of the Leaf Flower Days Fo
) Culture lants’ width  height lateral stem umber largest leaf colour  diameter flowering
Container medium? pants (cm) (cm) (cm) (cm) (SPAD)  (cm) (days)
Control 10 2143 144a 8.1a 6.0a 92a 50.3a 54a 48.1a
Plastic Coir 10 20.4ab 13.7ab 7.7 ab 6.2a 8.7a 44.7 be 57a 489 a
Mixture 10 18.5bc  12.8 bc 5.6 be 62a 7.9b 45.3 abc S5.la 483a
Peat moss 3 153 ¢ 12.6 bed 32c¢ 6.0a 73b 47.1 abc 49b 493 a
Control 10 20.0ab 13.0bc 6.1 abc 6.0a 8.8a 46.9 abc 57a 48.5a
Cloth Coir 10 199ab 12.7bc 7.1 ab 63a 87a 43.9 ab 5.6a 48.8a
Mixture 8 184bc  11.9cd 6.4 abc 6.1a 73b 429¢ 5.6a 489a
Peat moss 5 14.5¢ 10.9d 36¢c 6.0a 56¢ 43.2 be 4.6b 49.2a
Container n.s. ok ns. ns. ** n.s. ns. n.s.
ANOVAY Culture medium ok ok ok ns. s e o «
Interaction effect n.s. n.s. n.s. n.s. * ok n.s. n.s.

“Control, a standard mixed red clay soil; Mixture, a mixture of coconut coir and peat moss (1 : 1 volume) .
YNumber of plants shows the subtracted numbers of withering plants from 10 plants tested.

xSame letters in each section indicate nonsignificant difference at P < 0.05 by using the Tukey-Kramer
multiple range test (n = 3-10).

NS, *, and ** indicate nonsignificant and significant differences at P = 0.05 and P = 0.01, respectively.

AT oY ATBNTH B — R TR AR D A7, BEORBRIXHETRE ZREVDFED bR -

H0, MARHTIORF 68k, RNYUKRy NT2HRAEL,
AR T R CERET D 2 LN TR0 o7z (Table 3),
F7o, HOHTORER, BEHOFERE O R BN TR
b, KRR, FOL, RKRER, RoOREDE, H6, ERNT
WIS E— FERXADFEIENEWIEERT Lz, LR
FROFEIT/NE <, BRIk, IORIER, I REENE CIIAEYE,

Too 7272 LE— MERDEIGREWE AN, B
NS TR BN D o Tz, O HTORER, HEEA
DEEE, L, B, 168, BfEREICHEHN, KUKy
b LIEAAEGR T, FOUMES, BEANRLS, VNS
<, BHEREL 7o o7z,
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Table 3. Effects of container and culture medium on growth and flowering of Dianthus spp.

Experimental plot N Plant Plant Length of the Width of the Flower Days to
umber of : : Leaf colour . .
Contai Culture ants” width  height  largestleaf  largest leaf (SPAD) diameter  flowering
ontainer mediun’ p (cm) (cm) (cm) (cm) (cm) (days)
Control 10 16232 14.7a 93a 1.8a 58.6 ab 37a 50.5 ab
Plastic Coir 9 15.1ab 11.1b 84a 1.7 ab 55.7 ab 37a 49.0b
Mixture 10 15.8a 10.8 be 8.6a 1.7 ab 48.0c 3.6ab 49.4b
Peat moss 8 11.5¢ 8.3 cd 6.5b 1.3b 46.1 ¢ 33 bc 49.1b
Control 8 164 a 11.9b 9.6a 1.7 ab 60.1 a 37a 51.4 ab
Cloth Coir 7 159a 10.7 be 85a 1.6a 59.6 ab 3.4 abc 51.4 ab
Mixture 6 169a 11.1 be 85a 1.7 ab 54.7 ab 3.5 abc 52.5a
Peat moss 4 12.7 be 6.3d 6.7b 1.5 ab 52.1b 32c¢ 53.5a
Container NS *x NS NS ** * **
ANOVAY Culture medium sk sk sk sk sk *k NS
Interaction effect NS * NS NS NS NS NS
“Control, a standard mixed red clay soil; Mixture, a mixture of coconut coir and peat moss (1 : 1 volume) .

YNumber of plants shows the subtracted numbers of withering plants from 10 plants tested.
xSame letters in each section indicate nonsignificant difference at P < 0.05 by using the Tukey-Kramer

multiple range test (n = 3-10).

NS, *, and ** indicate nonsignificant and significant differences at P = 0.05 and P = 0.01, respectively.

Table 4 & Table 5 (2R L7255 i o ks L OB
PEICBI D12 LTc, W8t 5 6, Bz L AFEE
RO TAEERT I & AN S T/ E L, BET
Ho7- (Table 4), F7=, HHEEMIIFEAERH & b~
BFIRMEL , KRN ED -T2, ARIAKSIE, B—b
F AR EINE ERE S RKFTNBRE Do 72, WL,
E— MERENEOVIEE, EAKM A R T R KR
DINE o Tz, AEFHEIZOWTIE, C-N RN HE S

TEL, B— FNEALENEWIE E pH (31K)>- 72 (Table
5), ECITIEHEREHICI 0.36dS * m! TH 7278, AHE
BT 12dS - m L EEmh o T, AT Y LRI Y
Boh & L ANEREEEM TE <, AR 7 E &L
FIHOWTIL, AEMORTE— MR LaA T
DEIERENEEL L, AR & T @ EZ R
L7,

Table 4. Physical properties of culture media used in experiment 1.

Bulk density Three-phase distribution (%) Availabl Saturated

of Appa?ent varable hydraulic
Culture medium® ,5_gried soil  SPECific Solid Liquid Gas water’  ¢onductivity

. gravity phase phase phase (%)

(g'L™h (m-s™)
Control 56.8 0.50 19.3 67.1 13.6 18.1 5.75% 107
Coir 16.5 0.10 7.0 70.9 22.1 16.1 3.23x 10"
Mixture 14.2 0.11 6.9 67.0 26.1 30.3 2.05x 10
Peat moss 13.9 0.12 7.0 65.0 28.0 34.8 1.21x10*

ZControl, a standard mixed red clay soil; Mixture, a mixture of coconut coir and peat moss (1 : 1

volume) .
YDifference between pF1.5 and pF2.7.

16 —
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Table 5. Chemical properties of culture media used in experiment 1.

Carbon- Available Exchangeable Exchangeable Exchangeable Exchangeable

. pH” EC* . . . . CEC

Culture medium®  nitrogen 1 phosphorus (P) calcium (Ca) magnesium (Mg)  potassium (K)  sodium (Na) .

: H,0 em -kg

ratio (H0) (@S - m™) (P,0smg * kg')  (cmol, * kg') (cmol, * kg™) (cmol, * kg")  (cmol, * kg™) (emol.-kg")
Control 17.00 6.33 0.36 2.78 16.41 3.80 1.81 0.30 70.23
Coir 37.90 5.04 1.75 13.08 19.09 16.28 27.45 10.85 232.09
Mixture 50.90 3.97 1.72 9.14 17.90 15.01 17.42 7.07 269.37
Peat moss 47.90 3.42 1.29 13.98 17.71 13.07 4.34 2.01 302.17

zControl, a standard mixed red clay soil; Mixture, a mixture of coconut coir and peat moss (1 : 1 volume) .
% ¥pH and EC are measured under mixture of culture and pure water (1 : 20 volume ).

FBR 2. HIEARLEHEOE R —I— L N F
AT P ADEE - BB RIF T

~ U —a—)L R T, fEAGaoOmEICEbL T, 5

BN Z L 7R HIZONT, MR, #oL, RKE, &

KRERENKEL 2DMHAICHY, 100 mL & 2300 mL

T LS SRR L7 (Table 6), H5HiEAS 100 mL &

200 mL & DAEFZEIFRACAE <, 200mL & 300 mL & D

b ThoTo, HEEAE, RUKy b CTHHEIZX
BDIEMIRM ST, MR T HEN L 2D IZ LR
Te BN o Tz, FEHEIERITH LTI, HETRS
DR B O BNR 20N> 72, BITEHEUE, 100 mL
KIZBWT, ML R Ry hTHARICHEL 2o
72, ZOMOR TITLENR 2T,

Table 6. Effects of container and volume of culture medium on growth and flowering of Tagetes patula.

Experimental plot Plant  Plant Length of the Length of the Flower Days to
. . Number Leaf colour . .
Volume of width  height longest lateral stem largest leaf diameter ~ flowering
Container (cm)  (cm) (cm) f leaf (cm) (SPAD) (cm) (days)
culture medium” Y
100 mL 18.0¢Y 203c 8.7 be 11.0a 73¢ 489a 43a 438D
Plastic 200 mL 23.1ab 23.3ab 9.1 ac 11.6a 89b 47.7 ab 49a 50.1 ab
300 mL 25.8a 243 a 11.0a 11.7a 103 a 48.1 ab 53a 50.1 ab
100 mL 14.7¢ 20.6¢ 75¢ 11.4a 7.0c¢ 433b 49a 51.2a
Cloth 200 mL 22.6b 21.3 bc 9.7 ab 11.6a 85b 45.2 ab 5.0a 47.7 ab
300 mL 253ab  21.9bc 10.7 ab 11.6a 9.3b 49.5a 48a 47.3 ab
Container * ok NS NS ok * NS NS
culture medium
Interaction effect NS * NS NS NS ok * ok

“Mixture of coconut coir and peat moss (1 : 1 volume) .

YSame letters in each section indicate nonsignificant difference at P < 0.05 by using the Tukey-Kramer

multiple range test (n = 9-10).

NS, *, and ** indicate nonsignificant and significant differences at P = 0.05 and P = 0.01, respectively.

ZAT Y AT, BENZOEE, HRIENRKEL
AN o2, EL~OFBIFILEA RO
7pinodz (KRR 6, Table 7), ~ U —=—/L K E[EERIC,
BB AY 100 mL & 200 mL & OAFZEFTAE <, 200 mL
£ 300 mL & DEWRIZEAE R oT, FT, HHE
MEILHA THARGL Y ARV Ry 8T, RKRIERN

IR, BEANEL, BIENREE o7, FEEHIS LOE
e, RRERICR LT, bR ORI RO
BNTpode, M BEOEWEY, KHENZ DX
ER&EDo7 (Fig9), HNHOEMEIL, KUK b
LV MBI TELL RDMEMITH T,
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Table 7. Effects of container and volume of culture medium on growth and flowering of Dianthus spp.

Experimental plot Plant Plant Length of the Width of the Flower  Days to
. . Number of Leaf colour . .
Volume of width height . largest leaf largest leaf diameter flowering
Container (cm)  (cm)  Memode (cm) em) SPAD ) (days)
culture medium® Y
100 mL 14.6b> 15.1ab 6.6a 8.7a 1.8 ac 443 ¢ 38a 645ab
Plastic 200 mL 16.4ab 15.7a 69a 89a 19a 49.9b 37a 63.1b
300 mL 16.6ab 15.1 ab 6.7a 8.6a 1.8 ac 49.5b 38a 625b
100 mL 151b 13.5b 7.0a 8.la 1.4b 54.2 ab 34a 668a
Cloth 200 mL 16.4ab 15.2ab 6.7a 7.7 a 1.5¢ 56.9 a 37a 66.7a
300 mL 182a 154 ab 6.9a 8.7a 1.7 abc 58.4a 37a 65.7ab
Container NS NS NS NS ok ok NS o
ANOVA* Volume of o NS NS NS NS o NS NS
culture medium
Interaction effect NS NS NS NS NS NS NS NS

zMixture of coconut coir and peat moss (1 : 1 volume) .

YSame letters in each section indicate nonsignificant difference at P < 0.05 by using the Tukey-Kramer
multiple range test (n = 9-10).
*NS, *, and ** indicate nonsignificant and significant differences at P = 0.05 and P = 0.01, respectively.

2.0 0.4
W Acerial parts OUnderground parts =
— a a 8
o0 j=
2 15 - 03 &
: .
g 1.0 {be L 02 3
5 c a E
5 s
5 b b ab ab z
=05 {|@b F 0.1 3
e S
a 2
a

0.0 - 0.0

100mL 200mL 300mL 100mL 200mL 300 mL

Flower pot Cloth container

Fig. 9. Effect of cloth container and volume of culture medium on dry weight of aerial and underground
parts in Dianthus spp.
Same letters in each section indicate nonsignificant difference at P < 0.05 by using the Tukey-Kramer multiple

range test (n = 9-10).
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4. B

FEBR 1 OFER, ©— MEAREKTITAERTBIRIISH D,
RPN SL o, a4 THEBL W, a4 7 & —
NE R B ERFERS UL, R L RS04 E
ERLIZZEND, IO HITAEHERS OB & 72
W15 Z LML E 7257 (KR 5, Table 2, Table 3).
A TRRERZHEME LTUHEHTE 5 Z L3 # 2%
W& H (Merrow, 1994) TT TICHEINLTED,
E—MERALD b af T EROEMCTRIFRETEZRL
oo LNL—FT, aA TIEmBEOEmETST N D
LNEs B A 52 DA Relt (Abad &, 2002) X°, 7 = /) —
MEEW e ER L2 ZAOEFRE LSS Z 34 (Ma -
Nichols, 2004) & #45 X TV %, Handreck (1993) @
WIEFEE, REBROSPTHERICEBNTSH, a4 71X CN
BREL, WMD) 8L o7 (Table5), LavL, A
RBICB W TCiTaA TIC K 2EBHEFEILRD beho
2o INDOREROMEIZIE, FHLZaA 7 ol
Ky M EBRER L WA AREMIIEETE T, 4%
LILROMENLETHD, —F, E— MEAFERD
ABRRBIE, B— FERAOEOEMEK DO EIZH D
KOBEEDOES, K0 pH R ENFERE L TEZLN
oo TV ATIZBWNWTY, B— MEADIENREVEE
T CABPREL RDBRNHRE N TWD ()L,
2008), LA END, ©— MERZHEHT H5E51L, BIKT
372, MOBEMERELTHATLZ ENEE LY,
o8, AU CITERE Y — N EREM A LI=72%, pH
MR- T, FHFEE— MEROHEALC, HAKOEIIC
£V, v— MEAEEROEMDEH T 2 AREMITEE
TER,

FEBR 2 OFER, ABFICH L CHEAROME LY b1
WEDHNG 2 DHBENRKEL, L~ —ad—1
REZAT P REBIZ, BHIEN 100 mL CAHFLE
NRH BN (KKK 6, Table 6, Table7), EhEA D72
WZ LI XD EFIHIORRK & UTIE, REOHEIICHE
WIRDOHET 2 2EM B L TR ZBEOHE
(Peterson &, 1991), K453 A R LA (Aloni H, 1991),
FARHEE DK T (NeSmith 5, 1992) 72 E#HEEDOEIAN
NIEIN TS, LER-T, EEOBLE G ITES
WMEZ VRS THIENEELNVLOD, H—DHERKFD
WETHEMEORRICLAAFRELUET L Z L ITH
HerEzohsd, —FH, vV—ad—1L K, ¥AT ¥R
& HITHFHIE 200 mL & 300 mL TOAFZEIT/NS o iz,
TR 2 2 /X0 N2 B AL & O, B5HE2S 200 mL
PLESHIUE, EBIC07eROME DT 0722 2 fefr
T, AFHEERECIIKWEBZ BN,

Fz, BEAGOEROEVOEEIT NI NHEDD,

fiRaae AT E, vV —3—)L R CIEELMEL 72
0, ZAT UV ATIIEENRL 20, EANEL, b
TORBAIERIENRD bz, —JF, XA T AT
R CTRY Ry b E AR TFEHOEHENRKE /o
Too AW HFEMIE, H2 B TR L DI, AR
BIRNOKGEWKRT D Z LN ARETEAS, KD H DA
FIZE VKRS NEDN, FEHUIREAME T LELE Lod 0
EWVWIORER S D, DX D BRAARIBRORFENR~ Y —
/L ROFELIEHERH A T 2 AO R TR E O
0 (Fig.9, Table 6) 5| ZHZ L= FREMEDRH D, Tz,
MR TR L TR Y, AR ChEn#<, &
UARy M, BEHAICE S LEREWVE L 2o T
Do AT Y A TIEEITMARR A FEZET D DIl LT,
~ U —I—)L RCIEERORENE LWEERH D, A
BEORERRIE~ Y — 22— RORROFEIZLY
REREBLRITL, MR L TELOKTZ LY KE
LIz HREMER S 5,

P ED XS, HRMARCEDEE L~
ITMEA L 72T OB THRO bILDH D, £ ORET
FEH EMEE 2 B2 FANTH Y, BEFEHIIROALEM
DHIEBE~OIHIZRETH D B2 b, 2
T s R e L CENFIAT 256100 L7251
OFEFHE LTaA THIR, HH0NFaATEE—FER
DIRATEHNHEH TH D 2 &R IE&2Y 200 mL
HHEWNIZNLUETH D Z L ERETHLINT LIz, A
FM OFEERIL, FHEEMET L, L0300
HEETD0, FAICHZ> UIZ OREICEET S
VERH D,

B4E TEACEOENHRECETHIABEORIET

B2 488
o

1. #8

EH AL X ORNFAIH O - FIFH Y AT L0
BT, BNEREE N COMAEME X OB REHEIFOR
HENARRRTHD, —FHT, ZOFKE - FHVAT LD
BUEHIRNC 31T 2 SERFF O b K& 7ol REERE & 72 >
TN5H01F, FHICHDHEBZBND, L),
TEHAFEZIZOWTIE, AFEERSICIIT 5 B C o IE
7R YHREE I BT AR H H A (Niu &, 2000 ; Cerny
%, 2003 ; Moccaldi * Runkle, 2007), =HNZMEE L71-95
FSOZBE L COMFEENE A, —F, 7T A (A
M5, 2001 ; B2 5, 2002), /7 4 =7 2 (Tanase
5, 2005), I—F—a v (B 5, 2005) OEIETIT,
LM (FRFH 10 umolm™s! PPFD, 7 pmolm™s”
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PPFD, 9.8 pmolm™s” PPFD) ~MD&FE IIBAIEI D=
DR T 2L, IR R T E S X 0 B
WEFEND Z EBHLICENTWD, BRSO/ <F
ZIZRWTYH, [KAKSMET (18 umolm™s” PPFD) CHi
FOERRLEOBBEN AT S (LI 5, 2009), NPy
IUATBNT Y, ARSI T (16 pmolm™s™ PPFD) T
HEI AR LEENS L 725 (Chen B, 2005), #GHES
TR L DI, EONHTIL, HWEMELAEL, 3E
L DIBAER 72 EORHER R IBRBI AL LTH B D
nbd, 2T, AT, 96T CORMEESCERR
PEZ A L, fEHATE & OFEIC X 5 BN ORRE~D
BISTEDENE I ST 5, —F, BATIEZORE
BT CIRENRR2 D Z ENRESN D, Bz, WRE
e ISV R7 w7, 2016) (XFHEETT501x, ik
ETS5001x ThHDH, (EEDEMTFEEITILHEDOMRE
1L 1,000 Ix T, FEETIES00Ix EEDLNTWND, ZD
£ O RBREBLGITNG U T 2 ENICBWIZGE, AF
BRSSP END Z LN TREND, $RIED—
R—a T, OBFREMEVIEE, EEECRIEEEN
ZLRAELWEME T2 2 EnmiEsh g BE
B, 2005), % Z CAMFIETIE, F9XE~OBIIEN EN 2
EMRBAHNE IS T BIZOWT, KREDBEWEE

Table 8. Bedding plants used in this study.

REDAEBF R RIETHEICOWTHEEL, ENICE
\F A REHEITSEDIESHIOWTELET S, £7-, LED %
N LHIEOHIEIZ L A BE MO 72 & NZBIE I O
SER DO TTREMEIZ DWW TH H2vc T 5,

2. MEBLUVAEE
FER 1. R AL & O = N SRR

WwHEAE L LT, B (Cataranthus roseus) ‘F,
ZAHRy m—X" () =L TR bE—-T7a—
Z)’, v~"U U (Helianthus annus) /NE° (KK Y H
HDHR), A /3F = A (Impatiens walleriana) ‘A —
WR=Z V7 4 XP m—=X" (BRI FDER), ~F =
=7 (Petunia hybrida) ‘F|, m > N v—X" (¥ XA FEH
BR), Hrer - A7 LT R (Salvia splendens)
Ly R Ay U= (R =A TR T
n—7), vU—3—/v N (Tagetes patula) ‘%7 7V A
To—" ((kR) + A Z D x), ~ =7 (Torenia fournieri)
T A m—=2" ((fK) =L TR —Tn—
Z), /N—=~F(Verbena hybrida) ‘A7 v ar KUA
N (ZXRAFEE (BK)), ¥=7 (Zinnia elegans X Z.
angustifolia) ‘7v07a2—Yar Axu—" () 4+
ZDH ) O 9 EZRERICAE L7 (Table 8), #E513,

Species Cultivar Start of treatment
Catharanthus roseus Titan Rose 1 Aug
Helianthus annus Konatsu 27 Sep
Impatiens walleriana Super Elphin XP Rose 27 May
Petunia hybrida Rondo Rose 1 Aug
Salvia splendens Red Hot Sally 28 May
Tagetes patula Safari Yellow 5 Aug
Torenia fournieri Kauai Rose 28 May
Verbena hybrida Obsession White 28 May
Zinnia elegans X Z. angustifolia Profusion Yellow 1 Aug

All experiments were conducted in 2014.

F2EFig LIWORLIZE 1T, WES (2016) AEREL
T AT ORE At W e B BV T o 7o, 372
bbb, HEARGIFEIERIREROMAFEM (KR HAR)
Z 10cm W5 & 722 X 5 IZRRICHERUN T L2 b O &7
ML, B, =4 7 LR e — N X2 ERHEES
L7=box vz, s34 d 200 mL & L7,
REEHIEE £ 100 L 720, AL LTN: 81 g P,O;s:
237g, K,0:81g#fH L7z, WINofhHE HARZE2~3
KR BARF I AR AR~k B U7, IS A,

BURIRE 25°C, BBEIRE 13°C & Lz, & 1 EDBIfE LT-
WAk, BENIREZELZ 20C, Hf 94T
(FHF32EX-N-HN), > =3 /L ) 1,0001x (JISZ9110
FREE LI B W T HB RO 5 &, 16.8 pmolm™s™ PPFD,
5:00~17:00 @ 12 F¥fi] H &) O N TG T AL (DL
T, ZOWBEXZE [E=N] EMER) Lz, —F, RET
HEr At 7oK (LUF NRZE)) 23X E Lz, )
M 4EBE L, ALPRBIRADS 1 MR X ITHRIRCBITE
B LaE Lic, 72720, BB B r L7 o loREm
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THEZIBY -7z, FEOITRKEICS L CERRER
(SPAD-502PLUS, =2=7H 3 /L% (#)) %> SPAD
E% 3 EHEL, FHHEEZRD -, AEEKIOTho
HERXH 108EE LT,

FER 2. BUHFFOCTREOBENNAET L LIS 2 05%

5

s

i

=7 ‘Tuva—Var Axu—" (201546 H
29 HFERE, 7H 13 Agk L), PL=7 “HUTA m—
A7 (201546 H 29 HiEfE, 7 H 22 Hékl, 9 A 10 H
i), BB F 4A %y va—X" (201546 H 29
A#ERE, 7 H 13 gk b)) ZaBRICfb L, SEBR 11T TH
B 2AT o To, SRR IREEFE A 1 (TM-2, & % A Fl iy (BK))
R LT 288 BN M UA I ToT0, BIIERMEE 72
BRI LT, IR 20°C, BRJE 500 Ix (8.4 umolm™s™ PPFD),
1,000 Ix (16.8 umolm™s™ PPFD), 2,500 Ix (42.0 pmolm™s”
PPFD) DLPRZBRLE L7-, WEERMH X, =7 & v
JTCIE20154E8 H 19 H, hL=7TIX10 H I5HTH -
7o JLEEBHAENG 6 WE £ T, 1 Bk X ITHRIECHAE
Bl EEAE LT,

FHR 3. B ONRE OB ET LIS 2 BB

Hrr (5:00-17:00) 1%, EBR 1IZHELT, 1,000 Ix 5 S6AT
ToOR—&ETY=7 ‘Fur7a—Yar fxa—’
A L, &M (17:00-5:00) 1%, 3 FEEONE DR
RHBERT (BT T (RAR—NZ, HETAT >

7 (), A LED ((BF) ¥—A b—r7 7/ mv—),
664 LED () ¥—Ab—r7 7/ mv—) TREL
Too JEETHUE LIS A 20~30 pmolm™s™ & 72 %
K OITFHE LTz, HIRXE LT, ERAOKAHIT T,

3. #®BR
FEBR 1. (B FAE = O IS EREAT

EETE, BE LT R COBETEERBEEL R L,
—J5, BN TITFEIZ X > THEB DB RREE R R > 72,
b~7 U T, |N, RE L HICERTELIRA 2 BN
LHEL, EORET I HAUHEXM TENDRD o2
(Fig.10), /N\—_F, XF2=7, L7 T, E=E
(ZHEE LC, BATEMIRIAS=|IN T 3 B MR & o7,
IN—=_FTlE, FEOKRE ZTEWDBE Uo7z, B
FCHARI N 2 3 [ E Rl o T, RNF 2 =7 Tk 2
HCHERE LN, BB IERE/NIL o7,

—F, ANNFz R, v J—I—)LR, BVH, ¥
=7, ML =7TlX, ENTOBREYIRN 3 EFLLET
botz, ERIIE L ALY =7 T 1AM H OB
N, AN\ Fz A, v —a—)L R, ML =7 TiZL
WU 2 BERETE 6, BE SR L/NE<RY, AU 38
MEOE I T30%L EDEE o7z, TED/NEORE
BRI L0 B0, R L =7 T, RE L
L7ABBEDIRT RN 3 HE B THH 10% & i) /h &
Mmoto, <V —I—)L RTIHAERITGEWVDE Lo Tz,
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Helianthus
o 3 128 —e—Flower number (Indoor treatment)
Q 3
@ NS S \g —o—Flower number (Greenhouse treatment)
2 2
g 2 -8 2 -a—Flower diameter (Indoor treatment)
b
% NS NS 5 -o-Flower diameter (Greenhouse treatment)
o 1 -4 b5
z
NS E
0 0
Petunia Salvia
. §
£ 60 s
2 6 2 3£
L4 &
g 4 wok ok L2 2
2 NS 2
2 2 ) 1B
=
0 0 - . 0
Verbena Catharanthus
240 3 15 6 o)
. NS 3
2 NS 2
,.g o]
= 160 L2 10 L4 £
ﬁ Hk g
% 80 -1 5 2 3
[ *% E
NS =
0 . 0 0 0
Impatiens Tagetes
8 ~
=
g 6 2
=) N P
:
5 4 &
S
E P
a e
0 =
Torenia Zinnia
80 4 8
= NS Kk k3 KKk g
8 60 NS -3 65
S CJ/Q<D.:.D:.D >
=
E 40 -2 -4 E
(5 sk "5
E 20 wkk NS . L, E
NS S
NS =
0 © : : : : 0 0o =
0 1 2 3 4
Weeks of treatments Weeks of treatments

Fig. 10. Effect of low light intensity on flower number and diameter.
Vertical bars represent + SE (n = 10). NS, *, ** and *** indicate t-test evaluation of non-significant and significant
differences at P = 0.05, 0.01 and 0.001, respectively, from the control plants grown in greenhouse. Helianthus bore

only one flower both in indoor and greenhouse treatments.
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SRR AEE G2 DA RE & OEFETHW
L7z (XK 7, Table9), ZDfER, KRIEIZIFEDFED
FRESHH ORI L 0 B2, T o =T, =
=T TIHREDO IR 10~20% L EAZICKE hotz,
A URF 2 AR Y —d—)L RO L 9 IZFERBLD
BNRTRVWED Do, —F, FLLERAMIBERITIX
ENEDHEMTENELNEETRELS hoTz, EwD

U, NR—=~_F, D=T &R\ T, SPAD fEIZIEE &~
FENTSLLEEL 2D, EENRELI 2B THoT,
BRERITA v F 2 ATIEENTI0%RER N - 7=
D, LA DY TIIAERENA LR >T, ZOD
L OICIRE L L CTENTITABT N ERAICEL 21,
EANRLS R AEAICH ST,

Table 9. Effect of indoor low light intensity on the growth of bedding plants.

Length of the longest

Length of the largest

Species Growing condition Plant width Plant height lateral stem leaf length Leaf colour
(cm) (cm) (cm) (cm) (SPAD)
greenhouse 16.1Y 21.7 6.1 7.9 31.7
Catharanthus roseus indoor 15.5 15.5 3.6 8.0 39.0
t-test* NS * o NS *
greenhouse 18.7 17.6 ND? ND 29.1
Helianthus annus indoor 19.8 17.7 ND ND 29.2
t-test NS NS ND ND NS
greenhouse 23.2 12.8 11.0 5.7 34.0
Impatiens walleriana indoor 222 12.1 9.3 6.3 40.3
t-test NS sk ek sksk sfesk
greenhouse 23.2 12.9 13.0 5.8 32.4
Petunia hybrida indoor 17.9 11.3 9.3 6.2 38.6
t-test *x * *x NS *
greenhouse 16.5 24.4 9.5 11.3 34.1
Salvia splendens indoor 18.5 19.4 34 11.4 54.2
t-test NS ok ok NS ok
greenhouse 21.3 31.1 17.2 8.5 33.4
Tagetes patula indoor 21.6 24.6 10.6 8.3 42.5
t-test NS *k ok NS **
greenhouse 26.4 17.6 15.4 8.2 32.0
Torenia fournieri indoor 26.4 17.6 14.0 7.8 37.3
t-test NS NS NS NS ok
greenhouse 26.0 16.2 17.4 5.0 37.1
Verbena hybrida indoor 21.7 12.8 14.2 5.2 36.3
t-test *k *k ok NS NS
Zinnia elegans greenhouse 26.6 353 27.4 6.4 30.5
Z. angustifolia indoor 233 27.6 21.1 6.8 30.2
g
t-test * ** *K NS NS

XNS, * and ** indicate #-test evaluation of non-significant and significant differences at P = 0.05

and P = 0.01, respectively.

YData were collected after 3 weeks of the treatment, except Hellianthus annus and Verbena hybrida
were measured after 1 and 2 weeks of the treatment, respectively, when flower number reached

zero. Values show the mean (n = 10).
ZND: no data.

—J, I L THHDEE D B OHEIERI)N S

EFICHT 29O EERD L, NI T o REN—
NP ETIIREDOZET NS o Teds, A o " F =

A2 b L =T TIPS B WO RE BN A EIC KX

< 7257z (Table 10), LA L _F xR, v U —=—
VR, N=_FTE, R THEL o ey, e
7, PLETRETIEENRL, NY T Y ATIEE
NEL IpoT-,
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Table 10. Changes in plant height and leaf color of bedding plants grown under indoor low light condition.

. Plant height Leaf color
Species (cm) (SPAD)
Catharanthus roseus 13.2 (117.4) ** 419 (93.7) NS
Helianthus annus 174 (97.1) NS 28.5 (107.2) *
Impatiens walleriana 9.4 (128.7) ** 432  (933) *
Petunia hybrida 11.3 (100.0) NS 41.3  (93.4) NS
Salvia splendens 19.5  (99.5) NS 56.6  (95.8) NS
Tagetes patula 21.6 (113.9) * 479 (88.9) **
Torenia fournieri 12.5 (140.8) ** 35.1 (106.3) NS
Verbena hybrida 12.4 (103.2) NS 40.7  (89.1) **
Zinnia elegans xZ. angustifolia 25.0 (110.4) NS 28.0 (107.6) NS

Parenthesized figures are increased/decreased values in 3 weeks relative to a
starting-up time of the experiment (except Helianthus and Verbena of those in
2 weeks). NS, *, and ** indicate nonsignificant and significant differences at

P=0.05and P=0.01, respectively, by t-tests.

FBR 2. BIEFFONTREOEWNAETE L BEICS 2 55
78R

SERREE DEBAIEIC G 2 D BB I RRIC L 0 K&
<HEIpo7 (Figll), Y=7TiX 1 #HEE»S 84
umol-m2s”' PPED THHEEMN V72 < 720, 3HEMBICIX
Yo k727, 16.8 pmol-m *s ' PPFD Tid 6 i B THA{E
BIXIFIEE 2 TS0 AY, 42.0 pmol'm s PPFD Tl
SVERBRAEADS B BRFEENIAE LA D I L, ALEE 6
BCTHRERDIK TR A LN oT, BV AT,

SREENREWVIE CBITESHIRNIZR < 22, 84 pmol'm >s'
PPFD T 33, 16.8 pmol'm *s”' PPFD T 4 #[#, 28.5
umol-m s PPFD T 5l TH -7, FL=7TiZ1H
MH E CIEREDOREBLZ T o7, 2 WEND
JEFRPEDNR Z VT CPIAERIIEEMN L7, 16.8 pmol-m >s”!
PPFD & 42.0 pmol'm >'s”' PPFD & DTS H LV &
INEIpoTz, 8.4 pmol'm *s PPFD T% 5B H £ TH
T Er Ll bleinolz, L, 6 HBIZIE, T
TONGMET CHRIEERERr Lo,
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Fig. 11. Effect of light intensity on flower number.
Data represents the mean + SE (n = 10).
The same letters indicate non-significant differences

among the treatments at P value < 0.05 by Tukey’s test.

B 3. BIEFEOE OBV NEF L BITEICE 2 5 R o7z, LED 7 7T +orBibeEsh A d - 7=, LED
EER2IZBWT, V=7 TIOREOHEIMC L 24F OFEFEDOENZ L DETIFEAE D> T (Fig12), —

RENE LR NE W ETRIND, =7 7, EBITERAX CROE <, KRR AZ1T -7
[ZOWTHINERI R A RAE LTz, TORE, BIfEEUITERH X Chlehoiz,
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Fig. 12. Effect of light source on number of flower (A) and flower bud (B) in Zinnia elegans.

Data represents the mean = SE (n = 10). Same letters indicate non-significant differences among the

treatments at P value < 0.05 by Tukey’s test.

4. ER

AL X 1 LmE, B CcoRMACHE T CERENT
BY, ENTOFRIZEEL TR, —J, $hfbov
77 A G, 2002) RCBBEMEMOT 4 7 = \F
7 (Conover * Poole, 1981) TITEWN CTOBEMIZEEL
TR RSN TEHEY, ZLE 2,000 Ix (=336
pumol-m >s ' PPFD), 12 pmol'm -s”' PPFD 28 Sh/EHERFIC
VB EARIRONIRE TH D Z ERHLMIZEN TN D,
Z T, AT, EEEO=ENFIHEZBEL, =N
THBEMEZ —ENFMERCX2MBZHLCLED
L L7z,
YHECOBEMMICET 57 v 77— SR (MPS Vv
2R, 2008) T, 1 EMBIEH CEAUTL W ERIZ LIZE
BENERLZN EnG, ZNBHHEEDEIHLEZK D

72012, TEHEEOENFHICB WX, BESR 28
LV EWIEMEED,

BRAEHAR] 2 FRATC NG E 2 3l L 723555, 3 2D
TN—T13F 5 Z L T& 7= (Figlo), —oHIE, B
TEHIE N T A <, PN OEENHIRE L
=", ZHZIEeE~T U REEND, ZOHIL, 9
RUBRIX CBAFEHARIAS 3 38 A & AL < SIS PEAME
TN—=, ZhZlx, XFa2=7, YAeT, N—F
WEEND, = DOOITFFIEAELX CRITEHIRIAS 3 J LA
EEEL, EREGHEREWZL—FTHY, ZhIE
vy, AVNRFr A, v —2— LR, =7,
VT REEND, THOOFERFERND, ML,
BaMeFFT 572D OR/INONIRENIFIEL, FhUIHIC
FORESEARDZ LARB I NIz, HEBGEE & M
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HEN B L E R 2B 2T U T 2 2 &R
T & 72U (Bugene &, 1975), ARFEBRICBWVWTH, 84
umol-m s PPFD DHI e CITEMFIZE D 5, K
W HROFENEL, B TIX4EEIBEIC 7SSO
BEDBHESE LT (T —H72 1),

— 5, BN TG & OBUE 2 FIREICT 57291213,
EHETHETORE T TR, SHITHELIT A7
ODTZRNX—5 B/ DDONELMELRD, B L
IR ED S = —F 3 ICAD L O T, 33%
TTbE<HEL, BEMBNE N2 b OISO ZE
{3/ NSVMERANC B o 72 (Fig.10, Table 10), L7z23-
T, ENEISPEDEOAE TIIOEAIE MK L, [FIFRC
BAAE LT 2 7 DIZ BB B IRV & PRS-,

Faust 5 (2005) OFHEIZL D L, AR T T 7ol

JEEM & VO 2 2L SE TG 6 ORISR RO,

AUNTF 2R, RA=ZT ZERNEOLE (DLD) #2035
ETBIN—T, XFa=T, v—d—)L K, U=
T, BB EEWDL 20 E T 5 7 —T I LT
W5, ARIFFROFERTIE, ~NF 2 =T XENEEEMK
<, WZA 2 F = AL, BERNBEIGENRE L, ZO#H
B —%Lz, L»L, wV—a— K, Y=7, v
HX, BWDLINME L N TWNDHIZHE0b LT, K
W CITsmENREISES B &l S 7z (Fig.10), 20
ZliE, FUMBTHAER -BEICEALT, BRNETT
DOHFREDOIKT &, BNOFRITKRT D8 L 1FT8T L
L LW EERLTND,

— 07, FINEIERNB R T 2 L, kb — = —
var (BEH, 2005) THEINLTHEY, 98 BLY
51.6 pmol-m *-s "' PPFD TIIIERITE W T2 - 7228,
F &b 2742 pmol-m s PPFD & Fb X THERRIT 10%F2E
INEL Tp o Tz, AFRIZEBNTHEFHIC L - TERIZ/D
ST, ZOREITHMYOREIC LY RE B
D, BB TIE30%LL FANEYE L7283, b L =T Tt 10%
DUF &gy &<, = U —a—)L R CIIERITENO R
E Uo7z (Figl0), ZOREIIAHTH 528, EH
LT, ZThbod B TRMESIMRWATREME, HD W
1%, BAAE & Z DMEFHT B0 E RPEY) D DD 72 ]
BEMEREZ DN, ZNHOERICE LTI, 4%O0f
HHETH D,

—J, BNEIRELDAREZ R THDL L, A
NSRRI D Z E R BN EIpoTe, BRiR~DRE
IRHBR E T BIC L 0 BAr o 7oy, R L AR
~OETMBIZEDL L PR CEHRZ R L, ENTIRE
EHEAEF IR T L (Table 9), 59612 K- TG
REMET L CATERIEL-EE2 N, —F, EE
IHEEEDENRWVRE NSNS0, X TF A

TIE, BNTEL 2> 72, Chen 5 (2005) I2L5 &,
>V % 22T 16 pmol'm s ' PPFD CTHEREDERMN A
OND, EEFIZEALEDME CHEBLLEENTEY
B leote, ERREAMILAONTEINDDO—HOBIR
1, F9RICHEIS L OB ORI R A2 & 6 5 7o DR O
i & g2 S 7= (DI Benedetto, 1992),

FBR 2 TIE, KB 1 TEANBEISMES E &R S
vuh, =7, V=T D3FEICHONT, BN TOR
BSATEORHEG D720, BALD KM T TOEER
BATE~DEE LA L= (Figll), TOREE, vt
N =7 CIEERE R R < 72 212 EREMMITER L,
FOESBECTXLZ RN ERoTz, £z, 84
umol'-m s PPFD IZB\W\TC, B, V=7 TiL3 M
BICIEBAEE R b leotz, ML =7 TiE, 5 @EMHE
F RN Er L b, ME L2 H O CIEERC
FHA~DOWISERFE -T2, L LR D, ZO5RMT
VX, BUEICH 2 5 BB OMER DR EE Ch o7, LIzd -
T, 2% (84 pmol'm >s ' PPFD) TIIfEHEMIE X 2=
WTBLET 2130 I E S RN 2 L AVRE S
nic, —J, Y=TIIMERKO 6 BHHIX, 420
umol-m >-s”' PPFD CTRITEE AN LigiiF 7=, 2D Z &
5, BOELELRWELDONBREICHY T 5 420
umol-m s PPFD TV =7 2#E 7 2 & BlH H =R
Th D 3 EKIEIC ERED BREOBE SR T,
IS ORER G, =7 Tl 16.8 pmol-m s~ PPFD &
42.0 pmol-m *s™' PPFD DRENCBIIE R4 % 7=
FSERE ORENFET 2 Z LRI, 20k
NV =T TIIHBIEER T D o To 2 L nh, FEBR3 T
XY =T MBI RIC OV TERFT LT, 0k
H, LED %5 A TOEIRZ WV CRRIMMY T 5 2 & CRIEM
WA EL72Z &0n, FERBEIZEWTHEARTRER L
T EMBETE, B h TIERENE VT EH
TEHIR DIER RN A S 778, JUBEE 5 8 B CRITESL
NEr Lo &b, BEEMERTT 572D DR
1% 42.0 pmol'm >s ' PPFD LA L THh 5 Z L 0VRB SN T,
—Ji, ML =7 Ti%, NEICEAET 6 B B ICBITE
NEallpo Tz & &, Figlo TIXBIESE T LA
4 BEH £ T2 TWZZ &5, KVIEEE TIXMR
BICBAET DA FFO & B2 BN, ZDT & 420
pmol-m 2-s”' PPFD (23T & BTG 0 4iE 520 578
SRR TZRIN E 72> TS ATHEM N B 5,

58 KA

INET, {EE0RNEBEIT, YIVIEBLIUEL DI
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RO TE 7, #5 (2008) (2K 2 &, 10 ILIHmik
MHEIY S CTHifT S, FIASGE TOT LAY

RS LEEZR M FEREL T, EETED & 5 b OIXEFERE M &
L Citils 52—, BIEMMIT MmN, —J5,
b OITEOF FBE TE D5EMINT, ShORIACHNL
THIER EPHBE =—XIE L TEETH D, FT,
b DI, IV IEE ABEMMIZR Vb OO, kit
25D Z RN TUTH IR A RIS D T N
METbH D, —F, BHEAEXIE, BIEHRAY I
IV HENWZ &, 72D ONCHIT £ TORETHIM DEAIE X
VBB, INTHREMECEND Z ERFRETH D, T
2T, ABFETIE, GI0EL Y b EVW—EOBIEHME
RE LTI OBNBE L AT L0 ), GIVTE
THEIETH AW 3 OFIFEZ LT 2 2 & & HIIIZ,
ENERBEI % DB OARERRHE 72 H QNS Z AUkt
JE LT BN R 25, KRSt xBfEL, £
DIz, BIEEREW I ENA & U CTHESL ST BRI 3
EEanHANIc RS &, AL  oENBEICHE LT-
HEEARART2 D NI OW R, BN OCEREE~ DS
DR, 72 & ONCEEMER EHATOBRRICER Y FLA TS,
COVATEERNSZ LIk, A TORAIZRE
SNTWE 9 mMADMEMAEEZD S S, 5 mERENT
—EMMBE CES 2R LT, ZOZEE, IhE
TENTHA SN T I oL ENFIHTE 57
MR DHZ L, LT, A% IOVAT AN K VIEA
Wi BIISHFRETH D Z L2 RTHDOTH D,

— AW CIL, EBNEISEO BV E & LTE VA,
AN F A, wJ—ad—)LR, hL=7, P=TN
GENDZLEWOLNILEDN, ZhRODMEE2ED=E
WELE ZHE LEBRIZZR SN TW R0 ORNBIRTH 5,
V=7 TIEHENGEICERN R P> TDIZMZ, 2,500 1x
(42.0 pmol-m*-s™' PPFD) CHLIE MM O K72 ER 28 7
bz, AR TH D Y =T MBI~ DEISHE S 73
RS TEHEIIRHTH L, BAKS TR~ 7 «
AR D% IFT DX FEREL VD rae 7 ¢
JVE B ORISR R O/ ML A T, AR
ok i 0 D AR DRI ST TREED b D, 514,
DX D RENBEISHED AR A T = X LOFRIAN, =
Wi i E B R L7 BREEAN ORI N 5 = & & WiFF
L7z\y,

AWFFETIE, BNOIREE 1,000 Ix (16.8 pmol-m s
PPED) L EDT=N, F7 4 Ap EOEHE ORI X
500 1x (8.4 pmol'm *s ' PPFD) T& Y, % 4 HEDHEE)
b, ZOXRFETIEIRMOBEIIRETHD Z L2HHMN
IZL7, L, LEDREOLT 7 Lo N Z
WS 52 & T, Y=TICBWTRIEEDHER S h

T2 EDD, MBI LD, Z o CRIE R T
XHLEEZLN, KT, IBRENTOHFHEICE
% LED FIFH2’ - ClzhhE > T D (K, 2013), LED
JEOEMFRITE L (%, 2012), EHNOHRD TEH A
NR—ATHRFICBHNTE 280D, AT U TIC
~ v F LT BT EBLATREME 23 B,
EERZECTHRAERICHEH SN TV D EIEAGRIL, R
Ry bR THD, BURY MIFRIEEARE L
TEZLNTERY, ENREoR Yy M 2R, EARNIC
ERGBERL Y S D, —F, ki, B OBIEMED
RLEWVEBTHRSNSZD, RUKRy hEERRY
LR T T AF v 7 TSN TEY, XEY BT
TOMMZEZEEL, shOIMUNTBRIAZEES LIoT A
L CTNDHDNE, O TIERBEX SN EWRT
Holzh, B a A N EEENEHTHAEITIZEE A S
ST, BEHOKEERIZ X 5K 26 FEEOIEE O
T EOREHTIE, $hH OBRKI 2 & 3 T ek, fEHEH]
HHOHEN6EI T HARY T, Gt TRIE2THT
b5 (EMAKFESL, 2015), HEIEBLUEDORI KRy bR
FRONVHE I, FRRAVICITFEAIL STV D BRICH
e BT T AF v 7D 1t Hi=Y O B bikFPEHEIX
320kg THDZ LD (BIFHEZER, 2012), 1814520
g & L, 30% 0 A ST R S iz L RE LT85 E,
L7288 tHEH S s ERFE XD, 20X, KU
Ry MR EZ DT 2 & A ATHE & AU RIR =R
R AHBIZ B ERCTE D, [FRFIC, BFEFEI N TWAR
FMOFIERICLY, S5 HBENENEFECE D,
AR TIE, AREMOREEEIRIIR Y ARy b~ E[FE
FRICHEAMEDREWZ E 2R LI Lz, MEMIIITR
KHTHDHID, Frx K& SOMIROBIERIR 2 R
TE 5, Fl2I3RRICTIEE s ZiEnd, mwz Lk
MHEOLTZEBARRE R D, ZDOX IS LT
FIAFEEARRTED Z LR KOFE L L E X5,
AAFFE TR LI ENBIE v A7 22 VT, THEE
figl VI 4 TREMEEZRE LTS, [HEEffigl &
WL, HEETENL, MEIET &V ERTHTS
, RO EE BB L L72b D Th b, kv ¥ —
L, AEETRTEEE M IO, B P—T R
(REH S & 5 D) LEORFERELH SO (TIERE
M) 78 EEH O TR IKGEN A E 572 L 2 AT
b2 (X 8), THEIEAel DIFAMLIIATFAM DOEMPIN T
D3I 100 [, APEZZREARA) 100 1, Z DIZH T
BRI EZ G D L2800 HE D, 2T 40%DF
2 FEA BV T H RGeS 1T 400 FHFREE & 720 (hTE]3E
FHEMPN LI WEE), 2 B CTOWMEE T > r— MR
BE0 LMk E RS INAD 2 ENARETH 5, [EIEAie)
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%, la®720 7,000 BAEETE S Z LD, EEELRTE
RHK 100 D5 BAEFEa X M 50% (850 ) &9°2
&, AFEFHOMFRSIE lad7o 0 35 T LR D, BEMK
PER OFEH (EMOKPER, 2015) 12X 5L, Rk 26 4
O AL RO EFERE ISR 150,000a, FEHEEIT 310
BHTHD, FFERED 1% (1,500a) H=ENHOIEEH
B & UTHTISH 2 256, FEHEEDYKY 10 @M+
%o FiZ, 1{H 400 MCHFE LG, #il-zmide L
TR 40 BHOBMB FIAEN S, 7ok, [TEEfie] DM
sbic iz o T, BIERBORZEMEICAEbE TS
DIT LN, BEESNTWAIAHEM & ARERE 2T
AT2aLn)artr MIEbo Ty, fEaF T
LD E WO TEBEOHEB DRI Z, FEEEEHOaAT
CREIERBIL A U YA 2 LT R N EA I &
L2 L EFEEIEDLHREND, FROEM L L TEAS
DT EHABEIF LI, FTo, MBEM ORI AT
fEHIC/ERICE H72, FERRARE ) IPH: (] (LR )
(L) OREZEIO—BR L LT, &5 RIEEREZA O
HEHTER E L TR MDD PRET L TE WD, 4%
bk R R EEEE L CHED D Z LT, (RO LTY
HEtTExIEEEZTWED,

=

%@%%%@%Wﬁﬁ FIRY AT LOMEZ BIEL
7o DO, HiFEM ORI REDOBRFE & ORI
z&%;U7V~A%%ﬁLt&ﬁﬁmvx%A®%%,
ENFREFICHE L 7o BERNATRE e 5 IO BHE, S|NIZIU T

B OHIRRER & 72 2 595G HED & 2 i B D A
7Y —= IR RAT,

(2, EHEAAEE OERFIBIZET, FEHIROAM
FME THOR ORI T L= fAses 2% L, =0
FRAVEZRHE L7z, MAFMIRY Ry b &L
T, HIRDIER T2 6726 L1z, ZOFBEVAT AICE
WCUIE LIRS 72 2, R4 CRAET HE (I B)
D ITS S DI 21T > 72 & T A, Simplicillium
BETHDHZ LR ENT, DT, UMK TH
HETHINLOHEICR LT, AMRICZEMEOE N E N
& ARERROBIBRZIR N ENZ LR E NI, £z, i
KRBT HT 2 A EOEEY O IE 3wl v
LATHDHZ EEHLNICL, BEHIZEELZ R0
ETCHHZRSIETCE D2 &R LT, — T, MM
WU TBEEAM L 7 L — A AP T S & L b, KA
D — FERFH LTz, BIgs Ui BEmRR LA 7 L — A0,
Higdm % [ E LBUE T 28000 & KA TR LA g ~Fa7K

T oI L By %Lf%ﬂ%ﬂﬁiéﬁt%Ltbﬁ
ks —RELTORY E=LT/La—/ (PVA) |
%%@ﬁulx%wkw&,ﬁﬁ%mm%ﬁ%f%éz
ERPHLMNE o T,

B2, ZOREEY AT LI LR B oOFEEE b
BARR Uiz, BHHOREEICE LT, E— MEAFYEK
TIHABHENRD LN, a7 EE— MEARADR
BEMIIBITA) —d—= )V REEAL T U ZADEEFIT
REEEERE LEREE ERETHY, EHERS
Molz, fEssEAWEGEDERL, RV KRy el
NEREEDN NS DA H S T2D, EF D
I, BREEASORE LY bEORED FAKREL, i
BEIIARY AR hoREE UTHERA EMER RN T,
DB KT, FEEREHE & e ~E R RS TR o
7oo C-N RITAWEFM T <, pHILE — hE RN
BV LR 072, 2D X 5 I, AHERT IV T
FEH ERERWNVEBRRO LN H 00, ZOYEL:
REPEITAEER L & K & < Bg o TV, FoliZg st 4
BEtL7-E 24, 100 mL O #E T~ ) —=—1 K&
AT oY RCABRERRD G720, BT
200 mL ®H2AWIEFNLLENE L TWDZ ERHAGNE
ol

%302, EEAEXoENFIHAEZ B L, BHEAEX
9 i EHIZOWT, BT (1,000 1x, 16.8 pmol-m s
PPFD) T SERFHRFIEZ T~ T, BRAEMIME & FEIEI2 &
uuﬁ@élﬂﬁr PR L72/ER, b3
DI N—TIES -, Zv—7"11%, BfEHIHBE
WL, FHLBORENHIRE LignWIv—T, Zh
Wide~o UnEEN, ZA—7"21%, 50X T
BRAEHARIAS 3 3 R A & 4 < ENRESHEME N 7 L —T
L, RXF =T, A ET, R—=_FnEEhT,
7 N—7 3G ALER X CRRIEAE 23 3L | & K <,
FENHEICHERB W L—TTHY, iz, A
VRF AR, v —d—)L K, hL=T, V=THE
FhTo, FEA~ORBIIHYORBEIC L > TREHE
IRolehy, FRRAKMABRIT L TRE L, BRIk
LTI hESVMEMIZH o7z, —FH T, EATIFZEALED
i H CIRE L E_REBNTEV R ol, &DIT, 59k
AOFIENE NI H, PL=T, P=TITo0N
T, MHRE OB OB E RO LB CHLIC E TR L
FAARTAEER, WPFRomA S, 500 Ix (8.4 pmol-m s
PPFD) TIIBIEICHEZ DB A HERFCE o T, — K,
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Indoor cultivation system developed for bedding plants based on dissection

of technical and physiological factors characteristic to indoor environment ~

Tatsuo Okazawa'" , Takaaki Nishijimaz’3

! Tokyo Metropolitan Agriculture and Forestry Research Center
? Graduate School of Life and Environmental Sciences, University of Tsukuba

> NARO Institute of Floricultural Science

Abstract

This study aimed to construct indoor cultivation and utilization system for bedding plants. For this purpose, we
developed cloth container, wall greening system using both the cloth container and hanging frame, culture medium
which can be discarded as burnable garbage, and screened species suitable for low light intensity indoor environment,
which is the main limiting factor for plant longevity.

First, we developed flat cloth container made of discarded school uniform. Compared to plastic pot, the cloth
container tended to be more readily dehydrated, which caused lower medium temperature. White fungus colonies often
formed on the cloth container was classified as the genus Simplicillium on the basis of ITS sequence analysis. The
application of human-friendly fungicides, hydrophilic hiba essential oil and wood vinegar, effectively controlled fungi.
White solid accumulations deposited on surface of cloth container was calcium sulfate, which can be prevented by
omitting leaf mold from the medium. Further, we developed hanging frame suitable for cloth container and water sheets.
The frame consisted of window to display cloth container and water supplier. The PVA (polyvinyllalcohol) sheet
showed stable water supply than polyester ones.

Second, the composition and volume of lightweight organic culture medium appropriate for this culture system
were investigated. Marigold and dianthus planted in coir or a mixture of coir and peat moss grew as well as those in the
standard mixed red clay soil, while peat moss alone inhibited growth. Although length of largest leaf of the plants grown
in the cloth container were slightly smaller than those in a usual plastic pot, presenting no problem for practical
production. The appropriate volume of the medium was 200 mL or more, although a smaller volume such as 100 mL
caused growth inhibition.

Third, the adaptability of 9 bedding plants to low light intensity was evaluated for their indoor use. Based on the
duration of flowering in indoor low light intensity [1,000 Ix, 16.8 pmol-m *s ' photosynthetic photon flux density
(PPFD)], the plants’ adaptability was classified into 3 groups. In group 1, effect of low light intensity was unclear
because of short flower longevity irrespective of light intensity; this group included Helianthus. Group 2 included
species not adaptable to indoor low light intensity, in which the duration of flowering indoors was less than 3 weeks;
this group included Petunia, Salvia, and Verbena. Group 3 included species adaptable to indoor conditions, in which the
duration of flowering was longer than 3 weeks; this group included Catharanthus, Impatiens, Tagetes, Torenia, and
Zinnia. The effect of low light intensity on shoot growth did not appear as reduction in plant width, but it did appear on
plant height and length of the longest lateral stem. Leaf colour of most species was darkened by low light intensity.

Even Catharanthus, Torenia and Zinnia, which showed highest adaptability to low light intensity, could not maintain
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sufficient ornamental quality in 8.4 pmol-m *-s”' PPFD. The duration of flowering became longer as light intensity
increased although the response was different among species. In Catharanthus and Torenia, the duration of flowering
was extended in 2,500 1x (42.0 umol~m72-sf1 PPFD), while the flower number decreased eventually. However, flower
number of Zinnia continued to increase in the same light intensity, indicating that long-term use was possible in bright
indoor conditions, including locations such as windowsills and showcases. Further, supplemental lighting in the night
using LED or fluorescent lamps effectively increased duration of flowering of Zinnia, indicating supplementary lighting

is effective to compensate for shortage of light.
Keywords: bedding plants, indoor use, weak light, cloth material, organic media
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EkR 1. Scanning electron microscopy of the fungal flora appeared on cloth container.

Left, 22 times; Right, 1,000 times. White bar indicates 1 mm (left) and 2 pm (right). White arrow shows the fungal flora.

Control

Xk 2. Effect of fungicide on fungi colonies formed on the surface of cloth container.

The photos are 3 (left) and 5 (right) days after fungicide application. Fungi colonies are seen in white pattern. Values (%) on
the photograph mean fungi occupancy rate on cloth container. Control, non-treatment; Hiba oil, 10% hiba oil, Wood vinegar,
10% wood vinegar, Mixture, mixture of 5% hiba oil and 5% wood vinegar; Captan, 0.08% captan. All fungicides are solved

in 9% PVA (polyvinyl alcohol) solution.
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ki 3. Effect of culture medium and fertilizer on efflorescence. A, standard mixed red cray soil (red cray soil : leaf
mold : peat moss=5 : 3 : 2) without fertilizer; B, standard mixed red cray soil (red cray soil : leaf mold : peat moss=5 : 3 : 2)
with fertilizer; C, leaf mold ; D, red cray soil; E, peat moss. Enclosed areas shows efflorescence sites. Values (%) indicate

rate of occupancy areas on cloth container.

|| Jad

.
-~

Xk 4. Display examples using hanging frame for wall greening. A, zigzag wall decoration; B, use in toilet; C,

combination with craftwork. Values represent percentage of replies favoring the example.
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Klhk 5. Effect of culture medium on growth and flowering of Tagetes patula planted in cloth container. A, single
peat moss; B, mixture of coconut coir and peat moss (1 : 1 volume) ; C, single coconut coir; D, standard mixed red cray soil

(red cray soil : leaf mold : peat moss=15 : 3 : 2). Scale bar represents 10 cm.

X hfx 6. Effects of volume of culture medium and container type on growth and flowering of Dianthus spp. A, flower

pot; B, cloth container. Values on the photograph indicate volume of culture medium. Scale bar represents 10 cm.
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Impatiens Salvia

Klhfk 7. Effect of low light intensity on plant shape in Impatiens and Salvia. Photograph was taken after 3 (Impatiens)

and 2 (Salvia) weeks of light treatment. G: greenhouse treatment (control), I: indoor treatment. Scale bars indicate 10cm.

Xk 8. Pilot use of “Dressed Flower (“Hanakappu” in Japanese) at a restaurant.
This picture was taken at TOKYO SUMMERLAND Co., Ltd (June 11, 2016).



