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The above figure on the cover shows an example of a lighting device developed by
applying our light control technology. It is understood how light uniformly spreads from
light source. The inner surface of the device has a reflectance of more than 80% in UV
range, and by optimizing the aperture ratio distribution by appropriate arrangement of
holes opened on the surface of the device considering the distance from the light, the
light from the point light source arranged in the center of the device can be irradiated
uniformly from the surface of the device over a wide range. In the design, simulation
using 3 dimensional light environment analysis software was optimized the light
distribution and designed efficiency (bottom left figure). The figure on the bottom right is
a state of demonstration test as application development for agricultural lighting. By
using the lighting device developed by our company as a UV-B irradiator, we can reduce
the amount of agricultural chemicals and build a stable and efficient disease control

system.
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Retort Blushing Occurrence Behavior of Non-Oriented Polyester Film

Tomoyasu TAKENAGA, Kousuke Sasaki, Masami SUENAGA, Kazuhiro NisHIDA

Synopsis : Paints used for food cans have problems of BPA and VOC, and the need for switching to film
laminated materials is increasing. A major issue of the laminated materials is cost, and the cost
equivalent to painted materials is desired. As a technology for inexpensively manufacturing a
laminate material, the direct coating method of a molten resin on a metal substrate is known, but
since a film obtained by this method becomes a non-oriented polyester film, problems such as poor
barrier properties and impact resistance. Particularly, when a non-oriented polyester film is used for
the exterior side film of a food can, there is a problem that retort blushing (whitening) occurs on
the exterior side of the can during retort treatment owing to insufficient barrier properties against
water vapor. We report on the investigation result of retort blushing occurrence behavior of non-

oriented polyester film.

Keywords : food can ; retort blushing ; lamination ; non-oriented polyester film ; PET ; PBT ; BPA ; VOC
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Fig.1 Retort blushing of the DRD can.

steel side

Fig.2 SEM image of the film with retort blushing.
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Fig.3 Method of polyester film lamination on ECCS.

Table 1 Structure of the PBT blend PET films. (NO:Non-oriented)
No. 1 2 3 4 5
type NO-PET - PBT NO-PET - PBT NO-PET - PBT NO-PET - PBT NO-PET
PET resin PET/IA2 PET/IA2 PET/IA2 PET/IA2 PET/IA2
PBT resin homo PBT homo PBT homo PBT homo PBT homo PBT
PET blend weight T0wt% 60wt% 50wt% 40wt% 100wt%
PBT blend weight 30wt% 40wt% 50wt% 60wt% Owt%
thickness 10 pm 10 pm 10 pm 10 pm 10 pm
layer single single single single single
strconre || momopot-ass | ' ||| nomopsredowss | 1 ||| bomo per-sowss | ' ||| nemopmr-comsa | || PETMR |10

Table 2 Structure of BO-homo PET film and NO-multi layer PET films. (BO:Biaxially oriented, NO:Non-oriented)

No. 6 7 8 9
type BO-homo PET NO-PET - PBT blend NO-PET - PBT blend NO-3 layer PET & PBT
thickness 12 pm 10 pm 10 pm 20 pm
layer single double double triple
PET/IA2 5
_ AL, 2 PETAA2-d0wt% |
film BO-homo PET | 12 PETIA2-d0wt% | homo PBT - 60wt% homo PBT 10
structure homo PBT -+ 60wt%
PET/IA2 2
PET/1IA2 5
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Fig.4 The raising temperature curve of oven.
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Fig.5 Punching metal container for retort blushing test.
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(a) Large autoclave. (b) Small autoclave.

Fig.6 Structure of the autoclave.
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Fig.7 Comparison of the temperature rising curve.
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Table 3 Judgment score of retort blushing test.

judgment bad — — good
score 1 2 3 4 5
transfer all 3/4 1/2 1/4 none
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Fig.8 Relationship between blend amount of PBT and Tg or
Tc.
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Fig.9 Relationship between blend amount of PBT and retort
blushing score.
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Construction and Startup of PL-TCM for Cold Rolled Steel Products in Turkey

Tsuyoshi Irig, Kazuhiro Saeki, Younosuke Yosun, Takao HAasHIDA

Synopsis

Keywords

:In 2012, Toyo Kohan Co., Ltd collaborated together with Tosyali Holdings, which is a steel

manufacturing company with electric furnaces in Turkey, in establishing a joint venture called
Tosyali-Toyo Steel CO. INC. (referred as to TAT).

TAT determined to locate its plant in Osmaniye Province, in the middle southern part of Turkey,
and planned to construct the integrated production plant to manufacture tinplate, galvanized steel,
color coated steel and cold rolled steel products and the construction of the plant started in 2014.

Although the construction was behind schedule by several months, the commercial production
could be started at all lines in 2017 almost as planned. The commissioning of PL-TCM, which is the
continuous pickling and cold rolling line with the latest technologies, was started in March 2017.
By the cooperation of many people concerned, the commercial production could be started from
April 2017.

The latest technologies were introduced into PL-TCM as well as many operational know-hows
accumulated in Kudamatsu plant. As a result, its production capacity could reach 1 million tons a
year.

In this paper, we report on the situation of construction and commissioning, introduction of
several equipment and production record of PL-TCM.

: PL-TCM ; Turkey ; joint ventures
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Fig.1 TAT Osmaniye plant.

Fig.2 Front view of TCM.
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Table 1 Main specification of PL-TCM.
TAT Kudamatsu Plant

Item PL-TCM 2CPL 2TM
Mechanical PTJ MHI IHI, Hitachi
Electrical Hitachi TMEIC TMEIC
Nominal capacity (t/Y) 1,000,000 960,000 960,000
Entry thickness (mm) 1.6-4.0 1.2-45 1.6—3.5
TCM Delivery thickness  (mm) 0.16-2.0 — 0.15—1.6
Strip width (mm) 700 - 1,300 508—1,270 508—1,270
Max. coil weight (ton) 30/30 20/36 36/36
Entry speed (mpm) 600 750 600
Pickling speed (mpm) 180 230 -
Trimmer speed (mpm) 300 350 -
TCM speed (mpm) 1,440 - 2,137

Table 2 Difference of specification of equipment between
Kudamatsu and Osmaniye for PL and TCM.
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Item PL-TCM 2CPL, 2TM
Welder LBwW FBW(2CPL)/NMW (2TM) a7 VIF AR F vy FICRIE S N8 v — 1T &
Pickling tank PP, i-Box Brick+rubber+steel, Deep bath .
eid e o », HMI (Human Machine interface) i (LAF, H
22V

Trimmer Turret Single 12 THMI; & \w9) CTHREIN-EPEEINICY D%
Rolling mill 6Hi (UCM) #1, 2:6Hi (HCMW)

#3-5: 4Hi LEND, Flehy FaA VORIFANEES 7 A v il
WR diameter 300-340mm #1,2:385-425mm RSP ED -2, a4 IVERE, ML, WiEH Aflla v

#3-5:525-595mm
— — . N7 — L THEBMCHIES NS,
Application Recirculation Direct
Rolling oil Synthetic ester Palm oil+Additive
AGC Mass flow Conventional
The rayout of PL-TCM
Specification
No. of tanks 3
Entry thickness 1.6~4.0
Delivery thickness |1.6~4.0
Strip width 700~1.,300
Acid HCI
Waste Regenerated
acid tank acid tank
8 B 9
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Spray Ri Hot Ai ; .
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y AT:mk ITank Tank rl'rm’]mnr Room - nmr,.nm
Processor  Laser Beam N 1 I o5 > (}S;Tr‘(]\r(‘rl‘ TR E‘\ ar
Leveller Welder 5 = Scrap = \ coil car
Intermediate Looper - . Chopper Q &R T
Delivery #
%‘ﬁ Looper
Entry Looper

Entry coil weigher

Centering Device

@ Entry Walking beam

@ Conveyor

Fig.5 Layout of PL section.
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Face bead undercut

Face bead discontinuity

Face bead mismatch

Face bead over thickness

Fig.6 An example of welding monitoring system.
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Fig.7 Layout of TCM.
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Table 3 Mill specification.
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Table 4 Specification of main motor.

Item #1-5 stand Stand | Type Power Base/Top Gear ratio
WR dia. / Barrel length (mm) 300-340/1,430 (kw) speed (rpm)

IMR dia. / Barrel length (mm) 440-490/ 1,485 #1 AC 3300x1 500/1000 1:2.45
BUR dia. / Barrel length (mm) 1,150-1,300/ 1,430 #2 AC 4400x1 550/1200 1:1.97
Max. rolling force (kN) 22,000 #3 AC | 4400x1 550/1200 1:1.38
IMR shift stroke (mm) 355 #4 AC | 4400x1 | 550/1200 1:1
WR bending force (kN/c) +255/-140 #5 | Ac | 4400x1 | 550/1200 1.30:1
IMR bending force (kn/c) 545 R | Ac | 18002 | 2201122 [ 1.442:1
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Fig.11

Mill housing.

oA R — & — B CEERFELRT 2 2 L3 TE T,
R TIE BICEHTE 2 A B oA REE, a— L N v,
Ty kI AT WTERNCEHIHT 5.

6.2 HREHE

6.2. 1 MEAMAER

PL-TCM&ii 1< & 1) % BB 2 o M e 1 il Bk %,  20164F
107 & D BB S 117z, Table 5123 & 9512, RO A
T8 & A niaBR o 08y AMEEL T3, h
FgTE 2 7 > a v ORRIEE T LT 2 AT TEEE T L
T, BRGNS, TCMEIZ O 2 M1 TR
EAATLCEBTE R 7 2 a v oftAnEER 2 Bk 72 a v
DM SR L2 Ik 2bDTH S, UPDFHET
WFPLTCME2 oM LHBETHRICT—LVFI VB LY
Ry b7 v R RBEHRCH -5 72, 2L THE

22

WOENZD T 7D DNETH S, DED X)) TR
FHEOFEEIC X D, BBVl oM AR % 2017451 B I 58
T2 EHTE, TCMMEH DA RTESRIZ20174F1H
253 TiTh i,

6.2.2 a—lLFIv

PL-TCM® a—)V ¥ 7 v %, BEYERICRKZ R 7R EE
T, I CERNICIBIE S L a4 L2 W TT ) A
AT H 5. Wik 7> a 132017461 H I i & iR
MET Licle®d, THRICEERHRO 2 -V F 7 v 217w,
LARICIZER 2 1 L 2yl 2 &3 27200
Ry FIrERToR, ZHICK D2 TAD S e
T — PO TEE & 2o 7z,

Z D, TCMMIGE M O M e d 5% T L, PL-TCM
BRELTDa— V5 v %22017THESHICHBT 2 2 &
TE, PLTCMO2KE — FOEEITHE L 2o 7.

6.2.3 Fvbov

PRk I e % i L 72PL-TCMOD & v |+ 5 ¥ % 20174F
SATHNCHIIAL 72, BHIR Y WNE I OFREA REIT K 5
FAVEILEZBELTa—L o HBRYHF a4 V2
Lty b7 v E{Tok0, 2HIZE Y b a4 )L OBy
E— PHEEZ R L T 2 &5, BHaA L2
L 2B ER O ER I, BEME Ry Paf vz
Ay P72 VLHIRT S I LITER,

¥y b7 v TIFELESE DM B X B A R
L—8 —DEEAX LVOM EERTVRD S, [ LEORH
T T 2720 DEIEa A VOBELGZHED 7-,
BB L OBIEICEB T2 77y —AbafLizznzn
2017452 H13H B L OBH20H £ %> T\ 5,

6.3 EXEK

0174E3H THI X b, T LA OFUER T H S 12 Wit
FraA L oid %z, GG OMFREEZ TV R oD 7,
Z DFES, 201TFARAPICEEREZIR T 2 2 LB TE
7o By b7 v o EEAERBYYNCDT T, HEERE
FERE DAL LR A L — & —D A X IOUARRIT X b YIWiHs
%F LT bDD, ¥ VT LI T R B D F%E,
AR —=F—DAXNT v 7T I ONYIW SR b R4
AR TS5 2 ENTEL,

7. EESIUmERR

MEETICRLAL IS, 201741 A 53712 T
oGO E# L D, N LROGGEH 2 1 LA
BXOEEEELZFBL, ZIZEENICPL-TCMZLS E
F'5 2 EDTEL, 6HMRRIE T LRO FEBRIIC X
2500, BEIFHERDTO%L, Fo@ERREZEK L, b



ROV WEN T35 8 1) 2PL-TCM. (8% - & > 7 AWIEIEIENERS 7 4 > ) O@EE K OS2 B

™| TAT/PL-TCM [
Grmsertet

R F Kudamatsu/2TM

2000 000
Length (m)

Fig.12

—— 50

TAT/PL-TCM 40171 Kudamatsu/2TM

S ———— - 0
-10
-20
-30
-40
-5

0
1 4 7 10 13 16 19 22 25 28 31 34 37 40

Fig.13 Shape accuracy.

B2 256 » HEDIOHIZIE 7 VR ICT W AR %%
W2 ENTERL, LaL, EFEEPHE LoHEIZS
(FEINTw5, BITES BEER X WE L 72 1L
DAL ST 5,

ApENEA | ENAT L, PL-TCM®DHWE RS9 X — % —TdH
HEREEE, BRI IO W TS iHliZ T > 72D TUT
IR,

7.1 WEREE

B0 1TmmIc B 2 2R OBEF v — + %
Fig. 1212/R ¢, MhilkE LT, FM2TMDF ¥ — R bR L
T3, A= —ORILHIFTH 5 £1.0%ANIEH B 5
ADTE, A NEREITIED 0. 5%L P 12 H ) 6 W] BE
THDIENTHD, UL, a4 Lkt y Fadg
WERHEDIES D EIC X > TA 7 X =R ET 5 2 03D
570, Fv Faf VEFHAOREOZENLD HETH
%,

7.2 WREBE
BOCIRH ) 2 Fig 1312783, A — A —{RALHIPH T H 2
I0-unitAN & 2> TW B 2 ENGD 5.

23

8. &8

Witk £ Tosyali Holdings® &9711C & > Ci%Z Z 4172 TAT
HicBWwT, WENR, 7o icsh F, Rl - =
B LA 7 =il & o 7o RN F cAEPE T RE 22—
BAETSO@HF IO 2 7 P 220144E0 6 0 o
2017TAE8HIC T A v DEHEEEEIA T 2 Z LI TER

PL-TCMIZ 2 W TIEEAHMNA X — A —TH 2PT], WH
STEUERF O 1 %2 15T, 20174EAH OB R e 2 BIIA L,
B ARITIZ SRR DT70% L, LR 21T 9 2 LT
&7, APCIEPL-TCM O 1B 8 & Hlf o, &
WBHIR & HEAFEICR 2 FTOBRRIZ O VTR
B LIOEMICEHLT, ~¥F—T87Tdh2s Fho
2CPL, 2TMfi & DE W Z RLICHHZINZA 72, 5% b
PL-TCM® B & & VA ek LGB 2 ki35 & & D
12, FIREEFICEWTO Y =18 & L T ook
YR AED BN D B,

B ICPL-TCMO &R, SIS B & i £ 2
FCOMBEICE VT, TIRHEEFNITEHN TG0 HE, &
PEBNTER DERRICIE TANHZEFT T O BRI 42 & NS
Bl s e OO RAEBMEEIC R D, B0 I 4 i1t
FF2RET N TEELL, FEAREOERE I
BECHLEVEREIRIZOWEEWERT T4 X 50
ZeFroaP—2 vy, WHEEFT21Z0 0,
BIRESAIC, ZoOBZMHD TLEDEHBL LI ET.

5 A x #®
IMNER, ERLHE, VLSRR, NEER, HHRE,
JRMANZS @ RSk, 18 (1986), 243
B, RESIEW, JRO—p: HAZEER, 70 (1988),
631,
VAR IE, HESE, L, HEREZ,
W © JES, 31 (1998), 15
XEFR, I, ARA, PHRIERE, KA,
PRHHIEES © =28 T, 53-4 (2016), 51.

2)

3) PAf g, By



FES Vol.40

24



HEEEEK  Vol.40

Mo:zNiBH{LIR Y — X v F DB RERM ICRIFT
BARBUEBELEILIV 71— IREOHE

PHEER™ T - SRRt - BIEER T - AR - RRRAET®

Influence of Powder Heat-Treatment Temperature and Fusing Treatment Condition on the
Thermal Spray Coating Properties of Mo2NiBz Base Cermets

Koro Hirata, Hiroki Y anaca, Huanan Liu, Hirofumi TasHiro, Hiroshi Inazawa

Synopsis : MozFeBz and MozNiBz boride base cermets, which consist of the boride phase and Fe or Ni base

binder phase, have had good mechanical properties, excellent corrosion and wear resistance and
have been applied to plastic injection molding machine parts like cylinders and screws. At present,
however, those product sizes are limited by their low machinability. Therefore, we have developed
a new thermal spray coating method for these cermets, which makes possible to form the cermet
layer easily on large-size and complicated-shaped substrates.

In this paper, in order to investigate the suitable conditions of granulated powder heat treatment
and fusing treatment of thermal spray material, 3 levels of cermet powders, which were heat-
treated at 1120°C, 1140°C and 1160°C, respectively, were prepared as the specimens for spray-
coating, and their hardnesses and microstructures were studied. The chemical composition of
cermet powder was Ni-6%B-53%Mo-6%Fe-8%Cr-2%V-2%Si(wt%), and the powder was manufactured
by the granulation-sintering method.

The microstructure of thermal spray coating layer became dense with increasing heat treatment
temperature of granulated powders, it was considered that this phenomenon was influenced by
denseness of thermal spray powders. In fusing process, the hardness increased with rising the
fusing temperature and showed the highest values of about 1350 HV at 1210 °C or 1220 °C, and
then decreased with rising the temperature. It was assumed that the densification of microstructure
and a grain coarsening of boride and carbide resulted in this behavior. All microstructures of
thermal spray coating layers using 3 level specimens consisted of tetragonal MozNiBz type boride
and Ni base alloy, although small amount of silicon oxide and carbide were observed.

Keywords : Mo2NiBz boride base cermets ; thermal spray ; HVOF ; Self-fluxing alloy spraying
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Table 1 Thermal spray powders and specimens.
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Specimen A 1120 A
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Fig.4 Granule strength, SEM images and optical micrographs of thermal spray powders.
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Fig.5 Deposition efficiency of thermal spray of specimen A, B

and C.
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Fig.6 Dimensional change of sprayed coating layer of
specimen A, B and C.
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Fig.7 Relation between hardness of sprayed coating layer
and fusing treatment temperatures.
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Fig.8 Cross-section optical micrographs of specimen A, B and C before fusing
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treatment and with fusing treatment at various temperatures.
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Fig.9 Porosity of specimen A, B and C before fusing
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Fig.10 SEM images and Auger spectra at twelve analysis points of specimen A, B
and C with fusing treatment at 1210°C .
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Fig.12 SEM images and Auger spectra at twelve analysis points of specimen C with fusing
treatment at 1190, 1210 and 1230°C .
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Fig.13 Chemical compositions estimated from Auger spectrum analyses of specimen C with

fusing treatment at 1190, 1210 and 1230°C .
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Fig.15 Cross-section optical micrographs of specimen A and
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Development of Genetic Analyzer “BIOSHOT HT-32”

Junichi Morixro, Toshiya Tsuba, Hirofumi Y AMANO

Synopsis : In recent genetic testing markets, it is common that patient specimens collected at hospitals, clinics
and the like are gathered at a clinical laboratory which specializes in genetic screening and carry
out inspections and analyses. Particularly in major inspection centers, there is a demand for an
inspection system capable of carrying out a large number of tests with simple operations. On the
other hand, the DNA chip "GENE SILICON" developed by our company has excellent detection
sensitivity and simultaneous detection of multiple genes is possible, but the inspection process
involves a lot of manual work and it is unsuitable for mass inspection.

In this report, we report the development

solve these problems.
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Genetic inspection process for GENE SILICON.
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Automate with BIOSHOT HT-32
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Fig.2 Process to automate with BIOSHOT HT-32.
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Fig.4 Hybridization stage of BIOSHOT HT-32 for hybridization A)heat block B)heat lid.
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Fig.8 Works used in BIOSHOT HT-32.
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EOAFRE L7,

4.1 HBER
WEORICH > TE, AR—2A%E, BEDOTH»H
PIIEHEL, %I*%%X—?—V&L'Cjﬁmﬁu%b
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Fig.9 Process flow chart
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—

Fig.10 Loader of BIOSHOT HT-32 for carrying DNA chip needles.

Ity b L2y —27DIDIERZFHANS - Rta— K Table 1 Main specifications of BIOSHOT HT-32.
V=¥ —% Nk L 72, TRBEOHRIUIRDED TH 5, Item Content

- - o N N N Hybridization : 30min~60min
=—FA27—=v (D) CEEESN/=— LD, NA7 Processing Time Washing : about 1min (30sec x 2 stage)

Detection : about 10min (20sec / chip)

VEALRZRT =Y (A) ICTHIEEY ERIGL, Yl A

7= (B), #2257 = (C) IcTHHEIh, HmEA

:}‘—._g/‘ (E) 5:"(1/'—“‘7:‘— (F), HRAS (G) LCJZO"C'%L' Sl.ze 820 (W) x 517 (D) x 434 (H) mm
B . . Weight 76kg

e Eng, BEREHOPC (H) 2517\, HlED Normal Rated Power 300VA 50/60Hz

T35 EHEREPRR SNV R—=FDHITE S,

Maximum Inspection Capability (32 samples (8 needles)
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JEAE S e,

NA TN FAXTLETE, EROF v 7—H—Rixt L
THREZBET L CORETIELS =LY L TOF v I%
PCRF 2 —7ICHAT 2 TN EEH b 2 LR E

Fig.11 Outside of BIOSHOT HT-32.

Process Sample preparation Hybridization Washing Detection
Time 35 min 30~60min 1 min 10 min

+ Mixing the PCR products and buffer + Hybridization reaction of + Washing the chip | * Detect fluorescence of
+ Work set PCR products and DNA chip  |after hybridization |DNA chip with red light laser

Content
DNA Chip Needle

DNA Chip Image

Hybridizaton  Washing 1~ Washing 2  Needle Detection
Stage Stage Stage Stage Stage
|

Fig.12 Inspection procedure for BIOSHOT HT-32.
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Fig.14 Heating time comparison between A) oven and B) BIOSHOT HT-32.
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Fig.15 Relationship between hybridization time and index using BIOSHOT HT-32.
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BLT, A7) %4 W5, 30, 60 E Fad (1)
K& DRDZHEME (Index) OBIFEFAXRLZE TS, &
6 OBUHAGORIZ T D 157 I TIEERALY v 7L OHE
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95°C T2 RPN B U 7= 8212 102 RE B & & 5 4% 92
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Fig.17 Reaction conditions and index.
(D Hybridize for 60 minutes using an oven
(2 Hybridize for 10 minutes using BIOSHOT HT-32
(3 Preheating for 2 minutes and hybridize for 10
minutes using BIOSHOT HT-32
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Fig.16 Comparison of fluorescence intensity values.
(D Hybridize for 60 minutes using an oven
(2 Hybridize for 10 minutes using BIOSHOT HT-32
(3 Preheating for 2 minutes and hybridize for 10 minutes using BIOSHOT HT-32
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Development of Differential Diagnostic Chip for Diseases Accompanying DNA Methylation Abnormality

- Prader-Willi / Angelman Syndrome Discrimination chip -

Shuntaro Kounowmt, Ichiro NaGata, Izumi Y AMANE, Yorie INoue, Mitsuyoshi Ousa, Hirofumi Y AMANO

Synopsis :

Keywords :

wE

DNAF v 7°% fl\v» 7285 - B o 42

W7 b DI

bDEFTELLTWS, FXI

7. ZLT,
W5,

DNAIZ, FE LTV 8782 a—FLTEDY, HE
TOHEWLRAREKTH S, L L, DNADT
BMOEBEAETH 2Tl =L,

In-vitro diagnosis of genetic abnormalities using DNA chips is now becoming universal, and even
the ones, which can evaluate some kinds of disease risks have been developed recently.

DNA primarily encodes a protein, and it is the substantial body of the gene. In addition, the role
of DNA is not only a simple information accumulator but also has the function of regulating the
transcription to RNA itself. The most prominent one is a promoter and numerous research studies
related to it have been promoted.

DNA methylation in the promoter region is one of a crucial regulatory mechanisms in gene
expression. It is said that various diseases such as cancer, depression and diabetes might be caused
by methylation abnormality in the sequence.

In this paper, we report a new development of DNA chip related to diagnoses with Prader-Willi
syndrome (PWS) and Angelman syndrome (AS), both of which are typically congenital genetic
disorders with methylation abnormalities.

Prader-Willi syndrome ; Angelman syndrome ; SNRPN ; CpG island ; bisulfite treatment
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BEEETH B, 2o OEEICEIE T 2 SNRPN (small
nuclear ribonucleoprotein polypeptide N) &1z 13,
ATV T vy (MbiAA) BIEFICOEHIND.,
SNRPNDOCpG7 A 5 v FlclE, UTFD L) RN H 5.
fa A TlE, 2 OFEBDODNAX F ALK DR50%TH 5.
PWSEH DII%LL LIz BT, Z DX F VALFKIFZ100%T
H2p"P. —J, ASEFEOTHIRER, LSO x5
LRB0%TH 2P, DX ) Bk AL LT, KL,
CpG7 A 7 v FD X F)ALHED0, 50, 100%DTILTH
LEMAT S EICk D, PWS/ASHRIEOMERIZHI 23T
5%y PO ERKIL . AT, O NAYILT7 7
A MBS OIS SMENRICHE L 2 7794 v —%
WEL, @ 20774 w—MEIT, £9F, BENR
L BETRAZTEZEL 77 A2 ke HWT S
O—70EEEToR, Z LT, @ BELETu—T%
JHWTH 2 LDNAY v L2 RE L ¢, &L 794
2 —BXOEE L7 70— 7 DY 3 L 7.

2. XBRE

2.1 DNAF v
DNAF v 7O piicii s nsz e 8h L LY,

2.2 DNAY>7IL

MR R & 7% SNRPNOCpGT7 A4 7~ FDNA H L
7 7 A MUBREBECS] (X F AR, FEX FbikE D) %
ANLWICERL, 7923 FHIFALLZb DZ7 7 A
<y 7L DAL, s X FIOUERRLS 7T A 2 F
BLOEATF VUK T I 2 I RERELT, ABINICTXF
WALFED0, 508 X O100% DF > 7 LEHEL 72, Zh
5% 77 A Pk &MY, DI KR 7,

77 5 DNA (gDNA) > 7°LiE, »§ 9 $ Clontech
HEOBREIN T HDEA LK., ZOWNRELTIC
9. R AT 7V (X FALES0%) 1, & b Ak
gDNA ZH Wiz, X F AL 0% % 8L 78 {5 e
W # B SEDNAE: L T, EpiScope® Unmethylated
HCT116 DKO gDNA (LN, DKO) #flfHL 7. @XF
WALE (100%FH5E) D~ 7V IEEpiScope® Methylated
HCT116 gDNA (BL'F, Me) %M\ 7z,

2.3 oDNARRIEDNAHILT7 74 ML
EpiTect Bisulfite Kit (QIAGEN4: &) % f v T,
gDNAY > 7% ANALF L7 74 MLBLL 72, WBLSAE

&, ¥y b OWMASCGEIZHE, 95°C for 5 min, 65°C
for 85 min, 95°C for 5 min, 65°C for 175 min & L 7,
PR B v 7 L th @DNAJE B % Nanodrop 2000
(Thermofisherfth#l) <l L, XEiDPCRDFE D §H;
marBEICH W7,

2.4 PCR (polymerase chain reaction)

PCRizlZ, BIOTaq™ HS DNA Polymerase (BIOLINE
) ZH W, 774 <=1, SNRPNOAA SV 7 7
A FRBEBRECT 2 5 3%GE L e GEIE 3. 1 #icidd)., #
D774 <=Mty %Table 1127773, Reversefllic>\>T
i, B RICI LYV ERINL T T A 2 —
(Thermofisherft:#4) Z 7= (Z D5z, Table 1 T
WFAHIEER G E LT v 5), SEEEIF25 nge L, ¥ —
<)Y 4 7 7 —1%, Applied Biosystemstl#dveritiz H
Wiz, PCREM X, ITo EBH TH 5. Initial step :
95°C for 10 min, Reaction : 40 cycles of (95°C for
30 sec, 60°C for 30 sec, 72°C for 30 sec), Final step :
72°C for 7 min,

2.5 NMTVIFAXRE, BIGEERE

Fv 7 Eiciz, HWE 3 2SNRPNEG T DOCpGT A &
YRENLYIL T 74 MUE L ZBICAE T 25 (CpG
A F AL E X OIERX FUEZNZ UGS 5 b D)
WAHEIN 2 D3 e S T\ b, Lo T, HilEE
b o X F AR D 5 WIZIEX F Lk &R R - &6
WKIBL T, ZNZRUCHIBT 2 2Ky b hicEES 7
M 7 e — 7 L KRERHE L, 2REZEHT 2 (N4 7
VYA RRR). T DEO T, ShicswTIng
TR SN TELDNAF v FLAkETH 2. Thbb,
Fv 7 EDAXRy MhEE L PCREMIC KT 2 89000
ERWET 2 ik, v 7 OLDNAYZEEB O X F
WAL EZEIR T 2 2 L3I TEBHIETH 5 GEllEEID).

LB o L PCREEW T, %R 0. 75X SSC
(saline sodium citrate buffer, 11.3 NaCl, 1.13
sodium citrate, Hfi.:mM) £ X 180.075% SDS (sodium
dodecyl sulfate) &7 2% LX) I2ZNZFNDFHEZFML
T, N7V F AL RO ZFR L7, 2 OTFIZDNA
Fv 7= —FLEEELT (55°C, 1 hr), £ ¥ ax—
FL7, AV ax—METH, Fv 7%0.1% SDSH&
F0.5XSSCHTHk¥a L T L 7z, S 51C1.0XSSCT
Ve, R L 7 RAE CHOGEREE 2 JIE L 7.

AOGIREEMIE (1%, EETRTEE (BIOSHOT HT-32

Table 1 Primer sequences.

Primer

Sequence (5' — 3')

Forward primer

GGAGGGAGTTGGGATTTTTGTAT

Reverse primer

IC5-TTCAATACTCCAAAT CCTAAAAACTTAAAATA




DNAX F )UALHE 2 08 5 B OERIZW T v 7O —7 985 —v 4 V) — /7 v ¥ 2 v~ VEBRERN 5 v 7'—

BRSNS ) 27z, HERED S, BG4
secD e CHEM I N 3 WIS 2 HEF R L (e
HeHREEER), A F AR EZ R THEEEO BT 7,

2.6 FIBMBILUHEERE
FBDOIFEIC & D HEE S N BOLERED 5, TEOHK
IC& D A FERZRSHEM (index) 2L 7,

AFMALET 0 -7 DEKEE 9
AFNAGETO-7 OEAEE + FAFIETO-T OBEAEE

Y% {E (index) = 100

3. BRBIUEE

3.1 7547 —&LU070—-7 0K

77 LDNAH D & 3 58I D 2 FOULBEZ A D 720 &
T, N7 7 A FMUBEPCRIZ, INETHAEHR
V=L THHFHIFTERL L2L, ZOFEEZHVT
DNAD > k& v X F ALK Z TR B, CpGai T 5 4
< —FAIHFIC e EEN TRV EPRETH S, &
o, NP7 74 MUEICKD, XFfLInT
WAL Y b IRRIEINICF S IS E BRI N BN, X FIL
BINT02 L ZDEMPEER D S5THS, OFD,
ZOALAEAEZ X D, CpGoiFsyr C2REMEDBLA 234 i X
N EEERTS, 29T5L, HEIHLEZT 74 2—1Z
B [, BSOS E S, I nTuan
LA D WTN»— L HIETE W Lick 3,
SNRPNDOCpGT7 4 7 ¥ FILKDEFI &, ZDNA Hob
7 7 A L% oG] 2 Fig 1R $, 727 L, CpGsik
FTARTRAFIMLENTIRET, "M PNV 774 MICkBE
WazeZ e wnd o EE L TS %2R L7 (Fig.l (b)),
Fig.1 (b) DD 5 X F ALk, FEX FALERD X7
CPCRESIRDSH[RE R /' 74 v~ —%2 ZE L &, T74bb,

forward, reverset HCpGZ &G E A WELHIE 725 X )i
MR L7, Z0O#i%, Fig. 1 (b) I8 TIKEREETER
DETIA 2=l E LUGERL 72 (BLFI3 0148 D Table
1%2%MH). &8, reverse 77 4 < —I3, {2 Fig. 1 (b)
IZFLE N A o WHEE 2 v 2 ¢, Table 1 Tl
iR E LT\ b,

DT IA4~—ty MZXD, Fig.llam L %24 A Fi D
CpGD I b, K T2HFDCpGD X F NALRSE % F~X
L2 ENTES, 22T, RICCpGA F LK D 5 13
FEAXF IR Z RIS 2 70— 72 E R L1, RINT
W3k 9z, CpG7 A F v F (CGRLAIAEI 3 2 flK)
T, WEOCGHIHED 2 WIdBEEL T3, LEdi- T,
BEMD 70— 7 %5 —CGD X F LD EEZ T3 X
ITHETT B0 L Y, 22T, AFy FTHOTu—7
FEE CpG DA EN2 b DEGHL 7.

AKF v 7 ClE, Genus 5 DFEIFEED CpG I2 BT %%
s 22 LT, Fig.1 (b) I & 1 3 PCREWIRS (K
R OB & 7o OIS EI L 7 (Fig.2).
ZNFNOFRICOWT A F KR T — 7B X OIEX F
Wbtk 7 a — 7% 3~6 i ORka L 72

3.2 F7SRIFBREBPCREMEZRUVWENAITISA
FT—>aricLkd7O0—70EE

TIAI FEEHNLE LT, 2. 4ffilcilcdboL
[{—® )i CPCR%Z{T> 7. PCREW% 2, i £ WL )i
W CF v 7T LT 7054 XL, Pk, doihE %
HE L 7%,

RO A FNALE XX F b7 a— 7 Dfladbe
o X F IR ZRTHEEZBEHL, 2. 28I L %
P PVAEED XA F AR EMBESRDE S, D, fH
DNFTDOE (30 Kk DY) WAL DEEEL .
Table 2i2, ¥ 7 )VOEBED X F VALK L FHIED > 7-

(a) GCCCTAGGGG TCCAGTAGCC CCCTCCCCCC AGGTCATTCE GGTGAGGGAG GGAGCTGGGA

(b)

CCCCTGCACT GEBGCAAACA AGCABBCCTG CEEEGCEECA GAGGCAGGCT GGEBEECATG
CTCAGGCGGG GATGTGTGEE AAGCCTGCCE CTGCTGCAGE GAGTCTGGEG CAGAGTGGAG
CGGCEGCEEG AGATGCCTGA BGCATCTGTC TGAGGAGEEG TCAGTGAGEE GATGGAGEEG
GCAAGGTCAG CTGTGCEGGT GGCTTCTCTC AAGAGACAGC CTGGGGAGEE GCCACTTTTA

TTCATCAGAT ATTCCAAGTT TTTAGGACTT GGAGTACTGA ATAAACGGAA

GTTTTAGGGG TTTAGTAGTT TTTTTTTTTT AGGTTATTTC GGTGAGGGAG GGAGTTGGGA
TTTTTGTATT GCGGTAAATA AGTACGTTTG CGCGGTCGTA GAGGTAGGTT GGmTATG
TTTAGGEBGG GATGTGTGEE AAGTTTGTEE TTGTTGTAGE GAGTTTGGEE TAGAGTGGAG
CGGTCETCEG AGATGTTTGA GGTATTTGTT TGAGGAGOEG TTAGTGAGEE GATGGAGEEG
GTAAGGTTAG TTGTGTGGGT GGTTTTTTTT AAGAGATAGT TTGGGGAGEE GTTATTTTTA

TTTATTAGAT

Fig.1

ATTTTAAGTT TTTAGGATTT GGAGTATTGA ATAAACGGAA

DNA sequences of SNRPN CpG island (a) before bisulfite treatment and (b) after bisulfite treatment.

24 CpGs are highlighted in blue. The primer set, prepared for this study, shown in gray.
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GTTTTAGGGG TTTAGTAGTT TTTTTTTTTT AGGTTATTTC GGTGAGGGAG GGAGTTGGGA
DE E 2 Jom

[ TCGTAGAGATAGETT G TATG
= :‘.
TTGTTGTAGE GAGTTTGGEE TAGAGTGGAG

B 1 B
TTTTTGTATT G&GTAAMIA AGTAGETTTG

—_—ly - .

TTTAGGEEGG GATGTGTGEE AAGTTTGTEE

&GT&T&G AGA 61'['T A %TATT‘TGTT TGAGGAG%G TTACTZ‘A%@%AT G&

=S
GTAAGGTTAG TTGTGTEGGT GGTTTTTTTT AAGAGATAGT TTGGGGAGEE GTTATTTTTA

TTTATTAGAT ATTTTAAGTT TTTAGGATTT GGAGTATTGAATAAACGGAA
Fig.2 23 CpGs and 7 regions for candidate of hybridization probes.

23 CpGs (A-W)6) are highlighted in blue. The primer set, prepared for this study, shown
in gray. 7 regions for probe design are indicated by the frames with numbers.

Table 2 The list of methylation rate calculated from each combination of un-methylated and methylated probes.

(a) 0% 50% 100%
LUN-ME | Mean 30 Mean 30 Mean 30
1-M1 N.D. 834 1.3 971 0.5
1-M2 N.D. 85.1 1.1 97.4 0.5
1-M3 N.D. 89.5 1.0 98.1 0.3
2-M1 5.1 1.8 658.1 2.0 96.7 06
2-M2 49 1.7 709 1.7 97.0 0.7
2-M3 5.1 1.5 784 1.2 979 04

3-M1 2.2 0.8 472 2.1 944 1.0
3-M2 2.1 0.7 505 1.7 950 1.0
3-M3 2.2 0.6 60.4 1.7 96.3 0.5
4-M1 2.9 0.9 9595.3 1.9 94.6 1.6
4-M2 2.7 0.8 586 1.7 952 1.5
4-M3 2.9 0.7 6738 1.7 964 1.0
5-M1 1.3 04 337 1.9 82.0 1.8
5-M2 12 0.4 36.7 1.7 83.6 25
5-M3 1.3 0.4 46 4 1.4 875 1.0

( ) 0% 50% 100%

LN-ME | Mean 30 Mean 30 Mean 30
1-M2 18 0.2 550 2.5 93.8 1.3
1-M3 2.8 0.5 651.8 2.4 949 1.0
1-MB 48 0.7 705 2.2 96 4 0.7
2-M2 1.4 0.2 ]| 474 29| 93.2 1.2
2-M3 22 04 543 2.5 94 4 09
2-M6 38 06 63.7 2.4 961 0.7
3-M2 1.1 0.2 414 2.3 88.1 1.4
3-M3 18 0.3 483 2.0 901 1.2
3-M6 3.1 0.5 58.0 1.9 93.0 0.9
4-M2 22 06 606 2.5 94.0 0.7
4-M3 34 0.7 67.1 2.4 95.0 0.7
4-M6 5.8 1.3 751 2.1 96.5 0.5
5-M2 3.7 0.7 726 2.0 95.5 1.7
5-M3 57 09 778 2.0 96.3 1.4
5-M6 96 1.2 83.8 1.5 97.4 1.0

UN-ME: un-methylated and methylated probe No., respectively. (a) The values obtained from the 5th region in Fig.
2. (b) The values calculated from the 7th region. In each tables, the combination of probes, which shows the most
equivalent values in calculation to nominal methylation rates of the prepared samples, is shown in bold style.
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Fig.3 The examination of plasmid samples on DNA chips.

The data obtained from 5th (un-methylated and
methylated probes: 4-M1, a) and 7th (un-methylated
and methylated probes: 2-M2, b) region in Fig. 2. Bars
represent mean values = 3 0.

5 BLXU 7 FHOfE (Fig. 2) o 7/u—7H»rofion
7HEM O —E %89, Table 2 128\ T, UN-MEIZJE
AFME-XF LT e —7FZS%2ELTED, 5HHDH
B, 4Mlofiat b (Fig.3 (a), Table 2), 7%
HOHE T, 2-M2O A GH S BEREIE <, 22,
HEMBDTHED RS DTH -7 (Fig.3 (b), Table 2),
Fidos HFHE LV 7 HFHOMEKTIX, 7r—712 CpG
MNEDIT 3 AN ELEL TaENTED, 20l L
PMbofE (1 HFH O Z BRI IE, CpG 232, 3 AFFL
M, o, 260 CpG MR TH 5) & ikl
TR E - L RIATH 2 LRI N D

3.3 oDNAKRGFEZAW:E=70—7 6 L UREDIRE

RKIZ, BIETDNAK X F WALAIKIFRDKO (£ F L%
0% LfEENns), IEHE b AIMERERL FDNA (X F)L
LFE50%), B X FIALLFEDNAY >~ 7° )L Me (FH%E X F )L
{L3R100%) DD Y > 7V %2 H T, 3. 2fi & [Hkk
DEBERITV, A FIULREZFHMILZ. Zhod vy 7L
DF v 7 TOFMIC & S HEME (Fig. 4, #iffic
BEELSEHOMHEB D 4M1 7u—7, BLXOTEHD
FIO2-M27 0 — 7 DOflAGbe XD EH) 1, #ito
77 AL PR O BEOHE L RS L BAxe 20T
Hot.

HIfii 3. 210 THRE L 72 79 A 3 PR R & [k,
5% H OB D4-M1 70 —7ClE, 0% & 50% > 7L
DR DHEMD I L T, 50% & 100% ¥ > 7 VE D
HEMEAENNS L, KDEEE L iz l-7, 0, 7%
Hoflgn2-M2 71— 7%, 0,50, 100% ¥ > 7N % B2
L 7B HEE ORIk & D H5IE <, £ ) N TH
2 LHWTE S,

— 77 =4 )= [T Y ) VAR Ty 7 —
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Fig.4 The examination of gDNA samples on DNA chips.
The data obtained from 5th (un-methylated and
methylated probes: 4-M1, a) and 7th (un-methylated
and methylated probes: 2-M2, b) region in Fig. 2. Bars
represent mean values = 3 0.

4. w8

AfFFEic & b, SNRPNEEFCpGT A 7 ¥ FD X F )b
{EHEH0, 50, 100%DVFThTh 2% TE2 7 n—
TREMEE I N2, S Z W 2gDNAY v 7L o5l
WD 6, KT v 71, BEPWSE X CASHFE D2l
FH0 ST B 2 F IR L AEOHENEZE L Tw 5
AREMEDS R S Lt DL BRGNS S, KF v 73,
FEWRDBF Y~ 7V OEERFEWHZ W TTRE 2 B IE L 72
EHIWITE S,
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Application to Tomato Cultivation by UV-B Diffuse Reflecting Device

Mari Nisti, Keita WATaNABE, Takashi Fusnta, Youji Tamura, Hideo Nakato

Synopsis : UV-B irradiation on crops has been known as one of disease control methods without using
agricultural chemicals and applied to strawberries and the like. In this report, in order to apply this
irradiation effect on taller crops supported in vertical direction, we developed a diffuser capable of
irradiating UV-B over a wide area and investigated the influence of UV-B irradiation intensity on the
growth and yield of tomatoes. In the case of the irradiating device that was put on the ground
transversely and irradiated upwards, tomato leaves were injured easily and diseases were likely to
occur. As a result, the growth of tomatoes was suppressed and the yielding ability was consequently
decreased. On the other hand, in the case of the device that was set in a vertical direction,
remarkable disorder, which influenced on the growth and yield of tomatoes, was not observed.
From this, it can be said that the UV-B diffuser device we developed, setting in a vertical direction,
is effective to control taller crops from diseases while keeping yielding ability.

Keywords : UV-B ; tomato ; reflecting device
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7 7 ERPIRE REF WG T 5 ME T, BRIk
WHEYI AR & YR & COBBEDNL { 72 % 72, TSRS
ZEHIEST 2 0E3H 5, £z, RIIETOMERIC LD,
G T IC 8 1) 2 UV-BIg B 25 Ml R T L, Y] 20
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72 UV-BIRSHEEE DBAFE D3 255 Tdh - 7.

WHERES 2T L TEZTH R DOICHIBIEMT AR
e iE K O 2T, 57 b AT LRI AT
S POBITLICE S L Cw B iR BT 5 2 LT,
UV-B% BN o AP ANc Y — It 35 2 &
DAL &5, ZHUTKD, HEORMEZT Th  HHSHE
EDONTBAYY—ICUV-BBIRE S5 2 LT, L DZEN
ORNHIN IR E RS A T L OREEESHFCE 5.

720, JRHIF T2 UV-BHAS A TTRE 75 ik B S S5
EEFEIL, 20174E5H X 0, FoRiRAZ MK EEBAT R A
v —12T, k= F~OUV-BIH D FEHERE % G L
7o, AT, SRR RS 2 B U B RN IRS o FF
fiie LT, H4thFFE O UV-BISHUR G 2E1E %2 H v TUV-BIE
FHLZBED b= OAF LIRS KT TR L WG L
7=,
2. #ABRAE
2.1 {#Re

AREEOUV-BIHSTIZ 1, LA CEICH L%
YIS 922 L2 HNE L CBIFE L Z2#tEl o UV-BYA
BSCREEE 2 V72, M E %2 Fig. 1R 9, BikiEE
X 160cm X 1 7cm X BATI5cmREE D% MG D fEkik T b
D, WIHE, UVEET80% LD KE %67 2 &K 4
MEMEHLTw5, UV-BS v 713, UV-BEBRIEOELT (03
FV =y 7)) RV, LEERREBICENE L 7.

fEPicix, KREL = rafE TSR (Byrh5 08 %),

Vertical UV-B diffused reflective device.
(H160XW17xDI15cm)

Fig.1
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I : Horizontal area |

Fig.2 Appearance of treatment area.
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Inoculation treatment by gray mold disease-affected
fruit.

Fig.3

2.3 HREHEAR

UV-BJik & W RE I 7 1%, 45 4% I 4 5 B G (X1
Optometer, UV0-3702, Detector Gigahertz-Optic #:5)
I CTo 72, WENE%2Fig.4lcnd, HE»s0E&
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FUSTHKX3RICDOWT, 3EFHEM L 7. §Hiil, Fig.5
WWRT X I IC, MEPCTER & EOAMEEDOREIC LD

160cm

25cmy Ground

I : Vertical area II : Horizontal area

Fig.4 Measurement position of UV-B irradiance.

0:non-disorder 1: parts of leaves curl ~ 2: the entire leaves curl

4: the entire leaves
curl and yellowing

3: parts of leaves curl and yellowing

Fig.5 Evaluation method of disorder.
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Fig.6 Result of UV-B irradiance.
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3.3 NEBIUVRERERERZR

3.2 A£BRERR (2018%£2H26H-5830H)
3.2, 1 "HEFEELTE (20184E4H25H) Table 4ICFAERRZRT, PERIEICOWTE, IR

TR S COMEE FOEDEFIZOWTHAEL - %, EHE, BERoOMEE XOCHEREICOVLT, wind
g% Table 1R d. 3 FHMEL D, & 7-8XPRED UV-BIHI FIEIC X 2B R 2RO ko kb, ¥
PEEREDZ Tk, £, W ThORIZEWTY, TR CIE HEE DR IREDS AR L, IHEREE
EIEHEE T ICB L TRHENR DL S FEL 228, MK
ICHN, ERROEFROWMA 3D, THUhE) ERik
KNI TH - 72,

3.2.2 HokitRiR (201846 H5H)

Level of disorder
%]

AR 2T O 2 B AVATIAS L % Table 200709 T ; , : 2
FHEINCA S &, 2 a-@RKTIE RIS L2090 <, L H H H
BBEERD D72 7Y, EEOMFSRD Sht, £7, )
FAXCRFEFNAEREZE 2000, HERE X OLERES 0 H 1
INE L 2 EIADED &0, HEDOEEMRRA T X D B Vertical Vertical Horizontal Horizontal Control
BHRSC(LAD 2K F LT 2 AIEIEASRIR S It H¥E, swong  weak -stong - -weak
ETERE X iR IO Wi, UV-BIESFEIC X 3 Fig.7 Effect of UV-B irradiation method on the disorder level.

(Final investigation 2018/5/30)

*Different letters of indicate significances among the
treatments at P<0.05 with Tukey-Kramer's test.

AEAZEFALNEDL o,

Table 1 Effect of UV-B irradiation method on the growth and development of tomatoes. (Interim investigation 2018/4/25)

Near 3rd flower cluster Near 4th flower cluster Near 5th flower cluster Average of 3 point
Treatment Leaf Leaf Level of Leaf Leaf Level of Leaf Leaf Level of Leaf Leaf Level of

length width  a disorder length width  a disorder length width  a disorder length width a disorder

(cm) (cm) (em) (cm) (em) (em) (cm) (cm)
Vertical-strong 39 41 2.4 31 33 1.4 30 31 1.7 33 35 1.8
Vertical-weak 39 40 11 31 34 0.8 30 31 0.3 33 35 0.7
Horizontal-strong 38 41 2.9 30 35 2.2 29 30 1.2 32 35 2.1
Horizontal-weak 38 43 2.2 31 35 13 30 29 1.1 33 36 1.5
Control 41 42 0.2 31 34 0.2 31 30 0.3 34 35 0.2

Table 2 Effect of UV-B irradiation method on the growth and development of tomatoes. (Final investigation 2018/6/5)

Main stem Stem Expanded Number of Inter-node Leaf length Leaf Estimated Estimated leaf
Treatment length diameter leaves leaves length width leaf area areaindex (LAI)
(cm) (mm) (mm) (cm) (cm) (m?/plant) (m?/m?)

Vertical-strong 211 @ 13 @b 30 2 20° 6.9°2 38.1° 43,42 0.91° 2272
Vertical-weak 209 @ 13 312 20° 6.7 2 38.4° 4342 0.95 @ 2.3°
Horizontal-strong 208 @ 13 29°b 19 @ 7.1° 36.2 2 39.4 @ 0.75 @ 1.9°
Horizontal-weak 213° 13 2 302 202 7.0° 3762 41.2° 0.86 2 2132
Control 213 @ 142 30 2 20° 7.0¢° 43.1°2 41.0°2 0.88 @ 222

*Different letters of indicate significances among the treatments at P<0.05 with Tukey-Kramer's test.
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Fig.8 Leaves disorder by UV-B irradiation.

Table 3 Effect of UV-B irradiation method on the disorder of leaves. (Final investigation 2018/5/30)

Fig.9 Burnt fruits by UV-B irradiation.

Ground hight (cm)

Treatment
55 85 115 145 175
Vertical-strong - 2332 2.58 @ 1.58 2 1.25°2
Vertical-weak - 2.17 @ 1.92 2 167 0.75 2
Horizontal-strong - 2752 2422 1752 1.50 @
Horizontal-weak - 250 2.58 2 1.672 1.08 @
Control zone - 0.33°b 0.42° 0.25°b 0.42°

*Different letters of indicate significances among the treatments at P<0.05 with Tukey-Kramer's test.

Table 4 Effect of UV-B irradiation method on the yield of tomatoes. (Final investigation 2018/5/30)

Harvest fruits Normal fruits

Abnormal fruits

Treatment Quantity Weight Quantity Weight  Fruits wieght Quantity Weight Percent quantity (%)
(piece/plant) (g/plant) (piece/plant) (g/plant) (g/plant) (piece/plant) (g/plant) burn Gray mold
Vertical-strong 462 3.081° 222 1.890 @ 872 242 11912 6.0 @ 0.7 @
Vertical-weak 502 3.405 @ 232 2.030 @ 90 ° 272 1.374 2 152 0.8°
Horizontal-strong 48 @ 2.877 2 222 1.810 @ 812 262 1.067 @ 24°2 03°?
Horizontal-weak 492 3331° 232 2.064 @ 892 26° 1.267 @ 122 1.0°
Control 50 @ 3.228 2 22° 1.969 @ 91° 282 1.260 ® 0.7° 132

*Different letters of indicate significances among the treatments at P<0.05 with Tukey-Kramer's test.

Table 5 Effect of UV-B irradiation method on the soluble solids content of fruits. (Investigation period:2018/2/26-5/30)

Brix/flower cluster

Treatment
1st 2nd 3rd 4th 5th 6th 7th
Vertical-strong 7.9° 7.7° 7.2° 7.12 7.1° 7.2° 6.4°
Vertical-weak 7.8°2 752 7.3°2 7.3°2 7.3° 7.2°2 6.4 2
Horizontal-strong 8.8° 8.3° 7.7 2 7.6°2 7.6° 8.1° 7.7 2
Horizontal-weak 8.3° 7.9° 7.4° 7.7° 7.7° 7.8° 7.2°
Control 7.9° 8.1° 7.5° 8.1° 8.1° 8.0° 7.6°

*Different letters of indicate significances among the treatments at P<0.05 with Tukey-Kramer's test.
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Table 6 Effect of UV-B irradiation method on the blight of tomatoes. (Interim investigation 2018/4/30)

Gray mold Powdery mildew Leaf mold

Treatment plants  Fruits plants  Leaf plants  Leaf

(%) (%) (%) (%) (%) (%)

Vertical-strong 0.0 0.00 0.0 0.00 0.0 0.00
Vertical-weak 8.3 0.00 0.0 0.00 0.0 0.00
Horizontal-strong 0.0 0.00 0.0 0.00 0.0 0.00
Horizontal-weak 0.0 0.00 0.0 0.00 0.0 0.00
Control 33.3 0.01 0.0 0.00 0.0 0.00

Table 7 Effect of UV-Bilrradiation method on the blight of tomatoes. (Final investigation 2018/6/5)

Treatment Gray mold Powdery mildew Leaf mold
plants Leaf Fruits plants Leaf plants Leaf
Whole Main stem

(%) (%) (%) (%) (%) (%) (%) (%)

Vertical-strong 100.0 0.0 17.0 0.7 0.0 0.0 16.7 0.3
Vertical-weak 100.0 0.0 17.0 0.8 0.0 0.0 33.3 0.6
Horizontal-strong 100.0 0.0 18.5 0.3 0.0 0.0 0.0 0.0
Horizontal-weak 100.0 0.0 21.4 1.0 0.0 0.0 16.7 0.3
Control 100.0 25.0 26.5 1.3 0.0 0.0 66.7 1.3
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Fig.10 Relationship between the disorder levels and UV-B irradiation intensity.
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