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HENZ BT BHF v =4 Megabiston plumosaria (M H . v 7 B EL) DA TEER,
PR OREFHRELBIORER, 720 CICARFRIZELD A~ O EBIE L O TRtk

L =w " HLE R
F—U—R: RFHIRE ., EEEEES . T (Camellia sinensis) . R4 TH R A 2R HEE

T 2L

HHEFEERIC BNV, WA TOTF Y= F v 7 ORA, BERNICB TSRO EFHREBIOREREZMEL , AT
HIZBNTORRFEIEEL IO T ERIIOWTHE R L, FIATH O SUHS T AR ERI v 7 — R 2 — 25 %
WFFEATIC BT Bk OO BF 44 R A CIE24E I 760C (R 5400) Z 78 L7- (Table 1) , IRBRIZ, A RS 7= 2 HD D R
THERB LT, 1hEngh FUSEM OFRA T3 H 19 H ~24 HIZHID TR MRS L, Sl (K lp) $h iiZ4 H FH~5H EA)
EEIZEL 7z (Table 2) , RIIAH ORI T IS o T SRR SHF O THI5 em TR S 7=,

S ORERHTE A 4L (Table 3) 75, IRE LF B M EORfREZ KD (Fig. 1) . % HF 3585 ° C, AR RIRE416.7 H i
AR, Mg B9 HAlm 0O R HE S 33,605, SinlE38.8f% . RICHIMRFEE T LN 14.165. 53.9f% T, KriZ5lmsh Hiod
BIERFITLL, WEHZVHI5.7 gD AETEZIE R LI (Table 7),

AHFFROF ¥ & 7 OAETFRBLOFEE HE O Ri%, BEICHN IR Cirbh iR st —%L,
FUED I P 0TI £k B 23 2 AT oA, Fi2EDUHE L 2 E T BICAT OB KA LBV, ZD728  FiEEOIUHERY
W ESE S RO AERFIN E /2D 28D HY | BRI L E-> TRIFVEEDBIEL T5LF 20605, ZOIHTAH

(3 B T ORI J > TR F I 2 3 AT 2 W REE O S D | ERE EV 2D,

I #

F =4 ¥~ Megabiston plumosaria (Leech, 1891)i%F
D, F12%> B THEEABERE TS (RH2003) , BEEE R
ELTE, TyO—FBRFFLAELNEEZ WSS (O
FRIF LA EMFIEFTL1964) LI, IWHES T HT 2R IR U -
THRZE TRRICASE, B THDITRAITIEDN VAR AL, §h
BEERTESELIENHDH, AL Y=g v r | LHE
IENsLE0, AERLIRE T2 (AR [H2003, 4111950, F
JI11971, )11 - FIR1979, #1963, Hl81986) . T v %1%
BT MO 7 TFHEIT Y | BT LTk A3 e
ATEIITHIA L, BEIZSMELIZ BN RS A8 A
L. Sz R Uitz ICiire cikE 975,

i)

ARET, AN O B AREENZ 50T DITh b5

HL<POT ¥ ~OHFEIIFEF TOHL LN EEND (K
2003, 41111950, FAJ111971, FE) 11 - JFI3#51979, JRIER1963. i
#01986) , 20014F ~ 2018412 F TR IF CAS K040
WL — B ORI A FEE DOFENS, HRIF D%
FEHMZ BT BHE T, mER o TV T B | 4K E T EIC
—BEGERNC A LIDN, T8 RFE: ) A E TIXZEAE R

BEErpo T ot 2, BV T EEE I AR THh-oTh.,

PENFAT DO, IR F7- 13 S OA [R5 & IR
SRR T Tz, AFEIZH L TH N R BANT L 2
B DM E AT (RUARI L% SR 58 T ek BR Al A 1934
(LTF2015) | F7=, B QA97L) XA R R D R E O I

* RS TR GRS SR )
** GUERITSER R e B A BRBE R 2 e}

FORFEDORAE DN WIR L7 FTREMEZ TR RIL QLB END,
(bR IR A TR R A T > CWOA AR TIRIFE A E R A
L7pWneEz o5, LnLEEIL, HEE OREZROS
FOR, BT R L O AR E s I AEES NS
FIZHOW TSR B LV DO IFE WIS T 57072 8|
B & IR B IS IO A PE I B W TSRO AT S 9 5
DA TOD (THE - 22 R E7R2018) . D X575
ETIE, AL DB ENZNETRBEL RS> T 45 E
WZBWTH, 5%, BREHENLELAFREMENRHD, ZD
72 AFEOATLERBLOEAEDERIZ OV THLNIL,
TR IR T KYE (EIL) LT ISHIE T 28R A5 35
ZEFEETHD,

AT T, FAEF R ICALE 32 AR T B L OFh
HOREEMIZ BT, 2014535201852 TF v =4
7 DEPINZ BT DR AR ETETHEEBIC, BAIC
BOTHHROBEREDORELIToT-, Tz, AfIZLD
RFEOEEHEE T OB RO RIEREZRAL
7o o, ZNDHDOFERITE SN T, AR A FFICIB T
DRI F R EEZ L T-25T E R L5 TOBER T
WTEEL,

0 #EteHE
1 FAA LS

BP A C R AR TR A I3 R H N RAOK EE B il o & — AR
A —KREMATANER (KHEFFHT A
(34° 52'56.3"N, 135° 48'44.5"E) 1.8ha). LL FTHTANARE]) .
O ZE B (1A TTF215 (34°53'19.3"N, 135°47'33.8"E) 80 a
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PUF TR R ) . BLOTA IR R X 7 & (34°55'10.5"N
135°47'14.9"E) 20 a LA R &EAE]) TiTo7z, 3XTD
FAEZEETIL, 6 ANSBUEIA ITB|MRIREE, 4H D512
T TCO—BRFFOEFTHM P IT R aEnE ba
2 MIZEEL, ELIRE CEHEAZI T BV T 5 2MTh
W, Fo TINRRO—H, FIARRB IO R
FOERIZBWTLFREIRIHEHL otz

2 WA TR RN

A% # (Fig. 2C) OFAE B X OVE NI (Fig. 2D) OFFZEIL,
FTNZEEIC BN T, 20154511 A 7225201641 £ T, BLD
20164E11 A 725201741 H £ CTOMIMICAT 72, ATZEE
IR A RIET AT DICE O XN ERENTEY,
FIHIITRIEL CORWHIRIZZ RISk RS oz, Bl
IROHARNFERTHPIEH (2 m, BIERFOREX1310 m~50 m)
[ZOWT, FIELTWAAL R ZE BRICIDFAE L7,

B B DI FE R 6 L O &M RE DT, FIEARE
BLOMBZRRERIZEBW T, 2014405201845 DB4ER], K,
BFRAEEIT 72, W (Fig. 2F) OGR4 BIGATORA .
BRI 38V T20164E8 H 12 H 12T -7,

FHEMKBIEOR AL, TR BLOHEMAER IR
VT, 20144E 92520184 D54 M EREE L 7= Sifn 4h HR 300
PLEICHOWT T T, BREL- S A EBREOIEIR RN T
B L., b FETORBEBLE LI,

3 SHEOREITEHEK
AN CHLAE L 7-30VC L oD @ i 45 7-801%. 4 °C.
HARH B R-7-EIRES N CHERF LT, REATE A
BOFTEIHEAL TG RUL, & LEAEDBAFT-IFD L RN
PR D IDTRA LTINS S LT 0% W,
PRE L RO E IR O CLARFR B, 1085
MImFH (14L: 10D) . 15°C. 17.5°C. 20 °C, 22.5°C, 25°CD
SIRFEX CITo72, INIAREENZERRI cmD-~<R LA
IZE X, SMEIE T, Lh~3linsh i (Fig. 2A) DEEEIX, 5
FEEHEONZELL) cmDO~XRMAT2~50CF > 4l LN
5insh H (Fig. 2B) OERFIE, HE IR E/-IAT 2 Kic
2~3 CMDOESIZHNZEE9 cm, BS5 cmD T A Ay
W CEBNCAT 72, ShHBIZIFETE LT, A/ aF 2—7\2

AKARUTe —BAH 2 52 T, #efH B KOS B A 3R
ELCfE A /P RT8IEDIIREDRIIC, LT &3 A 132
HIZ1ERT -7,

4 G, G REER A X B LU E

PN (Fig. 2E) 1%, B4 CEREE L 7= Q AR I B A 88N CRE
P THIZLDIZONT, BERBIOEREZHE L, 4
H O FANE 35 L ORTAESRJE SIS 1 f 5 T TR 1 O B
L72BHIC DWW T, BRSO K2 HE L7z (Fig.
2G) , Sk %h B O BRIR I X ATARERJE AR IR D 2 E L7z, JIE
I F o2~ A7 nAxa—7 (DMS10005 L Ut Leica
Application Suite TA I~ A7 AT LRHE) 2 iz,

TflX, EEITE A EOFEICHNW b0 LRIUHEBE RS
BLOWESRE WV, 15 °C~25 °COSIRE X CTHE L THE-
HOIIZHOWTC, EEAE R (BHERERTR) CRIE LT,
MEHERT OMREE DL, AT 2—F » hOth & (BRI E) (2
Lo THERR L 72, p<0.05%#EFH A E THHEHIETLT=,

5 O RIEEBELIVEER

BERBIOEEOPEIT. KENEHEKOREICH
Wb O L[RICE B A 2SR L OSSR E VY, 25 °C, 14L: 10D
TIEBN G E LI=3MEn~5Hnsh RIS\ T To72,

KD BIc~ A 0T 2—TZRIELLIZ2.0~3.05E ]
DOF v (AR ORET) BEELLThH 2|, 24RF#Z 1T
LTz, FXY IR ORIRICE T K2 AV TER
ZHRIEL, B SERERLLE, R, 790 7KELT
B RARIED ] EF RN 28R BB W= F v D E R
{EEFREL., FEORKSEBT LD HEER AWM T LT,
FTAH AT WA IR B Aam NDUE L | R iz L=
#OEREENE L,

B O RO BIER B IO B TR A2 mUIZ R E
Bl WMEOZEFI N — Ly MREIZIDFER LT,

m R
1 B CoRAL KR

T4k RED TR Tk, Al i 20154511 190 ~12 H 15
HI{Z61PC (9% L48[L) | 20164511 48 H ~11H 28 H [Z150C
(55 L6PL) 2R LT~ (Table 1), ZNHDHIFILAFEIZ, W

Table1 The occurrence of Megabiston pluomsaria adults in the tea field at the Tea Industry Research Division, Uji, Kyoto Prefecture

in 2015 and 2016
November
Year Sex Total
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
2015 g 0 0 0 0O 0 0 0 0 O 0 0 0 0 1 0O 1 0 O 0 12
2 0 0 0 00 0 0 0 0 O 0O 0 0 1 33 0 3 5 0 0 42
2016 g 00 0 0 oo 1 0 1 1 2 0 1 O 0 0 0 0 1 0 O 1 0 O 9
2 0 0 0 000O0O O OO 3 0 0 0 O 2 0 1 0 0 0 O 0 0 O 6
December
Year Sex Total
1 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
2015 & 0010O0O0OO0OO0OOOOOTOOT OO OO OUOTO OO OTU OO OO OO OOTO OO OO OTUOOO OO0 O 1
2 410000O0O0OO0OOTWOTG OO OOT1 0 0 0 0 OO O0OOOT OOOTOTOOTUDO 6
2016 ## 00O0OO0O0OOOOOSOTU OO OO OO OOWOO OO OO OOU OO OO OOTU OO OOOTO OO O 0O Oo 0
2 o0O0O0OO0OO0OO0OO0OOOOTUOTU O OOTU OUOOW OO OO OOOWOOOTOW OO OTOTUOTOTOOTO 0

- - Not surveyed
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HRDOFEFRE LI RE R, RO NIRRT LA~ OB FFALE(L D T REME

(3)

FTHOED AL RIS CE e o7z,

QR BT IR TG ER R SR O M EEINAE 2 F i OB
MIZZELIA A, JIBE L CTEEDRL TV /= (Fig. 2C, Fig. 2D),
JNTEERIE ©, BN TEIISEZ5E. K~/NOIFsiolx
D, A 10H A O HE L7 IR BE D IRBEE A 5 7= (Fig.
2B), Fio, T<HRWRBEICEAT T ON G A T EEO
—MROIILTH 72,

20144~ 20184 2AT o T2 BP AR AS Tl LiEnSh R DA%

FRHIE3H19H ~24 H TH o7, #&in CH D55 HIT4H
TANCHBIL (Table 2) . 5H A<D, 5 A FAICIEAS
Bt ETHBNIRIR2 0T, Wi A OB T OB GRIES S
DY THI5 em TMER SRR S L7z (Fig. 2F),

S s BTk TR -l R T AMEREGS LU R B R
HORYIIMEEE TEX o1, BRI L <, v/ a7
L FH3FPolistes jokahamae Radoszkowski, 1887 11517- 1}
e LT,

2 HHRORERTEHE

SIEJEX TOLROFEEFTE H % Table 312/RLT-, 1&
FE (x) &3 FESE (y) DBIR (Fig. 1) 2D, S o R EE
FIE8.5 °C, BRI EEIREE13416.7 H EECTh 7=,

3 N, G ERER A X B I OMHE

PP A X%, RO FEHIMEIL0.94 mm (B #E{F #20.05,
n=63) . 422D E120.59 mm (F #E{F 7£0.02. n=60) T
o7z (Fig. 2E) , HERITH T HREEDILIT1.58 Th 7=,

S O FARNE . BIAREEJE HIE % Table 4127~ L7z, 1Hn~4
Hiiish B O BERR IR O FENN=R1%1.63~1.74, 1 ~5Hinsh oAl
KATEJEBRIE OB N 131.66~1.74 T - 7=, 1i~4fHE%) H
DRTEASRJE R IR 5§ DR D 1 32.31~2.42 Th o7,

IfEATable 5. kb Table 61RLZ, @ DIfILA LA
BICH) o2, £, SIRERICBITAfE THELNTZ LD
FeER130.47~0.64 T, 20 ° CRZFRSAEE X TE -T2,

4 ShBORERBIOHER
hhoREERBLOEREATable 71 UT-, 3iH5h H ]
ML~ B TET T, A5 C3.60%, S T38.81%. AU < s

Table2 Records of Megabiston plumosaria larvae
collected in the tea field in Uji, Kyoto in 2018

Larval instar
Date = o p o o Total No.
March 19 1 1
2% 19 20
30 16 20
April 2 12 2l
10 15 30
12 3 22 5 30
17 23 1 34
20 1 18 22 42
2 7037 46
May 4 1 5 5
295
0.05 - X r 60
5
€ 004 - %
_g on)
= L 40 &
£ 0.03 - g
< y = 0.0024x - 0.0205 - 30 §
E g0 | R2=0.9549 X% §
g r 20
g
5 0.01 4 - 10
g
o
0 , ' 0

°C
Figure1 Larval developmental period (<) and developmental rate
(@) of Megabiston plumosaria at five temperatures

Table 3 The duration of larval development (days) of Megabiston plumosaria at five temperatures under 14L: 10D

condition (Mean *SD)

Temperature (°C)

Larval stage
15.0 175 20.0 225 25.0
1% instar 94 +19 (32 7.4 +0.8 (60) 7.2 +£1.6 (57) 4.6 +0.7 (55) 4.2 +0.4 (56)
2" instar 70114 (32 48 +1.1 (60) 51+11 (57) 3.2 0.4 (55) 2.6 0.7 (56)
3 instar 6.6 1.1 (32) 52 +1.1 (60) 46 +1.1 (57) 2.9 +0.8 (55) 23 0.7 (54)
4™ instar 8.0+1.0 (32 6.1 +1.1 (60) 52 0.9 (57) 3.6 +0.7 (55) 3.0 £0.6 (54)
5" instar 181+1.2 (32) 129+11 (60) 124 +1.9 (52) 8.4 1.2 (55) 89115 (54
Pre-pupae 10.3 1.2 (32) 74 1.1 (59) 55 1.4 (50) 45 +0.7 (55) 3.8 +0.8 (52)
Total 59.2 2.0 (32) 43865 (59) 39.9+40 (50) 27.1+13 (55) 24719 (52)

Number in parentheses indicates individuals examined
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BEHEITENENA1E, 53.9M5 Th o7, Shingh i, 24RsfH]
TR I Y THROELBRTIZELHY, 20
B IR IPE 2472 0595.7 gD A EA R/ L= (Table 7),

vV &%

F v TH A ZITEUE T, BRITSELT S BT L
AL, ZO% B ImiE TR | B~ R
DIUELCTEIITHIEM, AFRIZHB W TH RSN,
)11 (1971) 238 i) VA CTT o 7o BT 12 K D s R OB 4 R
FAEEEFE TIX, Z2VFIX3000CLL ERFHERS L=,
FHRAEEDIZEA LTI ThoTe, S ROEAELTIX,
AHED QNIFREFH L SR -T2 03 S DFLLE D FRBEZ TR
THRNEZAEL CODIENHERINTZ, — ., SITARIEFE,
FEFIHLE TR TIRFIEAERA L e o7, ZhbDZ
EAN, FEJIN(1971) 123N T, Sh D fil IR A Tl EL 3
RL1THSTITHREDOLT, FHMT A Tl 2 IR0z
DEZRNITED e o e JRR EE 2 LT, RFEOUTRHAE T
H2%T v AU H T ¥ Megabiston ashizuriensis Sato &
Kawakami, 20010 & AT KERAE TIIAGLH ZEAFEH (N HE
7908 (P2 - 3T 12001) T, )11 (1971) DFEREADET, 2

Table 4

DE2FED L ORBEME IR0V EHEESND, LTZ23 >
T AREWNTI L 1%, B#h- 5 8EE I DMEL, £ D3
HT A2 2 FEEIN B ATREME D B,

B, —FBAHHII3A TAI~4A LAIceZEL. 5 A H -
T — B Fom b2 T GEH2001) , 4 RO
BECTF v X 7S O RAERIL, (IR CTHHT vHT
FEOHHEBEALFEFL T, BAMER L CIIsh it
RDOLDOHTEEEFATERL, I LOEA T HIHEC L3
IRIZEA SR LRI ST22E0 0 SMbE 3O B 3
EBESEAZLIAFDAEIE LIS TEEROTHA),

AT o7 B AR Tl IPBRIZ, SEATRSE CRUBR IR 2%
SERFTTRBR AR AR 1934, R IR DT S0 s BR AR 1935,
)111971) THERBS NUI- AR JEI AR, Ao/ NRp L
DORIEREEY 728 CTIIMERTDIENTERD -T2, 25 H
ICHERBESN-EGYORE CHEShZ, Fr4
U T DIFEENRESNA KR TIE, PEIIREAS K T L
120 RM53A FAETICHEGINICE TSItz R+
THIET, BEOY AR TS0 BN G T
5 THA) LH A EM TR B kA5 1934, RUANFAS 3
T FE TR B R 1935, FEJI111971)

The width (mm) of larval head capsule and frontoclypeal piece of Megabiston plumosaria

Head capsule Frontoclypeal piece Ratio
Larval stage n
Mean SD  Growth rate Mean SD  Growthrate  (Head capsule)

1tinstar 30 0.41 +0.01 - 0.17 +0.01 - 2.38
2" instar 30 0.72 +0.06 1.74 0.30 £0.03 171 2.42
3 instar 30 1.18 +0.09 1.63 0.51 +0.05 1.70 2.32
4™ instar 30 1.94 +0.13 1.65 0.84 +0.07 1.66 2.31
5" instar 75 - - 1.46 +0.08 1.74 -
Table5 The weight (mg) of pupae of Megabiston plumosaria in rearing at five temperatures (Mean =SD)

Temperature (C)

Sex — -
15 175

20.0 225" 25"

& 4088 +415 (17) 4016 +55.7 (34)
Q 4743 #615 (15) 5144 563 (25)

3765 +70.9 (18)
402.7 +82.7 (32)

489.3 £70.0 (33)
607.4 769 (22)

461.3 +54.9 (30)
575.7 £70.1 (22)

*: p <0.01, Student t test

Number in parentheses indicates individuals examined

Table 6 The number of individuals and sex ratio of
Megabiston plumosaria in rearing at five

Table 7 Theamount (mg) of leaf consumption and dried feces
by larvae of Megabiston plumosaria (Mean =SD)

temperatures
Temperature (C) Larval stage n Leaf consumption Dried feces ~
SeX oo 175 200 25 o o@ 3instar 15 1460 371 135 45.3
e 17 34 18 33 30 132 4™ instar 15 528.9 +82.3 55.8 +11.2
2 15 25 32 22 22 116 5" instar 15 5665.1 £989.0 727.3 +88.9

Sexratio (%) 047 042 064 040 042 047 *: p <0.01, Bartlett's test
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500 pm

Figure 2 Megabiston plumosaria
A: 1% and 3" instar larvae, indicated by arrows, B: 5" instar larva, C: Oviposition, D: Egg masses
(Arrow), E: Eggs, F: Pupa, G: Head capsule of larva (a: Width of head capsule, b: Width of
frontoclypeal piece), H: Pre-pupa and pupal chamber
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Life cycle, larval developmental rate and food consumption of
Megabiston plumosaria (Lepidoptera, Geometridae) in Kyoto,
with remarks on its potential injury to tea plant

Koji YAMASHITA, Yutaka YOSHIYASU

Summary

We investigated the occurrence, larval developmental rate and leaf consumption of Megabiston plumosaria in the southern part
of Kyoto Prefecture and discussed the factors that cause economic damages, exclusively in Kyoto. Visual counting in the tea field
(Tea Industry Research Division, Kyoto Prefectural Agriculture, Forestry and Fisheries Technology Center; Uji, Kyoto) recorded
76 individuals (including 54 females) in two years (Table 1). Egg masses were found in the gaps of tied cheesecloths (Fig. 2D).
During the period of 5 years (2014-2018), the 1 instar larvae appeared for the first time in the year between March 19" and 24",
The 5" instar larvae appeared around late April to early-May (Table 2). The pupae were found in accumulated organicmatter such
as branch debris below the tea tree canopy, at a depth of about 5 cm (Fig. 2F).

The relationship between temperature and developmental rate (Fig. 1) was calculated from the duration of larval development
(Table 3) and the developmental zero and the effective accumulated temperature were 8.5 °C and 316.7 day-degrees, respectively.
The amount of leaf consumption by 4" instar larvae and 5% (last) instar larvae were 3.6 times and 38.8 times, respectively, greater
than those of 3™ instar larvae. Similarly, the dried fecal weight of 4" instar larvae and 5™ instar larvae were 4.1 times and 53.9
times, respectively, greater than those of 3 instar larvae (Table 7). The total amount of new leaves consumed by one 5" instar
larva was approximately 5.7 g.

The results of the life cycle and larval developmental rate of M. plumosaria in this study were generally consistent with those
of a study previously conducted in Shizuoka Prefecture. Shading cultivation is a method commonly practiced in the southern part
of Kyoto Prefecture and the harvesting time of new shoots is later compared to other regions where tea trees are cultivated without
sunshade. For this reason, together with the effects of reduced use of pesticides, economic damages become apparent when the
harvesting time of new shoots and the occurrence of 5" instar larvae coincide. Therefore, depending on the cultivation method and
the harvesting time, M. plumosaria can be considered a potential pest, capable of inflicting economic damages.

Key words:  Economic injury, Effective accumulative temperature, Seasonal occurrence, Shading cultivation
Tea plant (Camellia sinensis)
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Sustainable pest control inspired by prey—predator ultrasound interactions

Ryo Nakano (Institute for Plant Protection, National Agriculture and Food Research
Organization), Akio Ito (MEMS CORE Co., Ltd.) and Susumu Tokumaru
Proceedings of the National Academy of Sciences 119(43) : 2211007119 (2022)

Nocturnal moths evolved ultrasound-triggered escape maneuvers for avoiding predatory bats emitting ultrasonic
echolocation calls. Using ultrasound for pest control is not a novel concept, but the technique has not been systemized because
of the moths’ habituation to sounds and the narrow directionality of conventional ultrasound speakers. Here, we report the use
of pulsed ultrasonic white noise, which contributes to achieving ecologically concordant plant protection. An ultrasonic pulse,
which is temporal mimicry of the search-phase pulse in the echolocation calls of a sympatric bat, was identified using
neuroethological screening of eared moth—repelling ultrasounds; these pulses elicit flight-stopping reactions in moths but have
no or little auditory adaptation. Such repellent ultrasounds broadcast from the cylindrical omni-azimuth ultrasound emitters
suppressed the intrusion of gravid females of pest moths into cultivation fields. Thus, egg numbers and plant damage by
hatched larvae were drastically reduced, enabling farmers to substantially skip applications of chemical insecticides for
controlling moth pests.
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Multiple Colletotrichum species cause anthracnose disease on Japanese pickling melon
var. Katsura-uri (Cucumis melo var. conomon)

Dong-Liang Jiang, Ken Harata, Mami Ogawa Koji Shirota Azusa Sasaki, Takako Nakamura,
Shigehisa Okamoto, Eun Young Park, Kenji Sato, Yasushi Nakamura and Yasuyuki Kubo
Journal of General Plant Pathology 89:249-259 (2023)

Katsura-uri is a variety of Japanese pickling melon (Cucumis melo var. conomon) and traditionally cultivated in the Kyoto
area in Japan. The thick flesh and crunchy texture of the fruit are excellent for making Japanese pickles. In 2010, dark brown to
black anthracnose spots were found on ripening Katsura-uri fruits after harvest. Four fungal strains (T1, K1, K2 and K3) were
isolated from lesions on fruits and identified as four Colletotrichum species (C. orbiculare, C. fructicola, C. aenigma and C.
chlorophyti) based on phylogenetic analysis. C. orbiculare K3 isolate caused necrotic lesions on Katsura-uri leaves, whereas C.
fructicola K1, C. aenigma K2 and C. chlorophyti T1 isolates caused necrotic lesions on Katsura-uri fruits but not on leaves.
Inoculation assays to ripe and immature Katsura-uri fruits suggested that C. chlorophyti causes a postharvest disease; necrotic
lesions developed only on ripe fruits. This study showed that multiple Colletotrichum species caused anthracnose on Katsura-
uri fruits.
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Response of sweet pepper autofluorescence against solar radiation

Tetsuyuki Takemoto, Keiji Konagaya, Makoto Kuramoto, Satoru Fukugaichi, Naoshi Kondo
Photochemical & photobiological sciences: Official journal of the European Photochemistry
Association and the European Society for Photobiology 21(11) 2053-2060 (2022)

Shades are adjusted in sweet pepper cultivation, based on solar exposure levels. Pyranometers and photosensitive films have
recently been introduced to smart agriculture. However, there are no means of observing biological responses to solar exposure.
In this study, we hypothesized that solar exposure levels affect the visible autofluorescence of sweet pepper under 365 nm
illumination. To test this hypothesis, we cultivated sweet pepper plants under two exposure conditions, low (half of the normal)
and high (the normal). Fluorescence photography (365 nm illumination) revealed that dark-fluorescent peppers only arise when
cultivated under high-exposure conditions (0.7-fold decline at emission of 390 nm for high-exposure conditions). Microscopic
and spectroscopic observations showed that blue autofluorescence was accompanied by an accumulation of UVB pigments
(1.2-factor increase in the absorbance at 300 nm) and epidermal development (1.3-fold thicker cell wall). This study suggests

that the autofluorescence of sweet pepper can possibly be used to understand the response of crop to solar radiation at a fruit
level in horticulture.
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Alleviation of high light stress in shade-treated tea leaves by acclimation to light before
shade removal

Shigeto Morita, Hiroki Yanagisawa, Kana Kurisu, Mitsuhiro Nagata, Tetsuyuki Takemaoto,
Takehiro Masumura, Satoshi Sano
Bioscience, biotechnology, and biochemistry 86(11) 1515-1523 (2022)

Shade cultivation of tea plants (Camellia sinensis L.) is employed for the production of high-quality green tea which
increases the content of chlorophylls and free amino acids, including theanine. However, shaded tea plants suffer from
photooxidative stress caused by sudden exposure to high light (HL) when the shade is removed. In this study, we tried to
acclimatize shaded tea plants to light prior to shade removal to alleviate HL-induced stress. Acclimated tea plants showed
milder photoinhibition in response to HL exposure than the shaded plants without acclimation. Moreover, there were no large
differences in the total chlorophylls and free amino acids (including theanine) content between acclimated and non-acclimated
plants. These results indicate that acclimation of shaded tea plants can alleviate subsequent HL stress without causing large
changes in the content of chemical components associated with tea quality.

Macroscopic and microscopic characterization of fluorescence properties of multiple
sweet pepper cultivars (Capsicum annuum L..) using excitation-emission matrix and UV
induced fluorescence imaging

Zichen Huang, Tetsuyuki Takemoto, Ken Abamba Omwange, Yoshito Saito, Makoto
Kuramoto, Naoshi Kondo
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 288 (2023)

Sweet peppers are a popular vegetable with various surface colors, such as green, purple, red, or yellow. To characterize the
unique fluorescence properties associated with a broad range of sweet peppers of various colors (14 varieties), a fluorescence
spectrofluorometer and imaging were used. The results showed that all cultivars in the experiment had blue fluorescence
emissions when excited with light in the UV-A region, while chlorophyll fluorescence could be observed in green peppers. The
emitted blue fluorescence originated from the epidermis (cuticle layer). The color distribution of these sweet peppers in the a*
and b* color space were compared to the image obtained under white LED light. Yellow and red pepper cultivars have thicker,
multiple cuticular wax layers and more distinct maturity stages than other sweet pepper varieties observed. With the
establishment of this basic fluorescence database, further applications of fluorescence-based techniques and the unification of

evaluation methods for pepper quality will be more easily established.
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Label-free technology for traceable identification of single green pepper through
features in UV fluorescent images

Tetsuyuki Takemoto, Zichen Huang, Ken Abamba Omwange, Yoshito Saito, Keiji Konagaya,
Tetsuhito Suzuki, Yuichi Ogawa, Naoshi Kondo
COMPUTERS AND ELECTRONICS IN AGRICULTURE 211 107960-107960 (2023)

In the food supply chain, vegetable traceability holds significant importance. Conventional methods for traceability rely on
tag-based systems such as barcodes, QR codes, or RFID tags. However, these methods face challenges when it comes to tracing
single vegetables, such as green peppers between the grading facility and greenhouse harvesting. Unlike fruits like melons and
watermelons, green peppers lack visible unique features on their surface that can be used to identify individual vegetables.
Through our research, we have discovered that the fluorescence images of green peppers display a unique texture on the
surface, which provides the possibility of identifying single green pepper. We proposed a single pepper traceable method that
combines pepper images from the greenhouse and postharvest stage under UV light using imaging features. Our experiments
aimed to evaluate the method's performance, including feature description, tracing success rate, performance change with
storage, and changes with different length of the green peppers. The results showed that the KAZE feature was suitable for
describing the surface feature of a green pepper under UV light, achieving a feature-matching performance of 81.3 % success
rate in tracking individual peppers in each of the 15 packages, each with 10 peppers, using images from the day after harvest
and greenhouse images. Furthermore, the method's performance could be affected by the storage time and length of the peppers.
The proposed method could be a cost-effective, accurate, and label-free method to achieve single green pepper level traceability
in smart agriculture.
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Investigating the characteristics of fluorescence features on sweet peppers using UV
light excitation

Zichen Huang, Tetsuyuki Takemoto, Yoshito Saito, Ken Abamba Omwange, Keiji Konagaya,
Takahiro Hayashi, Naoshi Kondo
Photochemical & photobiological sciences: Official journal of the European Photochemistry
Association and the European Society for Photobiology 22(10) 2401-2412 (2023)

Sweet peppers are popular worldwide due to their nutrition and taste. Conventional vegetable tracing methods have been
trialed, but the application of such labels or tags can be laborious and expensive, making their commercial application
impractical. What is needed is a label-free method that can identify features unique to each individual fruit. Our research team
has noted that sweet peppers have unique textural fluorescence features when observed under UV light that could potentially be
used as a label-free signature for identification of individual fruit as it travels through the postharvest supply chain. The
objective of this research was to assess the feature of these sweet pepper features for identification purposes. The macroscopic
and microscopic images were taken to characterize the fluorescence. The results indicate that all sweet peppers possess dot-like
fluorescence features on their surface. Furthermore, it was observed that 93.60% of these features exhibited changes in
fluorescence intensity within the cuticle layer during the growth of a pepper. These features on the macro-image are visible
under 365 nm UV light, but challenging to be seen under white LEDs and to be classified from the fluorescence spectrum under
365 nm light. This research reported the fluorescence feature on the sweet pepper, which is invisible under white light. The
results show that the uniqueness of fluorescent features on the surface of sweet peppers has the potential to become a
traceability technology due to the presence of its unique physical modality.
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