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Timing of Outbreak and Preventive Measures for Chestnut Weevils (Curculio sikkimensis)

in Shimane Prefecture

Nobuo Sawamura
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Summary

For 5 years (2007, 2008, 2014, 2015, and 2016), we investigated the extent of damage to chestnut
fruits shipped to Tsuwano Town and Kanagi Town, Shimane Prefecture's chestnut production regions.
The numbers of larvae dropped from mesh plastic baskets containing harvested chestnuts were counted
at varying points in time, and rates of damaged chestnuts were calculated. Results showed damage
rates ranged from10.1 to 45.4% during peak time. Damage related to chestnut weevils in recent years
tended to occur in nuts harvested at an early stage, which is presumably related to the recent increase
of cumulative temperatures and a decrease in number of available acorns, the major food source of
chestnuts weevils.

The insecticidal effect of freezing treatment on chestnut weevils suggests that the insecticidal effect

tended to be greater when done at —1°Cto — 2°C for 2 weeks or longer.
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Evaluation of Biodiversity in Organic Paddy Fields in Shimane Prefecture

Masahiro Ozuka and Natsuko Kado
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Summary

Biodiversity was evaluated in organic and conventional paddy fields in Shimane Prefecture based
on four types of indicator organisms (frogs, two kinds of spiders, and aquatic beetles) from 2012 to

2015.

1. Comparison of 8 organic and 2 conventional paddy fields showed that organic paddy fields had
very high levels of biodiversity, evaluated as grade S (extremely high) to A (high). In contrast,

conventional paddy fields showed less diversity, evaluated as grade C (low).

2. When conducting field biodiversity evaluations in late July, the black-spotted pond frog is a more

suitable indicator organism than the Japanese tree frog.



AR R 46: 13~20 (2019)

AR DA PRSI

BT 5 Ry D 5ERE

IR BETD-ELE R

Measured Soil Nutrients in Organic Cultivation Greenhouses and Fields

in Shimane Prefecture

Takayuki Asaki and Nobuhiro Michiue

I #

il

HEHE ORA~DORELZIMRRNRE DT, &
FRILCIE 2008 4RI [JEAR AT EESEHEE ] |
ZEDTZ. ZOFEICEWTHEE T L AR
I, LRI AR S TR R OV - f ) L
PPN T LN S TR A 2 Bl 2RI L7
WZ EEFEARL LT, HIEEREANEHT 5
ZLITXY, BEORKEERIEEEE KX  Hik
L, AR & OFfZX D & & BT, REEPEIC
KT DERBE~O AN % TE DR KR L7
EEPFEOTIEEAOCTTONDEBETHD LE
FL-

—fRENCAREEE T, 13K L LTH
B SAHERSE DTN, £ I AR D
R L U CHBEIRERS MO i ST
5. ZOX D BRHEEER AT o T D A RS
FEO HEFMEC OV T, B kE:
BRNRE ) LA AP L) SEFN B RE LT
D2 EMRALHEITWS (FILb,
2013 ; 5, 2002 ; /INF], 2013 526, 2012).
7z, BE (1990) 1%, HHERSOERNETL
T MR BN T, TR OT T
AR PH DZEAGIZIEIR T 5 B Z 3 DK
BRI L DEHEENME AOND Z EE
LTS, BIREOFEEREICBOTHE

5 5 A AR & RN L 721345
N <, TR OERIINEROER )N T A
DEIRIRIE & 2 5312 A PREE OHRI
PHEIILTEY, 1EET~ORENREIN
5. ZAVE TR ERIC T 5 R b
DE=HY » THREICOWTITRE % 22 THEM
SNTED, BIRENOEEBEHTSICET
D P A A L 7o S 13 e, £ 2T
A, BIREOERIETn =7 P& LTH
VEM D AREREE SR BT OBRFE I Y #Te b T,
AR IR O A BERER 355 2 5 RIS R
MO 2 RET DR 2G0T, £
DL HET 5.

I MHRUAE

2012 FER N 2013 4EI1Z, BAFEEE 0Oy
RS (LUF, ARk 217> T2 BRI
N 8 THET Dfifisk £ 28 HisS (27 M FEY
= VBT A, 1 HRIFAZRIZE = — LR
%), BEHUISS 15 M, G 43 HUS OB Z5 %
KIGT, IHERS F 7= | ERI M R SR 21T -
7o BRI OW L, REIESO H3ERE,
BEikoc s, HERERH &, I L s ekt
KOOSR B A2 & B0 i L7, bk
T DT DD, 1FHND 6 BTN LIEL

D) AR RSN o 7 —



SHT AT £ <55 Y neare A Ui e ey

AR LTy L, BRL L7254 2mm D525\
THEII L2 D% pH (H0) , 4fRE, éégg’z
AIFRREEER, HNED VR, A AU ATHR
&ﬂi@@&oxmiﬁ%@%ﬁphﬁbh
SINTIEEE (AARTHER S, 2001) 12X 0170,
pll |34 T AL GEGEUERTE p A —& —
F-13) CHIE L7z, 2k E RIRFEITNC 757
A = (F bt o # —HNC-900) THIE L,
RIRFBOMITIRI 1. 724 2 U USSR L L
7= HEEY LRI VA — T, CECITE R
I aya— oYLk, AZHRMEE RS CEC
DHRNE DB HINTHHET o E =7 AR
ZAWTHNALT T L (Cal) &~ 737 A (Mg0)
ZIRTWREE, U 7 A (K0) 2N (H
SINA T v o— X 7-2300 K& TN ZA-3300)

WCEVHE LTZ. 72, AIAAREZEIRIL 30C, 4
SRR ERR L, KARKAEECLY EE
L7-.

I HREUESE

BN, AN ER SN WO ATHREITS
OWEE R OAEFER DOFFEBIEIZOWT, BIEHL

% 46 5 (2019)

TEITSO TR IR, S| 112 7 RIS

YRS, Mgk TlE 28 HuS D 9 B 10 HE AR
I+, FEHICI 16 #uSo 5 B 7 HS A
AKHEERBEZ (R, WTUOFEHRAT
/K HERHE CHRES DM THOIL TV DA S D
STz, I, FHEREEOMRGHFER A 75 &, Hisk
TIL I~5 4L 104ELL EOIFH)N 13 HiS & A%
ThY, BHITIE 1I~5 FOMED R HE0 o7
(3 2). HEAh A & & ARV L, A
FAREEBAARF O B, fEsRA B E v b %
WA H Y, HITiE 10a 24720 40t LA LS f
R SNIIFEDN 2 Wi o7z, —J, FHERO
EAHT AT CId s, e HICHM 10a H47-0
1~2t OHENR ST (E3). £7=, BT
RF D F= 74l A B EIEEH BRI RO &3
SRR T, RS A, THIRARSEC AR CH
T2, Z0 9 biigk TIISERRIEAT, SEHCIEgg
RS AOFAD R b ZhoTe (FR4) . E2k
B H 2R D L, JigrDIEE A Y THESZEDRE
R TON TR Y, 3 #i51E b~ FOHEAE)
WL OfECh o 7=, —F, BTlE, B
MEZIT U, FEELOIRIE R B4 B 2
BEnTwWe (#5).

DIELUTFER AT 1~5 (TR U, 3R wiz, FHEHEA T o+ AR R 6 1R
F1 FEITBHOIERE 722 FREIIGOE B IRGEEL
B 5 A HHERRS A7 BB kA0 4 0 B 0 A 2
KK+ 10 Kk H A+ 6 1~54F 13
i 2 7oA {KHt 5 IR+ 2 fita 2% 6~94FE 9
[GREp Y N 3 R+ 1 10452 | 13
HAEs + 1 1 ~54F 12
B K A+ 7 BEamm L 2 @i 6~9fE 9
gy OGMEHL 2 KRt 1 VORI |- |
- Rkt 1 ERs+ - = —
e ke 2 1 1 S LIRS & & T e
SR YIS 3 KBTI
%3 SRS OHERTE FH & & i AR
s g . 10224 7= v i FH & (t/4F) BIl S 3%
HBE R I JH 28 1 il 1~2 3~5 6~10 40LL k-
Wiy A K R B2 BH hh 7 7 7 5 2
i 7 A (VE A4 1 B 7 13 3
% Ho H AR B AR IRF 9 2 4
A RE (EA 1 AiD 2 4 3

1) HEEORSH « FUTRSAMENE, N—2 U, BEEHEE
1E2) ARGBEEYIE R O%Ea1E, MR 2 BB L LTz



FIARGELE - BARBROAHRENISICRT D LRy D F

F 4 FEBGOSIRRI I 2 T AT

#5 PEIILOFLRFELE

R JE e AR M A B AR TR e i BB R
TR AT 20  EXHE 25
W R A 16 s b~ b SR 2
I AT B 5 b IR L
R BERH 7
ﬁé@fﬂmﬁ‘ o Fx, e 2
gHy  ChOBSA 1 BH FAas, XxsY 3
i A B I R 8 2Ry 2
H Z AT 2> U Ek 1 P 1

) B0 B I ALYy, awy T, IR HROWERER

L7z, Bk M OB BT 200l E = Eh
EEHETHARD &, T XTOHBAD H HAlfEHE
EF R OATHNE T U 7 L EBRNT, Miskakisnn
BHURE: L0 & 1% KETHREIZE -T2, £,
2 T IR O THES W LB 03 D A Rk
BRI D 1R Sy O AN R KRB 2 1 2455
B TR LT Mgk CIEER & O CEC R, +
LMD EIRIE & A L OIF iR
HY, pl (H0) (3K 8H, E-AREY UL
MR GBS 6 HILL E&2 7. THEic
T OFGPRENCERT S ER & LT,

i F% CIIMERR O BN 2o O FE i L 0 #EFE4
% (LR, 1990) Z &0, EFEARHEME TH D
TEXFUTFM OB A% <, ZAUTHEWE
AERIEEN %< 725 Z L CEBBBIESND Z &
NEZ BT, £, sk L7z B0 BRI T
FRE OB RIED & % /KRB T ik
HEEIMTON TV ERINL L, WEMER R A
HWICE S 5 A A B AR 2 &,

Z U CHERHLA & kA i S vty
72, Z O X HITAEEOBNIE - =AY Ol
RED TRy OERIRE S EEEZ KT L
TWAAMREMNR B 5. & HIT, TEHOZESIRIND
BN ORD L, VEHOFEWIE: & ARy
DFENE & DFFITINT /3T 2 AIRIREET
HHZENBEZOLN T (1996) 1%, LK
CHTAE TR EDIEIE L U © L, &R, T
NN, VU, v T2 ADNAIZE L,
RCORTERBLZE8:6:4:2:1 THDH LWL
LT 5. fiigk CIEFE S S AR AT IR
NEEITHA S TRY, THE~REICERE L
TN OWTUE, ORI A B2 D Eh &
AN EBIRFE L TCND EB .
—J7, BT, TR COEEIZHOWTEER
ARIRD 56D 5 GFFOEIGH b FILL B2 STz
DS, ARNREY L ERRCAS A A S I
FEMEE X D @OEE R BT, gk & T
R DEFNCER L QO DIFGOEIG D

F£6  HIRAZ & OFHRENIRITRT D B LA

© i g b pH JE& Fitl CEC BEK  AREER
Bt Bl (%) (meq/100g) (%) (mg/100g)
it 5% 6.8 6.6 21.3 0.33 8.4
7 6. 1 4.2 14.7 0.21 7.4
=2 K% ok K% o ns
ﬁ%%ﬁ%ﬁ%W@ &@ﬁﬁ%mwmy e R A fn
(ng/100g) HAL T A ~T XA HY TN (%)
il 5% 171 601 122 52 131
7 Hh 40 221 40 32 74
HEM *ok Kok koK ns ok

D EIEHY

E2) AEE (BB eI IWKETHEED Y ns (THEERL



AR RS E N o 2 — AR JE s 56 46 5 (2019)

7 BHREO THESWHHEEEI T D BB T3 1T D HEER S O A IR AE
© i ot N EfREO -EDE FH0EE (%)
B RR T T e — T ]
pH (H,0) 6.0~6.5 0 21 79
J& hE 3%LL E 0 100 0
CEC 15meq/100gLlL - 7 93 0
Wiy AERY B 10~100mg/100g 4 36 61
AWM T LT A 200~300mg/100g 4 18 79
WM~ 7 R A 20~40mg/100g 0 7 93
AEHMES U T A 15~30mg/100g 14 18 68
M G fin Fp i 70~90% 7 11 82
pH (H,0) 33 47 20
J& hE 27 73 —
CEC 73 27 —
o= Hhie v > mk E 13 80 7
i AWM L A () 67 20 13
RN~ TR T A 13 60 27
AR U T A 20 40 40
oL S A 47 27 27

1) BRI TSR - B3RS, HE LKL, BB O (FR M TR

7RWEERNE, FERRIC K 28O CITiNZ T, 3
B DZ  DFEGARGAFS b FFLL T TH D,
FERWERHT [R5 72 O F S S AHEAES
HIEEREO N B s T 7e o 72
ZELERO—DEEZ N

WA, FIEHkEEEL & TR OB OBIFR
LT D720, Jigx kORI 5H
PR AES DIE O H LA I E T8
B 1, 2 1R LTz fisk CHBSR kAR
5 H TRy LIcGa OFEEE D &,
TRTCOHEH THEEITRO bR T2b D
D, BZIREY R, ZZHANE T VT I O
Y IRVY LT, MRS RVIE E T
WRENZERE T DHEAN A DN 2D DSy
L AN AE DRI ED D 722 LIS AT,
YERHT Z & ITERS i S D7, x5y
NERETDEBEZ DN £, MERVRET
IFAEBMREE BAISE HIR 2N i L
WAZENRBHLNE 2o TEBY, ZOZEN 5
FELIFOIFBZB N T H R E~ 7 3 >0 B3
EHLTWAERDO oL LTEZLNT. —
5, EEA U T AFAIZ 6 L EDTTHMEL
720, OISR R T R D EH A &R
L7z, ZAUSEDDRINT 2 7 ) O LDMBL O
IFTHRTENZ L L, B U LAERED DA

VSEREH T A EICHW STV 2 & EK
LEzZoN-. X1 IRUEZBEROSEES T,
JEERE, CEC R OSHaM: v 7 T 6 4ELL oD
Fins, W RIFEREEE SR, AARRY R, ASHE~
T DO E S U 7 AT 5 LT OLE
BCEVMEM N o7, ZAUTPE AR
H 5 LU T OIFE 6 FLLEL D HE D,
FEEESL DD 72 O T BRI N
Ipote. BEHNZOWTIL, ARBEHKGHESLS 6 4
PLEOFREIFER D7, BIREEEEDIF b
BENTEY, THERSOEM & HRHkeEK
& ORRZ AR T 5 7-0121F, 5% S HICH
S A BT BERHD EEZON. L
2L, BHICRWTY 5 ELLToERO S B
(R 2 K& < RRIAH SERENH] & 7
272> TRV, BUEILEIERICHDIFHTHLS
BAEMT T 20T 5 2 & THIMEY VoA B
HWEDNBENCERET A AR H D Z LD,
AR BRAAIRE) & TR0 2 F R S H e i
JERR R 2k L CTIT O MERH D LB X b,
P ED X 51z, BAREBNOEREES T,
Jitias % N 55 S A HEIESC A B R IEVE Lo
FHCORM &, BN DT T AT
F U TR PRRENCERE L TV D EREA S
MmEIRoT. RS (2015) 1E, 2012~2013 4F



FIARGELE - BARBROAHRENISICRT D LRy D F

8.0 (6.8 6.8) ns 156.0 ¢ (6.6 B6.6) ns
1
A 12.0 ¢ ,
7.0 g ~ g !
) ® 9.0 r !
g oot o :
Q.S'U --@--é--' g 6.0 - :
3.0 t-—=-=-- !
5.0 “——F—— 0.0 P
o B 5F BFE
LR BLE LUF BLE
ISR ER ISR ER
%5 - (8.4 8.3) ns 500 - (130 208) ns
22 g 400 A
< o} E A
E15 © £ 300 8 A
& A ® o
W10 g 2 200 A
g | g 5 | g »
%5 | A R 100 ¢-—=- A -
* g & T A
0 T 0 S
T HE LF 2k
ISR ER ISR ER
300 [ (89 3D ms 250 (128 134) ns
=1}
§ ° W0 b 5 A
£ 200 k> 2
4 8 150 | %
'D (=1
R 100 & %100 R T
% ®og [ Foa--
&
v S B 0 b B
LR BLE LF Bk
ISR ER ISR ER

1 RERRIZF VT D AR T EF A O VS TR MR M E R

40 [ (21.2 21.0) ng 0.8 [ (0.30 0.36) ns
o 1
1
3 % o % 4 _os o
SR B 3
$20 t ¢ 0.4
£ ___a_ég__l 3 g §
= H
S0 f 0.2
0 WU 0.0 T
b BE 5 B8F
F Bk LF Uk
ESad TR IER R
1,500 [ (584 615) ns 350 [ (104 138) ns
8o By
2 o S 300
= 1,200 o 2 A
B B 250 &
< 900 § < 200 o a
=™ )
X 600 é § N180 ¢ 2 A
R %
2 100 |
R 300 F-g-A-a 3 g g
# C-B- a2 50 &2 __
£ 0 gﬁ 0 = =t
K SE B & SE B
LF 2k LF 2k
ISR ER ISR R

&

ZEL

=

<

E1) A RO OETATTIE, ns 1Tt REICLDFEERL
HE2) AR EARIRO EHO A (B3, ALKt SRR, BB TR

1£3) BEHRLOAHEIEERITAYE L L

(BRI CAE SN B S AHEIR DO B Y
720 DY ERRIZONT, FSAHEREFIC
BB E, 20 FERTE ERTEBEERIT 2.7, Y
APREEIT 1.8 %, MBEAEEIT 4 115L78-T
BY, ZOFERKE LT 1999 EOFEHE WL
HEIZ K 0 BAREAHEE LR IR S 7= 7 D AEEK
OTEND 72 Tpotz Z LR LHEIE ORI H
DX T2 Z R ERBHERELTNDH. ZD
ZEnn, BUUEORIMARIZ LV EHES DR
WESHEHEEOM A 2t 5 &, THE~D#ES)

BN LICRED ETRIND. RS A
WRNCER SRV 0I2E, AREREHCE
ENDRDEED TRV & RIEEEI RO
KN2 & ORS A YIRS 5 & L bic, B
T2 e N A, EETRE R BRI
St LT B OREDRD HN5.

B, AREICBWTIL, 6 4ELL FREEAROE
L7235 T, TR PREIICER L TR
WEFIHRD HITE Y, ARk ClitinE B
AT O BEOBRR R E LT, MkihIc i



FAR R B S pl b 2 —F e R

% 46 5 (2019)

8.0 r (6.1 6.3 15.0 ¢ (3.8 5.3) . 40 § (13.6 17.8) ,
A s
12.0 T
7.0 + © 3 00 : §°30 { :
P °O - — 1
] ———g———A——— > r ' Tw o e l
el B = 6ol o S R S
o0 f--Bmg-o 5
g 3.0 ---s-----' R A
o A
9l 5 B llst b B ‘ 5 BE
HF BE LT Bk LUF Lk
ISR ER ISR ER ISR ER
25 (8.5 3.2) 300 - (44 2D __B00 [ (207 269)
_ B & A
Qo + O 2 =)
& S 200 2 400 °©
~ L
g15 & Q %
= O ﬁ 4
iﬁ 10 - A » S g
b 8 @ 1114 R S —— | S 200 L_E__Z“l
% 5 a R 1 R
N € A & ’
- - __I
o O T %% e R0 o
T Mk LT Bk LT Yk
ISR ER ISR ER ISR ER
__ 100 (36 1D 150 (17 6D
B0
(=]
o
S 80 -
S g R0 | g
e o 0 e
=~ 40 | O & 8 &
R __'8'____1 ﬁi 50 |
3 !
fi 20 L__g__ﬁ___'
¢ SE BF u BE B
LT Mk LT Bk
ISR ER ISR
B2 FEHUZISIT D A HHERRGE R OE DS T PR S R F TR

TE1) A ORI ORI TE
TE2) AU TEARIL O TSRS EEE (B Sl
1£3) EEHRMOAFAREERITEE R L

LT RERDH .

RS T

vV # =

HHE S AL AR E TR

MR SN D Z L%, HHERSOE
RN T o 2D b RS D, 22T,
IR N Al & e B ek S OB ML A R B
135 (BB 2 5 T) IRV TRk

'—'—'Ab

MEDIRE

HHE%_’TTO 7.

1. ARERENISIC

BT 5 thE

P 2 R iR

2EF (%)

At~ 7 % 27 A (mg/100g)

0.8

0.6

0.4

0.2

0.0

150

120

90

60

30

 IEKILIK L, R, R HUMET TR

(0.20 0.23)

1

r A

o

O A

5 B
BT BLE
BIEREEN

(41  35)

A

o

o

§
L—_ =—===1
|
& -4 --

T

5% BF
BT 2k
BIBRREHR

NOBENTHIET S &, WTHDHEE & b il
AN EEHL L Y b B 2R L, 2k

AEONE B LN 2 L Rk
DI=OENERED L

EZz b,

2. BRI HHEZ

ZWTLIEE & i 95 &,

SO AL
LR TS &

i

TiE, AZIEY RO LN T &

DITHEN 6 B D Q&2 Hid7-. 7
A Y it
TlEhEsk & ARk g CTh -~ 7.

_TEFOEE

i TR &

—¥BDITH

3. RIHEEORGEN HHERIRIEIC G 2 55



FIARGELE - BARBROAHRENISICRT D LRy D F

B OV TSRS 5 4ELL T & 6 4FLL B
BB & R THEOAGRIRE Y LR, AHE
TN DROHIE~ 72377 I 6 4L
FoFREL, MEERBR VI E BRI
ETHEEN DT

51 FASZRR

T ILIEFD « AL - B 2504 (2013) AREES
IR D HB7e 5 B M T O F b, TERE
84, 21-29.

FEANNET- A - PPAER - BIARRETT - TR
K -8 BZ (2015) EHIRIRIZISIT D454
TV ER R & EOSERE. TIREEEE 61, 140.

Ui R - AEKTR T - TR RS - HBEA T -
HIE— (2002) AT RE RSO T-HEIRE.
AT A 1, 77-94.

P EKR (1996) BPEEZE N R 7y 7 BB,
199-202

JINAT H(2013) Se R TR A EEDSE
REFHARE T L D IEMIF S LD T2 D
TR, SRR TR () 61, 26-32.

BRI (2013) EtRURA R SEHEE S ).

& A TRAE M REE - TR - A1E
JE T (2012) MR A MBS B3 T D8R
HOFRE & ARG EOHIE 5k
VRIS MIE TR, HEE 84, 285-292.

TRk (1990) BEEEM LA S 1R EY
AIRERTRE 1 — 27 3d L OMIVEY) o B35 8T O
Jzhe. HAEEE 61, 98-103.

FARVE N BAS 32 (2001) HEEMREE =4 1
Y IIREOT DO, KK ORI HT
1%. 33-80.



RSB AN 2 — WP e 5 46 75 (2019)

Summary

Organic cultivation involves frequent application of livestock compost manure and organic fertilizer,
raising concerns of excessively accumulated soil nutrients and loss of base balance. We investigated
actual conditions of chemical components in of greenhouse and field soil used for organic cultivation

(including cultivation with non-chemical fertilizer) in Shimane Prefecture.

1. Comparison of soil chemical components in organic cultivation fields with different cultivation
methods showed that greenhouse soil had higher levels of chemical components compared to field soil
in all evaluated items. This is considered due to a larger application of compost and more frequent

fertilizer application during year-round greenhouse cultivation of leafy vegetables.

2. Compared to soil diagnostic standard values in Shimane Prefecture, from 60 to 90% of
greenhouse soil had excessive available phosphoric acid and exchangeable base. While field soil ratios
were smaller than those of greenhouse soil, some field soil showed excessive values similar to

greenhouse soil.

3. A check of the influence of accumulated cultivation years on soil nutrient condition showed that
the levels of available phosphoric acid, exchangeable calcium, and exchangeable magnesium in
greenhouse soil were greater in fields cultivated for over 6 years compared with those cultivated for 5
years or less. The longer the continuous cultivation period, the greater the accumulation of soil

nutrients.
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Relationship between Incidence of On-tree Fruit Softening and Weather Conditions:

Comparison of Early-Ripening and Late-Ripening Japanese Persimmon ‘Saijo’ Strains

Kazuya Ohata, Yuya Kawakami, Takao Kurahashi, Keisuke Mochida,
Akira Nakatsuka and Hiroyuki Itamura
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Summary

The many strains of the Japanese persimmon ‘Saijo’ (Diospyros kaki Thumb) are classified into
early-ripening strains harvested from early September, and late ripening strains harvested from late-
September. The early-ripening ‘Saijo’ fruit surface has four deep grooves, while no such grooves exist
on the late ripening fruit. We investigated annual fluctuations and differences between 11 early-
ripening and 5 late-ripening ‘Saijo’ strains during on-tree softening stage for 4 years from 2014 to 2017.
The on-tree softening of the fruits was less frequent in 2016 and 2017 than in 2014 and 2015, and
annual fluctuations were noted. Additionally, on-tree softening was less frequently observed in early-
ripening strains than late-ripening strains. Investigation of the relationship between weather conditions
and on-tree ripening showed a significant negative correlation (P < 0.05) between precipitation in mid-
to-late September and the incidence of on-tree softening of the early-ripening strains (r = - 0.969), and

precipitation from late
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Study on Environmental Factors for Specific Functional Component Increase in
Mulberry (Morus alba L..) Leaves with Selection and Breeding of
Suitable Cultivars
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DNdJ  1-deoxynojirimycin
K3MG kaempferol 3-(6-malonylglucoside)
K3RG

kaempferol 3-(6-rhamnosylglucoside)
MT malonyltransferase
Q3AG quercetin 3-(6-acetylglucoside)
Q3MG quercetin 3-(6-malonylglucoside)
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LEEROIIR, FENR, HEOIEH O AN L
24 Fl 1 BREIC/PHIN TS (132, 1989).
7 DNIEBEOFEMED & L TR MO ER
TW5., BARTEICHEE S TV T~
79 (M.bombysis Koidz.), 77~/ 1U
(M.albal.), v 7'V (M.multicaulisPerr.) @
SHEC, G TIX Y~ U, BIEMTIIN T Y
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BARELRDH, W OB ClimaER BT <
F ALY R LR T DIEREL DI IHE
DOXxIGrLTe s, 7 VIR, HEL HICHRE
T, RUAFRNCATEEZBETIUE, BRFEL
T RIEIE E Clc 3 m B RICET 5.
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b, BFFEHCRE ER LTS L Ebius.
PRk 13 ZIE 7 U oS HFEIL 5000 ha 2 T
[V, ZOBFHFAEDITHEIY L7eoTND
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Fig. 1. Changes in total mulberry cultivation area in
Japan. Data was searched from e-Stat (Japanese
government statistics).
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2bDTHY, HHITEET T, TAEITBD
T e OBEERNEEhiz L shb. &
DIZH2T HFEDD, fEERMEZIILO & T 50k
e IR SR Y5 =X BY) I TP SR ON =7
IREEMNZ DT, BEREMEDFRNEFE STz (%
BEMEFORASHIE) . 20X o1, BERIC X
DR TEEOR Y A DER & LTI ThivTn
L. 7 OEESES THO O TW=Z &b,
EIPNS CREITICHFZED D B, 2 OMREN:
OB T DR BT U R ITEFIT A T
TN,

7 D BEOREREMEIZ O TIE, s b Ve
(Andallu % 2001 ; Evans 5, 1985 ; Kimura
5, 2007) , mERHEER (Naowaboot &,
2009) , BJREE LAHIEH (Enkhmaa &, 2005)
TV oA <~ —TB5%h % (Kaengkhan o,
2009 ; Niidome 5, 2007) , Fifig{k (Choi b,
2013a ; Katsube &, 2006) , it (Park o,
2013) , Hi4IE (Chauhan &, 2015 ; Chen &,
2013) , HUiH (Tsuduki &, 2013) 72 CEN
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E, AN=ALBRAIISOH5 (Butt b,
2008 ; Nakagawa o, 2013 ; $§5AK5, 1996) .
7 T OMSREMER 7y O Tl b A H AL TV D D
IXE MR ER 273 -7 4% v DU <A
v (DNJ) (X2 T, 717 h—ADT
JMbERCAERSNS. BELT A haA T
H5H DNJ [ TELSO B RO SR E & L THE
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M7y TH Y (Konno, 2011) , a-Z /vy
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Fig. 2. 1-deoxynojirimycine
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Fig.3. Chlorogenic acid

Fig. 4. Quercetin 3-(6-malonylglucoside) (Q3MG)
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7 TRy 7R = 5 TR e B oL fE
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Fig. 1-1-1. Year-to-year variations of flavonol content
per dry weight of leaves. Horizontal short bars and
numbers in the figure indicate the means of 59
cultivars for each year. Data were analyzed by one-
way ANOVA followed by Tukey’s test. There was a
significant difference between a and b (P < 0.05).
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Fig. 1-1-2. Correlation of quercetin  3-(6-
malonylglucoside) (Q3MG) content in each
cultivar between year (A) 2007 and 2008, (B)
2008 and 2009, and (C) 2007 and 2009. A circle
indicates each mulberry cultivar. The multiple
correlation coefficient was 0.88. Each year-to-
year correlations were 0.91 (2007 v.s. 2008), 0.84
(2008 v.s. 2009), and 0.87 (2007 v.s. 2009).
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Table 1-1-1. Relative proportions of flavonol glycosides in four representative mulberry cultivars.”

Rutin Isoquercitrin K3RG Q3MG Astragalin Q3AG K3MG
Cultivar (%) (%) (%) (%) (%) (%) (%)
Ichinose 13.6+0.7 3.9+0.1 3.0+£0.2 53.5+1.4 2.9+0.2 0 23+1.5
Itouwase 324433 11£3.5 11.543.2 29.1+7.0 3.240.5 0 12.7+2.8
Popberry 45.7+1.4 25.5+0.8 23.5+1.1 0 5.4+0.5 0 0
Keguwa 24.442.2 31+1.3 0.6+0.3 24.8+0.6 1.3£0.1 15.7€1.3 2.1£0.1

z Allmulberry cultivars are classified into four groups: Ichinose-type (largest Q3MG proportions; 155/176
cultivars), Itouwase-type (small Q3MG proportions; 6/176 cultivars) Popberry-type (no Q3MG; 14/176
cultivars), and Kegwa-type (uniquely contains Q3AG; 1/176 cultivars). Data represent the mean + SE over

three years.
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Fig. 1-1-3.

Flavonol content of mulberry cultivars.

Keguwa***
Ichinose***
Uzubesukaya*
Fuyousou***
Goroujiwase***
Okusiritou inaho 2*
Hatijyousima*
Sousukewase***
Hasune no ookuwa*
Mikurasima 15*

Okusiritou aonaegawa 4*

The cultivars shown are the ten containing the highest and

the ten containing the lowest amounts of total flavonols among the 176 cultivars examined. In the center,
‘Keguwa’ is shown as having an unique component, and ‘Ichinose’ is shown as a most-commonly seen cultivar.
Cultivars were analyzed for 1 to 3 years. *: tested for only one year, **: mean of two years, ***: mean of three

years.
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Fig. 1-1-4. Frequency distribution of the percent of
quercetin 3-(6-malonylglucoside) (Q3MG) content
per total flavonol content.
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Table 1-1-2. Cultivars without quercetin 3-(6-malonylglucoside) (Q3MG) identified in mulberry species.

Number of
Species Number of cultivars Q3M G-free cultivars
Morus nigriformis Koidz. 2 0
Morus notabilis C.K.Schn. 8 0
Morus bombysis Koidz. 42 8
Morus rotundiloba Koidz. 3 2
Morus acidosa Griff. 1 0
Morus kagayamae Koidz. 4 1
Morus tiliaefolia M akino. 1 0
Morus mesozygia Stapf. 1 0
Morus microphylla Buckl. 1 0
Morus multicaulis Perr. 58 2
Morus alba L. 49 1
Morus atropurpurea Roxb. 3 0
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Fig. 1-1-5. Correlation between the total flavonol

and quercetin 3-(6-malonylglucoside) (Q3MG)
content for each cultivar. The regression line
includes all points except for those cultivars that
were Q3MG-free. Each cultivar is represented by
one black circle.
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Fig. 1-1-6. Proposed metabolic pathway of flavonol glycosides in mulberry in our study. ~ Abbreviations: MT
= malonyltransferase, K3RG = kaempferol 3-(6-thamnosylglucoside), Q3MG = quercetin 3-(6-
malonylglucoside), Q3AG = quercetin 3-(6-acetylglucoside) and K3MG = kaempferol 3-(6-

malonylglucoside).
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Fig. 1-1-7. Q3MG and DNJ content in mulberry leaves on

mulberry cultivar.
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Supplemental data Table: Flavonol and DNJ content of mulberry cultivar.

. . . . Flavonol content (mg/100 gDW) DNUJ content

Cultivar of muberry Species Year investigated —— L oquerciin K3RG Q3MG __ Astragaln  Q3AG  K3MG _ Total content _ (mg/100g DW)
Kobuchizawa 1 M.alba L. 2007-2009 24 170 34 975 28 0 385 1,819 182
Kokusou 21(tetraploid) M.multicaulis Perr. 2007-2009 325 131 36 920 35 0 269 1,717 135
Hayoshi no ookuwa M.bombysis Koidz. 2008 400 721 219 0 376 0 0 1,716 236
Pakistan 1-2 M.notabilis C.K.Schn, 2008-2009 291 71 71 825 45 0 345 1,647 69
Toumarutouge 2 M.bombysis Koidz. 2008-2009 97 179 18 673 114 0 490 1,602 125
Hazzaz Mnigriformis Koidz. 2008-2009 410 66 72 741 37 0 225 1,574 95
Kokusou 20 M.multicaulis Perr. 2007-2009 265 75 28 908 29 0 242 1,556 191
Ttouwase M.bombysis Koidz. 2007-2009 485 171 161 478 49 0 186 1,549 89
Beikoku 13 Mmicrophylla Buckl 2007-2009 372 70 50 749 27 0 260 1,547 194
Kanadasansou-A M.multicaulis Perr. 2007-2009 284 73 31 816 29 0 275 1,527 201
Kokusou 21 (mixoploid 244%)  M.multicaulis Perr. 2007-2009 251 110 52 763 46 0 285 1,525 145
Kokusou 21 (mixoploid 422°)  M.multicaulis Perr. 2007-2009 291 91 48 816 41 0 224 1,521 164
Shiwasuguwa M.acidosa Griff 2007 358 88 96 631 37 0 290 1,501 129
Tanakaoushuu M.bombysis Koidz. 2007-2009 111 102 15 804 36 0 370 1,461 145
Philippine M.multicaulis Perr. 2009 234 108 60 666 ) 0 321 1,450 165
Jikunashi M.alba L. 2007-2009 224 114 38 680 37 0 325 1,438 134
Sejjuurou M.multicaulis Per. 2007-2009 189 67 14 825 3 0 291 1,434 180
Amoi 1 M.atropurpurea Roxb. 2007-2009 277 103 66 670 21 0 272 1,429 207
Turkey 3 M.notabilis C.K.Schn, 2009 302 84 59 670 33 0 255 1,415 99
Ichinose(akagi) Malba L. 2007-2009 239 85 58 708 35 0 262 1,404 255
Ochii M.mudticaulis Per. 2007 226 55 76 625 36 0 383 1,400 198
Kinuyutaka(mixoploid 422°)  M.alba L. 2007-2009 177 89 26 751 31 0 294 1,384 162
Shina kanton 2 M.mudticaulis Per. 2009 192 58 38 725 34 0 302 1,370 146
Lalaberry Malba L. 2007-2009 238 69 29 739 38 0 234 1,357 140
Ayanobori M.alba L. 2007-2009 185 66 Iy 727 39 0 273 1,350 269
Kinuyutaka(tetaploid) M.alba L. 2007-2009 195 70 14 762 27 0 266 1,349 147
Akagi M.bombysis Koidz. 2007-2009 179 116 47 604 45 0 337 1,348 121
Okushiritou aonaegawa 1 M.bombysis Koidz. 2008 62 11 0 492 93 0 529 1,344 118
Hayatesakari M.alba L. 2007-2009 255 66 38 672 29 0 261 1,338 231
kosou 197 M.multicaulis Per. 2008-2009 241 59 46 687 36 0 241 1,333 106
Shina kanton 1 M.mudticaulis Per. 2009 217 69 49 681 31 0 270 1,332 167
Kokusou 21(original, diploid)  M.multicaulis Perr. 2007-2009 231 69 49 670 36 0 248 1,319 141
Natsunobori Malba L. 2007-2009 184 76 1 746 29 0 249 1,310 146
Toumarutouge 1 M.bombysis Koidz. 2008-2009 76 124 29 513 80 0 438 1,299 108
Iraq 3 M.notabilis C.K.Schn. 2009 347 71 40 686 25 0 125 1,292 212
Yonbaiseisou M.bombysis Koidz. 2007-2009 66 108 6 755 32 0 305 1,286 244
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) . . . Flavonol content (mg/100 gDW) DNJ content

Cultivar of mulberry Species Year mvestigated — T oquercirin_ K3RG_Q3MG___ Astragain  Q3AG _K3MG__ Totlcontent  (me/100g DW)
Morechiana M.alba L. 2009 269 47 60 611 28 0 247 1,277 166
Kairyou akita M.bombysis Koidz. 2007 304 111 73 537 32 0 219 1,277 118
Kokusou 27 M.alba L. 2007-2009 194 85 22 699 15 0 246 1,274 183
Tagowase M.alba L. 2007-2009 51 76 4 768 30 0 326 1,272 187
Higashimokoto fukutomi M.bombysis Koidz 2008-2009 121 104 42 534 64 0 367 1,266 119
Naganuma M.multicaulis Perr. 2007 465 177 92 380 27 0 126 1,266 163
Rousanjyu M.bombysis Koidz 2008 230 657 137 0 347 0 0 1,265 162
Popberry M.multicaulis Perr. 2007-2009 570 352 284 0 67 0 0 1,265 134
Higashimokoto akeo M.bombysis Koidz 2008-2009 74 111 12 600 70 0 365 1,259 129
Hon 02-20 M.alba L. 2009 241 97 85 495 36 0 284 1,255 115
Enbu M.mesozygia Stapf. 2008-2009 222 129 18 658 34 0 187 1,255 178
Ka 97-05 M.alba L. 2007-2009 366 83 87 482 29 0 190 1,251 201
Akansasu unknown 2009 121 125 25 617 48 0 295 1,247 131
Ka 00-12 M.multicaulis Perr. 2007-2009 460 72 118 403 15 0 155 1,240 147
Kinuyutaka(original, diploid) M.alba L. 2007-2009 177 61 24 682 37 0 246 1,239 161
Yukishirazu M.bombysis Koidz. 2007-2009 166 104 25 649 29 0 255 1,238 229
Shimanouchi M.bombysis Koidz 2007-2009 248 90 63 535 32 0 254 1,237 185
Philippine 1 M.alba L. 2009 193 49 41 656 30 0 252 1,237 140
English Black M.alba L. 2008-2009 246 90 45 591 35 0 206 1,223 208
Keguwa M.tiliaefolia Makino 2007-2009 299 411 7 309 16 180 24 1,221 138
Atsubamidori M.multicaulis Perr. 2007 412 92 76 462 26 0 142 1,209 180
Obata M.bombysis Koidz 2007-2009 588 235 320 0 58 0 0 1,208 172
Negoya takasuke M.bombysis Koidz. 2007-2009 134 172 22 560 44 0 261 1,202 123
Soshuu 6 M.multicaulis Perr. 2009 202 55 41 643 30 0 216 1,199 179
Keikansou M.multicaulis Perr. 2007-2009 156 48 13 745 36 0 193 1,199 145
Juumonyji M.alba L. 2007 138 41 37 624 36 0 320 1,196 189
Minamisakari M.alba L. 2007 384 71 99 449 0 0 190 1,193 152
Iraq M.notabilis C.K.Schn. 2009 284 80 39 617 28 0 136 1,183 181
Tadjikskaja unknown 2009 197 53 28 696 26 0 173 1,179 128
Murasakiwase M.bombysis Koidz 2007 173 51 48 579 34 0 292 1,178 207
Kinuyutaka(mixoploid_244) M.alba L. 2007-2009 165 71 24 645 26 0 232 1,175 161
Wasemidori M.multicaulis Perr. 2007-2009 139 56 8 711 34 0 214 1,169 225
Kiryou ichinose M.alba L. 2007 210 39 52 607 0 0 262 1,169 125
Yasuoka no ookuwa M.alba L. 2008 163 81 0 639 40 0 225 1,166 221
Sanish 33 M.alba L. 2008-2009 147 78 41 578 38 0 256 1,159 144
Kanton II kou M.atropurpurea Roxb. 2007-2009 195 82 58 502 35 0 264 1,155 121
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. . . . Flavonol content (mg/100 gDW) DNJ content

Cultivar of muberry Species Year investigated ——  oquerciin K3RG Q3MG_ Astamln  Q3AG  K3MG _ Totalcontent (mg/100g DW)
Sekizaisou M.alba L. 2008-2009 252 46 0 673 29 0 145 1,154 122
Ichinose M.alba L. 2007-2009 153 50 33 623 34 0 241 1,148 165
Tosawase M.atropurpurea Roxb. 2007 257 55 61 506 28 0 240 1,145 176
Kanrasou M.multicaulis Perr. 2007 271 73 69 497 0 0 233 1,143 243
Ruinashi M.bombysis Koidz. 2007 315 90 91 402 29 0 210 1,138 177
Aobanezumi M.alba L. 2007 171 56 40 598 0 0 272 1,137 109
Shuukaku ichi M.alba L. 2007 181 41 35 612 29 0 236 1,134 148
Shinjiro M.alba L. 2007 132 55 40 616 0 0 288 1,131 174
Philippine 2 M.alba L. 2009 252 44 88 467 22 0 239 1,130 110
Mitsuminami M. multicaulis Perr. 2007-2009 305 60 80 435 25 0 207 1,119 130
Unryuu M. multicaulis Perr. 2007-2009 220 66 71 439 33 0 264 1,114 98
Shin ichinose M.alba L. 2007-2009 152 52 20 616 24 0 232 1,111 158
Turkey 1 M.notabilis C.X.Schn. 2009 270 75 42 567 25 0 131 1,109 149
Zerbe beyadz M.alba L. 2009 267 74 0 647 27 0 99 1,108 92
Chousen zairaishu M.alba L. 2007 275 86 63 464 28 0 190 1,106 196
Debabi M. nigriformis Koidz. 2008-2009 238 57 55 544 28 0 168 1,106 108
Shirome keisou £ M.multicaulis Perr. 2007 297 55 57 501 27 0 167 1,105 147
Chousa M.multicaulis Perr. 2007 176 46 36 614 30 0 201 1,103 149
Kantonmishou M.multicaulis Perr. 2009 321 71 62 452 24 0 160 1,095 131
Surk-tut M.alba L. 2009 155 39 0 626 24 0 236 1,094 82
Tokiyutaka M.alba L. 2007 190 46 32 615 30 0 181 1,094 194
Burii M. multicaulis Perr. 2009 88 41 23 617 28 0 268 1,085 179
Hon 02-00 M.alba L. 2009 175 39 48 558 36 0 210 1,083 143
Senshin M. multicaulis Perr. 2007-2009 250 46 30 560 23 0 162 1,080 171
Shounaiwase M.bombysis Koidz. 2007-2009 252 428 183 0 237 0 0 1,069 80
France 1 M.multicaulis Perr. 2009 85 77 21 545 34 0 287 1,066 163
Ooshimasou M.multicaulis Perr. 2007 146 35 26 633 0 0 224 1,064 107
Algeria-atsuba M.multicaulis Perr. 2009 168 53 22 605 27 0 179 1,063 117
Suigen-ooha M.alba L. 2007 226 53 36 579 0 0 159 1,053 170
Kozaemon (fukushima) M.bombysis Koidz 2007-2009 131 57 9 613 13 0 208 1,044 191
Ichibei M.bombysis Koidz. 2007-2009 254 135 85 346 33 0 177 1,042 194
Turkey 4 M.notabilis C.X.Schn. 2009 285 50 29 579 20 0 78 1,038 142
Shirome rosou M. multicaulis Perr. 2007-2009 177 36 28 560 25 0 201 1,037 89
Tousou 2 M. multicaulis Perr. 2007 217 45 35 569 0 0 166 1,032 133
Zimostojkij M. multicaulis Perr. 2009 164 53 31 576 27 0 163 1,022 118
Garyuu M. multicaulis Perr. 2007 191 39 45 516 27 0 197 1,015 22
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Cultivar of mulberry Species Year investigated Flavonol content (mg/100 gDW) DNJ content

Rutin Isoquercitrin =~ K3RG Q3MG Astragalin Q3AG K3MG Total content  (mg/100g DW)
Futsukokuruu M.multicaulis Perr. 2009 154 50 0 590 27 0 170 999 194
Rohachi M.multicaulis Perr. 2007 215 45 49 461 25 0 195 990 141
Sanish 34 M.alba L. 2008-2009 163 55 16 548 18 0 172 987 190
Akamerosou M.multicaulis Perr. 2007 220 38 49 480 24 0 175 986 138
shinsou 2 M.bombysis Koidz. 2007 188 98 90 305 40 0 266 986 96
Soshuu 1 M.multicaulis Perr. 2007-2009 196 38 36 520 22 0 162 985 147
shinsou 1 M.bombysis Koidz. 2007 82 113 24 459 42 0 263 984 160
France 2 M.multicaulis Perr. 2009 228 78 76 399 20 0 174 982 186
Koushuu 1 M.multicaulis Perr. 2007 251 43 72 430 0 0 181 977 105
Tsuruta (fukushima) M.alba L. 2008-2009 143 59 31 503 31 0 192 977 201
Asayuki M.bombysis Koidz. 2007 117 75 39 434 37 0 275 976 141
Hon 01-03 M.alba L. 2009 612 150 209 0 18 0 0 976 155
Turkey 2 M.notabilis C.K.Schn. 2008-2009 246 57 32 492 25 0 114 972 160
Myurienoaaru M.multicaulis Perr. 2009 199 35 44 499 20 0 160 966 207
Chousen karaguwa M.multicaulis Perr. 2009 274 42 50 441 21 0 130 965 120
Kiryou nezumi gaeshi M.alba L. 2007 118 34 37 473 26 0 275 964 118
Kairyou rosou M.multicaulis Perr. 2007 265 47 66 425 0 0 160 963 127
Hon 03-13 M.multicaulis Perr. 2009 207 44 50 446 22 0 182 962 160
Kenmochi M.bombysis Koidz. 2007-2009 155 51 53 429 28 0 224 957 67
Fukusima ooha M.alba L. 2007 202 98 36 448 27 0 143 953 160
Hakuryuu M.multicaulis Perr. 2008-2009 189 52 26 483 22 0 164 949 106
Roshiya M.alba L. 2009 162 34 48 434 22 0 228 947 199
Pionerskij M.alba L. 2009 223 43 52 449 16 0 154 945 133
Tsuruta M.alba L. 2007-2009 130 38 19 550 12 0 183 942 142
Rokokuyasou M.multicaulis Perr. 2007 127 39 24 549 27 0 176 941 124
Sanish 35 M.alba L. 2008-2009 246 40 40 469 22 0 116 941 97
Benikawa rosou M.multicaulis Perr. 2007 193 41 34 518 0 0 150 935 120
Ka 96-07 M.rotundiloba Koidz. 2009 558 163 189 0 20 0 0 915 167
Acagean beyadz M.alba L. 2009 180 35 0 504 19 0 168 913 112
Kanmasari M.bombysis Koidz. 2007-2009 182 101 62 320 44 0 192 911 169
Shirome keisou " M.multicaulis Perr. 2007 184 33 24 534 0 0 129 904 116
Italy-ronberuji M.multicaulis Perr. 2009 176 31 49 402 23 0 204 903 118
Miran 5 M.multicaulis Perr. 2007 158 39 26 552 0 0 129 903 91
Yanagida M.bombysis Koidz. 2007 120 44 22 525 0 0 191 900 131
Hon 03-00 M.multicaulis Perr. 2009 228 53 102 267 22 0 205 895 212
Uzbekistan M.alba L. 2008-2009 106 42 9 529 18 0 173 891 118
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Cultivar of mulberry Species Year investigated Flavonol content (mg/100 gDW) DNJ content

Rutin Isoquercitrin ~~ K3RG Q3MG Astragalin Q3AG K3MG  Total content (mg/100g DW)
Chijimiguwa M.bombysis Koidz. 2007 65 42 33 490 26 0 225 882 150
kosou 199 M.multicaulis Perr. 2008-2009 155 31 35 455 25 0 158 875 130
France 3 M.multicaulis Perr. 2009 268 41 71 312 17 0 150 869 136
Aizujyujima M.bombysis Koidz. 2007-2009 107 73 36 338 38 0 252 860 158
Sekaiichi M.multicaulis Perr. 2007 202 39 47 419 0 0 151 859 160
India-kagayamae unknown 2008-2009 132 38 12 476 26 0 161 858 237
Iraq 4 M.notabilis C.K.Schn. 2009 128 33 24 462 20 0 177 856 143
Kibajuumonyji M.alba L. 2007-2009 96 28 17 461 26 0 208 846 208
Siam M.rotundiloba Koidz. 2009 414 317 109 0 39 0 0 845 227
Ka 96-08 M.rotundiloba Koidz. 2009 240 34 58 331 17 0 151 843 184
Shinkenmochi M.bombysis Koidz. 2007 160 53 38 406 22 0 161 840 79
Aokirosou M.multicaulis Perr. 2007 181 23 37 449 0 0 149 838 83
Hon 03-11 M.multicaulis Perr. 2009 509 126 193 0 16 0 0 834 177
Tachibanasou M.bombysis Koidz. 2007 117 45 24 457 23 0 168 834 126
Mikurasima 30 M.kagayamae Koidz 2008 65 117 13 396 58 0 180 833 156
Hachijouguwa M.kagayamae Koidz 2008 20 107 0 378 60 0 250 830 235
Koshiorihime M.bombysis Koidz. 2007 172 27 20 506 0 0 104 829 160
Yukishinogi M.bombysis Koidz. 2007 95 41 24 451 22 0 176 809 157
Shukutsu no ookuwa M.bombysis Koidz. 2008 241 267 88 38 135 0 21 762 157
Tsurugisansou M.multicaulis Perr. 2007-2009 187 52 53 294 18 0 129 742 209
Fusoumaru M.multicaulis Perr. 2007-2009 104 31 17 395 17 0 158 732 131
Chousen sensensou M.bombysis Koidz. 2009 89 30 30 374 17 0 177 729 186
Okusiritou aonaegawa 4 M.bombysis Koidz. 2008 210 202 152 28 108 0 30 723 151
Uzubesukaya M.alba L. 2009 205 34 34 338 14 0 88 716 88
Fuyousou M.bombysis Koidz. 2007-2009 127 22 14 409 17 0 111 707 117
Goroujiwase M.bombysis Koidz. 2007-2009 326 152 159 0 34 0 0 672 132
Okusiritou inaho 2 M.bombysis Koidz. 2008 182 264 96 0 167 0 0 670 160
Fukayuki M.bombysis Koidz. 2007-2009 185 317 100 0 84 0 0 665 146
Hatijyousima M.kagayamae Koidz 2008 130 365 60 0 164 0 0 664 136
Sousukewase M.bombysis Koidz. 2007-2009 302 153 122 0 23 0 0 601 156
Hasune no ookuwa M.bombysis Koidz. 2008 62 23 0 350 21 0 103 566 128
Mikurasima 15 M.kagayamae Koidz 2008 36 45 0 196 24 0 92 398 161

Abbreviations: M.= Morus , K3RG = kaempferol 3-(6-rhamnosylglicoside), Q3MG = quercetin 3-(6-malonylglucoside), Q3AG = quercetin 3-(6-acetylglucoside), K3MG = kaempferol 3-(6-malonylglucoside), DNJ =

1-deoxynojirimycin

“ : superficial layer diploid cell population, deep layer tetraploid cell population periclinal chimera by treatment with colchicine

b superficial layer tetraploid cell population, deep layer diploid cell population periclinal chimera by treatment with colchicine
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Fig. 1-2-1. Method of crossing to used grafting of mulberry.
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Table 1-2-1. Mode of inheritance of quercetin 3-(6-malonylglucoside) (Q3MG).

Cross combination

+ g Number of  Number of
. Genotype . Genotype seed bred 3MG-free
Cultivar of Q 3t§'/1p G Cultivar of Q 3t§’/{p G Q

Yonbaiseisou MM Kokusou 21 Mm 282 2 (1%)
Seijuro MM Kokusou 21 Mm 54 0
Jikunashi MM Kokusou 21 Mm 74 0
Kokusou 20 Mm Kokusou2l (4x) MMmm 225 25 (11%)
Kanadasansou-A MM Kokusou2l (4x) MMmm 155 0
Kokusou 20 Mm Tanakaoushuu MM 132 0
Kanadasansou-A MM Tanakaoushuu MM 132 0
Jikunashi MM Shounaiwase mm 62 0
Itouwase Mm Shounaiwase mm 53 30 (57%)
Sousukewase mm Aizujushima Mm 55 34 (62%)
Sousukewase mm Nekoyatakasuke Mm 44 20 (45%)
Popberry mm Nekoyatakasuke Mm 56 23 (41%)
Sousukewase mm Shounaiwase mm 58 58 (100%)
Popberry mm Shounaiwase mm 10 10 (100%)

Shaded region: Q3MG-free cultivars.

Abbreviation: 4x = tetraploid Genotype was assumed based on

the presence or absence of malonyltransferase as dominant (M) or recessive (m), based on the resulting

ratio of Q3MG-free offspring.
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Fig.1-2-2. The frequency distribution of quercetin 3-
(6-malonylglucoside) (Q3MG) content in the
offspring obtained by crossing ‘Kanadasansou-A
(Q3MG content: 607 mg/100 g DW) and
‘Tanakaoushuu’ (Q3MG content: 599 mg/100 g
DW).
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Fig. 1-2-3. Correlation of Q3MG content measured in
2009 and 2008 using the offspring obtained by
crossing ‘Yonbaiseisou’ and’Kokusou 21’. Black
circles indicate seedlings obtained by crossing
Yonbaiseisou’ andKokusou 21’, which were
sampled (n = 72) on September 4 in 2008 and

September 18 in 2009.
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Fig. 1-3-1. Crossbreeding history of ‘Souraku’.
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Table 1-3-1. Morphological characteristics.
Winter bud Branch
Culti Formof'shoot- Number of Plant: number Uniformity of Number of Number of
iver ..
i cut traming Shape Size Color umber o of branches niformity o lateral dwarf Length
accessory buds length
branches branches
. . reddish . .
Souraku semi-erect triangular large b medium many mediumto even few many long
rown
Ichinose semi-erect triangular medium brown medium medium to medium few medium medium
many
Kokusou 21 open spindle shaped me;ilum to brown few many mediumto even few few long
arge
Branch Leafblade
Cultiver . Zigzag form  Length of  Leaf phyllotaxis ~Leaf: attitude Number of Depth of . Shape of
Diameter Color ; . . . Size
ofinternode  internode sinuses sinus apex
Souraku medium graysh brown absent long two fifth semi drooping none to four shallow medium obtuse
Ichinose medium to thin light gray absent medium two fifth horizontal four medium medium acute
Kokusou 2l  mediumto thick light gray absent long two fifth horizontal none to two large acute
Leafblade Flower
Cultiver Serration of Colorof Glossiness of ) Petiole: length ) Nu.ml.)er of Length of Plant:ploidy
. Shape of base . . Thickness Sex expression pistillate
margin upper side  upperside style
clusters
weak to . . .. . . L
Souraku crenate retuse dark green medium medium mediumto long pistillate medium medium triploid
u
. medium . . . L . . L
Ichinose repand cordate medium medium medium pistillate medium medium diploid
green
medium . . . L
Kokusou 21 crenate cordate strong medium mediumto long  predominantly very few short diploid

green
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OREFIRITE A CHERTE 720 (X 1-3-6). il% 1-
3-2 | TTERERIREE 2o LTz, BRI ORIEI T E S

21 FRORORES — WL H%%W@H’%ETE%
. BHZIE T A TOREEMIC, HikEY
EFFREEPREIC L O S e (K 1-3-
7). ZOBGRIL3HE, 45K TRA ZHNDHEL
BT, BEOEHENE B HA) ’Hﬂ;&ﬁ“é EEZ
SIVDD, BABE I 72 =D 5 2 IR
i Ebh .

Fig. 1-3-3. Winter bud shape of ‘Souraku’.

p—

Fig. 1-3-4. Leaf blade of ‘Souraku’ and ‘Ichinose’.

Fig. 1-3-5. Flower and fruting of ‘Souraku’.
A: flower, B: fruting
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2) InEtt

BEREIGIT — W AR 725
T2 b OO0, FRRGEEN— /7 LY 30em £<,
T — /WL 1 EREZ ol HO
FLEB D AEEEML E TEMET D TR ERIT
R HEARNE IS o T2, TR ERSR
FERN— 7 WRICHAREN ST 2 D, TAIEE~
DOHEPARE LT Z EBNREFTHIEN L 2o
TeEEZ N E£To, RERERNEFEIEN
(ZH 06T, BURESEIT — / #iict~D
Fig. 1-3-6. Chromosome of ‘Souraku’. IRIpoTe 2 LD, FHE — /L0 BRI
WEEbhD (% 1-3-3).

3) BMGEE

1-3-8 [T TUREMESRS &SR 21 57 DAHESR
AZBIT 5 Q3MG G ROEE ATz Lz, &
MEFRAED QMG & EITIE A E R~ L, 2HGH
LV EERROBRME LN, £, FELE
H & 2 A DOEKRD Q3MG GHEA L, &
1B ORISR O FTREMZ M L7z, 1 ks
2B 3 WK E THRIE L7e T X TOfEED
Q3MG EFEIZOWT, [EEFEE 21 0GR

Fig.1-3-7. Sprouting of axillary buds after the
ceasing in shoot elongation. 100% & U CTHAE L7 f R A X 1-3-9 (TR LT,
FEHD Q3MG FEIT — WHIZH A 4 FIE R
WMo Tz,

BER T TR ) — LV OMEEE %X 1-3-10 1T~

Table 1-3-2. Bionomic characteristics.

Time of
. . . Regeneratio ceasingin Rooting activit .
Cultiver Tree: vigor ~ Branch: sprounting & & V08 AFHVILY C01d hardiness
n shoot in cutting
elongation
Souraku medium late medium early low medium
. . . . . . weak to
Ichinose medium late medium medium mediumto high .
medium
. . weak to weak to
Kokusou 21 medium medium . late low .
medium medium
. Resistance to Resistance Resistance to Plant: pluckin .
. Lodging A p & Leaf: Time of
Cultiver . Pseudomonas to dwarf  Phyllactinia harvest for e
resistance . . R . stiffening
syringae pv. mori disease moricola leaves
Souraku weak to medium  weak to medium medium medium easy medium
Ichinose weak weak medium medium easy medium

Kokusou 21 strong strong medium medium easy medium
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Table 1-3-3. Tree growth and leaf yield at harvesting.

. Internode  Longest shoot number of  number of dwarf Shooty Leaf/stem
Leaflength Leafwidth icht” iiq*
Cultiver atiens awl length length branches branches weightz Stem weight Leafyeild ratio
(cm) (cm) (cm) (cm) (/stock) (/stock) (kg/stock) (kg/stock) (kg/stock) (%)
Souraku 20.3 17.9 44 192.1 7.2 13.0 1091 339 788 70
Itinose 20.8 17.5 4.0 163.9 54 6.2 944 256 709 74
. Internode  Longest shoot number of  number of dwarf Shooty Leaf/stem
Leaflength Leafwidth ioht’ id*
Cultiver atleng atwi length length branches branches Weightz Stem weight Leafyeild ratio
(cm) (cm) (cm) (cm) (/stock) (/stock) (kg/stock) (kg/stock) (kg/stock) (%)
Souraku 153 13.7 6.3 196.2 74 8.1 988 390 670 63
Kokusou 21 23.7 21.7 6.7 169.4 3.8 8.0 766 283 583 67
Yonbaiseisou 19.5 19.0 6.7 133.4 3.6 53 361 120 250 68

z Shoot length was measured after defoliation. The length from the base of the shoot to the remaining leaf was measured. ¥ Shoot includes the stem and leaves. * Leaf yield was defined as
leaf weight, which was calculated by subtracting the stem weight without leaves from the total shoot weight with leaves. Upper column: Data were expressed as means measured at Onuki,
Sakurae-cho, Gotsu City in July and October 2011, and July and September 2012. Lower column: Data were expressed as means measured at Ichiyama, Sakurae-cho, Gotsu City in
September 2009.
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Fig. 1-3-8. Frequency distribution of quercetin 3-(6-
malonylglucoside) (Q3MG) content in the
offspring obtained by crossing ‘Yonbaiseisou’and
‘Kokusou 21°.
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Fig. 1-39. Q3MG content in mulberry leaves
comparing with ‘Kokusou 21 as a reference
standard.z The Q3MG content was averaged
after converting the data, by setting Q3MG
content of ‘Kokusou 21’ as a standard value
(100%). Locations and years of sampling leaves
of each mulberry cultivar were as follows:
‘Souraku’, ‘Kokusou 21’, and Yonbaiseisou’ at the
Experiment Field of Shimane Agricultural
Technology Center in 2008-2009; ‘Souraku’,
‘Kokusou 271’, and ‘Yonbaiseisou’ at the Ichiyama,
Sakurae-cho, Gotsu in 2009-2010; ‘Souraku’,
‘Kokusou 21’, Yonbaiseisou’; ‘Ichinose’ at the
Onuki, Sakurae-cho, Gotsu in 2010-2012. The
same lowercase letters indicate no significant
difference assessing by Tukey’s test (P < 0.05).

L7z, SSBCEOMREES, EZRE 21 5°Q3MG
DOEWEIT— /& [FIFEET, B4 Q3MG £
A7 UL FEETHY, QMG &

¥ Rutin - Isoquercitrin -~ WQ3MG - Astragalin  ©“ K3MG

e R ~ JW
Yonbaiscisou FH 5 SW

Kokusou 21
0% 20% 40% 60% 80% 100%
Fig. 1-3-10.  Composition of flavonol glycosides in

mulberry leaves of 4 cultivars.
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DFHNTZZ & D, MBI X D Ea Ak
FESOTHEMEAVRIR Stz & DICHEE ARSI,
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LTz,
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%25 BIERREGNY DEICEENHHEE
MRAEEICRITTHE
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—7 Bl EEEZZERLT (5 cm SINOARRER
1) BLWN1~4 O, PAEE, FAEEEZ R
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1-5-B [V NW—7 B OFENL LT o TE
Zon LT, BN IBEREOREIAEES 1 & L,
T AEMAFLIER U= B T~ A S AR LT
T7IR ) —VERIT1IER-YOEE TR L.
TNENOFERITA 3¢k (Bbk 1 EIL 240
TITo7-.

BEREMERR > B k5 A BRI OB S, 5
R TR TIT O — s M5 CAM: &
TG & FWT, 2009 455 H 28 H
~T7H 28 H, 201045 H 24 H~T H 27 HIZ
{To7z. o7V 713810 B Z &40, 45
20 BROFHHE 2 B n, FEREBRTED 5 b b
WEEDND AL 3 BOTES AL, 3 BB D
B )V Tl Uiz, B BREFRI LR IR B AR

"
/\ A
greenhouse

Shading rate of
the greenhouse
Light intensity 13%
365nm 26%
Control | 4720- |
Group G 4/20-
Group A 4/20-6/23 6/24-7/6
Group B | 4/20-6/23 6/24-7/15

Fig. 2-1-1. Cultivation methods of the four mulberry
groups. Black bars indicate greenhouse cultivation,
and white bars indicate outdoor cultivation. The
mulberry trees were cultivated outdoors from the
time of pruning (March 20) to bud break (April 20)
in 2009. Control: cultivated outdoors; Group G:
cultivated in a greenhouse; Group A: cultivated in a
greenhouse and then transferred outdoors on June
23; and Group B: cultivated outdoors and then
transferred to a greenhouse on June 23.
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A

b upper leaves (T and1-4)

b middle leaves (5-9)
5 : the youngest open |eaf

lower leaves
(15,17,19, 21, 23)

B

44 bss

|

]

Group B Control
From outdoor  Before transferred
to a greenhouse to a greenhouse

Fig. 2-1-2. Sampling portions of mulberry trees. Non-opened leaves with blade lengths less than 5 cm were defined as
segment T, and completely opened leaves were serially numbered towards the bottom of the stem. A: Average
flavonol and 1-deoxynojirimycin contents were compared among the three areas of the plant. Upper leaves:
segment T and leaf positions 1-4; middle leaves: leaf positions 5-9; and lower leaves: leaf positions 15, 17, 19, 21,
and 23. B: Group B mulberry pots were harvested 22 days after transfer from the outdoors to the greenhouse (July
15). Control mulberry pots were harvested on June 23. The youngest opened leaf (with a leaf blade length > 5 cm)
when pots were transferred from the outdoors to the greenhouse on June 23 was numbered ‘1’, and the other leaves
were numbered serially towards the bottom of the stem. Negative numbers indicate the leaves that opened after

transferring the pots to the greenhouse.
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Mol &, 1996 ; Woodall * Stewart, 1998), 7 K
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BRI LT D% DEZAFTH T A%, =
— /WD R0 E ORI TON TR Y, A
KTFIZZIUEEALIR. T70bh, BEASE
THWHLNTWDL T T A (26%) RE=—/L
(50%) 12L& D 20~BO%FEEDERIMRS ~ MZ
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FEHEHFVREIZeHRWEEXD. T Y
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FEAERED CER AN T N T 20L& 3 LD



BRI EER N2 X —F50iR S 5 46 & (2019)
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L72%. Spayd B (2002) 1FEESMLERIZ LV
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Fig. 2-1-3. Effect of solar radiation on flavonol and 1-
deoxynojirimycin contents in mulberry leaves. A:
Flavonol contents, B: 1-deoxynojirimycin contents.
The leaves were harvested on July 6, 2009. Average
flavonol and 1-deoxynojirimycin contents were
used to compare the three areas of the tree. Upper
leaves: segment T and leaf positions 1-4; middle
leaves: leaf positions 5-9; and lower leaves: leaf
positions 15, 17, 19, 21, and 23. Data are expressed
as means + SE (n = 3). Different letters among the
three groups at the same leaf positions indicates a
statistical difference at p < 0.05 as assessed by
Tukey’s test. Control: cultivated outdoors; Group G:
cultivated in a greenhouse; and Group A:
cultivated in a greenhouse and then transferred to
the outdoors on June 23..
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BN H BRSO EAEE L TRIEED 2L Y K&
Motz (X 2-1-3-A). ZDZ L EFENSHET S
728, TN—7 AZONWT, BIMBEHI#%ORE
WD T TR ) — NG aEDE b Z2 g~ (X 2-1-
4) . W% O BEGRGRIZ & 72 WBiT I BE S DY R
BT 5720, 2075 7 Tl %I R L7-3E
N~ A FAFGL LT, R CIoE B LT
T-3E (BN 2~E(L 15) TIE, ZENL 2~BENL 7 D
7R ) —NVEREIIBENE T B £ TRt
MCH Y, ZOBBMEZ R LTz, RO
NAE EBENL 2 B F TOHEMNNE L L, BE 2 28
k% 2 HiZ 2200 mg/100 g DW, @4
JEBHEERASECTH HEEN 5 1 1500 mg/100 g DW
FETHIL. ZRUTKIL, BEGL 9 22D TAEED
7 TR —VEBIIWT VL IRAMM A E T
&< 500 mg/100 g DW % Flal~7-. &7z, B
BITEB LI-E @E(7-1~8) OT7 IR/ —ILE
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Fig. 2-1-4. Effect of solar radiation on flavonol contents in mulberry leaves after transferring outdoors. The leaves at
each leaf position of mulberry were harvestedon 0, 1, 3, 5, 7, 9, 11, and 13 days after being transferred to the outdoors.
Numbers in the figure indicate the leaf positions on the day of transfer. Negative numbers were used for new leaves
that opened after being transferred to the outdoors. Data are expressed as means (n = 3).Group A: cultivated in a

greenhouse and then transferred to the outdoors on June 23.

EIXT R TOEENR L OFHE A IZBWT 1500
mg/100 g DW L LD @V MEZ 7~ LT-.

ZDZEND, 7TR I —TEINEENE 1
AN DT HRMICA BRSNS Z LS
mEipotz. BAL 7 FEE CORENFREIX EA73E
IFEREL, AR T TR ) —IVERICE 2
DEEIEEIFERE W EE O, A5
EXHBAONZ, BENL 9 XV TFALOIEN.OT TR
— VGBI T NIEIMEN 2R b ODZED
FREE IR E FHERE L7-. S BRERLARFD 6 A 23
AIZIST DB O TAEERI S 25 BT, ZDFERL
9 1 THehuH B VB ITALE LT 5. HriE
HNLDOIENTEH 7 TR 7 — /L OEINDFEH H i
2T TNDZ 0D, 7 TR ) —)LERITE
ARV TR T LT SR sz, B
WCBWTEMOBEWRHE Y AN >T-0D
IZEAEED D BIZT7 TR ) — B EAKR S
TV LHE SN S,

Wiz, IN—7 B (BT AE~KHE),
TRDOOLARTNOERRA~BE LIG507
TR —IVEBEDEEK 2-1-5-A TR LT, T
ZTOT TR —NVER, WRARTE BERGE L
T DR E ORI D R—FEN 2 T 5
72O —H2U =) DER TR L. VT AEMAL

\ZEBE L= HET-14~-2 D7 TR ) — /LG EIT 1
HEM7-0 1.56~2.39 mg LI -oT-. FAUTH
LBEIRTNZER LTVt @7 1~19) 1%, B
BHIORIND 7 TR ) — -G8 L IXIER UEE
RUTE. ARRCEBZ MDA 1 DI
REDSERIRBAERATE CH LN 5 FTIE, T
NI DI T T TR ) — NV ERITEL L 72
0BT K0 O TAEETIX 125~15.7mg &
X 2 OO —EDEE R LT,

BN T T AEITREERIT T T AN THT
LS BBLIZED 7 IR ) — L EGEIHMROE £
T o703, BRI T CIZEE L WD 7
TR —VERIINT T AR 22 H THBE)
ATEIEER A R L7z (X 2-1-5A). 2D
MDD, 7TR ) —IVOERITEINRET » M X
S TTHONNNELTH &, Flo—ERk S
727 TR — ISR LIZ WEE 2 b,

VI EOFER, BIRNT TR ) — ARk E it
L, BT AENSBA~DBBOZEIZ L -~ TR
NEVEEEPEL 2D ENHLNE o7
RIS TORESEENI & W0 B
FHENC L0, ESICARN Y b —/LAlfE R
MERXRRET e &I, Bk LIZ LY 7
TR —NVEREEE L TE D AREMEIVRIE S L



RSB AN 2 — WP e 5 46 75 (2019)

s AR

| B 14

-12 & Group B
-10 -10
-8 M control -8
-6 -6
-4 -4
2 -2
=
1 2 1
g3 g3
25 g5
g 7 7 & Group B M control
—
9 9
11 11
13 13
15 15
17 17
19 19

5 10 15 20 0 1 2 3 4

Total flavonol contents
(mg/one leaf DW) DNIJ contents (mg/one leaf DW)

Fig. 2-1-5. Effect of poor solar radiation on flavonol and DNJ contents of mulberry leaves. A: Flavonol contents, B: 1-
deoxynojirimycin contents. Group B mulberry pots were harvested 22 days after transfer from the outdoors to the
greenhouse (July 15). Control mulberry pots were harvested on June 23. The youngest opened leaf (with a leaf blade
length > 5 cm) when pots were transferred from outdoors to the greenhouse on June 23 was numbered ‘1’, and the
other leaves were numbered serially towards the bottom of the stem. Negative numbers indicate the leaves that opened
after transferring the pots to the greenhouse. Data are expressed as means + SE (n = 3). Control: cultivated outdoors;
Group B: cultivated outdoors and then transferred to a greenhouse on June 23.

7. 7 AENOFEARSMETHEINL. —2RIE7 7
W) =N EANEDETDTINES72Z L ThH

2) BEBEHENYJEIZEENS N SEICRIF
ITEE

X 2-1-3-B 2> he— (B4, 71—
G (FTTFA=E), IN—T A (TT7AENS R~
#%ih) © DNJ & B4~ L7=. DNJ G &L/ /L —
7GRy b U, AT 1.4
BAERICE -1 £z, JV—TF A 37—
7' G LT 0.6 fHES, = hr—/LEFE
FEOEA R LTz

DNJ @ AR 550 E 2D TT 778
) —=IVOEE LRIy ST T TR ) — LV ERNSE
AMRECcEL oo zdizxt L, DNJ &&I3A

% (X 2-1-3-B). T A=k L» DNJ &
DHIIL7=Z 730, DNJ 135~ -, o
FOANLAEEMT HHFICLVFEI LM
HIECH D LHERI SIS, F£72, B DNJ
IZIFETREN NS Z 202D, DNJ GEOF
WMZEZIE B BRSO BRI 23BE 5 L T 5 ATHE
PEDSEI. 7 U EGOT 5 LHEERDE D IZH D
FUEMN SIS LA LT 5. Z o3Iz L
T, Konno (2011) X DNJ 2HikI1c%£< & FEh
TW5 &L, Kimura & (2007) (£ DNJ &&0
70 DEFTPHEERERIIL D 2 & aWiE
LTCW5. Fx O Tt 9 H FAI~10 A D%
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HERNZ/2 D & DN a4 52 & %Eﬁﬁu

By (%“~5(ﬁé‘ﬂi%) DNJ & & & LR EICI3E
BB B D L HEEIND. LIRS T, 414
DNJ G aaiEediaiy, LiREaEed 7200

HHAISORIIEITH DI LIVE,

3) FEE HRRHNZ VEEICEEND T TR ) —

VB L O DNJ TR Ed 58

2009 4, 2010 FO—EFEFFHESHI BT, 7
FR =B X OVDN & & AR B IR & o
BfRZFAA L=, AR ORI, 6 AD
TEHRERY 1 KU1.4 BO5RH L-iiasEo R
BE&NOY 7Y 7 ETOHMICHY T 5 14
Hif & Lz, X 2-1-6 125 H FRIS 7H FRID
HE AR L 7 OO 7 5K 7 —L, DNJ &
BEOBRER L. 7 IR ) — LV EREMEAR
FRIREIICIE, 2009 FOERREL R2=0.8885, F
72 2010 FEOWTEREL R2=0.7814 &, Wiy
EWVIEOHENA BT (K 2-1-6-A) . ZiudR
v MRBROFEREZE T2, Lieh>T, 77K
J = CRKIET H RO IR = <, TR A%
Lo HTEERTH D EE X LN, Zh ﬁL
DNJ &&lE, 2009 4, 2010 VT FEH
FRIRER] & ORISR HivZe o7z (K 2-1-6-
B). DNJ (37 7R 7 —/Zl~, AR RIEY
AT/ NS EZ BT

£, 7 TR —/VOFEIS & BIROBGRE
F21-1ITRLTZ. 7 TR —LVOMEEIGTT
NF L 14~18%, A V7 b U v 4~6%,

Table 2-1-1. Relative proportion of flavonol glycosides.
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Fig. 2-1-6. Correlation between the amounts of
functional components and total hours of solar
radiation. A: Flavonol B 1-
deoxynojirimycin contents. Data were collected
every 10 days from May 28 to July 28 in 2009
(black circle), and from May 24 to July 27 in 2010
(white circle). Hours of solar radiation were
measured using the Automated Meteorological
Data Acquisition System located in Kawamoto-
cho, Ochi-gun, Shimane, Japan. The total hours
of solar radiation were calculated for 14 days

contents,

before leaf sampling. Data are expressed as
means + SE (n = 20)..

Date of Total hours Flavonol contents Relative proportions of flavonol glycosides(%)
of sunshine
measurement
(h) (mg/100gDW) Rutin  Isoquercitrin  Q3MG  Astragalin  K3MG
5/28 64 1,421 18 6 58 3 16
6/08 40 1,348 17 5 58 3 16
6/18 73 1,678 14 6 58 3 18
6/30 92 1,713 15 6 58 3 18
7/14 44 1,034 15 4 58 3 20
7/28 20 986 15 4 60 3 18

“The total hours of solar radiation were calculated for 14 days before leaf sampling. Hours of solar radiation were
measured using the Automated Meteorological Data Acquisition System located in Kawamoto-cho, Ochi-gun,
Shimane, Japan. Data were collected every 10 days from May 28 to July 28 in 2009, and from May 24 to July 27 in

2010.
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Q3MG 58%~60%, 7 A FF#H U 3%, K3MG
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B SN L7223, ARBROFE RS, MAEIRIE
ARRORE Z T 722 E PRS-,
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IXFIE LRI LT L > CRA &
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2007 FFIZ BHRIRA 8 Hilsk 4 7T, A Bl : BAR
WA TRTRE, B B3 BRI T
MTRER, C [EYs : BIRREAEERAT, D [EY;
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SLBAMEOREYE LD RICEE 25
ToHENHERE L Q0 D, B E (A 13 A F
% (KB) LRBRITONOF)EOWE T TH
L0, A G HREOHFE TV, C BE (B
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THEMLZ. 4 A 6 QI ULE—#i2 44
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I:1g I1:25¢g, III:5g, IV:10g, V:15¢g

Table 2-2-1. Fertilization conditions of the four common cultured fields.

Applied fertilizer (kg/a)

Timing of
Fertilizati
erttization N P,Os K,0 Type of fertilizer Compost”
December-
Field A 200
¢ March
December-
Field B 200
feld March
March 1 04 04 Chemical fertilizer
Field C June 0.6 0.24 0.24 Chemical fertilizer
Total 1 04 0.4
Field D April 1.05 0.49 0.56 Slow release fertilizer

z Swine manure was used as compost (containing N: 1.29%; P20s: 1.64%; K20: 1.3%).

OhiZi%, 4 H14H, 6 H9H, TH2HD 3
ElhEH L7z, $£72, 4 A 14 BISEEERERE, W
fen V) e 1858720 P205:0.32 g, KeO:
11lg &7 X 9ThEH L7z, 20104E7 A 26 H
\ZENENOHHY 2 FEOTERREED > Bkt
FNED D AL 3 ML DIES ZHH L AT L=

ERZEAER : AT LR R e e
A —|ZRBWWTHENE L7z, 201044 A 8 HIZ—/
WD 1 A4 2 WA 150 cm £ 50 ecm C/ERE
L7ct%, — 7o a 8 1 Rk A &R L
7o, EBFRRIEOMBR L, s EFrE LTO:
MEfEAE, 1:6kg/10a, II:15kg/104a, III: 30
kg/10a () @ 4 XKAFEL, 20114, 2012
RIS PRX 2 RAECHEME L 72, BiZdlE, 2011
HiX4H5H, 7TH15HIZ, 20124424 A 9
H, 7H 21 BIZhE L7-. Witz k< s
TEBER, BiRS U & P20s B L UVK0 & LT,
FNZi 15kg/10a, 18kg/10a % 2011 4k L
2012 4F0 3 ATl L7z, EFHAER L 0%
MrAZES OREUL 2011 457 H 11 H, 10 A 4
H, 201247 A 9 H, 9 H 19 AT, IEFIAI
201147 H 12 H, 10 H 6 H, 201247 A 10
H, 9 A 19 BiIzZhZ 1 X 10 & HWTT
ol EEREIIBERO RS AE FV -, Bt
FATHHE O S Jeui 2 JE Lz, A
SPAD 502 chlorophyll meter THIE L7=. I
AL, 1RRZ LIRS ERIZ L 0 T T

WL EIT, BEEAZIER, (M LIBGR D%
2 EMOAEEIIE L, BEENDEEEZF W
THH L7z, AFHE, DUEREIT 1 X 10 567
D, Gt 20 FROHHE TR LT, HEH OBRUL
1RO EHHY 2 BDFERIRBED 5 bk b
WEEDNDS TOL 3 A% Z AV ENUERI LG /3T
fit L7z,

2) TES

FHEALAEATIIE 2 mm DSDHWZIEL
7RG A2 U=, pH, BELWNEC (3R
AL A A2 Hk=1: 2.5 THIE L7=. 2R,
PEFEIX CN =2—% ( SUMIGRAPH NC-900
sumika chemical Analysis Service LTD Osaka,
Japan) THIEL7-. CEC IZ&3I3I/ i a—
LU YLIT—IET, GRRE Y VBRI VA —
THIE LTz, ZHERGA A1, 7Y o ARk
WL, IV Kb~ TRy MR OEE
THIE LT,

3) B TILERARE K BRSO

TUTVIERL, 1R, 1 EICHEC T
ET T 7.

TERER o | IFP R, SR VA — Vo iRA%IK
HREGHRBIET, TOMORSTHAIRIbE 1 M
HWRRCIAIR L, U AT R 75 UlklE, 7
U v MIRIEELE, IS AB LN~ TRy
U DR CRIE L.
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4) HEREMERS DA

7 TR 7 —)VEB L O DNJ OFEBIEH 2 1
il U7z HiE T To 7.

7 v 7 RO E L Waters #1510 HPLC,
Alliance Separatios Module 2695, #& {25
Photodiode Array Detector 2996, 430
FF F3010 (A7), %17 2 wakosil-Il 5C18 RS

(250 x 4.6 mm) (FEAERS) Z MW TIT- 7z
7 any UEEIA T MR 40C, BEIEIZ 0.1%
X (FHTATAY) 2Gie 20%7 8 b=1Y
NVERW, FiHE 1 mlmin, HHEEE : 280nm @
FECERE L. BB 7 v a7 RIS RS
MBEEA LT

5) #EtaniE
F1E, B 1IEICHECTHIETIT-

2 ERBSLUERE
1) RiEE

FESO AR 2-2-2 (R LT, pH
I D @ (B O FEseRR<, CEls Ok
) DM HAORE Do 7. TCREIONT
NIZAEY (KE), CHY (Kk) T&E<, B
Ml (), D M (BrE) 13&»o7z. CN
W oGt 11~17 OFHE CTH - 72723,
A Y (RE) 2MHIX LD &< 14~17 Off
ZLiz. CEC, ZSHEGA A 1T A Y (K
), CH¥ (ki) 725 B @S (A, D HES

(BF) ICH~NEhoT-. BRI URT A
% (KE) b, CHEE KK &b
mofo. Al (KR) & CHES ORR) (I
e, BEY (BE) & DEY (BrE) 28 TC,
TN & B2, &6ICBEY (EA), DES

(ErE) X CEC, MGA A HIRNZ L
JEYREEDN S > TS EEZ Bz, & HIZITo)l]
OWIETHL AFY (KRE) & BEY (B
) OImALoOENE, ARY (KB 2MEE
(SRR L2 S e O HERS S 2 DIZx L, B
4 (FEE) 1REEBAIC X 0 R 2V 2 S ISEEA
THLEbRAS.

BIHFRA IS OBE OBk > & A K 2-2-3
(2, HERRSREM R Y G R A E 224 (TR LTZ. £
S OMERZEROMREET 3.26~4.14%DHiPH T

TR K-> TR 7228, Al (KE)
MBI LR THEICE S, B S (),
D Y (BrE) NEEIE -7, £, Vb
FO~ 732 % B B () 2MuFEGic
AFEICEL, #Y UL LT NTA
% (K&) »DEY (&), CHY ORKR) 12
AFEICE L, DES (BrE) (ShEGc
BEIAED T, 7 U O— iy tEth DR F o4
BT A%AETH D, U, JHEESOZE
FoEITAEY (KB ZBREEERICH -
7o, FRCHUOAMEVC B Bl (), D FEY (&
) DOEFEEIT321%FB L N326%TH Y, <
REHERZER TH-EEZBND.

—)7, WEHOMREMER B REL, 7 ru S U
&7, 7 7R ) —/ & BIESGEOE T NS o
7208, 7 aulf UERE Y 879~1070 mg/100 g
DW DO#iPAT, D @4 (&rF) 25 C M ORK),
A (KB ITH~FREICELS, 77K/ —
JLUE T 1122~1374 mg/100 g DW O#ipH T,
D # (BrE) 28 AEY; (KE), BHEY (E
) \THAREEICE D 7. FRUSk L DNJ &
HTAME (KB B&bE<, DES (B,
B E () 2MEVMEZ R LB L 528K
Eo T WTHORG b IEGHT L 2 H EED
DONTN, 7ana U mE, 7T ) — DR
I5A&3 1.2 THY, bEWDNI 6 16128 L
F ot ZIVET, FEREMER N E, BREUREY,
FERIZEYREL B2 ERHESN TS
7% (Constantinides * Fownes, 1994 ; Hu &,
2013 ; Kimura ©, 2007 ; Nakanishi &, 2011 ;
Yatsunami 5, 2008), WU h EDZEITEE &
REV. ZIDITEA, AGRER COMBENER Y &
BOBEZEIN NS Do 7o Z LG, — ksl
B, TEM bR L DA T
B NSNS B X BT, SEREE R E R b
SRS S RO BRI OWT, B 4 &
T OFEMEARZ WA 2-2-5 12
~UL7z. DNJ &L EHREBOMOMEN KD
E<, FHRSRENE 0.60 THHoT-. FEHRMIELY
ma g UomgEE s b E WA OB Z R L
72, 7TR ) —VERIZR L TX 0.14 L FHBE
FEIHE -T2 £, ZaaFUgaERI )
DNJ & & DN U LEREOBIZFNEN-
0.44, 0.47 OFHEANGRO HIVZ. —F, ~ 7%
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Table 2-2-2.  Chemical properties in each soil layer of the four common cultured fields.

. Available
Cation exchanger hosphori
. . , (mg/100 g) p osp oric
Soil Depth pH Ecy Total C Total N C/N* ratio  CEC” acid
Field layer* (cm) (H,0) (mS/cm) (%) (%) (%) (me/100 g) a0 Mg0  K,0 (mg/100g)
1 0-6 59 0.08 4.55 0.3 15 19.5 265 51 52 16
A 2 06-24 6 0.06 2.64 0.19 14 15.2 209 44 15 26
3 24-48 6.4 0.02 0.34 0.02 17 5.4 67 18 15 9
1 0-18 6.1 0.1 0.8 0.07 11 7.3 89 33 29 48
B
2 18-32 6.4 0.05 0.4 0.03 13 6 80 24 14 17
1 0-14 5.6 0.05 1.32 0.11 12 11.1 128 20 17 41
C 2 14-33 4.1 0.21 0.7 0.06 12 9.7 49 9 26 45
3 33- 3.8 0.22 0.46 0.04 12 8.1 18 2 28 19
1 0-14 7 0.21 2.93 0.28 11 16.4 563 33 75 77
D
2 14-33 7 0.07 0.63 0.06 11 10.5 195 19 53 76

zLayer 1 = upper layer; layer 2 = middle layer; layer 3 = lower layer. YEC = electro-conductivity. *C/N = carbon/nitrc
ratio, which was calculated by dividing the total carbon by the total nitrogen applications. ¥ CEC = cation exche

capacity

Table 2-2-3. Mineral elements in mulberry leaves from the four common cultured fields.”

Field N (%) P (%) K (%) Ca (%) Mg (%)
A 4.14+0.28 a 0.41£0.05 b 2.95+0.14 a 2.02+0.24 a 0.23£0.04 b
B 3.31£0.24 b 0.56+0.10 a 2.89+0.17 ab 1.82+0.32 ab 0.29+0.03 a
C 3.26+0.30 b 0.45+0.06 b 2.54+0.21 ¢ 1.18+£0.19 ¢ 0.22+0.03 b
D 3.40+0.36 b 0.42+0.08 b 2.66+0.36 bc 1.78¢0.32 b 0.20+0.02 b

zTwo leaves, which were located at the one third position from the branch top, were sampled from one branch per
stock of normal growth. Data are expressed as means + SE (n = 20 in Field A and D, n = 10 in Field B and C). The
same lowercase letters indicate no significant difference (P < 0.05).
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(5% DB W TR LT,

Ry FRER : (X 2-2-1 12, Ay MNkBRlc L b2
TR EOE N & L R OERME BB LD
BEREMER Y B B ORREZ R L2, Ry FOSEEE
TERIER NS ZIER £ TI~V O 5 k%L Lz,
HERZEFE T 1.44~4.19%DFiH T, ZEFHE
BNEL RBIEEABITEL R, yaa s g
GREITERMIEENZ < 2 DIZ EEEMEL 7
ST BOHIEEEDZ N V X &b iaitEnDd
NI ROZEL 26 EThHoT-. 7R —IIE
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Table 2-2-4. Functional components in mulberry
leaves from the four common cultured fields.>

Chlorogenic acid Flavonol DNJ
Field (mg100gDW) (mg100gDW) (mg/100gDW)
A 879+29 b 1374+ 40 a 180£6 a
B 995 +42 ab 1318+ 59 a 128+ 5 cd
C 1070+66 a 1122+48 b 111+7d
D 897+36 b 1287 £ 34 ab 148 + 4 be

z Two leaves,which were located at the one third
position from the branch top, were sampled from one
branch per stock of normal growth. Data are expressed
as means = SE (n =20 in Field A and D, n = 10 in Field
B and C). The same lowercase letters indicate no
significant difference (P < 0.05)..

i, Zuen U @EE Ll FfEOEmEZRL, £
FMEEN L R BIEE T TR ) — L EEITK
SIpoled, ZOET16MHEEEST. —F
DNJ L, vauaZ g, 778/ — 80,
BHREMNEENELL 2 DI E T L o Tz, TDOFET
2.8 5L, AR Ciid U 7-HREMER /0 H i
HLRE Mol WTFhopy s TIXKE T XD
ENRRBREL, Zaa Xl g 176, 7I8
J—v:13%% DNJ: 215 THo7-. Ay b
R CIIERGEOEME L HIZT7 TR —L
B L7228, SIS OfE RIITER G 'L 7
TR — A OFBENFED B o7z (F 2-
2-5). ZhuE, Ry FRBRCTOEFERESEN
1.44~419% TH->7-DITxt L, BiHEkER Tix
3.26~4.14% & ZDOHEIPHD /NS o T2 Z L,
EPERSEIGERT B2 oz 3kb
B, AR CHERR SNV SR X L EX DX 7
IZBW TR TIE 7 748/ —/VEmOXEZ=E
DNSNZ EMBALE 720, BHEER TR 5
N RFHOERE R EREOE (3.26~4.14%)
TlE, 77K —VERBIIKZ B 5.2 720

EBZ BN ARy NRBROFERTHH LR X
N, SEAEED VD72 72 DI T T TR ) —)v
EREOXMZEIIRE 720 iR EOFENE
7ol BIMEAER CORERLER G EmOHFF, OF
D — 72 EHE B TCITMAEE ORI/ SN
7230, BUHFHA OFE R CIIFABENTRD D) >
MBSz, LLED Z LD, BEREREMRE
o RITEFMEROPEL R ZITH T &N
HonERy, Ehosaa U g, 7R
—/VEBEOHIN T E R EZ K& 5T
Z &, £7- DNJ GREOEINCIIZEF iR &%
BT ENAITHD EEX L.
ERNIES P OMREMER Y DIRFE I RIE T
BT DN E TR o T2, B &7 0 OFEEMER S
DEFERA BT -0, EHONELEZET
HVENRGHD., £ZT, Ay NRBROFEEND 1
FRdnT- 0 OFREMER Y B RET LT (3% 2-2+6).
1 ¥kd7- 0 OARERIY, EREMICE) H& B2
I XERHZEWV XN I~V XIS B
Motz TR TIIHEROEZE BN 1.44% &R
T EMDERRZICEDEFHEEN, VX TIHE
AER DBEEE O—FRCHA L T SRR E & A
HILDIEF LOVEEED, TN EHUEK T DR
KEZZ BN 1B T D OBSREMEE Y BT,
AEBEE L BERHEREMER Y B R L OK A &
(:74%, II:75%, II~V:76%) 7HHEH L7z
Janar ARO—RRBT- 0 R T R Cieb
Bl o=, 7R 7 —T I IX, DNJ (3 111
X CENEIUR b EVEZ R LT, —#Rd 72 0 i
BEMER S DX [ D il & BB, 20
T aal BN 2.6 4%, 7 TR —ILH 2.0
%, DNJ 2N 42 5L 7e-7=. /mnalr U iBEL
W7 TR ) —/)VORERRG & &L, SES IR
DI BDIESE TR 72 D720, BlGdHT7- 0 Ok
REMER Y A PE B2 8 < 3 D 72 DI IR & oy
DINT o A B Z I fE R E T 2 BN &

Table 2-2-5. Correlation coefficients between the functional components and mineral elements in mulberry leaves.?

N P K Ca Mg

Chlorogenic acid -0.48**y 0.22 -0.07 -0.44** 0.17
Flavonol 0.14 0.08 0.26* 0.24 0.03
DNJ 0.60** -0.34* 0.19 0.47** -0.21

% Leaves (n = 60) were sampled from four common cultured fields. ¥ Significant differences are shown (** P <0.01, * P <0.05)..
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Fig. 2-2-1. Nitrogen and functional component levels in mulberry leaves relative to the amount of nitrogen applied to

potted plants.

A: Nitrogen, B: Chlorogenic acid, C: Flavonol, and D: DNJ. Amounts of applied ammonium sulfate

per culturing pot on April 14, June 9, and July 2: Group I=1 g, Group IV=2.5 g, Group lI=5 g, Group [V=10 g,
and Group V = 15 g. On July 26, completely opened leaflets of the youngest opened leaves, and the subsequent two
leaves on the same branch, were sampled. Data are expressed as means + SE (n = 8). The same lowercase letters indicate

no significant difference (P <0.05).

Table 2-2-6. The functional component amounts per
mulberrv tree relative to the applied nitrogen levels.

Functional comp onents”

Fresh leaf (mg/stock)
Nitrogen yield Chlorogenic
treatment (g/stock) acid Flavonol DNJ
1 170+ 10 b 503 764 25
I 287+ 18 a 479 949 83
11T 319+ 17 a 397 934 106
v 285+ 13 a 310 777 101
\ 188+ 15 b 193 469 73

2 Amount of applied ammonium sulfate per culturing pot on
April 14, June 9, and July 2 : Group I =1 g, Group IV =2.5
g, Group Il =5 g, Group IV =10 g, and Group V=15 g. On
July 26, completely opened leaflets of the youngest opened
leaves, and the subsequent two leaves on the same branch,
were sampled. Data are expressed as means + SE (n=8). The
same lowercase letters indicate no significant difference (P <
0.05). ¥ The functional component amounts per tree were
calculated based on fresh leaf weight, functional component
amount, and water content in leaves (I: 74%, II: 75%, and I1I—
V: 76%).

. —77, DNJ [ IZEFREE DULERX [ D fxri/
ﬁ1ﬂ28#‘ﬂb —EH 7= 0 DRk ET
425 E< IroTn. THUINEE T 7200
AR R ER S EEm T HREE BT 57
WTHD. LIZn->T, DNJ OEGH- D 04

PER 225 < D RENESRAFIFIEMED R b < 7
DL E L &2 TR WE B2 b,

EBSERER : IS, Ay NBRCRER S - RsRENE
BN M FE T E R EAN AR, B TR
L7c. PRAEXIT 0 it o TIT : AT
XD 4KEEL LTz, RREGREB LOSGERT,
2012 FFFKET Y DERALGED 0 K THhTMIIE
7eo72b 0D, KFZEKIZ E A LR HivZen
STz EAT, 2011 FOETIY, 2012 F0ORY)
O CITALERRNC L 5 2213580 B Do T2 23,
2011 FHkEI0 & 2012 FEY) Y ClIERMERE
DI & H7eWEANRLS 720, ZOfmIE
2011 FRKE) D CTEE TH o7 (& 2-2-7).

R EOE N L D ESHEREME RS &
B2 2-2-2 1R LT, 2011 RO EHIY TIX
DNJ & III XAFRE, WO %mfilﬁ”ﬁ
DIEN iw&) 5Wmo 7o TOHOIEHTIX
BERERE WERIEEOEME L HiIE <L
720, RORH _7 /iR, 7R ) —VEET
EFHALEOHENINT & H7RWMEL A DB H
~7=. DNJ &HiT 2012 FE U F CTIILEX
(Z L DEODFED LR T2, 2012 4EFkY)
D CIIEIREDZ WL, 1 K CTHEICE L 2o
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2. £, THENOMEHOLBX R OZEH RS
D/ IME, AEOZED TR RE -7, =

Table 2-2-7.  Effects of applied nitrogen amounts on the
appearance and yields of mulberry trees.”

Harvesting Nitrogen Longest Yields
season  treatment branch (cm) (g/stock) Leaf color”
2011
(0} 186+2 a 1659+65 a 38.0+0.5 a
1 186+2 a 1688+73 a 38.0+04 a
Summer
I 189+3 a 1724+89 a 37.8+0.7 a
11 185+3 a 1637+76 a 37.8+0.5 a
(0} 186+4 a 1785+110 a 36.6+04 c
1 190+5 a 1884+113 a 37.4+£0.5 be
Autumn
I 189+4 a 1856+103 a 389+0.4 ab
il 188+3 a 1884+ 111 a 393+03 a
2012
(0} 182+4 a 1900+83 a 31.8+0.5 b
I 181+3 a 1862+ 101 a 33.1£04 ab
Summer
11 188+3 a 1966+ 108 a 33.8+0.3 a
11 184+3 a 2000+120 a 345+04 a
O 193+£4 b 1468+67 a 364+05 a
1 201+3 ab 151791 a 375+04 a
Autumn
11 209+2 a 1574+79 a 36.7+04 a
I 207+2 a 1522+71 a 37.7+03 a

% Four experimental groups were formed based on the amount of
applied ammonium sulfate, which provides nitrogen: O: 0 kg, I: 6
kg, II: 15 kg, and III: 30 kg per 1000 m2. The branches were
harvested on July 11 and October 4 in 2011, andon July 9 and
September 19 in 2012. Data are expressed as means + SE (n =
20). The same lowercase letters indicate no significant difference
(P < 0.05) during the same harvesting season. ¥ Leaf color was
evaluated using a SPAD 502 chlorophyll meter.

FBLODNJ & &2 2012 BBV, TR ) —
NBIOY vn 7 U WE R 2011 K1Y Th -
7o AR, VBRI O ZE JALBEX ] D 722 1L ) K& <,
PRI D fe IMIE, e RIED 7RIS, 25873 1.00%,
7 au 7 gD 630 mg/100 g DW, 774K/ —
JLVH 781 mg/100 g DW, DNJ 75 114 mg/100 g
DW L 7pote.

2011 AE I 1 X, DNJ ZFR< WTHRopdr b
RUBRIX [FIZED3T88D BivZeino 7273, Ziuid 2010
FEIAT o TR AR D 72 6D DY —H B DD &
STz EEZ BN UL, BERerE sy &=
FHALEORIRIT, BSERIZBNTHAR Y Ml
B & [AREOfEm 27 L, SRRz E b
Ny aas Uk, 77K —VERITED L,

DNJ SN, £/, Z7uaXFUfg, 7
Z R =V, DNJ WTNORZIZBNTE,
WE X OVEHIRZEDFR O H 7=, Nakanishi &
(2011) IZDNJ GENY 7V ZIREIZ LD
Wipbl L, ARBRICBWTHE 2 25 2 81T
7R —/VEfE, DNJ &80 RS LD
EioHZ LML TN, ARBRIZIT 5
R, MEHIEIC I 1T DHEREMER & EDiE W G 2
VO ERA RS R SRMFITER T 6 b D LB 2
vz, Lo, IR, BRI LT, X
[EIN CIIZE R & & &Ry D& & DBRIFRIE
BN L, EREALEDERENER I
FAFTRBIRZ N B 2 v, EHIZER
BRCIEHTRERIE, HEAOEV DR S
2011 FREIV IZBWT, e F U, 7IR
J =)V OISR O fs KA, Fo/MEDZE703 5 b K&
R0, BEAENHMEIEN-Z L ThD. HER
INEFMNE DSR2 [HRE S 2 & s B KA
FEHZ I T SPAD fEANBIEDHIMHEIE & 72>
TWAH XL, EaEsaaF L R, 7R —
JVEBDFRIEIZ TE D AREMAVRIE STz,
EEHAE &y OBRIZOVW T, Mudau ©
(2006) X7 v 2T 4 —DRY 7= /) —N5E
BIXEREAICL VNS5 & LT0DHA,
Stewart © (2001) |IHEMHEFRD 7 TR ) — 5
BIIERRZICEVEL D L LTS, AikBR
DOFERIL Stewart > (2001) & [F UMM AR L,
BRIGACED DR IRDIEET TR ) — NV ER
WIEL 2otz 7R ) — N EETHIRLATIE
a7 A R UVAICHREEI D &S, B2 EF 1
BB WTH 7 TR — LRI A b LR
FOBIINT 52 AR LTV D ARBRCH %
FHE RN T BIZEy aa U T TR )
—IVDEENREL otz b, BRERZD
ARNVRIZE ST T Vg, 78R —Lh
Lozt EXx b, —F, #EH DNJ
GEIZOWVWT, Kimura & (2007), Nakanishi
5 (2011) X DNJ BEIZEMNT 5 2 &, FHifgo
S e b, F£7-, DNJ ICEKRT S 7 U
D a7 N X —BRHEEE S ER TR 72
52 EEREL TS, &5, Konno (2011),
Nakanishi » (2011) 1%, DNJ 237 U OS5
ECRANOLHESFLI-OIEDN, EH, o
SEIRA O NIE, T2 LREAOEEN KX ol
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Fig. 2-2-2. Effects of applied nitrogen amounts on the nitrogen content and functional components of mulberry leaves in
experimental fields. A: Nitrogen content, B: Chlorogenic acid, C: Flavonol, and D: DNJ. Four experimental groups were
formed based on the amounts of applied ammonium sulfate, which provides nitrogen: O: 0 kg, I: 6 kg, II: 15 kg, and 1II: 30
kg per 1000 m2. The youngest opened leaves with completely opened leaflets, and the subsequent two leaves of two branches
with moderate growth, were sampled from each stock. Data are expressed as means = SE (n=20). Significant differences are
indicated by different lowercase letters (P < 0.05) in the same harvesting season.
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7o, BEEANES, ERUIBGRO¥EL & &
DA ZMIE Uiz, EHIEIS, JEEE LOS
EOOKEZSIWTHEE Lz, AFRHA, ICEH
BT 1 X 10T D, BFF 30 BROEETRL
7o E7o, WERFHAERHIARD bR RER 11D
YR T YT L, 1E ST OBERERENE
iy A A LT
RET—ZIBREHETRTOT A X AT —4
ZFVZ. X 3-1-1 12 2015 4E & SE4AED, K
7V 7 A E RS L U R BRI KO
R AR LT, SR EOREHIMIT, FAKUR
75 1981-2010 4E, H HAHENAS 1987-2010 £ Th
%. FEEIREEIT B PAIR A V-, FER A BRI
CHEEEE R ENENY 7Y 7 HEl 14 B
OFEFMEZ W=, 14 BRE L7=oiE, 6 An
57 HDOREFREHN 1714 ATHLZ Lnb,

Total temperature (°C)

(=3
(=}

—e— Total hours of solar radiation in 2015

Total hours of solar radiation (h)

++O+ Average total hours of solar radiation |
—— Total temperature in 2015
-++ Average total temperature

5/26
6/5
10/16

Fig. 3-1-1.  Total hours of solar radiation and total temperature
for 14 days before leaf sampling in 2015 and average
yearly values” * The database of the Automated
Meteorological Data Acquisition System was searched to
calculate the average temperature between 1981 and 2010
and the average hours of solar radiation between 1987 and
2010. The values for a period of 14 days before leaf
sampling were used as standard values. Total temperature
for 14 days was calculated by adding average temperature
per day.
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0.7 ml/min, Ex:254nm, Em:322nm D54
TE= L7, K3R, Q3MG, K3MG (FZnZi
7 UHEDLRFH LA (Katsube &, 2006).
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—LIN 6 IR E 72 D iR2 T 52 & %,
A - TR (2018) 131 FV 7 EEDONLTF 135 A
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S UEROT) 7 = EEERE BEOFHEEI D
WCTEMKE D@L 2D 2 @B LT D, —
JC, ERR - R (1991) IFHEEDORY 7= /) —
X6 ABEEINL 10 Alcikbm< 25 & LT
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Kawakami & (2010), i - i (2013) sk
BRIZEIT 5 B RS BN 72 5 TR,
A ORER H BRI, 5 HvD 6 APHET
&8 H EazEy (M31-1). BHOZF4R
—IVE RN 9 A% LR L VIR Ze o T RIRN,
ZOBEWARR (7R —VERLEIEOME) &
SR (7 TR 7 — )V EgE L AOMBE) OFEFERhR
\Z & D ATREMED VRIE S vz,

—J7, DNJ & &7 % 53 mg/100 g DW
75 199 mg/100 g DW O THERE L, 8 HIZ
m<, 5 H, 10 ATEW LY o ZR Lz
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Fig.3-1-2. Seasonal changes in functional component contents
in mulberry leaves.”  A: Flavonol, B: Chlorogenic acid, C:
DNIJ. # The youngest open leaves with completely opened
leaflets at 20 cm from the shoot tip and the subsequent two
leaves were sampled. Data are mean + SE (n = 30)..

(1 3-1-2-C). UL, ZOEHEEOHHOEIE
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WAL % 8 HHAIE TRl L TnmilE
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H OBIHFHE 2T, FRESIR T DNJ & &
(2R A B REER] & OFRBIIERED i)
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(P=0.02), 2010 4730.89 (P=0.02) &E<
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0, FE R CITAE O EN NS G T
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IV B S By i C MRS
BLORERIRE & 2N ENOREMER & 8D
BfRAE K 3-1-1 1R LT 7 TR — N EGEICx
I HFER H R & FERLREE OB EI I E
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7-. 7=, 7 un U mEE Bk AR A REE
BIOFARSIE 0.83 LK~ 7278, FEFIREE & D
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Table 3-1-1.  Correlation coefficients between functional
component contents in mulberry leaves and total hours of
solar radiation or total temperature for 14 days before

sampling.”
Correlation coefficient
Total hours of Total temperat
solar radiation oW temperatire
Flavonol 059" -0.51°
Chlorogenic acid 0.33 0.69"
DNJ 0.05 0.94”

“Total hours of solar radiation and total temperature in 2015 were
calculated for a 14-day-period before leaf sampling. ¥ Asterisks
indicate significant differences  (** P<0.01, * P<0.05; Tukey’
s test).

W, FEREOHBIMREIE, EhEi 2009 403
0.67 (P=0.18), -0.57 (P=0.25), 2010 4EA
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RIS AN DN THEED B A b L7 <
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Zl- EHEIIEID. ol O IR O
&, 2015 40 9 H NRILAREO Hrlgeim B #
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NEBEDFRKRTHD EHZZ b,

—J7, I L OERIZHOWT, ZHETT Ry
TT7 TR A ROFER L BIEBREE ST LT
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SR F S 720 E L, Mori 5 (2005) 1
[ﬁﬁézﬁm&_i DTy N7 =R T T 503,
T TR —MID LN EEHRE LT 5.
UL, 7o b7 =0 LR ORIRIT C Ik
TRWEENDHOD, Azuma H (2012) 131
VERERBRICBWCT RUREDT TR ) —
VMR & BT 725 2 L %, Levdal &

(2010) IFATASENTRERSLMHTO b~
NONVF o OERBIIRRIC L VN5 Z L&
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DOIEEDILHENFTRE 5 H D 10 H D 2015 40
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i< EEZ D bbb, 9 A FRILIED
RY 7z ) —/VEBEOENNT AR L KR T O
RN, F7- 8 HOZHAM T CHEELY 7T
N —NVEEIMEL 2o 7o OIXEIRIZ K 2P|
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Table 3-1-2.  Mulberry tree growth and leaf yield at harvest.

Longest shoot  Shoot length . Internode
Date of Leaflen, Leaf width
length without leaves” eth length
measurement
(cm) (cm) (cm) (cm)
Twice-harvested 7/15 203 + 3 48 = 1 23.1 £ 0.3 183 = 0.2 41 £ 0.1
group 1026 188 + 2 48 + 4 220 £ 0.3 18.7 = 03 39 +£ 0.1
Once-harvested 10126 341 + 6 159 + 4 225 + 03 179 = 03 29 + 0.0
group
. Leaf/stem Leafyield
Date of Shoot” weight ~ Stem weight Leaf yeild" . !
ratio per year
measurement
(kg/stock) (kg/stock) (kg/stock) (%) (kg/stock)
Twice-harvested 7/15 1.84 £ 0.07 0.58 = 0.01 1.26 68.5 217
group 1026 1.24 £ 0.05 0.33 = 0.01 091 73.3 '
Once-harvested 1026 194 + 0.13 080 + 0.04 1.14 58.6 1.14
group

% Shoot length was measured without leaves after defoliation. The length from the base of the shoot to the remaining leaf was
measured. ¥ Shoot includes stem and leaf. * The leaf yield was defined as the leaf weight, which was calculated by subtracting
the stem weight without leaves from the total shoot weight with leaves.

EZ2 BTz 1 R O BE R T 2 [FUHEX D 10
ALV 2L eo7=b0d, 7T HE 10 AIU#E
BRI E EFE o7z 1 BIEX ORI,
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bbHLEEZOLND.
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HDHZENIABMNI ol ZDOTZ LG, I

SNT= 7 DIEFT N TORRBMER Y B AR T 5
T2 DITIE, 1 AAEHEOREREMER ) B B DFRA D
EChD. IWHERFD 1 BRIEDORREMER Y& &
#X 3-1-3-A-C 2, SLIZEDELHER, KiyE
B2 AWT 1 ¥H7- 0 OBSREM B2 B L
T fli% 3 3-1-3 1R LTz, 1EHT=vDT IR
—/LE T 2 [RIFEX D 10 H 26 AUIGE TR
FEVMEZ R L7203, 1 [EIHEX T b Helsiym v Vil
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VEEG RN, 2 [BEX 10 H 26 HIHED 5

2000 900
800

120

1600 700

—
(=]
(=]

600
500
400
300
200
100

0

Flavonol content (mg/100gDW)
g
Chlorogenic acid content (mg/100gDW)

e}
(=]

N
(=]

DNIJ content (mg/100gDW)
) o
S S

Twice-harvested | Once-
group arveste

group

Fig. 3-1-3. Functional component contents in mulberry leaves per shoot at harvest* A: Flavonols, B: Chlorogenic acid, C:
DNJ. *Because the functional component contents of mulberry leaves differ depending on the position of the leaf, all the
leaves of each shoot were used to determine its functional component contents. All the leaves on the longest shoot of each
stock were sampled to evaluate the functional component contents in bulk. Different letters indicate statistically significant

differences (P < 0.01; Tukey’s test).
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HE < 2Ro7es, 2[R D T HOEE LS 168
IHEX I RIFREE & 72572 (0 3-1-3-B) . Z DR
EHEIHE L 1 kb7 077K ) —k
FO mu P U mE T, 2 BINEROAE 1
[EUHERIZ RN 1T 1%, 2.2 f5%< 7ao
72 (383-1-3). —J5, DNJ &EIT 1 [aMTHEX
HEVMEZ R L (X3-1-3-C). 1#H-v D
DNJ &3 2 [BIHEX DEEFS 438 mg (2XF L,
1 [EUVHEX X 78 mg & 1 [N REX Tl L7- (&
3-1-3).

7 DBEOWET 1 [FUFEXDS 2 [FUHEX D=
TR0, TSI 0 OEREMER Y ERVTILD
2 [AINHEX CTEL Ipol=Z b, 7 VEDINE
720 TR < HEREMERR Sy DA BERIZ RO T 1 [H]
INHEL D 2EIVFEN BN EBA LN E 7o T,
B Z O, KIRIC L 2 EFROIKTIC b
Z, 1 [ENHERIZ X DRI D55, DNJ (2
BWTHETH T, 2 [BIHEC X Dl B D
WEN aa S U BRERTEN-T=Z 8D, I
BT e SHEREMER Y OmEA O D B
2 [FER RN B 2 BT,

PULEOFERNG, 1 [ENHEDGE, BEREMERSY
DENENE L RDIERFN L, 7 IR —n,
yuauZ g 9 A MRUBERRMELS £ H
L7po 7R, DNJ I35UEDAE L 725 8 ADZE
I THY, BT, 20D 3OO TT
2N E L T OIHERENIT 8 A iR
WL AR LW EEZ DT, $£72, 21X
AT 5 AT, INEMEICRD D 7 TEDE S
EREL, MR TEL AR 7TA~8 H FJET
(2 1B B OINERF4 2, D% 2 [A1H OULFEE 9

Table 3-1-3. Amount of functional components per stock.

ARFEFTIUATI OBV E b=, 7=, AR
BROFER D DREREMER N F N E 2 < 72 DI
TR T A IR, IR 2 2B I E TE D LB
2 DT, 2015 4 & PAREEOFERE B HARH & F
FOREE 2 9% &, FEE H BRRER O R UiE S
2015 FETREWNE DD, [FFPAEBOFEE H R

BRERE], FEELIEE & R U 2 7R L Qs (1K 3-1-
1). ZOZ D, 2015 FEDOFERTRD S

HEREMER o B A mra A T DI, — e
BEMOETIFIRI ISR D LB DD, &
BT, 2L o H B, IRE OB AT 5
T EW, EEA E R A IR R O RS EE )
keagchrtEZLND.

FE28 =ENI-TAXI/DUIA T ON)

SEICRIZIHE

55 3 EAS 1 i C DNJ Z EFEFEIREIC LV K
LB LD ED, ATASEEHWT
DNJ & &l RIF TR DR i~

1 MHEBELUVAE
1) #EEMH

RS DNJ G8IC 52 598, 2015 424
ke XD NTRGEE AN UTo70. 7
T SRR CENY D 25 L FEAEZ D 2 F4E
W, B E L-HE2 2 ACRELA
VoL ALK 5 $hA RSN CHE, 10 H 2 H
ICATRGRIBE) LT, PR IEYEIR (6
IKF-18 IKf, 18 -6 IKp) ZEhZivmimX (30-
25°C), IRRX (23-18°C) IZ5%E L7c. BiEhi% 10
H 16 H, 11 A 6 BIZ4ein 549 20 cm ONE

Date of Flavonol (mg) Clorogenic acid (mg) DNJ (mg)
measurement  One time Total One time Total  One time  Total
Twice-harvested 7/15 3979 1938 352
8700 4096 438
st 1026 4721 2158 86
Once-harvested
10/26 5203 5203 1839 1839 78 78

group

% To evaluate the amount of functional components in the field, we measured the total amount of functional components per
stock. The total amount of functional components per stock was calculated from the functional component contents in total
leaves per shoot, leaf yield per stock, and average water content (70%) in leaves
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Fig.3-2-1. Effect of temperature on DNJ content in leaves and latex of mulberry.”  A: leaves, B: latex. ? DNJ
content was analyzed in mulberry trees cultivated in plastic pots, which were transferred from outdoors to
artificial climate rooms on October 2. Five mulberry treeswere usedfor each temperature treatment. Leaves
located at 20 cm from shoot tip were sampled. Data are expressed as mean = SE (n =5).
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Summary

The benefits of functional components of mulberry (Morus albaL.) leaves have been attracting the
attention of the health food industry, with an increasing market demand. To more effectively obtain
a mulberry leaf yield and high levels of functional components, the following factors were
investigated: 1) selection and crossbreeding of mulberry cultivars to obtain high levels of target
components, 2) effect of solar radiation and nitrogen fertilization, and 3) optimum harvesting timing

using our experimental settings and common culture fields in Shimane Prefecture.

1. Varietal differences in the functional components of mulbeery leaves and breeding.

The varietal differences in the flavonol glycosides contained in mulberry leaves were elucidated,
including rutin, isoquercitrin, kaempferol 3-(6-rhamnosylglucoside) (K3RG), quercetin 3-(6-
malonylglucoside) (Q3MG), astragalin, quercetin 3-(6-acetylglucoside) (Q3AG), and kaempferol 3-(6-
malonyl glucoside) (K3BMG). This information was used for breeding mulberry cultivars with high
concentrations of functional components. The content, composition, and proportion of flavonols in
leaves varied widely. ‘Kobuchizawa 1’ had the highest level of total flavonols, five times greater than
that of ‘Mikurasima 15". QBMG was the most abundantly contained flavonol in many of the cultivars,
although it was not contained at all in some cultivars. Q3AG was found only in ‘Keguwa’. Study of
the mode of genetic inheritance and the content of Q3MG in crossbred offspring showed that malonyl
transferase, an enzyme involved in the synthesis of Q3MG, was transcribed through a single gene
according to Mendelian inheritance. An offspring with a higher Q3MG level than both parents could
be obtained from the crossing, suggesting that crossbreeding was effective.

Then, crossbreeding was conducted using ‘Yonbaiseisou (tetraploid)’ as a seedling parent and
‘Kokusou 21(diploid) as a pollen parent, and obtained a new triploid cultivar ‘Souraku’. Consequently,
compared with ‘Ichinose’, ‘Souraku’ was found to have 1.4 times higher content of Q3MG and greater
leaf yield. ‘Souraku’ was applied for a new variety registration in April 2013, and was accepted as a

new variety in 2015.

2. Effect of environmental conditions on the functional components of mulberry leaves.

Effects of solar radiation, which may influence production of flavonol and 1-deoxynojirimycin (DNJ)
in mulberry leaves, were investigated by comparing greenhouse (poor solar radiation) and outdoor
(rich solar radiation) settings. The level of flavonol in leaves cultivated in the greenhouse was
markedly decreased when compared with those cultivated outdoors. In contrast, the DNJ content of
plants cultivated in greenhouse was only slightly increased when compared with those cultivated
outdoors. Interestingly, the flavonol content was markedly increased in the upper leaves of mulberry
trees that were transferred from a greenhouse to the outdoors, compared with those cultivated only
in the outdoors. Under high solar radiation, the flavonol level became very high but the DNdJ level
became slightly lower, suggesting that the impact of solar radiation is great on flavonols, but is small
on the DNJ synthesis.

Then, effects of applied nitrogen amounts were investigated regarding specific functional
components in mulberry leaves. The relationships between mineral elements and the functional
components in mulberry leaves were examined using mulberry trees cultivated in different soil
conditions in four cultured fields. Then, the relationships between the nitrogen levels and functional

components in leaves were studied by culturing mulberry in plastic pots and experimental fields. In
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the common cultured fields, total nitrogen was negatively correlated with the chlorogenic acid content
(R2 = —0.48) and positively correlated with DNJ (R2 = 0.60). Additionally, differences in nitrogen
application levels impacted each functional component in mulberry leaves. For instance, with
increased nitrogen levels, the chlorogenic acid and flavonol contents significantly decreased, but the
DNJ content significantly increased. The selection of the optimal nitrogen application level is
important to obtain the desired functional components from mulberry leaves.

3. Seasonal changes in functional component contents in mulberry leaves.

Optimum harvesting timing of mulberry leaves was investigated to obtain maximum yields of
specific functional components. The components of mulberry leaves were analyzed to assess seasonal
changes in the concentrations of functional components, including flavonols, chlorogenic acid, and
DNJ. During the experimental period (from May 26 to October 16 in 2015), the ranges of flavonols,
chlorogenic acid, and DNJ contents were 1134-2230 mg/100 g dry weight (DW), 616-1014 mg/100 g
DW, and 53-199 mg/100 g DW, respectively. There were high flavonols contents in mulberry leaves
from late May to early July, from early to mid-August, and after late September. There were high
chlorogenic acid contents from late May to early July, and after late September. From late September,
the flavonols contents increased over time, and showed the highest level on October 16, the last day
of the experimental period. The increased flavonols contents after late September were due to the
synergistic effects of solar radiation and lower temperature. The DNJ content showed a bell-shaped
curve, peaking in mid-August, and the DNJ content was strongly correlated with total temperature.
The flavonols and chlorogenic acid contents in mulberry leaves were higher after late September
when the temperatures decreased and there was still high solar radiation, while the DNJ content
peaked in August when temperatures were highest in the year.

Based on our experiment findings, August is considered the best time to harvest mulberry leaves
to obtain the optimal yields of beneficial functional components. If mulberry leaves are harvested
twice per year, then the first harvest should be in July to August when temperatures and solar
radiation hours are high, and the second harvest should be completed by the end of September.

With a series of experiment results, the conditions to obtain high levels of specific functional
components in mulberry leaves were identified pertaining to the selection mulberry cultivars, the
effect of solar radiation, applied nitrogen amounts, and harvest timing. This knowledge is considered

useful for producing high functional components of mulberry leaves in the future.
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