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

in Shimane Prefecture

Nobugo 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 acoms, 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 Natsulko 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.
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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 yearround greenhouse cultivation of leafy vegetables.

9. 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 sofiening of the early-ripening strains (r = - 0.969), and

precipitation from late
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significant difference between a and b (P < 0.05).
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Fig. 1-1-2, Correlation of quercetin  3-(6-

malonvlglucoside) (Q3MG) content in each
cultivar between vear (A} 2007 and 2008, (B)
2008 and 2004, and (C) 2007 and 2009. A circle
indicates each mulberry cultivar. The multiple
correlation coefficient was 0.88. Each year-to-
vear 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 KIMG
Cultivar (%) (%) (%) (%) (%) (%) (%)
Ichinose 13.6+=0.7 3.940.] 3.0+£0.2 53.5+1.4 2.9+0.2 0 23%1.5
Itouwase 32,443.3 P1+3.5 11.5£3.2 29.1x7.0 3.2+£0.5 0 12.7+£2.8
Popbeny 437+ .4 25.5=0.8 23.5+ 1.3 0 5.440.5 0 0
Keguwa 24,4422 31x1.3 0.6+0.3 24.840.6 1.3:40.1 15.7€1.3 2.140.1

= Allmulberry cultivars are classified into four groups: Ichinose-type (largest Q3MG proportions; 155/176
cultivars), Ttouwase-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. 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 Tehinose’ 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) (Q3M() identified in mulberry species.

Number of
Species Number of cultivars Q3M G-free cultivars

Morus migriformis Koidz. 2 0

Morus notabifis CK.Schn, 8 0

Morus bombysis Koidz. 42 8

Morus rotundiloba Koidz, 3 2

Morus acidosa Griff. | 0

Morus kagayamae Koidz, 4 i

Morus tificefolia Makino. L 0

Morus nmesozygia Stapf. i ¢

Morus microphyile Buckl. i 0

Morus mudticanlis Perr. 58 2

Morus alba L. 49 1

Morus atroprpurea Roxb, 3 0
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and quercetin 3-(6-malonylglucoside) (Q3MG)
content for each cultivar. The regression line
includes all points except for those cultivars that
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one black circle.
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Fig. 1-1-6. Proposed metabolic pathway of flavonol glyeosides in mulberry in our study.  Abbreviations: MT
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malonylglucoside).
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VT Q3MG DIEHEMRNT 21TV, SRS & %6
Q3MG @& A FEE RO FTRENE A FRET L7

SIC, BROBEEMiZOEL, 7 U ORE K{IE
R A, RO ATRENE A ARRE L T2

1 MHEBEUAHE

) fEEAR

Q3MG DEfsFEA DAL 2008 F7°5 2010
FRLT AR R T o & — (AR IR L T
WT) ok L7 AMESE AR oo 5Tl 24 = O Al i A FE
W, BEEARND (1-2-1) Ik 0177 A&
ﬁzﬁ I Q3MG %Aﬁﬂ‘élﬁﬁik U ClafEEg

Zai 21 5 (2x) 0, EIEEH 2195 (4x) O, i

4%2%@2Ix%m B S HRER A, ‘H
N, HERA, R, RiEEE,
Q3MG ZHif=Aau il & U CERRAR, S8 R
A, Ry TR —ERBEL, FERE 2008 £
mﬁ,mmﬁamﬂ,mw¢~mﬂ’%n%
ﬂ@ﬁﬁ%%%&k&%%&iﬁ%&mWA
B s AW S — 2R 7 DR LE
s Lz, ﬁﬁﬂﬁ‘-ﬂé}ﬁbﬂi IFENER, QSMG
DMLY 1) AxA, 2)  AxE, 3) : fEx
A, 4) ﬁu%&bt(§12n FEE AL
FIEARE 1-2-1 1= LTz, 3h5 4 T L 28

E.7
e
v

Grafting (January)

Pregerminated seed
(May)

%46 & (2019)

U= A AR ORICHEE AL, 27COEH
IMEZAET 1 SR A T o7z, lE L
A 1Ry % HicH 10 BREET 2Ry b

(1/2000a) |ZiEf#, A LREE THEE LBETE
éﬂi’)\I’fﬁL Lz, ELEETIL30CT3I~4
3% 25 B =—ARy MIFERE L. 7
HITATEDS 4 MO IREE L7z &, mAl#] 80 cm,
KA 50 cm OEFE TAMIZEM Lz, NEEFE R
VEEICE M To 72, 9 HTFAND 10 A B4,
HREHEEDZERMED S B, Ho & b g
5 AL 8 BEAEEL LAt FVz.

2) YU TIRABE LV TSR, —ILODT
1R 1 HOEICEL TITo 7.

3 ) #ETALE
o5 1 L Hio SIACEC T T T2

2 HWRBIUVESE

) BEEARIRE

BRI\ T, 2 OMRHE T ES R EER L 7R
%, FIC, SREBIRER, TS BICEME G

U A A 3 éﬂft LT, BEE AN A
A7 (1% 1-2-1) . 2382

IRV SRR X Y BETESL

Fruiting (April)

Fig. 1-2-1. Method of crossing to used grafting of mulberry.
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W, 1 AICHEE AR LUMAAWE, 2 2
(0, 4 BICESLE JONERE, 5 B ok,
DFNF LY 9 HIZHEL 7 Dbl alhE
Thote 77 THHEOET R CH Y, imE
D2 TREHZ BT H, BHHORENL 3 m 218
RD. FENHTE, 5 F EROZEHE EOA T IR
'C 9 Al 2m A AW LR EN, VW

DRSHEFE B IR T AN T E -, L
7Jﬂo“’C HOMFGREDN S 1 4500 1 OBk
HBMEADTERASAIRETH Y, 7 7 OpSHHD
WIREREOATHEM D R Sz, BT 3{'3/?\5&%‘%,
AT B e, Sl K o R oS b A T
&k, &Al:, Lo SR 3EREA A R G A iﬂl’llﬁx
RABCT, Eio, RN A IO B
RN "QJ’%J LY EOEENLETHA.

QBMG % &4 72 SRl & 572 22 IV TR OB
e, Q-HLT*‘TWD%’;E*'JLF YT Q3MG AR
DREBE L EOFHREN~ (& 121).
Q3MG akrf;m\mﬂié: 9 LDl T
ik, B Ao A RO SRR 100% & A2 Y
Q3MG & & T A AR & B 2o RO &

DT H DB

B A do LUV 00 Be bR & RELC 1WA 0T e

TR, Bl nWEAEKRO BRI
50% Tl olz. Fio, 2MEROEEE 20 B L 4
EHROTEIZELS 21 B AT T, Sk
REOHEEE - 12.5% 28T 11% O %= L.

J’wa. HEERIN G | = v = LR R
BHR-FC A T MBI MG & HEMW)
S, EEGE 20 B, TEEE 21 Bl =

AR T 0 TR B S LA, B
fii (2 1-1-3) 'c«ffﬁm;_g\ 51z, [EEH 20 %,

TR 21 57 & 12 Q3MG FHA L, L“I’I‘.?ﬁ“
o, /?‘:Eﬁ‘afd\'}‘b‘%)rn}/?i'. DEIET D

RS R EEZ LD
wiz, [1-2-2 ”ﬁ“)‘"ﬁ’ﬁf-‘,rA’& [ 821 o0
AR uJM\(D QIMG & RO BEES i AR L
T BEEOMTIERISi 2 L, ZAuhoofiian
bﬁf%lﬁ4f<®ﬁ’é7§fwr Uiz AT OMABE
~tJ: ZENT, RO QIMG B i AR
OSPEELIT M & 22 0, WP oiE gt
BT HZESELE 0 Q3MG & R B 15
63’1 (?bwﬁ%\lﬂﬁ) L SRR AR A
2L QMG #EEA SEIOE AT
%o&%&bhﬁ
7z, gf; 1 8iTENFNOMGO 7 F R S —

Table 1-2-1. Mode of inheritance of quercetin 3-{6-malenylglucoside) ((3MG).

Cross combination

* Number of  Number of

Cultivar S;g;g}pé Cultivar f[‘e]QK;}z}l]é sced bred  Q3MG-free
Yonbaiseisou MM Kokusou 21 Mm 282 2(1%)
Seijjuro MM Kokusou 21 Mm 34 0
Jikunashi MM Kokusou 21 Mm 74 0
Kokusou 20 Mm Kokusou 21 (4x)  MMmm 225 25(11%%)
Kanadasansou- A MM Kokusou 21 {(4x)  MMmm 155 0
Kokusou 20 Mm Tanakacushuu MM 132 0
Kanadasansou-A MM Tan"lkdouslulu MM 132 0
Jikunashi MM Shoummase 2 mm 62 0
l[touwase Mm Sh_(_)uml\,}_ﬂse ek mm 33 30 (57%)
Sbh'su[léWaéc S mm Aizjushima Mm 35 34 {62%)
Sousukewase : 1mm Nekoyatakasuke Mm 44 20 (45%)
Popbeny mm Nekoyfl%akasukc Mm 36 23 (41%)
Squsukg_w'ls:é mm Sl}ouzzaxwase ' mm 38 38 (100%)
Popbe;ry S C mm Shmmarwase 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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Number of samples
oblained by cross-breeding
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BRI SR B 7 —TFER . H5 46 &

JUBRIZHT D QMG OEA R, F60%% L
MR AEERS 2R L (K 1-1-4), 20O
QMG AT BT 7 — - ORRFU I

0%'@%6 LHEBIAN. o e, QIMG
EERE 0%L VELTAI LM LVWEER
5_37?117 LZIJ‘ L, Q3MG %é‘ﬁ'fé SHFE QSMG
AR T TR =V EFEORIZIFEOMEE
75\»&’) bz Eah (F1-1- 5) 7GR )i
SEOEHREZENEEE 2 LI L > T QMG
SOl ERERTE L. 7T »h J ViR B|

& Bl L, EATER 60%DERA QBMG mrE A
EROR /2D & Bbhd.

&\ Z, AEHUTBO TS, BT
DR AT O Z & DHIRERE, BSEOFIMIZE

WTHEfLE 72D, Z2C, ZEhIMEDEEL 2
EFEOFELED QMG EROIZICLY, BAE
JLO)EL%J]L&E}ZK@—TUL. ‘17_ *jxn “/71 ‘Egﬁé‘&ﬂ:
[EEE 21 B 72 iK% AT 2008 4R
L 02000 4 2 4ERE O QIMG G 7 b LT_
T A, EWIEOFEBNEED S (H 1-2-3).
UL, Bz L BTEF T TR ) — A E O l:
INE L, TR =R L LTy FRICER
WT 7 IR =GR L DA TRET
HHZEEEERETS

ASRBROFEEE, Q3MG & EMLIM&@&MJ&
WETHZLIZLY, AHERIC LD Q3MG &
GRSIERAHETH Y, #E /1\’)<2i1‘]ﬂ, Q3MG
RO BN X0 FRYIR ORI
AZERPEBLNE IR T,

50 4
40 4

3 A

0 200 400 600 800 000 1280

Q3IMG contents
{my/ 100g of dry weight)

Fig.1-2-2. The frequency distribution of quercetin 3-
(6-malonylglucoside) (Q3M(G) content in the
offspring obtained by crossing ‘Kanadasansou-A
(Q3MG content: 607 mg/100 g DW) and
‘Tanakacushuw (Q3MG content: 599 mg/100 g
DW).

(2019)

1600
= 1400
[ LY

o, -
1000 o e R = 05986

o, ¥ *
800 LW H ‘-“ e L4
GO0 .

400 .

2009 Q3MG (mg/100g DW

0 200 400 600 800 1000 1200
2008 Q3MG (mg/100g DW)

Fig. 1-2-3. Correlation of @3MG content measived in
2009 and 2008 using the offspring obtained by
crossing Yonbaiseisow® andKokusou 21. Black
circles indicate seedlings obtained by crossing
Yonbaiseiso®' andKokusou 21, which were
sampled (n = 72} on September 4 in 2008 and
September 18 in 2009.
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1 EHE 1BV, 7IR O
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24w TJJ’.—?*L['M]’!CD ERENATRE CTH H Z L &
HANZ LTz, ZbOmAE L L, ZTITES
D HEO B ARG 7 TR S L, 1%{4;—5
% QMG EGRAEEL THI L EFHMEALLE
T, M XY EBEE T H RS kafﬁit.v%
Q3MG #EHEDE N 70 R R A R
L7=, 2 ZC, Z OB GRS & Rt ilkiE 4D,

1 kBB LUVERESE

RSSO AEE A B 1-8-1 {27 L 72, 2007
BITHRAE L 7 TR/ -V E o R lﬁuﬂ.'ﬁ‘
OFEREH &2, Q3MG & ut@l-u“‘[@”‘“‘k!; =
T, EFE 21 B RAEEITRE Lz, 1%
Lfn_—ﬁn;iﬂ.ii [:LLUT“ lJﬁ’%{)—‘)\}l«igﬁ . ﬁnraﬁﬁ‘;ﬁ‘:
Fea B BT R AR I o — 2 R 2
BAEE L, UR%E 2008 4F 1 H IS BRI SR
B —CHEAEN ORICEER Lo, ATERSE
TR TBIAE U 7o R AR A T, AR

T o7-. AR 4 Bz bni-zeifiged: 298 {F
% 5 ATENSE L Z -l L, &l

7o, EOth, Q3MG FEAIERICFAE 20 (Eik%
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Fig. 1-3-3.  Winter bud shape of ‘Souraku’.
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Fig. 1-3-4.  Leaf blade of ‘Souraku’ and ‘Ichinose’.

Fig. 1-3-5.  Flower and fruting of ‘Souralku’.
At flower, B: fruting
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Table 1-3-2. Bionomic characteristics.

Time of
; . . Regeneratio ceasing in  Rooting activit
Cultiver Tree: vigor  Branch: sprounting B & = Y Cold hardiness
n shoot in cutting
elongation
Souraku medium late medium early low medium
] . . : ; : weak to
Ichinose medium late medium medium medium to high ;
medium
g ; weak to weak to
Kokusou 21 medium medium ; late low .
medium medium
. Resistance to Resistance Resistance to  Plant: pluckin .
. Lodging o P € Leaf Time of
Cultiver ; Pseudomonas todwarf  Phyllactinia harvest for L
resistance ; : . ) 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 casy medium
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Fig. 1-3-9.
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Fig. 1-3-8. Trequency distribution of quercetin 3-(6-

malonylglucoside) (Q3MG) content in  the

offspring obtained by crossing Yonbaiseisow’ and
‘Kokusou 21,

Q3MG content (%)

Souraku Kokusou 21 Yonbaiseisou  Ichinose

Q3MG content in mulberry leaves
comparing with ‘Kokusou 21% as a reference
standard.* 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 mmlberry cultivar were as follows:
‘Souraky’, ‘Kokusou 21°, and Yonbaiseisou’' at the
Experiment Teld of Shimane Agricultural
Technology Center in 2008-2009 ‘Souraku,
“Kokusou 21, and ‘Yonbaiseisou’ at the Ichiyama,
Sakurae-cho, Gotsu in 2009-2010; ‘Souralk,
Kokusou 21, Yonbaiseisou’; Ichinose’ at the
Onulki, Sakuraecho, Gotsu in 2010-2012. The
same lowercase letters indicate no significant
difference assessing by Tukey's test (P < 0.05),
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Fig. 1-3-10.  Composition of flavonol glycosides in

mulberry leaves of 4 cultivars.
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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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o upper leaves(l andi-4)
T: Top segment

b middle [eaves(5-9)
5 : the youngest open leaf

lower leaves
(15,17.19,21,2%)

Group B Confrol
From outdoor  Before transfemed
to a greenhouse to a greenhouse

Fig. 2-1-2.  Sampling portions of mulberry trees. Nonropened 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 muiberry pots were harvested 22 days after transfer from the outdoors to the greenhouse (J uly
15). Control mulberry pots were harvested on June 23. The youngest opened leaf (with a leaf blade length > 5 em)
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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Fig. 2-1-3. Effect of solar radiation on flavonol and 1-
deoxynojirimyein confents in mulberry leaves. Al
Flavonol contents, B: 1-deoxynojivimycin contents.
The leaves were harvested on July 6, 2009. Average
flavonol and 1-deoxynojivimycin contents were
used to compare the three areas of the tree. Upper
leaves: segment T and leaf positions 1-4; middle
leaves: leaf positions 59 and lower leaves: leaf
positions 15, 17, 19, 21, and 23. Data are expressed
as means + SE (n = 3). Diffevent 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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Fig. 2-1-4. Effect of solar radiation on flavonol eontents in mulberry leaves after transferring outdoors. The leaves at
each leaf position of mulberry were harvested on 0, 1, 3, 5, 7, 9, 11, and 13 days after being fransferred 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.
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Fig. 2-1-5. Effect of poor solar radiation on flavonol and DNJ contents of mulberry leaves. A: Flavonol contents, Br1-
deoxynejirimycin 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 greenhotise on June 23.
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Fig. 2-1-6. Correlation between the amounts of

functional components and total hours of solayr
radiation. A!  Flavonol contents, 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
before leaf sampling, Data are expressed as
means = SE (n = 20)..

Table 2-1-1. Relative proportion of flavonol glyeosides,
Total hours . . . .
Date of Flavonol contents Relative proportions of flavonol glycosides(%6)
of sunshing”
measuremeint
(h) (mg/100gDW) Rutin  Isoquercitrin = Q3MG  Astragalin  K3MG

5/28 64 1,421 18 ) 58 3 16
6/08 40 1,348 17 5 58 3 16
6/18 73 1,678 14 4] 58 3 18
6/30 92 1,713 15 6 58 3 18
714 44 1,034 15 4 58 3 20
728 20 986 [5 4 60 3 18

“The total hours of solar radiation were caleulated 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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Table 2-2-1. Fertilization conditions of the four common cultured fields.

Applied fertilizer (kgfa)

Timing of
Fertilization N P,0, K,O Typeolfertilizer  Compost”

Ficld A D‘S’;_i’lf‘ - - . - 200
Fidy ~ December - 200

March

March ! 0.4 0.4 Chemical fertilizer
Field C June 0.6 0.24 0.24 Chemical fertilizer -

Total 1 0.4 0.4
Field D April LO5 0.49 6.56 Slow release fertilizer

* Swine manure was used as compost (containing N: 1.29%: P05t 1.64%: K=0: 1.3%).

Ohii#e%, 4 148, 6 H9H, TH2R® 3
EHEM LA, ¥/, 4 A 14 BioWmgEs,
e ) Ehen 187 0 P205:0.32 g, KO
Llg &ApBh K 2iciif L7z, 201047 F 26 A
WEIVENOFH 2 FOFERRED S bkt
FRNYED B TFRL 3 AL oMEE 24T LA L7z,

EHEAR: (AR B RISl

S {ZEBWTENR L=, 2010454 H 8 AT~/
P 1 54 Ll—lﬁ AL 150 em RS 50 cm CRERY
L7oth, — 7k mi-c 1 fERkE SR L

7o BEIEHE ]LCDLLP 3, A Ry 8 LT O0:
MEREAS, 1:6keg/10a, I1: 15 ke/10a, III: 30
kg/10a (B @ 4 KEREL, 20114, 2012
EICAAUEIK 2 RO T L7, mideld, 2011
FiE4H s H, 7TH15 AL, 20124347 9
H, 7821 RO Uiz, G20 i< BLmg i
TEGERE WS U R POs BLUOVKO & LT,
N 16 kg/10a, 18kg/l0a % 2011 ERB &I
X2012 4:@ 35 \JJ ”j L7, /' jnflé ?j;JJ\U\/\
HrHRELy BT 2011 4E 7 A 11 B, 10 H 4
H, 201287 H 9 H, 98 19 Az, [wia#
20117 HI2ZE, 10461, 201247 H 10
F, 9H 19 HIZENER 1 K 10 BiEFVTiT
o EEMEN B ROR R AR A -, RS
F I O A5 0 & Ao U7, BT
SPAD 502 chlorophyll meter TillE L7-. IL&:
WA, LR & oo L0177

$J’1 LI, DR A NER:, fRER Lok
%HRM&}N&{E“J;LL &x”ﬁf)\b%xf*&%b‘
"M' U7z ARETAE, IR L X 10 #
D, BFF 20 BROMEENCIR Lis. HEE IR
LERCH &R 2 fLoseeRBEED 5 1’3;&[&:‘%)””
VEEN D TR B MR TSR L Ay
L7z

2) TSR
HEOEMEAYIZIE 2 mm DSBWISEL
roBELA A R L7, pH, B LV EC g
HIA A A 2giik=1: 2.5 CHIE Lis. i3,
EEHIT CN =—4" { SUMIGRAPH NC-900
sumika chemical Analysis Service LTD Osaka,
Japan) THIE L. CEClZtEIIsZoia—
LA H TS, ARNE ) R LA
THE Lo, 2SR A3, B ) o adde s
SEREER, Ty AN e R T TR

THIE Lz,

3) YU TILERE S USRS fn#ﬁ
YT VIHEEE, 1R B LE
R Y ol
HERRR AR RS, IR A — IS A
ASTAHIET, FOMOR T RIRE 1M
HRRIZIAIE L, U i3S R U ST L,
Do BTSSR, AL Ads L e R
77 I AR R TR L=

ICHEU IS

63



uuﬁ-‘égr;\ i }}xflrﬁ/#wm%#’ﬁ =] -i' 46 F;:H (2019)

4) HEEEER D O

75 R /=B LU DN OFREHE 2 55 1
il i Clo T T2,

7 o a A RO TE T Waters 4880 HPLC,
Alliance Separatios Module 2695, i ) #&
Photodiode Array Detector 2996, 20 F-HIYEICEE
2 73010 (By1), #F 4 wakosil-II 5C18 RS

{250 x 4.6 mm) (FHigk) ZAWTITo7

7o AU T MREE 40°C, BEIEIC 0.1%

X (FHZATAY) @ 20072 h=1H1
AV, FE 1 mlmin, #RiEHERE  280nm @
el L7, BERESL &7 v a4 LRGSR
MBIEA LT

5) HERHLE
BT, BN U T T o7

2 BRPLUER
1) IRHEAE

Mo bsE sk 2-2-2 (IR L7, pH
D B (BR) o TR, C il Ok
{/f() f-"ﬁﬁ.ﬁﬁléﬁ \—lL’\"mﬂ\:"@lé}ﬁ“Of_. TCEBLUT
NiZAME (KE), CMlE Gk TE<, B
Mg (B, D B (B dHEd-7. CN
e S omiE Y 11~17 O T - 7205,
A (RE) AMbE L v iE< 14~17 OfE
wm L=, CEC, sSMERS- A3 AME  OK
B), CHHE Ckk) 25 B (B, D B
(BRE) (C~SEhorz. HOMEY BN A [
B ORE) b, C I O ANk
Bt A (KE) & CHE Okik) {2
s, Bl BEE) & DELE (BFE) BTC,
TN & HiTiES, XhiZBM%E (8, D’k
(BFF) 13 CEC, AR~ A biENZ &S
JRAEAS - TWA 2 B, & HiZiLd]l|

OFIETH D A S CRKE) & BEME (B
W) oRRLoEE, A S CKE) AMEE

WK LG 2 & Te g i A0l L, B
[ (FE7) 1HRBAIE &2 0 R a2 &R
95 &b,

AR A RS D IE S DA E A 3R 2-2-3
(o, MR RS A # 224 R LT, &
M OIEPEFEOMRE T 3.26~4.14%DHIH T

TSR Lo TR o205, AR (KB
AMBBHEH TR S, BB (5E),

D Wi (&R PEEICE - Fiz, VB
JU SR A B S () AMEC
HgEIE L, YL, HATTAT AR
i (kE) A D@ (B, CHlE Okik) 2
trrsigicE <, DI (BRE) (B
TEIED T2, 7 7O~ RS2 g O ERGH
T 4%NHE TH D, TIUTEE, FHERILG 0):—3‘;;
FET AELE  ORED #BREEOEREIC

7o, BHIHAMEV B BE (), D WY (LM
B OZEEEERIT 3.21%B L 3.26%THY, R
RWMBRZEIRTH T B2 DND.

—J5, ML OIS ERY, s an s UiEE
i, 7 IR — & HIZEREM OB N S o
=73, & oal S HE 879~1070 mg/100 g
DW Ol <, DG (887) 25 C |l Ckik),
A (OKE) Ch~FRICELS, 798/ —
AERTE 1122~1374 mg/100 g DW Oifitifl| T,
D g (B AABSE (CKE), BEY F
) e IR o T ERIZH L DN &
B A BE GRE) 2 biE<, DR (86,

B s (RERD AMERWE% /?“L!?‘I"-’ﬂ WL AR
Epoln DTROES BT K D EEEDEE

BRI, Y aal g 7R — IO
HEN 1.2 THY, LRV DNI & 16128 &8
Fofo. ZNET, HEREMER ST, TRERHY,
HERIZL D RE A EPRESNTWD
7 (Constantinides + Fownes, 1994 ; Hu b,
2013 ; Kimura &, 2007 ; Nakanishi &, 2011 ;
Yatsunami 5, 2008), VWL h FOZETEfE &
KEV, T BITHA, AR COMERERER Y &
BOMEMZED NS ot T &b, — s
B~ LMD ZEC LD ,V#EE’ :kLl:
it & 2 BT, TR ERR IR i
SRS A RO BEHRIZ VT, HLHEIS 4 ’ﬁﬁifJT’d
ST O E AR RS R R 2-2-6 (I
U7, DNJ Gt s E8E o R oMb
B, FERERIT 0.60 Thoto, BHEEIIXS
e AR b R WA AT L
Feis, 7T - VEIRIR LT 0.14 LR
1RETED T, i, 7 aa S AEEEB ST
DNJ &L ay g Aozt
0.44, 047 OHEDFEDH L. —K, w71y



il

1T REORSEEVERL 4y

S A rz
2y WL

RO AT DB

Table2-2-2.  Chemical properties in each soil layer of the four common cultured felds,

£ IE R kS L N SLTRO R - R

N 5

s

Cation exchanger ;l\vaillablc?

Soil  Depth  pH Fey  TotalC  Total N C/NY ratio  CECY (me/100 &) ’ wifi(]m

Field layer- {cm) (H,Q)  (mS/emy) (%) (%) (%) (me/t00 g} a0 MgO K.0 (mg/100g)
1 (-6 59 0.08 4.55 G.3 15 19.5 265 51 52 16
A 2 06-24 6 0.06 2.64 6.19 14 5.2 209 44 15 26
3 24-48 6.4 0.02 0.34 0.02 17 54 67 18 15 Q
| 0-18 6.1 0.1 0.8 0.07 11 73 89 33 29 48
? 2 18-32 6.4 0.05 0.4 0.03 13 6 80 24 14 17
! 0-14 3.6 0.05 1.32 0.11 12 11.1 128 20 17 4]
C 2 14-33 4.1 (.21 0.7 0.06 12 9.7 49 9 26 45
3 33- 38 0.22 046 0.04 2 8.1 18 2 28 19
| 0-14 7 0.21 293 (.28 i 16.4 563 33 75 7
P 2 14-33 7 0.07 0.63 0.06 Ll 10.5 195 19 53 76

“Layer 1 = upper layer; layer 2 = middle layer; layer 3 = lower layer. VEC = electro-conduetivity. *C/N = carbon/nitre
ratio, which was caleulated by dividing the total carbon by the total nitrogen applications. * CEC = cation exche

capacity

Table 2-2-3.  Mineral elements in nudberry leaves from the four commeon cultured fields*

Field N (%) P (%) K (%} Ca (%) Mg (%)
A 4.14=0.28 2 041£0.05 b 2.95+£0.14 a 2.02£0.24 a 0.23+0.04 b
B 331024 b 0.56+0.10 a 2.80+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+£021 ¢ 118019 ¢ 0.22+0.03 b
D 3.40+£0.36 b 0.42+008 b 2,66+0.36 be 1.78:0.32 b 0.20+£0.02 b

*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).
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Table 2-2-4. Functional components in mulberry
leaves from the four common cultured fields?

Chlorogenic acid Flaveonol DNI
Field (mg/100 gDW) (mg/100 gDW) (mg/l00 gDW)

A 879+ 20 b 1374 £ 40 a 1806 a
B 995 42 ab 1318+ 5% a 1285 od
C 1070466 a 1122+ 48 b 1M1+£7d
b 897 %36 b 1287 + 34 ab 148+ 4 be

* Two leaveswhich 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 Feld A and D, n=10in Field
B and ). The same lowercase letters indicate no
significant difference (P < 0.05)..

i3, 7 e Ve EE FOEmERL, =
ERNEEAL L R BIEE T TR ) -V E R
fpntol, FOEITLOBEEET. —F
DNJ &, smas g 778 -8Ry,
EHRMIEENS L 2AF LR a7 £DEIT
2.8 AT L, AR CIHEE U /o BsRE R  i
L& ol TS D T RE I EHEO
ENELREL, srrdofg L7 7IR
J—: 1.84% DNJ: 2.1{ZThot=. Ry b
SERCITEREROMINE LT TR L
A L7228, AR ORISR L 7
FIR ) — AR OMHBERERD BhviahoTs (:.& 2-
2-5). i, Ry ?‘ﬁrk ShCORERE RS
1.44~4.19% Th o> ootz L, SR T
3.26~4.14% & FOMIAI S S0l ZE D
SRS HIRE T B LB X b, TR
b, AR CHER S ZIRE & IRIEE O KM
RWTEIRRTIETZ R/ —VEREORHEZE
APV ERHBENE LAY, B TR b
A OB E SRS RO (3.26~4.14%)
TIL, 7R/ —VERICRE R 52720

J:“%‘x., Hive, Ry FRBROFE THIALIR
12, MR A e < fcn%f) T T IR =
&1 0) KEzEd k& < v i o<
Fpote, IR TOIERERE RO, 0=
Y — B B SR A T IE N R OB N E W
73, BN RS OB AEE D B
ol E N, DL &b, BEPEEREMERL
AE R ROBEBERIZTH LN
B 20, BEHPoy ol g 778/
— VA DN X R ML Z Rk E R Bﬂ
z LS, 7 DNJ oo iT E s imeG:
g L EITH D EEZ BRI
HENYE S TP OBRREMER A OB BT TR
NI S E Ae o T8, EBJ Bk Te v OBSRENERSY
DAEBEL B HER T T I W-E*'CDL& =Tl
LRSS, T, ,ry FERER ORGSR B 1
FrdnTo 0 OESHET Hkﬁii%iﬁ‘%‘l‘bt (3 2-2-6).
1 fkdpis D OARERE, SRR LR
IKEEHZNV Dﬁ\ I~TV KIS R
Mofz TERT ;t;itfi@%f 1A% 1.44% &4
T EMBEERZIT L DEBRED, VBT ida
B4 UG H—E irc%&ﬂ; LR &
BHALHHETS JLOVEHEDS, %néﬂllﬁf‘i{ﬂ?@ﬁ
F&#&z bz, 1T 0 OBHEMR S G,
A e b TR R R A E RS L UK E L
(1:74%, IL75%, III~V:76%) H»&HHEH L.
7 aa s AERO—ikH T AT EE T ETHRY
B ATy, IR =T IIX, DNJ I
K CENFIR b BVMEETR Ui, —Hb 7 D
et 4 B WU R R FEl & SR, £
Fhoae SN 2.6, 7IR —vi 2.0
% DNJ 25 42 5L izofe, vuni gkl
T TR 7 — /L DHER RSy E i, SRR I
D ARG T < IR D Te ), ﬂl] anTo V) 03{*&
BetR AR R R A T < T A To I & RS
D/3F A EE R B EET T D Eﬁ\&)

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

N P K Ca Mg

Chlorogenic acid 0.4 gtk 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

2] eaves (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 flmetional component levels in mulberry leaves relative to the amount of nitroger: applied to
poited plants. ~ A: Nitrogen, B: Chlorogenic acid, C: Flavonol, and D; DNI. Amounts of applied ammonium sulfate
per culturing pot on April 14, June 9, and July 2: Group 1=1 g, Group IV =2.5 g, Group [l = § 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

na significant difference (P < 0.03).

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

Functional components”

Fresh leal {mg/stock}

Nitrogen yield Chlorogenic

treatment (wstoek) acid Flavonol DNJ
l 170+ 10 b 503 764 25
I 287+ 18 a 479 949 83
[11 39+ 17 a 397 934 {06
v 285+ 13 @ 30 777 101
\Y% 188+ 15 b 193 469 73

* Amount of applied ammonium sulfate per culturing pot on
April 14, lune 9, and July 2 : Group [ =1 g Group IV =25
&, Group Ul =3 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,
weie spmpled. Data are expressed as means £ SE (n=8). The
same lowercase fetters indicate no sigmificant difference (P <
0,05), ¥ The functional component amounts per fre¢ were
calculated based on fresh leal weight, functional component
amount, and water content in [eaves (I: 74%, 11: 75%, and HI—
V: 76%).
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Table2-2-7. Effects of applied nitrogen amounts on the
appearance and yields of mulberry trees.”

Harvesting  Nitrogen Longest Yields

Sea500 treatment  branch (em) (gfstock} Leaf color®
2011
0 1862 a 1659%65 a 38.0x05 a

I 186£2 a [688x73 a 38004 a

Summer

Il 1893 a 172489 a 37.8x07 a

HI 1853 a 163776 a 37305 a

(6] 1864 a 1785110 a 36604 ¢

[ 190£5 a 1884+ 113 a 374+£05 be
Autumn

11 189+4 a 1856103 a 389204 ab

1l 18843 2 1884111 a 393£03 a

2012

0 1824 a 1900x83 a 31.8%035 b

I 1813 a 1862101 a 33.1£04 ab
Summer

Il 188+3 a 1966+ 108 a 33.8x03 a

I 1843 5 2000+ 120 a 345£04 a

O 193&4 b 1468467 a 364£05 a

[ 2003 ab 151791 a 37.5x04 a
Autumn

I 200£2 a 1574279 a 36704 a

1t 207+£2 a 1522% 7t a 37.7x03 a

% Four experimental groups were formed based on the amount of
applied ammonium sulfate, which provides nitrogen: O: 0 kg, 1: 6
ke, 1I: 15 ke, and HI: 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
evatuated using a SPAD 502 chlorophyll meter.
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Fig. 2-2-2.  Effects of applied nitrogen amounts on the nitrogen content and functional componenis of mulberry leaves in
experimental fields. A: Nitrogen content, B: Chlorogenic acid, C: Flavonal, 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, [E: 15 kg, and 111: 30
kg per 1000 m2. The youngest opened leaves with completely opened leaflets, and the subsequent two leaves of two branches
with moderate growith, were sampled from each stock, Data are expressed as means = SE (n=20). Significant differences are
indicated by different lowercase letters (P < 0.03) in the same harvesting season.
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Fig. 3-1-F.  Total heurs 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 lemperature between 1981 and 2010
and the average hours of solar radiation between 1987 and
2010. The values for a period of {4 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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Fig.3-1-2,  Seasonal changes in functional component contents
in mulberry leaves.”  A: Flavonol, B: Chlorogenic acid, C:
DNJ. * 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)..
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Table 3-1-1.  Comelation coefficients between functional
compenent contents in mulberry leaves and total hours of
solar radiation or total temperature for 14 days before
sampling*

Correlation coefficient

Total hours of
. Total temperalure
solar radiation
Flavonol 0.59"Y -0.517
Chlorogenic acid 0.33 069"
DNJ 0.03 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).
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Table 3-1-2.  Mulberry tree growth and leaf'vield at harvest,
Longest shoot  Shoot length Int
Datcof Lo sIoo S e Leaflengh  Leafwidth nierode
length without leaves” length
measurement
(cm} (ciy) {cm) (cmy)
Twice-harvested 7415 203 £ 3 48 % 1 231 % 0.3 18.3 £ 0.2 41 + 0.1
group 10/26 88 + 2 48 £ 4 220 £ 0.3 187 £ 0.3 39 4+ 0.}
Onee-harvested 10/26 341+ 6 1S9 = 4 225 £ 03 179 £ 03 29 % 00
group
. . ' Leafstem Leafyield
Date of Shoot” weight ~ Stem weight Leafyeild® ! e
atio per year
measurement
(kgfstock) (kgfstock) (kgfstock) (%a) (kgfstock)
Twice-harvested 7/15 1.84 + 0.07 0.58 = 0.01 1.26 68.5 517
group 10/26 124 + 0.05 033 % 0.0] 0.91 733 o
Once-harvested 1026 194 + 0.3 080 + 0.04 14 58.6 .14
group

“ Sheot length was measured without leaves afler 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 caleulated by subtracting
the stem weight without leaves from the total shoot weight with leaves.
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Fig. 3-1-3.  Functional component contents in mulberry leaves per shoot at harvest?  A: Flavonols, B; Chlorogenic acid, C:
DN Because the finctional compenent contents of mulberry [eaves differ depending on the position of the lezf] all the
leaves of each shoot were used to determine its functional component contents. Al the leaves on the longest shoat of each
stock were sampled to evaluate the fimetional compenent contents in bulk. Different letters indicate statistically significant

differences (P <0.01; Tukey’s test).

75



AR SR 5 — T S

B < Ao T, 2RISR D 7T ADEEE 1
ICREK L ERREE & An o7 (% 8-1-3-B) . T Dk
FHEITHR L 1 BBHIZY 07 TR -k
LU ma SRS, 2 ENEROEED
[EURER 2 e F 2T 1.7 4%, 22154 < o
= (3 3-1-3). —75, DNJ &EiF 1 EIHEKA
BHEWNEZTR LS (83-1-3-C). LEHZD D
DNJ FiE 2 LK D-EE)S 438 mg 2k L,

1 [EFERES 78 me & 1 [EISCRER -Gl Lz (38
3-1-3).

2 TYEDILT 1 B[RS 2 [ENREK D
Sy EFRD, RS D OBSRRMERG T B T
9 EMNHEBCTE L faoto 2 & D, 7 DIEOQINE
P2 Ca < MRetE R o OARPE R Z RV T 1 [E
A E 0 2 JElEAS BT L S B b Ao T,
BHZ Z OB, R L AEEF RO T b
Z, 1 EUAERC L DRI, DNJ (2
FBWTHE Ch o7z, 2 BT L 5 hiitifiio
B 7 A UEEE TR b, Y
P72 TR Ry OB B F OmP L D
2 EIRFEARWEEZ b,

LLEORSREN G, 1 I OSE, BEeiiRsy
BENENE AR DI, 758/ -,
s e 9 A TTRBEBKIREMES £ H -
&g ToiE, DNJ IIRIASR < 72D 8 AT
FREMITHY, EHIT, ZO 32O T T
F R < T A 7o OGRS 8 A &k
HionZ AR LW EF 2 B, Eiz, 2EIY
FERAT 5 HAE, IR B 7 VIEOME D
ERL, MIRTE RN TA~8 H LAET
17 1 [EH E WA 2, 0t 2 [BIH OIRFEA 9

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

0546 & (2019)
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Date of Flavonol {img) Clorogenic acid {mg) DNJ (mg)
measurement  Ope time Total One time Total One time  Total
Twice-harvested s 3979 1938 3z
] 8700 4096 438
goup 10/26 4721 2158 86
Once-harvested
10/26 5203 5203 1839 1839 78 78

group

2 To evaluate the amount of functional components in the field, we measured the total amount of fnctional components per
stock. The total amount of functional compenents per stock was calculated from the functional component contents in total
leaves per shoot, leaf vield per stock, and average water content (70%) in leaves
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Summary

The benefits of functional components of mulberry (Morus a/ba 1..) 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) (Q3M@G), astragalin, quercetin 3-(6-acetylglucoside) (Q3A®), and kaempferol 3-(6-
malonyl glucoside) (KSMG). 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. Q3MG was the most abundantly contained flavonol in many of the cultivars,
although it was not contained at all in some cxbltivars. QBAG was found only in ‘Keguwa’, Study of
the mode of genetic inheritance and the content of @3MG in crossbred offspring showed that malonyl
transferase, an enzyme involved in the synthesis of @3MG, 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 crosshreeding was effective.

Then, crossbreeding was conducted using ‘Yonbaiseisou (tetraploid) as a seedling parent and
‘Kokusou 21(diploidy 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 DNJ level
became slightly lower, suggesting that the impact of solar radiation is great on flavonols, but 1s 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



21112 7D BEOREREVERE 73 & Hkde i D720 OO BEE BB L ONl Ik S R334 R B A e

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 flavonoels, 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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