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< O F ¥ (Pyrus spp.) v 1L HZE A& MEF D,
EH T, BMEZELRESMERELEEO DI
M RniTbh TWwWsd . FrAEEREIT, NTLZHI
Etwmer#EST 2 -1, ALOMB T %
WL R, BERHEIRICEIZ L 095 0B nn s (H
2018b) 7=, EHm AW AL ALZHICHBELTW
EH DL Z W, miE S (2018a) o EIC K D L, =
+ ¥ (P. pyrifolia Nakai) £ pE & O ¥ ¥ UL E N K
miEHmAEANLZBHBICHEHBL WD, AR
EH EML M IT -8R AR ETIZEALLEHRBELTE
(R R EWHS, 2016), WH 2 6 O ALK 2 H
%G 0vwo RnBE R THD.

— T, mAfEh ot ETEEREFESEOZE(IC LD,
filbfg D AR EICR D N DH. 2010 F %, FENM
FriEmomHERRLAERZD, FUEMTEEKBEAR
LA XD RAEL A AE T 2O R R FEH=,2016). 0 2 T,
i AL 28N LEEN~0OBRRERAY 27 NEF -
TWd. ¥y A4 70— TiE, WAL S R AL L
EE NS FxF U AT =Y X 9 (Pseudomonas
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m oF 3J -

syringae pv. actinidiae) ©® i 7 £ ¥ (Psa3) N EWN T
FAE L, B oOoMER LI EMICRKET RITE 2 5 2
7 (EBHES, 2015). £ 72, 2015 12 =& ¥ F v %
T 5% H CTH D KEW (Erwinia amylovora) O % /£
N EEAN THRBIRLEZEICHEY, &E»5 0D
O W A S B R 4E R S e (B M W B E BT, 2015). F



v 4t
1% 9
Zh
i A
ERS!

( T

7
i
5
1t

W %

=g

1996 ;

By A

oS "
= o
S

oo ¥

%

A
[8Y

rﬁg&

=F

%

oy
=

PN
2%

il

it ¥
By 7

S
N
*ﬁj\

o A

7=

AR

,1996)

e

Jigg

A

73

F

Ve

¥ & &
5,

R AN ThbrPEHIZEN TS,
ET L AN N AE IR T D A RE N B D

3 5 =
E B
w17 L

)

= =R E O R

E
W [H E ML B o E AR H
<

F v Ak Bz

5, 1999) O
EPEE I O W TIT B

L T

PR (T

A PE IR

=
O
-\,
[BY

v

\z

ARG

B
m A Ak
LR
fE %
1y 1z At

=
<

b 5

SRR

%o B O

VA e

RPN G

o B R E R AT

vj‘
0 e ik

\:/
™

1986; Ito

&

5,

W o,

naos Yy -,

D

BE DO =D

vy

A # AT b T E

b

+
L
i
D
k=
n

&

B A

&

(Y

s &% o8

RS AR AN
Yo R B EE DO S b
(R EH =,
E AN THEET D7D IE,

15% ~ 29%

2016), *

0 BT B AT

Mo T = Iy
o TR A A B2
ESH w T ® owm
E O S - SEPAVEES BN (-
S g B AN T
= & b
S W RF

QL

e S
¥
N
o

&N T

T W ok & A o A

, e E R
B0 ke &2 M v 7 JE B B OB E

1982; ff # o

Dok

0%,
T A
ik

< o
g B o o B
W H S

N
S

W

LR
i B

R oF i
i
4 8 ¥ & A

AR gV
oz X

1985

2000) Z & A X LT WD AR



IhbL oM KR EFGADSELICERIETEEICO VT
OPREIITbLbhh TR, £/, EHREFDGAO—
BEThr 7P FokBBIX, =& F o itH %
B b (KEH - =3 (2008); K
g6, 2014) Z &b, dE
Th HEEIOLNDLDND, FFL

A, 2010; B KRB, 2013;
= U I 1 W I T S =] e 1=
T & iz o T W i

e REMIZE W T, f£h o3 FalEERICITEEBR=
PE2S | W AT — ¥V BN AfFE AT 5 (Satake, 1991; Yamamori
5, 2021 ; Barton b, 2014 ; Tranel 5, 2009 ; Ohnishi
5, 2010 ; Clarke + Siddique, 2004 ; Wood &, 2006 ;
Shaked » , 2004). 7 v 2 B W\ T b, i &=
ft ¥ o % AT = VBN HFEET DHEEZ LN, FEL
WZEEHLE NIRRT K2, v
ek o EF AT — VKRR
SR E A E R AE SR T Wy
BAT — YR, KIEIICH W&

L, EBm o EREREEF O U R 7 E

m

B OB B R

¥ T OBE S
B 4 ¥ @ B
S & o W B’
s ~ ¥ FE =
Hoa NS Bk XM
W oo & @ M
kaa N T T F
8 s O I
S o E T T
5 A A B
f{
o

wHEWmzx 522 Lo T
LT, ft%%mHE DA
EEmH A O - Th D=
— M, B8 LEEY LS

O EMICWE TE, FELE S TH DI T = A4 T,

(o
Ty O M
o
~ H
95 | i
;¥
- &
=
RS
S
NJRN
' S
ot
B
(\va

% FfH % 4+ %5 (Kawahara &, 2017). =2 —
E— kMY o E kY, X D E Z W T
H AN, F U mITK T A EE TS »

I}

"~



Iz 72

> T W 72

AW JE T F

H HY
B &L
SN0
& ¥
(AT

E it

iz, fE B
& & %’ W
DI F I
f& F 4

NN )

A
, T v it
B %
i, fH
e 8112 K
N
B R D 4
A T

|

¥ o %)
o
W ok &
(ERRCS 7
,
Iz D

5

No
i
o2t

I

ST

el

A

PE
i N
Hi D
Az
L,
<&

fhr
il
{E

H + =

Pl

D fifE L

D H BF

# A
w2 7
% {6 ¥
L 7.

o

S |

b



NS 9

Ot

™

X

WoE o E O W

# 5

Wt 2 BT T 2120, KB ITHEYURIHERE
F LT REXRZPEI 2R RBE:Z SRSV
OO R BE, MR BER, & NI I A
wmXEAE TCIREE A Y ELEEmEER T H R,
— 6 B R b NI WP OIE S OME H R IR A TR H
ETFE T
R o R B L O XLoFERICSH D % NN 7
T e o ERERESEINNEE X — R
BHE ANBFEMOEE 2 kD [l H 4 EAARE o &
(LR - PR B PR o = EJ KB EAT O T H
% < O E E VW R R BB ZE M
Wz L, R0 FEHE MR M B o R s W
< W < B AN A U A ol 1 =1 RS RO = i = N N/ S A
E T FE T
o —Wix, EXEEXY — A ) N — v a3 v
5 b WF 7 #E it F ¥ (JPJ007097) o — B & L T &
F L2, MFEEEE O BRI ELUHHERE
a2y Y =7 AHEBAEOFRICESHLE L L
7.



A

£

I

vy

4 % &
o or <

il

1

=z
=

i

D

S

il

o

™

=

A
N N

I
i

|

NN

oA 3 o

2018 ;

THERBIEZS D D I

a2 m < M Ry e B
s Tl T ol EGEMAMELE R o T D
z H W

Al

B ¥ 013,
o

S

D

NN Y

B b,

(B A RBMNES

AN
N

2018b) .

< B of o iR L LT,

5

~
)

b

(Y

=

g

73

>
=

=

o

- o [

A kA

i}

o

H o

%)
i
]

o

73

L,

& D B
D T
D 1k

AN

~+

7 v
(A -

% 3 %

\

i

|7

¥y
it % (%8
CRE R

Yavawd

e

D

ES

2012) .

S
%)
73
%

1

7=,
H iz X » T 9% @ A&
=A1E ¥ FE kx5 =

i

£

fir

o O Fx &K

ThDH LN

il
Vi

N

N
=

a]

N D 5

B
=

J?D

i
)

—(:\
y

{E

_g—

D

=

—

>

D I

T L,

Z i L X U

M,

T
=

=]

2016) ,

i

A

%
EIN

™

e

{E

46

oy e

&
w9 ¥

A o
S o E
NORY A

73

£ 5 &
R %
1B % %
A ¥ bt
Vo

™

RE

f

N

S
Iy

of
&

S ORE

=

(Y

o

o

it

S & o«
o dn = 5

Y

-
7]
H
Bk

i3

A

oY

<



»r
3 A

o oA o K&
oF ¢ v

<t

%

RS N e

58
18
#

= o

Al

DY

<
b

WCL, B 2 m BB E oK &S Y

AT CoOfFE%ZFMF 5 3mll Eof
7O S KRS TRM S T O(F
B R g L. £, M

K #m Y a4 bt T, K8 &

OBt T (F 2K) o 3 #F
o A L, 88 B OHIC 8 Ao
3 E, 5 E B XV TH
L 3 H, 5 HE B X 7 H N
FHR L, EH 8 IE S En R
WU e fEE B BRI A2 B 5

% &

e & (H

) Tz
iz L X



|

AEFP 27 Hi 0] JEFH IR 2]

AT =NV AT —V

fE2F ~ 3] 5
AT =V AT =

o1 =Ky F T “EAK BT DHEFEOREFT XA T — U



Mtz C

B a1 > MESLT

AR R LR AN T

7 S 4m

2 X PRI il e

SO N AN | 7




2 MR B LUV A E

1) EEHMEMICEY 4 & B O & &

(1) R OEVCHEMEDREEDRIZIRE T E£E
ROBR X 2018 I KM L. B ERAMMBAEESHE
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%@ B P EPH?:EB %ﬁ% e gﬁ‘MﬁlJ)r B Efiiérs %Hf;irs LEss
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(@%011;3 H) Bty a A > b 69.1 15.7 28.5 37.8 0.5 0.0 0.0 0.2
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T B T
£ B Ry 1 NS
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ETH#% ] (50 ppm) 2017 4/14 SEA(324E4E) 101 50
ETHE (100 PP 108 100 .
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2020 3127 FA(35
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w9 K =k v F Y HEH BT LEZIYNL U AEDS
BB E H A E N H M E, MAEFSEEEEB X OIEH K F
R K FT T E (2016~2017 )

i I o
PBZ 50.7 44.3 57.1
2016 e SIUER 56.1 28.0 59.3
thf 222 NS * NS
PBZ1[H] 86.1 37.5 51.2
2017 PBZ2x] 83.9 40.3 48.0
HEALER 75.0 39.6 48.5
— el S NS NS NS
VANV 48.7 64.1 77.0
2016 I AILER 56.1 45.8 73.9
i e NS NS NS
#I )V R 63.0 59.4 46.7
2017 e UL 775 33.8 50.4
R E NS ok NS

DA RE CTEFIET 1L %, *IT S%KETHEED D, NSII
8 £7% L

Y — T RESE SN T NSITAEERL (p=0.05)
HAICB T D5 ME LB, A EHBBEER (n=3)
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(2)F —F P UOHFHBILBAREFEFEES &K UEHH
FERICREFT EE

2016 F O NAA LB X THMHE»AZIZHAS L L
OO, FHHAAEEZFEEREEL LB EEE S T,
3N HFE TR A EEZFTRLAZRL - 72 (F 10 #£).

()Y A bPH AV HEERFLEBARFEESLS &KV
MEFERIZCRET EE
mHEAEFEERIZONWT, BE® Y a A bM<

Bo BA % H X
fin @ A X [H IZ

B wm Y oa A4 b

MR I EBICELL s 00,
AL R o 2 B R A R IT, K
AVAR G | G = G - I S G VAR NI & VAR G i
K Xv b A ERCHEMLE., THE

[6) DWW THE, ABEKXMEIZAHEE R EIR
B o hie »ol (F 11 ).

HF oo A
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e
=
&
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&
=
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=F
s
5
M
%
F:

(HITFLUHKEFHADLBAREFBEE S & VT HHF
RIZREFT EE

2017 4 ETH #% W X 50 B8 £ Y 100 ppm X B L O* 2020
£ o ETH ®i # 50 ppm X T, AL H KX X 0 & #H M 1L F
EAEAERAFARICHEMULLEZ., M EB XD FFEC
DWW TIE, AEXBIZAEREFTRLLLR D o (5
12 & ).
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o110 # =Rk F Y CHE BT S A — X T
PEAILE N T E, BRAIEFEEEEREEBE X OB X EERIC
X IF T 22 (2016, 2017 B L O 2019 4 )

R AR ﬁiﬁ% gﬁ%ﬁb(f/};) %%;EQ%)
NAA 58.1 56.6 62.6
2016 A AL 72.4 47.4 64.0
thf e * NS NS
NAA1[a] 76.5 35.4 51.4
2017 NAA2[] 49.9 38.4 49.0
pilians: 73.2 48.8 41.5
— e B NS NS NS
NAA 62.0 18.4 34.2
2019 AL 62.9 15.1 35.3
thiE NS NS NS

DUHURE THIE S%KETHEZSD, NSITAHEEZERL
Y — TR BEASEB SN T NSITAEERL (p=0.05)
BT D R AE X, A AL W®%EM (n=3)
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HILEk =xrF v HBEICBTLHFA NI A=
BETE PE A AL CER 2% AT RS R, MEAE 3R R R, BIR R E R B

LM BEERICKEREFT T 22 (2018 4)
Sl i S Uy T = = TA N7AN
I ERX ﬁ;ﬁf gﬁ%ﬁ) %i@(%) %;Eg(%)
BARITH (k=) 60.6 34.1 2@ 300 ab 52.9
BATRH (IE# =) 78.0 14.3 b 51.7 a 63.9
HEALER (A1) 71.7 28.0 ab 23.3 b 51.6
2018 — el E S AT NS * * NS
BARITH (32A) 45.4 35.7 29.7 a -
BA%H (LK) 46.6 30.1 116  ab -
HEALER (ST A) 36.3 27.8 1.5 b -
— JCBLE S B AT NS NS ok -

z2) Tukey-HSD B & T [A it 5l © B 5 B M & 5 %K %# TFH
HEDDDY

Vo~ TR E S BN TR L %, *iE 5 %Kk HETAHE &
H VW, NSITHEE®L

HAEKCBT 2K LA T, ALEHRKER (n=3)
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o112 &

=k v F v CH W

S A = F L v R IR M
Ao E N T E, WA FEFEEERE X O H K FE R

M

NS

9+ 2 (2017~2020 4 )
PR AL 3E 18
ie L e
FE ARX (cm)  EER)  HEIER®)
ETHATH! (25 ppm) 70.8 384 ap? 47.8
ETH#% 1 (50 ppm) 71.9 480 a 54.9
2017 ETH#%H1 (100 ppm) 84.5 452 a 49.6
.. mns oo 338 b . %06
— JCELE AT NS * NS
ETHATH (50 ppm) 60.8 40.8 62.4
2018 ETH#%1] (100 ppm) 69.1 41.8 61.2
F il 83.5 30.5 66.7
—SERLE A BT NS NS NS
ETHATH (50 ppm) 54.2 23.0 67.8
2019 ETH#%H1 (100 ppm) 57.5 23.9 61.8
- pniil 62.3 22,6 63.6
*mﬁa%/\ﬁiﬁ THT NS NS NS
ETHATH (50 ppm) 82.6 412 a 67.8
2020 ETH#%H1 (100 ppm) 65.4 328 ab 61.8
- T 676 235 b 636
— Il E S R BT NS * NS
) Tukey-HSD # & T R ft ¥ & % & 5 Wi 5 %K ¥ TFH
B A2 bV
Y — TR ESBSN THIL 5 %YKETHEEDL
T A B = 72 L
B A2 BT DM R AL B i1 8 1% £ i (n=3)
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2) Y 7 F FRLEBEBNR=-ZKRDFTDOREERDREHS & U
TMEFRIZIRIEFT EE

i “F B Ick LA REEERRE A IO W
T, 2017 F 3L HEXMIZIAEBEETRLN 2o (F
3K ). 2018 A ix, 3/29 B 4/1 42 »1F T DVI 2.3 XK T
mEALAHEX IV b AEECEHES o (F 4K). 2019

1

i

X, 4/3 12 DVI 1.5 KX X " DVI 2.1 K T, 4/5i2 DVI
ISR T, EB#LHEX IV EBAFEBEECE R 72(H 5K).
2020 0%, 3/23 6 3/30 1 M F C, DVI 1.7 X T #
HX I b AaEICES R (F 6 ).

KB & 2 a 4 v A THIZ B T D B EBRBIEE E
DWW T, 2019 4F o “FH 2T W TIL, 4/6 056 4/9
W T, DVI 1.5 X8 X O DVI 2.1 X [T 8 & 3 X X
W H, DVI 1.5 XX DVI 2.1 K X v & HEICEL -

7= (% 7K ). 2019 %F o ‘K E’ TIiX, 4/5 8B L O 4/6

=
P

DVI 2.1 X T, 4/7i 1 DVI 1.58 X O 2.1 K T,
X I b A EICELS o7 (F 8KM). 2019 4
‘AT TIX, 4/3 1B W T, DVI1.5 K THEMLH K
D b ABICELS 2o (F 9K). 2022 F o ° H #°
X, 4/2, 4/3 B X O 4/6 128 W T, DVI 1.7 XK % & &
I b AEBFICEHELS > Z(E 10 X).2022 F 0 M
T, 41 B 4/3 8 T, DVI 1.7 X L
v v A BEICEHELS > (B 11XK). 2022 F 0 °#H
T, 4/1 B L W 4/212 8 W T, DVI 1.7 K T & QL
TV b ABICEHLS R o7 (H 12K).
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4 il

T “HET kT DT I RN
VEFIEE R DB AT LT T A (2018)
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ok B H 2 5 tHRE T, X1 %, *IX 5 %K % T
HXMBIZCAHAEZ®D, NSITAHEZERL
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* WA ICHB T D tHmE T, **F 1 %, *X 5 %KHET
HXMBIZCAHAEZ®D, NSITAHEZERL

oo fE B 1L SE & R ¥

Al B UM LEIT, AEHBBEFER (n=3)

42



= DVI].5 e TeeDVI2] =t HEHHE
a NS

100

]
]

60 |

40 t

HEERIEI & (%)

7

=

20 f

4/3 4/5 4/6 4/7 4/9 4/10 4/12

oI KB E Y a4 v M T CHBET TR DV
Vava KL g N R e EHERE A KITT EEC2019)
Tukey-HSD # & T, [ M5 o B G5 5 B 5 %Kk # T FH

EEOLYV, NSET -2 EETH SN TCAHAEELL (p=

171

0.05)
X o ft 1 SE & & T
Bl A ICEB T B M E A E T, A4 E BT

A

=t

5
I

43



= DVI1.5 es{Tss DVI2] =t WAL
a NS
100 —

]
]

60

40 t

TEERIEE (%)

i

5

20 f

4/3 45 4/6 47 4/9 4/10
FELH

‘B BT A v
A KT T 2E(2019)

=
A

o8 B Em Y oa A v b
7 T o B o2y B B B OB I #E
Tukey-HSD # & T, [ M5 o B G5 5 B 5 %Kk # T FH
EEHYV, NSIT—xcRESHIHIT THEERL (p=2

>

171

0.05)
X o ft 1 SE & & T
Bl A ICEB T B M E A E T, A4 E BT

A

=t

=
I

44



e DVI1.5 eedeeDVI2.] ==L
NS NS

100

]
]

60 |

40 t

TEERIEE (%)

i

2

20 f

4/3 45 4/6 47 4/8
FELH

o9 X B &E Y a4 MY T “HAE T8I 5
7 ) FAaveE N B EERREH S ICLIEFETT EE(2019)
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BO13 £ T I FAHERNIEREFERICKIFET BB

(2017~ 2020 4, 2022 %)

LT IS Y a3 o v ML T

ﬂfiﬁz DVI v 1) -* .
L[| S I
2.5 71.4 - - -
2017 2.7 74.8 - - -

AL 78.4 - - -
—ICRLEA A NS - - -

2.3 65.4 - - -
2018
HEQILFH 54.3 - . .
th Y NS - - -
1.5 71.3 68.1 44.5 63.2
2019 2.1 70.4 67.8 54.9 66.0
4HEAILP 66.7 69.3 40.8 59.1
— JCHALE 5 B AT NS NS NS NS
1.7 37.5 - - -
2020
e UL ER 40.7 - - -
i iE NS - - -
1.7 - 78.3 72.0 80.0
2022
e UL - 77.3 62.7 84.7
the & - NS NS NS

2~ TR E S SN T NSITAEERL (pz0.05)
YVt E CNSHEAEZEZL (pz20.05) (n=3)
AR D HE BRI, AL BRKEKE
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T3
ppm
5,
I ) .

4. E R
E ¥

i
HF

R R OETOH OALE A =K

£ v F Y B F
€ 9 % z 2R IF > &

oA L Y vHESEMEE A

7=
5

e
2

ES

LU v EABE R I W T B T
Lz , 2016 £ O Wi B % 61 B X O 103 H #

=
N R

pus|
SN
X

108 ppm @ PBZ % B X°, 2017 4 © ju B 66

o
—
Ix

5 2667 ppm O X I ¥V v NI LD,
HEAEMNRE IR FE 2, WA oL B X B
B HFERICEBE L LT SR o .

vl vieswnwT, EHEEAEREIE DL DI
g2 L, HFE DO GAsE E BB A T D5 (1to 5 ,1999)
5, YN L U v FERKOBIZITAOMEBE RN
b (pgtE, 2001). U ¥ T2 WT, PBZ AL H
FIZBT LML FEE L HEH T L E R MISPL
R, BT I/ Uy R RIEMT H L T,

A
/)

S 4+ %5 (Zhang &, 2016 ; Fan &, 2018). F

W T b, BRx e RN Y N LU A S R E A
X AHWEFEFEEREICEHESFS LTS EE XL,
AT DM EN D D

VU oS R E R o JEFEEED RO W T,
T zEMALRE. ¥I /7 Yy Fid, 2016 FF D
I EBAE LD b OO, 2017 F O LB
KN AE LT .2016 F (2 % AL B R O 1T 8000
2017 FF X v b M E C, 2 BAE AEAT o &
DBRERXSEELRLEOERF LB E SN (7 — 4%

2016 £l B W T H I 7 ¥ v KoOIEEHA&EMETED
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EBRAE LR o o id, &R ELQLBEICKDEEREAE
WEBEL WD WEMEN™D DH. PBZIZ DWW T, 2016 F
O W B % 61 B LY 103 H % IZEB T H 108 ppm & #H T
I FEAEAREDREDI AN L OO, 2017 F O i B
35 HE B X O B 66 H % I 817 5 215 ppm A B T I
RPN RE SN, =Ky~ YN LY v
AR EMQE T, M ELEZIH S L2 & TIHEHF
AR ET S (FEEH S5, 1985; Ito 5, 2000). 2017
ODMHEH TIE, AEEIETAR VWL O, PBZ AUH KX T
HX IOV bbHFEMHMEIE M T 2B AL, Znh
D &b, PBZ O K HLIREIC XY HMMNE
fil o kT EENRE Y, 2017 £ PBZ AL
WT, FIMEMNEIN T 2B MmN AL N &,
HAEMNRBRE IR o Z T B L L T WD D
W, A%, HMME L HFEEFLELE OMEES,
7o AL PR BPIXOOEHIZODWTHET 20ENH
(2) #—F 2 U KEHKEHA

F = % R IE A oW
ez , i B 35~ 111 H
B X, B R AR 3 OE A R

e o T, KPR THRELLLLESMETIET, NAA O FE

& ook W

M o FZ
SR
T oM oy S W

N B
g

K

A
&
)
5
S
i
Ry
a
N

™
o
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Y
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SN
go]

go]
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N,
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w7

L
R¥
X
™,
Ok
v
<
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=
-

N

FEARED R TERLS, EHAEELCBEBWWTEHEHT 20
TEH LW ERbRDS., = vy IFroHEMBITEB VYT, AN
A —F v raBEEERIEFEFELEAEZITAOMBEN®™ D D
(Ito 5, 2001) Z & /6, NAA © % A

S A S NN

Kt

5
Z bbb, F—F v EE K HEE A
ThDH LA Uy EBEE KT Y RFWM

=
0
-
S
I
f
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DAL IFEFEAEDRE S D (Tto B, 2000) & HE S T
WA R, BEIXIEITRBIL WD, A%, o F — F
UAABRMBEERICOWT, =K v F TR DA HFE
EEDREBRT T LILER D D

(3) ¥4 FHh A4 =2 8 FMHH

AN A= EEEAIC W T BB I &
Toh & A, WBH 81 /1% 102 HFZICK T S 1000
ppm ® BA M E I, ML X L B L2 HMIEEEE

RIWZCEFTEE RITE ol LENo> T, KW T
MOE L oA E KM X, BA @ FE 3 E AR R T KW
S b b .

RKBF TIX, =&K > F v o @EXENREIZHKELY, BA

Z 1000 ppm D & & T %2 47 - 7= »n, W £ O #F %8 T
X 300 ppm ® BA W H T X 5t F EFEAEMRENHEB I N
TW2 (% &5, 1985; 8 5, 1986; Ito &, 2000) .
=Ky F i B W T ,BAIEHHEOKIFE OKIRZ T T
ETCAEEFE R E T DN, KR TSRS RS
EHMOoOMRFITIH FMET LS (HEEH L, 1985). K
B W T BA % 1000 ppm O B E CTHoHEH L & &
IR AN ML AE. LN o T, KBFIEICE
IT,BAZ @ EOMNE LY b EEREETRLHELZIL
T BA OF M OMKIFITHT H2KRIRITBED R E 2D
BlORY % A& 2 i L MREMERSD D .

(4) T F L v #&EFH A

=™ F LU ERIE Ao W T B E B AT o
&2 AL2017THFE OB 101 H&ICHB T D 50K LT 100

ppm ® ETH & P, 2020 & © jii Bl 70 H & I B F 5 50

(Y

(Y

N ok e
SO

Ha|

2NN

-
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ppm ® ETH 4 2 T, f 8 X X U & B AL 2 &5 £ F »
FECEIMLZ. KA o LB IXTIEHD R FERITEE LN
T holZ o, EHAEEICBWYWTEHEMNTED

" oRE M N B B .
=K v v iEoKk, Bk, R A BECICE W T,

50~

100 ppm @ ETH A F 2 L v fEFERXHEMFT 2 (FH L,
1985 ;: L% &, 1986). U v T 2B W T s, ETH A& H »

HAE AR E T L6 N HE LT WD (Bukovac
2006 ; Duyvelshoff + Cline, 2013). U ¥ 32 8 W

T F L ryrE3A—F oo mEBE MRS LS LTI

# 4 &% Jm &+ %5 (Sanyal - Bangerth, 1998). L
> T, =&y FrELenwTtyL, =F L v i FED
WX B N H VY, ETH AL B 1T X v JE 3F 35 A& 2
DL, A—F v rromEBEHPEAELTWVDND
AN

=k v+ v “EHBEB BT DH 50~100 ppm D
MBR O FEEFEED BRI oW T, FHEF T HY
B % (6 H 15 HLLET) & v, FHMMmEE Ik
W HFE o kIR 22 % w8 (6 H 30 ~8H 20 H) IZ
Y,k 7T H 20H ~8 A 20HIICE < 2D (1
1986). % @ #% M3 o kIR » & & (8 H 20 A B
ETH W12 X2 FEFEELEDRITERS 222D (FF
1986). AW JEICH W T, F£FEIZ LYV ETH © 7 R
WORE Y B o T o X, O o IR IR B M B K
D Rl oA EMEND L. AK, HMHOAEEFTLRK
KIR 2 7 — Y IZhH bt =@ o 20 i > T
T M EN D D
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< % 7J\( 5
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LA
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&

DREEEDMEBEHRSL & U

g
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>t
G
\.I_
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5 DVII.5~2.3 I8 F 25 ¥
o &= 8w, Ak g F R
=, ¥ 7 7 P E 3R
DAL E R IREICE R LR

OB OBLRE M o RO I A A

A =
. B

B oW F
’ i
&

¥
o
o
i
A

5.

(2008) X “=E= /A T DVI1.O~ 1.5, & JI

e
[

1t 112

%)
%)

i

B L™ 8B IAK’ T DVIO.&87~0.99
O EREZRENEEDHEL T WD
RALF > Ww T b B E T
5, BAKS (2013) 1F, 7 N
AW, BBy R EN L R E
AEB R EF AT — Y RN Ei T D5 L,
EH 2= 50 A7 b & F

I 2BICEF, EHREEAT — 0D
WY 270250 T H & ET

D T T

/7]

171

5. v7T

A ¥ ML T “HET, TRET B LT CH

3

b

DVIlI.5 B X O 1.7 BT 2 ¥ 7 F

171

BRHCR 2 R e s, kxR B
OBk MR e o R T E S B
CEKT OB X T — v B4R
KLOUE A

B OR B R RN R DS EWmELTWD LS K,

)

T EnEN YT F I Ko BB
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N
\:4

ks L THWwWLIEEICE W TH, DL
AN SR (G- 7 - B [ TE G N /) A N = .
wWEN D D

%
It
\a§.
N

3) EMAEEICETLIARRODERESEDODREZ

AW FRIZEBWWT, ZHHELTHWD & F vi
MickWwTh, VXNV IU YV AEAKMBER (£ )V
FH LW PBZ) &= F L v #HiEMHA (ETH) o F 5
ERNERD D DR LENE R ST, 2T DOHD D
L, 2L & THMTHELR OIIFT ETH © & T o 5
( B ¥ x5 & K #w # #£ > = F A

https://pesticide.maff.go.jp/, 2022 4 12 A 17 B fiE & ).

ARBF T, ETH ORI H KM ENELDL NN,
w"HZED LD IR, A% RN EZEMNICH D LA
lr i >WwWTEMICHRAT T2 8LEZNDNH S5, 0B, ETH
O HEBHIEIREFORABMMBIE CH 22D, EBEO WA
Wl TIHHEWAOHERICRE R X IS@ET D .

AW FE I B W™ T, 1000 ppm @ BA AL H o fE # F £ L
EHRETEVWS OO, BIMBELEDRITES o2, (L
M B A & D DI IE, B o ERAEE WD
L CE R, kExrt+ o EREIE DL L H EET
b nH Z Lk

225, 1000 ppm @ BA & H o F A N8 S
L. KRB E Y a4y M TIE, EE L o0M R AER
B+ Thwe, BEERolFEREELCMMBEINEN
K T3 2. BAIE, I L (K& F KK O F I EFEH) ]
WEBWTREREERELY L2 (BEEBEEE®REMR D X T A
https://pesticide.maff.go.jp/, 2022 4 12 H 17 H H &)
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Em b, EEOS AR AEEICTE W TS M T EE
5. K E Y a4y bESLToOZHB EZ2EF KT S IC
W, T AT 1000 ppm ® BA % M B L, Ml ¥ % + %
BERERAEIHEDLH LT, EHREDOHIMIZORN D LE
5 % .
AW ITEB W T, “HE ~D DVII.5~2.31C B IF 5
7P I ORAE T, BREBRICK T D E R RS
fle i L, fEmBFERICERELET RIS LI LML,
ETERDIEHORB A LD LEEELXLDLLD. V7
FIRFE, TR L] it TREREXES D (B KX K
5 12t v
12 A 17 BfER) 2 &b, EEOF VIR EEICSE
H 5. A oABRTCIEFE, BRERICE T
DY 7 T RO E R BRI RER RISV TR L
R, RV A TR BER S TR - FRILT O
RIHAELTWwWRWW., 4%, —FAHERRZ2BEEL VT
VAR NN B WT LB T D2HLERD D

(Y
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W
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A 7 A https://pesticide.maff.go.jp/, 2022 4
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N
N
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DEEANATFTVEHOEETIZREFT £ &

=

g Rt

1. #
PRAE AT O KR IS K v, BB Rt oK TSR K o
N AE T H Z LN, £ F* (Oryza sativa L.) ( Satake,

Il

1991 ; Yamamori b, 2021), == & ¥ ( Triticum aestivum
L.) (Barton &, 2014), b+ 7 E wm 22 ¥ (Zea mays L.)
( Tranel &, 2009), ¥ 4 X ( Glycine max L.) ( Ohnishi
5,2010), B 3 =2~ A (Cicer arietinum L.) (Clarke *
Siddique, 2004), Y 2 H & (Sorghum bicolor Moench)
(Wood 5 ,2006) 8 X O v v # 7 ¥ ( Capsicuum annuum
L.)(Shaked »,2004) TH EHF I T W 5. LM T,
F e EBEBWwWTh, BMIAEMICEB T D2IKIENILERERICE
B AE KT 2T, EHAEFEOHME LK T I DH A EE
NhDH., EHorRFBBEBICE, BEEBRZESE VX
— VN HETET DH N, HKaxoEW TH L NI o
WL AR TR AR FHE (R NS F M~ T
gf #1 ) (Satake+ Hayase, 1970 ; Satake, 1976 ; Satake,
1991), 2 & F Tl /Ml F+RBEH O S B EFIZTHEL ZHF
B (Barton H , 2014), ¥ A4 X Tl 4 ¥ W 4 + # 2 MW 45
T %k 9 % B (Ohnishi &, 2010), b I 2~ X T
WAy K b dE B W 4 - B i (Clarke - Siddique,
2004) EHE SN T W DH L. FFIC A R TIHE, KIE M ED
DHR BFICEKETEBICONWTEZL O EIITbLIRL TSH
D, BB EXZ2MEHBARIZTZY X —F0BKRE®XH=E
O E R LB L Cw b (Nishiyama, 1970; Oda &

N

o

AN

2010 ; Yamamori &, 2021) = & R, # B o KR 2% T
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Lo S XM EIC LD B S5 (Yamamori ., 2021) Z &

NHE O NI o T W 5.
=&k v F v TIux, B W A% O KIE DT VKB

&
S
&
o=

5
I
™

fE 22 2 g5l & &2 2 ¢+ 2 &2 b % < o W9t
(Sekozawa © , 2003 ; ¥ & &, 2004 ;

>
aqn
N
&
A
ke
=F

KA, 20125 EAB 5 2013) & @ 0, £ ICE S E2 Y
TrEHRITDLDR . =K F TR AERBBMNYS 7+ 8L
ERM o REERE AT - VAR LEKIEICH W EDRH
HEER TV 2 B(FH,2000), 53 L Wik B G ESRR,
IR &= Mo M EME, BESEAET DERESMESI
AH THL L. T, A XTHBEINEERRBIZLZ2HOD
B EFIZoONT, ¥y TCEHRENIITbLRL TV R,

RETIE, “AK OMLHICTB T DML O KR K-S
omwAr T — Y EHLMMTL, ZT0oAT7T—V0OIKIE
WHOEEICEAEFETEEICO W THEZNICE S L
o, AF0o@G oORELMLICE S REZEIRQLHE LT
W, ST Y 7T oLl oKRIERSTMEONMEMELHL
™Iz L X9 &L 2.

2. MH B LKV A E

1) &Y+ Y "“FK IIETI2EFOEEBTBRT — O
CTHETHIEHBOEEFERT - 0HE

2020 2 1 A AC, FT N KE AR 29 AR T KT o 1 E
Bo&Z & B L 72 . BIX 15 cm B2 OE I B ML, A SR o b
FrEkLZzof o FIIERYY BRWE. 207 72K KR
Ry YV E AN, 1 %A 7 a— XA, 10 ppm 7 /L ¥ I V[
B X003 %WMEBE T VI =ULsDRAKZIESZT, &K
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(HEALFRZ100 & L7 f) NS * NS NS NS b * - NS NS NS NS NS NS NS

) Tukey-HSD M & TRt O KR X FB LV X FZThLEFNo RRES5MIC 5 %Kk #E T
FEEDLDY . RXFEFEBEFFE, DX FEIELERXOMLDREIEREZ 100 L L 72 I
DWW T T (n=5).

¥) Dunnett ® R EIWC LV, FHBEICEB W T*iF 5 %k¥ETELAEARX IV HAEEICEL
£ 279, NSITAEEMRL (n=5).

DR OB, SR EICEB T EBAE KX O EFERE 100 &L EEORT.

Vo~ T ELE BN T NSIEAEEEARL (pz0.05) (n=5)



8

HO1T7 # iR ALHE RN F > 7THEO 1L AEHEZL OB EICKEIET ZE (2021 4)
. 1TV DI RI L
" 0°C 1°C 2°C 3°C 4°C 5°C -6°C IAELF
‘HxoSx 45389.5 NS? 50072.2 NS 42295.7 NS 33409.4 NS 20798.8 NS 16234.8*  1538.8* 45801.2
<LK 25433.6 NS 23465.2 NS 15003.2 NS 18149.3 NS 12220.4 NS 31210.7 NS 16426.5 NS 17220.4
‘SEK’ 10305.6 NS 13080.0 * 31852.2 NS 22286.4 NS 6756.2*  14029.6 * 4116 * 43496.8
DN 17453.4 NS 43005.7 NS 13815.3* 36066.3 NS 216450NS 3136.3*  9549.4*  39006.9
‘LI 33286.4 NS 23257.8 NS 25339.9 NS 21470.7 NS 13423.0 NS 20039.8 NS 3852.9 * 25804.9
<J\H> 45181.2 NS 52750.1 NS 45320.9 NS 50617.8 NS 63966.8 NS 39739.8 NS 36380.2 NS 61949.9
Fe LD 46236.8 NS 56200.6 NS 44696.9 NS 49466.5 NS 23369.9 NS 34882.8 NS 23403.7 NS 40283.2
) Dunnett ® ft &I X 0V, & & FEIC B W THE 5 %KETEQLHE LY HEICHKLMEZE
X, NS IF A EZ7MB L (n=5)
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VoL IZE W T, HoEEITMBEAORMSEEES L
TH E % < (Sekozawa 5, 2003). S DR (2
FOREREEIAZTLPOLEFTITMT CTCH AT L0 & B8,
2004) 2, M B W TIERALBIZES ISR
Ko T TN ERCERLT DS ET, BEAEMRET
(k- Wi, 1991). F ¥ o i B v T, IS &
Om EDITEEICKDZEFZBP S (Lee 5, 2023). L
oo T, HEHEHEE CHESRE OMRIERKRZE O R
LR o EWIT,EGEICEHEL TWDLHEEDND D

CSEKT ODODIEFOREF AT — Y 1I2-3C 10 B o K
7
~L

i

~
Y/

i
(S
he:
R¥
aq
of
N

BEHE AT — Y 11~V £ ToOIH

DHBFILHODWTHESTHWICBEET 5L, EFOHKEF R
T =V I TEX—=DFORER®AELREL. £, {£FoD
FHE AT — Y ILE XQ® I TE, HITWHML TV
b oo, Hi LMoo gy iAo h, B3F o0
¥HE AT — Y IV LB T, §=EEFTWML T/ L Ak
Sl BRI KED2 2 X —FRERXKRLZ~— 0O KR®RFE

EE M A o BT, A DO B MK 20 % (Nishiyama,
1970) X “# H = % (0da b, 2010) TH#H s 1 T
W5, FrieBuwnwTb, £ EREEHOEERREE DA
bhiez &b, KBICEZ2HEOEKES NN B E
R EHFEEFORTOERO - D> ThHDdEEILLNLD.
— ., EHEOREF AT — T 1 UK OKEBIZC-3C o KA
2A10 R A < 2 X, BAAREAICE W T o HE
MAT b TWwW a2 ik T &AL ER V. EEBEOMLEELAE
PEIC B W T, -3C T 10 Wi o KE”QLHE AL L E
EOREXPILTLLAELNLD EEFRLAEWWEEZ X LN
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HHEOREFT AT — Y 1TII2BWTT, @B

7 D
DR M EMHFIICEWWKIEZERET VICE T D EIE QLB A
&

17 - 7= A, WmFIIZ L KB X B EHmIEIEROIK
TR E N R o o Lk lE, e o EICXT D
iR o 222X HEICLDYD BB a2 EL TW5LH.

CEOKT T, BB FEEIX 2021 F B X W 2022 F o
2 M 2@ L T, 4B B R E X 2021 R B W T, KR L
Hiz L2822 %0 2»on. £, ®BOAEDIEHR
100 & L 7= 1

N

W oW T, Bk TR Mo MK

#
R
=

N T, R LETHEOF T
A7 =¥ 11Tk T 2 MAEHOKIR I
MW EFE X b N D

MZE®™ LI D ERE L

7 7y v (ABA)

B <o .

S = M

B o
2!
=
Nt

D

i3
P
B
>3
<
p
¢t T
~

?E*ﬁj\@1&7ﬂ%_n\

7/ N R S N

gy
W8
3
7
O

O

=

=
B
I
o
oy
N

B o

iz 2w T, JE B o KR i e/ = VA T - G s G 1)
LTI i S B S | W = R (L= - R S THEmMmT 5 N, A
D #H (Oliver H, 2007 : Ji &5, 2011) R = A ¥ O /) FfE

B

RE
9,_r
%4

(R

(Zhang &, 2019) T®HH N TWDH. ABA T, H i
B DM EE R — B ER T DR B 2 A H E
T 25 (Ji b, 2011). HleBT D4 Xy —¥iEHERN
KFrF3+se, ~*xY —RALEEINHT LN, B OT
TryrEMEMEIRD ST L LT, B RMENEK T T
(Oliver b, 2005). ¥/, YL U ¥ (GA) & &IZ»
WT, BB o ROE K M Y & v b B TR, i %€ ME A R

)
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L K E L
BEl2 B VW T
HlIoB W T, KELMEIZX S GA S 2 0K T, DELLA

2k o T AT 52 0, a5 X0/,

o

S 4 TWwW5d (Zhang 65, 2019). 4 X @

2 N7 HE D
Kz 5 &g 2
DK R K Z M M S AE LT D o, KRR E R
ABA X GALZ Kk EF T EEMNPLEIZL > TR LD Z LN
HEKDO—2>2ThHhdEE2XDbNLDLD. 4

L, BEXN AL SLOEM A LE VITKEETEEICO W
T, BT 20BN H 5.

B

BAam L T, ¥ X— Mo By 2R

el

( Sakata &, 2014). L 7= 2 o T, &

%, Frickn<T

3) EHMEEICETLIAROERESBEORZ

AW T, T ZThofFoOREFTRAT —TITEL
T, —EoArBERELHEEZITH> LT, BEKZE®E
WREH AR L . -, B T RR S EEE N
LA EMEL HD. A%, BHERBEORIBIZCHESBL LSS

fEHm~0ELFAETLILELRD L.

AW TCHWE THEICO W, “EAkX TEIROE
B Rk bLbHBRSBENEREFOREFE AT — Y 1 TIKRIRLQHA
AT VW, KRR EZMEOFMEIT o . L 2xL, dn I
FoTHFEFOREAT -V 1 TH, EHEE AT —
B EKT LT RE R T WD A REEDSYD D 5K, ¥
K> A O BBEIZEWTYS, EHBOREE AT — T 0 E
WERKIBOREBIZOWTHERT D2HLEND D .

B c, EFEPNEF AT Y 1 2R X5 0E

F E, BB XK IE I K DT A 5 B i R VAR - - 1 [ U
T H ERAEH C2HFTAHAICERET AT —Y1E 7Y,

H
I
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3A LR RICEHEEST D (F—28). B EEOLD
O HEEREET ORI, BMEEOL OOEKOKIR
K7ZT o, ZobERBEYE CTRE AT
— U1 LRI OVWTHEEEREILETH L.
K icB W TEF, “Hx 37, Bk, =K,
‘kREC, B EC, CNHE B IO CHILE o 74
ow<T, {EHhoRERHE3EML . L»»L, b
MU o R EL, FUAEERIZHMEE L CHEBELT
Wb (RIE 6, 2018a). & 7=, K o K E ¥ F M i &
i v fE b @&EH N TEBDY (Takemura b, 2022),
L L ToFEHAI»PEEEIND. 4% I BHIZHAEOD
XNREMEHEAEEST LT, S bHRDLIEEOEH N
BT X B

oo
g

i

= M o

Y

H

R
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FA4E HEFEEHNRBCLIDIEHOEER
&R oK

o
OH}

1 # &

B 46l 0 IR I kK 2 o EFE X mE T 5
B oW e BBy A E C b D RB oW
R L LT, &R T o, BB o BB, B Lk
K& WNITbh TWwW 3B, Z SN N = WA £ /AN /AR
5 (Smith, 2019). #HZM A 5 & O TE D5 KA
R E O — o L L T E o ® MmN H D5 (Smith,
mE Ao —F<ThHdHa— b —HMHHY I,
3 dn NLOBEFE M 6 B S

N

e

N

A

i

i

A
(Y
e
e

I

2
T

A
&y

s

2019) . W 7§
K ¥k BH

i
=
R
pia
Ny
o

o ez fliic®E T & %5 (Kawahara b, 2017). =
—bt— M HBO ETELRES THLDLI T = AT, W
WD v a2 vV NSRS T DA TR R E
mEm L, MK oBHmAKREBEMER T 52 L THEE
L% 39 % (Kawahara 5, 2017). W & EMWMH A & L T
a— b —MMmE®mEH VDS ET, BWEICEDEELR
BT & DA BEEND DN, FTYolBmITHT D EED
6 i » T, KETIE, [KEQLHEMO®EE
FWHA (72— — M H®) LR, EFOWKEB

W kIEFTREELEZFEAEL, KT ICB T

%

€ B o KR FE F 6l

w
B

N b DR L.

2 M HEE L& VA E
1) EFENHAANLENEFOEHFBFERHRIZCEREITT ZE
2021 4 1 H iz, Fr NAE & o 30 F 4& =Kk’ o 1 4F
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Ak R EBRL, B 3®E 2.2) (1) & FE®®FIE

FHE L, BREHE AT — Y LB ELEIEZEES-.

HE@mmH A (=2 — —MHY, 782 2P

KUREi) 2 ppm %, ~ ¥ R A 7 L — TH # & & o

g L. BAHEK TIX, Kz REHKICTHEZE L .

%, f&EKAEZLL, 20K 15CTF THEE£@m O
WS E . ok, % 3E 2.2) (1) & FE
¥ a2 XN — % — % v TERIRWLHEEIT o .
PR OE A2 -3°C T 10 By o L o2

-
—

(Y

T B
R
g
* M
au
B
Wz A

T L,

R B oo, R EEN S % (DTA ; differential

thermal analysis) % H W T, 1 &L BEX &7 52504
F oW R E#HALL (5KE). DTA K, #H O K&

mEoREICHNNLAL T WD — KB RGTETD

D ’

ﬂ—

T bHL << oF AN H D (Quamme, 1976; Rajashekar

5, 1982 ; Montano » , 1987 ; Kaya & , 2020).

R

TE, REE sy —%FRmICE F1F TIRE %
Bk &L (RT-31S, ESPEC), Meng & (2007)

EoOWTIHEFoHERBES 2R EL (F 20K),
B EIT A EFTCoORMBMAEREL - .

AOBR X, 2021 BB LY 2022 T E E L 2.
oo 30 £ 4 (2021 ) B LG 31 £ 4 (2022
Ko THEERKERRL, L) ERKDOFEZ
WOFEE MM AL X L LR X 2R E L.
X, -3C T 1, 2, 3, 4, 5,6, 8k X O 10 K A 17T
I o F %, 2 KRR LB s DR E TR
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¥BEAT Y VIZELEEFEZESEZ., 1LAX D D
SHE»L —FlE T ZTAEBL, B 3= 2. 2) (2)
ERFEICH ZHBMB T OBEBH L, BELEL. BHELE
MK 2 ®iE TIC 2BH&MELZ®K, S 3% 2.3)01)
ERIBRICHEm R BL, B 3E 2. 02) (2) & FHEICIHE
By JE R W& L .

3 &
1) RHEEFENMHRALENANRFOREARBHBEAICRE T &
f£F oW R ICE ZEF 5 F TCoRmMIT, WEFMDMH

AlALEE X T 8RR & EMAUEKOW 3KBMHIY AR
RS o (8 21 ).

2) AEEMHAOLBEBEBNERMEFEICRET T E£E
fEHmEFRITHONT, BRMNIZHED L, 2021 £ F X
B 2022 & b ITLHEOERTORRAEREZEDRLDL L,
W EMH A LB X AKX XY LN EEEOF
HEINELS ok, FMoOoBEBRBE XTI AEEHNICETA
HEETROLZ o (H 18 %).
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sk sk

10 | |
9 T
= 8
5
B 3 I
2
1
0 . .
AR T 4 i U

w21 X =Fk v F ¥ CEAKTIWCB T DS W EE MG A L
AL FE R @O EBESLICEEZET T EE (2021)

*F T t B ED 1 %KETHEEDLD (n=5)

94



G6

o188 K =R F v KT WXB T DLHHREEMS ML RN REFRICKRFTT R
(2021~2022)
. - _ FEF T 23 (%)
1 2 3 4 5 6 8 10 S5
2091 b === g bt 377 254 248 283 267 128 4.1 2.3 20.3
LB 420 449 226 134 11 12 91 86 17.9
"""""" . SEEMEA 0 193 145 95 203 87 44 49 38 10.7
AL 74 49 30 55 102 95 28 19 5.6
ITRLE A BT
ALER *x
2021 (IR T ARF ] NS
- A HAEH NS
ALER *
2022 IR T RE ] NS
2 HAEH] NS

pics)
VTG R W AT T R

YRR F I BT DR

1 %,

L5 %KkKETHEEDDY,

NS T A B # 72 L



4 &

1) EHREMHBNOEMEFEBRE TOIMH A =X LA

RO E I m A LTa—t— M EAEFLEo
FHICHEEZE L LA, BALHR XY L IEFER@®HESE
ERRARES E L ERKRHEA™ELS D, {Eh % FRo0MET
/R I S AV Eons, Friiex T s KA oW
Mox, DO B LN FICKT DR A B
A ) E LD S MEENYD D S v AN -
O F# oo AL F WA I o R 2 #& T L % 3F
T 5 B A NN It gt M S B E
K i T L MEFERE DL BWIZ 5N OERIC K BB
k% 23 % (Kaya &, 2020). # 7 & M @ & o #®H i X
D 4E moWME»ELD LT, HNE OO K
L ENL, EBBEFERERTIMEH SN TEEN D D .

AW THWEEREFBHFDHAN O EERKS TH LA
Tz A i, MO Y2 UvBAINLYT ANIIHAET DD
ETOKERR ZMmE L, M®wIKo@E®HREBEZ MRS
5 2 L TH M A MEF T S5 (Kawahara &, 2017) .
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Cochliostema odoratissimumL.X> Tinantia anomala L. T
X, M ORALCKLERI VYT AE, ¥Va vBhv
U LADOE THE AN — FHREIZEZLEESIN D (Hardy -
Stevenson, 2000 ; Gebura =+ Winiarczyk, 2016). X F
= = 7 (Petunia hybrida Vilm.) TIX, # R o Mk < 0
WA o N E o M i (Iwano &, 2004), Helianthus
annuus L.X° H. tuberosus L.O # ® W # (& ( Meric* Dane,
2004) Y 2 U @A NLTU LANHFELET D FTITEBWT
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Summary

In pears (Pyrus spp.) that are self-incompatible,
artificial pollination has become essential for stable
fruit sets and high-quality fruit production. Many
Japanese pear producers in Japan use imported pollen
for artificial pollination, however, imported pollen may
include pathogens and it supply depends on international
conditions. Therefore, it is necessary to establish a
stable supply system of domestic pollen for stable
production of domestic fruit. In this study, first, we
established the training system of trees and the pollen
harvesting methods to improve pollen production
efficiency. Second, we clarified effects of plant growth
regulator treatments on flower bud formation and
harvesting time of flower bud. Third, we confirmed
effects of low temperature treatments before flowering
on pear pollen. Finally, we examined the ability of
coffee extract treatment of Japanese pear flower bud to

inhibit pollen cold injury.

Chapter 1. Training system of trees and the pollen
harvesting methods to improve pollen production

1) Suitable tree training for pollen harvesting

Pollen collection is hard work and dangerous because
the typical training system of trees for pollen

production, such as a free-standing or horizontal trellis

112



can be more than 3 m in height. In this study, we
compared pollen harvesting efficiencies for typical
training systems and low-height tree joint training
system, in which the main stem of each tree was bent
horizontally at 90 ¢cm height, and tips were grafted into
the adjacent tree to reduce the tree height to about 2 m.
The time required to collect flower buds to obtain 1 g
of pollen was significantly shorter in the low-height
tree joint training system than in the typical training
systems, regardless of the worker. The number of flower
buds per 1 m planting distance between the low-height
tree joint training system and the bush training with
height reduced to 2 m was significantly higher in the
former. Comparison between the low-height tree joint
training system and the low-height tree training system
without joint for flower bud rate was significantly
higher in the former. Based on the above, the low-height
tree joint training system is suitable for tree training

for pollen harvesting.

2) The flower bud harvesting methods for improve
pollen production

When collecting flower buds for pollen, we usually
select flower buds in the balloon stage on the tree.
Collecting all the flower buds on the tree
simultaneously would allow for more efficient pollen

collection, but the appropriate timing 1is unclear.
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Selective and simultaneous harvest at 30%, 50%, and
70% of full bloom respectively, the amount of pollen
collected per hour was significantly higher in the
simultaneous harvest than in the selective harvest at
30% and 50% of full bloom. At 70% of full bloom, there
were no significant differences by simultaneous or
selective harvesting. In the simultaneous harvesting,
pollen germination rate was significantly lower in the
30% of full bloom than in the 50% and 70% of full bloom.
These results suggest that simultaneous harvest at the
50 % of full bloom would reduce the time required for
pollen collection as well as maintain the quality of

pollen.

Chapter 2. Effects of plant growth regulator
treatments on flower bud formation and harvesting
time of flower bud

1) Effect of plant growth regulator treatments on
flower bud formation

We investigated plant growth regulators that enhance
floral bud formation to improve pollen production 1in
Japanese pear. Treatment with gibberellin biosynthesis
inhibitors (daminozide and paclobutrazol) and ethylene-
releasing compound (ethephon) significantly increased
the 'Shinko’ flower bud rate more than the control.
These treatments did not affect pollen germination rate,

suggesting that these plant growth regulators could be
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used to increase pollen yield.

2) Effect of plant growth regulator treatments on
harvesting time of flower bud

Disperse of harvest time 1is 1important for pollen
production in a large area. We examined the effect of
cyanamide on the timing of flower buds for pollen.
Cyanamide treatment on 'Shinko' at the developmental
index (DVI) from 1.5 to 2.3 promoted the timing of
selective harvest more than the control. Cyanamide did
not affect pollen germination rate, suggesting that it

could be used to disperse harvest time.

Chapter 3. Effects of low temperature treatments
before flowering on pear pollen development

1) Observation of pollen development stages of each
flower bud stage

In order to confirm the pollen development stages of
each flower bud stage of Japanese pear ‘Kosui’, we
obtained flower buds in five stages as below and
observed pollen in each stage. Namely, scale separating
(flower bud stage 1), blossom bud exposed (flower bud
stage Il), before white (flower bud stage III), full white
(flower bud stage IV) and balloon (flower bud stage V).
The pollen stages of the pollen mother cell and the
tetrad stage in flower bud stage I, the early and late

microspore stage 1in flower bud stage II, the late
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microspore and the starch accumulation stage in flower
bud stage III, and the starch pollen stage in flower bud
stage IV were dominated, respectively. At flower bud
stage V, the starch-sugar pollen stage and the mature
pollen stage were higher, and the starch pollen stage

was lower than in flower bud stage IV.

2) Effects of low temperature on pollen density, pollen
germination rate, and anther development at different
flower bud developmental stages

Pollen stages with increased sensitivity to low
temperature have been reported in various plants but not
clearly in Japanese pear. In this study, we confirmed the
effect of low temperature at each flower bud stage of
‘Kosui’. Branches with flower bud stages I to V were
treated with 0°C or —3°C for 10 hours, respectively, and
pollen density and pollen germination rate in flower
buds that reached stage V were investigated. Pollen
density was significantly lower in the —3°C treatment at
flower bud stage I than in the other treatments. Pollen
germination rates were compared between each treatment
and the control, respectively. Only the —3°C treatment
at flower bud formation stage I was significantly lower
than the control. There were no significant differences
between the other treatments and the control. Therefore,
flower bud stage I is considered the stage most sensitive

to low temperature for pollen formation and development.
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In flower bud stage I, the pollen stages of pollen mother
cell, tetrad and early microspore were observed, with
pollen mother cell and tetrad being the main stages. It
suggests that the effect of low temperature on pollen
formation and development depends on the pollen
developmental stage, with the most cold-sensitive stage
in ‘Kosui’ being around the pollen mother cell to tetrad
stage. Anther development abnormalities were observed
in ‘Kosui’ flower buds treated with —-3°C for 10 hours
in flower bud stage I, including tapetum hypertrophy,
cell debris, and locule shrink. These suggest that low-
temperature-induced anther formation abnormality 1is
one of the factors that reduce pollen density and pollen

germination rates.

3) Effect of low temperature on pollen germination
rate and number of pollen grain among 7 pear
cultivars

Pollen sensitivity of the low temperature at the flower
bud stage I was compared among seven cultivars
('"Akizuki', 'Hosui', 'Kosui', 'Matsushima', 'Saiyoku',
'Yasato' and 'Yokoyamayanashi'). In this experiment, we
created a field model for the low-temperature treatments
that closely field conditions at Kuki City, Saitama
Prefecture. Minimum temperatures in the field model
were established at 0°C, —-1°C, —2°C, —3°C, —4°C, —5°C
and —-6°C, treated for branches of each cultivar with
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flower bud stage I. The pollen germination rate and the
number of pollen grains in flower buds that reached
stage V were investigated. Only '"Hosui' was not affected
by the low-temperature treatment until —6°C among the
7 cultivars. Therefore, '"Hosui' is the most tolerant of

low temperatures among the tested cultivars.

Chapter 4. Ability of freezing-avoidance product
treatment of Japanese pear flower buds to inhibit cold
injury

1) Effect of freezing-avoidance product treatment on
freezing time of flower buds

Since flower bud stage I comes about one month before
the flowering ©period, there is a high risk of
encountering low temperatures in the field. For stable
pollen production, it 1s important to establish methods
for inhibiting pollen cold injury. In this study, we
examined the effect of freezing-avoidance product
(extract from coffee refuse) treatment on the inhibition
of flower bud freezing in 'Kosui' flower bud stage I. The
freezing-avoidance product was sprayed on the surface
of the flower buds and branches at stage I, and the
temperature of the surface of the flower buds was
measured during the low-temperature treatment at —3°C.
The time to reach the freezing point of the flower buds
was delayed by the freezing-avoidance product treatment

compared to the control.
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2) Effect of freezing-avoidance product treatment on
pollen germination rate

The freezing-avoidance product was treated on
branches with flower bud stage I before cold treatment
at —-3°C for 1 to 10 hours. After low-temperature
treatment, pollen germination rates in flower buds that
reached stage V were investigated. Freezing-avoidance
product treatment inhibited the decline in pollen
germination rate more than the control. These results
suggest that the application of freezing-avoidance
product before the low temperature delayed the freezing

of flower buds and preserved pollen germination.
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