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AP AL 02018 BEAEE ATEE BELE o A RLERE 46982 0
AR SR DUSH INFE by B8 55 22 5 =0 WA W AIFE se ] (hexaconazol) ¥f7E¥7 B
B RACKH E RG22 (PR EHFRERIEYTEEE (bioindicator) 2% - Fy
FEEAR AE R & 22 SE A LU G DURR Tt MERE S » B SRV AR I J G & B i ok
4 < BY 100 + 50 K72 SHIIER R » B 100 pL &5 15% FEREZ BK (Brewbaker and
Kwack) B3 A » A0 BEMEB > 7 25°CFES# 1 h & > AETE
¥ B % e ACK B RIEIE o KEIE s AR B IR A RS B A A B IAE R
TGP R - KRR G P B - EER & R S BNy i B R A A B
HHIER » Bl IR BB R s Ry s » i 5 [ i B IR 78 = S B E 7 Bl
BERE 50% ZINHIBEE - TP 0k 9.0 B 3.6 ppm > BAHATE 2.0 & 0.4 ppm >
A tek B & H IR w ] SO IR AE A 5 28 AR BB S5 ek it & e 32 0 1
RE=ZREIZE ™ (2,3,5-Triphenyltetrazolium chloride; TTC) ¥4 {1z FE S 5 BH
R FEHEE RS EWE T HEHER R R RIERERE - REBERE T
AR 40% LUK - ATelgE & 58 = HIHl ek i ag % -

BB S - fEky ~ fEREEEE - fERYE ~ FEROR] » TTC Reftk
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NG HERY JE P P R B A AR B AT
AIRERSEE R AR - —REEFRIECIR
F EESERIA YN EE M (phytotoxicity)
HEA - A FEEYIRS B BSOS UL EE IR

AEER  HRFEYNE - ERES
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HAEHEELE T 5 - B IRER A IUHH RS & 58
G BAR o IEHEIRIS - YRS
— B PEIC R B 1m0 E 1 R R B
il - H AR CR A TR B0 Th RS 1 T O
TERIAAERE"Y - TETERRIRE B BB 0 5245
TEHRZ A » HEEYNE R EE R
FHEA - Higashiyama et al. %7 BIF 2 7 —Ffl
A [FEIRF RS R IR RACKYE < B A - HI
B 7 S RERE VL Bt RS fE R B L WA, - F
R )38 52 30085 1% VR AR A o AT REME (2 BT A
e

B = B s S TER TS R s 28 - 3
St AR A MR I Z e Y - R AE
TEVI B IR - RHERAfEAS EIE
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B - JELT Rk bk [F] L R RS fE R TS
PEBIG - A SRR HIGZE A S fE Ry i 25 =R
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F - BREEFIERISN - BRERIE IR Ry EH B
R o FONIR A R G e k E
(Cyprodinil + Fludioxonil) "&fE& A » %%
AR e A = BE Mz fE R i
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FERRAE A ZYIAER - Mesejo et
al. DU B #1753 71| Ve i A1 A 152 00 7T %2 o2 1B
PR - SRR M 28 R AERm S RS
A BRI HIHI R - EBR AR E L 2
T ELPEE 96% » 2R RIT 55~
81% BEE Ry ®

ARG B LI R R A T E R B
BEREER - G DURERE & TR AER 0 38 P FR ik IR
B MERFB B RN A o URHINTER) KL Rl
SMRL - S E LR B RS A R A RS
THEMR - B RmAERREE B R B R
A REZAER RIS MEFE AR - DURRSER BEdE
HA 335 ST 2 A HE AL TRAR - (R RF A R B
FIFE e FIE TR B 38 RAER & (R R TR
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AW 5E DU = #% B 2 % fok fl 51 I
(Cucumis sativus L. ‘Cai Lu’) {BE2&E#f
Kb o LT R B AR T2 B AH R
oo EEE 10~12 B ER S RMCHE
PR R B \ETURFRRAY 5~7 EiAL BB
{E2% » IENER G - FFREE - L
FESISHIEEN D KRBT AL » HTEEERM
HIEUNAER - K EREAS B I95
EAE R - B RAC R R ERR - K
Kaefer et al. $f ¥ K RIEM R TG JIFHE

Wrse - REURE —RE B LA e
Fi oo AR TS B RS R

T~ PEEAZER

2B IN B8 9 B 96 58 R JE s Al
(hexaconazol) Z 43 A7 #& #i o &l %
(analytical grade; Sigma-Aldrich) Jp4imfb
i [5% K] (SC) 5 & HEL Tk
MAERATE]] F R AW TR HIG SR - Horp
MianaABELL 2.25% R ER VA TR B A (R
JEE it BT LD 7 7 R ol A (] 71 = 1%
}Eﬁ o

= BEAACE

AWFFELL Brewbaker and Kwack ™t
R BK BEREAE R bRyl BafiE RS
BE - BREGTHEFRE [10% (W/v) ~ 15%
(W/v)] B2 dSEm 10% PEG4000 4b - H
BRAH 4 B 0.01% (w/v) boric acid ~ 0.03%
(w/v) Ca(NOs); *+ 4H,O ~ 0.02% (w/v)

LB ORI 2 8 T1

MgSOy + 7TH20 J% 0.01% (w/v) KNOs * [f]
IR 2 pHT.0 °

VY ~ fekis ksl
(—) fekr i g8 =8 e 1k B R R

H S & 5 R R WL I o 5 2R MR 7
B P M (15%0.8 mm 5 ELAE < BR D)
o ERERIEMIEI B 50~150 KL ZAE¥D
KL o FTEBRBRFER 1| /NRFPAHRIESERL » LA
MERFACRTE T o (R FHRFE A B O #5
B B fH#E (Nikon Cooxplx P5100) &
SCELEEMES (Olympus SZ61) | » WA 45
B R B S B AC 8% - ®REF A
UTHSCSA Image Tool #f& (Developed by
Wilcox et. al. at the University of Texas Health
Science Center, San Antonio (UTHSCSA)
HEITEE R CEH - fEky A I LIAE
B R R R A ER R B AR R B 28
fRHE -

() &AL =P (2,3,5- Triphenylte-
trazolium chloride; TTC) #¢taik

ARIFFEHK Cook and Stanley #fF. 2
TTC Y& EIERR A" - N
EIERRIIE A 60% e - %
HetE < JE e A SR SR A% - B E
2 25°C [NIEAE L EEEE 4 h o BUHER R
25°C FEELy (10,000 g) 3 min @ £ FiF
W MOA 400 uL &F 1% TTC Z 15%
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FERE BK B5 A - 25 EH% - EN 37
CIEEAET 30 min % - B EISWR 485
nm R T EHOLHE (Aws) - SEIIH
YIER 55°C BtAAR - #% 12 h BRFEHGZ
= ERAEMIEEAE -

FHETTERTE T (%) = (Augsoemm) /57 B gamin, o)
/ (Aagscemsn /7 B (s, ) X 100%

T~ A R e i )5

IR BE I e AL it St 2 i1l
FCE R 0~50 ppm RYIAN[EIRRE L FEHK -
GRS EER(ay gk i) it =3l dVE S - Lisea ko)
HE®R - L 100 pL FEHERIZF ML -
= EEB Y CEN A R
MRy - AR 25°C EIRAAT 4 h - BUEFHE
fERYBE R e fER i R - 53k TTC %t
CERBRES BT ROLEER - RS
fiill£2 kSR AR RipARA -7

N~ ieEt T

AEABRER e A REME R
—HE - R R— b B R
G328 R B AH S B A - BRI R
KIESEH ZAE R R iR i - % 9H
HAEER T &R AR
(SE) KAEATH S50 H7 - FHEE R LI
{H P AE#efe 7= (Mean + SE) Rox > &HH
BHFE =5 > JAMEST Fisher's protected LSD
test Z% 7 Jim B[ 72 52 o

i e L 3

— ~ IR B e 15 70 Rl 16
e YA

(QR(R L8 (E-RiFALIE A

e ERREEHEMREREN S
Rt AL TER G JIHERE . — » A& LAER &
REHEEEH R B IE R RIEE - 8%
HII DU SR E fERy R B ek 8 i R 2 TH IR BR
it - EAE ST TR E REER
WA - BBk Bz [ 75 A5 35S P e DA
BIERE AR ME  BRRBRERSTY
gan= QI 2 F (v A

FER M DS T e e
TE R BRI JTER A IR R - ST
AR B 3 2 RS R R R T R I S
i DUR AT AE HE S 35 45 SR 2 55 ZEIRE
Em®) o b mm e - §1K
TERYE B30 A g o LB e s
THE T 52 2B 3 R AR R JE Al A i ME T
& o BURWESE 53 A1 100450 ~ 300+50 »
500+50 f7 2 BHIFERY KL » DL 100 pL #81E
ZIEERIRMEERR - $95) 3 B MR Fr
Fo R/ RERIERERREE (&
— el —) » VF Ry FE K R 0 3 el s Bk
SE MR o 25 BRI FERY RLAIIA Wl 4 B 1%
BHAGHEZE » feR B M e R AMET 2 -
HRAEMYT 100£50 kifEkphiEEth - 76
BAF SRR 90.7%  {EMEMERER
639.7 pm » FEREREEMIIT 300450 K2 fEKD
HAZER 78.0% KACKERE 214.1 pm JiE

%



BRI o MAERFMIT 500+50 KRR
Ji B R 43+ R EH A 6 Ry iz F A ot 1A X
& MER T LUBISRRIIER 0 3 - (HAEKE
1 LB ERAEE - THERERE KA
= (B—) - B SR f£—E2
A - fE R E % - fER ki sk [
FEEERR % - B E M RAER - &
FMIETZEIER R B H HEHITE 100£50 K
ZHE o AEfEREMRE R > BASHUE

TR ORI 12 58 T3

TEmERE Wk EREE MK
10050 K7 fH A ERD B8 H I TEIES -

() L B FE R RL I 38 5 &

Boavida and McCormick 58185 5y
HEEEm iR R ER T » Tian et al.
W ER B IR i % R FE RS TR
WA o MOARTSES RIBHE 25°C ~ 20°C K

K— - BUMAPIERRBEH AN ENTE

Table 1. Effect of pollen grain number on the viability of cucumber pollen in a fixed well

Number of pollen grains per well

Pollen viability

50~150 250~350 450~550
Pollen germination (%) 90.7+2.4 a" 78.0£0.4 b —
Pollen tube elongation (um) 639.6+103.3 a 21414532 b -2

Y Mean values followed by the same letter were not significantly different at P = 0.05 according to

Fisher's protected LSD test.

) Not measured due to interference by aggregated pollen tubes.

Pollen number (grains/well)

50~150

250~350

450~550

;“%‘yﬂ ;Fjﬁ:-'gg*
“'1 ii." i':"" L

B— - ECMAPARTEHRBE T ANERERENTENERE -

Fig. 1. Pollen germination and pollen tube elongation in a fixed well exhibiting

different numbers of pollen grains.
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15°C =Fe il JE R T 0EA - AR EBE
it R 3 A IUAE R 0 2% 15 28 2 I i R
B o REPY/NRFRE R R REERER (RK
el =) fEREERERAE 25°C FI 20°C 4371
By 84.9% K 89.0% - ifi fEREZE = - {H
£ 15°C B8 » {EMHBRAITER
66.8% » FE I PR A & B EEHN I T E R KL
ZHEE o AN EIEMERE AR
0 JILL 25°C 5B TS REERE R
& 807 um * JEE 20°C Kz 15°C H5 el
B EME - FEEIHIIERIE T
WIS - BB 25°C BB TR Ry
£ - 3 30°C HIBHEEREDY « —fRIER

R FASEREUHLCHERZLE

G ERE R A N - ELE H
R ZIE 1S ° Burke et al. #RETHEAE
RS A C R I o B 28 R - SBIAE 28°C
TE A AERY WA 38 3R S ALK i TR AT i 3R
Bt - A 37°C HIAER) B 2 Rk
& » &R 32°C mBAEk B MR IR 5
O o ity A BETERY B B RITERY A (RS
BT AW FEERE - A ITHIIER 3%
BRI L0 ZEREBE R AF i - DA EVRTL
WRF i Ryl H LU A6 7 =80 iU
[ B B 2 %) TRy EUR ol B S
FEEZEAE 30°C DAR - IBERS Tk B 2 e
AR E Fy 25°C -

Table 2. Effects of different temperatures on the viability of cucumber pollen in vitro

Temperature (°C)

Pollen viability

25 20 15
Pollen germination (%) 84.9+3.1 a" 89.0+2.7 a 66.8£8.1 b
Pollen tube elongation (pm) 807.3+125.6 a 318.3+20.8 b 155.4£21.8 ¢

D Mean values followed by the same letter were not significantly different at P = 0.05 according to
Fisher's protected LSD test.

15C

25°C 20C

L]

B - ARZEERETZHBNEHHERLTEHERE -

Fig. 2. Pollen germination and pollen tube elongation under different incubation

temperatures.
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Liliana and Borut #{ZE|H ITERM KL
TEHARE RS 2 - A BAEE - BB
FERL A SERY KA oM B » T BETER R
ARHRTEAR o (Rl G H 2 e B g
£ 15% DURFRHIEISES 2 pH7.0 ATLURE
G IRTERY B 2 2 AR ELRTY © ARBFFELL
Brewbaker and Kwack Fi#§5% .2 BK 55
HUE b R a® s 10% &

LB ERITG 12 58 75

15% WAt FERE IR LUK 10% PEGaooo NN
HIZER » A% pH HE 7.0 - HEEPY/N
IR e B S A E R B 3 SR AL TR - IR
HUR R=EKEZ) - FERERERE 10% 12
= 15% @ Al SRR ER B AL
KH 26% WAVE] 2.6% > FEIEIEEEE 10
&%+ 168 BEUREE = FERE IR B ATk A FE R B
RS BANTIZR - RIMLL 15% FEFER
SN 10% PEGuaooo £ T34 HIAE
¥ e 8 LR - {H Wang et al. DUKAFE
168D Rt 5EAT kL » ¥R PEGuooo RIIFTERK
RS IERD I B 2 R AETE Y - REMIBE

R"= - BFEEPRRRERNE PEGy HWHAMTEN BRI ZE

Table 3. Effects of different sucrose and PEGyggy concentrations on the bursting of cucumber

pollen in vitro

Concentration of sucrose and PEGyg

Bursting of pollen grains (%)

10% sucrose
15% sucrose
15% sucrose + 10% PEGyggo

26.0+5.4 b"
2.6+4 ¢
48.6+0.7 a

Y Mean values followed by the same letter were not significantly different at P = 0.05 according to

Fisher's protected LSD test.

10% sucrose

15% sucrose

15% sucrose + 10% PEG 4000

B = - AEDREFNE K PEGuo B BERZHAMEHEH -

Fig. 3. Bursting of germinated pollen grains in medium with different concentrations of

sucrose and PEGyg0o.
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PEG #HHEE ey BERS i 38 B A
> Hrf PEGeooo M EEIRE B 100 g
/L ~ PEGugoo FiI PEGuoo00 HI Ky 150 g/L®
fF ERTal - BB PEG BITERYHAEE S B4
BABI L AHER - FEMFY iR 22
SLER fyHHE - PEG BLER B EifER & TH
i 28 A JR LB R B+ RTREER A M2
RO B - ELR T S T T A R
R AL LR -

5 Rt/ N AR R TE T - BT
R 2 /N TR R B 1S A 38 I R RS B R
oo BBL 28°CN P fEEH 20% FEHE K
10% PEGago Z 558 EEFH%EE 30 min 1% >
DL gibg i s S B3R5 90% LLED « A
WFFeE g B ek B R - {ERETE
e AN REE AR AR - 2
JRAN ] i B A B i (e = AR R R B 52
WEAHKKZER - 5o 5 =
e B R R B #E 3528.9 um -« i
% M A R O B A fE by < VR e 15 8
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RED . BTSSR M o R S 5%
FHATEZ 0.01% boric acid (w/v) FHT °

=~ A EIIE s E R I T 5
221y

=
=

(—) Tek & i be Tk i 3%

JE ORI R BAIEH I R 9 o % e
AT > 5% KGRI 58 O =R
2,000 £ » FAEER W 2 E R ZE R
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FE R B A R AL B - e s A
168 & (R e fe k) i 2 =8 ([E 1Y K [
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Fig. 4. Effects of technical and formulated hexaconazole on pollen tube elongation of

cucumber.
v
100 -
@ Technical R2=0.99 y=101.1/[1+exp *898)-295
@ O Formulated  R2=0.99 y=99.93/[1+(x/2.05)'74]
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Fig. 5. Effects of technical and formulated hexaconazole on pollen germination rate of

cucumber.
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At E AL R B FE O] 0 5 I
TER B R EIER B8 RE 50% Z HIH]
IREEFIARI o fEREURMTIE RS
50% fEk B RELERD & R SR
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FEVORZ I FE TR AR B B M AR BURR (R
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R AIAIFE SR G T 745 BH S
IR Bl R o S A Ry s
HER L R 2 HoM sy AR E R K
TER B B 0 SR G HHITE ST - fEARH
R 2 R ERHHE TR 225 -

(e B B £ TE (TTCH@EK)
ZAEBHE SRl

A FE LA R B 2 FE vl Rl AL FE
o IR S SR M B R R (RAE
) HIRMHCHEEm IR S BERE T
178.6 (Aass/g) * HEEEVEEE (25 ppm) JREH
T fER S R S R M R R W R
38% » FRIFIRAL 12.5 ppm (1/2 £%) THIKE
B 76% o LA RELIERE R ARy i 5%
Kb - fEHEEIR S D r] e = HIHIFE R i
5 HG BT TTC 2R e A
4 TROTFEE AR E O IR SR R M =
HARHEHITER B R B E R » RS

RO ~ FEe A AL Kk dn R EEH A IITEXE N B 2

Table 4. Effects of technical and formulated hexaconazole on pollen viability of cucumber

Hexaconazole concentration causing 50% inbitition (ICsy ; ppm)”

Type of hexaconazole

Germination

Pollen tube elongation

Technical hexaconazole

Formulated hexaconazole

2.0

3.6
0.4

D 1Cs, values indicate the concentration of hexaconazole required to reduce 50% pollen viability.

KA - TTC REFERNRREIF A EE 2 S ITEH B QB 305 E &1L
Table 5. Changes in the dehydrogenase activity of cucumber pollen treated with different

concentrations of hexaconazole, detecting by TTC staining method

Concentration of hexaconazole (ppm) activity (Aygs/g) Relative activity
0" 178.6 100 a”

12.5 135.7 768 b

25 67.9 38+16 ¢

Y Control.

2 Mean values followed by the same letter were not significantly different at P = 0.05 according to

Fisher's protected LSD test.
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Fig. 6. Dehydrogenase activity of cucumber pollen treated with two concentrations of

hexaconazole, detecting by TTC staining method.
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Meng-Ni Shen', Yeong-Jene Chiangl*

Abstract

Shen, M. N., and Chiang, Y. J. 2018. Preliminary study on the effect of fungicide on pollen viabil-
ity. Taiwan Pestic. Sci. 4: 69-82.

In this study, the viability of cucumber pollen was used as a bioindicator to detect the
phytotoxic effect of the fungicide hexaconazole on pollen germination, pollen tube elonga-
tion, and dehydrogenase activity. In order to assess the phytotoxic effect, we performed a
pollen viability assay, in which 50~150 cucumber pollen grains were incubated at 25°C
for one hour with 100 uL BK culture medium that contained 15% sucrose and technical or
commercial formulation of hexaconazole. Results showed that both the technical and for-
mulated hexaconazole were able to completely suppress pollen tube elongation and pollen
germination; however, the degree of inhibition resulting from the formulated hexaconazole
was much higher than that of the technical hexaconazole. Inhibitory concentrations of
technical hexaconazole to reduce pollen tube length and pollen germination rate by 50%
were 9.0 and 3.6 ppm, respectively, whereas the concentrations of formulated hexacona-
zole required to achieve the same inhibition were 2.0 and 0.4 ppm, respectively. Indeed,
experimental results of a dehydrogenase activity test (performed using a TTC assay)
demonstrated that both pollen grain germination and pollen tube elongation were com-
pletely inhibited when dehydrogenase activity was decreased to less than 40%. Finally, we
found that cucumber pollen viability was significantly inhibited by hexaconazole, and that
pollen tube elongation was more sensitive to hexaconazole than was pollen grain germina-

tion.

Key words: cucumber, pollen, pollen germination, pollen tube, hexaconazole, TTC staining method.
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