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E3EH (Vanilla planifolia ) W5 R “ vk EIMBELE” - BHE— I {F Ry FE B
1t HASHAUR R AR A R E » RAGGEFBIRB OB LR G - nlEE AT
JEI R FA S (Ecott, 2004 ) » A2 A ELACAARE FRIMNIR - 1R A M m] FH R
{68 (euglossinebees ) ~ MEEEIE (Melipona bees ) BUHARERITS 52kl T0F 3 &
A i S MR LR R RS ER HL DR A B SR PG B 5 [R5 LE ok R sl 1T 1508 - (HERIR B T
( Lubinsky et al., 2006; Arditti et al. 2009 ) - [K|[It » HETRES SRR IAMGE N TR

" TR R R B Pk RS I RIS ST AR 532 5%
> PREE RS RS E - RINFEEGEFFE - zeamays@tydais.gov.tw) KA FEBIEL -
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¥y ARE AR AL FE T FAE » AR - RIBAIGA R » EiM1k 45 HEGRE
EEEERFA/N (Yeheral, 2021 ) - FEFRTE 40-60 H & BGEMTEFE 5 Ma A E %
AR A e ~ ot s ES REGRESREF AT Y - AOEL SR EREDS
KBS » SRR - KIER SRS (Bhaieral, 2006 ) « {E[E] £ AS
WEEVETE 5 ARAEIZE 7 A LA] » EFEERNE 15%F] 70% 1% - BrERE EES (555
2021 ) ° ITHEAK > 5 2 6 HEFCHBATEIAR E & HER 35°CLL R =it » PRI ZE e g
HEREAC NG T R E -

A EYINIR TR R B R B LR R E WE - FER RS E
FAEFRZ G - BRI CH E R E RN (R ERAIEEEZ (L (Hedhly er
al,2005) ; fE/NMUTREAEZBEREE - FBEREEETELH T » (EmEEde
MR BEGE IR « [RA R REEE L3 Bl is i KM L EVAEHRHE - EBHEm AR
TV ERERE{E (Karni and Aloni, 2002 ; Pressman et al., 2002 ) F R - SR AFEB{EH]
JeBRAE A & AR A58 B R /MU - Ak TE MR & R =R
KR (Navaetal, 2009 ; Suzukietal.,2001) o NEIEVIRITER EINREZ 2 145 B
A ERIIHIETRIERE R MR EE R FiCH &S e R 1 DA

HES (Deceaultand Polito, 2010 ) -« =i & AHIAEIY RIEOR D - EIEREEEN
PR R s B R C b N FERIRE - BEER TS JIRE (K (Pressman et al., 2002 ) -
FREHAR SR E R ERHER EEEEE - I RREEE - STFE=E S IR
HEEERZEAE > Pl 2021 4 5 H FA{EEE R EHEM MR 36-39°CEiE » HAFA#
RIS AERENRERRE  FERERESR S DL - #HERIgE BRI R ZE T Y E
EER o FERIERE RO EETE R (ZE% > 2021) - Kl - BRE(EYIiRE
ek 228 RACKY E A RIRE - BR T F RS IR AR - TR TS IR AT Rl 2414
i g HY IR B R TR AT - 7t e L T T e ¥R ( Deceault and Polito, 2010 ) -

Rl A< BRI T N LR IR > GBS A A B R BB (ERERA - f
HETEREFCH BRI (invitro) #5235 - BRI E R B8 B RER B s
B - S EEERD B8 A 2 LR v PR R SR M A B A E 12 A [RI RET . A E R v
T o A AGEEAFTERBE YN R CRVE MR 5 - ST SR e B A e
TR E S E <78 - 75 DI <R ol & IRk I T SO - DU AR
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BEEEHOR RN R I ) 3 R AR  ERAOEIERE 50%-
T0%F36 5 + 16 FBATERALUR K J 3t - B PRI 35°C DUTS + IBHEA MR 70%-
80% « 14 2021 {EHIIRES 4 H 28 HIGEIRSETEEBIGHNG - 2 5 A 30 BIEHEsR
R - BB I S ST B -

= BEREERBETECESR

R R g A S BT A C 2 B TRy ] DAET TR 1520 3l S R H B 3k IR S R R - 2t
A AR C R bR R FEIE T T B A & - FABAAERT 1 B 22 RBRAAZEBAEE H 16 K »
P& 2 h HIREC SR & B BB UIR RS -

= TREEEE RN

A A 8-9 IFFEHEEY 10 SN [EIRERR HRYTE 43 BIHR BEMI 3G B IRE P A i 0%
5% > 10% ~ 15% K7 20%pEf# 2 BK #2522 5L ( Brewbaker and Kwack, 1963 ) » B2&
Bl /5 100 mg L H3BO3 » 200 mg L MgSO« - 7H20 ~ 300 mg L™ Ca(NOs)2 - 4H20 J
100 mg L' KNOs ( All Merck KGaA, Germany ) » pH {HFi% % 6.0 - MR B EH B LLE
TGRS B BIER LG - DL 1 ZfEfeky it | e MREEs - RS E
823> DL25°C BIEEE 4h 1% DOCEEMBTERRH BB - BREFE 4
B FEEEEMEE NEIMCH KB S EIE R - DIt S em R4 -

e AR BB F RIEMELERBIR

EEE T GEINR B 0 Fplare il N 3 IpPAE » R 2021 45 H 22 [
(02326912 & 15 ) RFEAFRPIICIRH] - B4 0 BF R CAPRIaRERY - 3 FFRAE
SeFRRY - 6 PR ESRIERH - 9 PR EZRBRAGRAT - 12 REESRBEIPAG - 15 BFRuRAt
RSEEMG - BRSNS - 2 BIFERI FITERR ERTE - Bt B
A E | mL BERDOFERE 2 BK SR ZHE OB TR G TERL - DABZETRI 100 pL 55
B A MR Fr IR o - DL 25°C JRI RS 4 h 1% - DOCEREA SR RICN %
FIBI - et 3 B - FFEE 2 [k - WAEREMES N EDT AL AT 2 B 5
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SHHAR - DRI # R S E &
A~ FRIGEHEMIBINEF R E

R FotaAER T 1 LB E T | mL BB BB - 1R B 8-9 IFfER%
HUBEBH Z ek - FRAfEm BRI IO S 1 mL SEASINRENE £ BK SRS ZBb LE
EETERL - DIRE RN 100 pL B2 A MR R Fray MR ch &d0E 5 Frdkq - 7
BIELE 20 ~ 25 ~ 30 ~ 35 f 40°C [N REFE & 4h » 3k 3 B - DOCERBAIR SRR EH) 3
FIH - WAEBGIEE N EIAC R 5O S eI E AR - DIETRAIer S 27K KoHl
BILHERE

i

7N BmAIRETEM EREINE BT LR E

FR B4 8-9 KFFERRIUERBE A6 - BRAEAEm BRI A S 1 mL SERINEEDE 2
BK B EE OV E TR SRR DURZE R 100 pL 5520 A B MR s A B (M1
B BUE9 ik BEREBEENT - DIABREHENEREEE 1 h g 75
PIERZE N 25 ~ 35 e 40°C T REOUESE - 3 BIfERER 1~ 2~ 3 h IRILUCEREAR
BERACHL - AR EEE THOUEE 40 (B 1) - FEHE 3 HE - DOCEREMEE
S B FE KA BTG - AU ek R g SR e S e - DIETEIC 7
FE - feERE VR -

T M EFERRAE

B B 1% ] Olympus BXS1 SUEREAM ST (#2H T 10X 2758 20X K 40X ) i
T8ty - BEHEEEEI 4 0 SRS EZRRE - FERE 2055 200
&7y - FTETE PO REE CR i B H - MERRE 2R - L ERE AR
¥ BAL 2 (SEIREE At A EE » {ekyE B Hh BRI KRR E Rt E AR RE (
3) o LW E R image J RBGETHIE - FREGEEE S0 (EEHE -

N\~ #RETTIIA

Al BB IS LL SAS HURHIBEHET T/ /57317 (analysis of variance, ANOVA ) - F5/E
B SRR FRET R/ NEZZ R IEE (least significant difference, LSD) - [L#2
B F S E R 2 =R -

e
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Fig. 1. Flow chart of the influence of high temperatures on pollen tube growth in V. planifolia.
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I SARE R - R B A S s e S - R 7-10 B MVE - BACHR T Rk
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BEMTER S B R B Bk - A R REMIRE A 45245 ( Lubinsky et al., 2006 ) - A\ T8}
e DT 8 SR EHERR > FRRFER IR T IBE - (L RETEAESH > BI5ERd%s) (Boryetal,
2010) - FRFEGHEE A - FFEMAH TR - (BRI g EEERIOR - 2%
Fr1% 210-240 H SRRk - 2 i s SRR R FERICE T B R B 538 (3
,2021) o

Shadakshari 2§ (2003 ) S¥ZL V. planifolia HIFETEBEAERT 23 h E{EEA &% 16 h
WM A e EAE T - mAEBERTESCRRT 41 h R DGEIEM 3 25F - R E(ERAG R
17h - AABSAE RS AN TR BAE R 12 IFBALEEA G > INHR TR ETTI0 B 1
ERID - BB L N TRIELE L 6 BB R HET » NEAE/EAAA O ZE
RHETT - DUZE R IR -

s . W
One day after flowering

2. BRI CRBARIRH
Fig. 2. Blooming time of flowers of V. planifolia.
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— - BRI T 2 RET

NEIFERERE S Bk 3 5 < 5o 2 A SRR B 3 B B E N NI RE B 2 55
BIRPFELFIRGE S0%y 5 - FEETERRERIG - fCh 2R3 T (£ 1) - 8
PEIRAEE 20%E L R iR e BRI K 5 > ARG B DAE N NI e BB A BS
BHE N ERMICH B REE - AL R A RBREF BT EEEEEA
& HFRERFRE S ERIEBIIMLG  RE U INSER SRR AN E £ R
2= (Vasil, 1987 ) -

Nissar & (2006 ) $5HEFHEM TERIT S%IERE » 150 mg mL" filif% K 25°CHF5%
R - (B EY ] DAE SRS B R e B 5 A E AR - 5%

(1998 ) I ZEAMIEEBNE - [ P ES SN S EREER BK 5Bl #5
H#ZFREE 95% - KBRS RER » BM e N RIS S B R N HVE
w5 > Bl Nissar i FEAG R A A > SR A Rl pE S ERM BHE REBEE ARG B 52
M EEMZRE . B Rl BK BB G IRNINREREE - THERPS S iH BRI S5 H
A AR E R (R R YIRS N IEH 32 » HAS RN EPERE &S Sm I e
7 o NIt > RAER S DI INFERER BK 852 Tl -

& L NI ENREERERE < BB A R e eI R

Table 1. Effect of sucrose concentration on pollen germination in V. planifolia.

Sucrose concentration (%) Pollen germination (%)
0 50.6°
5 19.5%
10 12.8°
15 8.1¢d
20 1.9¢4

[T IS FRERAEIAI 2048 LSD BEE IR MBS TE 5%kt s BT -

Different letters within a column indicate significant differences at P < 0.05 using LSD test.
IR U E AT E DGR - 7 BK 858 5T 1 h - g el B2 2 8AehETE T

R (B 3-A) - FZEEEYPITtR R MBS AT DI R
FEAVRBANNET]  EXEVES B R ERTRE - DR AEEA (invivo)
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ey # s - AREAENE (3 1987) - —EINSEIEH # 5 R 50%LL EER
AR R 5%-50%DL R TR (R S% LU N BINVEE TR . HE
AR R AT - (LR > SR IEEI A REYE > DI INE R ( Chiang,
1974 ; Ferrari and Wallace, 1975 ; Subbaiah, 1984 ; 2= » 1987 ; 2255 , 1989 ) - {EAZ Es
R RE SR EIEYI{ER) < BK BEE » aESEEI SIS NEZF 2R - Ravindran
(1979 ) REEEFLEACK 30-40 min (R AIBHIAFEEF - ShIRAVFF S 45% » BAG B
i AR AHT ©
TR T N LA REAS3E - (L R F RE BRI CEERTE » REEAER
{ERRE R 3R SHE SR R LIRS 3 h R B RIBa e B Y
ety DAgg s g 2 7 =GETRE B SRR B 0 KB R T2 - (EhEF
HRFE 36.6% - FCHGINGE 4 h ALK ERE TR 201.2 um - JLFFEHE A R&R
B3R OB (EMEE SRR 28.6%-32.3% » LM E R R 130.8-158.2 pm ZE R
REE 5 12 IR IRAGRBEIPA S - fE R 5 Rl EE R (R 20% - Bt EREHEE
BRI 5 22 15 FETER & 2R R ) 12.1% - B E REM A 98.8 um ([E 2 &5k 2) -
A AT B 3R 7 6 RE{ 5 2 B fef BT IRV R B/ ERT 23 h 25
{Ef#% 16 h ( Shadakshari er al., 2003 ) » KB RZEIIE I LT 6 b e
B ([ 2) - TNEWBATERBEAC RN > B4 0 KBk 3 27 R i fE > 9 B DUAT
PR 212 FFRBEERE - BRI -

2. FIER AR HEE Rt B FR RN EERZEZR

Table 2. Effect of different time in a day on pollen germination and pollen tube growth in

V. planifolia.
HBR Sz ] fEky =R feERE
Time Pollen germination (%) Length of pollen tube (um)
00:00 36.6* 201.2°
03:00 32.32 158.2°
06:00 29.0° 130.8b¢d
09:00 28.6% 144.2%
12:00 19.8% 118.3%
15:00 12.1¢ 98.8¢

RIS 7 B AR 2748 LSD B HIBRTE So% ok 22 B -

Different letters within a column indicate significant differences at P < 0.05 using LSD test.



AR CE 1 AR NEM AR Z5E (75)

= TRIEEHERRMEMBINEEZRE

REBEARSRRE R ICh#E T 28 SR A BK 8585 FE
FEYEATRS R 4h o RSB 25°C N E > {E{RIR 20°CEtR MR - HAL
e R AHEEEGT  1F 30°CEREE MM # 2R RIEEL 25°Cha i » ([HIEME RE
PR 317 pm ik fEE R 35°CEREE Mk 32 R AREE N - (25 18.9% » 1EME
Ry 168 um > 5 FEE 40°CEnRRER - TIRE# 5 (£3) - BHEREHR
BB TEEF e P B HRET - ITEYIRESE S LR R[] - (B 3 2Ea
BRIZE » —RAEVTER SR 20-30°C/E 4 » Q175F% ( Stern and Gazit, 1998 )
ARJL (Cohen et al., 1989 ) ~ =5 ( Sukhvibul et al., 2000 ) 5 ; F{EEIRN Z 4K
DL 28-32°CHE B SR Ky AWy & i EfE (Burke ef al., 2004; Kakani ef al., 2005 ) ; JE#S
EEOBLAYTERy #5 48 E BBy 15-23°C ( Vasilakakis and Porlingis, 1985 ) » AE Eafs 5
TR E AL E 25°CIRF R » 1F 30°Cleln B (H R ik » 35°CLL ETEH
EMHIFER R KA B -

2% 3. AN[ElG R A B BT b B N E AF R

Table 3. Effect of temperature on pollen germination and pollen tube growth in V. planifolia.

i PR T AR e ERE
Temperature Pollen germination Length of pollen tube
(°O (%) (um)
20 27.9° 113.94
25 48.3* 197.7°
30 29.0° 317.6°
35 18.9°¢ 168.2¢
40 0.7¢ 0.0°

[T IS FRERAEIRI 20548 LSD BEE IR MBS TE 5%kt s BT -

Different letters within a column indicate significant differences at P < 0.05 using LSD test.
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CLAE R T SRR e 2 5 R R O O & B Sy
SRHISE » KHEM IR 25°CHets s 1 h» fHEm R R AETEIRES (B 1) - B
RPN E ERIBIY L EEIRRE - (CHENREPRAECH B (& 3 F)
Uil X (6 3-G) sEsdh (@ 3-H) ~ Righid (B 3-1) FHE5 - fRER
35°Clz I 1-3 h A ERE Ry 15.1%-23.4% » NERE R ﬁﬁﬁ?f@%iﬁ$
S o BB 40°CREHH 1-3h T HEH R EE 37.9%-47.0% » BRI E M RNEEE (£4) -
RIS EE B T EEBA [T A SRR - 40°Cha B 1 h JH R &L 35°C R IR - 2
B2 hDLE SiREEHEREREZESNEEE (£4) - HAERER AR 40°C
R 1 h RIS R e B RRIRIG N - 5550 - DB ERE R - 78 35°CrzEl
% 1-2-3h (EHEERESRR 54.0 » 88.3 K 134.3 pm ; Hil[F—HF RS 5 46.2 -
197.0 J 240.0 pm FHECEEZE G 5 ] 40°CHEEH 4 [E—HERI Rk 45.0 ~ 52.6 J 48.2
um > [EHERFE LR (£4) - RNl R R RTTHEERS SR T Y
e E R - IREEEZ A -

2= 4. A[FIE R s B e BRI R ST A SR L B S LB R 2
Table 4. Effect of the duration of different high temperatures on abnormal pollen tube ratio
and pollen tube length in V. planifolia.

i P R e B e ERE
Time abnormal pollen tube ratio (%) pollen tube length (um)
(h) CK 35°C 40°C CK 35°C 40°C
1 6.84Y 15.08*Y 47.01%* 146.18* 53.49% 44.95%Y
2 4.027 23.39%Y 40.928* 196.97* 88.33%Y 52.61**
3 5.97* 22.05%Y 37.91%* 239.96* 134.25° 48.24%

£ LSD ffat » FTEESITRIRTEFEE (a~ b ¢ FR1T > xy 2z ZR5) HIEIBLE
P <0.05 HFEEE A -
Data followed by different letters (a,b,c for lines and x,y,z for columns) within each line or column

are significantly different at P < 0.05 with LSD Test.
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3. BERUWHEMBIMNGBRFBY (A) BRMICHETHAE - IEEECH R ER
2 R R e o (iR RTEZF - BT RHEE ) 5 (B) REHF WL (C)
fESMTE 1hs (D) BESMEE 2h; (E) BIMEE3h: (F G) {EhERRE
RAERRE ; (H 1) {EhEZEBIEHE - Bar = 100 pm -

Fig. 3. In vitro pollen germination of V. planifolia. (A) Arrow: Ungerminated pollen, double

arrow head:germinated pollen, (B) Ungerminated pollen, (C) After in vitro incubating
1 hour (D) After in vitro incubating 2 hours, (E) After in vitro incubating 3 hours, (F

G) Abnormal swelling and growth at the end of pollen tube, (H  I)Pollen tube
abnormally curled or cracked. Bar = 100 pm.
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E—FBREHETRERNER M E RS gIREER & 35°CREIEERE
SR 111.3 5 156.2 2 174.1 pm > FEAS 4 h S ERS BB IGE 57.8 © 67.8 &2 39.9 um » i
fH (25°C) 5 271.7 ~ 330.7 2 472.3um » #8 4 h B84 6 R 125.5 © 133.7 K% 200.5 pm -
BEURE 35°CIRBE T - bR T & BRI RAE RR » AR = 1R A R =Rt (% 5) -
R iE 40°CHY - FEERA e E R HIIHT e EER - IRIE=EIRR 4 h 5 52.0 ~ 57.2
J 58.3 pm LA RSN 7.1 ~ 4.6 [ 10.0 pm - FHRHE 40°CrRiitk - Lk BRI
I (25°C) Tosg R R AR - A - AR e TERR 122 2 U -
FE#ER 22 35°CLL LR B e E B R - MIRRIE R SAFERTE A -

5. NEIEREEGHEHEEFERER 4 hREChEREZVE
Table 5. Effect of the duration of different high temperatures on pollen tube growth in
V. planifolia. The lengths of pollen tubes were measured after high-temperature

treatment and move to normal temperature (25°C) for four hours.

e ERE
e P VL P Length of pollen tube (um)
Tre(itg;em Ih 2h 3h
HEE R HRE R HEE R
25 125.5% 271.7 133.7% 330.7 200.5% 472.3
35 57.8%Y 111.3 67.8%Y 156.2 39.9by 174.1
40 7.1%* 52.0 4.6%* 57.2 10.0%* 58.3

1 LSD fghah » FATEEIIRRIBAEFRE (a~b ¢ RR¥ - x»y >z FR(T) BEIEE
P <0.05 FREEEAE -
Data followed by different letters (a,b,c for rows and x,y,z for columns) within each row or column

are significantly different at p < 0.05 with LSD Test.

BAHIT RN LI A A E A< T A LER S EEET 50%558)77 »
B IR AGACEE A B e AR AR IR EE 2 (BESE » 2021) - (AL - SEATHERE IAURE
{7 o SER M ERER B SRR C R B CB ] - TEI RRBARIF AT H 22 = 4 1521 8 I » 1L
BN (invitro) BABBAEREUR - N EFERER BK By B R s Ch 3 2 » 25-30°Chy
OB BRI  MEAIEM B HFRIETE 12 s - (HEEF A TRENIENME -
ERE 4-5 FPR O R R R 2 Th TR ol & Ss A FIIRFEL 5 e 12 IRFLA
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RACK) # 27 Rt AR e » PIRERS BRI T R B Bk M - =y il s st B »
35°Cz# 1 h $i{EMEEETE » RS ERY » ARFEEHEEE - HRE
[E2] 25°C= U N AT IRIEAE R o B R A Ch e R B DO E - Bk
{82 - i1 40°Cpz ¥ 1 h RIS{EM E S s E BE - M DIRIE -

BAEBR R - (CCHERAZ ~ ER—HFE AR ZIE5ER - HEFTE 21-
35 | o it E A B C 5 A e B AR - SRR 2 e
i i B EE N GE - Nt BHROERERERR 4-5 B2 TFRI5ERL -
AR TR 1 (8 A o HER RSB e 35°CLL Emifia 8 - DRI R 2Bl E
KER -

% H

Al BRI R R BT R B R R E A i IME ~ IS/ IME ~ fRESOEAE B
BRI ~ AR M R E HEH S -

%% XK

AECH ~ GRISEE ~ BRIREE ~ ZREREE - 1998 o SERAARIEK) 25 ZFBENE NN - 2k
ZERIEE 13:127-138 -
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AL ~ FFYIE ~ E0E - 1989 - RO O BRI IEINELE LR E o ThBlEE
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Study on flowering characteristics and Pollen Growth of
Vanilla at High Temperature !

Yi-Hua Lin?, Chih-Hsin Yeh?2, Chia-Yi Chou?, and Kai-Yi Chen?

Abstract

Vanilla is an important spice crop. To understand the factors that affect the
implementation of artificial pollination in the cultivation environment in Taiwan, this study
evaluated the pollen activity of different times in a day during vanilla flower open, the effect
of short-term high-temperature on pollen activity and pollen tube development.The method
to measure pollen activity was developed from the in vitro pollen germination trials. The
results included BK medium without sucrose is the best for in vitro pollen germination, and
25-30°C is the optimum temperature. During vanilla flowers opened, the pollen activity was
highest at midnight and had no significant reduction before 9 am, but decreased significantly
after 12 pm. High temperature significantly affects pollen activity. It is harmful effects at
35°C for 1 hour, including abnormal pollen tubes and stunt growth of pollen tube, but the
growth of pollen tube can be restored at 25°C. The longer the high-temperature treatment,
the worse the harmful effects; treatment at 40°C for 1 hour will cause severe damage to the
pollen tube and unable to recover. In this study, high temperature affects the pollen
germination rate and inhibits the growth of pollen tubes. During the pollination period,
attention should be paid to field temperature management to improve the success rate of pod

formation.

Key words: pollen tube, temperature, germination percentage
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