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The effects of seasonal variation on the development of male and
female reproductive systems of papaya

in ‘Khaek Dam Kaset’ and ‘Plug Mai Lai’ cultivars
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Abstract

Papaya (Carica papaya L.) is a fast growing fruit tree that is native to Central America. It is now
widely grown in tropical andsubtropical@réas. Previous studies indicated the variation of papaya fruit
quality throughout the year. This‘greatly’ impact the price and availability of papaya fruit. In this study,
the effects of seasonalé€hanges on papaya reproductive systems were investigated in hermaphrodite
plants of two papayacultivars, Khaek Dam Kaset and Plug Mai Lai. The flower development as well as
male and femalegeproductive systems and fruit development (fruit weight, flesh thickness and seed
number) werg determined. The study indicated that percentage of viable pollen and pollen germination
in summer were lowest in Khaek Dam Kaset and Plug Mai Lai cultivars in both elongata and reduced
elongata flowertypes. In Khaek Dam Kaset, fruits developed from flowers in summer did not have any
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seed and the average fruit weight was the lowest. In rainy season, there was no significant difference in
numbers of ovules and pollen germination rate. In winter, percentage of viable pollen and pollen
germination were highest in both cultivars in elongata and reduced elongata flower types.
In Khaek Dam Kaset, fruit quality was highest in winter season. Therefore, it can be concluded that
seasonal variation affected the development of papaya male and female reproductive systems.
From the outcome of this study, it can be concluded that Khaek Dam Kaset cultivar was more responsive
to seasonal variation than Plug Mai Lai cultivar.

Keywords: Carirca papaya, pollen, papaya flower
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Figure 1 The development of elongata flower type in ‘Khaek Dam Kaset’ papaya:

Stage 1Y Stape

Figure 2 The development of elongata flower type in ‘Plug Mai Lai’ papaya.

1.1 auandunen ingsinelle dudzedunas uwarsily vesuzasnaiuduunainuns
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‘U‘u’lﬂiﬂvlﬂl (Gvary) Fosmanszesil 1 flvumadsnnuning 0.33+0. 06 . AMUEIRAE 0.67+0.06
3. mum%’ﬂmﬁm%ﬂumamwzﬁ 2 farunalaede 0.57+0.06 .. ANENILRAY 1.60+0.10 . suujmﬂsu”lu
aenszerdl 3 BANni193slaiade 0.73+0.06 u. AmL1IRAY 1.670.15 wu. vunisldlunenszeyi 4 A
n19¥gkiiafe 0,90+0.00 @, Ame1ade 2.3320.06 wu. uazvuinsililunensyuzd 5 muninedaliiede
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WiuTUEes 9 (Table 2)

<
nsuUs: yUIBINIS 'Ulm IIKVBI8 ASLAN 18

5-7 WOAYNEU 2562 tu TsvisussuaUa aladas AouPUBU UUI’WUS



1¥fna Seait 18 wihil 5/14 e[

Table 1 The size, width and length of petal, pistil and anther in ‘Khaek Dam Kaset’ papaya.

Width (cm) Length (cm)
Stage

Petal Pistil Anther Petal Pistil Anther
1 0.37+0.06° 0.27+0.06° 0.10+0.00 1.10+0.17¢ 0.27+0.06° 0.57+0.06°
2 0.60+0.00° 0.47+0.06™ 0.10+0.00 1.87+0.15° 0.43+0.15° 0.77+0.06°
3 0.90+0.00° 0.63+0.06" 0.10+0.00 2.50+0.20° 0.87+0.06" 1.47+0.06"
il 1.03+0.06° 0.93+0.15° 0.10+0.00 3.30+0.20° 1.20+0.10° 1.67+0.67°
5 1.03+0.06" 0.93+0.15° 0.10+0.00 3.30+0.20° 0.97+0.06° 1.67%0.67°

Remark: Means with different letters in the same column are significantly differept at P/= 0.05 by Tukey
test.

Table 2 The width and length of ovary in ‘Khaek Dam Kaset’ papaya.

Ovary size (cm)/flower

Stage

Width Length
Stage 1 0.33+0.06° 0.67+0.06°
Stage 2 0.57+0.06° 1.40+0.10°
Stage 3 0.73+0.06" 1.67+0.15°
Stage 4 0.90+0.00° 2.33+0.06"
Stage 5 1.03%0.06" 2.90+0.17"

Remark: Means with different letters in"the same column are significantly different at P = 0.05 by Tukey
test.

1.2 aunanduhen inasunekiie suazesunas wazsily vesuzaznaiuiudnliane

HANNS IR NABAAY AL TITBINEUADN way tnasiwele wuin dvuisiintulussezaend 1-3
LLawmmmiwmuﬂuLiawmmmamaivawmaﬂm 4 luvarfirnuni1essuazosnnasiniun e
%Y w‘Vl 1-5 A8 0.10+0.00 w3, (Table 3)

Selvfin1swanaue Imamywmﬁuaa%’ﬂlﬂimmmaﬂswzﬁ 1 flunnedsnuning 0.20+0.00 g, A
#1008 0.60+0.10°4% . yunSdlaiintulunonszesdi 2 dauninesaldiade 0.60+0.00 9y, ANNE1ILRAY
1.2340.06 9. awnisldlupenssesd 3 Sanuninessluede 0.73+0.06 9y, ANE1REY 1.63£0.06 B, YU
Sellunenszedi 4 Anuni1esleiade 1.00+0.00 wu.AMueI@Es 2.07+0.06 91, wazauassltlunenszeosd 5
AraNnsassalaide 1.00£0.00 91, AI1UET @AY 2.30+0.17 4. (Table 4)
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Table 3 The size, width and length of petal, pistil and anther in ‘Plug Mai Lai’ papaya.

Width (cm) Length (cm)
Stage

Petal Pistil Anther Petal Pistil Anther
1 0.33+0.06° 0.27+0.06°  0.10+0.00 0.83+0.29° 0.27+0.06° 0.53+0.06°
2 0.57+0.06" 0.47+0.06™  0.10+0.00 1.73+0.15" 0.43+0.06" 0.83+0.06°
3 0.80+0.10° 0.63+0.63°  0.10+0.00 2.17+0.15% 0.80+0.00° 1.47+0006"
4 1.00+0.10° 0.93+0.15°  0.10+0.00 2.77+0.25° 0.87+0.06 1.63+0.06°
5 1.00+0.10° 0.93+0.15°  0.10+0.00 2.77+0.25° 0.83+0.06° 1.63+0.06°

Remark: Means with different letters in the same column are significantly different atePy= 0.05,by Tukey
test.

Table 4 The width and length of the ovary in ‘Plug Mai Lai’ papaya.

Ovary size (cm)/flower

Stage
Width Length
Stage 1 0.20+0.00d 0.40+0.10d
Stage 2 0.60+0.00c 1.23+0.06¢
Stage 3 0.73+0.06b 1.63+0.06b
Stage 4 1.00+0.00a 2.07+0.06a
Stage 5 1.00+0.00a 2.30+0.17a

Remark: Means with different lettersfin the, same“column are significantly different at P = 0.05 by Tukey
test.

mumvmuim%m:un’nmaummmﬂumwmaanaumaﬂ wnasineLle Suavesunas uaztald azinng
fimundausiszozdl 1-3 aganfur bazumyaluszesdl 4-5 Safaesase uummummﬂu d1uAuninees
JuAreRuNATIUNAZABIUIHUNALNEATWAY dnlianefirunfawiniusasiwsusuasiusiszos 1-5 uarly
UrAENENUTUUNAUNWATTXLVUINANUNTIaTANEIVBIEIUNAUADN nasinALlly duaveaunas wassly
wnnizazndiugUialiae daenndesturanaiild Inonauzazneiuduundinunsaziinaluajnimzazne
Wuguanlilang

2. MINTIVADUAMNNYDITEUURURUTINAL
2.1 ﬂimmavaaunaﬂuuvauﬂawummﬂmmwm

wamimwuuﬂsmmavaaaLﬂas (pollen) quvavﬂa‘wuﬁufuﬂmmwmmaumamia £an8
ovalAmAsladt Tu 3 ggnia wuth azesanasiiidinvenen elongata wamqmlwmnmmummm wiidleAnidu
Wosifudvesazesnnasiififinnuirluggruniiesifudnisifinvecazeeunasgeiiagnanily 82% wavuiuna
auliifiFinlunon elongata dulsiumnenaiumsadio mﬂmﬂumaimuﬂuqmauuLﬂaiLeuumm'm"memmwam
30% davlugguunilazeennasiilsififindnfignanidu 18% danilunen reduced elongata fiusinaiazeennasiil
mmawam‘iuqmmmm Wy Tuvnigdiggdeuiviinuazosunasiidinmiian wazUIunuazesunasilsiidin
wud gafounazHuiUunaldunnaieiu qwmmﬂﬁmmauaaqmaﬂmmmmmmﬂmLﬂu 3% aziiulaintugg
vunazivinainasiidingsianuazUsinuaesunashififindiiaelunen elongata wag reduced elongata

duggseuiuinmay aaqmaim"l,umnmmmﬂ (Table 5)
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Table 5 The number of pollen in ‘Khaek Dam Kaset’ papaya in summer, rainy and winter of elongata and
reduced elongata flowers.

Flower type and number of pollen

Season  Elongata Reduced elongata

viable pollen non-viable pollen viable pollen non-viable pollen

Summer  41,387+9,968 (70%)  17,932+7,442 (30%) 38,362+6,276” (67%)  19,210+4,809" (33%)
Rainy 49,337+8,760 (71%)  20,098+8,250 (29%) 59,448+7,744° (73%)  22,045+6,002° (27%)

Winter 41,447+26,492 (82%) 9,140+6,440 (18%) 60,872+6,622° (97%) 1,887+740°" (3%)

Remark: Means with different letters in the same column are significantly different at P = 0.05 by Tukey
test.
22 Ysunuazesunaslunvaznenugudnliane

Nan13n Tt uUTUIMaZ00NaT (pollen) VlmnmLLauluuﬂmmiumamawuaﬂaﬂlmmam 399
Y03uilanon elongata Wag reduced elongata Wu11 AN elongata mﬂimma“aaﬂLﬂawm}mawamiuqmﬁma
1uqmiauu,a grlufivTinaazeenasifidinluunndnety was 1uqm'iaumimmmawluummawamﬂmLiJu 17%
Tummmqmmmmuﬁlumﬂimma zounasiuariivTnaldunnaaiu pef reduced elongata wud lugguunadl
Yianway sounasiTingedian Ay 92%) LLmJsmmavaaaLﬂaﬂumnmiumamqmuulm,mﬂmaﬂuiumaam
LLmLmamanﬂmﬂmﬂmwumawimma yepunasfilifiTinndunyd Tuqmauma aamawiumnmamammﬂu
18% muiqusluuavwmmavaaaLﬂai‘vﬂmmmiuLmﬂm’mﬂuﬂmﬂu 8%. V09742 §)q) (Table 6)

Table 6 The number of pollen in ‘Plug Mai Lai’ goapaya in summmer, rainy and winter of elongata and
reduced elongata flowers.

Flower type and number of pollen

Season Elongata Reduced elongata

viable pollen non-viable pollen viable pollen non-viable pollen

Summer  15,190+2,560°483%) | 3,135+5287 (17%)  12,452+1,772° (82%)  2,815+649 (18%)
Rainy 11,372+899%(91%) 1,082+271° (9%) 9,995+847° (92%) 867+357 (8%)

Winter  40,883+1,0468%(979%) 1,172+223° (3%)  46,658+8,9207 (92%)  3,888+3,551 (8%)

Remark: Mean's with different’ letters in the same column are significantly different at P = 0.05 by Tukey
test.

@QUUIUZ]@?E)H&IUﬁJ’]ma“E]@JLﬂﬁ'ﬁ‘VIiJ“U’NWHVIﬁ@LLa‘”ENQJIJ'ﬁJ’]ma”@ENLﬂﬁiWIMWM Glﬁﬂﬁ/lﬁﬂ IWEJ‘WU‘VNTLI

o

gy ﬂﬂWUﬁLL‘Uﬂ@WLﬂHﬁ‘iLLa yuanldlane LLawiquu’rmﬁimmaWEJENLﬂaimmmawamLLaUUimmavaaqmaimlm

A

ERLLRG Tuuzagneths 2 stus ihildhgguundudssefivearesunas uasggioudmaluduauseazeaunas
SRR 2 g
23 wWesudnswenvssazesunashuuzaznaiiuguundninunsuazuanliane

MInTedeUIUeiduinsIeNYBIazoDNNaT YosuzazneiiuduundnynsuazUdnlidane Tu
gg¥ou Wu uazvun lagnuh qwmmmaiLsuummiaaﬂauammaiawami‘umamwuﬁ mﬂuqmauumasmum
nssensnitgalunrazneiis 2 g iWethinisuiieuesidudnsenazesnnasluszasnots 2 Wug vowt 3
§9 WU TuqasaumuauﬂawuqﬂaﬂiuawzmLﬂaiwummsaaﬂ%aqawammasqqmwwuqmamLﬂwﬂumaﬂ elongata
dlunen reduced elongata Tesidudnissenvesavesnnasinaifesiu garulunvazneiuguandinunsd
Wedliudinissenyedayesnasnen elongata Law reduced elongata IndlAssiu dawlunzagneviugudnldane

Wesidudnisienazesunasveinen elongata g9n31 reduced elongata dlow3eudioudts 2 Wug wudn
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9N elongata UDIULAY ﬂ’e]‘W‘Uﬁ‘Uaﬂillﬂ’]EJiJL‘UE]iL"ZIumﬂ']NE]ﬂ‘UENay’e)’e]QLﬂﬁiﬁ\‘iﬂ’J’]WUﬁLLﬂJﬂﬂ’]Lﬂwmi fan reduced

elongata Lﬂ@iL%umﬂWiﬂ@ﬂiﬂﬁLﬂEJ\'iﬂ‘LlSLUVNGENWUﬁ LLauf]ﬂ'WLJ’]’NJENWUﬁLL‘Uﬂﬂ?Lﬂ‘H(ﬂﬂu@]@ﬂ reduced elongata
llL‘LJEJ‘iL“lIUﬁ]ﬂ’]NEJﬂa”EJENLﬂﬁiﬁﬁﬂi)’]ﬂ@ﬂ elongata ﬁ’JuGL‘LJW“LJﬁ‘UaﬂvLiJaWEJLU@SL“IIUWﬂ’]iQ@ﬂa EJENLﬂﬁ{LﬂﬁLﬂENﬂu
LIJi?JULV]EJUL"UE]SL‘U‘IMﬂ’]iQE]ﬂa DOUNATV 2 ‘W‘uﬁ WU I‘u@aﬂ elongata L"dail,"?]‘u{?]ﬂﬁi\‘iaﬂa aaamaimaaawuﬁ

3
s

TndlAgeiu wazaen reduced elongata quwauﬂawquLmﬂmﬂLﬂwm5uL‘LJEJ‘iLszjummidaﬂawaadl,ﬂaiqqm']wuq
Uanldae (Figure 3 and Table 7)

/ Germination tube

Figure 3 Germination of papaya pollen in germination media.

3. ATIRADUAMNINYBITEUUAUNLGINALTY
wamimaﬁ]uﬂmmmmmvav‘m 1 f9 szeedl 5 vahenuzaznaydanen elongata 1 2 s Tutis 3
g9 WUt uzaznewusuundnunsnenszezd 1 lugguuniiySthelddinfenniian 171.67:26.55 l4/nen ol
U3 149.67+26.63 lo/man goseuliusunuiesiign,89.00+44.90 lu/nen AoNTEELd 2 qmumﬂﬁmmlwm
wam 585.70+55.87 l1/nen fgfounazruniiuiinnldinie,263.70+33.01 lv/nen nonszozi 3 wud Yiunally
W 3 ol 13JLmﬂmqnmﬂuqmammmu’nuﬂimmlﬁuLmﬂu 65091.84 14/nen nonseesd 4 Tugguunuazggru
fusinalvunniign 1230.33477.30 l4/men 1071.00+141.00 l4/aen fnFeuiiusunailaieniian 606.33+79.86
19/mon uazaenszogil 5 nouuiuuailtyaniian, 1086.67+156.58 la/aen ngvuIuaE qmiaumﬂimmlmmﬂmq
fiusnnlaeil 851.00+35.68 l/non wag®11.33+81.931%/non awddy Uinadlituaniiniusessufmenszey
s Imaﬁmm'imwuwimmhmuauﬂawuﬁl,mmmmwﬂuqmﬂummﬂammﬁma q viupnumsiannvessild
wilugaSounas Munﬂimmlsul,wmuama"l,uamLama faiiuluggieusdredaiauiiszosi 1 Yiuald
89.00+44.90 lai/nan L@Jamai“avm 2 mﬂammimwmmﬂu 3 mwaqﬂimm"lfummm (Table 8)
Usunailvlunenuvay newsUnlSfaneiis 3 09 nu1 Aonsusi 1qumNuuawunmﬂsmmlmmnmam
208.00+29.82 lu/nopdkaz 171.67+39.37 lu/mnan muqmaumimmﬁuawam 58.33+16.44 l9/a0n Aonssesi
2 oruiiuTinaildunniigel 720:00+74.73 19/aen Faiinainszezd 1 89 3 1w mqamwmuz]wmfmﬂimmlm
451.33:80.98 [v/nenBazgnFouiviinailidesiian 197.00+32.79 v/aen menszexdl 3 qwunmimmiwm
fign 1017.33:83.21 lw/non iaaaqmmuqmuwimmim 856.67+47.60 l9/nen Uosfignde gaieu
717.33£15.18 lai/mon sonszesi 4 qwmauﬂimmlsumﬂmaﬂ 1220.00+87.73 la/aen 3aqaammuqmuﬂsmm
19 1101.67+189,64 l9/mon wazggiouiivsunalvdesiian 890.00+106.90 lv/non aenszesd 5 wuirluggrudl
Waanadlaanniign 1335.33+130.92 1v/aen sosasAenguuiiuInwly 1143.00+58.59 11/aen qumsaum
iJimmlsuu@wam 1000.33101.35 l4i/nen Fauiunalvesindusindudedngnenssesil 2 udrasiiingu
Soy JaunsIzY ¢7 4 uag 5 (Table 9)
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Table 7 Pollen germination percentage of ‘Khaek Dam Kaset’ (KDKS) and ‘Plug Mai Lai’ (PML) papaya
in 3 seasons.

) % Germination of pollen
Season  Cultivars  Flower type

Germinate (%) Not germinated (%)
E 1
KDKS longata 5 85
Reduced elongata 14 86
Summer
ML Elongata 21 79
Reduced elongata 18 82
E 2 71
KDKS longata 9
Reduced elongata 20 80
Rainy
Elongata 37 63
PML
Reduced elongata 27 73
Elongata 59 41
KDKS
i Reduced elongata 73 27
Winter
Elongata 57 43
PML
Reduced elongata 63 37

Table 8 The number of ovule of ‘Khaek Ram Kaset’ papaya in summer, rainy and winter of
elongata flower.

Number of ovule/flower

Season
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Summer  89.00+44.90b 263:70+33.01b” 650.33+£91.84 606.33+79.86 611.33+81.13b
Rainy 149.67+26.63ab 585.70+55.87a*  632.00+113.86 1071.00+£141.00 1086.67+156.58a*

Winter 171.67+26:55a*  263/70+33.01b  650.33+91.84 1230.33+477.30  851.00+35.68ab

Remark: Means with different letters in the same column are significantly different at P = 0.05 by Tukey
test.

Table 9 The number of ovule of ‘Plug Mai Lai’ papaya in summer, rainy and winter of elongata flower.

Number of ovule/flower

Season

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Nmer 58.33+16.44b  197.00+32.79c  717.33x+15.18c 890.00+106.90b 1000.33+ 101.35b
Rainy 208.00+29.82a  720.00+74.73a* 856.67+47.60b 1111.67+189.6dab  1335.33+130.92a*

Winter 171.67+39.37a  451.33+80.98b  1017.33+83.21a* 1220.00+87.73a* 1143.00+58.5%9ab

Remark: Means with different letters in the same column are significantly different at P = 0.05 by Tukey
test.
4. nsUssfiudmdnua pnuvunilona Lazdunumdn
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4.1 uzazneNuUGUINAINYAT

mﬂﬂmﬂwumammmwwau agnaleiun thwitin Al TuseuBwudt gumgiigdlutng
mummmswmmﬁummamwaﬂimuamduuamﬂmmumuﬂmauwamawuﬁt.lfuﬂmmwm Tmawaww&uu’ﬂuqmau%
fiwiinnatosiigaiinty 1.27+0.26 nn. mummwmmauuwmﬂ mamwwuﬂqummmmwmLuaaa‘mam
Wiy 3.05:0.24 @ LLavwawwmm‘l.uqmauum’lwmLuauawamL'vnmJ 2.92+0.23 3. (Table 10)

uenantudmuiinisidsuulasanmgiieniadsdsnansenulaenswiouTmanudaves
uzgagneuguINALNYAT lnenauzay ﬂamwmuﬂummmaulmLuamszmLLmﬂmaammuamﬂmﬂuqmau 9 $1mU
Lmamaumtﬂuwamuauﬂawwmuﬂquunummumm/lam 288.91+155.7 Luan Nawwwuﬂuqmu:ummumam
auysalvindu 149.44+69.48 WhA waTNaNzaY ﬂawwmuﬂuqQwun‘wumidaﬂiuwa 63.13+35.94 LUAA N30
Uszana 12.4% dauluggiounasrulinunisseniuna (Table 11)

Table 10 Quality of fruit (weight, thickness) of papaya in ‘Khaek Dam Kaset’ (KDKS) cultivar harvested

in 3 seasons.
Number of seeds
Cultivar season
Total seeds Seed integrity Seeds gemminate in fruit
winter-summer  506.28+213.86° 288.91+155.70% 63.13+35.94%
KDKS summer-rainy  0.00° 0.00° 0:00°
rainy—-winter 274.33+101.24° 149.44+69.48" 0.00°

Remark: Means with different letters in the same column.are significantly different at P = 0.05 by Tukey
test.

Table 11 Number of papaya seeds in ‘Khaek Dam Kaset™(KDKS) cultivar in 3 seasons.

Number of seeds

Cultivar season
Total seeds Seed integrity Seeds germinate in fruit
winter-summer  506:28+213.86a* 288.91+155.70a% 63.13+35.943*
KDKS summer-rainy 0.00c 0.00c 0.00b
rainy—winter 274.33+101.24b 149.44+69.48b 0.00b

Remark: Means with“different letters in the same column are significantly different at P = 0.05 by Tukey
test.

4.2 uzagnenuiudnldany

mﬂmimﬁaumammmwma Iaur dvdnaanazanununile euawmwumunwasuaa
uyay fovs 3 g nultuandisiy amnunuidefe wauzas ﬂawwwuﬂqumma qmaummwmmamm
‘mam 2.81+0.26 A3l Way 2.75:0.21 @y, dndluggrudienuvuniletionfign 2.5240.11 wu. wiituldinaidn
mwmuummwlmmnmmumﬂ Johlimsudnisiauivessauzagneugudnldagliianuduiusiy
miLUaauLLanamwnmmmﬁ (Table 12) &mliﬂm‘wmﬂumamwmuﬂquunmimmmamu,a fLudnd
amimmnmﬂuqmau 1 muﬂammmawwm 630.55+255.50 Wan waziudnauysaldusuim
518796+218.49 a0 qmaumuammwm 459.23+141.72 wan wazfwdnauysalusunn 314.23+95.54
Wi wazgquuiidiuiuudnianun 358.50+122.62 WA uaz Usmmmamammm 239.55+88.94 Ludn
Tutts 3 g9 ldwuidwaasennieluna (Table 13)
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Table 12 Quality of fruit (weight, thickness) of papaya in ‘Plug Mai Lai’ (PML) cultivar harvested

in 3 seasons.
Cultivar Season Weight (kg.) Thickness (cm.)
winter-summer 0.86+0.31 2.81+0.26°
PML summer-rainy 0.78+0.13 2.75+0.21°

rainy-winter 0.76+0.14 2.52+0.11"

Remark: Means with different letters in the same column are significantly different at P = 0.05_by Tukey
test.

Table 13 Number of papaya seeds in ‘Plug Mai Lai’ (PML) cultivar in 3 seasons.

Number of seeds
Cultivar Season

Total seeds Seed integrity Seeds germipate in fruit

winter—-summer  630.55+255.50" 513.96+218.49% 0.00+0.00
PML summer-rainy 459.23+141.72° 314.23+95.54° 0.00+0.00

rainy-winter 358.50+122.62" 239%55+88.94° 0.00+0.00

Remark: Means with different letters in the same column“are significantly different at P = 0.05 by Tukey
test.

Lﬁ,JaLUiHULMSUﬂmﬂWWNa‘UﬁNﬂJUa nesiudwnanensuazUanliane wuingungiigs (agiou) duwa
nsENUlREnT wﬂmmmwwaamaq Tz diinne uasUsausaluse £aENONUGUUNALNYNT aamnum (99
MU) EIHANTY wuiuvmmam’twﬂimmmam LLav‘UimmLuawammmnmﬂ,uwavﬂamaaqwuﬁ waz vl
AauANEE ein Ywinua meu’l,uuuavﬂawuﬁl,mﬂmLmam othdlsfmumudnuaeiilidomnisio masentes
LmaﬂiuwaiumuauﬂawquLmﬂmwLﬂwm

ERRETY]

masuaqﬂﬂiLUﬁauLLanqmﬂﬂaluiaU’fJGiasswﬁuﬁ’uﬁ‘msazﬂaﬂ’uﬁlwﬂ@%LﬂmeLazﬁ’uﬁ‘Ué’ﬂlﬁma flaglu
dNMKUaIn1vVnaes Imam’maaumswwuwmmaﬂwama N13RTIAaRUTTULAUTUSINAN LA TsUUAUR UGN
iy uaznsnTadeUL RlNERRatruLEe Swaudn vemauzaznelu 3 ggniafie qmu gnfou uavggvun?
Taoisenuigiivigliiggasiensissyiulalunzaznesgszning 20-30 °C (Campostrini and Glenn, 2007;
Schulze and Maharaj, 2007).

wanSfinw s YUAUTUG AU nsaTaeulinaayeeanasizarnota 2 Wus fUuuaveounas
mmmwumﬁlquunmﬂumﬂ elongata Wag reduced elongata vesiuguanliiany druiuguundunumsagny
avaaqmai‘mmnmmﬂwam‘[,uqmaul,l,akun LLavﬂimmavaaamaswlmmmﬂsmmu’maa’iuqmauLLavwwﬂu
uzdynenails ilesnsruvduiusinadazimiugoulmdeanmwindeninniian aenndeannssenues
Sageset,al. (2015) NA1YI ﬁuawaywauwuﬁl,wvamw&uumvmmmbmmaﬁmummLﬂiammﬂmnﬁauluwszma18
wilnlaglut 2559-2560 wasﬂmmmsmaammmammauaasvmw 38.8-20.3 °C lngdiAnuunnievesgaingil
mammvmammmu 18.5 °C uargaungidsuszana 30 °C N1351897UY84 Saini et al. (1983) uay Young et al.
(2001) Tgaumgiifigendn 30 °C Tusterion meiosis iszey pollen maturity dawaseuiiTinvesazoounas
smmaszfﬂumaammmamamﬁwauLﬂamawmﬁaﬁqmam wazdanuiluiusuundunuaseziviinuazoounasii
Finlupen reduced elongata YSuasaandniuguanldane mﬂmmmwummﬂmmwmmmwmmsmaummum
niuguanldane nenugdidedsduivgiui a’mﬂmmﬂaﬂwmumaamumuavﬂawummﬂmmwmwmum Felu
walagn19een aummsawmmu"lmwam‘mmmuuﬂmsﬂawma $ORUNATUINND meuﬁﬂaﬂlumauuuaﬂwmu
dufiiite desud warluunagu mswammmmavmmw LUaﬁLsuummwmaﬂsumavammmwavﬂam 2 Wug WU
I‘UQGM'LJTJML‘UE)'ﬁLGZI‘L!(ﬂﬂ13QE]ﬂSZJaQava@QLﬂﬁiaﬂﬂﬁﬂ%ﬂiuﬂaﬂ elongata waw reduced elongata 1o 2 Wug uay
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iuqmauuLﬂail,szmmmiqaﬂsumayaaamasmwamlumaaawuﬁ ﬁE]G\ﬂﬁENﬂUi’]EJMUV]EJF]EJHMU’]WU@Q ANINTT Wae
Az (2557) himssenuavaruiitinvesaresunasanadluggfouvesmrazneia 11 Wug waiediduiniseonas
azoaanastiisanasileagluanimgamniigs (Sunoj et al, 2017) ag aaamaiaauimmaammwaﬂuqmau
Juihl¥anmsaisazesnnaslunen antedidusimsenesaresunas andwaunsisiinuarsnoundevesds
Tni (Devasirvatham et al,, 2012)

nsaTaeusruUAUTumads Tnonsifuiinaldvessaznei 2 Wuf wui Suinaldgeiianlugg
HlULAZ U7 Lmiuqmauummulﬂuﬂimzuuaa ammwaﬂuqmsauawmwamamsweuuwaqiywauwuﬁl,wmm
ImﬂmmLmsw:u’mﬂmwmaumwahapawamLﬂmmmﬂﬂmLa A4 style 81709NUIINABNITNAFDNFHEAL
wazdademalinaiannvessluiaundludinil uay usilewna (Sita et al, 2017; Giomo et al., 2013) aanniiaa
finalyimssenvesazeeunasananilinisnauiulianas uasguvnigailifimaiannedwnnilugadduiug
wedevinlinsadalvanas (Sita et al, 2017) iJimmlﬂuqmauwuﬂimmwaman

nMInTRdeUAMAIWKALEaNe kA Wmlinue AnuruLile wazduuanluna maﬂwwmmmqqm
NUILAY mumaaﬂiuqmauummﬂwa Arumuilegeiian mumaﬂwwwuﬂuqmauua Wiuna oo Hdlandaviin
AL Aoud1ann Immawwﬂuwumwﬂmmwm amuﬂwaaumuwmﬂumﬁwwuwmivUUauwuﬁmmﬂﬂm
fualvidminug uazaumuioanas Tamaki et al. (2011) 91841u1 u’muﬂmaLLanuaumammwamammu
anadlusiug Sunrise Solo way Wonder Flare LuaaaluﬂuaqqmauwuﬁﬂaﬂimmUuumuﬂmaLLavmwmeuaim
euansaiilua 3 99 Suusdaiufidudntadovisiiinadefivmauiu NN AT UTIUIULER WU
doithgqeseuswiumanazanasegraiiulddn viohifiudaluna etnadulunzaznewgiandnuasiiilenen
waulutasggeulvaudenagnuin lifindaluna Tasgumgdiunnngd 30 °C AansiUaveanastnale (stigma)
WALNITIBNVBIALBANATIUAIUVDY stigma e style way samalviatesunaslidnnsaUdesadsuiterinl Uy
Aulala (Sage et al., 2015) Wunalvinsuananasteinliiudnanas 0155188ud0s LeSJak and Calderini (2017)
Tgaumpdfiiinlursnaniulutinisesnaenvesdthdmaliduaubidnanasas 30% Bedlauaenndosiu uas
failsreauves Ugarte et al. (2007) 1w3mnavesudnud sty Wy 4Mad d1iuniiadanas Lmaammuawu
miLUasJuLqusumqmmawammm AT mmimaauwama aaiwmwwszjmanaiwLuammwaiuaﬂmﬁmw
winaslufivnsznada 1wy TN M dudgrtnauiia Wagdviu (Vicente et al, 2017) uazdsmudniifa
mssenvesudelunauzazne “NLU‘LJ%’JW]JJﬂ’]iWGMuW‘UENNmJ’Nﬁ]@%W]’JLLa LﬂuwaaﬂiuqmaumLuamafﬂ,uma
UrAENaNUTUUNALNYA TN ITUGLAE? awaummmm‘wLﬂﬂmﬂ'ﬂ%stsﬂuuavmauanmmmuwwﬂmminaﬂ
vpadniluna 19y uas gaunnd YinapHmatuudesiiu uay ALaNysalveudn (Sano et al., 2016; North
et al,, 2010) LLauLmawmmiaaﬂmaiuwaazaaniumumawsL’JmﬂmmamamwﬂaﬁnumaLﬂumlﬂ,ﬂnm WAZIINITUY
il deunihinuinlusyfvua@iBdomaiinudasenluna Tlhfuiinissennelunatiasfunasinnis
WasuulamesUsunaueesluy Tneanaz ABA Las GA (Wang et al., 2016; Shu et al., 2016)

Gl

wamiLﬂaauLLanqmmamamaiwuauwuﬁmﬂma%wmuamamva gnousuunAnunsLayiuguanlyl
18 Tnslangluggion wuhlimnaresunasilifiinduiiuiinugs Wosidudnmssenvosazeannasanag
Usnadlvanad dnuaanlunaanasluiusuundinuns Iummvw‘wuﬁﬁaﬂlma1EJmauauaqmamimawwmqmma
uaaﬂmmmsaﬂiuwﬂmﬁmrmamwLmaaumﬂaammaﬂﬂlmLi’;mwwumwﬂmLmsmi

. AnAnssuUsENA

MAUlAF U UaTUaYUIINA TN NUARULATEENITINGIUTININ (@NA.) wag d1UNNUANENIIUNIT
Feewad (39 wazanuivhnsAnunguiifouasiauniivinuniou salunfivaiu auzinuas funsay
el uRn1snguidenazimaluladTininiivuazn13InNITLULYIING Audiugimnssuiasinalulagyinin
WAYIH ke AUOWALLLAETININNYAT WATINEIRENYATANENT INeNUAMUNIEY

LANE1381984
nosusINEnIsinsananalulagyitiu. 2557, urazne RuATugna RTnMNeIe. dinfiuiufivu.ngamme.
280 u. .
awsnssas A3ana, nqwdl WBewdn, 330 19d uay in3esdng Inewsy. 2557, navesngniarenuildin
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