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Abstract
Butrat, P. and Wangmuang, A.
Effects of ‘flowering chemicals’ application on the development of inflorescence

and fruit of pineapple. [Ananas comosus (L.) Merr. c.v. Phuket]
Songklanakarin J. Sci. Technol., 2004, 26(3) : 327-337

This comparative study of the effects of three different flowering chemicals, CaC,, ethephon, and
NAA, on the development of inflorescence and fruit of pineapples c.v. Phuket was conducted at Amphoe
Talang of Phuket Province, between December 2000 and September 2001. An experiment was arranged as a
factorial design in RCB with 2 factors in 3 replications. In the first factor, there were CaC, 1 g/plant, ethephon
100 mg/l combenation with urea 1.5% 60 ml/plant, NAA 0.5 mg (1 ANAA tablet/plant), and the second factor
was application period (one time and two times into the shoot tips of nine-month-old ground suckers). The
results showed that the application of ethephon one time or two times led to faster floral development than
in plants that received NAA or CaC,. In fact, the floral development with ethephon application was 5-7 days
faster than that in NAA application, and 8-10 days faster than that in CaC, application. Apical meristem
differentiation took place 3 days after the application of ethephon, followed by complete development of the
first floret and stamen within 42-43 days, anthesis within 45-46 days, and pistil within 48-49 days. Matura-
tion of the egg was 5.7-6.3 days later than that of the pollen grains and 2.3-2.6 days after anthesis. In the
treatment of NAA application once or twice, the development of the egg cell took a longer period.

Key words : Ananas, pineapple, development, ethephon, NAA, CaC,, flowering chemicals

Phuket Community College, Prince of Songkla University, Phuket Campus, Amphoe Kathu, Phuket, 83120
Thailand.

. (WgaEm a3) JIeM A N, (ﬂizmﬁﬁﬂ) dhedmms Insavgrugiia amIneds wwarwuasuns
Imgnagiin anensy Janiagiia 83120

Corresponding e-mail: bpuwadon@ratree.psu.ac.th

Fuduatiu 18 fuensu 2546 Fuasfian 11 Sunan 2546



Songklanakarin J. Sci. Technol.
Vol. 26 No. 3 May-Jun. 2004

328

uUNAnga
gaa yasial uaz eran Tudles
Havad 13ANTNINABNNNAeMILITYVeINeN wazka vilzIniugiia
c.v. Phuket]
327-337

[Ananas comosus (L.) Merr.
3. UMUATUNS . 2547 26(3) :

msfnnuieuifisunaves 1s¥mhaen 3 i wazsnnuadel® 15 1 afuaz 2 afs Tagld s
waatdeumslua (CaC) 1 nsu/dy  15tensvlou (ethephon) 100 an/a. # AYLIY 15% 60 Ha/Au waz 13
NAA 0.5 un/au (ANAA 1 ia/au) aedineen 15uugen UﬂuiﬂwuﬁﬂLﬂﬁ“flﬂﬁﬂﬂ?ﬂﬂuﬂﬂum& 9 LAeu
MIUHUMINAABMULTIAI5zNeY (factorial design) las aluvden i 2 ilads d1wou 3 1 ms
nanodluuilas“vilzsn s1neame Smiagiia audideusunay 2543 Sudeuiusiou 2544 witednm
%umaumm]?l'ﬂuu,ﬂawn”mgm?‘nmLm:mﬂ?mﬂ?wﬂwmﬂamﬂaﬂ roaan uilszneuvednen Iu
ﬂi:f‘i’&tﬂ%mtﬂuwadau mondali s¥mihaenudazsiia wumsli 15 ethephon 1 w30 2 ade wlims
mimmawaﬂanmﬂsﬁmianﬂmﬂﬁ 135 NAA tszanar 5-7 Ju wazi$indy 15 CaC, 8-10 Su argweniins
wasuwlamdalif 15 ethephon iles 3 Fu aanusniimstadailu ulsznevrasnenasLazin ILNAE

uyjnﬂm)m 42-43 4 @ONUININUHAILH 13 45-46 T wazin ﬁmﬁmm%ity uylmﬂmam 48-49 u

Fadnirazesatsay (pollen grain) Yszanar 5.7-6.3 T waziwadluiey wysaimevasneninuilszana 2.3-

Development of inflorescence and fruit of pineapple
Butrat, P. and Wangmuang, A.

26 Tu M3l 13 NAA 1 %30 2 a39 dinamlimsiyvesivad iy wysaitia

[

”uﬁ:s@wuﬁfqlﬁm [Ananas comosus (L.) Merr.

c.v. Phuket] fiu “udesalunguing Queen Reld
uslnana @ Nyoaunrailsznis I@mawwzqmmw
X ' i o . 2 o
vasibananntauiitialotos 3 ¥u  nAUKENTA

P X a A o o € =
NRTUIALAN LBANA LAADILIN (31TWD, 2526) 29QN
miﬂiﬂunwﬂmﬂwwumaun‘uwuﬁau6] L‘walwvl,@
NN ammm WiReuAnaadaIns 1o SRR
szndvinitfaaniaduiuingfe  Aufgieduiug
=3, @ o o € o 1

WA bHUAR  NIIUTVUWUTAINAIILUIE VNS
*n59duedredenecdoinsnuiiiunauna s
LIAIVOINIILIIY WA Y BBIABN I@maww:mim%ty

[ 3

ouTaA URUENNARuazinda209 UlzIaRug
& ao v € & o I
W9 Und ulzsawuigiiednazlifiwdanialiies
<3 @ ] & o v J & A [V %
Wntesminiu wnlidnlaineed viuiass “udzsa
v € I3 | a A <) £ | =< A | <)
Wuigialadnsgwsadumiv wer wwisaedniu
HaNTUABUIUNIHAR ULz saRuRnNnnsEnin
aanlagld 1siadl Tolusdaldmsnaatdauaslud
(CaC)) ud wrsndnsineenlddes ma DlzsaguUnse
=2 4:!' i I dd{' % !
JudfsunnlFadaigani3dnin

VL 1 a &
N 8 U]

ANAA #3alunsnaw azddauada (NAA) aua 0.5
= ! S A | o 9
un./idia ueniimia 13 ethephon TiAnsvinmnld
Tunsuda “wuzsaiuigiia (a8, 2544) wmziinig
= a % v & & o X A
Anwnsiasguesaen “ulzsavuiialuszauiiede
Felaifglednwly wanain Bartholomew (1977), Wee
uae Rao (1979) léinseuin wdsl¥ 13 ethephon
#Fnsneanlu “udzsanguiWuf Smooth Cayenne
sz 2 % Uansgaain st faunlaaANTwIag
Fundreuaradn 9 Uszanm 8-14 Tu daszaad
AMNNTIN 4 AuANITRTYBIRENtaY IUNTLVIIN
o | 1 v z g;
728z 30-40 U UUDINANLBHITYN INURTNKNA
NnBurananIzisydaiasldaudnduanieseazns
ao & Xao & A a a
.0 MIREATIRNIagUse sAafnEUIsUNa UK
299 19eddniinen 3 wile wardtwiuaienld 13 1
ATz 2 A39 NiWadansiaiynInen UzInRug
= = & A a
e leasfnmdueeunisidsuulaimisnisinieg
LAZILELLIANINNTIATY IUATYY VBIABNLAZNA
) v & & =< & o &
vuzsaiuigne wanseansazdudayanugiunie
edo o & € 9
WONBAT AN mtymuﬂmhﬂwumamuﬂwﬁzq



2. qUaIUASUNS M.
Un 26 a1fun 3 wa.-N.u. 2547

329

mstesguednenuazia “uilzsaRuggiin
aa yasial uaz ennn Jaudied

[ @

o a a 4 X
uﬁ DI bHNY s A wEvT e b
4 as

gunsaiuazIzms

naaadluulas “vlzsaninuaaneang Hune
a9 Somdanifia Algnéiaviafuanianaemdsri
MsRImTe 2 “Uanst anunsrasuietads 3.20 @,
dwinieds 350 n¥u fnsquatnw S wa o
Uszanms 9 e B3unIN1Inanes aeudiiauiiunas
2543 Aoidoniuensn 2544 §ait
1. MMNURBNIINAaILULLTIGAUIENay (fac-
torial design) lag ‘wluufan (RCB) & 2 {hdada
1.1 wfiawee 1swelTniIN1I0anaan 3 T
letun
) sueasdanenslud (CaC,) I n3n/éius
2) 1tanivew (ethephon) 100 un./a.
W Ngﬁy 1.5% wuaaduaz 60 Na.
3) NAAO.5 un./6iw (ANAA 1 130/6)
1.2 3 mnesadild 15 Aelwnfadouasls
0905 (ﬂ%\‘i‘ﬁl adlvasnnadausn 1 “Uan#) 19
381 15.00 .
manesedl 3 41 duuadlwg 3 wise
(‘uﬁaﬂ) waazuladdsznaudig 6 wilasdas  aule
wiadaz 9x1 AT.uas Ugn UUIaNnIg TTEEIENIY
i 30 . J2HIIuan 30 . 6 uUzsaulasas 60
A
2. lwiudaedie (d9) Uanssaadu udzie
nnuaseosnssa 3 woa BSuandouls 13 1% 13
ﬂ%y’al,l,iml,a:ﬂ%’\iﬁ’ﬂvlﬂnnq 3-4 Yu aunsziaadgiu
vananuacnasauiiuszaziiandszunm 60 4 was
M3l 13tnhineen
3. nﬂﬂ%ﬁlﬁuéﬁmhw:aaﬂluaaﬂaammmﬁa
Tulagean @ JaaniauasiuinnIn snluugsinen
S mwesad a3 FAA fifliefiauaanagad 50% uag
@3@1mmﬂaaﬂmmeﬁaéﬁmm%aa LU net (vacuum
pump)
4. dniinanduaaunsin lagans lagin
Tugalu sazanaladanlansanlad ansdndu 4%

g 80°C e 1-2 dalne (9708, 2528) fv
weanantmaasie TBA (tertiary butyl alcohol) waz
falw paraplast sludauuudaiiias (serial section)
#a8LA3ad rotary microtome A NHK 8-10 Tuasan
fian” safranin-fastgreen

5. AnwniTasguedlaissan daaan 2w

o w . o X 4
Usznovvaseanauadgiiunasan lusedudiaibaan
ladansndaldnnudiadrs aaldndosaanssed
o ' & A & o o = a

lagldnandastun 1 1Huduny dTuinnsdfswuas
119 HUINYT UATNIBINATNENUIBUTEU TN I
auad 1SANTNIINTITEENAEN UIUATINIE 13
szazianluniady  Masduiinaiwdiendes
an3391% Ipuadag Ocular micrometer & Ul
a o o € a € . .
s\l“umﬂimgmmﬂnmmm (vernier calipers)

6. dayanldn1dinsnziaanuulslsau
(analysis of variance) N1zAUAMNLTDNY 95% 11/3811
WAUAILaRsUDd - INANEIA2835N13289 Duncan’s

New Multiple Range Test
= a <
AANIIANHILLASIVIIN

1. mawsyveslagsaauazranan

Mandsld 138n590n 3 S Uanagaaiainw
X, da. -
mammuﬂqa\melm 15 ethephon yANEIIUA 8800
JNImMnnaNed ity e 86 aNe1eae
1.8 ww. (Table 1) n13l% 13 ethephon 2 a53  #iwa
1ﬁﬂmﬂﬂaﬂLl,a:msm%tymm‘*ﬁa@aﬂﬁﬂé’hﬁaLLa:Lﬁu
TR T o e .
anuuananIInaNduasuaIun 11 Juduly &
a = 1 a = > 1 1 U

wWisudaulungn 1suiedeat wudinauld s
ethephon XANLANAIIVDIAIINEIUAILLDALAS
Tonanasud 3 Tunadld 1sasousn  unguld 13
NAA uaz 13 CaC, AANNLANANNATIH 15ATIWIN
7 Tuuaz 11 9% @ wdeu (Table 1) wumsiddsn
wUaININ183018 Wuneul# 13TnTeenlatasan
e e . L ) X A
qﬂwaﬁumﬂuaau%mwu (Figure 1, A) et
1235y uiany (apical meristem) U3zNaUAILTY
1Waen (tunica) 2 9 uaz@aiil (corpus) 4-5 T
(Figure 1, B, C) #a9l# 15 3 Tu  nguild 13



Songklanakarin J. Sci. Technol.
Vol. 26 No. 3 May-Jun. 2004

Development of inflorescence and fruit of pineapple

330

Butrat, P. and Wangmuang, A.

Table 1. Length (mm.) of shoot tips and inflorescences after chemical application.

Number of days after application of chemical

Treatments c.v. (%)
0* 3* 7% 11%* 14* 18*
CaC, 1 time 0.2Aa 0.7Aa 1.1Aa 22Ba 33Ca 53Da 30.24
(1 g/plant) 2times 02Aa 08Aa 1.1Aa 22Ba 33Ca 43Da 2583
Ethephon 1 time 02Aa 18Bb 35Cb 58Db 80Eb 9.7Fb 8.71
(100 mg/1 + urea 1.5%) 2times 02Aa 18Bb 35Cb 70Dc 9.7Ec 133Fc 21.55
NAA 1 time 02Aa 0.7Aa 1.3Ba 25Ba 33Ca 5.0Da 32.96
(0.5 mg/plant) 2times 02Aa 09Aa 14Ba 27Ca 35Da 55Ea 14.25
c.v. (%) 50 14.29 16.78 13.56 7.18 22.40

* Means within the same row followed by different uppercase letters are significantly different by DMRT at 5%

level.

Means within the same column followed by different lowercase letters are significantly different by DMRT at

5% level.
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Figure 1. Developmental of shoot tips of the c.v. Phuket Pineapple.

>

TEQIETFE

Shoots before application of chemical
C: Shoot tips (I-s) before application of chemical (B. x100, C. x200)

3 days after 1 application of ethephon (x200)

3 days after 1 application of NAA (x200)

3 days after 1 application of CaC, (x200)

7 days after 1 application of ethephon (x100)

7 days after 1 application of NAA (x100)

7 days after 1 application of CaC, (x100)

(ap = apical meristem br.p =bract primordia cp=corpus fl.pr =floral primordia
1 = leaf 1b = leaf buttess lL.pr = leaf primordia I-s = long section s = stem s.ax =

stem axis tu = tunica)

@ 9 o I a 1 X o
Wa9l% 13 ethephon YamanaziaiglnalunIna1ediv
Winluysedu“uas (Figure 2, D-F) amsfinandas

D2 a

| 1 1 g U |
vLN‘U']% NN IBANADNYNADANAWENAULREY NIUTD

q

= A @ = £ v Dw é’
aanimIdadinLazIaiy aldsuriunnluszasi
wmlvifiurananuan (Figure 2, G)

3. MIDIYVBAN TLNARUASLA SENALIY
N13LATYVBILN smﬁs}mamaﬂﬂaﬂ%uﬁ 1w
ngudlk 13 ethephon 1-2 a%s  Idwalduandreiu
wudnaeld 15 28 Tu asludusmyiiaasniile
Tulas Uas (microspore mother cell) (Figure 3, A)
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Figure 2. Developmental of the floret and inflorescences at 21 days (A-C), 28 days (D-F) and
32 days (G) after chemical application.
A: 21 days after 1 application of ethephon (x40)
B: 21 days after 1 application of NAA (x100)
C: 21 days after 2nd application of CaC, (x40)
D, E: The inflorescences 28 days after 1 application of ethephon
F: The inflorescences (I-s) 28 days after 1 application of ethephon (x40)
G: The incidence of broken peduncle, 32 days after 1 application of ethephon
(an = anther ap = apical meristem br = bract fi = filament fl = floret fl.ax =
floral axis 1=1leaf Lpr =leaf primordia I-s =long section mi.t = microsporoge-
nous tissue ova = ovary pe = petal pi= pistil pl = placenta se = sepal st =
stamen sty = style sty.c = stylar canal v.b = vascular bundle)
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Figure 3. Developmental anatomy of stamen (A-D),and pistil (E-H) of the c.v. Phuket Pine-
apple, after 1 application of ethephon.

: anther (I-s), 28 days after application (x400)

: single cell of microspore mother cell, 32 days after application (x400)

: diad and tetrad stage, 35 days after application (x400)

: anthesis, 46 days after application (x200)

: ovary (I-s), 28 days after application (x200)

: ovule (I-s), 32 days after application (x400)

: ovule (I-s), 35 days after application, showing megaspore mother cell (x400)

: ovule (I-s), 49 days after application, showing megaspore (x400)

(an = anther eg = egg cell fu = funiculus int = integument i.int = inner integu-

ment lo =locule I-s =long section me = megaspore me.mc = megaspore mother

cell mi = microspore mi.mc = microspore mother cell mp = micropyle nc =

nucellus o.int = outer integument ova = ovary ovu = ovule ovu.pr = ovule pri-

mordia pl = placenta pol = pollen grain sto = stomium ta = tapetum)

TQEECQ% >

NnunLEm 4-6 T 3uudsdanuulaled (meio-  Ussnnm 42.3-43.0 Su (Figure 3, B-D) dannduisa
sis) latlalas Ya$ (microspore) uaziaSgdluazans  uan Tedednduszazaanuin (anthesis, A) Uszanm
oy Mssguenn siwedl 33 aysal (S) Tweny  45.7-46.6 Tu waald 13 TaSandnguild 198uedre
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Figure 4. Final stages of maturing of ethephon applied flower.

: mature floret (I-s), 45 days after application (x40)

: mature floret and anthesis, 46 days after application

: pollen grains after pollination, 46 days after application

: pollen grains showing pollen tube (x200)

: mature ovule inside withered floret, 49 days after application

: withered floret (I-s), 49 days after application

: floret (I-s) 2-3 days after withering (x200)

: young fruit showing seed

(an = anther br = bract bs.c = blossom cup f.ax = fruit axis fi = filament lo =
locule I-s = long section ova = ovary ovu =ovule pe = petal pl=placenta pol
= pollen grain pol.t = pollen tube sc = sac se = sepal sd =seed sg = stigma
sty = style sty.c = stylar canal)

TamEgS AR >
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Table 2. Time (days) after chemical application leading to the different stages of
development. First bract initiation (F ), first floret’s structural forming
(F)), first completed stamen (S,), first completed pistil (P,) and first

floret’s anthesis (A)).

Treatments F* F* S, * P* A
CaC, 1 time 9.67c 1622c¢c 5222d 61.78c 56.55d
(1 g/plant) 2 times 9.22c¢c 1578c 50.33c 59.89bc 54.44c
Ethephon 1 time 3.00 a 9.67a 43.00a 4933a 46.67a
(100 mg/1 + urea 1.5%) 2 times 3.00a 922a 4233a 48.11a 45.78a
NAA 1 time 7.78b 1444b 48.11b 58.67b 52.67b
(0.5 mg/plant) 2times 7.67b 1422b 47.67b 58.22b 52.22b

c.v. (%) 22.52 10.87 3.77 3.09 2.59

* Means within the same column followed by different lowercase letters are significantly

different by DMRT at 5% level.
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Table 3. Period (days) of each developmental stages after application of chemical. F, - F = time from
first bract initiation to floret’s structural forming, S, - F, = time of stamen development, P - F,
= time of pistil development, A, - F, = time from first floret’s structural forming to floret’s
anthesis, P, - S, = time taken between development of stamen and development of pisitl A - S,
= time of stamen development before floret’s anthesis, P, - A, = time of pistil development

after floret’s anthesis

Period (days)
Treatments
F -F S, -F, P -F, A -F, P-S, A -S, P-A
CaC, 1 time 6.55 36.00 45.56 40.33 9.56 4.33 5.23
(1 g/plant) 2 times 6.56 34.55 44.11 38.66 9.56 4.11 5.43
Ethephon 1 time 6.67 33.33 39.66 37.00 6.33 3.67 2.66
(100 mg/1 + urea 1.5%) 2 times 6.22 33.11 38.89 36.56 5.78 3.45 2.33
NAA 1 time 6.66 33.67 44.23 38.23 10.56 4.56 6.00
(0.5 mg/plant) 2 times 6.55 33.45 44.00 38.00 10.55 4.55 6.00
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