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Effects of Temperature on the Flowering Behavior of in Avocado Trees
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Summary

1. In order to clarify flower morphology and the effects of temperature on the
flowering behaviors of the Avocado tree ( Persea americana), cultivars ‘Mexicola’,
‘Zutano’, ‘Jalna-J’, and ‘Fuerte’ were studied in Yamada Orchard, Numazu, Shizuoka.

2. The flowering dichogamy phenomenona were observed and photographed through

a scanning electron microscope (SEM).
3.

In terms of flower behavior, ‘Mexicola’ was of type “A” (female-functioning in

the morning), ‘Zutano’ and ‘Fuerte’ of type “B” (female in the afternoon) ; these results
But, ‘Jalna-J’ in Japan was of “B” type,

agree with earlier published observations.
contrary to previous ‘Jalna’ descriptions.

4. At high flowering temperatures (15~25°C), the sexual organs of all cultivars
behaved normally, a high percentage of flowers opened female, the life span of one
flower was short, and the period of female receptivity was short.

5. At a low temperature (below 15°C), a low percentage of flowers opened female,
some flowers were male-functioning when they first opened, the flowering period was
extended, and the life span of one flower was long. Below 7°C, there was no anther

dehiscence.

6. With warm temperatures, each flower was female-functioning at its first opening,

male-functioning at its second opening the next day.

Each day, flowers opened male

that had opened female the day before-two days before in cooler weather.

7. Avocado flowers behaved more normally in the warmer weather of middle and late

May, as compared with mid-April.
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Fig. 1. The female stage of avocado flower in the dual opening by scanning electron microscope,
with stigma receptive, but stamens bent outward and anthers not dehisced (‘Fuerte’).

A, B: Stigma receptived (x20)
C: Anther not dehisced (x50)

A, B: Stamens bent outward (x20)
D: Stigma receptived (X50)
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Fig. 3. Daily floral cycle at the two different temperatures.
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A Examination—1: May, 2~4.
A Examination—3: May, 23~25.

O Examination—5, 7: May, 9~11.

ELBAD2MCES  CIEEXHET . BT VOEE)
AR DIRE D 12BRC ©— 21 L 22 BRI #E - 7.
7ok, Wik Lic X 5T\ EHET O OIREIGRIA, =
RLTWBDIRTRTH BRI LIFDOIETH » %o

B #o ‘Jalna-J’ 13583 K-AE S5 RT L5, H
FTOOFEHT 4B L VIEED, 18FFCEY—27E7Dh 22
Bz ofe. HTVWOFEBIIBEO 2L VIEE D, 12
Bloe—27 Ligh 16 Brci 7. BHIXfLOEL R
TRIEEI AR DL, M - HET V- OIEBO 2L AT H B
TELCBIDIEHE LS W T TH e

B ‘Fuerte’ 35 3 M-#AK 7RI I oK, HET
WOIEENL 128 X 0IAE D, ISR Y —27iIcEL 24
Moot HTVCOFEIMTIEEO 2 AT D, 12
e e — 7 1L 16 ek -7z
TREE AR DB LT, - HET L OB D2 XLHT
HBEED L DTH 7.

B BEDGEDOMET VT 12~14 B X 0B E b, 20 B
LEHDO 6K E TEEL, HETWIXARENLD 22KE T
FEE LTI, M S HET OB O 2 I 4B
MTH - 7.

4. BAEBOEEELBIERM

BHTERRIC J81) 2 iR % 58 4 Be/R L. BATER O KR
MBI EVIEEE, #AE 1, 5, 7 (14~25C), #A
3 (16~25C) TH b, BHTERED KIRAHERIIE
flvx, #E2 (7~17C) &3E4, 6, 8 (13~21C)
Thot.

BATERF O KR A LB A L, 3, 5, 7 (14~
25C) DEHTT, AMEOHETVEHETVOEENRE
HhHE GE3E-FEL, 3, 5, 7), HWMAEL LM

FHILMMOTEN R

O Examination—2: April 19~21.
® Examination—4, 6,8: May, 16~18.

T E BTV OIEENY, 2IER CBHIERR TRE D
T L L, BATEIERFRRICHET & LTES
LICTEDTXTH, BBHOR CIEOHET & LTEE)$
Db Tinl, KBADIELHET & LTEREIT 52 %
DBHEEDY DI HET E L TEH L. Licais
T, [ UCRHERET W & LCERET 580, 7iH
LR 4 BICIGEE)TRNEENE TR T .

EMINC TR O BRI B A1, AR & DT
OBATERRNE K, HET UV EHET O OIRBIRI 2GR &
n, —ODEOFEMBENL LD, HETVEETVOE
BRI DRI D T ote. ¥z, BRI ownTiL,
‘Mexicola’ Tl 16~18 BFIcfIR L, BHD 8§ ~12 1%
B U T\ e, ‘Zutano’, ‘Jalna-J’ K¢ ‘Fuerte’ 123
WTiE, 6~ 8B LTk,

BATEREDIREA S HICEVAE 2, 4, 6, 8 (7~
21C, #3X) O\ TH % &, FAE 2 D ‘Mexicola’
TlE, 7~17C ORBEVRETED D, HETFVD EE
e, HETVOEBO X THIELK S & < GBI
Fhote. BELMETWOREREHLLL, #Fvotho
ZRTH ot ‘Zutano’, ‘Jalna-J” F¥ ‘Fuerte’ (%, jff
TV DBTELRR RS, HET WV EHET Vo HEE
DENCHTENEOERL A bh, —fEOTEDHGIE
RlgoTwik. &R0, HETVWOBTEREOEEN A D
N HEFCEHET VWO HBIRZ] © Bl R EREIC X -
T, BERXE AR ok, B, KEDEVSE
T D ‘Mexicola’ i, HET WV OIEENT A BT BERe &
13ERD Bt h - fe. ‘“Zutano’, ‘Jalna-J’ KX ‘Fuerte’
TOWTE, BRI ER 10~12 BRITFhIAA .
BRTEIER D\ Cix, R E % 7cid 84 B OBET D BRTE



932 b= IN

HEERIIEMEE 2R L.
z k=3

7 A A FOTRTMBERABL G O, BREMHH
LK<, b, BATER OSSR - TV OTEEICHE <
MEL, THEOBERLL>T5.

7 K H FoOtERBIE SO T, Bringhurst(3)
%2 Davenport(4) DEMAFEMEEIC X A ERBZESL, £
FIE FRRMEEIC X % Scholefield(12) mifthih 5. A
FETIEEIOR, WEECRT DTV BTV OTER
EE A VRN I B2 L.

HKAETRE I, ARECHR LREORER %
Z5BE, ‘Mexicola’ TiXEE 118l H DBETED FHITThH
NCHET OB L, [ UTEDH 2 B H OBEREH O
FREZT LA THETORRAT 2 AR TH-L.
‘Zutano’, ‘Jalna-J’, ‘Fuerte’ ® 3 JfETit, ¥ 1[EH
DOETENFHRIAThR THET W AREAL, R UTEDHE 2
| B OBENE B OF R Tbh T VAR 5
B#BThH-r. ThbOFERIL Stout(17,18), Papade-
metriou(10), Peterson(11l), K" Ito & Fujiyama(7)
DHEE—F LT\, L2rbike, ‘Jalna’ (3, Bergh
(1), Sedgley(16) i X % L ABICET B HETH 52,
BAICEA ISR T Jalna’ (‘Jalna-]” & {K#H) 2B
BThHb, Bergh(l) ® Sedgley(16) D5 & L 2T
Bik20T, REELEZLDONRS.

BATERERIC oW TR B &, A B ‘Mexicola’ D3
VWOEEE8~16FFTH D, HTWOIEE X FAD 12
BXoiaxn, BHO 0BT, M & BT
DIEFERI DXL 7eh »1z.” Tto & Fujiyama(7?) 1%
A ¥ ‘Hass’ TIXMETVDOEENL SN DIAE b, 11
BEd5 DI OMET WOBEEIIF RO IR X VAT S &
s, &7z, Peterson(1l) 4 A o ‘Rincon’ T3
WOIEBNL 7TH 25 h~ 8RB 10 HicthE b, 11~ 13H%
10 Hies. FLTHETVOEITIERO 11~12 e
TRE D, TER ORI 13 #5520 H~220 F T » Tis
EWELTWS. AFED ‘Mexicola” DIFEITMET
OEENI 8K L DA% b, 2RI EREDBITELERE D
16 RRCET L, HETWOEEITITAD IS LIAE D
Tr2HD 12K TEEH LTS, TEHOKEIL 16 B~
FHO8KFE Tirhbh T\, Z ® Z &t ‘Hass” %
‘Rincon’ D BATEREM & i12E @ UM% 77° Liz2s, MeT
WROHET COFEBE SRR E L oo T 2 0L HTE
HoSRCI2b0LELLNS.

B #» ‘Zutano’, ‘Jalna-J’ K O* ‘Fuerte’ o 3 ffE
THRWTE, MTOOEIIL 14~16 B FHi, BT
WOEEIIFE O 4 ~8REDFRHFICIH £ b, 16 ~22

« TR SCIR BB

FRZONTCHRT LTR D, MERD ZR X /ot
Peterson(11) 1% B #£ > ‘Zutano’ o W3\ D iEENL,
4BE50 0 X DIAE D 19K 15 T L, HETVDIE
BITEHD 621 50X DIAE D LLBHTKRT L L
T3, ¥, Ito & Fujiyama(7) i ‘Fuerte’ iz
T, METVOEL, 445 DX ATy, BTV
DEBHIBHDO G450 L VAT D, M4B45DICKRT
THEREL TS, ZOZEIAREELIZIFRALELS
TRERTH o7, W - BTV OBEBIFIII PR
> TRD, HEROSERILPEL T30 EELLN
5.

BATERF O KR & BATEIRBE DB fRI2 & fifE & b LA 4
BB 15~25C Tit, T EHETCOEBNLT
i, TOREHRRIIMT V-, #ETWLE LR TTH
v, BATERRIBE Ly, &g, B FoD ‘Zutano,
‘Jalna-J’ RO ‘Fuerte’ o FfEIC BT, HET\W&
BTV OEBFMORRIFEL > Tw5b. i,
HEPHSEOEW 15C LITFTiX, TV EBETVoRE
BARH T, TV EHET O & LT OE
FERERMN AL, BEEPMET LT, &g
L b ot MET W EET OB OLR
i, BCEBRREOBESCIER DDt R R ->T
®H, IHIE, 7TCLUTORRTRMET VOEENXTH
T, HETOCOZRDOEET, LirL, Belixibhie
Mot

Sedgley & (13, 15) 3BATEIC U TRE DFEIT DU
T, Fm—AF y Ex, bV, BIE33C, ®WiE28C
X & B 25°C, il 20°C K 72 HONC &R 17°C, iR
12CERDBESLMET T 1 HOBTEREARN
TIMET VW OBITELRITEIR 25°C, IR 20°C T b &
L 65% wR L, 2T, BiR 33°C, WA 28°C XA° 40
%, BiE 17°C, ®WiR 12C 13T 6.7% Thotz. &
i, BiR 17°C, %ig 12°C KDEIR KA TIIMET VD
EENIH 8 % T, 0¥ (B.6%) »1~2HEh
THETWELTEHTHERUT 5. I, Sedgley
(16) X TEME O HRSLEOFKE B ILEIR 25°C, &R 20°C
TEBHZ/Thbh5 L& LT %, Lesley & Bringhurst
(8) IXEBIT BT, 11.5~21.5°C DIREE &M F Tl
TUODFEB e - 7o &R, Bringhurst(2) % 7.5~
21.5C DIRELMT T, HETV L HET V- OBRTERRIA
ANE D Z LR RE LTS, AFTFEICE LT hH, 156~
25C DGR OB\ SM4ET TOMET V- O BITER R,
HifE L $20~30% %R L, BATERF D SR A BRI EL
I5CLUT DE&MET T, HETVDOBRTELLRAMEL, M
WROHET V- OTEB OBITER X2 BN,  BITERRE OIE E

‘Fuerte’



7oA VO BRER, L cREROKE RIEFERCRIETESR 933

& bh, Sedgley(16) AR 17°C, KR 12°C XDE
Bl I & MR BTERA BN, T OBRTELER MK
g ot

Dbz Emn, 78 FOMBERAMC X5 TEE
WMEELT, AME B BB T RHEORMICL -T
BEOHEXIZ»B EEDI, Thb ORI
< &% 20~25C DKRVLET HHT L Wb e
St BORETRE IR TS 7 AH OB —8
s A ERg~6 ALATHBMG), FIEMILE O R
B0l A - TAI~6 ALATHSB. Lic
MNoT, BAETDT7 AH FEEZH 0BT ZBETERRC
FESBESEECBLNRS Z &2, EMERO—2DEE
et biehbntEZ RS,

i E:2

1. B BEHEHAED LAHKRKECHED
‘Mexicola’, ‘Zutano’, ‘Jalna-]J’, ‘Fuerte’ %\, 7E
DI RERBIE, BATERY, BATER;ORESBEEMEC IS

EET OWTHRE L.

2. RENETFEMRC I AMERIEROBELXT
S RER, MHETEOHET VW ROEET ORI KI5
T OBATEBHEN B B s & 7o o fe.

3. BATEENL, ‘Mexicola’ 2N AFw/E L, ‘Zutano’,

‘Fuerte’ 13 BHIZE L, BMOPEHEL—FK L T
Wi, L» L, EAEANBAIRTW ‘Jalna’ 13 A
BLINTELY, KAEOKEENDRGETHSZ &
BB LY, Thik BRroESh, Jalha-] &
{57 L 7.

4. BATERF O KR ERIHIEN 15 ~ 25°C D4&MT T
i, AREE LTV LT VCOBEAERICThR
MET & LCoBTER R E L, —TEOFMIIEN L
ot F 7z, lﬂﬁ * t&?b ‘Oﬁﬁbﬁﬂﬂﬁﬁﬁ&iﬁm - 7.

5. BATER: D KR HEELAIEN 15C LATF @ & TF T
i, METVCOBRTELRMEL, HTVCOEEHAET L
b, BEBBIENRTCD, BB VIR OER 2
bh, —fEDFHbE kot b, 7C UTF Tk
HEF O DB & bRk - .

6. BATENERF 1L, WOMcHfEd V& LCBATE LcTER,
BHECKIBADHET & LTBIET B 72%, BRI
W& LCEET AT RO« Bz BATE TN & EA
aEh, KEFHFC EE, ZhbOBEREILE
7otz

7. BATER;OKIRIL, 4 AL v 5 Ak - THOF
N7 A FOREDOITFESERE TH - 7.

O AWMREERTICYY, ZPHEERE-
THAKFBEEFRF R L, AL IRHMIE S sk

FKFEKERBEE D B R S REE - e h
) 7 #v=T7k% Dr. B. O. Bergh RFE#EXFEL
TP ¥, HEAMBRRHELTUEE T LCUBARKR
ERE e b O BB CH AT &V E LILEF
B, AEORERERZ¥MAZEOFAEKICEHT
LET.

51 B 3 Bk

1. BERGH, B.O. 1974. The remarkable avocado
flower. Colif. Avocado Soc. Yearbook 1973-
74: 40-41.

2. BRINGHURST, R.S. 1951. Influence of glass-
house conditions on flower behavior of ‘Hass’
and ‘Anaheim’ avocados. Calif. Avocado Soc.
Yearbook 1951: 164-168.

3. BRINGHURST, R. S. 1952, Sexual reproduc-
tion in the avocado. Calif. Avocado Soc.
Yearbook. 1952: 210-214.

4. DAVENPORT, T. L. 1986. Avocado flower-
ing. Hort. Rev. Vol. 8: 257-289.

5. FFLBLRA - ILHEFFE - S CRER. 1982, 7 A
FoEA L BERE BRE. 57 1394-1398.

6. H LA - EAESTRER. 1989, 7 A K (Persea
americana Mill.) OIEFED LR OFEEFIZOW
T. [E3. 58: 105-111

7. Ito, P.J. and D.K. FuJjivyAMA. 1980. Clas-
sification of Hawaiian avocado cultivars ac-
cording to flower types. HortScience. 15:
515-516.

8. LESLEY, J.W. and R.S. BRINGHURST. 1951.
Environmental conditions affecting pollination
of avocados. Calif. Avocado Soc. Yearbook
1951: 169-173.

9. NIRODY, B.S. 1922. Investigations in avocado
breeding. Calif. Avocado Assoc. Annu. Rept.
1921-22: 65-78.

10. PAPADEMETRIOU, M.K. 1976. Some aspects
of the flower behavior, Pollination and fruit
set of avocado (Persea americana Mill.) in
Trinidad. Calif. Avocado Soc. Yearbook. 106-
152.

11. PETERSON, P.A. 1955. Dual cycle of avocado
flower. California Agriculture Oct. 6~13.

12, SCHOLEFIELD, P.B. 1982. A scanning elec-
tion microscope study of flowers of avocado,
litchi, macadamia and mango. Scientia Hortic,
16: 263-272,

13. SEDGLEY, M. 1977. The effect of tempera-
ture on floral behaviour, pollen tube growth
and fruit set in the avocado. J. Hort. Sci.
52: 135-141.

14, SEDGLEY, M. and C. M. ANNELLS. 1981.
Flowering and fruit-set response to tempera-
ture in the avocado cultivar ‘Hass’. Scientia



934

15.

16.

F_EaLE

Hortic. 14: 27-33.

SEDGLEY, M. and W.J.R. CRANT. 1982/83.
Effect of low temperatures during flowering
on floral cycle and pollen tube growth in nine
avocado cultivars. Scientia Hortic. 18: 207-
213.

SEDGLEY, M. 1985. Some effects of day-
length and flower manipulation on the floral
cycle of two cultivars of avocado (Persea

- W SR AR

17.

18.

americana Mill., Lauraceae), a species show-
ing protogynous dichogamy. J. Exp. Bot. 36:
No. 166. 823-832.

StouT, A.B. 1927. The flower behavior of
avocados. Memoirs of the New York Botanical
Garden 7: 145-203.

StouT, A. B. 1933. The pollination of avo-
cados. University of Florida. Agri. Exp.Sta.
Gainesville. Florida Bulletin. 257: 1-44.



