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Summary

In order to determine the time and method of artificial pollination for
atemoya (Annona squamosa * A. cherimola) growing in non-heating
greenhouse in Jeju island, the process of flowering was observed for the
cultivars of 'Hillary White’ and Geffner’. And percent germination of
pollen was examined for the different time of picking flower, duration of
incubation at 25°C before collecting pollen, and duration of cold storage of
pollen at 4C. The effects of season of artificial pollination on percent fruit
set and fruit characteristics at harvest were also investigated.

The results obtained are summarized as follows;

1. The stigma surface began to become moist by secreting fluid from
the noon one day before full-bloom, being most moist at 7 p.m. when
petals just separated apart. The surface was recognized to be moist
until the morning of the full-blooming day, but slightly dry at 7 p.m.

when the flower opened maximum.

2. Pollen collected from the flower picked two days before full-bloom or
at full-bloom showed low percent germination below 10%, while pollen
collected from the flower incubated for 17 hours at 25°C after picking
in the evening one day before full-bloom showed high percent
germination above 209, which was maintained even after storage for

24 hours at 4TC.



3. Pollen from the flower opened during mid and late June, showed
higher percent germination than that in early June, and percent fruit
set by artificial pollination showed the same trend in both cultivars of

'Hillary White’ and ‘Geffner’.

4. The elimination of petals at artificial pollination did not influenced the

percent fruit set.

5. Artificial pollination in mid June resulted in the larger fruit with
higher Brix than those in the earlier or later season, being the weight
of 400~500g, concentration of fructose and glucose in flesh above 8%,

respectively, sucrose above 2%, and Brix of 20.

6. It was recommended to pollinate the flower at the stage of petals just
separated apart in the evening one day before full-bloom, with pollen
stored at 4C less than 24 hours after collection from the flower
incubated for 17 hours at 25C after picking in the evening one day
before full-bloom in mid June. Removal of one or two petals at

pollination would contribute to the effective operation.



olu] ok(atemoya)E A9 EAF(sweetsop, Annona squamosa L) A2l &
oF(cherimoya, A. cherimola Mill.)2] x%+% o] tH(Nakesone®}t Paul, 1998).
7bol Z(sugar apple)e]gtils E 9= A9 EAS YA A ofv g 7)o
o A Bofe] AikA = @w] tdl2 AFH o]t (Crane?} Campbell, 1990;
Morton, 1987). A& XLob= A7 3v) wj#ke] shpzA Exd whE vig sto]
T HAE FEeAR A AX7F 53] A EH] JTCLA, 1990). ofw R
of B2 Al Eokst HlxzshAl vlo] FomwA Ui T 9fol As| AeEok
By Avetr] o, 1994).

Annona%:2 A A A & °F 1008 AT, o]F L AEZgolo A a4 o
= AuE L de 2 Aol A9EAF T8 ofw Rof 3F ot ofu R
ok 1850 Hl SaEZ ol A AAGH M WAH FFom BHHNS
o, Ad el ofs) AIg FFo] W] wio] ol BRI AEc] o
Fatolth ook 1870 L iEEolox] AuiE ] A ZFF AL o]~z
A, v=re] Aelxyol, ZEev 1Ela spefolol A FAAul 7l o] Fof x| 1
ATt 1908 w=r¢] P.J. Westeroll 9]l ofw|Rol7} HFo =2 d-3guujol] 2
& "ol =d 2 EAF(A squamosa)d] B.ElAo] olub(ata)el Alg] Eoke]
Hok(moya)E el ofwEoketal 1 & Y thHSanewski, 1938).

Annona<: 52 olg7tA o] BEAA Hant w1 ggow 2 bRt
71%z219 QoAM= Fol wet FEHskAl 2ol 7 P (Samson, 1986). o} |
Hoke A olm AMHENA FE HAEH B AKo] JheetAT A5
of 443 Ede FFol wek Zol7k Ak AdEES 1T, 452 -3TC9
Ao A aAbsie, o] F9- 10T o)k 7o FA7IF =EFEH AU 4T
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T2 & A NS 045 pm micro membrane filter(Osmonics Inc. USA)Z
of gk & 500vf = 3]A]8te] HPLCE o] &3te] #4]8t3lth. HPLC Al 2=/l
Prevail carbohydrate ES 5u (4.6x250 mm Waters Co. USA)9] & 4 A,
Waters 2690 XE(Waters Co.)9] A&5F¢ % fujdg”], 18]3 Alltech
ELSD 2000(Alltec Co.)2l #HE71Z TFAEACE. o] 542 acetonitrile¥} 32}
FTE 75 259 HlE&R Efstar fF7]8&uE 0.25um AFHA R o I3 F
gkt #A2AL 4 1.0 mL - min |, AE5F 10uL, 123 A3t
200l e. BEaAS AT, x=Y, i 33 FE8&S o] &5k 50,

100, 250 12]3L 500mg - L'e] oA SAEe] At ATHLeest  Nagy,
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e g vlEow & w A AL oBIANE £ BRI %A
3] 23 s FHATHE SR 25 HolX] 7] Al Aete] Aol = i
w o] & s

AR
Mz dold Az ol hFig. 1).

qﬂi‘ D=08:00)

Fig. 1. Photographs showing the progress of blooming in 'Hillary
White’ atemoya.
D-1: One day before full-bloom, D-0: Full-bloom day, D+1: One
day after full-bloom, Figures in parentheses indicate the time
(hour:minute).
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. FFH4L g2d 2d AT =514 =2 A2 @ #Holgou
LIVt HUA F5E Axs7] AlFele #ol & 3 AYA|itel = ofzt
Az e HA

: ‘

O-1(0g00) M D-113000  BMio00)  D-0(09:00)

Fig. 2. Photographs showing changes in viscous fluid on the surface of the
stigma in ‘Hillary White' atemoya.
D-2: Two days before full-bloom, D-1: One day before
full-bloom, D-0: Full-bloom day, D: Dry. SD: Slightly dry.

Gazit 5(1982)2 o] =gt A 14:005-E 16:000] A # &FFo] =+
A ¢ stageZt HaL, L AEIZE AU o d 15007 17:0000 AAA =
o] sl del & stage’t HO| el A shito] WEETIAL ST #H Fol
A AgRok= 15:305-H 18009 7 8}star(Wester, 1910), 18:00F-8 19:00
of 3t WEFo] B EJH(Saavedra, 1977). Al Zoke] H$ A 18~
1941 Atololl FFiEu| Kol 7hF Wol H] HHUNE &, 2001), StE Al
e NSt 18~19A1 2 ojw AFFES 3t A &o] ofF oM (Kahn
9} Araipa, 1991), ¥ 2 7|¢o® @ o HA JAFFE AlVIE SFENE
2473 ARE tad 2 S o] Al7lel FRmHel HAER A2 A4
HA i 5 AHE FAETGCMNE S, 20003 skt o9k frAFSHA
2 AFNME s GH(D-1)

o oed O FEoF 223 degle] BAATh e FERue

_12_
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(e, 1985). Passion fruit(fi4l, 1983)ol = FF

Mol AobeE Wil A] B wolgo] FU@A, Aelmofl N FF

Table 1. Changes in the amount of viscous fluid on the surface of the
stigma depending on blooming stages.

Date® D2 D-1 D0 D +1

Time 9 0O 11 13 1 17 19 ® 12 14 16 18 0°)

(/)}“fﬁ‘ﬁgg D D SODSODSM M VM M SM SD SD SD D

‘D-2: Two days before full-bloom, D-1: One day before full-bloom, D-0:
Full-bloom day, D+1: One day after full-bloom.
YWM: very moist, M: moist, SM: slightly moist, SD: slightly dry, D: dry.

2. Az R W EA o] FEToLE HAE T
s}

M

sHErol&2 Fig. 3l A
A YEbsten, wjgA gl wE SERols 2 3AIZE ikl M THE =
et Al BLoke] 4 BKHlA Bk KNO3E AlQA17]1 A5 =E5 5%
2 AaAl dgE mjAelA skt dolsdt 2w Aol FSkth(Rosell -,

1999). 28} otu|RokE FAIFE o AFoAM = WP T|A & BKHI A

7ol BKHjA o] A 10%E H7Fak vl %] of A

A BhEolgo] A e enR olF spEwolA oM = BKujAE o &

sl
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~

percent germination(%)

- —@— BK medium(10% sucrose, pH 5.6)
T - -A - BKmedium(5% sucrose)— KNO3(pH 5.6)

@Ww b~ OO0 O

1 2 3 4 5
Duration of incubation at 25°C (hour)

Fig. 3. Percent germination of 'Hillary White’ atemoya pollen in two
media.

3. 3 AHAZ], F5 R AZo| FEdot&e] WA= IF

ol&& Hole FmAIR Folxth 2004 ‘Geffner’ #F&ol A% H] 53
s

- 14 -



Table 2. Effect of blooming stage at harvest of flower and duration
incubation at 25C on percent germination of ’'atemoya’ pollen.

of

Time of Duration of incubation at 25C (hour)
Cvand year  parvest’ o4 17H 7H OH
D-2P 6.4+0.2" 2.1+£0.8 —* -
. . D-1A 18.9+3.3 - - -
'Hillary white’
D-1P v 21.4£4.2 - -
2003
D-0A 5.9+0.2 ? 16.7+1.4 -
D-0P 1.2+0.3 4.0+£1.0 ? 9.2+1.3
D-2P 6.1£0.2 14+14 - -
"Geffner’
D-1P 10.1+£0.6 32.845.5 - -
2004
D-0P 1.8+0.8 3.5£04 ? 6.1+0.2

‘D-2: Two days before full-bloom, D-1: One day before full-bloom, D-0:
Full-bloom day. A: 09:00 A.M., P: 19:00 P.M.
*Mean * standand error.
*—; Unable to collect pollen.
?%, Not investigated.

Table 3. Effect of season on percent germination of pollen in 'Hillary
white’ atemoya.
Pollen” Early June Mid June Late June
D-2P24H 4.0+0.1 5.5+0.3 6.4+0.1
D-1A24H 16.2+1.2 20.0£0.4 18.5+1.8
D-1P17H - 222119 225+1.8
D-0ATH 15.7+£0.9 22.8t1.5 25.1£0.9
D-0POH 8.4+0.6 11.2+0.3 9.3£0.5

“See Table 2.

_15_



'Hillary White’ #%F¢ 4% /MstA7] Zrte] wE 3 Wol&2 69 =
ol Jisket 2ol stiEdels By 69 Ty dheol sk 2ol sHEwol
go] AdAoR =A UeEtHtHTable 3). 69 T3 stcols Medd of
Aol £& AFske] TAF F=dle W 7P =2 22.8%9F 251%9] 3ol
&5 YERIAT st Aol s AFSE] 17TAE 5 Al

=

22% o|Aeo]l =& FtEtolSS H AT ‘Geffner’ #FFoA
=

Table 4. Effect of season on percent germination of pollen in 'Geffner’

atemoya.

Pollen” Early June Mid June Late June
D -2P 17H 1.6+0.8 3.1£0.2 1.1£0.6
D -1P 17H 22.3+1.2 31.5+2.6 32.3+1.1
D -0P OH 7.2+058 9.0+0.4 6.510.6

“See Table 2.

A7 SR WA Vgl WE Wolg o] WEE 55 Akl
weh ERTh(Table 5). W 0|54 Ao AHste] 4N F5A7)
TR AR F o8l obgol FEAeW 1 Frb: LAY AF FAA
A%AAL. NG FAd Aol AAske] 177 FHAZ HES 7T~244
B AR Fol wobol FHAOL 48X AF Folt AF A wrk Dol
Atk ASFFY Al AR T AGIgke] ARE wopgo] Wol

Ao spE e 4 WFALE ol 5TolA s 1~-1043F AW

—

fo
M
rlo
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w2 7HA = Topgol & WEkyh glRlaL, 3 N-E Topge] &

o o
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s, 1989). ofwiLof B}E 2 AelA AFs7] e AER FE5] obs
o] Aat= i, 10T 15T A GNAE 2dFof Wolgo] &3] "ojx7] uji-
of eFEA 328 Wols A= v TaSHOLHSH gk, 1998).
T e A Wskel shEdols s st el B Yol €Y=
et A Aol =S AF st 2US AT g 25TAA 1743 T 4]
71aL & & A sEE 4T AFsATIE AYel £ & FEe] dY=

ko3
=
=EHE FHE =9 22 E5aA e deFEdts Ao T2 Adew d

Table 5. Effect of duration of cold storage at 4°C on percent germination
of 'Geffner’ atemoya pollen.

Duration of cold storage at 4TC.

Pollen
YO treatment” 0H 7H 24H 48H
D-2P24H 62 +0.3 7.8 +05 8.3 +0.06 82 +0.2
2004 D-1PI7H 328 35 .. 518 452 49.2 +7.4 244 +35
D-OPOH 6.1 +0.3 3.7 0.3 1.7 +09 1.0 £1.0

“See Table 2.
4. AFFEA £ AA AL & vA= I

ZAS AASA Fal deres & 45 2SS 58.0%A=H Hlste]
1o AA"E B4 71.3%, 27 AAT B 71.7%, 3vf AATE AF B1%E =
A= AAS] JdEg st FFol 23ld ddso] Tk AFE B
FAoY FAA FA= IATH(Fig. 4). 22BE JAEFFEA 2ol #A

=

= 29 12w AASE Qo] T2 sow AzE

AL
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80

60

Percent fruit set(%)

0 1 2 3

Number of petals removed

Fig. 4. Percent fruit set as affected by different number of petals
removed in 'Hillary White’ atemoya.

w=oH der A7 mE AAE&2 Table 691 WeEFWTh 2003 ~2004d

&
JEFe AHe 45 AdE=E A3s "ot AR ofu Zok(Makida,
1998)¢F Al RokUMH 5, 200Dl olv] ®Hil =HA=d o] Ao Ax=
2 eI
74 15945 H 25 Aew A AFs 2AS 29E I42 Fig 5 F

732 Fig. 60 YERH AT

32
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Table 6. Effect of season of artificial pollination on percent fruit set in

atemoya.
Year. Cultivar Early June Mid June Late June
Geffner 50.0 83.3 75.0
2003
Hillary White 274 81.6 90.9
Geffner 545 63.6 75.0
2004
Hillary White 57.1 66.7 90.0

_/':
ol QlEaEAZl AR Ad W e 4wz o st aF 9
4 15974 34%701 A9 glvbt o) F vhAl & st wekneh 7

o F7he A A8 EE o|FolH o, 64 Tl FEAR HA F

o
rlo
i}
il

o] Hlste] ASHZ7IHE 20mm AE © ZJA=dl 1Ao7t

A HA] Al S = L

r
1
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80
70
60 [

50
—aA— Pollinated in Early June
—@— Pollinated in Mid June

—— Pollinated in Late June

40

Transversal diameter(mm)

30 |

20

Julls Augl Augl6 Sep.d Sepls5 Octl Octl1s Oct31 Nov.i2
Date of osbervation

Fig. 5. Seasonal changes in fruit transversal diameter as affected by
different season of artificial pollination.

110

100

80
70 |
60 [
—a&— Pollinated in Early June

—@— Pollinated in Mid June
—jl— Pollinated in Late June

30

Longitudinal diameter(mm)

20

Julls Augl Aug.l6 Sep.d Sepl5 Octd Octlb Oct31 Nov.12
Date of osbervation

Fig. 6. Seasonal changes in fruit longitudinal diameter as affected by
different season of artificial pollination.
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Fig 7. Fruit weight and size of 'Hillary white’ atemoya as affected by
different date of artificial pollination.
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= y = 4.6634x + 3.7688
C R’ =0.3215
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[¢]
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= 250 |

*
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150
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No. of seeds per fruit(X)

Fig. 8. Regression of fruit weight on the number of seeds in 'Hillary
white’ atemoya.

40.0 120
mmmm No.of seeds per100g flesh
< 35.0 ' —a—No. of seeds per fruit
% 1 100
< 30.0 5
g 25.0 80 5
‘: o
g 20.0 60 g
3 15.0 5
3 0 %
5 10.0 S
2 50 20
0.0 0

June.5 June.7 June.10 June.11 June.12 June.15 June.22 June.25

Date of artificial pollination

Fig 9. Number of seeds per 100g fruit flesh and number of seeds fruit
as affected by different date of artificial pollination in 'Hillary
white’ atemoya.
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NF5RAe) FT/) L BAe A7) BE FALE FRBATL AFHA

orgto} Wit e A7 9 Ao ABAY auln B 100 F =
ApgrobE Fo Aol <A HATHTable 7). QFFEAl FE7 AA g 1l

1%l = (Georgeet Campbell, 1991; /N 5, 2001), ©] A&
=55 TATIE S7ME s Aol AT FA A9
dol AAEA &%l 3y FAD IS AVE FrkE AAFAVE FUHE
Aom yetked o 71&d deaiAe o5 AR ek vk ddd

rUO

Table 7. Correlation coefficients between fruit weight or number of seeds
in fruit and meteorological variables on the date of artificial
pollination in 'Hillary White’ atemoya.

Variables Mean air Temp Humidity
Fruit weight -0.1168 0.9370""

No. of seeds per fruit 0.3590 0.5638
No. of seeds per 100g flesh 0.3946 -0.7919™

“Significant at 1% level, “*Significant at 0.1% level

430 zol wolstel 54U R e Astarr] Aggd Aszs)s
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HPLCE ol &3 #59 7H84d F AES 43 23 Table 8% #Zth
ofw| Bof o] JHEA B2 AFe] o]l T 10% Hel® vta 3

G T ol zhzh FEel 45% uiel®E =tk 9R7F =39 64

Table 8. Effect of the season of artificial pollination on sugar
concentration(%) in 'Hillary White’ atemoya.

Season of pollination Fructose Glucose Sucrose  Total sugar
Early June 7.8 7.3 14 16.5
Mid June 8.6 8.3 2.1 19.0
Late June 7.3 7.0 0.7 15.0

Ao Frhe &4 W ofuE ek Aujol A T 59 5 - skl RSk

Azt el 79 TR oF 270 Thrkel AlEA o w TSI ol Folxit

5427l szt Al

Hol 79 3e7bA AEEJ o 5Y27d FE 69 Zool AEEE Zolde
shit wolgo] votor 69 T o F sEolE

Annona% #tpo] AA o] W& P st B (Gazit 5, 1982), 7138t

717 & 123 AZX(Rathore, 1990), EGT® =5 |1 7Fx 9 #A 3

WS wE RS (Georgeét Nissen, 1988) So] HalE o] gt E3] %7]

2 Adgel w9t

of Mse 2ol A B7)el WHA L Aol A AA FHoleh A2A
olo] GEAFe] WAH] wWo] e Wiy AEgo] ol FE vt
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