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Summary

This paper presents the outcome of the study carried out for three years
from 2007 to 2009 in order to establish more effective and systematic
methods for better flowering and fruit-setting of the atemoya currently grown
in the greenhouses in Korea. For this purpose, many aspects of atemoya
"Hillary White’ such as flowering characteristics, pollen germination, artificial
pollination, fruit-setting, harvesting, fruit growth, and fruit quality were
examined and analyzed. The findings obtained through this study can be

summarized as follows.

Pruning and defoliation were simultaneously executed in spring to promote
even shoot germination and flowering because the leaves didn't spontaneously
fell off when the temperature in the greenhouse had been maintained above
0°C during winter. Shoot germination started in 8 to 16 days, and flowering
did in 50 to 55 days after pruning. For more efficient work in the
greenhouse, pruning was applied to three different points in the
3-stem-trained tree. The measurement after 120 days from pruning ranked
the shoot length in descending order of upper—, center—, and lower—part
pruning. Other two characteristics, the number of nodes and the diameter at
the base of the shoot, also showed the greatest growth in case of upper—part
pruning. However, the opposite was observed in internode length. The
number of flowers peaked in the period of from 10 to 25 days after the first

flowering. It then gradually decreased, finally arriving at stability.
In greenhouse cultivation, it is important to determine a proper time for

artificial pollination by scrutinizing the changes in the state of pistils and

stamens happening over the flowering stages. In fine weather, little change



was observed in the state of petals and stigmas in the evening two days
before full-bloom (D-2P), small hiatuses began to appear on the petals in the
morning one day before full-bloom (D-1A), and petals began to split open
around 17 o'clock one day before full-bloom (D-1P), with vigorous secretion
on stigma. Stigma remained moist until 9 o'clock next morning, and then
secretion began to decline. The state of petals and stigmas stayed unchanged
until the morning of the day when the flower attained to full bloom. In the
evening of the same day, fluid on the stigma could be barely noticed and the
petals dehisced more widely so that petals and anther scattered off at a slight
touch. Next morning, it was observed that petals turned rather dry or fell off,

and stamens turned brown, with germination rate staying quite low.

High temperature in summer and the likes cause a smaller number of
flowers and an unstable fruit-set rate on the branches in hypertrophy
Summer-season pruning/defoliation was tried to verify if it would raise the
exuberance of flowering and fruit-set rate. Shoot development and initial
flowering, respectively, took about 10 and 30 days. Better outcomes in the
number of flowers and that of fruits, were observed in descending order of
upper—, center—, and lower-part pruning. No significant difference was found
between the pruning alternatives applied to either a point above the 3rd node
or the 6th. Growth regulator soaking treatment was applied to the fruits in 30
or 40 days after artificial pollination in order to improve fruit-set rate. Higher
fruit-set rate was realized in the treated fruits than in the non-treated ones.
But the difference between those treated in 30 days and those treated in 40

days turned out to be insignificant.
Atemoya gives out flowers before new leaves sprout up, which induces
markedly low germination rate of the pollens in early flowers, and thus

makes timely artificial pollination utterly important. When pruning/defoliation

_iv_



was carried out, the germination rate reached its peak 30 days after initial
flowering, and began to drop in 50 days. Also, high proportion of tetrad
pollens and low rate of pollen germination were seen among the pollens in
early flowers. Examination on the growth of pollen tubes in pollen incubation
uncovered that the pollen tubes barely grew at 10°C of temperature, and that

they developed better at 25°C rather than at 15°C.

Atemoya 1s a plant whose pistils and stamens pass through different
development stages. It also has a short flowering period and scanty anther
dust, which makes artificial pollination quite difficult. To find out efficient
pollination methods, pollen germination rate and viability of artificial
pollination were studied for a set of pollen storage times. Pollen germination
rate was highest for those pollinated on the collection day, but it showed a
tendency to rapidly drop for those pollinated on the 3rd day of storage or
later. Study on the fruit-set rate after artificial pollination, compared by the
pollen storage time, disclosed that higher pollen germination rate tends to lead
to the similar rate in fruit setting. Pollen germination rate showed a
significant difference among those pollinated at different flowering stages
such as D-1A, D-1P, D-0A, D-0P, and D+0A. Similar differences were also
noticed among the pollens in different duration of incubation and those
collected at different flowering time. Pollen germination rate was extremely
low for those pollinated in early flowering stages. It also exerted significant
effect on the fruit-set rate, but the effect on the fruit quality couldn’t be
concluded as significant. Fruit—set rate turned out to be the highest for the
pollination done in the afternoon one day before full-bloom (D-1P), followed
by the rates for the stages D-1A and D-0A. Conspicuous drop in the

fruit-set rate was witnessed for the later flowering stages.



Artificial pollination is indispensable to the production of high—quality
fruits. Right timing of artificial pollination is therefore extremely important in
growing atemoya. Artificial pollination done 10 days after the initial flowering
resulted in heavier weight but poorer shape of the fruits. Comparatively even
distributions in shape index and fruit weigh were gained for the fruits
produced by pollinating the flowers opened 30 to 50 days after pruning. Fruit
set rate showed similar tendency as pollen germination rate did, which means
that pollination done 20 or 30 days after flowering caused high fruit-set rate,
while that done at 10-day timelag led to a low rate. Comparison of fruit—set
rates by the pollination time showed that the pollination practiced around 18
o’clock led to the highest fruit—set rate, and the rate was kept relatively high
if the pollination was executed by around 10 o'clock next morning. Fruit
droppage happened mostly around 20 days after pollination. Pollination failure
could be visually identified in 4 days of pollination. Fruit-set rate eventually

approached 38.2%6 70 days after pollination.

Flowering and fruit-set could be boosted by exercising pruning and
defoliation on the plants having scanty flowers and poor fruit-setting. Late
fruit-setting, however, led to short fruit growth period and thus to lean fruit
flesh. To stimulate early fruit growth, fruits were treated by soaking them in
growth regulator. Widthwise thickening could be promoted with the treatment
using GA 500 or GA 1000 mg'lf1 regulators, compared to the results seen in
the fruits, non-treated or GA 50 mg'lfl—treated. It was also noted that fruit
thickening started to accelerate around 30 days after pollination. In widthwise
diameter of the fruits measured 100 days after pollination, no significant
difference was identified between the two groups, non-treated and GA 500
mg'lfl—treated. That diameter could be enhanced to 71.2mm with GA 500
mg-17 treatment, and to 74.5 mm with GA 1000 mg-1" treatment. Widthwise

thickening continued to progress from the start right up to harvesttime.
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It is beneficial for atemoya fruits to undergo a ripening treatment for a
certain length of time after harvest. It is difficult to determine right time for
harvest by visual inspection. In order to find out an appropriate time, four
harvesttime alternatives, measured by the number of days after pollination,
were tested. Harvested fruits were put on the after-ripening treatment for &
to 10 days at 20°C of temperature. Comparing the fruit quality characteristics
for the groups of different harvesttime revealed that the fruits in the groups
with more than 140 days benefited stable result from after-ripening treatment
and that incidents of skin browning were most frequently identified in the
120-day group. Level of sugar content turned out high in the groups of more
than 140 days than that in the group of 120 days. It was observed that
hexose content gradually increased in the days of after-ripening treatment
and then began to decline around 9 days after the beginning of the treatment.
Hexose gave out strong taste of sweetness, being made up mostly of fructose

and glucose. Sucrose content was measured at a comparatively low level
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olu W ok(atemoya)= Annonaceae(XX U5}, Annonasrel 31 7)ol
Z(sugar apple, Annona squamosa L.)¥} A X ok(cherimoya, A. cherimola
Mill.)¢] <o) th(Nakesone and Paul, 1998).

AnnonaZolle AAASZ oF 1000F0] =t olF ZFA AAHo=E
Aulsa 9 T2 AP, A9EAF 183 olYEof 3Fot) oy Hofi=
1850t ZFell A Aol HAR JFor WA e, 1870d W 5
AN AEje 7] ARFPaL o]~k iR, vl Aol EEEH, hetol
ol A AA A7} o] FoyA 5L vk 1908 w|=r2] Westerel] 23] o= ¥
avfoll sl ofuw|Eokrt whEol X =H Tkl H(A squamosa)e] BEpE o] oju}
(ata)?} Al Eoke] Holmoya)E el olu|okglal W ] Sl tH(Sanewski,
1998). Fr7bof&E el WAbA= ddiotHlglTtolH, Al Roke] A4tA = el 1,50
0~2,000me] v ¢kdl2 Abeo]tH(Crane and Campbell, 1990; Morton, 1987).

S ue} olu ok AulE 19900 % AFuistae] A A @A o melso
2001l MAEA A Aoz Azt AlZHE A 2008d st = 1767
2 guiEdal A4 AriEL e ofHEol Fo HEoEs ‘P IlolE
A gREA ol gzt o]l E AZ gl S50 U EYF S
oty LH Y Aw/hA= AlAAHel Slel A Zrt EebA sk FAE Aol

A Ao, &7 Ade Ao ATl 2A g Fell degFEE A

Falofsl: o aS A3 JYu) ofw Rof QFFEo] AAE] WA= 2o
-0 wolg, Ao A THE & F vk 2yBRRE stRWele] WA= §
Aol Qe AFFE A7 F ARG s el wE AAEs P
71 A7 e

obm Zof e A-go|kom Ao AE FES FE v TFel s
o] Fol A x| vt A A wjo A= A WElFo] EATA For QFFE
of eo]Es ol SufCkALt #H, 1996). o] et Aol A= Nitidulidae#to] =44
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SR

L Az b2 FARS L Ast5A

1-1. A4 2 AQ4A70 FA4% 54

i

rlo

Al Lop= AA 3t vldte] shupzA &5 ®F g ghol I
TREARE A AR 8] @A s o] VO, 1990). i 23kekal 7]=3b
7V A, 719 477 Eslof sha=d], o] wiio] ARk AwjolE vl
A Algeta sk Aav)el At e 7157F Adetvta AR I gt A
Toke] AqbA] ol 9o A Arie 2| Q1 Abgro] AR A HES ZFA| a7t
A S A =3k Ao] FHZo|tHSchroeder, 1945). A A Al Al A 7H4 74 A A &) 7}
W] Qe yete 2oz A FEd H3E Malaga A HelA oF 3000ha<]
Au)7F o] o) X 2L @) tH(sanewski, 1991).

o

7t ol = 2= @) EAF(sugar apple, Annona squamosa L.)¥ A 2] 2 oF(cherimoya,
A cherimola Mill.)9] 3FEQl ofw Hof= A g wofek H|s23A] BIm F oA
= velel dell Al ®ok Bk Aujsly] R, 1994). ol ok= H W
A FZol ok At Har = dgEEA S oA AEET] AP ol ke
vsre] A zyel, R v g Al dhekolo Al FA AN 7L o] Foj x| o gl o
ofrfo} 7ol A= wiRtel Al fefd o= Aful s AL gl
ofw Lokel Zp FAMSE Aok A o] AFdl= HarFH AV
7~18TC, HtH 7] 15~28C7F A3k, e dsols HdH A7 8~
12C, BaH 7] 18~22C7F A sl (Sanewski, 1991). &L w@7]7ke]d
—4C 9 Aed®= AYARL ofd BEE 2T Y& ¢:=rHYonemoto, 2002).
o] FLofe] Ak ofHEES -1T, A& -3CY AA aAbety, 349
3-F 10T olste] 7|2l A7|ZF mE:H Y AT o]3ke] 7|2 @A w=EY
A o] WA A b ST, 1994).



A & dEA gk Jeo] AKFLunE YT 2 5w, A Y
oz 71golA E719) wdie AR sk 9le] Aol FAHA L, el H o
om werdalA Wi 4o v aHmz AU EAe woln F3
g Fus) Asde exwst Fasn

RS

AA Aol A= lEFao] WAL 3}
s Be&de® dsta 24S wv F48 st AaliAe Astsd s
st stoll A s Al Zar JvhCkAS Hul, 1996).

Schroeder(1943)2 Al Zoke= Ao dsoluy v g Yol A= A3
sl AE Advhar stk 18y Venkataratnam(1959)= Q1o Al A vl 5]
= Annonaceac TE 9 %9 HE et U FA dis] #AZE A=, Annonas;
< UFE Agolsds HAlsith

Annonass 3 thF-sto] Bhube] AR ko] o E Jfe] et Himo] 9
dEe] slol <ol "ol A o wolyt #AsHA HA 9= rH(Nakasone and
Paull, 2004). wt2bA] Eeols FdatA 3t7] 9] 4Ad Al7]o] dfH ez ¢S]

& A7k Wol 2 J1F SR/ bsd Pold Axk Aoy A4 87

QAT L AL B

o
k)
"o
ol
&

ﬁ
12

o
L

oft

iy

g 3 ARAE AEsH, 7o dAE olstE "olA W JFA] Mduke] 3l
ARl AdH oz wHolx Aol AX IrH(Nakasone and Paull, 1998).
George and Nissen(1987)2] H.aro] )3t QAU o A Fo 23] Ql9jd o=
Fo AA AxLotE =S 4 AUvkal 3laL, JE R Ao s FE%
°of =& Fuatr] ofFr] wiiLel Al 9 Azoto] s aypg okl &)
At

1¥]3L Nakasone and Paull(1998)2- sr7Fef& A4bE flaiA AALS 1dA
7HAE 10 cmel A Hwsta Ui 120~15071E8 @7]E 2o anpdels g
= A x7]FoA AlgE Al 31 th Venkataratnam(1959)2 Annonadr =

At oz A § 4~-5d 5 AR JNEIF AEE AL BfRetw g Tl A Al



g RokE 3~4ddl stEty Jiske Fold E et dojdtiar stk o] 22k 4
oAl ofw oF Jlste A= 14:005-F 16:000] HA A Qe Mool xH
dd dEol AsuH, of @dAVE ALHHo vsd 15:00F 8 17:000 2
A FEYol B 4y FEol AH5THAR Ho|, o] HEATIL A
(Gazit ‘&, 1982). #HFolA e Al Zoks= 15:305-8  18:00¢] 733t ar
(Wester, 1910), 18:005-8 19:00¢] 3¢ HZHo] #25 vi(Saavedra,
1977). oMY H &3 AMsGA ®ele £ FRoFEY VA E AL
2 /pE e 2001)e] F=FF=T, 53 A2AEI gk A Hol M= o]

3 Jlstasle el Ay,

2. & Bol 54 Q1F 5 9% A F4

Annona; o] FES AL, AFEoA FwE8 lolgo] dWojAH
(Sweet, 1985; Utsunomiya &, 1995), 1& & Qo] d=rHYyE slio] il
o} 1% 5L 9l (Higuchie &, 1998). ofw| R ofeo] ¢
AL oA AFFE] AAES A ZItHGeorge and Campbell, 1991).
T o o3 =LA @ rh(Sweet 1935). sHE- Tol&

T FEFE VA= T35 8o tH(Higuchi 5, 1998; F#E 5, 1992).
Higuchi §(1998)& Alg Eoke] A5 Fokk £EE 30/25°C 20/15°CE A
2ok A 30/25°C Aol e Zarb g wok=d o= e S5 2L
<ol & &g YA wTolekal kST ofw o] BHE ol HAx
S 2% 28C, % 80% AEelW, 2 oy Ax A= Fo] Az

F}O

H

!
ol
rlo

A st eb o] whA kel A o] HWEIThaL skler, A= 598 R
Aol zx7le = F2 V5T o] AA S vgo] 53] Fof wWopgo] v
thal 39 vH(Makita,1998). whebA] wlsdk gE o e Estd AdexE 9

= &
Ao A Fgol v} A wote] A4E x7|o] A RS Axo] @
A=t ol x7)e] e e BRE AEAY] FHw FAL Wi ARow
sro] glo} BE BB Ao] ol A go] WolArha a9 tHSaavedra, 1977).



2-2. M3tA L QA-FFE A 7])9 AzH

Annonas; 359 A Eo] & e ¥ FFH(Gazit 5, 1982), 713k
717V & a3 AZ(Rathore, 1990), B8 = g 7Fx9F 34 71 @8
of whE FEHIHGeorge9t Nissen, 1988) 5 o] H iy o it} &3] Z7|o 7

shek Fol A= Bl A7V A xe] Aot HA 59k AdzxAlolol <
3ol AT wiiel sEe U AEEo] WuhH, 1994). 715k7]3E
T &7 e Rl E E ol o] HojXH Ay E-S AAHE 4 2
AeE FEFs] dojxivks AHE S ofbw Eof(Makita, 1998)2F Al 2] & oF(Yonemoto
&, 1992)el Al B Ly ¢l v}

ol & oF ‘Hillary white’'®] A% M3 o5 A z{F 3 FE(D-2P) 1747+

SHU 24X ZE Fspoll A Wolg o] ta Frbeh vk sjEt 3 AF S shE
(D-0A%t D-0P)2 3} FspA|Rbo] Zojd =5 ol o] vrolA] Jsk7 14

FE A Polgs HolE TS Folx il ‘Gefner EENAE H|=E H
i

S XAtk Hillary White, ‘Gefner’ 7 %% 25 78 ol& A A3 3 &
-2P)3 MEFgd 050 AH FE(D-0P)S HolLo] 10% wwto]lx 73}
3 A %ol AF k] 17A17F $5:38 Fhto] Wel&o] =okvha 3% tHKIm

S, 2005) gk Al Eok A HA VFEAH ndE Y YR FEA7 4
w2} gk vka &9 Nomura 5, 1997). webd 2 =2 3448 ke

AsiA Rt AE deFE Al7]= e T stk

i

2-3. A7 wE FHEFH W3

Annona?; 35 T ofw| R okt A gRoprl HE JARSH Alg Rok=
Annona%: 35 oA M GF sl dEA o HEIE gtom Al A oA
M £ F4 AEZ HUE 3 i (George 5, 1987). L@y 7)o 483
Hae #4 Fde] dA% "ol vk (Salunkhe and Desai, 1984). ¥4 1L

3
ol e FREY] fEAE AL FolunE Fasi,

1

>
=

=

Venkataratnam(1959)9] W 2H Annonas-& A2 & 4~5d o]& 7317} A



Zrevhar skglo gfgotr g gtel A Abgolge 3ol JiEkst  Alg ok
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Fig. 1. Growth regulator soaking treatment.
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Eri 5 g FFEAA, AZE T8 EASHe] 120, 140, 160, 180
2

shalo] 48 A5 FAH 20C AFHlolE oA 8~10¢ &

279 7oAl = AA ZF3ke] Calbiochem(18 inx50 ft) o
=7 (Atago, Japan)E o] &3] sk a4 2

2} A (Minilta CR-400, Japan)® 243} Huegto 2 3H2H3FS) tHMclellan, 1994).
Huedt< Hue=180+ATANM/L)*180/P10), = M: AA}A bk, L1 MAHA Liks
7l o 2 ALk tHFig. 2).

A7 e R dse FASste] o#st dE 5 mLE A8
25,000 xg= 10%-7F Y4AFgs & FANES 045 pm micro membrane filter
(Osmonics Inc. USA)Z o33t & 50082 38|48l HPLCE o]-§3le] #2413}
%tk HPLC A&®l2 Prevail carbohydrate ES 5u (4.6 x 250 mm Waters Co.
USA)S] & 24 AW Waters 2690 XE(Waters Co.)8] AlEF9 & fujAd7]
2123 Alltech  ELSD  2000(Alltec - Co.)o] HE7IE 45Ut o] 542

TE 75 259 veE &3etal #7898 0.25 pm o
0

uL,
aEfar EEAZE 02130 wEAAe A, 22, 283 e g
& o] &3] 50, 100, 250 “1E]al 500 mg - L'e) FElA FATH] Atsigich

(Lee®} Nagy, 1988).

3. TAE

i)

EAES S SAS Enterprise Guide 3.0 BAZ=Z 29S8 o] &3] t—gd AW
(P=0.05, 0.01, 0.001)3 WA AHP=0.05c= Hgzte] FoAls E439
=3
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Fig. 2. Shape index of fruit and fruit skin color of atemoya ‘Hillary White’
(Hue value).

.................................................................................................... -

Hue=180+ATAN(M/L)*x180/PI(), M: b value, L: L value
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Table 1. Number of days to growth of atemoya ‘Hillary White grown under

greenhouse condition after spring pruning and defoliation.

Shoot germination Initial flowering Artificial pollination
Date of
pruning Days to
Date Days. Sh(?ot Date Days .to Date et ficial
germination flowering A
pollination
2007
(7. Mar) 1O A 14 2. May ~ 55  25.May 59
2008
@ Mar) 1o Mar 16 21. Apr. 50 1. May 60
2009
7. Mar) - OPC 8 18 May 52 29. May 63
— 17 —
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Table 2. Shoot development characteristics for each spring pruning point in

the three—layer trained tree.

Shoot Basal part diameter Number of nodes Internode

Pruning point length (cm)  of shoot (mm) (no. per shoot) length (mm)

Upper part 82.05 a° 99 a 200 a 41.0 a
Center Part 81.42 a 8.8 ab 174 b 472 a
Lower Part 74.47 a 79 b 160 b 475 a

“Duncan’s multiple range test at 5% level.
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Number of flowers (ea/tree)
3

(@]
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Days after pruning and defoliation

Fig. 3. Changes in the number of flowers after spring pruning in each

year.
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Flowering Petal Stigma Flowering Petal Stigma Flowering Stigma
Petal shape
stage shape development stage shape development stage development
D-2P* D-1A D-1P
(1) (1) (Tm)
D+0A D+0P D+1A
(Iv) (V) (VI)

Fig. 4. Petal shape and state of pistil and stamens at each flowering stage.

“D-2P : P.M. of two days before full-bloom.

D-1A :
D-1P :
D+0A
D+0P :
D+1A

A.M. of one day before full-bloom.
P.M of one day before full-bloom.
AM of full-bloom day.
Full-bloom day.

One day after full-bloom,

A 10900 AM.
P 19:00 P.M.
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Table 3. Time lags from pruning to shoot germination and initial flowering.

Shoot germination Trutial flowering
Date of pruning
and defoliation o
Days No. of days Days initial
Date . Date )
after pruning flowering
8. Jun 16. Jun 8 5. Jul. 27
8. Jul 13. Jul 5 6. Aug. 28
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Table 4. Growth characteristics of the plant for each pruning point.

Initial thickness of Number of Number of Number of

Pruning point

basal part (mm) branchs flowers fruits
Upper part 7.7 a” 27 a 41 a 07 a
Center Part e T 26 a 41 a 0.7 a
Lower Part 6.7 a 23 a 3.6 a 04 a

“Duncan’s multiple range test at 5% level.
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6.0

5.0

4.0

3.0

Number s

2.0

1.0

0.0

M Third nodes [ Sixth nodes

]

Number of flowers

Number of fruits

Number of shoots

Fig. 5. Number of flowers, fruits and shoots for each shoot length (3rd

and 6th node) left after pruning.

Vertical bars show standard errors (n=5)
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Fig. 6. Shoot germination and flowering with summer pruning (left) and
without it (right).
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> 25 r
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Control 30 40

Days after artificial pollination

Fig. 7. Fruit-set rate for the group shoot-top—cutted at 30 and 40 days after
pollination.

Vertical bars show standard errors (n=5).
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2-1. AFA71o] Wi ol 54

ofw ol i wole] HAxAL &% BT, ¥k 80% AL, mex
oluf Az xCA = o] Az A s ot o] wAbel] A4y dvt

o]
(Makida, 1998). %3k /&A1 7] 56~9€9=2 AW Z7]d 3& £ 7538 38
of AA|BH= Ml &0l F3&] ol Wolgo] viykar Figivh ¥ AF AR X
of 7istgk e st A= dotgo] AA B "ol o] F szt 30d Fo
ol A wobgol 7P =A dErR o S0¥ o] XA dopgo] "HolxE Ao
= UebstH(Fig. 8). weEbA] FHZel 7Ekek oA
ofgo] Wolx Ao JgFS FrE N T AHAES A= Hxe A3
st 309 Bt £& AR AdH o

A Roks  x7|o /istst 2ELS AAo] "WolAn o]& x7|o] JfEe &
o FEL AMEAY] HHE FAR W dEoE Fof Q17| Wil E &E
dol vrol Aapzlorw AHdgo] "HojRthar &3l vHSaavedra, 1977). o}w] KL ok2
Fm x7le Aske B AFEAY] Et vjgo] Fal Hols R AdtEe= A
& HtHFig. 9. 1L, Ax A9 deFES ZHd&s AsiAzld
(George and Campbell, 1991). %3l slEtol= T4 55 S o8] =ZA
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Fig 8. Pollen germination rate for the pollens colleted at diffent days after
initial flowering.

“Duncan’s multiple range test at 5% level.
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Fig. 9. Tetrad pollen grains with thick walls (left) and pollen

germination 3 hours after incubation (right).
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Fig 10. Pollen tube length for each incubation growth of ‘Hillary White’
atemaya at different storage temperature.

Vertical bars show standard errors (n=5)
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Table 5. Pollen germination rates compared by pollen collection date and pollen storage time.

Pollen storage time (%)

Flowering Pollen
stage collection date 0 (Collection day) 1 day later 2 day later 3 day later 4 day later 5 day later

10. Jun 17.1 15.8 14.2 9.9 8.0 6.6
11. Jun 22.0 20.6 18.8 13.3 9.5 7.6
12. Jun 19.4 19.0 179 12.0 9.8 5.8

D-1P17h”
15. Jun 18.8 | 16.5 119 8.4 7.6
20. Jun 28.9 28.5 26.3 15.3 11.7 10.1
27. Jun 25.1 Zi gl 19.8 16.6 10.4 8.1

Average 219 a’ 20.8 a 189 a 132 b 9.6 be 76 ¢

“Pollen were collected and incubator for 17 hours at 25 TC.

YDuncan’s multiple range test at 5% level.
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Table 6. Pollen germination rate, fruit-set rate and fruit quality characteristics compared by pollen—collection data and pollen

storage time.

Pollen Storage Pollen germination ) Fruit weight TSS Number
: _ Fruit set rate (%) _
collection data time rate (%) (g) (° Brix)” of seeds (100g)
Ohr 22.0 35.7 305.0 179 19.8
D-1P17h”
24hr 18.8 27.1 311.8 17.1 19.3
(2008. Jul. 10)
48hr 13.3 19.0 279.6 18.1 18.1
Ohr 17.1 40.2 331.2 189 20.4
D-1P17h
24hr 14.2 28.8 345.1 169 189
(2008. Jul. 11)
48hr 9.9 19.3 334.9 19.0 19.2
Ohr 196 a* 380 a 318.1 a 184 a 20.1 a
Average 24hr 165 a 28.0 a 3285 a 170 a 19.1 a
48hr 116 a 192 a 307.3 a 186 a 187 a

“Pollen were collected and incubator for 17 hours at 25 T.
"Measure by extracting a half of the fruit cut lengthwise after-ripening at 20C for 8~10 days.

*Duncan’s multiple range test at 5% level.
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Fig. 11. Accumulate rate of fruit in each year.
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Fig. 12. Fruit set rates for each flowering stage at the time of pollination.
“Duncan’s multiple range test at 5% level.

YSee Fig. 4.
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Table 7. Fruit quality characteristics after after after—ripening for each flowering stage at the time of pollination.

o ) ) Fruit weight Degree of ’ 4 Fruit skin color Cw
Pollination time  Width (mm) _ ., Fruit shape . TSS (°Brix)
(g) skin browning (Hue)
D-1P" R9.7 a" 3717 a 1.3 a 0.8 a 113.7 a 179 a
D-0A 93.0 a 426.8 a 14 a 0.8 a 1140 a 171 a
D-0P 996 a 4778 a 19 a 04 a 112.2 a 181 a
D+1A 91.7 a 4299 a 2.7 a 18 b 109.0 a 176 a

“Degree of skin browning O(nothing) — 9(serious)

Y0(normal fruit shape), 1(asymmetrical fruit shoulder), 2(center of the fruit hollowed), 3(almost nothing in either left or right
part of the fruit), 4(some projections joined together to be blunt).

*Fruit skin color. Color by HSV color space.

“Measure by extracting a half of the fruit cut lengthwise after subsequent ripening at 20C for 8~10 days.

"See Fig. 4.

"Duncan’s multiple range test at 5% level.
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Table 8. Fruit quality characteristics after after-ripening for each pollination time.

Pollination time ) )
. ! . . : . Fruit skin color
(number of days Dimeter (mm) Fruit weight (g) Fruit shape TSS (°Brix)”

from initial) (Hue?
10 1281 a™ 7946 a 26 a 183 a 109.3 ab
20 102.4 be 028.1 bc 06 b 179 a 110.7 ab
30 94.2 bc 396.8 ¢ 0.0 b 182 a 113.0 a
40 98.8 be 475.8 be 0.0 b 175 a 1125 a
20 108.9 ab 616.4 ab 0.0 b 180 a 1044 b
60 84.6 ¢ 3214 ¢ 1.0 b 171 a 1158 a

“O(normal fruit shape), 1(asymmetrical fruit shoulder), 2(center of the fruit hollowed), 3(almost nothing in either left or right
part of the fruit), 4(some projections joined together to be blunt).

"Measured by extracting a half of the fruit cut lengthwise after-ripening at 20C for 8 ~10 days.

*Fruit skin color. Color by HSV color space.

"Duncan’s multiple range test at 5% level.
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Fig. 13. Fruit set rates for each pollination time measured relative to
full-bloom time.

Vertical bars show standard errors (n=5).
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Fig. 14. Fruit rates for each pollination time measured by the number
of days after initial flowering.

Vertical bars show standard errors (n=5).
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Fig. 15. Fruit width for each concentration of used growth-regulator.

“Duncan’s multiple range test at 5% level.
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Fig. 16. Changes of fruit width over time for each concentration of used

growth regulator.
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Table 9. Fruit quality characteristics for each time lag from pollination to harvest.

No. of days from Fruit width 1 : ] Fruit skin Degree of Fruit skin
e Fruit shape  Fruit weight (g) B .y .
pollination (mm) browning malformation color (Hue)

120 779 b” 847 a 206.1 b 00 b 1.0 b 120.0 a

140 816 b 84.8 a 302.7 b 08 b 1.2 b 1159 ab

160 100.1 a 88.8 a 502.3 a 1.2 ab 06 b 1122 b

180 99.0 a 92.7 a 461.9 a 2.2 a 36 a 1133 b

“Degree of skin browning O(Normal) — 9Serious).

YO(Normal fruit shape), 1{Asymmetrical fruit shoulder), 2(Center of the fruit hollowed), 3(Almost nothing in either left or
right part of the fruit), 4(Some projections joined together to be blunt).

*Fruit skin color. Color by HSV color space.

"Duncan’s multiple range test at 5% level.
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Table 10. Effects of after-ripening on fruit quality for each time lag from pollination to harvest.

No. of .day.s from Degree (.)f . dryp ess.oyf Fruit splitting™ S §kirV1v TSS(°Brix)”
pollination postmaturity fruit skin browning
120 0.3 b" 10 a 0.0 a 83 a 10.3 b
140 10 a 0.8 a 0.0 a 6.0 b 16.3 a
160 10 a 05 a 0.0 a 5.8 b 173 a
180 10 a 10 a 0.0 a 6.3 b 159 a

“0(No ripening), 1(Ripening).

Dryness of fruit skin normal(0) — Serious(3).

*0(Nothing), 1(Fruit splitting).

"Degree of skin browning 0(Normal) — 9(Serious).

"Measure by extracting a half of the fruit cut lengthwise after subsequent ripening at 20C for 8 days.

"Duncan’s multiple range test at 5% level.
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Time from pollination to harvest

Fig. 17. Fruit of atemoya ‘Hillary White’ right after harvesting and before

after-ripening.
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After

Fig. 18. Changes of fruit color before and after ripening of atemoya

‘Hillary White'.
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