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Development of An Effective Pollen Supply System
for Watermelon Production During Cool Season
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SUMMARY

Worldwide watermelon is the second largest vegetavle after tomatoes and
Korea ranks 17th in world’s production. Watermelon is an important vegetable
crop and has very high per capita consumption (16~18 kg) in Korea. The major
province of watermelon production in Republic of korea is Kyongnam (31.0%).
Other important provinces include Chungnam (16.0%), Kyongbuk (13.6%), Jeonbuk
(13.1%), and Jeonnam (11.0%). It has been changed from open field to
greenhouse culture. Now the greenhouse culture is the 81.0% of the total
watermelon cultivation. One of the characteristics of Korean watermelon culture
is that most of the watermelons are being produced in protected cultivation (high
tunnels) due to adverse climate and disease threat. Low temperature, high
humidity and cloudy/rainy weather influence both on insects activity and anther
dehiscence and results in poor fruit set. Watermelon is cultivated round the year
under forced, semi—forced, open and retard cultures and hence fruit prices vary
according to culture system. Whereas, most of problem is that male flower has
trouble with indehiscence in this seasons. Expecially, triploid seedless
watermelons need diploid pollen stimulus for fruit development.

Objective of this research was to find the best way to collect and store pollen
grains for using them at bed conditions for pollination and to investigate pollen

amount and viability of several different watermelon cultivars.

Soluble solid content in both pistil and stamen, pollen germination and pollen
tube elongation reached the highest level at the day of flowering and then
gradually decreased thereafter.

Ninety percent of freshly collected watermelon pollen was germinated in 6

hours after bedding and rapid pollen tube elongation was observed from 12 to 24
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hours. Low temperature retarded pollen germination. When pollen was incubated
at 15C, only 20% of pollen was germinated after 12 hours and then remained
constant. Pollen germination and pollen tube growth were stimulated in
temperature range of 25~35T.

Considering the rupture of pollen grain, germination rate, and pollen tube
elongation during incubation, pollen germination was optimum on the medium
containing 20% sucrose, 100~200 ppm each of B and Ca, 100 ppm Mg, and 200
ppm K with pH 6.5~7.

Pollen germinability was highly affected by storage temperature and duration. Pollen
showed only 15% of germination after a 15 day-storage at 20C. When pollens
were stored with silica gel as a drying agent, stored pollens well maintained
their germinability after a 30 day-storage at 0 and -40°C. This result suggest
the possibility of pollen storage for commercial purpose.

Pollen amount and germinability differed between cultivar. Small fruit cultivars
had more pollen and higher storability than big fruit cultivars. 'Bocksuback’, a
small fruit cultivar, could be the most suitable pollinizer because it showed the
highest amount of pollen and storability compared to the others.

Even though organic solvents were effective to collect pollens from anther,
they were not ideal storage agent for watermelon pollen because they damaged
the epidermal tissue of pollens severly after several days and germination
percentage of pollen decreased 50% of control. The most effective organic

solvents for collecting pollen were pentane and ethyl ether.

Pollen germination rate was higher when collected in the early morning and it
decreased as pollen collection time delayed. The pollen collected in the morning
showed 30% higher germination rate than the pollen collected at noon. However,
pollen collecting time did not appear to affect fruit setting and quality.

Both pollen amount and germinability were higher in the flowers around the
node of fruit setting. As fruit was growing, the amount and germinability of

pollen were sharply decreased. The decrease of pollen production and
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germinability after fruit setting seemed to be correlated with assimilate
partitioning @ assimilates would be distributed more to the fruit than flower and
subsequently development of male flower impaired.

Amount of pollen varied depending on organic solvents and vitality of pollen
decreased as immersion time increased. Among organic solvents as pollen
collecting agent, pentane and ethyl ether were most effective in maintaining
pollen viability and in collecting pollen.

The number of male flower increased with the AgNOs; and GA; foliar
applications. The number of male flowers in the GAs (100 ppm) foliar application
was 3.1 time higher than control. However, the foliar applications did not affect
pollen germinability, amount and tube growth compared with control.

Foliar applications of Ca and B increased pollen amount and viability. The
amount and viability of pollen increased and reached the highest level 25 days
after application. In the comparison of the frequency of application, percentage of
pollen germination was 20% higher in two time-application than in one
time-application. Higher temperature in plastic film house increased the amount

of pollen grain but did not affect on pollen germinability and tube growth.

To produce Diploid parthenocarpic fruits by pollination with soft-X irradiated
pollen, pollen collection and storage is a general practice. The pistillate flower
and the staminate flower just blew them open the same day. The anthers had
dehisced when the corolla expanded, but the pollen remained on the anthers in
sticky masses. The stigma was receptive throughout the day although most
pollination took place in the forenoon. Large, sticky pollen grains and an adhesive
stigma signal is the necessity for active pollen transfer between flowers for

pollination.

Pollen dehydration was essential for storage and organic solvents made it
possible to collect and store pollens for longer period of times. Pollen germination

and growth of pollen tubes are, in principle, necessary for fertilization, fruit
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development and seed formation. Studies on in vitro germination and pollen tube
growth are very useful for explaining the lack of fertility and are generally

believed to provide best estimate of pollen viability in vivo.

Soft X-ray irradiated pollen and CPPU were evaluated to produce diploid
seedless watermelon. Pollen was irradiated with soft X-ray at 800 Gy before
pollination. Three concentrations of CPPU were applied as 50 ppm sprayed on
ovary, 100 ppm rubbed on female flower pedicel and 1000 ppm applied on both
sides of shoot near female flower attachment. Seedlessness was almost similar in
all CPPU treatments (95%). Total soluble solids (TSS) and rind thickness were
slightly higher in CPPU treated fruits than control. Similarly X-ray irradiated
pollen also depicted higher TSS (12.0 Bx) than control (10.8) but yielded similar
fruit weight. However, higher concentration of CPPU showed cracks in fruits
(95%). In a second set of experiment, CPPU (50 ppm), soft X-ray irradiated
pollen (800 Gy) and combined application of both X-ray (800 Gy) pollen and
CPPU (50 ppm) were compared. The combined application yielded more fruit set
(90%), seedlessness (95%), TSS (11.8 Bx) and marketable fruits (90%). CPPU (50
ppm) showed higher rind thickness (13.7 mm), harvest time (50 days after
anthesis) and large aborted seeds than X-ray treatment. This also indicated high

sink strength up to 15 days post anthesis but over all fruit weight was at par.

A homepage related to watermelon pollen has seen running at
www.watermelonflower.re kr We could discuss with watermelon growers on fruit

setting techniques and useful information on Korean watermelon industry.
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1993), AFHKim 5, 1998), ¥4+ (Youn's,

vk ey A4

(Kim¥ Park, 1991), =}
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Ao A A A o] A

=13

et A7

=
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ke ig=s]
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O,

sheh o

ol A 2]

oAl A Ut st &9, AA
(Cheon, 1994; Choi, 1968), H(Koh

1999), #(Kim, 1995)
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=

19 °Fsla1(Ogawa, 1961), & Ful 32 A9 53 AEdA] 25T o|4dd 4%
A o] Fo = s WS AHUIHKim T, 2003). AT dFamje] I
AL g7z, gt 2 A9 Fe(Higuchi®t Okada, 1996), bzt A4
(Khan &, 1983), 3t&3 F=F3re] A28 (Robert 5, 1980), 3t+<] A & (Chang

st AxEdes geudy ggd{rE F5-6hH (Ligk Liskens, 1983), ol & 3hgt
o] tif-Fo] S At 43S P4 (Loomiset Durst, 1992)ste] B/ F<t
Aols  FHHAZIY  Loewus®t Labaraca(1973)% g3 WA 52
‘C-D-glucose Aol #olste] 27 Ao] AAA AL Faaln, Bavt
AR zhAME AEd o] ths)
BaAZla, s dd F9e fds
s, 2000). s AlE Q]Re] Ze FF7F spEgold 2GS A=
(Brewbaker®t Kwack, 1963) Shi-#o] &% wafo g AAgste A ZdF s
of o3l o] Fo X (Reiss, 1985), Al:E
< ZA3t(Malho, 1998). Z#e FE% YA
=(Jaffe &, 1975)3tAY, ZF] TE7F =& wole  sEH Al%o] Asdth(Fan
S, 2001). webA, sk 2l 2

lil
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S
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ok
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o,
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_O‘L
hh
r o
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i)
v

ISt (Yu 5, 1996). 7l stE dolA oAM= 9SS #Hrtel=Ed Van
Tiegen (1869)°] sucrose & NS FH7tsto] st Wols Ao =2 A 2= AT}
e Aol Hrrgro A Qo] AESE o I BES WASA BHAYS H

F3le 237 Uk Wg R M EW sucorse’t AU WA F3FH 7] wio

st wolrl " uw gwAe] A AH Wyl A 4 2 vh(Dickinson, 1967).
sl EAstes G AES YREE dd RRE AFH glycan 2 FEY Ee

-N-glycosylation &4 E°] 23] 7]%5°] W3E a(Berger &
1995), o] & go] weh shite] duld F7F FoEAY AEL Gl E =]

3
A7 = sty 3R AlAo] Eukek 3RS glucose $HEo] = UERU A, ol
o] &2 32 sucrose $FFo] =4 YEISTHKIm 5, 2003). AGYToE 574
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&0l 100%°l 7Hzt

2}
1999)

3 (Nyomora &, 2000), €% HFZEoA F4& 9H AHZE

A

)

=N
O,

olx tH(Hansnon, 1991a; Hanson, 1991b; Nyomora

=
=

N
N

Ha% 9JthAloni %, 2001).
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A " tH(Usman %, 1999).

3|

of &%

uie)

A

—_—
1o

e
g

= 3t

foll 4]

FataL, 15T o]

i

24y o]

i1
=

&+

AE A FARE, ALl =

g
pLE

=7

el A

A 2 A

N

o))

sho] Aol glolA

A A ol T, 1981).
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900 7 AESIIAI R, 100% A UlsEzAdA= 1083 AEA H(Visser, 1955).
skl Ag AoAe AFH 39 F wolys s sl (Wetzstain?t
Sparks, 1985), asparagus 32 4Co] B#3 29 14971A] 70%9] wolgd & 74
o= ®oal(Marcellan?}t Camadro, 1996)% vl 9 AL A9 A o7
ZHA FESE A 4Tl Aste AR -19To] AAsts slo] el oy #
A BFAA R F, 1963) W5 T2 sAo 93 FsE WAy & WA F

ARAZANZ & A2 A A orst= 52 WAZRo] Ut Barnabaset Kovacs,
1997). 718" AFEHL 197239 o] %HH A7t A 9 ow (Iwanami,

1972a; Iwanami, 1972b; Iwanami®t Nakamura, 1972), 3-A1ZF ol wola S Abal &)
+ T 8H(Isogiku) St 30 F etheroll o] 20947F B $ wjefstd Etherol 9
717l wolE S fXgttt= Ra% ti(Iwanami, 1975). 718wl AF2 db o

= otk 3Ao] 73k ethyl ether¥t &
Sl £EE BFA ¥olxE AAFET e FES FATCaE, 1981). R
3}2S ethyl ether o #43F 29 ethyl ethere] %ol welr] 24 7]7ko] debx] A
GRS KR, 1982), 2 A7 Aol a3rb glbe Baix Jvh(Kimt
Park, 1991). W3t A3 1579 F TopH 2 500152 F7]&vfe] FFol whet
2 AolE BATCHN T, 1976). el A wiuky sHEe] 9 acetones ©] &3}
5 1

fw

JF

ot
M)
o
T
P
41,
Ir
o
ety

—_

o

W& Aol o,

A 34 st AFH VE

o A o] &2 AL e AAT o FoiAcl Fu B wEHo|
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Axsd 2 ekt olul MAR AZ AN SFEE moAL, ERowst Bol
ol 7P Wl Foh SR FYsHE ATE Ak o wuE §718ME A
4 % Abgol

AR AFMoE 3l Grove 5 (1979)L HH S o] &3 3HEA|F oA brassinolideZ
FZ3Anh AFEHA ojA B g& Aol A A WHoe] gy ojol g A
ol t},

Gure Agolst B3 4BE UE vhat A%t o] shee] vlrhstel spae] €,
Fulol ola BbEES sM GA, NAA, BA 59 2e A852Eg nvEz £
AJelgowm WA §717h Hsel A uHPark, 1993) Lol Alsl T el AR wal

v DA Xeta ok ALv|ol= &3k st @ sEd Aol EF(HA, 1988)3ke]
Ol FFH Z EAHo] FHa gtk 2olo oA A3 ethephon, auxin 5 LE
o1& el =3} S 538}l gibberelling AgNO; 5 082 £33 WS Frdte] A

S 24E 4 AdrhLee &, 2002).

A4 A 3o AEA &

27 ol gah B L FAL 2zt mAsh Ao WAL Aee] Ageiel
AAEE Aew ose W SAL wAe Jarel AuAolrh e #rh

27HFE ety w2 sto] A= wlet A Y ok(metaxenia) @3S H 8T
, AbEkel A Sl = Y B 42, A7) B
¥ Tol EZFFA s deAl= Fleo] AU (Cho T, 1974). Frubell A
'"Millionaire’ 38 A 8Fe] &2 'Crimson sweet’'E ©]83l= Z o] ‘Fiesta' &
o]&3t= A KTy T TAEo] A o] Wekth(Fiacchino®t Walters, 2003).
webd FERF7E aEgd s S 9% gy, 9 T dE%E A+ dS

Aoz Azbdd
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AFFEAA 1009% FHES AT A5 FEAAS A wEHo] Wol 2ad

ot @AY SEAFH VERe FEAHE FEUS AEHoE Awste T 7149
3} dds HoluA @] wiEel st st4ol AEE Euh @A JAFFEE vy
sk A5 7FAe] 8000 /g olth wEbA FHEAE sHEI EFste] ARgsha
Ak €Y THAZ AHEHN dE AEAe] AS e FFAel tha oFs)

7kA o] a17be]m (12,000 ¥4/100g), A= Fol ofFstar ol st AFH, A%
9 7ol FYHueE THA e 7ol glolE Hulg stE TEA 79
of XEajobect weba 39 o]& YEn A FTHA MEE A o] FoA

of gtk H SEAR FEFAA A 4o F=

. AEAE AT TFAZ Fod A vy, A9y eyt 5 (Park
2001)¢], wie} Aol A EP(Kim &, 2001)7F A $ApR v 2ap-& 3 2443
FetAY v =g FEoletal stk AEHS sucrose & AN AR Wi, 7 SHE
R @Az ol & A= wl CRYF, 1962), old @ Al Sl g AT
7b @ A oF & Aot dgda 3= BabAlel B¢ Abdkel A tween 20,
tween 80 o] A Wolrt 45 SFAAT FF wet AAES Aol7b AU oH
(FHL 5, 1965), tween 20& H7Fgh Zlo] dAASA Wolgo] v HAem AT}

(Hong &, 1970).

i)
tlo
o,
ofo
ol
ol
rr
S~
2,
re)
N
L
32,

ol

@ 2n($)xdn(B) o= (FHsFH) st B o] Avh ol R Edd g o
T7F Syt e A5 o] AT AAH R HEHIL JA fe A
o #@A o] Agle e 4uiA] A =S ol st 3MAE SFete WM
2 A28k vk (Kihara, 1958; Keita®t Masami, 2000). 3l Al S& wsiol] <o)t v
Holvh 2n($)x4n(8) WS oS 4ujAle] RZojyp FiS AAbete] thA]l 3l
As Aitalor stEw s B33k A4S A Aokst=], oA ZF] A 2o
o)k 4 A 7] (Kihara, 1958; Terada®}t Masuda, 1943) 7] WolA AAA wj7l=
Al A S dojokstal thAl 28 FF 2 wuiste] 3ujAlE Lo ok tH(Compton T,
1996). oleb& WA= dnkerto] HAY 200~8007He FAHE Aaksk=A el
Hl &l 4ujA] suke AT 50~10070 ¢ FAgEel AAbshA] Kot 2 (Kihafa, 19515
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Wehner &, 2001) 48] 7hA0o] szof Ad7irh smopAw Fape] wholgo] whe

i

°o]-&

ot

A o] AUt (Grange® Leskovar, 2003). A%z Hhn o JAA
(Terada®} Masuda, 1940), NAA(Wong, 1938)9} #Z& Auxin®4Y GAs(Kondou2}
Murozono, 1975), BA(Yamamuro, 1978), CPPU(Hayata &, 1995), Fulmat(Uhm %,
1994) seol s, AFdEde] AFAQ EAy 2deFol ogh A widl

3o GuE WEAE AuE A

Aol stk HE IulellA ofH Ft T A Fu FAACAA Hgle T
A = ke SHE Hetar o JhAd wolof & FEEo] Bt X-rayA
of 9]3 4u} Hl4H|E= Swaminathan¥ Singh (1958)7} &0 7 Zxlo] =8 sl]
#7189 a1, o]F W E(Satuton, 1988), 2 ©](Truing-Andre, 1988; Yanmaz %, 1999)
%2 Fuk(Sari 5, 1994) 3HEo y-rayA @ Ete] @ AAA wEAES G718

Keita®} Masami (2000), Sugivama 5(2002)2 X-rayS 3}&o| =83 R = Fa

FANAE T FAAS, AR
%]

A7 ss 2o, a4 o= nZdeuAdds sdeR alel A9
FdF FLH VIEES AT Foll Ak xraysE o€ Afe Fute A TlEe

712 el s 2RE gl Qo xray A7 wskel W gheratu
gl AL e AHFoE MR BA 9 AT $d] aFH1 9

o,

A5 A EAAY ARy Ve B
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2. A7x dolzxA

7h 71 EopAld g sEw A 24}

Z7]9] drolAl g o= 1% agar - BK(Brebaker and Kwack’s medium, 1963)%l A
E 7%= sto] Fdsgon, ofF & dAFolA Fukshte] wWolr| e A ghek wj
Axzdg FHse] ofefet e {FUIEN FrEY AR wjAE At Lo}
Al el AR-gsA T

Elements BK medium BK-W medium
Agar - 1%
Sucrose 10 % 20%
Boric acid 100 ppm 200 ppm
Calcium nitrate 300 ppm 200 ppm
Magnesium sulfate 200 ppm 100 ppm
Potassium nitrate 100 ppm 100 ppm

ZAE X = HELYHA(FE 35 cm)dl B3 T agar/l 438 £ & &
S AetATh shEs A F Al weEk 25T E= 30CE= 7] A vl skt
Algol wel X4 6, 12, 24, 48A1%F $-9of Wolg i} stEAAGS AN =

ARk o w A 24X 7 Fof dopgat Shm Al gE 2ARS Sl

Lot
M
Lo
102
o
°
o
o
L
Shis
r S
2
o
o,
e
(-
rlo
o
o
e
=
o
Z
=
o
5
m
D
o
o
Z
i
@]
’.:S
E
(o]
=
)
=4
)
B



3 A v % (Nikon, SM2-1B)E ol &3t5l=dl 1 E )+ Fol 9dele] 5~15719] A
e dFsy] qA”R ojuA g gt #99 UL onAR e 47

ol (30~40 ym) ez FhEyo] ANFF As Wolgh Aow hFste] wolas 54

i

O

ST s A2 dHH oln|RE olu[ 2 &4 7] (i-solution, lite)Z X &

e

Uoexzxy

MNatdd AF 3 88 1% agar BK Wl #| (Brebaker and Kwack’s medium, 1963)
b 2FE AEGUA(H 35 amol AFEF 15, 20, 25, 30, 35CAM LopA Yt
Ark A 2, 6, 12, 24, B8N F & AEHUAT 16/ A& FAdsto] o] @
ob&S AL, A 2, 6, 12A17F § A1S shE e AolE XA TH

l

1) BY=E% 1% agar BKEIA o sucrosed] H7F5EZ 0, 5, 10, 15, 20, 30% =
gd]ate] 243 A S AEHYFA(FA 35 cm)ol EFaTh MEIFd AFHE 3}

TS sucrosesE=7F tE HfA| o] X/AFEFH Al 2441 3HE < 30T 274 ola ]

2) Y EF 1% agar BKuI A 9l sucrose, fructose, glucoseE Z+2 H7bsk 5 74
AR e HEe Agete] 30T T AT Et oA A SR wolg
7 SR HEEE ZAFSHA T

2+, pH =4
Fd a2 AHE FE2S pH 6, 67, 7, 75, 82 FHH 1% agar BK HjA] 9
Ak & 30Tol A 12, 24413 viFet At X4 12, 24413 & wolg 3 st 4l

T M R AFAT FROE 1% agar BK wiAol A& F 30T A,
=3

FAdAA 1 m B A - F ZAAZES 0, 12, 244702 2] dto] 24, 484



3. 3£ &9

olN
N

7V gt gae] HUt
20% sucrose’} H7FtH 7]E wlA]o| calcium nitrate®} boric acidE z+Zt 0, 10, 50,
100, 200, 500, 1000 mg - L'2 #H7}st & 30C 7)o A @l A AT} 24 244 7F

Wbt sHEw NS Absher

o

vz, a4, 2, vhadls J1Ut

20% sucrose’} H7FHE 7]E wjA| 9 boric acid, calcium nitrate, magnesium
sulfate, potassium nitrateZ ZFz} 0, 100, 200, 500, 1000 mg - L'2 #7}st & 30C
27l A oA Z T XA 24417 - Wobg ) skt A1t S ZAFSEA T

4. 39 AR

7h A=

‘avE e RS AHI T kS A &3] 20 mL pentane &Ho] FEIT
A sk foll A shio] EeHolvber oF2 Al 7stal sHEo]E pentane &S
A (Toyo No2)oll Ee]gh & AF2olA FoldlE pentanes $Hd3] FAFAZIH 3}

B Z45tn AgAEel Agad £

op

g e e 2%E 40, 0
20C = Zeete] 60 Fot At A% 1, 15, 30, 45, 60 Aol Ao &

D 92 AZ3Fe] 20 mL pentane & X
U}

13l 3}Ho] = pentane &

fo
=)
12
rlo
2
N

S o x| (Toyo No2)oll E&siWl T ALox HolglEx pentaned &3] 3| AHA|
71 & sETs #Es8ld A (organic solvent) @ FEAA I B A
(control) o2 EEWWl & dalste] -20T 1070 L3 AFstd s A7) ko] w2 3}
o] wolgS ZAMSFSITH
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ok HEARIEHB, Ca) sHEe] A4

o KB o o N TOBE W Mo BK = An o

" i i L ‘JI~| ~ f
3~ 5 RO g %%mﬂr %AT%H%
RS TaERR w9 T o T
- M o BK o or R Sy W o o
x| ) < ) IR < o ok A
o 5 T A N < I <0 5T

S o o X B9 o g R Gy i
LIS T o OB W AR w o B .
(e R [ e Ty T
< O ) OE p— .CI dl o ) N o~ Eo qn.wM el faxy
2 ™ S ° T A L B
®oR oy S o b = S o P %

Q 10 1% o N o . _ \_u_v
2 2= TN RS o PP T T N
5 N oV — &+ N Ly
[a] Ot :i S ﬁﬁ ‘;lﬁyl S

+ Jl Ot \_HZU Oﬁ — & ) ﬂ.E OME N
o oo = S &£ & W T il
— &) S No Wﬁ T R W Mo hd ° =
S5E. EEEc I 852 55
K s dw ~ Ao - i WMo =
S 3R . o= o ) o = o L HT g o
N T T2 e @ Q T~ el ~

O = o . = m ™ B ~ il W ON T i
=y © %ﬂ X & X N o o= N o o B T oW
TS = N %o ”Lm; ) Mmm X ooy O o Moo — P
o o oL o0 T or Mo o ~ T &
dlo SR %o X mWRT RO = ) i . N & =

M . _— ‘Dra TO T = ~ a el &O N
T . Hw Ko UK o T T g o & v T
s &g ToE Moy N B w2 e T Tod g 5o
SR moA- S o P BoEr = ~ B . § E ow
sZew 2EiEg TIEoCZ s TEEogT
= LB Z w22 F fo o — 8 g i T ol
o S - = oEoM A U 3 = MuT T P b

) T4 = 5 B T 5T

e = - © 1o N XK o~ Nq iy hy =
T = = il o noL () e oL Iy
T o u ST CRE N U & 9P
MHT " gm o% ~ o W B o IR S AR W) T BN % -~ £
B A WL Mo of W Q WS oz W M T 3 Mo K o= W og 2
fac xEEET, xERESL 2 3o FE

B9 = ) - X0 Ko = o : s

"< %_01 S Mu Mo on_k Mo ™ B T o T D _ Mo MH & o T N
! B © - . ~ OB T . [ EK o Hip R - O v

oo % w OIS IR S N 6 03 =Ty
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3Fo] 20C 9 30Tl 244 752k HY

A=
RS

1% agar BK ®j Ao =



pentane® 3 FEES 4To] 2447 AAsHA FE 9
Wolg2 1% agar BK #]A|ol 3iES *|dsta 30CEH7]o A 24A17F o st <

ZAF8E3

6. 771 & E o] &% AF

Ful EZ£9 FAJsle] ethyl ether, ethyl acetate, pentane, acetone, n
—hexanef7]&1] <o X A7+ A, 2, 6, 24, 48, 360A]17H)e] wHms 3}E9

Fesle zAa.

I~

M Egur o] $2& A F 3] ethyl ether, pentane §HoF FEF F 7}~

5 5 4TS 20T BAsAA 1, 2, 6, 12, 24X 7 Fo 7AW

AEEFEESe] 428 AFSIY ethyl ether, pentane & 3HES &g &

Zy7y o] g HAg = AGV|E T Fo] ol mE AGH-S vt
2. X-ray A2 gt A=

Soft X-rays ZAFSH S-S 4T 20T AGstHA A% 743 150 o}

23} Sa A% 2Asket,

_42_



3y 23>

3

>~
T

el

<A T

=
i
K
70
i
N

b
(=)

7b BHH 54

22

|

R

AANA 77 Gz

s

X

5

B8

—_
o

Ef

K
+
~n

e

bl =] of] A

Q)
=

FA o,

5|

Q%

Metdd 78k

oH A5l

1l
=

]

5|

L

=

A7} A& = A 7]

I

3k o

Al A A ol A = o] ¥

BAR Bl ¥

L
R

s AL ] go] yrops

ol

0

Zo) A74& 727 50~60 ym, 3

e

)

dolg& 371 0]

ZNEo® FAHlel

He MEMES] HEZL Ho

-
it

0~40 gmo]Th.

oy
s

~©O

e

-

NFEow MR 12009 zZtER wjdF ol

st

sha, 37He) WolEE 1/4e] wepgo

]

oo}
=]

o ol

3

2 9

o
o —

Aol T3

E\_.

_43_



Fig. 1-1.

Scanning electron micrograph showing the appearance of
watermelon pollen. View of dehydrated pollen (A, B, C, and D)
and germ pore after hydrating (E and F). A and B: the upper
side, C: the front side, D: the back side, E: three germ pores,

F: magnified germ pore.
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TC

Fig. 1-2. Visualizing a pollen grain with germination pores
and tube growth. Images were captured with an
image analysis system. A, Three germinating pores
in a watermelon pollen grain (x400). B, One pollen
tube emerging from only one germ pore. C, Two
pollen tube emerging from two germination pores. D,

Pollens in the anther of watermelon at tfull bloom.
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Fig. 1-3. Comparison of Morphological characteristics between

diploid and tetraploid flower and leaf.
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Table 1-1 Comparison of flower characteristics between diploid and tetraploid .

Observations Diploid Tetraploid

Number of chloroplasts 5~7 10 ~ 12

Flower radius (cm) 2.9+0.2° 3.2%0.1

Flower circumference (cm?) 27.4+3.8 31.5+2.0
“ Mean + SE

Compton 5(1999)2 7| FAMEY EAsts AEFA T &9 FFd ozt =254
2 Yel=d], 20f A kol = b 9.770, 4nf A 2 Eoll A= 17.8717F EA) st
st om, F5Ak Fuke 2ujAl A EolA 127, 4 Al A EolA 228712 ERSk
LR g Aol A= 2ujA e} 4uj A7 EAE = Jlve A E SAH Y 3t
o] wroba 2u A ubell 37H7F EA sk Wb, 4uiA] kel A= 470 7F = A6t

o ogglem, A Fez fEH Fue 3Ash 47)e] wolFo] EAlEo] vhEbyk
=

Rhodes®} Zhang(1999)el o] &} 2u] A 2 & <] wola2 370, 4uA] A& <] wol+
< 4o, EAE A EolA = St o] Wolgo] 3-477F Al YEUE BoE B
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Fig. 1-4. Number of colpi in watermelon pollen. (A, 3
colpi in diploid pollen; B, 4 colpi in tetraploid
pollen; C, mixoploid plant pollens)
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Days after flowering

Fig. 1-5. Changes in soluble sugars in watermelon anther and
stigma before and after flowering. Samples for sugar
analysis were collected before, at and after flowering. Bars
represent SE.
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Fig. 1-6. Changes in pollen germination (A) and pollen tube
growth (B) before and after flowering . Samples for
pollen germination and pollen tube growth were
collected before, at and after flowering. Bars represent
standard error(SE).
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Fig. 1-8. Changes in pollen germination of ’'Sambokkul’ (A)
and 'Speedkul’ (B) watermelon at 15C(0), 20TC(@),
25C (), 30C(M), and 35T (A).
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Changes in pollen tube growth of ’'Sambokkul’ (A)
and 'Speedkul’ (B) watermelon at 15C(0), 20C(@),
25C (), 30C(M), and 35T (A).
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30T 35T

Fig. 1-10. Effect of culture temperature on pollen germination
and pollen tube growth of 'Sambokkul’ watermelon.
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Fig. 1-11. Effect of sucrose concentration in media on pollen
germination of 'Sambokkul’ (A) and ’'Speedkul’ (B)
watermelon at 30C. Pollens were kept at 30C for 12

hrs before measurement. Vertical bars represent SE.
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Table 1-3  Effect of sucrose concentration in media on pollen germination,

pollen tube growth and pollen rupture of 'Sambokkul’ watermelon

at 25TC.
Sucrose Pollen Pollen Disrupted
germination tube growth pollen
(%) (%) (pm/hr) (%)
0 0 d 0c 9% a
5 18 d 32 ¢ 73 b
10 62 bc 132 b 37 ¢
15 84 a 189 a 7 d
20 78 ab 193 a 0d
30 51 ¢ 126 b 0d

? Means in columns are separated by DMRT at P=0.05

10 %
Sucorse concentration

Fig. 1-12. Pollen disruption rate were affected by sucrose
concentration in the media.
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Table 1-4  Effect of sucrose, fructose, and glucose added to media on pollen

germination and pollen tube growth of 'Sambokkul’ watermelon at

257C.

Carbohydrate Concentration Pollen germination Pollen tube growth

(%) (%) (ym/hr)
Sucrose 10 53 + 7.2° 115 + 27.7

20 84 + 54 213 + 33.1
Fructose 10 36 = 4.8 89 £ 235

20 42 + 6.1 105 + 194
Glucose 10 43 £ 85 126 + 35.3

20 60 £ 79 133 + 158
“ Mean + SE
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Fig. 1-13. Effect of pH on pollen germination and pollen tube growth
of watermelon in vitro. Vertical bars represent SE.
Gerimination and pollen tube growth were determined 6
hrs after bedding at 25C.

_58_



O AFE], 12A]7F, 24417 33 A 8

X] o) o} x

& A

el et F 12A413F AL

975 ym, 625 m ©] Ao}

Pollen germination (%)

fu4

100 1200
80 T ] : T 4 1000
- 4 800
60 [
4600
40
4 400
20 1 200
0 0
12 24 0 12 24
Lighting (hours)
Fig. 1-14. Effect of lighting periods on pollen germination and

pollen tube growth of watermelon in vitro. Vertical
bars represent standard error. Germination and pollen
tube growth were determined after 24 hrs of bedding
at 25TC.
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Fig. 1-15. Effect of boric acid (A and E), calcium nitrate (B and

F), magnesium sulfate (C and G), and potassium nitrate
(D and H) concentrations on pollen germination (A, B,
C, and D) and pollen tube growth(E, F, G, and H) of
'Sambokkul’ watermelon pollen in vitro. Germination
was determined 6 hrs after bedding at 30TC. Vertical
bars represent standard errors.
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Fig. 1-16. Effect of boric acid (A and E), calcium nitrate (B and
F), magnesium sulfate (C and G), and potassium nitrate
(D and H) concentrations on pollen germination (A, B,
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Fig. 1-17. Effect of calcium nitrate (A) and boric acid (B)
concentrations on pollen germination of 'Sambokkul’
watermelon in vitro. Vertical bars represent
standard errors. Germination was determined 6 hrs
after bedding at 25C.
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Fig. 1-18. Effect of calcium nitrate (A) and boric acid (B)

concentrations on pollen tube growth of
"Sambokkul’ watermelon in vitro. Vertical bars
represent standard error. Pollen tube growth was
determined 6 hrs after bedding at 25C.
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4. 32 AR

7t AZLE wE A%
‘vl =Rl e] 239 fF 5] pentane® S EEld T A7 9
oA 1 go AystAL Y (silicagel H)FA 3} YA &S (silicagel -)F 71 0 23}

242y -40, 0, 20Tl AstdaA A7) g gEe] wols WIE FA3 4

e % 16 2
ge eEzAoE Mg Az FHNA AFF Ao F¥ AR LA
Wold e fASAh 0ToIA FeAAS W Wese A 159 Fo| wolgol

& oIk

AL 40, 0, 20C o] W& A 154 Fo wolgo 727 65 47, 14%=E

A olFel FASA wolje] Fasle] A 45Ul wolH S A Fasch
3

0ol 329%, A 45Ul 16%°] At}

Table 1-6. Effect of storage temperatures on percent germination of
'Speedkul’ watermelon pollen in vitro. Pollen was stored at -40, 0,
20C for 60 days at low RH with or without silicagel. Germination
was determined 24 hours after bedding at 30C.

Storage Storage days

Silica

temperature ! 1 15 30 45 60
(C) e — germination (%) ———————————————~
- 40 + 95 + 1177 65 + 127 32 £ 148 16+ 71 14 + 86

- 59 + 233 7+ 51 - - -

0 + 93 + 165 47 + 133 25+ 126 12 £ 6.3 -

- 79+ 133 22+ 93 8+ 91 - -

20 + 97 + 12.7 14 £+ 75 312 - -

- 8 + 115 21 £ 84 4 + 1.3 - -

 Mean * SE
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Fig. 1-19. Effect of storage methods on pollen germination of
'Speedkul’ watermelon in vitro. Pollen was stored at -20
for 10 months. Germination was determined 24 hours
after bedding at 30°C.
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o Cad B9 @RAAHZ} 39 AR v 9T

T Apol= UAAARE A7 30l HETobs o] 20-40%9] opfo] FHAsHth
A %F717ke] kel wet CafdHAIH] 7(1.0% Ca, 02.% B + 1.0% Ca, 1.0% B +
1.0% Ca)7b o+ Agf7tol wls &9 FE7F =ol=d, A% 30dA FAe=
34%7F #FAaskar, 1.0% Caxdz ¢ 02% B + 1.0% Ca A&7+ 72t 23%, 19%
skl CaAIM] A7 FAGEY 229 FH7F =2 Aoz ey
Caol 2&4d AHaT(1.0% Caxg T, 02% B + 1.0% Ca &+, 1.0% B + 1.0% Ca
AgT)e A o Aol mE Lo FHALVE A =2 Aow yEyth
Table 1-7. Effect boron, calcium, and boron and calcium combination on

percent pollen germination of 'Speedkul’ watermelon, as affected

by storage periods at -20C.
Storage periods (days)

Treatment 0 30 60 90
—————————————————— germination (%) ———————————————~

Control 43 + 6.3 28 + 5.3 11 + 3.1 4 £ 12
02% B 49 + 51 32 + 64 22 + 53 13 £ 20
1.0% B 50 + 5.7 29 £ 4.0 17 £ 48 9+19
1.0% Ca 51 £ 4.2 39 £ 4.7 29 = 5.0 18 £ 34
0.2% B+1.0% Ca 52 £ 7.0 42 £ 31 32 £ 44 22 £ 2.6
1.0% B+1.0% Ca 53 £ 7.6 36 £ 59 28 + 56 16 =+ 4.2

* Mean + SE

gt AujFe] 712o0] B2 AZH nA= GF

‘2 EEFETS 20061 129 10¥€ ~ 20074 3€¥€ 2099 AA A ekt o4l
W oFuaAy ekl A B MEARE 6229 12822 T st A
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AgstAA] Ag7Ie] wmE skl @ES SAe Ade % 1-83% 2k

Aul 717 F 2] FEEE Aol7F fllal o EE 10T S fAs 9L
M, 12222 ATt 622 AR 2T =4 FAHAG. dolgS A 12
22 A7t T1%2 622 A9 72% Rub gtk AZ7|e] Zdojd¢=

Wolgo] ghashel 44 60U Ao Az Wolge AW FFoE FaHAL. 4

AWM F NRE D Aolo] o)@ opreme] Aol Fiel A% F 2w
Ao vAA g Aoz BerHd

Table 1-8. Effect of the thickness of covering materials on pollen germination

of 'Speedkul’ watermelon in winter cultivation..

Covering material Storage days

. 0 30 60 90
thickness germination (%) ——————————————-
6 0z 72 + 4.3 59 + 5.2 50 £+ 3.8 31 £ 49

12 oz 77 + 81 61 + 4.6 49 + 40 26 + 54
* Mean + SE
o AR 5HAF AW
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Table 1-9. Effect of artificial pollination of stored pollen on fruit set, fruit
weight, soluble solid, and seed numbers of 'Speedkul’ watermelon.

Storage Fruit set Fruit weight Soluble solid Seed numbers
days (%) (g) (Brix°®)
0 97 + 3.3 7515 +673 109 +1.55 391 +23.6
15 87 £ 88 6750 +591 11.2 £1.01 273 +47.2
30 70 £ 5.8 6320 +796 9.8 +1.28 188 +35.1
“ Mean + SE
900
800 | y = 100.96x - 289.45  r=0.67* .
700 |
o
8 600
S
2 500
D
L 00t
(0]
300 |
200
100 .
4 5 6 7 8 9 10

Fruit weight (kg)

Fig. 1-20. Relationship between seed numbers and fruit
weight in 'Speedkul’ watermelon
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Fig. 1-21. Pollen yield dependent on Watermelon -cultivars:
A, Bok; B, Sambokkul; C, Apollokul; D, Speedkul;
E, Kumchun. Vertical bars represent standard

€rrors.
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Fig. 1-22. Effect of cultivars on pollen germination and tube
growth. Germination and pollen tube growth was
determined for 24 hrs after bedding at 20 and 3
0C. Watermelon cultivars: A, Bok; B, Sambokkul;
C, Apollokul; D, Speedkul; E, Kumchun. Vertical

bars represent standard errors.
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Fig. 1-23. Comparison of pollen storability of watermelon
cultivars. Germination was determined 24 hours after
bedding at 30C. Vertical bars represent standard

errors.
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Fig. 1-24. Effect of soaking time in organic solvents on pollen
germination of ‘Speedkul’ watermelon. Ethyl ether, ethyl
acetate, pentane, acetone, and n-hexane were used for
this experiment. Germination was determined for 24 hrs
after bedding at 30°C. Vertical bars represent standard
errors.
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Fig. 1-25 Changes in pollen shape of 'Sambokkul'
watermelon as affected by soaking time in
pentane and acetone.
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Fig. 1-26. Effect of soaking time and storage temperatures on
pollen germination of watermelon. Pollens were collected
and soaked into ethyl ether and pentane solvents and
stored at 4 and 20°C. Germination was determined for
24 hrs after bedding at 30C. Vertical bars represent

standard errors.
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Table 1-10. Effcet of light on pollen germination and tube growth of
'Sambokkul’ watermelon during storage in organic solvents.
Pollens were soaked into pentane and ethyl ether solvents and
stored at 4C for 7 and 15 days. Germination was determined 24
hours after bedding at 30C.

Storage Light Organic Pollen Pollen
germination tube growth

(days) solvent (%) (m/hr)
7 + Pentane 41 + 84 112 + 17
Ehtyl ether 54 + 78 123 + 24

- Pentane 71 £ 6.7 169 = 25

Ehtyl ether 62 £ 95 151 + 36

15 + Pentane 28 £ 9.3 103 + 19
Ehtyl ether 37 £ 9.1 83 + 23

- Pentane 37 £ 76 131 + 29
Ehtyl ether 42 + 14.1 117 + 14

* Mean + SE
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Table 1-11. Effect of X-ray radiation treatment on germination and tube
growth of watermelon pollen. Pollens were stored at 4C for
7 and 15 days. Germination was determined 24 hours after
bedding at 30C.

Treatments Storage days Temperatures Germination Tube growth
(C) (%) (gm/hr)
Control 0 89+7.5% 132431
” 4 74+6.9 109+22
20 52+7.2 121+16
15 4 534+9.3 131£39
20 7£1.2 117+20
X-ray 0 65+7.0 92+ 9
7 4 34%R.1 77+ 6
20 12+8.2 46+ 9
15 4 13£3.5 46+ 7
20 4+1.7 18+ 5
“ Mean = SE
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Fig. 2-1. Effect of different collection times on percent pollen
germination of watermelon in vitro. Germination
was determined 24 hours after bedding at 30T.
Collection time — A, 08:00 - 0859; B, 09:00 -
09:39; C, 10:00 - 10:59; D, 11:00 - 11:59, E, 12:00 -
12:59; F, 13:00 - 13:59; G, 14:00 - 14:59; H, 15:00 -
15:59, 1, 16:00 - 16:59; J, 17:00 - 18:00
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Fig. 2-2. Effect of collection time on pollen weight per 20 flowers
and pollen tube growth of 'Sambokkul’ watermelon in
vitro. Pollen tube growth was determined 24 hrs after
bedding at 307C.
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Aol Wk 4% FA HAL ARSI e fUF mAdoR AAHAY, fe

ps pul

Table 2-1. Effect of artificial-pollination on fruit set, fruit weight, and soluble
solids content of ’'Speedkul’ watermelon in vivo. Fruit set was
determined 45 days after planting and fruit weight and soluble
sugars at harvest. Watermelon was planted on 10th December 2006
and harvested 20th March 2007.

R T
(%) (g) (mm) (°Brix)

09:00 - 11:59 9 a’ 8,231 a 134 a 109 a

12:00 - 14:59 97 a 8,024 a 12.8 a 105 a

15:00 - 18:00 95 a 7982 a 13.7 a 106 a

“ Means in columns are separated by DMRT at P=0.05
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Table 2-2. Effect of sampling methods on pollen yield (pollen weight), pollen
germination and pollen tube growth of watermelon in vitro. Pollen

germination and pollen tube growth was determined 24 hrs after
bedding at 307C.

Sampling methods Pollen Pollen Pollen tube
in the field. weight germination growth

(mg / 20 flowers) (%) (ym/hr)
Pollen 167 £ 1.8 8l + 84 212 + 21
Anther 115 £ 16 76 + 56 189 + 33
Flower 124 + 2.2 84 £ 7.2 173 + 26
“* Mean + SE
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Table 2-3. Effect of node position for pollen collection on flower size and
anther weight of 'Sambokkul’ watermelon.

Male flowers Male flower Male flower Anther weitht
at node length width

(cm) (cm) (mg)
5 - 10th 75b 7 38 b 721 b
11 - 17th 10.6 a 44 ab 717 b
18 - 24th 118 a 51 a 954 a
above 25 74 b 34 b 5.1 b

“ Means in columns are separated by DMRT at P=0.05

Table 2-4. Effect of fruit removal on male flower diameter, anther weight per
100 flowers and percent pollen germination from over 25th nod of
"Speedkull” watermelon.

Male flower Anther weight Pollen

Fruit removal diameter germination
(cm) (mg) (%)
No 33+ 065 ° 54 + 4.3 52.4
Yes 4.2 + 048 61 + 3.8 69.3

* Mean + SE
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Fig. 2-4. Effect of pollen collection time and flower position on
pollen germination in watermelon as affected by flowering
time. Pollens were collected on the day (A) and after one
day of anthesis (A+1).
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Fig. 2-5. Organic solvents used to collect pollens.
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Fig. 2-6. Effect of different organic solvents on pollen collection
yield of 'Sambokkul’ watermelon. (Pen, Pentane; E.
ether, Ethyl ether; Ace, Acetone; Hex, Hexane; E.
ethan, Ethyl ethan; Ben, Benzene; EtOH, ethyl alchol)
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Fig. 2-7. Effect of different organic solvents on pollen
germination of  'Sambokkul’  watermelon.  (Pen,
Pentane; E. ether, Ethyl ether; Ace, Acetone; Hex,
Hexane; E. ethan, Ethyl ethan; Ben, Benzene; EtOH,
ethyl alchol)
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Table 2-5. Evaporation of different organic solvents wused to collect
watermelon pollen.

. VA
Evaporation

Organic solvents

mL / 1 hr mL / 2 hr
Toluene 05 £ 0.2 1.3 + 0.2
Chloroform 1.0 £ 0.1 20 £ 0.1
Ethyl ether 41 + 0.1 74 £ 0.1
Ethyl acetate 09 + 0.1 1.7 £ 0.1
Pentane 42 + 0.1 77 + 0.1
Acetone 2.8 £ 0.1 33 £ 01
Benzene 06 £ 0.1 1.6 + 0.1

* Mean = SE
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_93_



% 471878 ol8% AL A4

v

3
“

st A glo] F718mE o]&ste] AHAELE, AAF, AT st 29 TS 4
A= #1263 2tk 100719 FAA sHis AFHSI S A5 pentane} ehtyl ether”} s}
ErEged gl =A<l Jor ZoA shts "olll= W (control) 3o W
ofgo|uf st Aol oA PR A IAAINE {78 ujE o] &5 AFWHETE AH AT
A28 o] B Alte] A™ W ofy} ST AFHFE mig Yol 1 g&o] WSkt
718 E o83 SHEAHE F7IEme] Lol wet MFHFo] vE By ol HH F 35}
o wolEy} g A WA= AErt g2k AFHAS 14 - 17R7E

=1

Table 2-6. Effect of organic solvents on pollen weight, collection time,
germination, and tube growth of 'Speedkul' watermelon.
Germination was determined 24 hours after bedding at 30T.

Collection methods Po%len Coll.ection Po.llen. Pollen
(Organic solvent) weight . time germination tube growth
(mg/100 flowers) (min/100 flowers) (%) (¢m/hr)
Acetone 47 £ 7.5 17 25%£9.8 79+18
Benzene 95 = 124 16 36x7.5 86+21
Ethyl alchol 23 =+ 3.3 14 14+3.4 56*+14
Ethyl ether 174 £ 11.7 14 92+5.8 165+32
Ethyl ethan 46 £ 8.3 15 78+6.2 143%26
Hexane 145 £ 14.7 15 88+7.7 159+19
Pentane 183 £ 10.2 14 87+6.3 171£16
Water 7 35 8 13+4.1 102+27
Control 21 £ 8.7 26 85%6.8 163+22

* Mean = SE
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Table 2-7.  Effect of AgNOs and GAj; foliar application on main stem node
number, ratio of female to male flower, and pollen yield in
‘Apollokul’ watermelon. Three times foliar applications were

made three time at ten-day intervals after transplanting.

Treatments Main stem node Ratio Pollen yield
number female : male

flowers (mg / 10flowers)
10 ppm AgNOs 20 b’ 1:32 ¢ 12 a
100 ppm AgNOs 21 b 1:43 bc 13 a
10 ppm GAj3 25 a 1:48 b 11 a
100 ppm GAj; 25 a 1:81 a 15 a
Control 21 b 1:26 ¢ 13 a

? Means in columns are separated by DMRT at P=0.05
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Fig. 2-9. Effect of AgNO3 and GAs on pollen germination and
pollen tube growth of 'Sambokkul' watermelon in vitro.
Vertical bars represent standard error(se). Gerimination
and pollen tube growth was determined 12 hrs after
bedding at 25C. Treatments : A, 10 ppm AgNO;3 ; B,
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Table 2-8. Effect of foliar application of boric acid (0.2 and 1%) and calcium
chloride (1.0%6) on flowering date and number of male and female
flowers in 'Sambokkul’ watermelon in 2005.

Foliar Flowering Male flower Female flower
application date number number
0.2% B Feb. 3 16.7 a 275 a
1.0% B Feb. 2 164 a 314 a
0.2% B + 1.0% Ca Feb. 4 178 a 2.83 a
Control Feb. 3 16.2 a 3.26 a

* Means in columns are separated by DMRT at P=0.05
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Fig. 2-10 Effect of foliar application of boric acid (0.2%, 1.0%)
and calcium chlolite (1%) on number of pollen grain

of watermelon. Vertical bars represent standard error.
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Fig. 2-11. Effect of 0.2% and 1% boric acid and 1% calcium
chlolide on pollen germination (A, B) and pollen tube
growth (C, D) of 'Sambokkul’ watermelon sprayed at
15 and 30 days before flowering. Germination and tube
length were 6 (A, C) and 24 (B, D) hours after
bedding at 30C. Vertical bars represent standard error.
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Fig. 2-12. Effect of foliar application of boric acid (0.2%, 1.0%)
and 0.2% boric acid + calcium chlolide (1%) on male

flowers of ‘Sambokkul’ watermelon.
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Fig. 2-13. Effect of B(0.2 and 1.0%), Ca (1.0%) and the
combination (B+Ca) treatments on pollen germination
(A) and pollen tube growth (B) of ’'Speedkul’ watermelon
grown in 2005. Germination and tube length were
determined 24 hours after bedding at 30TC.
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Table 2-9. Effect of B(0.2 and 1.0%), Ca (1.0%) and combination (B+Ca)
treatments on anther weight (mg) of 'Speedkul’ watermelon in

2005. Germination was determined 24 hours after bedding at 30°C.

Days after foliar application

Treatment 15 25 35
——————————————— anther weight (mg) ———————-——-—

Control 553 + 58 * 762 + 74 814 + 569
0.2% B 684 + 66 958 + 83 983 + 4.99
1.0% B 730 + 78 986 + 115 1013 + 4.88
1.0% Ca 673 + 69 892 + 123 975 + 7.05
0.2% B+1.0% Ca 649 + 72 937 + 96 930 + 3.70
1.0% B+1.0% Ca 656 + 88 905 + 85 926 + 4.24

* Mean = SE
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Effect of boric acid and calcium foliar application times on pollen

Table 2-10. L
germination and tube growth of ’'Speedkul’ watermelon. Pollen
grains were collected 35 days after application. Germination was
determined 24 hours after bedding at 30C.
Application . L Pollen germination Pollen tube growth
. Foliar application
time (%) (gm/h)
1 Control 52 + 5.7 180 + 235
0.2% B 69 =+ 5.0 280 + 36.3
1.0% B 71 £ 49 265 + 314
1.0% Ca 68 + 7.1 231 + 246
0.2% B+1.0% Ca 73 + 3.7 187 £ 26.2
1.0% B+1.0% Ca 53 + 7.6 196 + 294
2 Control 67 £ 45 165 £ 27.3
0.2% B 91 + 20 295 + 21.8
1.0% B 90 + 1.1 152 £ 175
1.0% Ca 92 + 25 188 + 22.7
0.2% B+1.0% Ca 8 = 3.7 214 + 182
1.0% B+1.0% Ca 90 = 2.0 163 £ 239
“ Mean +* SE
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Fig. 2-14. Changes in daily maximum (A) and minimum (B) air
temperatures during 2006 growing season.
Temperatures were measured in a greenhouse (Inner),
and in the tunnel covered with 6 ounce (6 oz) or 12
ounce cloth (12 oz).

Table 2-15. Effect of covering materials on fruit set, fruit size, and soluble
solid of 'Speedkul' watermelon.

Treatments Fruit set Fruit weight Fruit width  Soluble solid
(%) (g) (cm) (Brix®)

6 oz 94 + 3.3° 5024 £378 20.9 £0.44 11.0 £1.86

12 oz 96 + 1.2 5702 £214 21.8 £0.24 10.9 £1.55

* Mean = SE
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Fig. 2-15. Effect covering materials on pollen germination and tube

growth of ‘Speedkul' watermelon.
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Table 2-13. Effcet of cultivars on pollen yield and pollen storage on
germination of watermelon in vitro. Germination was determined
24 hours after bedding at 30C. Pollen tube growth was
determined 6 hours after bedding at 30T

Storage Cultivars Pollen yield Germination Pollen tube
days growth
(mg/20 flowers) (%) (¢m)
0 Speedkul 14 + 53" 9% £ 25 1,465 £ 175
Sambokkul 11+ 22 93 + 3.6 1,230 + 153
Bok 17 + 23 97 £ 27 1,078 + 136
7 Speedkul - 71 £ 64 10,32 £ 125
Sambokkul - 65 £ 5.8 964 + 97
Bok - 68 £ 7.0 640 + 74
15 Speedkul - 35 + 11.8 634 =+ 46
Sambokkul - 29 + 15.2 751 £ 59
Bok - 47 + 133 452 + 35
“ Mean * SE
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Table 2-14. Effect of micro cel E, datomonaceous earth, and lycopocium as a
pollen diluent for hand pollination on fruit set and fruit growth in

watermelon cv. 'Speedkul-subak’.

Treatment Fruit Fruit Fruit Fruit Sugar

set length width weight content

(%) (cm) (cm) (g) (°Bx)

Control 95 a” 255 21.6 6,450 a 124 a
Lycopocium 9% a 235 21.0 5,800 a 11.8 a
Micorcel E 9% a 26.5 23.1 6,680 a 109 a
Datomaceous earth 8 b 20.5 22.2 5450 a 116 a

"Means separation within columns by DMRT, P=0.05
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Table 2-15.  Effect of micro cel E as a diluent of pollen for hand pollination
on fruit set, fruit weight, and total soluble solid (TSS) contents

in watermelon cv. 'speedkul-subak’.

. Fruit set Fruit weight TSS

Pollen : Micro cel E
(%) (g) (°Bx)
1:10 85 a 6,680 a 109 a
1: 100 58 b 5,650 a 116 a
Control 95 a 6,540 a 11.3 a

Means separation within columns by DMRT, P=0.05
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Table 3-1. Used for various watermelon cultivars in study

- 113 -

No. Cultivar No. Cultivar No Cultivar
A Mudungsan K 190114 U 199860
B K004673 L 190079 V119740
C K004669 M 190067 W 190110
D Hwangbok N 019018 X 199733
E 05-09 O 904406 Y Goldenball
F  K019034 P GW 24 Z 209416
G 190065 Q 199801 a 190120
H 908298 R  Soknorang b  Boksubak
[ 190101 S Sambokkul
J 110899 T 104713
6. AU FFolA F=
AEY FslolA AGE et e FREL TFde] AFAgon Fa T
|2 A7 2, A, A7l 2 Aurls A, ko] A ds 3
847 oS REXT, Ve, 28 ot
- e FololA A B eAn A T
- Bie] o8 W AN WY AUFY FAK FAOR Fa 24
- SEe) BRel ol e Ao 4%
- o AdE
- g b
- SEREAR R BAAR 55



L AdH o8& AT ezt

7} AW @3 A A Aujoll Ao FESF

1=

W 4,986ha,

8

o7 AujE

f

il

2,673ha® 49 &
o,

A2 19,124ha=, 7ol 734%ha=z AAHEA ] 31.7% = 191&
745 2,833ha, AH

ApA| & aL

2tk
Agd %9 o

oM Aul s = A9

el 7 AA A

o] B fFA2o FEshr] Wi o2 Azt wo A= ARG vE wEA W
=0} ol gk dido] AlFe Ao Sl
Table 3-2. Changes in watermelon growing acea in Korea
(unit: ha)
Total Open field Protected
Year cultivation Area cultivation area cultivation area
(ha) (ha) (ha)
1995 45,207 26,230(58.0%) 18,977(42.0%)
1997 40,204 19,576(48.7%) 20,628(51.3%)
2000 30,451 9,499(31.2%) 20,952(69.3%)
2002 25,873 6,133(23.7%) 19,740(73.6%)
2005 23,179 4,055(17.5%) 19,124(82.5%)
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S A8k itk (Maynard, 2001). <=3F FHHe] F4ExQ1 A2 37]2to= A

e

o

Ha glom, AEHE F5F tiFE2 o AdelA AikHa
AEAGE AFeR A& oo FEAFME HlaH o] AJ7|d] Ed}y]

Table 3-3. The pollen supply model for commercial purpose.

No. Place Work Remarks

1  Farmer Male flower collection 600-700plants/10a

2 Research center Solvents used for pollen extraction Pentane

3 Research center Pollen storage Temperature, Humidity
4 Research center Pollen growth test >30%

5  Farmer Pollination Germination
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Table 3-4.  Hourly flowering pattern of watermelon.

Time of day Important events

Male flower 06:00h (day 1) Flower anthesis, Anther dehisces
18:00h (day 1) Corolla begins to curve
09:00h (day 2) Corolla curve, Anther collapses
18:00h (day 2) Flower closed

Female flower  06:00h (day 1) Flower anthesis
06:00-11:00h (day 1)  Peak receptive period
09:00h (day 2) Corolla curved, Stigma tip dry
18:00h (day 2) Flower closed, Downward orientation

TET 4ol FAHAT dddE JAFFES A= ol sHEo] oA Fo
W Zapgo] AAs "ok & shoF @ wrojolE 2=t WHI BAV} o

B2 Jfstrlel = HAT 15T olde 2=gurt Fastth ke A2 A=

O~
B
, Aol M= el Halz lste] FAol EHEAY Aol HAH st et
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Fig. 3-4. Changes in male flower morphology of watermelon.

The day of flowering at 09:00 (A) and at 18:00 (B);
one day after flowering at 09:00 (C) and at 18:00 (D).
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Watermelon growth dependent on C/N ratio

Table 3-5.

o Mﬂ__ Mn Ny J_mb H "W AME o w_m S
a3 ox oo o o % = e B oy O
A R
B W W e =z T P oy | o R oy or -
I (SR Wt ogp O BB ¢ = E T
W gy CERE .o
j— \wx or A_l ~ = ,Ul —
_ ﬂl = HH &_- o T oW o _lwyl
o o1y ~ N 0 o™ oo =y B
of W > W T ol T o e o,w — = JO%u = o
B M%u m..M M.w_ W Wqﬂ_ n w ol S o= ﬂq__A o = % OH_M
Tomood d M oB K CUoem o, w0
,UI Lf 0 = 10 X ﬂmo o =
OGN o N-oF o
R T ORI I o B g T a oF
Wom om o L _ = = W ooy 7
iy e T R o= o om o4 A x
- o A mh of o) o o T TP % g
= 5 e A = OB 2 ook & = 5 M
= £ 5 —~ No 7 ! = ~ o —_
W = n a o [ Z‘.ﬂ U.._ ﬂ X s NI N =) N 0 =
41 8 S5 E¥ 3 PR T g P T — = MoBC gD
— N o =O = 0 N ~ = A_I N Ot —
°9 5 O go T = BRI < G X
.. 0 Em @ W B TN 9 jall £ S g
&) By 22 2 — & L B A X T L S 3
«— IS Apnv = PO o .y _Ho _ N 2n =K - ) AR = 7| "
Dnnv m/ @) o] K =T 14 ] e N Mo T ~ o O
© A e o0 K o) o T o CJ Moo ) ™ E g MM
5 MW g ! L&E B o MM Mo T m,w _,No o
w M T a9 = T ow T K oo 2
X JK A - — ~y K o
U _JE " o T JJ ﬁ w X LR S i
O iR _— o 0 — = el
Y ,WL T ! E:- M ,.LE Wm ‘Dl W ‘ul ﬂ_D! < o WT A_l
k= Z = W CE LT s = s MR oy ¢
z | B g= 2 2 {- Boop P TN Ko T ox BT o ®
218 78 5% = R < Y r
% Y 240 S o T < T of o ol <] w T 0 = o M =
. Zg ES @ O o m N o T & wOE
S| § 28 29 & W o X H T W o = S S
— o < Z & > < = < Hln o
% Z. N 0 BT - — Hr ol o
~ Ot T s ﬂ.ﬁ EE iy Lf N A_I T X ‘._t n
m‘x o o i = < HT X 0t =K ‘HOI o HT T il
G I S G d o A N
~ o of R OFT KK of X o W Tt T W

]

A
s

°]

-
il

AL B

S

o}

ne
=

- 123 -

oty fure fito] Hof 3ol

al

=



Aot Alzke] WA W2 A, Y 5B F 18258 0w Wolsr] Al Ashol
= Sol7bl W, Add: #7756 masl B 2 uF
EE

%__
2 SO/ FAEE AR vid obde] R wEel sEelA Ao &

2
$_,
X
rlr
12
[\
N
>,
=~
ol
ki
"

SEHE 3-6).

Fig. 3-6. Comparison of pollination and wunpollination in

female flowers at different time.
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Fig. 3-7. Comparison of pollen tube growth of different
watermelon cultivars. Cultivars: stripped, large size;
yellow, middle size; small, small size.
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o,

il

[early] [fruit set] [leaf curling]
Fig. 3-9. Vigorous growth condition against successful

pollination.

Light — | Temperature

Transpiration Water uptake

Plant temperature
down
Sugar synthesis and
transport

Use energy Over — leaf curling

Over — anther indehiscent

Fig. 3-10. Model of leaf curling occurrence in pollination periods
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Fig. 3-11. Changes in bent degree of fruit stalk after anthesis.
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Table 3-6. Changes in pedicel and ovary growth after anthesis as affected by

pollination.
(unit: cm)
Days after anthesis
Organ Treatment
0 1 2 3 4
Pedicel Non-pollination 2.30 2.70 3.45 3.79 4.50
Pollination 2.14 2.66 3.39 3.74 4.56
Soft-X ray-pollen 2.69 2.69 3.30 3.71 4.48
Ovary Non-pollination 1.45 1.50 1.65 1.80 1.82
Pollination 1.43 1.57 2.04 2.57 291

Soft-X ray—pollen 1.44 1.50 1.68 2.14 2.64
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Fig. 3-12. Abnormal fruit growth because of

pollination
disorder.
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Table 3-7. Effect of pollen treatment methods on fruit set, parthenocarpy,

and total soluble solid (TSS) contents of ‘Festival’ watermelon.

Fruit types Pollination Fruit set Parthenocarpy TSS
methods (%) (%) (°Bx)

Large Control 84 0 10.5
CPPU 100 98 10.6

Soft X-ray 90 5 11.6

Middle Control 65 0 10.1
CPPU 97 96 10.2

Soft X-ray 92 70 10.5

Small Control 55 0 10.9
CPPU 97 96 10.9

Soft X-ray 85 65 115
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ot #ZARg G Ay fFed dojA CPPUAE A 747t 95% o] fFmxolow,

FAYHET ZFago] =4 YEEY. 9 EE soft X-ray =
AL BHES o] &% I AR = Rom, I Aol oA
< UEA kT 3-7).

—~~
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N—
— 8r
e
2 6
o
2 af 1t 1 -
)
z 0l | |8 0@
—_
L 0
Control CPPU Soft x-ray Control CPPU Soft x-ray Control CPPU Soft x-ray
Treatments

Fig. 3-13. Effect of pollen treatment methods on fruit weight of

watermelon.
Fee] dFAFEE APETIURFS  CPPUS soft X-ray FAF &S o] &3}

of Agle 7o fFEd A7 FRge A AFFAe vste] E=A e
o ZAakey g Ay Fiol glojA CPPUA Al Z+2E 95% ol frs o,
soft X-ray A} % FA R 2dgo] w4 YEtETh R soft X-ray X

= Row, HFEe Agztel o4

HEEA Qe E 7|Fo2 49 st FHIA FHELS 70%AE UEEHE), soft
X-ray AHgsE % CPPUE ol&dS o #FHFAE&S 90%E Hr}h Sugiyamas}

Morishita (2000)& soft X-ray ZAFSHES Zapgo] 2 A4S FA Fevta &9

- 132 -



om, a2yl A2 thero] JfokS Waiste] FHel EA7E ©vka &t Al

Hol| AH3te] 908 S9F soft X-rayS AT stA At &5 9 sle] sjoke] =

AE e A4S B2tk 1 AP soft Xray FAMSHES FA2] sl vt

&0 20%, TEE U FHHE ARES 2Ivh @ soft X-ray ©HE Ao M =

H7b FEHAT o] soft X-ray HEsHtel] olgte] FAAIH T
X

!
SHeE egelut A BAZ Astel A7k AYE B4R BAHE dow 4

oF 5
TR PR R FAV A E AgE Boy CPPU AHE+& vsEA7t

Control CPPU soft X-ray

Fig. 3-14. Parthenocarpy of watermelon
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Y. Soft X-ray A 33£S o] &3 Xg= F=u it

A= ALkl soft X-ray A egh st o] QA5 EdE A A=
& 3-8% Zth Soft X-rays o] & Ae FHbS B o] QATFES Avie FEb
I owlaste] AEAEo] Aolrt gllem o3y FHIEo] 90%E  PyrgHbETh
20% © =Uth Soft X-ray IFEHIYE 70%9 HAgE FHro]l AAETE Soft
X-ray< o] &8 A Tk A& 72%=E Aukpul 56% K.t 16% 4% S
i, B 120°Bx O A YEEd A9 5As FA - Ayt 25 11 mmE
Azt Aol 7t ey &AL soft X-ray 2AFFZE @kt 23S F3E =

ol soft X-ray ZAF &S X §l= FabAabe &34 Aoz YEy

2=

Table 3-8. Effect of soft X-ray on parthenocarpy and other fruit

characteristics of ‘Festival’ watermelon

Treatment Control X-ray
Fruit set (%) 70 90
Fruit weight (kg) 7.3 7.1
Marketable fruits (%) 80 80
Fruit production efficiency (%) 56 72
Seedlessness (%) 0 70
Rind thickness (mm) 114 11.2
Total soluble solid (°Brix) 10.8 12.0
Tissue hardness (taste) medium soft
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Table 3-9. Effect of pollen-donor cultivars on fruit set and fruit
characteristics.
Cultivars Fruit Fruit
Female Male set(%) shape Remarks
Large x Large 75£8 Large
x Middle 87£9 Large
x Small 90+9 Large
Middle x Large 56+6 Middle
x Middle 74+5 Middle
x Small 65+6 Middle
Small  x Large 43+5 Small Green skin fruits with black
x Middle 67+8 Small stripes were obtained from
x Small 5618 Small

all combinations
Large size(L), stripped watermelon(Kulsubak); Middle size(M), yellow type

watermelon; Small size(S), boksubak
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Table 3-10. Comparison of percent pollen germination, pollen tuber growth,
cultivars.
determined 12 hours after bedding at 307C.

and pollen

yield

of wvarious

Germination

was

No. Cultivars Pollen Pollen Pollen yield
germination tube growth
(%) (¢m/h) (mg/10flowers)

A Mudungsan 48+ 50 ° 78 £ 97 8+ 1.2
B K004673 32+ 42 288 + 36 7+ 07
C  K004669 73+ 3.8 329 + 41 13+ 09
D  Hwangbok 61 £11.9 581 = 73 14+ 12
E 05-09 60 +14.5 634 + 79 11+ 14
F  K019034 24+ 3.8 770 £ 96 6+ 1.0
G 190065 28+ 4.1 329 + 41 7+ 1.1
H 908298 73+ 7.3 542 + 68 7+ 10
I 190101 42 £ 45 497 + 62 8+ 26
J 110899 49 + 47 360 + 45 6+ 1.3
K 190114 48 + 4.3 518 + 65 8+ 1.8
L 190079 25+ 5.1 540 + 68 8+ 0.7
M 190067 13+ 36 391 + 49 5+ 05
N 019018 11+ 03 806 £101 4+ 07
O 904406 51 £12.3 497 + 62 8+ 1.2
P GW 24 65 + 6.6 305 + 38 14+ 1.7
Q 199801 18+ 3.7 391 + 49 6+ 06
R Soknorang 65+ 1.8 593 £ 74 13+ 1.1
S Sambokkul 57+ 51 346 + 43 13+ 1.0
T 104713 19+ 4.7 456 + 57 12+ 2.1
U 199860 40 + 5.3 653 + 82 10+ 1.7
V119740 29 £16.8 994 +124 12+ 1.0
W 190110 68 + 86 511 + 64 14+ 1.2
X 199733 34+ 65 353+ 44 11+ 1.0
Y  Goldenball 37+ 58 374 + 47 12+ 1.1
Z 209416 38+ 09 770 £ 96 10 £ 0.7
a 190120 22+ 35 504 + 63 7+ 0.8
b Boksubak 69 + 3.6 626 £ 78 12+ 13
“ Mean * SE
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Fig. 3-17. Comparison of growth, flower shape and pollen

production as affected by cultivars (See Table 3-8
ion page 139)
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