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ABSTRACT : This study was carried out to investigate the effect of sucrose, boric acid, and calcium nitrate in optimum pH
and relative humidity on pollen germination and pollen tube growth of boxthorn (Lycium chinense M.). Medium containing
100 mg/L of H;BO; showed maximum pollen germination and pollen tube elongation, 64.8% and 920 /m. Additionally sup-
plied calcium nitrate to the medium lowered pollen germination rate and pollen tube elongation. Here we report the opti-
mum conditions for the pollen germination and pollen tube development was observed at 10% sucrose, 1.0% agar, pH 6.0,

and 100% relative humidity.
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wHske 7Sk Ao ASA7|oF S5 FES
FHA A=) Aol thAA o2 FAgAQ] IS 2HS
T} (Shin et al, 2000). olo] AAHoT FEITIXNE F=
T Ae T8 FEFES VIRke R 7|eHEt o 7]l
o] didsHA a7dral & 4 Aok 7AW (Lycium
chinense M.Ye 7HA139l| &3l thdA YgaEo 2 )& |1-
2.5m iele]iL %13 7R SASAY @R ol FA g
£& HAo| 3L BFAFSIA @ERIRET)E TPl =2 oJ=] 7i
7F A wu FAdste|al e lelal e ol &
W2 2= o]foA Qlth. o] IR s HIES o}
Alo} Kol st , shlollA dujE AfFste] SHulel] T
] A = AR o]8dl= oEtF o R JEXE ¢1uk
& kg Eolgt & 4= T} (Park et al., 2005).
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o WEahg A4S A% Aol o)d FAAs) L BAY
o] Al7sle] w7tIske2 Azt ojsiE FAolch vk
e AMIE FA WA AN MY, WElF wale) A 5

8] €AY et mot AFE IS AR E o]
2 AuiHFe] S7tEL Jlov FHdde= BizH ek W
ALl o3k A7 vehs wAl1R ol ok (Choi ef dl.,
1996). o83t Addsl= Lol eJste] she] o] A3}
HAAY, shit Aol o] FRA] edol g E0] Yol
Aog FAHHERE olof theh 2P| A77E @At shalrh

1 FoA B4 (B)ye pectin A4l THEE Y4AE
& Aol #Fofshy (Stanley and Loewus, 1964), A thAk
oM 2] Fedk SIhEA] I BE §34S F

Aol F4E Feths Ba% 9t} (Scott, 1960). 7712
o] shEol| #gt A= ’“°]H 1S FHOE 3 FHMTE &
A 3, 2 BAHQ AT 1960dT) o] Fol o]FolHTh

FEvERlA = 1960 TH TJOH Kwack (1965)°1 ]3] 3+
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Azt Stol 771X =k dojol| oxls o

ol Alg]oll djgt A7F AIRFESITE. Brewbakere} Kwack
1963y shidole} skt Al Apda) Bawte g 7hs
SITHL 8193, Glenk 5 (1969)2 B ER9| sHio] shi
Holel sk A o S Q= e Pt
st ole shiulels 2ol Bol EAls] wwd Fol
213 31tk WA, Rihova 5(1996)S ZH4 o]&o] 3Htwto}
o} st AS SAlgtaL SISt 2ol B AE9
shdbol Aol tist A7F §E3H o] g5 o] Fo
2|3l o} 7R EHHLO} *MOﬂ gt A+ ofF H
JE v glok webr] 2 A9 e S5 A

2 4] BFE AT 12 ARE ATHLA A 30
o E3E FPOE Dol T uW WP oY 4
& 49T, 448 Vet gue) 20 ATHLA Yok
M %
1. AZHZ Y oI
Aol

ARE AlEe A EoRE B7Hsk e AES
o]-g&ato] Ao, 71 wids 9% shie B oA
of] Ak Zdefel 7]1% FollA AF st AL A- g
shdol 2215 27] flste] Z2 FA T2 sucrose,
glucose, fructoseE 712} 5, 10, 15, 20, 25, 30%= *2|3l5L
M, agar 5= 0, 0.5, 1.0, 1.5, 2.0%= X235t ZARIATE

2. H3BO;, CaCl; ZDM0l|l U2 k202 A

H;BOs3} CaCl®] shitiole} skt Ad-S ¢l3t A s%
2 F9317] 9l8iA H;BO; 0, 50, 100, 200 mg/Le}t CaCl; 0,
100, 200, 300 mg/LE E3x7] 3}, 7P 93 wikx4d
o2 WPH sucrose 10%2} agar 1%% 71202 A3t
Z}zko] wijA] 50 (UE slide glassol] Bl 2UAIZl B S

ol-g-ate] RS uixlol I=A] Adat. g 100%
Z fA5] A8kl 90 mm petri dishell filter paper 27142
Zal SR5E S8 44 ¥ parafilmS 2 WSl X2
le] mixY 3RO 2 XPFEiGict. SRS 25CellA] 6r17F
Hj kel & B8k oA 100M&=2 733t Wolke2
shito] shty 273 oo Alst 18 Wold Zlog 7+
Falo] AR, 3HEH ol micrometer® 731530,
3 WkE Aste] W= ALK

Eay mii=%
\=

3. pH ¥ AtiE=0l e o220l AL
AiEse Z2F 100, 98, 92.5, 78.5, 62.5%2 AH2IAE
g, EE 100%E F4138171 $IsiXE pertri dishell 217

90 mm filter paper 2v}E 7Z3L %-‘?r—’,:i sl Hal =

parafilm©.= LE3I3ATE. olnf FiFEEE 98%= FA5H] ¢
3] E3}E K,Cr,O-8HLS 1 ~2mm T”ﬂi petri dishol] U+
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of ¥ gdo] b3 42 ¥ parafilm©E H-ESHATH

ke
(Winston and Bates, 1960). JHE% 92.5%= KNOsE ©]
231905, ASEE 78%= NH,CI, 68.5%= NH,NOs= o]-&3}
o %7‘]"]751 w 25C incubatorel] 3¥7F B & o] 8319t}
SRk 25TCo|A 6A)7F ik & 2SI T
4. HIEAIZHOf| W2 3f2Yole} okt AIEt

HjFAIZ ] whe shEdobgy) s Mg B 913

A= H;BO; 100mg/L, sucrose 10%, agar 1%E 3713k
Y T 2, 4, 6, 8, 1047 7HA o2 shEdtole) st A1
S AR

al
=<

EETL i N )

957 U S5, agar S50 WE SFRUUTAH 1Y
W08 H;BOso| H7FEA] 282 uijA|oll4d shidolso]
3] A3 A7 EHoE HuEo] Yt} (Brewbaker and
Majumder, 1961). ©]2]3F AP 2 AT Table 30l4= o
Al ER1E AfgRe 2 #3219 shiulYdRd ES flsl 71E
2o g H;BO; 100mg/L7} HA7bd wiA& ARt & 7
g FE A5S A% APS STt gade] MR
T oAM= ﬂt‘?z“’}%ﬁr SHEH Aol 53] W23
O} sucrose, glucose, fructose?t 71 wijX|olA = H|nH
FZ3ATH (Table 1). HETOLES Table 104 A& gt
sucrose 10%7F 7 &g 7AYol oAl SHEHALH, 10%
o} 15% #H7F Al 247} 66.8%, 61.5%2] =& Wolg-S B
1, glucose= 5%, 10% 7} Al ZH} 21.6%, 16.8%2] 'Zo}
&2 Blon, 20%01 3ol shEol WolskAl ekttt
FructoseZE 3713t viA] ‘-"ﬂ/\ = 27§24 FructoseE 3

7K WAe] S 3%l v

S

1.
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% sucrosel} glucose?]

Table 1. Pollen germination rate and pollen tube length of
boxthorn on medium containing 100 mg/L of H3BO;
and different concentration of sucrose, glucose, and

fructose.
Carbohydrate  Pollen germination (%) T Pollen tube length (1)
concen
tration (%) Sucrose Glucose Fructose Sucrose Glucose Fructose
0 1.1c¢  1.1c¢  1.1ns 60d 60b*  60ns

5 20.2b 21.6a 5.8 358c  83b 78

10 66.8a 16.8a 8.9 924a 102a 87

15 61.5a 10.0b 6.1 535b  67b 69

20 25.0b 0 3.9 383b 0 62

25 17.2b 0 0 46d 0 0

30 13.2bc 0 0 33d 0 0

T Measurements were made 6 hours after culture.
"Means within a column followed by the same letter are not
significantly different based on the DMRT test (p < 0.05).



Table 2. Pollen germination rate and pollen tube length of
boxthorn at different agar concentration.

Agar Pollen Pollen
concentration (%) germinationJr (%) tube IengthJr (¢m)
0 54.3b 609bc”
0.5 47.2cd 528cd
1.0 65.3a 886a
1.5 49.3bc 742ab
2.0 43.7d 460d

TMeasurements were made 6 hours after culture.
"Means within a column followed by the same letter are not
significantly different based on the DMRT test (p < 0.05).

Table 3. Pollen germination rate and pollen tube length of
boxthornon on medium containing 10% of sucrose and
1% of agar with H3BO; and CaCl; + 2H,0.

H;BO;  CaCl;2H,0 Pollen Pollen
(mg/L) (mg/L) germination (%" tube length (um)
0 15.7 66
0 100 25.5 52
200 17.0 32
300 4.9 23
0 46.7 136
50 100 31.3 100
200 26.8 59
300 7.4 23
0 64.8 920
100 61.6 864
100 200 57.6 505
300 44.8 412
0 62.1 858
100 60.1 817
200 200 50.2 650
300 45.3 375
F test significance
Boron *k *k
Calcium ik ok
Boron x Calcium * *
LSD at 5%
Boron 5.52 26.52
Calcium 5.52 26.52

TMeasurements were made 6 hours after culture.
*, %, Significance at p < 0.005, 0.001.

St Ao oAHl 93s Hlvke Bk ot
(Okusaka and Hiratsuka, 2009). ¢] A3+= sucrose’} 3H=2]
AEYE 2Aste] ol 9 SR Al a3t e
Ao 2 AAE =0, Sullivan?}t Ross (1979), Chaing (1974)
& 3 ol A] BkAlo 2 sucrose?t 7P ST W E
u} 9t} Sucrose F-A7F HiR|OA sHEalole} SRR Aol
A A=A ole B Yol UF Sof A
AR 7} HZ319 A, sucrose?] &Fo] UF Holx|H
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o] Ui oA vehthes Aeldeld] Ao® Azter

Agar Fkol| W& shtdolgd) shtd AS AR A3t
= Table 2014} 7Fo], shidolga st Al wlx]<]
agar ol et xS eI Agar FH7F wiA] ol
A ol 54.3%01% L, shidt A2 609 m= A
ARl M= Totel shtdt 22 & o]Fo ) S|
agar 1.0% &=olA SHEZolE-2 653%= 7P Sosidle
w SHET AT 1.0% 5ol 886 m 2 7P =t 1
2t agar 1.5% o3| sEox= shdolga) shtd 2%
2 Yol = e EAurh

2. H3BO; 2t CaCl; S=0| W2 f2Wole} okt L1%
XZ tE H;BOs# CaCly 557} sHtwo}l 9 3123 A
of MAe FEFS ARl HAY] B 2 FEE gl €
sucrose 10%9} agar 1%7F 71 vjX|ol|A] spEdolel s
4 S AR A3 Table 33 7T} H;BOs9t CaClis
FH7MA] sHEEolg2 15.7%°13L, SRt o= 66 mo]
Ao+ H;BO; 100 mg/Lets 2|3l 7-9olle shtdolsgol
64.8%= A ZohxlaL, sREAe] Holk 920 m= 14417} Al
A ATk 238y H;BOs2 F=7F 200 mg/LE ol ujeh
shtdol&at shEae] Zole 717} 62.1%, 858 um= SHofx]
= 43S YeRIITE ol 7] gAte] shtdole}, skt
2l oix] F23E 2lojn F2 tjREe] FojA
100 ppm®] F=7F Adsiths B W&} fAbsithal &

At} (Brewbaker and Majumder, 1961).

T3 CaClel F%7} oj= %79 H;BO°] H7FE #jA)
zAskNME ZH2F 100 mg/L, 200 mg/L, 300 mg/LE 225+
< i AY TEIt 2255 shtdolgo] WolAle B[S
YelaL, sHEd Aolm golAe 4 Hiled ol
Glenk 5 (1969)7 Rihova 5 (1996)°] H.irghtel fALsHA|
o] o] shiEdols ol F8A JES PIAE A
S HoFr} A9 H;BOol 4] 3R] & HjR oA
CaCle] o] 100-200 mg/L S wf thi skt woprt 57t
He A4S 2o

zol-

3. pH, AIES, 2<0 W2 sk22ole} sha2t LT

pHE 5.0~6.59] W lolx shtdelaat shid Ao &
IR I 5 pH 6.0004 sEEolgo] 655%% 71 =
Al GEREAL, SRR AR pH 6.0014 927 mZ 7 4%
ST pH 7.00)1dellM= Wolkgo] AZ319aL pH 8.0014 =
sHEolES 9.7%E Wkom, shid A% 203 m = A
Z3FATHEFig. 1). pH 6.0914 s ot} shtst Al7go] ¢
sl ol pH7F eI 6.0 TAHLE o WA Z
B2 399 Shivanna®} Johri (1985), Chrysothemis
(1995)2] Rl UX|skSit).
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Fig. 1. Pollen germination rate and pollen tube length of
boxthorn on medium containing sucrose (10%),
H;BO; (100 mg/L) and agar (1%) at various pH
conditions. Vertical bars indicate standard errors.
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Fig. 2. Influence of the relative humidity (RH) on pollen

germination of boxthorn on medium containing 10% of
sucrose, 100 mg/L of H;BO; and 1% of agar at pH 6.0.
Means within a column followed by the same letter are
not significantly different based on the DMRT test
(p < 0.05).

Fxo| wE sHiwol&2 Fig 29 o] Aulsx=
100% 2] A] 3HEolE-o 659%2 7F4 =3, 98% A
£ 382%, 92.5% HAHE 127%2 F43] oo
62.5%MM = 3.4%=2 Wolgo] 3] AZ3I
HjQF AIZHE SRRl Fig 39lAe} 2t ik 2417
24.6% ©1RoH, v AT 44.2%C105L, 6A1ZF vl
63.7%= B AIZHA] Wokg2 F7FBI o, 8AIZH HY
Al ol 64.6%, 1087 ¥l 65.8%% Shiok= thA]
2 g 6AIZF ool o] FoHTt 1eu} SRR A2 wF
10871 5 Al Alsldt). B3l sRedhe 2271 25C7HA)
G55 AFSIAIRE 30CHE FES W] AlRksi] 4T
et wf F43] acke A B 5 UAT (Fig. 4).
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Fig. 3. Pollen germination and pollen tube elongation of
boxthorn as influenced by different cultured time on
medium containing 10% of sucrose, 100 mg/L of
H;BO; and 1% of agar at pH 6.0. Vertical bars indicate
standard errors.
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Fig. 4. High temperature treatment with 10% of sucrose,
100 mg/L of H;BO; and 1% of agar at pH 6.0 on pollen
germination and pollen tube elongation of boxthorn.

L5rF #43] SEie S A F ode ke Al 2
A& 75t A77h JgEolor & Aot

LITERATURE CITED

Brewbaker JL and Kwack BH. (1963). The essential role of
calcium ion in pollen germination and pollen tube growth.
American Journal of Botany. 50:859-865.

Brewbaker JL and Majumder SK. (1961). Cultural studies of the
pollen population effect and self-incompatibility inhibition.
American Journal of Botany. 48:457-464.

Chiang MS. (1974). Cabbage pollen germination and longevity.
Euphytica 23:579-584.

Choi BJ, Han SH, Han KS, Ju JI, Lee BC and Moon CS. (1996).
Effects of the rain shelter and insect net on growth and yield of
Lycium chinense Miller. Korean Journal of Medicinal Crop



Science. 4:58-63.

Glenk HO, Blaschke G and Barocha KH. (1969). Investigations
on variability of pollen tube growth in diploid and tetraploid
plants of sugar beet. 1. Conditions for germination of beta
pollen in vitro. Theoretical and Applied Genetics. 9:197-209.

Kwack BH. (1965). The effect of calcium on pollen germination.
Processing of the American Society for Horticultural Science.
86:818-823.

Okusaka K and Hiratsuka S. (2009). Fructose inhibits pear
pollen germination on agar medium without loss of viability.
Scientia Horticulturae. 122:51-55.

Park BH, Cho HS and Park SY. (2005). A study on the
antioxidative effect and quality characteristics of cookies made
with Lycii fructus powder. Korean Jounnal of Food and
Cookery Science. 21:94-102.

Rihova L, Hrabetova E and Tupy J. (1996). Optimization of
conditions for in vitro pollen germination and tube growth in
potatoes. International Journal of Plant Science. 157:561-566.

Scott EG. (1960). Effect of supra-optimal boron levels on

352

respiration and carbohydrate metabolism of Helianthus annuus.
Plant Physiology. 34:653 ~ 661.

Shivanna KR and Johri BM. (1985). The angiosperm pollen
structure and function. Wiley Eastern Limited. New Delhi,
India. p.118-162.

Shin JC, Lee CG, Yoon YH and Kang YS. (2000). Impact of
climate variability and change on crop productivity. Korean
Jounal of Crop Science. p.12-27.

Stanley RG and Loewus FA. (1964). Boron and myo-inositol in
pollen pectin biosynthesis. /n Linskens HF. (Ed.). Pollen physiology
and fertilization.  North-Holland ~ Publishing. ~ Amsterdam,
Netherland. p.128-139.

Sullivan CY and Ross WM. (1979). Selecting for drought and
heat resistance in grain sorghum. /z Mussel H and Staples RC.
(eds.). Stress physiology in crop plants. Wiley Interscience
Publication. New York, USA. p.263-281

Winston PW and Bates DH. (1960). Saturated solutions for the
control of humidity in biological research. Ecology. 41:232-237.



