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Table 1. Effect of sucrose concentration on rice pollen
germination”.

Germination (%)

Sucrose (%) ‘Nagina 22” ‘Tainan 11”
20.0 31.0+£2.1b" 193+£0.6b
22.5 39.7+12a 343+13a
25.0 223+19¢ 183+1.5b
27.5 19.7+12¢ 133+15¢
30.0 7.7+09d 11.0+1.2¢

“ Pollen germination medium contained various concentration
of sucrose and 60 mg L™ boric acid.

¥ Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.
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Table 2. Effect of boric acid concentration on rice
pollen germination”.

Germination (%)

H,BO, (mgL™) ‘Nagina 22’ ‘Tainan 11°
25 8.0+12d 11.7+1.2d
50 19.0+1.7b 240+1.7b
60 260+1.7a 323+19a
100 127+03 ¢ 18.7+2.0¢
150 103+£09cd 13.3+£23d
200 7.0+1.7d 13703 cd

“Pollen germination medium contained various concentration
of boric acid and 22.2% sucrose.

*Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

L. KFEEMMEIER Z M SR T A3 2 18P - /KifdbiE (A) ‘Nagina 22° 1 (B) "GFg 11 5%, -

Fig. 1. In vitro pollen germination of two rice cultivars in the modified medium. Rice cultivar of (A) ‘Nagina 22’

and (B) ‘Tainan 11°. Bar = 100 pm.
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Table 3. Effect of calcium nitrate concentration on
rice pollen germination”.

1 1 0,
Ca(NO,), - 4H,0 Germination (%)

(mg L") ‘Nagina 22’ ‘Tainan 11°
60 683+£220" 623+22c¢
100 64.0+23b 700+ 1.7b
200 76.0+2.1a 78.7+09a
300 373+3.1¢ 483+3.2d
400 340+12¢ 40.7+09e¢

“ Pollen germination medium contained 22.2% sucrose, 60 mg L
boric acid and various concentration of calcium nitrate.

¥ Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

F4. DL TR ETTERAKIE Z fEm ALt -
Table 4. Comparison of various cell staining methods
on rice pollens.

Staining ratio (%)

Staining Method” ‘Nagina 22” ‘Tainan 11°
L/KI 89.7+1.5a 93.7+29a
FDA 78.0+2.0b 80.7+1.5b
TTC 403+23c¢ 553+25¢

“FDA: fluorescein diacetate; TTC: 2,3,5-triphenyltetrazolium
chloride.

* Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

DU TERD B 4% R % DA IFC #EATIEM S
T3 &R MFE S AR - N22° B DL FDA
TRy E Fy 713.3% 0 BLIFC 73 7 45 2R 2=
BAEE  HAIBESRIEMEEZER -
‘TN11 HIEEOR 3 fEfg Ml k= B A REE
1 65.7-73.6% 2 [ - & %] F ANOVA LL LSD
bLig & PR B I E R 2 2= A (R 5) 0 WPARK
S} ¢ i E HETT WY P R A S E A R E
GERBURE MY 2 (fn) fEH IFC BLAEfg 5%
| IFC 81 FDA Ze e A9 BRI R (B
BEARER) ©
PUIFC tHREHerE N =
B 100CE M % 2 fEK LLIFC 347
i 23 MR E & R SR T 4HAE (dead) - i
L ARREEE A U7 E— 548 - DU 100CHE
BRI+ FHRE LA 2 HHER B E
HIET1ZAEK (viable) » 4T HRIA MARIET
B7E ST Z A EE (non-viable) ([& 3) - i
8K [E] M FE R B 1% 2 TE %y DL TFC 1T 53 #7
SCBR AR S R R MY - (RS 14
B SEAMBEBE S 2 BAE e El > SROFE
6 LR 7 FioR o ‘N22° Z fE# &K B8 5 R
% DL25-30CEA RS ZEMIES » thRIE
59.9-62.3% 2 [ » H 2 B 35-40°CH > L8
JEJIAE 53.5-54.1% Z [ - SR EFA-Z 45T
B> HUEJ7ER 2 HEEfFE 2 46.5% - TNI1D
TERIIREA 25 Cra i 2 FEM & J1 8= Fy 61.3% >
RS FREAT 25-40C 2 [ - & LF 5C > 1
SENBERE A M TR BUE I ZIEMmH
61.3% TEZE 36.3% -



128 H SRS

2. T 1 KIETER DL 3 TEARA GATER 2 G - 498 (A) LK 5 (B) TIC ; (C) FDA REE

RS T ¢ (D) FDA PYE eI e M Z157P -

Fig. 2. Pollens of ‘Tainan 11’ staining with (A) L/KI; (B) 2,3,5-triphenyltetrazolium chloride (TTC); (C) fluorescein
diacetate (FDA) under florescence light with dark sight; and (D) FDA under florescence light with bright sight. Bar =

100 pm.

x5 DIRETTERMAKIEICH 2 /& IR -
Table 5. Comparison of different methods on rice pol-
len viability analysis.

Germination rate & staining ratio (%)

Method” ‘Nagina 22’ ‘Tainan 11°
Germination 6272110 65.7+64a
FDA staining 733+42a 71.7+23a
IFC viability 69.2 +3.4 ab 73.6+19a

“FDA: fluorescein diacetate; I[FC: impedance flow cytometry.

* Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

ERE:]

TG TE DR AR % o KA in
vitro 1L 7 155 8 N ] B 21150 17 58 48 BLAE i
ERRZEE W REEERSNITE
(BRI [ fe AR W) R A A 38 2F P /g Z BRI IR 1
A E - B AC K 58 B & B 7 A [J )
T B [E Y fE A B SR R I N AR E > A ST
5 O [F] A8 %) fE 8 0 LA B % (Shivanna & Ran-
gaswamy 1992) - Tushabe & Rosbakh (2021)
fRIZ 1,572 R 2k 5 114 B} 412 5§ 48 4L 816 f&

TE PP 85 2 2 AE K 38 2F B B M Bl am ST
it - STHECTTF 110 E R PA A - 455
RURNEH 2 1oy R S Ry il B e g (89%)
Bl g (77%) ~ Ca®™ (59%) ~ Mg®" (44%) » L R
K" (39%) o RIFFEIRAER BB A h i BB 2R
bbz 3 BeoriemeE ~ B o b B 85 A 1T i R
5t B o Kariya (1989) @ 10 ~ 20 81 30% i
M DU PR #E 5-500 mg L 0 e 2 1 /K A5
ek a8 s /KREeh & R a2 i
J7 Fy 20% FEHE ~ 20 mg L BHEREL 1% 3 -
B % 2R A2 0] 2 87.3-91.6% » HFEHEREIE
2 30% B > B 5 R [E & 54-59% - Coast et
al. (2016) {# Fi] 20% i 4% ~ 40 mg L™ B i ~
40-60 mg L™ B4 445 - 3 mg L' Vitamin B, &
10% polyethylene glycol (PEG) {E ByBs&EAL -
TR 25 IR AT 2 80% LA | o | 3l i B 47 B
RKTEE M B BT R B A & B AT
Prfm EACm B AR T B R 7 S8 2 Fi ik
Gh o WA H R 2 WA E A HER R
REMBECAEEFEN PEG » MR FHEFEE
BEERTTREMEH > BARES S H A2 R IR
2 BRE BEAR oy FE BE 2 IR RS B B AR T A
B2 ERAEE ZME AN EEEnET
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S
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S
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) Non-viable .o
0.060 LigzLiogss 5 . . LR:23 1268 0.000 Li1za1250% = : LR:481279:
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Phase 12.00 MHz

3. /K#H ‘Nagina 22° fEkp &R R EL& A FHBERH =0 AR DL 12 MHz 505 B ARl 10 4R o3 11

o TEB4E (A) 100°C EFE 15 min ; (B) 25°C &FE 15 min
Fig. 3. Dot plots of rice ‘Nagina 22" analyzed by impedance flow cytometry at 12 MHz. Pollens were treated with (A)

100°C for 15 min and (B) 25°C for 15 min.

6. KAE ‘Nagina 227 fERYEE AR EDEE IR 15 min % LLUEHEBTERAAEE O 2 I00E SRR -
Table 6. Pollen viability of ‘Nagina 22’ analyzed by impedance flow cytometry after various temperature treating
for 15 min.
‘Nagina 22’

Temperature (C) Dead (%) Non-viable (%) Viable (%) Relative viable (%)
25 332+14b 45+0.7b 623+1.44a 100+£0.0a

30 352+2.1b 48+1.0b 599+18a 96.2+1.7a

35 36.8+3.2Db 9.1£20a 54.1+13b 86.8+1.4D

40 36.7+2.2D 99+1.6a 535+09b 859+2.7b

45 448+16a 87+05a 465+1.7¢ 74.8+44c¢

100 92.6+1.5 64+1.5 1.0£0.1 1.7+0.1

“ Relative viable % = viable % at various temperature treatment/viable % at 25°C x 100%.
¥ Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.

FHFE R ZAEY > (H/KRETER 05 8 M & ik
(10-20 min) FIIRZ FLIR o AT AE T8 7 5l B
BEOHIES 12.5 ~ 15~ 17.5 K2 20% JiF i o i 3 K
FETERy A8 2 22 > SEREURDL 20% FEfE R
B E e B3R > B R IW 5 2 455 A
6] > 5 PR R LB FE SR T - (R AR
FEE IR E R - AR ERE
BEERERS > SRETREHE 225 % FEhE
BTN 20% JEE e DU HoAM R RS » AT SR el Fft
Kariya (1989) 7EEL#E 10 ~ 20 8 30% JiFfE s

A E 2R - R TN 2 R ELR R
(2.5%) » #EMI Kariya ff {5 FH = i R & 4 2R
KK (10%) ANFHS N ERE 2 i B RE - Ak
Kariya (1989) [ &7H 20% jFfE ~ 20 mg L™
TR B 1% SR E BRI mT S S Y 80% Z A
SRR E AR ST oA (o P AR R R BB e
RSB A HEEHFRE 26.0-32.3% 2
fdl - #EM Kariya fic J7 o 2 2 3 FE R RE SRR A B
e 2 BB TE - MANRIEEH 22.5%
RERE ~ 20 mg L™ §if% 7200 thiZkn 200 mg L Y
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7. KRG TR 18R (OMSCREREEERE 15 min 1% IEESTE0R RGO 2006 SR -

Table 7. Pollen viability of ‘Tainan 11° analyzed by impedance flow cytometry after various temperature treating

for 15 min.
“Tainan 11°

Temperature ('C) Dead (%) Non-viable (%) Viable (%) Relative viable (%)
25 31.7+15d 7.0+19b 61.3+06a 100+0.0 a
30 35.6+4.1cd 10.1 +2.4 ab 544+£29b 88.7+4.2b
35 39.3+2.5bc 13.3+39ab 474+22¢ 773+35¢
40 428+2.0b 17.0+2.6a 402+4.6d 65.6+72d
45 52.1+3.0a 11.6 £ 6.0 ab 36.3+44d 59.1+6.8d
100 90.8+ 1.0 82+1.2 0.9+0.3 1.5+0.5

“ Relative viable % = viable % at various temperature treatment/viable % at 25°C x 100%.
¥ Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.
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Study on Detection Methods of Rice Pollen Viability

Chi-Ni Hsia', Shuen-Chi You®, Chin-Yi Tsao’, Yong-Jie Su*, Charng-Pei Li*"

Abstract

Hsia, C. N., S. C. You, C. Y. Tsao, Y. J. Su, and C. P. Li. 2022. Study on detection methods
of rice pollen viability. J. Taiwan Agric. Res. 71(2):123—134.

Rice is the major staple food in Taiwan, however, detrimental effects on rice grain yield and
quality by the heat stress have been observed. Since anthesis is the most sensitive stage to high tem-
perature in the rice life cycle, the viability of pollens under the heat stress will be an appropriate index
for thermo-tolerance of the variety. In addition to establishing an in vitro pollen culture medium, a
number of pollen staining methods as well as using an impedance flow cytometry (IFC) for pollen
viability analysis were conducted in this study. Fresh pollens of a japonica rice cultivar ‘Tainan 11’
(‘TN11’) and a heat-tolerant aus type rice cultivar ‘Nagina 22° (‘N22’) were used in all experiments.
In order to establish a proper medium for pollen tube germination, the ultimate concentration of
various important components including sucrose, boric acid and calcium nitrate was investigated in
successive terms. The results showed that a medium containing 22.5% sucrose, 60 mg L™ boric acid,
and 200 mg L' calcium nitrate had the highest pollen tube germination rate of 76.0% in ‘N22’ and
78.7% in ‘“TNI11°. Three pollen staining methods including I,/KI, fluorescein diacetate (FDA), and
2,3,5-triphenyltetrazolium chloride (TTC) were compared in this study. The highest staining rate was
obtained from I,/KI followed by FDA and the lowest rate was found from TTC. Three methods of in
vitro pollen culture, FDA staining, and IFC analysis were investigated for pollen viability. Although
no difference was found among these three methods on pollen viability in “‘TN11°, FDA resulted in a
higher staining rate than the in vitro pollen culture in ‘N22°. However, there was no difference found
on IFC with the other two methods in ‘N22’. It is concluded that IFC was not different from pollen
staining or in vitro pollen culture in detecting pollen viability. Fresh pollens of the two rice cultivars
were subjected to temperature from 25°C to 45°C for 15 min before analyzing by IFC. The results showed
that pollen viability was significantly decreasing along with raising the temperature in “TN11’; however,
no significant decrease was found until 35°C , and no significant changes in pollen viability between
35°C to 40°C were found in ‘N22’. The results indicated that pollens of ‘N22’ had higher thermo-toler-
ance than that of “TN11".

Key words: Oriza sativa L., In vitro pollen germination medium, Pollen viability, Impedance flow
cytometry.
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