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Abstract; To improve the hybrid-breeding efficiency in Oxalis obtusa, this study identified the culture conditions for

optimal germination of O. obtusa pollen in vitro, established an efficient pollen vitality staining method, and investigated
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optimal pollen storage temperature for six cultivars. An orthogonal experiment was used to screen the culture conditions
suitable for pollen germination. Different pollen viability staining methods including TTC staining, aceto-carmine
staining, I,-KI staining, and Alexander staining, were carried out and results were compared with those of the in vitro
germination assay to evaluate their reliability. To determine the effects of temperatures on pollen vitality and an optimal
pollen storage temperature, the pollens stored at different temperatures (28, 4, =20, =80 °C) for different periods (0,
1, 2,5, 10, 15, 20, 25, 30, 40, 50, 60 d) were assayed. The results were as follows; (1) The optimal culture
condition for the in vitro germination of 0. obtusa pollens was 20 g - L agar+100 g - L' sucrose+200 mg - L' H,BO,+
200 mg - L' CaCl,, at 25 C for 4 h. (2) The in vitro germination method significantly affected the pollen vitality of
0. obtusa. It was found that the pollen vitality ratio determined by I,-KI staining or aceto-carmine staining was
significantly higher than that determined by in vitro germination method. The TTC staining did not work on O. obtusa. The
Alexander staining revealed a pollen vitality ratio that had no significant difference from that by the in vitro germination
method. (3) The descending speed order of the O. obiusa pollen viability at different temperatures was room temperature
(286°C) >4 C > -20 C > -80 C, and the optimal storage temperature was —80 “C. To summarize, this study
systematically studied the optimal culture conditions for the in vitro germination of O. obtusa pollens and determined that
the Alexander method is the most efficient and accurate staining method for pollen viability. This research results provide
important theoretical basis for improing artificial pollination, hybrid breeding, pollen collection and pollen storage of
O. obtusa, which can potentially solve the problems of missing flowering period and long-distance pollination.
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Table 1  Experimental materials
s il il TEH A
No. Variety Floral morph
1 IESN FEAEAE
0. obtusa ‘ Veil’ Short style
2 ‘Bt e
0. obtusa ‘ Aurora’ Mid style
3 L RET KA
0. obtusa ‘ Red Queen’ Long style
4 oEN JE R
0. obtusa * Crayon’ Short style
5 CHE FPAERE
0. obtusa ‘ Sunshine’ Mid style
6 il KA
0. obtusa ‘ Honey’ Long style

#2 EXRBERKT L5
Table 2 Orthogonal test design factors and levels L,;(5°)

% Factor

K-

e e L AL

Sucrose H;BO, CaCl,
(g-L") (mg - L") (mg - L")

1 0 0 0

2 50 50 50

3 100 100 100

4 150 200 200

5 300 300 300
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Table 3 Germination rate of Oxalis obtusa ‘ Veil’ pollen in orthogonal design experiment
A i kA EEAE R R AR TR KR
Gi'e o H. BO, CaCl, Upper pollen Lower pollen
No. (e-1) (mg - L) (mg - L) germlr(“;;l;n rate germl?‘i;(:r;n rate
1 0 0 0 0.00£0.00m 0.00+0.00j
2 0 50 50 5.95+0.57ijk 6.03+0.84efghi
3 0 100 100 4.45+0.68k1 4.49+1.26ghij
4 0 200 200 1.47+0.38m 2.08+0.621hj
5 0 300 300 7.82+1.50ghij 6.18+0.46efghi
6 50 0 50 5.06+0.71ijkl 4.18+0.65ghij
7 50 50 100 11.46+1.72efg 10.49+0.51cde
8 50 100 200 25.65+1.54b 24.75+0.57a
9 50 200 300 3.2+0.36klm 3.84+1.87hij
10 50 300 0 7.73+2.97ghijk 6.10+1.07efghi
11 100 0 100 18.72+0.36¢ 19.02+8.02b
12 100 50 200 15.02+2.63cde 13.84+0.61¢
13 100 100 300 13.25+3.86def 11.97+2.56¢d
14 100 200 0 30.78+0.56a 27.62+1.17a
15 100 300 50 12.63+2.22def 10.04£2.72cdef
16 150 0 200 6.39+4.34hijk 8.89+7.23defg
17 150 50 300 10.42+1.86fgh 7.98+0.76defgh
18 150 100 0 16.14+4.72¢d 13.54+2.62¢
19 150 200 50 25.65+1.54b 24.75+0.57a
20 150 300 100 5.58+3.65ijkl 4.64+1.45ghi
21 300 0 300 6.75+1.46hijk 7.89+0.64defgh
22 300 50 0 4.41+1.75jkl 7.68+0.97defgh
23 300 100 50 4.44+1.58jkl 4.89+0.70ghi
24 300 200 100 6.69+4.95hijk 5.30+1.11{ghi
25 300 300 200 9.42+1.06fghi 8.16+1.36defgh

e F—PNARFEFRFRRBEFEELES (P<0.05) ; ALK & REUE 2418 s hn i 22

Note : Different letters in the same column indicate significant differences (P<0.05) ; values for pollen germination rate are x=s.
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Table 4 Range analysis on effects of different factors on

pollen germination of Oxalis obtusa * Veil’

, HEwE e S
K
?j:: Tre%ti;ient Sucrose H3803 CaC12
w (g- L") (mg-L") (mg-L")

IR K1 19.69 36.92 28.24
Upper pollen

K2 53.10 47.26 48.45

K3 90.40 63.93 40.01

K4 64.18 67.79 82.25

K5 31.71 43.18 60.13

R 14.14 6.17 10.80

ALK K1 18.78 39.98 27.21
Lower pollen

K2 49.36 46.02 44.04

K3 82.49 59.64 38.29

K4 59.80 63.59 82.38

K5 33.92 35.12 52.43

R 12.74 5.69 11.03

3 W54 ®

EHTE e R A EW AT AR
K SE AR Ry 3 B RE ), H 32 st A8 R 5 b FLaE
Bedbla 85, Haw, 4E8 i 1l g 5 v A
e B AR A vk, Y IR BRAE TR 0 PR,
SR R W AE Ry 1Y B SR S USROS A
¥y A BRI (NS R B OIRAS PR K BE SR A )
YIMG, MHZ T, BRE] ik BAREAE R T
FEIC | (H BB A% L S S A6 43 1 & 11 O, T 1Y)
R AR AT A H] TR 2 B Y AR R I i T
FE (XA ,2011) o Rt #8538 B9 A8 16
W Ty ot TR e 45 R p v 2 G 22,

TEAEHY B AR B: I3 A& 1 52 9 v 2R ) T | )
% RS X5 464 B & B A B AR ) (R, 20125
RN, 2018) . AR IEZIAE A LRI, FEHE
XFCTIZY ARy W R R R i B, X — PR
PR ( Choerospondias axillaris) ( K1%%%,2024) |

RS ARREZNEMHERE WL EHHRZME T EDHT

Table 5 Variance analysis on effects of different factors on pollen germination of Oxalis obtusa ‘ Veil’
0 i I Do Ky F i S
ype actor Sum of squares freedom Mean square F value Significance
%2 7E# Upper pollen JHEHE Sucrose 286.73 4 71.68 38.24 P<0.01
Wz H,BO, 16.05 4 4.01 2.15 P>0.05
FALES CaCl, 90.12 4 22.53 12.06 P<0.05
2% Error 116.14 62 1.87
T ALK Lower pollen HEME Sucrose 270.5 4 67.63 34.87 P<0.01
Wiz H,BO, 15.8 4 3.95 2.04 P>0.05
FAALES CaCl, 85.3 4 21.33 11 P<0.05
%2 Error 120 62 1.94

Bifi JI 9l 2% ( Camellia vietnamensis ) ( B £ 3F %,
2021) JHA ( Moringa oleifera) (¥ K % 55, 2022)
SR TP AT B, RS (LRE S A8 K W A 4 it
REB S (I 4, 2012) , MR T B B R, By
W AE A I 8 R 7K T A SR B DK s A I BE 3 (B
SCERAR,2010) o PRI, XF R &R 70 F Wy AE Ky T 55, 2
W B G F BE rh iR OGS 1Y B TR . ) R BB A5 412 3
B I S AR, 51 A Ca™ AR, 2 5

TR I B 1, S e T AR A T 1 O B ) Jo (4%
W45 ,2021) . EHRERE =R MR K, 12
FH AR W R A K (X = 4, 2021) o AR
E(2015) WhoE & B, BlFE Ca™ ¥R B A 38 i, FE RS 41
LIZS ( Camellia azalea) 16K 8 & G W F %, 1ETC
AL IR B vy Kk A, n] B PR Dy HAE Ry
W Ca® VR BE 85 1R, A6 453 W] 5 I T BE AN Ca® R
PR & s MAEAD S, T2 BB TE 200 mg -
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A 30 Upper pollen Lower pollen B 30 F Upper pollen Lower pollen
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33738 & Culture temperature (C)

AIR/ING FREFR R AL BRI 22 53 B35 (P<0.05) . T,

B3I} Culture time (h)

Different lowercase letters indicate significant differences among treatments ( P<0.05). The same below.

1 AEBEFRFGXEHEERE TL’ ML

Fig. 1

A TTC Btk B, W7 i K4 ik C. 1,-KI 4 a3k,
D. BRI ALk B BIARH ik, SO KR AE N
B s RO kR TIE 1468, A3 R =100 pum,

A. TTC staining method; B. Alexander staining method; C. I,-KI

staining method; D. Aceto-carmine staining method; E. In witro

germination method. Red arrow indicates viable pollen; black

arrow indicates inviable pollen. Bar=100 pm.

B2 5MAENENESEN
Fig. 2 Pollen viability tested by five methods

LG 85 W T WY R ROCR fe A, R HAE Y N
Ca™ T HEBUAIR, 75 AN R BE S5 Ca™ , LA
e E IR A K

TGO VE DN € ALKy 16 TR SE8 v TTC B (i
A RE B IR AR MY 0, R R AE R
(Arachis hypogaea) ( T 4x A€ 55, 2022) | KL & K
( Handroanthus spp.) ( 5K £ %, 2024 ) . %
( Forsythia suspensa) (¥ RELL 55,2021 ) 55 1Y AL BF

Effects of different culture conditions on in wvitro pollen germination of Oxalis obtusa ‘ Veil’

FEHAL S A, 3XRT RE 5 AR by 40 R R A s
Bt A PR B AR B A 0 I A AN
JEA K BARIE R A ST . 1,-KI1 G 8 24K 38 48
3 PIVE R 1Y 5 ke A W AR R I 7, 3 R i A SR
(Acacia auriculiformis) ( 5 W8 F1 % ZU 4 2016) | B
M35 25 ( Sonneratia ovata) (1£ KHa5E 2021) ZE 468
VERY S EER R A . ASBIESE LK B k)
FE AR TG ) W2 TR A Ak, R Wl I
R 09 VE Ky & B A, IF BLICTE J1 488 v i
TE A3 I A Bt 200 B o T T K, B R VE AL L
VI 25 SR A 2 35 TR ik LA G
] A2 K, Gl UL 60, 10 26 4 Hi i 38 AR XEA 280
Wr A6 1% 7, 3X 5 Z1 AR IR A e A RO AR BL( BY
SCER%$,2010) il B 7 21 B8 5 16 0 40 A% P 1)
DNA 254 M 3 1 6, — e o~ A 36 1 4l i B
A e AN (A T R AL SR 5 (4 46 #
L, A A A 30T PN AT R PR O R 8 4 U i T B
Jeper a,, T 3 B0 1 B BH R 45 2R (Lata et al.,
2018) ., MLZ R, W05 i Ky sl Rk B b, 5
BT R A R R I . 0 LR B 0k [ I A
0 2 B 5 R P A P B AR WL A /T
TG JIAEM . A5 1 A6 8 v (%) 200 B 5 4 % 2T {8 |
AEN BER YL R (0, T TR 48Ry 10 20 i R e 22, 4K
Mg Wb e A S ek, Al
BE A PR A X b i HERR 1 78 5 Mo rb 4 3 104 A6 K 4
Ji, AR A R SR Rk 2 AR W
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Table 6 Pollen viability comparison of three Oxalis obtusa varieties tested by four methods
1
B &k Staining method (%)
¥ s A In vitro germination
Type Variety method B-pb gk EERRVELLG (L WHILR Y0k
(%) 1,-KI staining Aceto-carmine Alexander staining
method staining method method
EHHEH Upper pollen M TTEA 28.10+0.95b 84.06+3.02a 85.41+3.26a 32.06+3.01b
0. obtusa ‘ Veil’
'S 25.45+2.39¢ 82.64+5.40a 56.90+8.44h 37.12+4.74¢
0. obtusa * Aurora’
AR Y = 32.00+0.81c¢ 89.37+2.25a 77.65+2.12b 33.49+2.71c¢
0. obtusa ‘ Red Queen’
T4 4EH) Lower pollen ‘e 24.82+1.38b 81.61£1.97a 80.10x1.31a 27.24+1.08b
0. obtusa ‘ Veil’
S/ 21.59+0.32d 71.36%5.57a 50.58=6.74b 32.39+1.86¢
0. obtusa * Aurora’
ARV =N 27.21+2.66¢ 86.51+£3.25a 68.52+5.24b 31.87+2.08¢

0. obtusa ‘ Red Queen’

E: =17 NARR R R R B2 R (P<0.05) 5 TERIE 0 BUE o V35 (H e hm e IR 2%

Note: Different letters in the same row indicate significant differences (P<0.05) ; values for pollen viability are x+s.
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KRR B TRmAEA AR, #F i —LP K
FEA R LB IEIX — 8518, 5 ARUEIE 45 R AN A /Y
BRI (2021) FEXF 6 A WE I 7 Atk 47 4k
o3 3% 3w I & B, A K TR 3 R B /INHE S
PEREAY SR ACFE AL > 7 AL A AL H I B 5E A G AL AE
KIPIREARTRIRE R A, AR R Bk s
TIWAFAE2E 5 H R AR R G T 3 i T R 5, X
— %25 ¥ (2021) 7F ¥ 4t ( Melastoma
candidum) %8 1% ( Lagerstroemia indica ) I B
( Cassia fistula) 3% 3 FhEAT 5 R 55 AOAE Y Th B9 &
ARG, BVAS () 20 M 388 A 83 A A7 AE 22 7, KM
FACBITE ) = TR, XRWTERA 2R
eSS BIAR Y v, AN [R5 A8 25 /Y D) g 436 F) RE a2
—Fh A S, X TR SR RO S X M AR
FIRESE R O b A6 A8 Ky A T 48 5l 11 A0, BE 45 by it
FrAehy i T 5 A6k 6r T 46 56 18 N, A% 40 3 oy A
e AU AR BT I 5, X BRI ) 00 22 530 v g 2
KA WAL TE R B R R R E =Y A
BUFRIA B R AR 22 5, BRI R 75 i — 2P 5E
AER ORAE TG 7 1 I T) 4 J 5 38t 4% R PR 58 TR 3R

A G, AT LA S 9 5 A6 0 VR | R AR IR B 45 7 1 ok
FERAE R F i (M EJESF,2021) IR IR AR 4
FERITE T FHOT YR . AP R BT, B IR FAE
Hoy I UL 32 AT, A48 % ey e A YR A
-80 °C ,iX 5 BN ( Pinus kesiya var. langbianensis)
(FI54E, 2021) (B JIHM 2 (F B3E4F, 2021) 19 BT
TR B —MAFOT, R BB, 6k 7
A TEEAR (/N T =180 °C) FIVE, A8 i
WL, AT S8 A8 By I I (4 B 5%,
2022) , AHJE , B AR I 50T BE 51 & AN RT3 DK A 4
P B2 SR 38 DR P T 2 46 A3 2 7538 5 B AT
TR 7 1 — 2D 525, e Ah  AER S K R R R
M S8 ) o PR R, A R AT 3k — 2D AIE 5 A
Ky 5 THEAEME-80 C A& FIOTE IR,

ZE EIrR AR SCHE o R G I T
P T A e AR Ry B AR T R 1 il B R AR 20 g
L'l +100 g « L' BERE+200 mg - L7 #l iR +200
mg - L' GALES IR 25 °C,BFIE] 4 h, SR, 46K
W] 36 SR SR pH K SRR DG IAE IR A O,
JESEWTFE ] B — D R X S P R A, g
P E AR IE 1057 1, TTC Y ik | 1,-KI 4 a3k Al
TR PR Y 21 G 2 12 34 AN 1Y T Al TR R R S g L
KRG E 2 BE e 280 ME B I 7 i vt I S R AR B T
JIRI7 2, AT T ACAS e B AN T PEAR A
ARWTIE K B, e d AL 2 O - 80 €, X {Hi 453
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