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Screening of pollen viability test methods and comparative analysis of

pollen viability and stigma acceptability from 25 species of Passiflora L.
WU Bin', WANG Jiazhi*, XING Wenting', SONG Shun', HUANG Haijie', LI Hongli', HU Wenbin',
MA Funing', HUANG Dongmei"

('Tropical Crops Genetic Resources Institute, Chinese Academy of Tropical Agricultural Sciences/Key Laboratory of Crop Gene Resourc-
es and Germplasm Enhancement in Southern China, Ministry of Agriculture and Rual Affairs/Key Laboratory of Tropical Crops Germ-
plasm Resources Genetic Improvement and Innovation of Hainan Province/Germplasm Repository of Passiflora, Hainan Province, Dan-

zhou 571101, Hainan, China; *College of Tropical Crop Science, Yunnan Agricultural University, Puer 665099, Yunnan, China)

Abstract: [Objective] The study aimed to test the pollen viability and stigma receptivity of 25 species
[including 8 local varieties are Tainong (TN), Xintainong (XTN), Qinmi No. 9 (QM No. 9), Fengmi-
huangjinbaixiangguo (FMHJ), Yuanyangmi (YYM), Juwubabaixiangguo (D1- Al), Tianhuangxing
(THX), Zhuangxiangmibao (ZXMB), 15 introduced varieties/strains are Guanhua (GH), Kangsitansi
(KSTS), W- 1, Honghuaxifanlian (XG), Jingchixifanlian (MGMX), Ruixiang (RX), Zilian (ZL),
Zhangyexifanlian (JMCH), Liipi (LP), Qingpi (QP), Hongguan (HG), ZZ-B1, Liipixifanlian (II-Y), Wul-
aguireqingguo (ULGRQQG), Lanxiang (LX), and 2 selected varieties/strains are Huangxiang No. 1 (HX
No. 1), Xiaohuagnjin (D2-11).] of Passiflora L., and provide theoretical basis for the selecting parents
for crossing in Passiflora L. [Methods] Using six representative species of Passiflora L. as test materi-

als, including TN, HX No. 1, GH, W-1, XG and KSTS a single-factor experiment was conducted using
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a basic medium containing 0.02% boric acid (H;BO;), 15% sucrose, 15% PEG-4000, 0.08% calcium ni-
trate [Ca(NO:s),-4H,0], and 0.02% MgSO, - 7H:O to screen optimal conditions for pollen viability test in
vitro. The 25 species of Passiflora L. were used as materials, the basic floral morphological parameters
were measured. Pollen vitality was detected using pollen culture in vitro, TTC staining, and [,-KI stain-
ing methods to compare differences of pollen vitality of different species with different detection meth-
ods. Additionally, the stigmatic receptivity of the 25 species of Passiflora L. was compared and ana-
lyzed using the benzidine-hydrogen peroxide method. [Results] The results showed that all the 25 spe-
cies of Passiflora L. exhibited different stigma receptivity. Among them, the 19 species including TN,
HX No. 1, W-1, XG, XTN, QM No. 9, MGMX, LP, QP, FMHJ, HG, YYM, ZZ-B1, D1-A1, THX, ZX-
MB, D2-11, II-Y and ULGRQG exhibited strong stigma receptivity. The 3 species, GH, KSTS and
JMCH had moderate stigma receptivity, while another 3 species, RX, ZL and LX showed weaker stig-
ma receptivity. Only the optimal sucrose concentration for different species was different in pollen cul-
ture in vitro. Aong the 6 species tested, the optimal sucrose concentration for TN, HX No. 1, GH and
KSTS was 15%, while the optimal sucrose concentration for W-1 and XG was 10%. The optimal con-
centrations of boric acid, PEG-4000, and calcium nitrate were 0.02%, 15%, and 0.08%, respectively,
with an optimal incubation temperature of 25 °C. The pollen culture in vitro was the most effective
method for demonstrating the pollen vitality of the 25 species, followed by TTC staining, which could
serve as a rapid detection method. The L,-KI staining was not suitable for detecting the pollen vitality of
Passiflora L. Based on pollen culture in vitro and TTC staining methods, the 25 species of Passiflora L.
was classified into three groups by cluster analysis. Group [ consisted of 21 species, including FMHJ,
ZXMB, W-1, II-Y, LP, XTN, TN, THX, QM No. 9, ULGRQG, HX No. 1, D1-Al, D2-11, YYM, XG,
MGMX, QP, HG, ZZ-B1, KSTS and JMCH with pollen vitality above 70%, being considered as nor-
mally fertile. Group II consisted of only one species, GH with pollen vitality between 50% and 70%, al-
so being considered as normally fertile. Group III included three species, ZL, LX and RX which be-
longed to the high sterile category. [Conclusion] Among the three detection methods, pollen vitro-cul-
ture is the most effective method for evaluating the pollen vitality of the 25 species of Passiflora L.,
while the TTC staining method could serve as a rapid alternative. Among the 25 species (varieties) of
Passiflora L., ZL, LX and RX could be only used as female parents for hybridization, while the other
22 species could be used as either male or female parents for hybridization.

Key words: Passiflora L.; Pollen viability; Stigma acceptability; Cross breeding
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Fig. 1 Flower morphology of 25 Passiflora L. species
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Table 2 Stigma acceptability of 25 Passiflora L. species

G Fh g = FEK A #2178
Introduction number Stigma acceptability
TN +++
HX No. 1 +++
GH ++
KSTS ++
W-1 4+
XG s
XTN +++
QM No. 9 HHt
MGMX +++
RX +
ZL +
JMCH ++
LP +++
QP o+
FMHJ +++
HG +++
YYM 4+
77-B1 +++
D1-Al +++
THX +++
ZXMB +++
D2-11 +++
-y 4+
ULGRQG +++
LX +
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EER.
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R LEM Iy 7 — , TEYERFIBIE P, 10354
W B R R 5 52 8 37 FE Fh PEG-4000 34K % 1) 5. 3% 2
W) (325) . 6 PH 5 6 #A i 2 il PEG-4000 ¥4 &
(3G IS B e B S R FERES, 24 PEG-4000 ¥
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5 6 b G S 1A A6 R W R R R B B, N
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65.82%.
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Table 3 Pollen germination rates of 6 Passiflora L. species under different sucrose concentrations

8| fhggm = w(EHE) Sucrose concentrations/%

Introduction number 5 10 15 20 25

TN 26.39+1.11d 55.87+0.99 b 87.81+1.05 a 39.73£0.43 ¢ 11.37x1.51 ¢
HX No. 1 22.83+0.94 d 67.49+1.34 b 91.17+0.61 a 46.68+1.07 ¢ 12.50+0.53 ¢
W-1 33.87+0.47 ¢ 86.67+4.77 a 75.73+1.22 b 6.54+1.50 d 0.00+0.00 e
KSTS 13.42+0.49 ¢ 52.06+4.98 b 70.12£1.57 a 12.05£2.40 ¢ 0.00+0.00 d
XG 59.64+0.76 ¢ 92.2242.29a 86.27+2.41 b 27.50+£7.90 d 0.00+0.00 e
GH 15.45£0.73 d 4536=1.11 ¢ 67.03+1.39 a 48.35+0.86 b 11.61x1.60 e

I FATESE AR NS R R R E R BE (p<<0.05). TH.

Note: The data in the same row with different lowercase letters indicate significant difference (»p<<0.05). The same below.
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Table 4 Pollen germination rates of 6 Passiflora L. species under different boric acid concentrations
2| b= w(llE2) Boric acid concentrations/%
Introduction number 0 0.02 0.04 0.06 0.08
TN 21.51+0.70 e 88.70+£0.43 a 86.97+2.14 b 84.16+£0.28 ¢ 67.60+1.19 d
HX No. 1 20.10+£0.77 e 90.92+0.66 a 89.23+0.84 b 84.60+0.83 ¢ 70.95+0.45 d
W-1 30.16£3.83 ¢ 77.86+2.34 a 66.81+£1.80 b 62.21£1.97 ¢ 36.13+3.75d
KSTS 22.36+2.37 ¢ 71.91+1.89 a 63.31+£1.32 b 52.78+3.51 ¢ 39.84+2.42d
XG 20.64+3.29 ¢ 88.53+0.78 a 87.13+1.64 a 84.87+2.36 a 78.39+5.81 b
GH 12.07+2.82 ¢ 68.76+£1.07 a 64.13+£0.85 b 54.20+1.61 ¢ 37.27£1.38d
x5 6 MAEFEATR PEG-4000 ;RE THITEH AR R
Table 5 Pollen germination rates of 6 Passiflora L. species under different PEG-4000 concentrations

B g = w(PEG-4000)/%

Introduction number 0 3 10 15 20

TN 1.79+0.45 ¢ 12.05+£1.85d 31.89+0.43 b 87.64+0.52 a 22.05+£0.62 ¢

HX No. 1 1.54+0.36 ¢ 10.84+0.80 d 30.30+£1.00 b 91.10 +0.47 a 21.94+0.56 ¢

W-1 1.33+0.38 d 8.75+0.79 ¢ 25.45+1.29b 86.10+0.36 a 24.60+0.64 b

KSTS 0.63+0.22 ¢ 7.35+0.76 d 20.37+1.14 b 71.20+1.57 a 11.14£1.56 ¢

XG 5.12+0.88 ¢ 23.81+1.38d 50.34+1.46 b 91.49+1.14 a 30.54+1.57 ¢

GH 0.33+0.10 ¢ 9.88+0.63 ¢ 18.61+£1.06 b 65.82+0.80 a 2.90+0.40 d

224 FEERAS  FHIRES BN P EAL R R AT K
(1) 75 205 AELAH R E5 R P55 %oF 6 A 7 B SEE AR M K
RIE B ELW (R 6) . {EN i KRB R4S
W N 26 BT E TR, SRR Ik
£ 9 0.08% I , TN HX No. 1.W-1.KSTS.XG
GH %5 6 P 7t 2% 22 1R A0 4 1 R 26 300k B e w5 49 il
g 87.55% + 90.60% - 86.13% + 70.46%  91.06% Al
68.75% , 1 5K EE N 0.04% I FRAS IC B 25 22 5, A i
A8 0.04% [T FRAS R 5 My s 75 B 41 45

225 ¥EFBAE  HENTEFEMTREEKR
BRI (R 7D, 6 iU ALK 1 R R B & IR
T 25 BIHE TR . MR E
25 °Citf, TN HX No. 1.W-1.KSTS.XG HI GH £ 6 f
7 7 S TR AL B 0 R 2R Y008 B B 3 43 93 88.38%

90.58%185.81%-71.22%.91.28%H1 65.55%. 41577
IR N 45 °CI, TNWHX No. 1 A1 GHEM A %
I W-1.KSTS 1 XG 7E It 2645 N Ae 8 5 g A &, Wi
RS HIN 21.46%12.04%H1 53.01% . HHIHET] I,
KSTSW-1 1 XG B {6k BA — & Wi e il 7 1
For XG B A6 T e il 7 P A v
23 IMIEMIESNE AR 25 HE FELMIE
pal:ola RS2

3 I X A6 B A RS IR L TTC Yl 1L-KT Y i %5
3Fh 7 BT b, R ILIX 3 B AR 5 oA T v
ol HH 7 2 S AR R ¥ T ARLAS [T WU 7 v 1 7 2
HEAC KD I JIAFAE W2 2 7 (R 8) , MR TTC A 1-K1
Gtk &, A00 B ARES 77 2 A B 52 0 25 P v 2
AER G S IOARGIN T 2%, TTC Yethid: 5Ky B ARk 15 77

®6 6 MAFEANEMIRIGRE THEMALER

Table 6 Pollen germination rates of 6 Passiflora L. species under different calcium nitrate concentrations
2| Fhep w(HE2%5) Calcium nitrate concentrations/%
Introduction number 0 0.02 0.04 0.08 0.16
TN 30.03+0.96 ¢ 78.08£1.12 b 86.73+0.61 a 87.55+0.52 a 78.09£1.23 b
HX No. 1 28.06+0.71 d 81.01+0.47 b 89.85+0.84 a 90.60+0.54 a 77.48+0.94 ¢
W-1 23.88+0.89 d 45.08+1.83 ¢ 84.91+1.44 a 86.13+1.01 a 82.29+0.83 b
KSTS 10.94+0.85 d 38.36+1.81 ¢ 68.84+2.46 a 70.46+1.52 a 46.77£1.45b
XG 41.68+2.01d 86.35+2.19 b 90.06+1.95 a 91.06+2.78 a 76.32+3.23 ¢
GH 10.78+0.53 d 37.51£0.71 ¢ 67.91+1.12 a 68.75£3.52 a 47.40+1.26 b
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®7 6 MABEAENEIETEE THRMALE

Table 7 Pollen germination rates of 6 Passiflora L. species under different culture temperatures

5| fhdw 5 557703 & Culture temperatures/°C

Introduction number 20 25 30 35 40 45

N 84.37+0.82 b 88.38+0.99 a 81.09+0.94 ¢ 58.86+2.77d 29.31+1.80 ¢ 0.00+0.00 f
HX No. 1 85.67+0.56 b 90.58+0.72 a 79.77+0.94 ¢ 60.11+1.38 d 18.94+0.98 ¢ 0.00+0.00 f
W-1 78.63+2.20 b 85.81£1.79 a 68.36+1.59 ¢ 46.61£1.69 d 31.09+2.50 e 21.46+0.92 f
KSTS 61.98+1.63 b 71.2242.72 a 59.23+0.82 b 47.59+2.19 ¢ 33.55+5.53 d 12.04+1.06 €
XG 82.67+2.02 ¢ 91.28+1.13 a 86.87+1.19b 83.04+1.98 ¢ 76.81+3.69 d 53.01+0.60 e
GH 60.89+0.78 b 65.55+1.04 a 57.57+0.53 ¢ 43.52+1.83d 20.12+1.79 ¢ 0.00+0.00 f

RS 25 MAFTEEMBEMAKIESR TTC M
L-KI & HTERE DL
Table 8 Comparison of pollen viability pollen culture in

vitro, TTC and L-KI staining of 25 Passiflora L. species

IS
ﬁlltﬁzﬁ;ion ;iﬁfyﬁbility/% | |
number TERY B PR TR TTC %t 12-KI 54t
Pollen culture in vitro  TTC staining 12-KI staining
N 88.14+0.74 a 84.59+0.98 b 14.09+2.73 ¢
HXNo.1  90.82+0.56 a 86.66+0.81 b 19.02+0.04 ¢
GH 67.92+0.70 a 56.60+0.83 b 15.52+0.86 ¢
KSTS 72.36+0.41 a 71.06+1.72 a 24.61+£2.00 b
W-1 86.78+1.41 a 82.98+0.27 b 28.91+2.88 ¢
XG 91.67+0.24 a 89.06+0.97 b 27.88+0.62 ¢
XTN 84.90+0.31 a 82.86+0.61 b 14.77+0.70 ¢
QMNo.9  89.41+1.06 a 85.09+0.92 b 16.94+1.37 ¢
MGMX 92.49+0.98 a 88.68+1.29 b 9.78+0.50 ¢
RX 5.35+0.44 a 1.01+0.52 b 0.91+0.31 b
ZL 1.21£0.25 a 0.26+0.01 b 0.00+0.00 b
JMCH 76.72+0.72 a 69.73+0.87 b 8.72+0.27 ¢
LP 85.06+1.22 a 80.88+1.02 b 14.44+0.15 ¢
QP 83.21+0.38 a 78.05+1.73 b 10.88+0.77 ¢
FMHIJ 86.42+1.51 a 82.09+1.79 b 16.78+0.38 ¢
HG 81.19+0.67 a 77.48+1.13 b 9.70+0.44 ¢
YYM 88.14+0.33 a 80.93+0.83 b 10.92+1.64 ¢
Z77Z-B1 81.20+0.40 a 74.44+1.19b 7.20+1.05 ¢
DI1-Al 91.41+0.33 a 86.60+0.19 b 21.29+0.49 ¢
THX 87.55+0.50 a 84.32+1.15b 11.10+0.68 ¢
ZXMB 86.10+0.97 a 81.96+1.25b 12.68+0.61 ¢
D2-11 91.42+0.17 a 85.55+1.70 b 21.41+£3.84 ¢
II-y 86.36+0.43 a 83.36+1.62 b 16.57+0.94 ¢
ULGRQG  85.31+0.75a 84.60+0.87 a 28.07+1.52 b
LX 0.63+0.41 a 0.25+0.01 be 0.00+0.00 ¢

SERSAEN I 77 Bker I 45 RARFRIL , vl AR e 35 e
T 0 PR AS NT5 32, TR, AEHEAT A0 i I 7T
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T (38 br 2 —", a] d e A Sk mT 42 1 i 55 3 T B
T S AL REAR IR B 0D 22 I B PR SR B
i A A TR AL S P R A Sk 2 R AR
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()R & . % ¥ % TNVHX No. 1.GH.W-1.XG
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AR 11 78 35 S 3E AT 0K B A 1l e i s R AR A



1956 3 L)

S 4

413

i 2 Distance

FMHJ =
ZXMB |
W-1 —
-y —

LP —

XTN —
TN —

THX —
QM No.9 —
ULGRQG [—
HX No.l
DI-Al —
D2-11
YYM
XG
MGMX —
QP —

HG —

Z7Z-B1 [—
KSTS
JMCH
GH

[}
ZL J i
L}
LX i
1

2 25 MAEELM RN IENRES T

Fig. 2 Cluster analysis of pollen size and vitality of 25 Passiflora L. species
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